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Abstract
Background: Thoracoabdominal mobility (TAM) in newborns (NB) is an important respiratory function
parameter in clinical assessment. Different systems have been proposed to assess compartmental
mobility in a number of pathologies and age ranges. The present study aimed to verify the inter and intra-
examiner reliability of an interactive custom-made MATLAB® App for bio-photogrammetric analysis of
thoracoabdominal mobility in newborns (NB) and compare the respiratory rate (RR) results between the
automatic MATLAB® App and its manual counterpart.

Methods: This is a cross-sectional study conducted in 27 healthy NB of both sexes (gestational age
between 37 and 41 weeks and up to 72 hours of life) who did not cry during data acquisition. Chest and
abdominal areas of the NB in the supine position were analyzed through 60s videos, totaling 30,714
photograms. All photograms were analyzed by three examiners on three different occasions. Analysis of
variance (ANOVA) and intraclass correlation coe�cient (ICC) were applied, adopting a 95% con�dence
interval and signi�cance level of α = 0.05.

Results: Reliability was excellent for intra (ICC 0.81 – 0.96) and inter-examiner correlations (ICC 0.84–
0.99) between the chest and abdominal areas, in both inspiration and expiration, with no differences
between them.

Conclusions: Evaluation of NB thoracoabdominal mobility using the custom-made MATLAB® App for
bio-photogrammetric analysis exhibited good to excellent intra- and inter-examiner reliability and an
excellent correlation between manual and automatic models for measuring RR. Thus, it proved to be an
objective and practical tool for bedside thoracoabdominal mobility assessment in different clinical
situations involving neonatal care.  

Background
Thoracoabdominal mobility (TAM) in newborns (NB) is an important respiratory function parameter in
clinical assessment, since it is closely related to alveolar ventilation, inspiratory muscle strength and
pulmonary capacity [1–3]. TAM in NB involves the contribution of thoracic and abdominal compartments
to respiratory pattern, and how they relate to one another during breathing [1–4].

Different systems have been proposed to assess compartmental mobility in a number of pathologies and
age ranges [1, 5–9]. Some currently available methods have been designed to evaluate lung volume,
capacities, limitations and breathing patterns in NB in an e�cient and non-invasive manner, such as
optoelectronic plethysmography (OEP) [9, 10], inductive respiratory plethysmography (IRP) [11] and
electrical impedance tomography (EIT) [12]. However, these are mostly restricted to laboratory
environments, require technical personnel, are time-consuming and not user-friendly, limiting their use in
clinical practice.
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Although OEP is capable of measuring subdivisions between the expansion of the right and left
hemithorax, the instrument is quite costly [13]. IRP detects changes in thoracic and abdominal volume
during inspiration/expiration and, when properly calibrated, the sum of the two signals can provide an
estimate of tidal volume [14]. However, calibration may be di�cult to maintain for a prolonged period. EIT
devices, in turn, generate up to 50 images per second, which allows the dynamic study of ventilation
distribution and regional lung perfusion. Nevertheless, there is a need for more clinical validation studies
to explore the full potential of the technology, especially in NB [15].

On the other hand, bio-photogrammetry has been described as a more accessible and usable method for
analyzing thoracoabdominal compartment mobility and synchrony in clinical practice [6, 7, 16–18]. It
makes it possible to record the variation in geometric delimitation of body compartments and capture the
kinematics through a set of photograms [6, 7, 17, 18]. Although there is speci�c software for this type of
analysis, such as SAPO® (SAPO v 0.68®, Santa Maria, Brazil), its application is focused on postural
analysis [19] or general movement analysis.

Two software programs have been developed using AutoCAD® in the respiratory pattern analysis of NB
[6, 16] and MATLAB® [7, 20], but they were not initially designed for kinematic analysis in the hospital
environment. Thus, in order to be more relevant to health professionals, the present study aimed to verify
the inter- and intra-examiner reliability of an interactive custom-made MATLAB® App for the bio-
photogrammetric analysis of TAM in NB. As secondary objectives, we aimed to compare the respiratory
rate (RR) results between the automatic MATLAB® App and its manual counterpart.

Results
A total of 50,571 photograms were collected, but 19,857 were excluded for not meeting the inclusion
criteria, thereby leaving 30,714 photograms eligible for analyses. Most of the participants were boys
(72.2%) born vaginally (55.6%). The NB exhibited an average RR of 54 ± 11 breaths per minute, and 29 h 
± 19 hours of life when evaluated. Table 1 shows chest and abdominal mobility during inspiration and
expiration. The results show excellent reliability for all the areas between assessments 1, 2 and 3, since
all ICC values were between 0.81 and 0.96 (p < 0.001), with no statistically signi�cant difference between
the measures obtained in the three evaluations when compared using ANOVA (Table 2). Additionally,
inter-examiner reliability of the measures was considered excellent for all the areas assessed by
examiners 1, 2 and 3 (ICC between 0.84 and 0.99). Table 3 shows good correlation between manual and
automatic methods for measuring RR, with all r values > 0.95, with p < 0.001 (Table 3).
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Table 1
Average values of the thoracoabdominal areas evaluated.

  Examiner 1 Examiner 2 Examiner 3

Mean SD Mean SD Mean SD

Chest area (cm2)            

Expiration 55.6 8.4 53.8 8.8 56.6 8.8

Inspiration 56.2 8.5 58.1 9.6 57.1 8.9

Abdominal area (cm2)            

Expiration 88.4 18.6 83.4 17.4 90.2 18.3

Inspiration 89.9 18.6 90.1 19.1 91.7 18.2

cm2: square centimeters; SD: Standard Deviation.
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Table 2
Analysis of variance and intra and inter-examiner reliability for the thoracoabdominal mobility

assessment of newborns using the MATLAB® App.

  1st Assessment 2nd Assessment 3rd Assessment

p ICC 95%CI p ICC 95%CI p ICC 95%CI

Intra-examiner            

chest area            

Expiration 0.389 0.96* 0.92–
0.98

0.717 0.94* 0.88–
0.98

0.751 0.95* 0.90–
0.98

Inspiration 0.972 0.95* 0.91–
0.98

0.914 0.91* 0.81–
0.96

0.409 0.81* 0.63–
0.91

Abdominal area            

Expiration 0.455 0.94* 0.87–
0.97

0.572 0.92* 0.83–
0.96

0.552 0.94* 0.87–
0.97

Inspiration 0.934 0.94* 0.86–
0.97

0.939 0.91* 0.82–
0.96

0.940 0.92* 0.84–
0.97

Inter-examiner

chest area

           

Expiration 0.990 0.95* 0.89–
0.98

0.732 0.97* 0.93–
0.99

0.975 0.99* 0.97–
0.99

Inspiration 0.990 0.95* 0.89–
0.98

0.506 0.84* 0.69–
0.93

0.975 0.99* 0.97–
0.99

Abdominal area            

Expiration 0.998 0.98* 0.95–
0.99

0.963 0.94* 0.87–
0.97

0.987 0.99* 0.98–
0.99

Inspiration 0.998 0.98* 0.95–
0.99

0.933 0.98* 0.97–
0.99

0.986 0.99* 0.98–
0.99

p-value for ANOVA; *p < 0.001 for intra and inter-examiner coe�cient of correlation (ICC); 95%CI: 95%
con�dence interval.
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Table 3
Correlation between manual and automatic methods for measuring

respiratory rate.
Repetition Visual

Mean (SEM)

Matlab

Mean (SEM)

R (p-value)

1 (n = 18) 55.61 (3.48) 56.83 (3.18) 0.951 (p < 0.001)

2 (n = 18) 55.44 (3.59) 56.83 (3.21) 0.964 (p < 0.001)

3 (n = 18) 55.33 (3.58) 57.00 (3.25) 0.964 (p < 0.001)

All (n = 54) 55.46 (2.01) 56.89 (1.82) 0.963 (p < 0.001)

SEM: standard error of measurement. R: Pearson’s correlation coe�cient.

Table 1.

Table 2.

Table 3.

Discussion
The study aimed to verify the inter- and intra-examiner reliability of an interactive and personalized
MATLAB® application for the bio-photogrammetric analysis of thoracoabdominal mobility in NB. As
result, the model proposed in the present study exhibited excellent inter- and intra-examiner reliability (ICC
0.84–0.99 and ICC 0.81–0.96, respectively), which is essential to con�rm instrument validity [21]. In
addition, the study also proposed to compare the results of three evaluators and assess the validation of
automatic RR measurement in relation to its manual counterpart, showing excellent correlation between
manual and automatic models for measuring RR (r > 0.95, p < 0.001).

Bio-photogrammetric models have been tested in a number of studies [22–24], demonstrating good to
excellent reliability levels in body kinematics evaluation, particularly postural analysis, as in the study by
Paes et al. (2017) [22],who used Postural Assessment Software (SAPO) to analyze anteriorization and
head inclination angles in the anterior and lateral views of the sitting and standing positions. Reliable
results can be obtained when the evaluation is carried out by different examiners or by the same
examiner on different days. Despite differing from our investigation in terms of the objectives and
populations studied, these �ndings also demonstrate the importance and reliability of alternative bio-
photogrammetric models for the analysis of body kinematics.

Sarro et al. (2018) [25] set out to investigate the intra and inter-rater reliability and minimal detectable
change (MDC) of thoracoabdominal mobility measures using photogrammetry in young adults. In this
study, 17 healthy participants were evaluated based on photographs taken during apnea at maximal
inspiration and expiration. This strategy was adopted to calculate the latero-lateral and anteroposterior
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diameters of the chest (at the axillary and xiphoid level) and abdomen for analysis using Postural
Evaluation Software (SAPO, version 0.68, São Paulo, SP, Brazil). The experienced examiner obtained good
reliability (mean intraclass correlation coe�cient (ICC): 0.98; mean MDC: 0.3) and inter-observer
agreement (mean ICC: 0.97; mean MDC: 0.35) for all measures [25]. Despite being obtained using a
different population from ours, these �ndings corroborate those of the present study, demonstrating
excellent inter and intra-examiner reliability in the investigation of thoracoabdominal kinematic
measurements using photogrammetry.

From this perspective, bio-photogrammetry has also been applied to evaluate respiratory function by
analyzing thoracoabdominal kinematics and synchrony [8, 17, 18]. However, it is important to underscore
that the vast majority of current studies were carried out in adolescents or adults, as in the study by Sarro
et al. (2018) [25]. As such, this analytical resource should be used to evaluate different age groups,
particularly in neonatology, as demonstrated in our study.

Ripka et al. (2014) [18] compared bio-photogrammetry with spirometry in healthy adolescents to test a
model capable of predicting lung volumes and capacities and found a high correlation with the
spirometric measurements forced vital capacity (0.812), forced expiratory volume in one second (FEV1–
0.708), and peak expiratory �ow (PEF − 0.762), showing the importance of including thoracoabdominal
mobility variation in predictive equations for total lung capacity [18]. Thus, the �ndings of the present
study justify the use of this assessment method, previously applied in other populations, given its
reliability in evaluating the neonatal thoracoabdominal complex, as demonstrated here.

In a study by Caruso et al. (2020) [26] that investigated intra-examiner reliability using photogrammetry in
young adult asthmatic patients and healthy controls, the results show moderate reliability for axillary,
xiphoid and umbilical mobility (mean ICC of 0.68, 0.55 and 0.73, respectively) in the asthmatic group,
while controls exhibited moderate reliability for axillary mobility (average of 0.68) and good reliability for
xiphoid and umbilical mobility (average of 0.81 and 0.70 respectively). These �ndings demonstrate that
photogrammetric analysis of thoracoabdominal kinematics is a reliable method and can be included in
clinical practice, corroborating our study.

In the present study, image processing using a custom-made MATLAB® routine enabled easy, automatic
and fast analysis. Guerra et al. (2017) [7] also conducted thoracoabdominal assessment in NB, applying
bio-photogrammetry with AutoCAD® software, reporting di�culties with the instrument because it
requires frame-by-frame analysis, prolonging evaluation of each subject [7]. Moreover, the total number of
frames analyzed by AutoCAD® is much lower than that achieved by MATLAB® [20], and may produce
less reliable results. Oliveira et al. (2016) [20] found that the latter program was superior [20], since it was
considered effective in differentiating changes in the delimitation of the thoracoabdominal region. They
considered it a useful tool in assessing patients who cannot voluntarily control RR and the synergy of
muscle activity during breathing. In addition, the authors underscored that although AutoCAD ® is an
effective method, it is time consuming, since each frame takes 10 to 25 minutes to process.
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Bio-photogrammetry analysis in the hospital environment using the MATLAB® App to investigate the
kinematics of breathing in NB allows the examiner to infer aspects related to thoracic and abdominal
kinematics in a practical and reproducible way. This could contribute to bedside clinical analysis of
different health conditions, using the compartmental area for thoracoabdominal kinematics.

In addition to MATLAB’s automation and speed, the software offers several pre-applied functions, as well
as the freedom to create other routines [27]. This enables extrapolation to other analyses and
populations, suggesting further studies. Bio-photogrammetry analysis through the proposed MATLAB®
App is a noninvasive resource, with rapid data processing and �exibility in terms of where it can be
applied.

Studies using noninvasive lung function tests, which can be easily performed in non-sedated infants at
bedside are of particular interest [28]. Some authors have pointed out the variability of breathing as an
important functional marker for early investigation of childhood respiratory morbidity [28–30]. The
excellent reliability of the present algorithm allows a range of possibilities, since it monitors the
respiration cycle breath by breath. On the other hand, MATLAB® is more costly than other processors,
such as the conventional C or Fortran compiler, but this is offset by its advantages [31]. Another limitation
is that some of the adhesive markers became detached during �lming, precluding the use of these videos.
Additionally, the need to keep the baby in a speci�c position and the possible issue of marker occlusion
common to all optical methods are also limitations.

Conclusions
In summary, bio-photogrammetric assessment of TAM-NB using the proposed MATLAB® App exhibited
excellent intra- and inter-examiner reliability, as well as excellent reliability for all areas between
assessments 1, 2 and 3 (ICC 0.81–0.99) and a good correlation between manual and automatic models
for measuring RR. As such, it can serve as an objective and practical bedside tool for thoracoabdominal
mobility assessment in different clinical situations involving neonatal care.

Methods
This is a cross-sectional study conducted in a maternity school, with 27 healthy NB of both sexes
(gestational age between 37 and 41 weeks and up to 72 hours of life) who were not crying during
assessment. These neonatal data, as well as the type of delivery, were collected from medical records.
Based on the results of Guerra et al. (2017) [7], we used G* Power software version 3.1.9.4 to calculate
the sample size, with 80% power, a 5% signi�cance level and 5% effect size, resulting in an estimated
sample of 21 NB. However, considering possible sample losses, we increased the sample size to 27. The
aims of the present study and handling procedures necessary for �lming were explained to the NB’s
parents or legal guardians. Those who agreed to participate provided written informed consent. The
research was approved by the institutional Research Ethics Committee (number 2.116.308).
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The subjects' RR was determined by measuring the baby's chest excursions for one minute [32].

Video acquisition and analysis procedures
For video collection, a support bench was set up using two sheets of black rubber. To maximize exposure
of the thoracoabdominal region, each subject was placed on the bench in the supine position with
shoulders �exed, abducted and externally rotated, and hips �exed at approximately 110º. Red adhesive
markers were attached to speci�c anatomical sites (Fig. 1).

Figure 1.

Each baby was �lmed only once for 60 seconds, using a video camera (Sony Cyber-shot® DSC-H20 10.1
MP, at 30 Hz) placed 50 cm from the infant on a 1-meter-high tripod (6)(Gomes et al., 2018). The �nal
layout of the videos, characterized as the exhibition area for TAM analysis, was previously described by
Guerra et al. (2017) [7] and Gomes et al. (2018) [6]. The videos eligible for analysis contained 60 seconds
of continuous recording and the newborn showed no signs of irritability or crying. Additionally, we did not
include NB that had been fed less than 30 minutes before the evaluation, those with congenital
malformation, genetic syndrome or respiratory problems, or babies who were crying during assessment.
Aspects such as blurry images or the absence of adhesive markers during recording also resulted in
exclusion from analysis.

Figure 2.

Kinematic analysis using MATLAB®
A customized application was developed based on the graphical user interface (GUI), using a MATLAB®
(R2018b, The MathWorks, Inc. USA) routine to analyze the TAM-NB (MATLAB® App). The examiners
identi�ed the base reference line on the NB’s back in the �rst frame of the video (Fig. 1). Next, the markers
were automatically identi�ed and the total thoracoabdominal area divided into two compartments to
determine the shape and count the number of pixels between the shape and base reference line. The
MATLAB® App then generated the average and standard deviation of the respiratory rate (breaths per
minute), largest and smallest thoracic and abdominal area (end-inspiratory and end-expiratory values)
within a recording, and computed the minimum and maximum values of the total areas. Thus, both
thoracic and abdominal area time series were computed from 1800 photograms, which were plotted on
individual graphs to visualize their variation in each breathing cycle for one minute (Fig. 2).

Data reliability analysis
Inter- and intra-examiner analyses were conducted to assess the reliability of the method [17]. Inter-
examiner reliability was carried out with three examiners using different computers. For intra-examiner
reliability, the videos were analyzed by the examiners on three different occasions, seven days apart [21,
22].



Page 10/15

Statistical Analysis
Statistical analysis was performed using frequency distribution and measures of central tendency and
dispersion of the NB’s demographic and clinical data. The normality of all numerical variables was
determined using the Shapiro-Wilk test, and one-way ANOVA was applied to assess variances in the
values obtained by the three examiners.

The intraclass correlation coe�cient (ICC) was used to determine inter- and intra-examiner reliability. A
95% con�dence interval and signi�cance level of α = 0.05 were adopted for all the analyses. Reliability
was considered excellent for values between 1.0 and 0.81, very good for 0.80 to 0.61, good between 0.60
and 0.41, fair for 0.40 to 0.21, and poor between 0.20 and 0.00 [24]. Additionally, Pearson’s correlation
was applied between the RR values obtained through the automatic (MATLAB®) and manual Apps
(visual exam). Statistical analyses were performed using Statistical Package for the Social Sciences
(SPSS®) version 20 (IBM Corp, Armonk, USA).

Abbreviations
TAM
Thoracoabdominal mobility; NB:Newborns; OEP:Optoelectronic plethysmography; IRP:Inductive
respiratory plethysmography; EIT:Electrical impedance tomography; RR:Respiratory rate; ICC:Intraclass
correlation coe�cient; SPSS:Statistical Package for the Social Sciences; SAPO:Postural Assessment
Software; MDC:Minimal detectable change; FEV1:Forced expiratory volume in one second; PEF:Peak
expiratory �ow; ANOVA:Analysis of variance.
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Figures

Figure 1

A. Representation of the positioning of the newborn, collection scenario of the examiners and anatomic
sites: (1) anterior superior iliac spine; (2) lateral projection of the xiphoid process; and (3) jugular notch of
the manubrium of sternum. Figure 1.B. Image of thoracic and abdominal wall delimitation and variation
performed by the interactive model during analysis of area variation. The red markers serve as a
reference for the program to delineate thoracic and abdominal areas.
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Figure 2

Graphical representation of the variation in thoracic, abdominal and total areas for each respiratory cycle
for one minute, obtained at the end of interactive model analysis.


