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SUMMARY: Obesity is a worldwide epidemic that has become a risk factor for the development of respiratory problems,
meaning it is necessary to generate models that assess lung function in obese patients for proper treatment. The objective of this study
was to evaluate a model for analyzing respiratory function according to body composition, by analyzing the structure and function of the
airways by computed tomography (CT). Lung function and body fat percentage (BF%) were measured in three male subjects (25 ± 6
years), with different body mass index (BMI; normal, overweight, obese). A third-dimensional (3D) reconstruction of the airways was
performed using CT. Trachea, right and left main bronchi and anterior segmental bronchus of the right and left lung were measured.
Three measurement points were established for each structure, and the average value of these three points was used for the analysis. An
increase in the thickness of the airways wall of the left and right main bronchi and right segmental bronchus was observed as BMI and
BF% increased. The same was observed for the percentage of airway wall area (%AWA) and airway resistance in the main and segmental
bronchi. The proposed 3D reconstruction model and the three-point analysis simplified image assessment and allowed to observe the
problems caused by obesity in lung function.
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INTRODUCTION

The World Health Organization (WHO) defines
obesity as "an abnormal or excessive accumulation of fat that
can be harmful to health." In 2016 more than 1.9 billion adults
were overweight, of which 650 million were obese (WHO,
2020). Chile is not the exception, as reports indicate that there
is a high prevalence of obesity throughout the entire life cycle
of Chileans (Lizana et al., 2016; Lizana et al., 2018; Muñoz-
Cofré et al., 2019; Lizana et al., 2020). The last 2016-2017
National Health Survey revealed that obesity is an increasing
problem, as it went from 50 % of the population in 2009-
2010 to 70 % in 2016-2017 (Ministerio de Salud, 2019).

Obesity is considered a risk factor for numerous chronic
diseases, and contributes to the prevalence of multiple

respiratory diseases (Zammit et al., 2010; Lin & Lin, 2012;
Littleton et al., 2012; Mafort et al., 2016; Parraguez et al.,
2018). Weight overload would affect the elastic properties of
the rib cage, generating a decrease in lung volume and capacity,
and it is believed that this is associated with changes in the
elastic resistance of the thorax, parenchyma and airways (Lin
& Lin; Steier et al., 2014). The thickness of the chest wall
would therefore contribute to reducing lung compliance and
airway conductance (Talaminos Barroso et al., 2018), favoring
an increase in its resistance (Littleton et al.; Dattani et al.,
2016; Parraguez et al.).

To determine if a person is obese, different
measurements are used. However, there is still a lack of
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consensus among researchers on a single accepted
"reference" approach to quantify fat mass in vivo, this being
a controversial point when evaluating obesity (Heymsfield
et al., 2015). Two of the measurements used are the body
mass index (BMI) and body fat percentage (BF%), both with
contradictory information associated with respiratory
disorders, as significant associations have been found with
one or both measurements (Canoy et al., 2004; Chen et al.,
2007; Parraguez et al.; Rodríguez et al., 2019).

One of the respiratory problems associated with obesity
is increased resistance of the airways due to thickening of the
bronchial wall (Canoy et al.; Chen et al.; Parraguez et al.;
Rodríguez et al., 2019). Observation of these changes is
important to understand obesity pathogenesis and the effect
of possible therapeutic interventions in obese patients. Thus,
the combined use of digital images and third-dimensional (3D)
reconstruction software allows non-invasive quantification of
the airways, to investigate structural changes in a timely
manner and initiate early treatment to prevent definitive airway
remodeling (Diaz et al., 2016). Therefore, the purpose of this
research was to evaluate a model to characterize airway
structure and function, which would allow this function to
be correlated with body composition.

MATERIAL AND METHOD

Participants. Three participants with different nutritional sta-
tus (BMI, categorized as normal weight 18.5 kg/m2 ≤ BMI
<25 kg/m2, overweight 25 kg/m2 ≤ BMI <30 kg/m2, and obese
BMI ≥ 30 kg/m2) were recruited. The inclusion criteria were
to be male (women were not included due to the differences
in the anatomy of the airways of men and women; Dominelli
et al., 2018) and to be over 18 years of age. Exclusion criteria
were clinical evidence of chronic respiratory disease (forced
expiratory volume in 1 second < 80 % of predicted), active
smoking, morphological changes in the chest or spine. All
participants signed an informed consent form previously
endorsed by the Ethics Committee of the University of San-
tiago de Chile (014-2020).

Anthropometry.  Height was measured with a SECA®
anthropometer (model 220, Hamburg, Germany) and body
mass was measured with a SECA® balance (model 840,
Hamburg, Germany) (Iinternational Society for the
Advancement of Kineanthopometry, 2001). Then, BMI was
calculated with the formula height in meters/kilograms
squared. Body fat was estimated from skinfold thickness
(Lange Skinfold Caliper®, Beta Technology, Santa Cruz
California, USA) and the equations of Durnin and
Womersley (Durnin & Womersley, 1974).

Ventilatory volumes and pressures. Tests were performed
on a Mediagraphics body plethysmograph (Platinum Elite
Model DL® St. Paul, Minnesota, USA). Measurements were
taken according to the regulations of the American Thorax
Society (ATS). The mouthpiece was adjusted to the height
of the oral cavity and the subject was asked to block the
facial musculature with both hands. Subsequently, the cabin
was closed and the subject was instructed to perform four
ventilations at tidal volume. Then, the subject was instructed
to "gasp softly" trying to move volumes of 50 to 60 mL
while blocking his cheeks with the ends of his fingers to
avoid pressure fluctuation in the oral cavity. The gasping
rate should have been close to 60 per minute (1 Hz)
(American Thoracic Society & European Respiratory
Society, 2002; Miller et al., 2005).

Chest computed tomography (CT) scan. The lung image
was taken with a 16-MDCT scanner (Sensation 16, Siemens
Healthcare) according to the low-dose acquisition protocol
and without contrast medium. The protocol was spiral at
130 kV. A CARE DOSE 4D® dose modulation system was
used, providing a reference dose of about 60 mAs, 0.6 sec
rotation time, 16×1.2 mm collimation, 350 mm FOV, 1.5
mm cut thickness and 0.7 mm cut increase. Image recording
was performed during inspiration at full lung capacity. The
effective radiation dose was less than 0.8 mSv and the images
were reconstructed to a 512×512-pixel matrix with a soft
medium core (B30s) for the mediastinal window images and
a defined filter (B70s) for the images of pulmonary window
(Xie et al., 2014).

Fig. 1. 3D chest reconstruction, the airways are highlighted in red,
the numbers correspond to the measurement points. 1, two
millimeters below the start of the main bronchus; 2, midpoint of
main bronchus; 3, two millimeters above the bifurcation of the
main bronchus
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Airway measurements and image analysis. Measurements
were made of the trachea, right and left main bronchi and
anterior segmental bronchus of the upper lobe of the right
and left lung. Three measurement points were established
for each structure: 2 mm below the lower limit of the
structure, 2 mm above the upper limit of the structure, and
the midpoint between both limits. The average value of these
three points was used for the analyzes (Fig. I). 3D
reconstruction of the images was performed with the open
source 3D Slicer software (Slicer V4.10.0) and the VTK
(Visualization toolkit) software, performing a manual
segmentation of the areas to be measured (Díaz et al., 2014).
This technique allows measurements to be made in different
perpendicular planes on the objectives, so real results are
obtained for each sector independent of its inclination,
orientation or direction. Three quantitative measurements
were made: diameter of the lumen of the trachea, main
bronchi and segmental bronchus; wall thickness, lumen
diameter, and wall (total diameter) of the structures noted
above (Fig. 2).

Normal weight Overweight Obese Mean±SD
Age (years) 23 23 22 22.66±0.57
Weight (kg) 56.2 83 95.5   78.23±20.07
Height (m) 1.69 1.74 1.79   1.74±0.05
BMI (kg/m2) 19.67 27.41 29.80 25.62±5.29
Body Fat (%) 16.55 22.65 22.88 20.69±3.59
Bicipital skinfold (mm) 3 8 6   5.66±2.51
Triceps skinfold (mm) 7 11 13 10.33±3.05
Subscapular skinfold (mm) 11 18 19      16±4.35
Suprailiac skinfold (mm) 20.33 31 31.3 27.54±6.24

Normal weight Overweight Obese Mean±SD
IC (L) 2.56 3.8 2.45 2.93±0.74
ERV (L) 1.75 1.58 0.68 1.33±0.57
RV (L) 3.26 1.37 1.19 1.94±1.14
FRC (L) 5.01 2.95 1.87 3.27±1.59
TLC (L) 7.58 6.75 4.32 6.21±1.69
RAW (cmH2O/L/s) 0.47 0.87 2.23 1.19±0.92
GAW (L/s/cmH2O) 2.12 1.15 0.45 1.24±0.83
sRAW (cmH2O*s) 2.46 2.93 5.34 3.57±1.54
sGAW (1/cmH2O*s) 0.41 0.34 0.19 0.31±0.11
MIP (-cmH2O) 99 156 68            107.66±44.63
MEP (cmH2O) 90 117 71  92.66±23.11

RESULTS

The sample had an average age of 22.66 ± 0.57 years,
and the participants represented the conditions of normal
weight, overweight and obesity (Table I). All three subjects
showed normal range lung function (Table II). Table III

SD: standard deviation; MIP: maximum inspiratory pressure; cmH2O: centimeters of water; MEP: maximum expiratory pressure; IC: inspiratory
capacity; VRE: expiratory reserve volume; RV: residual volume; FRC: functional residual capacity; TLC: total lung capacity; RAW: airway
resistance; GAW: airway conductance; sRAW: specific airway resistance; sGAW: specific airway conductance; cmH2O/L/s: centimeters of
water divided liters divided seconds; L/s/cmH2O: liters divided seconds divided centimeters of water; cmH2O*s: centimeters of water per
second; 1/cmH2O*s: one divided centimeters of water per second.

SD: standard deviation; BMI: body mass index (kilograms divided by the square of the height in meters).

Table I. Anthropometric characteristics of the study sample, stratified by weight status.
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Fig. 2. Schematic cross section, where measurements of airway
diameters were made. 1 inner edge; 2 outer edge; 3 airway wall.
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shows the airway wall thickness (AWT) values and the
percentage of airway wall area (%AWA). Image analysis
revealed that there was a parallel increase in BMI and BF%

in relation to AWT of the right and left main bronchus and
right segmental bronchus. The same was observed for the
%AWA of the main and segmental bronchi (Table III).

Airway wall thickness (mm) Percentage of airway wall area
Main bronchus secondary bronchus Main bronchus Secondary bronchus

Right Left Right Left Right Left Right Left
Normal weight 4.4 4.3 4.9 3.5 19.5 23.3 24.6 25.2

Overweight 3.9 5.0 3.5 4.6 16.2 26.2 27.3 25.5
Obese 5.6 6.4 5.5 5.7 21.9 31.2 42.1 31.5

Mean±SD 4.63±0.87 5.23±1.09 4.63±1.02 4.61±1.10 19.23±2.86 26.92±3.99 31.33±9.42 27.46±3.55

DISCUSSION

The purpose of this study was to evaluate a model to
measure the structure and function of the airways and to
analyze its relationship with body composition. The results
indicate that the presented methodology is viable, since our
findings coincide with those described by Mahadev et al.
(2003); that is, the greater the AWT, the greater the resistance
to air flow (Mahadev et al.). Additionally, it was observed
that the higher the BMI and BF%, the greater the AWT, a
situation consistent with that reported by Barton et al. (2016).

Regarding body composition and airway resistance, a
significant increase in resistance has been reported in obese
subjects compared to normal-weight subjects (Salome et al.,
2008). This phenomenon was attributed to the decrease in
functional residual capacity (FRC), which would generate a
reduction in airway diameter due to the loss of traction of the
lung parenchyma; and to the compression of the body mass
on the chest wall. Taken together, these phenomena would
alter lung compliance (Salome et al.). This coincides with the
results of this study, where there was an increase in airway
resistance parallel to the increase in BMI and BF% (Table
III). Similarly, Barton et al.  found correlation between BMI
and %AWA (r = 0.55, p <0.001) in patients with obstructive
airway phenotypes and HIV infection. However, it is important
to highlight that a healthy sample is being compared against
one with diagnosed pathologies, which generates a research
gap in relation to normal subjects and how these results could
contribute to the generation of reference values in this area.

Although the structural biometric parameters
obtained in this study are similar to those used in morphology,
such as total bronchial area, wall area, internal area (lumen)
and AWT (Díaz et al., Washko et al., 2012), the results found
here differ from those reported in the literature. When
Washko et al.  evaluated the wall area, lumen area and total

bronchial area through CT in 5,179 smoking subjects and
92 non-smokers, a %APVA of 57 was found in the non-
smoking group, which is higher than the average observed
in this study (38.12 %) (Washko et al.). These differences
would be explained by the different age ranges, as the airways
present age-specific variations (Mehran et al., 2018); but
also by the method used, as in this study we considered the
average of three different anatomical points of the airways,
whereas Washko et al. carried out a single measurement, a
relevant factor given the anatomical and physiological
variability of the airways. For instance, the luminal diameter
can be dynamically modified with changes in intraluminal
pressure, the trachea narrows slightly as it progresses into
the carina, and the main bronchi differ in direction, length,
and diameter from each other (Minnich et al., 2007; Mehran
et al., 2018 ). These characteristics could alter airway
resistance; therefore, in this specific case, making
representative measurements of the reconstructed anatomical
structure is clinically relevant.

Moreover, Al-Alwan et al. (2014) wanted to check
whether lung function in obese patients with and without
asthma would change after weight loss due to bariatric
surgery. The authors observed a significant decrease in
airway resistance after weight loss in obese non-asthmatic
subjects. From this, it was proposed that the load of adipose
tissue on the upper abdomen and thorax produces significant
changes in lung compliance, compared to deposits located
only on the thorax. Therefore, subjects with the same BMI
would have a different fat distribution and different
respiratory disorders (Al-Alwan et al.).

In this context, the evidence indicates that android
patterns negatively influence lung volumes and capacities.
On the other hand, the android patterns would generate a
decrease in respiratory flows due to an increase in airway
resistance (Bates et al., 2016). In this sense, future research
should include more precise instruments such as electrical

Table III. Airway morphology characteristics, stratified by weight status.

SD: standard deviation.
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bioimpedance or X-ray absorptiometry to assess BF% and
adipose tissue distribution (Werner et al., 2009). The aim
should be to validate clinical tools that help locate adipose
tissue to improve accessibility and diagnostic of this type of
disorder.

One of the limitations of this study is the number of
participants evaluated; because of this, the results are only
descriptive of the overall process. However, the objective
of this study was the implementation of a method of
evaluating airway structure by means of high-end 3D
reconstruction of medical images and which allowed to
correlate the function of the airways by plethysmography
with body composition. 3D reconstruction through medical
images, such as CT, also allows numerical computational
biomechanical analysis based on simulations of lung function
using the finite element method (Tawhai et al., 2004; Werner
et al., 2008, 2009).

CONCLUSIONS

The 3D reconstruction method made it possible to
measure the airways, and the use of the average of three
different anatomical points behaved as reported in the
literature. It was observed that as the BMI and BF%
increased, so did the thickness of the bronchial wall and the
resistance of the airways. Finally, to improve this model and
complement the data obtained, other methods must be
included to determine the specific location of adipose tissue
and its distribution.

MUÑOZ-COFRE, R.; ABARCA-ORTEGA, A.; LIZANA, P.A.;
QUIÑONES, J.; GARCÍA-HERRERA, C. & DEL SOL, M.
Evaluación de la función pulmonar mediante tomografía
computarizada y reconstrucción 3D de las vías respiratorias:   Es-
tudio piloto del índice de masa corporal. Int. J. Morphol.,
38(5):1223-1228, 2020.

RESUMEN: La obesidad es una epidemia mundial, la que
se ha transformado en un factor de riesgo en el desarrollo proble-
mas respiratorios. Al respecto, generar modelos de evaluación de
la función pulmonar en pacientes obesos es relevante para su ade-
cuado tratamiento. El objetivo de este trabajo fue evaluar un mo-
delo de la estructura y función de las vías aéreas (VA) con
tomografía computarizada (TC) que permita analizar su compor-
tamiento de acuerdo a la composición corporal. A tres sujetos de
sexo masculino (25±6 años), de distinto índice de masa corporal
(IMC; normal, sobrepeso, obeso), se les midió función pulmonar y
porcentaje de grasa corporal (% GC). A través de TC se realizó
una reconstrucción en tercera dimensión (3D) de las VA. Se reali-
zaron mediciones de las VA de la tráquea, bronquios principales
derecho e izquierdo y bronquio segmentario anterior del pulmón

derecho e izquierdo. Para cada estructura se establecieron tres pun-
tos de medición, el valor utilizado para los análisis fue el prome-
dio de estos tres puntos. En los tres participantes se observó un
aumento del grosor de la pared de las vías aéreas de los bronquios
principal derecho e izquierdo y bronquio segmentario derecho a
medida que aumenta el IMC y el % GC. Por otra parte, el porcen-
taje de área de la pared de las vías aéreas (% APVA) se comportó
de la misma manera para ambos bronquios principales y
segmentarios. La resistencia de las vías aéreas (RVA), tanto gene-
ral como específica, aumentó en paralelo con el % APVA en los
bronquios principales y segmentarios. A través de un modelo de
reconstrucción 3D de la estructura de la VA por TC, evaluando tres
puntos, se pudo observar los problemas que trae la obesidad a la
función pulmonar simplificando el análisis de imagen.

PALABRAS CLAVE: Obesidad, composición corporal,
resistencia de las vías aéreas, anatomía de las vías aéreas, área
de la pared de las vías aéreas.
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