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Summary
Introduction: diaphragmatic excursion by ultrasound is a tool that allows to properly assess the 
patient with critical pathology of the airway, with pleural effusion and neurovascular injuries that 
generate restrictive patterns on the chest. Performing dynamic evaluation of the diaphragm before 
and after a procedure allows us to know the changes in the natural history of the disease. For this 
reason, it is essential to know the normal values of the study population, and how it interferes with 
the other anthropometric variables of the patients. Materials and methods: analytical prevalence 
study for the measurement of normal excursion variables and the correlation with anthropometric 
variables of patients without pulmonary or diaphragmatic pathology. Results: simple random 
sample of 50 diaphragms with a distribution of 68% of women, with a mean age of 39 years and 
a median of the abdominal perimeter of 78 cm. The thickness of the diaphragm was 3.4 mm on 
inspiration and 2.6 mm on expiration, with a mean diaphragmatic excursion of 15 mm. The Kendall 
correlation between the excursion and the anthropometric variables had a value of rho = 0.94. 
Conclusions: the normal values of the diaphragmatic excursion are highly variable according to the 
population studied, with a clinical relationship between the anthropometric variables. This allows us 
to recommend that we should always perform a dynamic assessment of the diaphragm before and 
after each procedure in order to evaluate significant changes in diaphragmatic excursion values.

Resumen
Introducción: la excursión diafragmática por ultrasonido es una herramienta que permite valorar 
adecuadamente al paciente con patología crítica de la vía aérea, con derrame pleural y lesiones 
neurovasculares que generan patrones restrictivos sobre el tórax. Realizar la valoración dinámica 
del diafragma antes y después de un procedimiento permite conocer los cambios en la historia 
natural de la enfermedad. Por esto, es primordial conocer los valores de normalidad de la población 
de estudio, y cómo interfiere con las demás variables antropométricas de los pacientes. Materiales 
y métodos: estudio de prevalencia analítico para la medición de variables normales de la excursión 
diafragmática y la correlación con variables antropométricas de pacientes sin patología pulmonar 
o diafragmática. Resultados: muestra aleatoria simple de 50 diafragmas con una distribución 
del 68 % de mujeres, con edad media de 39 años y una mediana del perímetro abdominal de 78 
cm. El grosor del diafragma fue de 3,4 mm en inspiración y 2,6 mm en espiración. La media de la 
excursión diafragmática fue de 15 mm. La correlación de Kendall entre la excursión y las variables 
antropométricas tuvo un valor de rho= 0,94 (Spearman). Conclusiones: los valores de normalidad 
de la excursión diafragmática son muy variables según la población estudiada, con relación clínica 
entre las variables antropométricas. Esto nos permite recomendar practicar una valoración dinámica 
del diafragma antes y después de cada procedimiento para evaluar los cambios significativos en 
los valores de excursión diafragmática. 

1. Introduction
Diaphragmatic excursion measured with ultra-

sound offers several benefits for the evaluation of 
diaphragmatic function and its relationship with 
pulmonary function (Figure 1). There are publica-
tions about the diagnostic performance of ultrasound 
and the pathological critical values in different 
population groups; however, there are no published 
national normal values that allow us to address the 
narrow range in which the pathological values are 

found in the diaphragm, since they are values in 
millimeters. Likewise, it is not known how these 
values vary in the Colombian population according 
to the correlation with patient variables that may be 
influencing these parameters of normality. Therefore, 
this research aims to demonstrate the normal values 
of diaphragmatic excursion in the ultrasound study 
and its correlation with variables of interest, such 
as anthropometric measurements, in a population 
without pulmonary disease.
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2. Materials and Methods
Ultrasound scans were performed with a Toshiba Aplio XG ultra-

sound machine, in healthy individuals (without described pathology 
of the diaphragm) who were working, studying or were patients for 
ultrasound study of the abdomen in the institution at the time of the 
research. The technique for the study was: patients in supine decu-
bitus were examined with two transducers, convex and linear high 
frequency, with dynamic maneuvers of inspiration and expiration in 
both diaphragms. B (brightness) and M (motion) modes were used for 
quantitative measurements. 

Recruitment was done as follows: Individuals were invited to par-
ticipate in the study by electronic invitation and voice-to-voice by the 
investigators in the Department of Radiology, where ultrasonographic 
studies were subsequently carried out in administrative areas. 

To calculate the sample, a probabilistic sampling analysis was 
performed for the analysis of means for a total population of 2000 
participants, which is the approximate number of people in the clinic. 
A significance level of 95%, an expected standard deviation of 0.04 
and a precision of 0.01 were determined. This resulted in an estimate 
of 40 individuals and by adding a 10 % standard expected loss, 50 
diaphragms were considered for the analysis. 

For the analysis plan of the study, a univariate analysis was ini-
tially proposed, which was established by means of frequency tables 
and percentages for qualitative variables, such as gender. On the other 
hand, for quantitative variables, such as age, excursion magnitude and 
diaphragm thickness, measures of central tendency were established. 

Each variable was calculated independently, such as diaphragmatic 
thickening fraction. Although its calculation is derived from the ratio in 
expiration and inspiration, the values reported are those of the patients’ 
measures of central tendency and not those of the calculation of their 
related variables. The quantitative variables were subjected to norma-
lity tests using the Shapiro-Wilky Kolmogorov-Smirnov test; if they 
had a normal distribution, the measures of central tendency, standard 
deviation and mean were used, but if the distribution was not normal, 
the median and the minimum and maximum values were presented. 
For the development of the specific objective of correlation between 
the magnitude of diaphragmatic excursion and the anthropometric 
measurements, Spearman’s correlation test was performed. 

The investigators collected the data at the primary source, with 
the prior informed consent and assent of the patients. Subsequently, 
for analysis and interpretation, they were included in a Google format-
type online database, which was exported to the SPSS and STATA 13 
programs for statistical analysis.

3. Results
A homogeneous gender distribution was found in the patients 

evaluated, with a proportion of 68 % of women, with a mean age 
of 39 (19-65) years. The average weight of the patients was 69 
kg, with a mean height of approximately 165 cm. The abdomi-
nal perimeter ranged from 62 to 97 cm, with a median of 78 cm 
(Tables 1 and 2).

Table 1. Gender distribution

Gender Frequency Percentage Percentage Valid Cumulative Percentage

Female 34 68.0 68.0 68.0

Male 16 32.0 32.0 100.0

Total 50 100.0 100.0

Table 2. Measures of central tendency of quantitative variables 

Mean Median Maximum Minimum
Standard 
deviation

Age 39.52 38.50 65.00 19.00 14.67

Weight (kg) 69.42 71.00 91.00 45.00 14.72

Height (cm) 164.88 164.00 181.00 151.00 10.71

Abdominal circumference (cm) 79.46 78.00 97.00 62.00 10.60

B-mode diaphragm thickness in exhalation 
(mm) 3.40 3.70 5.50 1.70 1.16

B-mode diaphragm thickness in inspiration 
(mm) 2.58 2.50 4.10 1.20 0.88

Diaphragmatic thickening fraction (%) 43.42 38.50 80.00 13.00 19.37

Average diaphragmatic excursion in 
M-mode 14.58 15.00 19.00 10.00 2.14

Maximum diaphragmatic excursion M mode 21.14 16.00 213.00 11.00 28.07

M-mode expiratory velocity 6.19 1.90 218.00 0.80 30.57
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Figure 1. Diagram of usefulness 
o f  u l t rasound  assessment  i n 
diaphragmatic excursion

Figure 2. Normal distribution of diaphragmatic excursion measured in 
M-mode

Figure 3. Diaphragmatic thickness measured in B-mode

Figure 4. Diaphragmatic thickness measured in M-mode

Figure 5. Right diaphragmatic excursion measured in M-mode

Figure 6. Left diaphragmatic excursion measured in M-mode

Diaphragmatic excursion in healthy adults: normal values. 
Analytical prevalence study

Deconditioning in the critically ill patient
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Figure 7. Exhalation time of diaphragmatic excursion

3.1 Specific results of diaphragmatic excursion by 
ultrasound.

The mean diaphragmatic thickness measured during expiration 
was 3.4 mm, while in inspiration it was 2.58 mm; with a thickening 
fraction of approximately 43 %. The mean diaphragmatic excursion 
measured in M-mode was 15 mm and maximum 21 mm, and was the 
only variable with normal distribution under the Gaussian bell (Figure 
2). Exhalation velocity had a median of 1.9 seconds (Table 2).

3.2 Bivariate analysis of independent variables and 
diaphragmatic excursion

The advanced analysis of the relationship between the anthropo-
metric variables of the patients and diaphragmatic excursion showed a 
value of rho = 0.94  (Spearman), with a clinical relationship that showed 
that the greater the abdominal perimeter and the greater the thickness of 
the diaphragm, the lower the diaphragmatic excursion. No significant 
relationship was found between abdominal perimeter and expiratory 
speed or the thickening fraction.

4. Discussion
Diaphragmatic excursion measured with ultrasound is increasin-

gly useful in the thoracoabdominal assessment of patients. Perhaps 
the most widely used is in the critically ill patient, to define muscle 
deconditioning, which is crucial in predicting successful extubation in 
ventilated patients who meet clinical criteria. The evidence determines 
that patients with clinical criteria for extubation, but with ultrasound 
values of diaphragmatic deconditioning, have a higher risk of early 
ventilatory failure after extubation (1). In spite of this, caution should be 
exercised with reference static measurements in the literature, because 
for an older adult patient with low height and low weight, the abnormal 
values of the average American patient are normal values, whereas, if 
a reference normal value of this patient is available before initiation of 
mechanical ventilation therapy, it is easier to establish its cut-off values 
to predict extubation success. In the evaluation of the physical decondi-
tioning of the diaphragm, it has been established that once the patient is 
intubated in the critical care unit, the thickness of the diaphragm decreases 

6-7.5% per day (2, 3) and 3.4% in children (4). Despite this, the initial 
value is not established, but the follow-up values of the study in these 
patients. It has also been documented that a thickening fraction less 
than 20 % or a diaphragmatic excursion less than 10 mm is established 
as a diaphragmatic dysfunction (5). When the diaphragmatic excursion 
is between 11 and 14 mm and the thickening fraction between 30 and 
36 %, a successful extubation with low risk of reintubation in the first 
hours could be predicted (6-9). The research described here has been 
performed with patients without known pulmonary or diaphragmatic 
pathology, with results different from those published. Diaphragm 
thickness can be measured in B-mode, ideally with a linear transducer; 
or in M-mode, with a low-frequency transducer. It has been found that 
patients with values lower than 2 mm have a longer extubation time 
(10). In this study the measurement was performed in B (figure 3) and 
M (figure 4) modes, but it is more practical to measure in B mode, 
as described in the literature (11). Mean thickness values were found 
between 2.6 and 3.4 mm, but minimum values of 1.2 to 1.7, especially 
in patients with smaller abdominal perimeter; however, with no statis-
tically significant association.

On the other hand, diaphragmatic ultrasound is also useful in the 
assessment of pleural effusion, to define which hemidiaphragm is more 
compromised when the effusion is bilateral. It is crucial to define which 
hemithorax to drain when the effusion is bilateral, since it is not possible 
to drain both at the same time, due to the risk of pulmonary edema by 
re-expansion. This problem is very frequent in oncologic patients with 
parapneumonic effusion who require frequent intermittent drainage. 
Diaphragmatic ultrasound allows us to know which hemithorax has 
greater restriction and which has its pulmonary function more affected, 
and the latter is the one chosen for percutaneous drainage (1, 2).

Finally, the assessment of diaphragmatic hypotonia in suspected 
paralysis is an important utility of diaphragmatic ultrasound, since, 
unlike fluoroscopy, it allows real-time evaluation of diaphragmatic 
mobility. Additionally, it facilitates quantification of diaphragmatic 
motion values, comparison with the contralateral side, and comparative 
assessment before and after patients undergo surgical plication. 

The assessment of diaphragmatic excursion in this investigation 
had a normal distribution (Figure 2), with well distributed behavior that 
approached the population parameter. It was found that the assessment 
of the right hemidiaphragm (figure 5) was more practical than the 
left hemidiaphragm (figure 6), due to the fact that the left insonation 
window is more superior and posterior. All values in the sample were 
greater than 10 mm, as described in the literature; however, an inverse 
relationship was also found between abdominal circumference and 
excursion, and diaphragmatic movement is more difficult in patients 
with greater circumference. In spite of this, patients with greater peri-
meter, but with greater height, have greater diaphragmatic excursion. 

The diaphragmatic thickening fraction in this investigation also 
had a wider range in relation to the values in expiration and inspiration 
(Table 2), and was also in relation to the abdominal perimeter and height 
of the patients. Likewise, in the expiratory time there was a wide va-
riance, because it is closely related to the peak diaphragmatic excursion 
(Figure 7); however, the expiratory time serves for the evaluation of 
gas exchange and indirectly to evaluate the extrapulmonary restrictive 
pattern of the patients, such as the increase in intra-abdominal pressure. 
Due to all of the above, it is very important to know the anthropometric 
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values of the patients and to always have an initial measurement value 
to interpret pathological values in the prediction of diaphragm decon-
ditioning, since a value of 1.7 mm in thickness and a diaphragmatic 
excursion of 10 mm may be normal in a patient of short stature and 
with a smaller abdominal perimeter, while in a patient of greater stature 
with a wide abdominal perimeter, it is frankly pathological. 

Limitations of the study: This study has limitations in its 
methodological design that does not allow causal associations because 
it is a cross-sectional study of the situation of healthy patients with 
diaphragmatic excursion measurement. Likewise, it has sampling limi-
tations. Due to the above, we recommend the development of studies 
with a larger sample of analysis and analytical methodology for external 
validation of the results and analysis proposed.

.

Conclusion
The values of normality in diaphragmatic thickness and excursion 

have a wide range of normality and are related to the anthropometric 
values of the patients, so researchers recommend always having a ba-
seline value of thickness measured in B mode, diaphragmatic excursion 
measured by M, thickening fraction and expiratory time, in order to 
predict abnormal values in all studies performed on patients during 
the dynamic assessment in the evolution of the history of the disease.

References
1.	 Turton P, ALAidarous S, Welters I. A narrative review of diaphragm ultrasound to 

predict weaning from mechanical ventilation: where are we and where are we heading? 
Ultrasound J. 2019;11(2). 

2.	 Grosu HB, Lee YI, Lee J, Eden E, Eikermann M, Rose KM. Diaphragm muscle 
thinning in patients who are mechanically ventilated. Chest. 2012;142:1455-60.

3.	 Zambon M, Beccaria P, Matsuno J. Mechanical ventilation and diaphragmatic atrophy 
in critically ill patients: an ultrasound study. Crit Care Med. 2016;43:29-38.

4.	 Glau CL, Conlon TW, Himebauch AS, Yehya N, Weiss SL, Berg RA, et al. Progres-
sive diaphragm atrophy in pediatric acute respiratory failure. Pediatr Crit Care Med. 
2018;19:406-11.

5.	 Gursel G, Inci K, Alasgarova Z. Can diaphragm dysfunction be reliably evaluated with 
pocket-sized ultrasound devices in intensive care Unit? Crit Care Res Pract. 2018; 
article ID: 5192647

6.	 Kim Y, Hee HJ, Suh J, Hong RSB, Koh Y, Lim CM. Diaphragm dysfunction assessed 
by ultrasonography: influence on weaning from mechanical ventilation. Crit Care Med. 
2011;39:2627-30.

7.	 Jiang JR, Tsai TH, Jerng JS, Yu CJ, Wu HD, Yang PC. Ultrasonographic evaluation 
of liver/spleen movements and extubation outcome. Chest. 2004;126:179-85.

8.	 Dinino E, Gartman EJ, Sethi JM, Mccool D. Diaphragm ultrasound as a predictor of 
successful extubation from mechanical ventilation. Thorax. 2014;69:423-7.

9.	 Ferrari G, De Filippi G, Fabrizio E, Panero F, Volpicelli G, Apra F. Diaphragm ultra-
sound as a new index of discontinuation from mechanical ventilation. Crit Ultrasound 
J. 2014;6:8.

10.	 Sharma A, Karna ST, Tandon M, Pandey CK, Chaturvedi R, Vyas V, et al. Use of 
ultrasound-guided preoperative diaphragmatic thickness as a predictor of postoperative 
weaning failure in recipients and donors scheduled for living donor liver transplant 
surgery. Saudi J Anaesth. 2018;12:406-11.

11.	 Dres M, Goligher EC, Dubé B-P, Morawiec E, Dangers L, Reuter D, et al. Diaphragm 
function and weaning from mechanical ventilation: an ultrasound and phrenic nerve 
stimulation clinical study. Ann Intensive Care. 2018;8:53.

Correspondence
William Andrés Prada Mancilla

Av. calle 170 # 56-45, apto 2004, Edificio Belgrano
Bogotá, Colombia
wpradamancilla@gmail.com

Received for evaluation: July 18, 2020
Accepted for publication: September 15, 2020


