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Introduction: Assessment of the larynx and trachea presents a considerable challenge, particularly in the
neonatal period, as conventional evaluation of these structures relies predominantly on invasive and un-
comfortable methodologies. Ultrasonographic examination emerges as a non-invasive, readily accessible
diagnostic modality that minimally compromises patient comfort. Methods: The investigation was de-
signed as a prospective study. Between 2022 and 2023, ultrasonographic examinations of the larynx and
trachea were performed during the first days of life in a cohort of 300 Caucasian neonates, born between
32 and 42 weeks of gestation. Measurements of the anatomical structures of the larynx, trachea, and their
lumens were obtained. Results: Statistical analysis of the collected data examined correlations between
the dimensions of the studied laryngeal and tracheal structures and the neonates’ anthropometric param-
eters, as well as their birth age. Using a percentile regression model, centile charts were generated to il-
lustrate the relationships between the measurements of the larynx, trachea, and their lumens and the body
weight of the newborns. Conclusion: The findings contribute novel, previously unpublished insights into
the ultrasonographic evaluation of the larynx and trachea in neonates. This publication offers an analyti-
cal account of data derived from the study, which has been registered with ClinicalTrials.gov (Identifier

B NCT05636410).

Introduction

Neonatal laryngeal and tracheal diagnostics often present consider-
able challenges, necessitating collaborative efforts among specialists
across various disciplines. When a structural defect, focal lesion, or
mechanical damage is suspected, diagnosis is primarily based on
endoscopic examinations'?. These procedures, while remarkably
precise, are invasive and frequently require sedation, which can ad-
versely affect patient comfort™®. Moreover, despite their numerous
advantages, access to endoscopic assessments remains substantially
limited in many medical facilities.

The existing medical literature includes studies on the ultrasono-
graphic anatomy and functional assessment of the larynx and tra-
chea in both adults and children®". Historically, some publications
described ultrasonographic imaging of the larynx and trachea in
newborns for diagnosing congenital and acquired laryngeal condi-
tions®19. Attempts have also been made to compare the dimensions
of the larynx with body length, head circumference, or gestational
age; however, these studies were based on autopsy examinations
of a small group of patients'. Notably, none of these publications

provide measurements of individual anatomical components or re-
late these components to neonatal anthropometric parameters. To
date, no percentile nomograms or research evaluating correlations
between the sizes of specific laryngeal and tracheal structures, as
measured by ultrasonography, and neonatal anthropometric data
have been published.

Ultrasonography stands out as a non-invasive, widely accessible
diagnostic modality that enables rapid, bedside evaluation of the
larynx and trachea. Importantly, particularly in the neonatal pop-
ulation, ultrasound examination allows for minimal disruption to
patient comfort.

This manuscript discusses the relationships between ultrasono-
graphic measurements of the larynx, trachea, and their lumens
in relation to neonatal weight, length, and gestational age. More-
over, percentile charts for the dimensions of laryngeal and tracheal
structures and their lumens were constructed based on the co-
hort’s body weight. The findings presented here are derived from
data collected in a study registered at ClinicalTrials.gov (Identifier
NCT05636410).
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Methods

Study design

The study was designed as a prospective investigation. Ultrasono-
graphic examinations of the larynx and trachea were performed
during the first days of life in 300 stable neonates with Caucasian
ethnicity born between 32 + 1/7 and 42 + 0/7 weeks of gestational
age, following the completion of their postnatal adaptation. Video
recordings (DICOM files) obtained during these procedures were
subsequently reviewed, without participant involvement, using
specialized computer software (Horos, Nimble Co LLC d/b/a Pur-
view), where precise measurements of individual laryngeal and tra-
cheal structures were performed. The study was approved by the
Bioethics Committee of the Medical University of Warsaw (KB/65/
A2022). The results presented in this manuscript constitute
an analysis of data obtained from a previously published study pro-
tocol" and represent a consecutive publication focusing on ultra-
sonographic diagnostics of the larynx and trachea in the neonatal
period.

Setting

Ultrasonographic images analyzed in this study were collected be-
tween December 2022 and March 2023 at two neonatal centers in
Poland: the Princess Anna Mazowiecka Hospital in Warsaw and
the Ujastek Medical Center in Krakow. Video recordings of the ex-
aminations were reviewed post-recruitment by two experienced
ultrasonographers, proficient in diagnostic ultrasonography, who
performed measurements of the laryngeal and tracheal structures.
These data facilitated an analysis of correlations with neonatal body
weight, length, and gestational age. Furthermore, percentile refer-
ence charts were constructed for the dimensions of the larynx, tra-
chea, and their lumens, based on these measurements in relation
to neonatal weight.

Participants

Inclusion criteria for this study encompassed stable neonates
born after 32 + 0/7 weeks of gestation, within the first week of life
(less than 7 days old). Neonates born before the specified gesta-
tional age, exhibiting signs of congenital anomalies, and those
who were intubated or deemed clinically unstable were excluded.
The selection criteria aimed to assemble a diverse and representa-
tive cohort.

Variables

Ultrasonographic examinations, along with subsequent measure-
ments of the larynx, trachea, and their lumens, were conducted in
accordance with the previously published protocol®?. Relationships
between these measurements and the weight, body length, and ges-
tational age of the newborns were analyzed. As part of further
analysis, percentile charts depicting the dimensions of the larynx
and trachea, including their lumens, were generated, considering
the neonates’ body weight.

Data sources / measurement

Ultrasound examinations of the larynx and trachea were performed
by physicians with a minimum of six years’ experience in ultrasono-
graphic evaluation of cervical structures. Procedures took place in
a dimly lit, quiet room. Each neonate was positioned supine in a neo-
natal bed, with a small fabric roller placed beneath the shoulder blades
to align the face parallel to the chest. Prior to examination, it was as-
certained that the infant had been fed between 30 minutes and 2 hours
previously, and following detailed information, parenteral consent
was obtained. Pacifiers were not used. In isolated cases of anxiety, 30%
glucose solution was administered orally before imaging.

A Philips Epiq 5G ultrasound machine equipped with a linear probe
(eL18-4) was employed. To ensure consistency and comparable im-
age quality, standardized ultrasound settings were applied (frequen-
cy 18 MHz, examination depth 2.5 cm), with slight adjustments
made as needed for individual examinations.

To maximize participant comfort, minimize procedure duration,
and enhance measurement reproducibility, all ultrasound assess-
ments adhered to a predetermined protocol. Recordings were stored
in DICOM format. After data collection, measurements of indi-
vidual structures of the larynx and trachea were performed using
computer software (Horos, Nimble Co LLC d/b/a Purview). Fig-
ure 1 illustrates the ultrasound images of the discussed structures,
along with detailed measurement techniques. Statistical analyses
were performed using SAS/STAT software.

Bias

To ensure a highly diverse cohort of patients, recruitment was con-
ducted randomly, independent of gender, gestational age, body mass,
or length, beyond the established inclusion and exclusion criteria.
Analysis of the ultrasound images was performed after the completion
of all ultrasound examinations. The researchers responsible for mea-
suring the specific structures of the larynx and trachea were blinded
to the participants’ anthropometric data at the time of measurement.
Previous studies have documented considerable variability in neona-
tal body length measurements, influenced by both the measurement
technique and the individual performing the assessment>-%. Conse-
quently, this study discusses the relationships between various laryn-
geal and tracheal measurements and body length in newborns. How-
ever, percentile charts stratified by this parameter were not generated.
The authors consider that referencing the obtained ultrasonographic
measurements to potentially inaccurate neonatal length assessments
could lead to misinterpretation of the results.

Study size

To assemble a sufficiently heterogeneous and sizable cohort for ul-
trasonographic evaluation, 300 participants were recruited. During
the study planning phase, a hypothesis was proposed suggesting no
differences in measurements between genders. Therefore, emphasis
was not placed on recruiting comparable numbers of boys and girls.
Nonetheless, the analyzed group comprised an equal number
of both sexes (each with 149 participants). Due to significant statisti-
cal differences in the dimensions of various laryngeal structures be-
tween males and females, as discussed in a previous publication”,
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Fig. 1. Measurements of: A. laryngeal width (double-arrow line) - transversely from the outer borders of the thyroid cartilage at the level of the glottis; laryngeal
depth (dashed line) - sagitally between the outer borders of the thyroid and annular cartilages; B. glottis width (double-arrow line) — between the medial
borders of the arytenoid cartilages; C. subglottic width (double-arrow line) - transversely from the outer borders of the annular cartilage; subglottic depth
(dashed line) - sagitally from the outer borders of the annular cartilage; the measurements are taken at the level of the arch of the annular cartilage.
D. subglottic lumen width (double-arrow line) - transversely from the inner borders of the annular cartilage; subglottic lumen depth (dashed line)
- sagitally medially from the inner borders of the annular cartilage; E. tracheal width (double-arrow line) — transversely from the outer borders of the tra-
cheal cartilage; tracheal depth (dashed line) - sagitally from the outer border of the tracheal cartilage to the tracheal muscle membrane; F. tracheal lumen
width (double-arrow line) — transversely from the inner borders of the tracheal cartilage; tracheal lumen depth (dashed line) - sagitally from the inner

border of the tracheal cartilage to the tracheal muscle membrane

the research group was subdivided into female and male subgroups.
An exception was made for the measurement of the glottic lumen
width, which is addressed further in this publication.

Statistical methods

All statistical analyses were performed using the SAS/STAT software
package. To evaluate the significance of differences between sexes,

the t-test, Kruskal-Wallis test, and Wilcoxon signed-rank test were
applied. The Spearman rank correlation coeflicient (1) was used
to examine relationships between variables and anthropometric
measurements. Based on existing literature'®, correlations were clas-
sified as weak (1 <0.3), moderate (0.3-0.49), good (0.5-0.7), and strong
(r>0.7). The threshold for statistical significance was set at p <0.05.

Percentile grids for assessing the distribution of selected factors were
estimated empirically using a percentile regression model. Usually,
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the quantile is considered a method of ordering observed values.
According to Koenker"?, a key aspect of quantile regression theory
is that the problem of sorting ordered values can be converted into
an optimization problem. Specifically, the objective is to minimize

Elp(X—2%)]=(t — 1) f_fm(x — ®)dF (x) + Tf:(x — ®)dF (x)

where Pt is the appropriate smoothing function. This formula deter-
mines the quantile levels of X. The quantreg procedure from the
SAS/STAT rel. 15.2 system was used for implementation. Linear
splines were chosen as functions Pt'S. The differences among re-
searchers were analyzed using Bland-Altman analysis and Bablock-
Passing regression, with the range of agreement defined as the mean
bias of +2 standard deviations.

Results

Participants

A total of 300 participants meeting the inclusion criteria were ini-
tially enrolled. Due to incomplete anthropometric data, the final
statistical analysis utilized data from 298 neonates. A flow diagram
illustrating participants progression is presented in Figure S1.

Descriptive data

The analyzed study group comprised an equal number of females
(n = 149) and males (n = 149). No statistically significant differ-
ence was observed in gestational age between sexes (mean gesta-
tional age: females 38 + 5/7 weeks, males 38 + 6/7 weeks, p = 0.1).
Birth weights differed significantly based on sex (p <0.05), averag-
ing 3.182 grams for females and 3.381 grams for males. Similarly,
a statistically significant but less pronounced difference was noted
in body length (p = 0.04), with females measuring an average of
52.82 cm and males 53.62 cm. The structure of the study group is
presented in Table S1. Details of the number of measurements ob-
tained for individual structures across sexes are provided in Table 1.
Missing data resulted from inadequate-quality ultrasonographic
images.

Main results
Correlations of laryngeal and tracheal measurements

1. Correlations with neonatal body weight (Tab. 1A):

a) Females:

A moderate correlation was observed between body weight and la-
ryngeal depth (r = 0.32, p <0.05), subglottic laryngeal width (r = 0.37,
P <0.05), and subglottic lumen depth (r = 0.34, p <0.05).

b) Males:

A good correlation was found between birth weight and subglottic
laryngeal depth (r = 0.55, p <0.05). Additionally, moderate correla-
tions were identified between body weight and the width of the sub-
glottic part of the larynx (r = 0.37, p <0.05), and the width (r = 0.33,
p <0.05) as well as depth (r = 0.34, p <0.05) of its lumen in boys.
Other parameters analyzed showed weak but statistically significant
associations with birth weight in both sexes.

c) The correlation between maximum glottic width across the entire
research group (both sexes combined) and body weight was weak
and not statistically significant (r = 0.11, p = 0.06) (Tab. 1D).

2. Correlations with neonatal body length (Tab. 1B):

a) Females:

Relationships between measured parameters and body length were
weak.

b) Males:

Statistically significant correlations were observed between body
length and laryngeal width and depth, as well as the width and depth
of its subglottic part (respectively r = 0.31; 0.34; 0.35; 0.41; p <0.05).
Other parameters demonstrated weak correlations with body length.

3. Correlations with gestational age (Tab. 1C):

a) Females:

All analyzed parameters showed weak correlations with gestational
age.

b) Males:

Good correlations were noted between gestational age and both la-
ryngeal width (r = 0.32, p<0.05) and subglottic depth (r = 0.35,
P <0.05). Other parameters showed weak but statistically significant
relationships.

Percentile charts

Percentile charts for the dimensions of the larynx, trachea, and their
lumens, adjusted for body weight in females and males, were gener-
ated (Fig. 2, Fig. 3). Previously published data indicated no signifi-
cant sex differences in maximum glottic width (average 4.06 mm in
females and 4.14 mm in males; p = 0.24)"7. Therefore, the authors
decided to create a percentile chart for this parameter, combining all
participants into one group (Fig. 4).

Other analyses

Statistical evaluation using Bablock-Passing analysis and Bland-
Altman regression, demonstrated a substantial degree of concor-
dance between measurements obtained by the two independent
researchers.

Discussion

Key findings

During the first days of life, ultrasound examinations of the larynx
and trachea were performed on 300 stable Caucasian newborns.
Ultimately, data obtained from 298 participants were included in
the analysis, forming the basis for correlation analyses between
individual measurements, body weight, body length and gesta-
tional age. Furthermore, percentile charts depicting the relation-
ship between the sizes of the larynx, trachea, and their lumens
in relation to the body weight of the newborns were also created.
Results demonstrated a more pronounced dependency of these
measurements on body weight than on body length in both female
and male infants.
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Tab. 1. Correlations between ultrasonographic measurements of the larynx and trachea and body weight (A), body length (B), and gestational age (C). Cor-

relation between maximum glottic width and body weight, combined for females and males (D)

Female Male
n r p n r p

A

Laryngeal width 147 0.25 <0.05 147 0.36 <0.05
Laryngeal depth 147 0.32 <0.05 147 046 <0.05
Subglottic width 146 0.37 <0.05 147 0.37 <0.05
Subglottic depth 146 0.25 <0.05 147 0.55 <0.05
Subglottic lumen width 146 0.26 <0.05 147 033 <0.05
Subglottic lumen depth 146 0.34 <0.05 147 0.34 <0.05
Tracheal width 145 0.25 <0.05 141 0.26 <0.05
Tracheal depth 145 0.17 <0.05 141 0.24 <0.05
Tracheal lumen width 145 0.27 <0.05 141 0.26 <0.05
Tracheal lumen depth 145 0.20 <0.05 141 0.20 <0.05
B

Laryngeal width 147 0.10 0.24 147 0.31 <0.05
Laryngeal depth 147 0.26 <0.05 147 0.34 <0.05
Subglottic width 146 0.26 <0.05 147 035 <0.05
Subglottic depth 146 0.21 <0.05 147 0.41 <0.05
Subglottic lumen width 146 0.30 <0.05 147 0.26 <0.05
Subglottic lumen depth 146 0.28 <0.05 147 0.27 <0.05
Tracheal width 145 0.28 <0.05 141 0.13 0.12
Tracheal depth 145 017 <0.05 141 0.06 049
Tracheal lumen width 145 0.27 <0.05 141 0.16 <0.05
Tracheal lumen depth 145 0.25 <0.05 14 0.04 0.67
C

Laryngeal width 146 0.05 053 147 032 <0.05
Laryngeal depth 146 0.28 <0.05 147 0.24 <0.05
Subglottic width 145 0.16 0.05 147 0.22 <0.05
Subglottic depth 145 0.15 0.08 147 0.35 <0.05
Subglottic lumen width 145 0.09 0.29 147 0.20 <0.05
Subglottic lumen depth 145 0.12 0.15 147 0.21 <0.05
Tracheal width 144 0.07 0.38 141 0.09 0.28
Tracheal depth 144 0.02 0.85 141 0.14 0.09
Tracheal lumen width 144 0.14 0.10 141 0.18 <0.05
Tracheal lumen depth 144 0.12 0.17 141 0.17 0.05

D

Female + Male

n

Maximum glottic width

289

0.06

r— Spearman’s rank correlation coefficient; n — number of measurements obtained; p — statistical significance of the correlation
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Fig. 2. Centile charts illustrating the relationship between the size of the larynx and trachea and body weight in female newborns
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Limitations

A notable limitation of this study is the lack of comparable litera-
ture evaluating correlations of laryngeal and tracheal dimensions
in ultrasound examinations of newborns. Consequently, during
imaging, utmost care was taken to adhere strictly to the pre-estab-
lished protocol and to ensure measurement accuracy. Additionally,
to maximize patient comfort, the duration of the ultrasonographic
procedure was shortened as much as possible, and measurements
were not performed during the examination itself. This approach
precluded re-evaluation in cases of missing or poor-quality images.
Nonetheless, data gaps were noted in only a small number of mea-
surements. Moreover, conducting measurements in a computer pro-
gram after completing patient recruitment and image acquisition al-
lowed for the elimination of observer bias related to the assessment
of neonatal anthropometric characteristics. Furthermore, the litera-
ture describes various methods for neonatal length measurement,
the results of which vary significantly">'®. Thus, the evaluation
of the relationship between measurements and body length was
limited to a discussion of the obtained data. The authors decided not
to publish percentile charts dependent on body length to avoid po-
tential misinterpretation caused by inaccuracies in neonatal length
measurements. In addition, the researchers decided not to create
centile charts based on gestational age due to the weak and, in most
cases, statistically insignificant correlations between the measure-
ments obtained and this parameter. For the same reasons, relation-
ships between maximum glottic width and body length and gesta-
tional age of the study group were not investigated.

Interpretation

The measurements of the larynx, trachea, and their lumens obtained
from ultrasound examinations allowed for analysis of correlations

between these parameters and the anthropometric data of the new-
borns. Moreover, these data facilitated the creation of percentile
charts illustrating the sizes of the larynx, trachea, and their lumens
in relation to body weight. Despite the small size of the structures
under consideration and seemingly minor differences in measure-
ments, including a large group of healthy, stable neonates enabled
a correlation analysis to be performed between the observed param-
eters and the anthropometric data. The results indicate a statistically
significant relationship between the size of the larynx and trachea
and body weight in both male and female infants.

Furthermore, the absence of clear, statistically significant relation-
ships between laryngeal and tracheal measurements and gestational
age, in relation to their body weight, is highlighted. The authors
hypothesize that this finding may inform future considerations on
the standardization of the intubation tube selection process for this
patient population, with a particular focus on its correlation with
birth weight.

As measurements of newborn length can be inaccurate depending
on the technique used and the examiner’s experience, and due to
the weak, mostly statistically insignificant correlations between lar-
ynx and trachea measurements, the researchers decided to develop
percentile charts based solely on body weight.

Considering widespread availability of ultrasound equipment in
neonatal and pediatric wards, knowledge of these correlations
and access to percentile charts for laryngeal and tracheal mea-
surements, and their lumens could provide a vital foundation for
the assessment of normal anatomical development of these organs.
The authors believe that expanding knowledge of ultrasonography of
the larynx and trachea may lead to faster, more accessible, and more
targeted diagnostic procedures that minimize patient discomfort.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

The authors would like to express their sincere gratitude to the study
participants and their parents for their invaluable contribution
to the development of neonatal ultrasound, and to Ms. Anna
Karwarnska for her assistance in preparing the statistical data.

Author contributions

Original concept of study: LB, RB. Writing of manuscript: LP. Analysis
and interpretation of data: LB, RB. Final acceptation of manuscript:
RB. Collection, recording and/or compilation of data: £P, BM. Critical
review of manuscript: BM, RB.



Paprocki et al.

J Ultrason 2025; 25: 34

Page 9 of 9

References

Rutter MJ: Congenital laryngeal anomalies. Braz ] Otorhinolaryngol 2014; 80:
533-539. doi: 10.1016/j.bjorl.2014.08.001.

Varela P, Schweiger C: Congenital airway anomalies. Semin Pediatr Surg 2021; 30:
151055. doi: 10.1016/j.sempedsurg.2021.151055.

Srikanthan A, Scott S, Desai V, Reichert L: Neonatal airway abnormalities. Chil-
dren (Basel) 2022; 9: 944. doi: 10.3390/children9070944.

Ryan MA, Upchurch PA, Senekki-Florent P: Neonatal vocal fold paralysis. Neorev-
iews 2020; 21: e308-e322. doi: 10.1542/neo.21-5-¢308.

Friedman EM: Role of ultrasound in the assessment of vocal cord function
in infants and children. Ann Otol Rhinol Laryngol 1997; 106: 199-209. doi:
10.1177/000348949710600304.

Mills N, Keesing M, Ali Mirjalili S, Davies-Payne D: The challenges of diagnosing
paradoxical vocal fold movement in infants and the potential role for bedside ul-
trasound: a case report. Am J Otolaryngol Head Neck Surg 2022; 5: 1170.

Sanchez-Jacob R, Cielma TK, Mudd PA: Ultrasound of the vocal cords in infants.
Pediatr Radiol 2022; 52: 1619-1626. doi: 10.1007/s00247-021-05235-0.

Friedman S, Sadot E, Gut G, Armoni Domany K, Sivan Y: Laryngeal ultrasound for
the diagnosis of laryngomalacia in infants. Pediatr Pulmonol 2018; 53: 772-777.
doi: 10.1002/ppul.23964.

Lee MGY, Millar ], Rose E, Jones A, Wood D, Luitingh TL et al.: Laryngeal ul-
trasound detects a high incidence of vocal cord paresis after aortic arch repair in
neonates and young children. ] Thorac Cardiovasc Surg 2018; 155: 2579-2587. doi:
10.1016/j.jtcvs.2017.12.133.

Finnoff JT, Orbelo DM, Ekbom DC: Can ultrasound identify paradoxical vocal
fold movement? A pilot study. Clin J Sport Med 2020; 30: e120-e123. doi: 10.1097/
JSM.0000000000000641.

Schild JA: Relationship of laryngeal dimensions to body size and gestational age
in premature neonates and small infants. The Laryngoscope 1984; 94: 1284-1292.

Paprocki £, Migda B, Bokiniec R: Ultrasound assessment of larynx and trachea in
the neonatal period, examination standard with predictive values - study protocol.
Diagnostics (Basel) 2023; 13: 1578. doi: 10.3390/diagnostics13091578.

Rézdzynska-Swigtkowska A, Majcher A, Helwich E, Lauterbach R, Czubak J, Socha
P et al.: Standard wykonywania pomiaru dtugoéci ciata noworodkéw i niemowlat.
Standardy Medyczne Pediatria 2024; 21: 7-9.

Wood AJ, Raynes-Greenow CH, Carberry AE, Jeffery HE: Neonatal length inaccu-
racies in clinical practice and related percentile discrepancies detected by a simple
length-board. ] Paediatr Child Health 2013; 49: 199-203. doi: 10.1111/jpc.12119.

Johnson TS, Engstrom JL, Haney SL, Mulcrone SL: Reliability of three length mea-
surement techniques in term infants. Pediatr Nurs 1999; 25: 13-17.

Laar ME, Marquis GS, Lartey A, Gray-Donald K: Reliability of length measure-
ments collected by community nurses and health volunteers in rural growth moni-
toring and promotion services. BMC Health Serv Res 2018; 18: 118. doi: 10.1186/
512913-018-2909-0.

Paprocki £, Migda B, Bokiniec R: Ultrasound assessment of larynx and trachea in
the neonatal period-reference values. Eur Radiol 2025 Jul 10. doi: 10.1007/s00330-
025-11794-9.

Akoglu H: User’s guide to correlation coefficients. Turk ] Emerg Med 2018; 18:
91-93. doi: 10.1016/j.tjem.2018.08.001.

Koenker R: Quantile regression. Cambridge ; New York: Cambridge University
Press 2005: 6-7.



	Button 101010106: 
	Button 101010107: 
	Button 101010108: 


