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This dataset comprises a comprehensive collection of videos
and images illustrating the fluid dynamics of swallowing
and aspiration in a patient-specific pharyngolaryngeal model
with varying epiglottis angles. The data also includes the
physical properties of the fluids used, comprising dynamic
viscosity, surface tension, and contact angle. Videos under
varying swallowing conditions were collected to investigate
the mechanisms underlying aspiration. The study utilized
a biomechanical swallowing model developed using trans-
parent casts of an anatomically accurate pharyngolaryngeal
structure. Fluorescent dye was used to visualize the liquid
flow dynamics from both side and back views. The dataset
includes videos for two types of liquids, water and a 1% w/|v
methylcellulose aqueous solution, evaluated under two dis-
pensing speeds (fast and slow) and two dispensing locations
(anterior and posterior) across four epiglottis angles (30° up-
tilt, 0° horizontal, 45° down-tilt, and 80° down-tilt). Addi-
tionally, the dataset includes photos of the pharyngolaryngeal
model setup, photos of the epiglottis models used, and STL
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files for both the pharyngolaryngeal model and the epiglottis
3D models.
The videos document the distinct flow patterns and frequent
aspiration sites identified during the experiments, including
the interarytenoid notch, the cuneiform tubercular recess,
and the vallecula. These data are valuable for researchers
aiming to understand the etiology of dysphagia and can be
reused to validate computational models, guide future exper-
imental designs, and inform clinical diagnostics and treat-
ment strategies. The dataset is organized into folders based
on the epiglottis angles, dispensing speeds, and locations, as
well as liquid types. This organization facilitates easy access
and analysis for researchers in biomedical engineering, clin-
ical research, and computational biology. The data provide a
rich resource for further investigation into swallowing me-
chanics and the development of etiology-based interventions
for dysphagia management.
© 2024 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/)

Specifications Table

Subject
Specific subject area

Type of data

Data collection

Data source location
Data accessibility

Related research article

Biomedical Engineering, otorhinolaryngology, pathology

Study of fluid dynamics and aspiration mechanisms using patient-specific
pharyngolaryngeal models for dysphagia research.

Videos, Images, 3D Models (.stl format), Documents (Word, PowerPoint)

Data format: Raw, Processed.

The dataset contains 46 files comprising 32 videos, 6 images of the epiglottis
and pharyngolaryngeal models, 5 STL files of the 3D models used for 3D
printing, and 3 documents comprising fluid properties (viscosity, surface
tension, and contact angle). The images, STL and fluid property files are placed
in a single folder, while the videos are divided into subfolders based on the
pharyngolaryngeal model’s epiglottis angles, dispensing conditions, and liquid
types. Videos were processed in 1080p (HD) resolution and saved in MP4
format for efficient storage. Images were saved in JPG format, and 3D models
were saved in STL format. The pharyngolaryngeal and epiglottis models were
3D-printed using SLA and Elastic 50A resins. Water and 1% w/v
methylcellulose solutions, dyed with fluorescent dye, were dispensed at fast
and slow speeds to simulate swallowing. Liquid flow dynamics were captured
using a purple LED light (385 nm) for illumination and recorded from side and
back views. Files were named appropriately for easy identification, with videos
showing the back view including “back_view” in their file names.

University of Massachusetts Lowell, Lowell, Massachusetts, USA.

Repository name: Mendeley Data

Data identification number: DOI: 10.17632/2d49dpych5.1

Direct URL to data: https://data.mendeley.com/datasets/2d49dpych5/1
Seifelnasr A, Sun C, Ding P, Si X Xi ]. Swallowing hydrodynamics visualization
and aspiration quantification in a patient-specific pharyngolaryngeal model
with varying epiglottis inversions. Medicine in Novel Technology and Devices
2024,24:100,326. 10.1016/j.medntd.2024.100326.

1. Value of the Data

» These data provide detailed insights into the fluid dynamics of swallowing and aspiration
mechanisms in an anatomically accurate pharyngolaryngeal model with varying epiglottis an-
gles. Understanding these dynamics is crucial for developing effective dysphagia management
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strategies, particularly for patients with head and neck cancers who are prone to aspiration
following treatments.

Researchers can use these data to compare with their experimental or computational models
of swallowing and aspiration. The dataset includes comprehensive videos of fluid flow pat-
terns under different conditions, which can serve as benchmarks for validating new dyspha-
gia treatment methods or for improving the design of assistive devices aimed at mitigating
aspiration risks.

The detailed visualization of aspiration sites and flow dynamics at various epiglottis angles
can guide future studies aiming to explore other physiological or pathological conditions af-
fecting swallowing. Researchers can build upon these findings to investigate the impact of
additional variables such as different liquid viscosities or varying anatomical structures across
different patient demographics.

The data provide empirical evidence that can be incorporated into computational models
to simulate swallowing and aspiration processes more accurately. By using these real-world
flow dynamics, computational biologists and engineers can refine their models to predict the
outcomes of surgical interventions or to develop patient-specific therapeutic strategies.
Clinicians can leverage these data to better understand the underlying causes of aspiration in
their patients. The identified aspiration mechanisms can inform diagnostic protocols and help
tailor rehabilitation exercises or interventions to the specific needs of individuals, thereby
improving patient outcomes and quality of life.

The dataset can be used as an educational tool in medical and biomedical engineering pro-
grams. Students and trainees can analyze the videos to learn about the biomechanics of
swallowing, the impact of anatomical variations, and the complexities involved in manag-
ing dysphagia, thereby enhancing their practical understanding of these critical physiological
processes.

2. Background

This data article complements the original research article published in Medicine in Novel
Technology and Devices [1] by offering videos, images, and 3D model files. The dataset was
compiled to understand the fluid dynamics of swallowing and aspiration, which impact patients
with dysphagia. Dysphagia is common, particularly among individuals with head and neck can-
cers following radiation therapy or surgery, as these treatments impair muscles and nerves in-
volved in swallowing [2-5], increasing the risk of aspiration and complications like pneumonia.

This dataset was developed to investigate aspiration mechanisms by visualizing fluid flow
in an anatomically accurate pharyngolaryngeal model with varying epiglottis angles. Data were
generated using a biomechanical model created from transparent casts of a patient-specific
pharyngolaryngeal structure. Based on CT scans of an 18-year-old male, the model replicates
the pharyngolaryngeal anatomy, including the epiglottis and laryngeal vestibule leading to the
glottal aperture [6-9]. Fluorescent dye was used to visualize liquid flow from both side and back
views, allowing observation of flow patterns and aspiration sites.

These files document experimental conditions and results and provide the geometries used
in the study. The dataset serves as a resource for validating computational models, designing
experiments, and developing clinical interventions for dysphagia and aspiration.

3. Data Description

Compared to the companion paper, the dataset herein offers a more comprehensive pre-
sentation by including a collection of videos that provide dynamic visualizations of the fluid
behaviours observed in the swallowing hydrodynamics experiments. These videos allow for a
clearer understanding of the swallowing mechanics under various conditions, offering insights
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that static images alone may not fully convey. In addition, the dataset presented here includes
supplementary materials that were not part of the published article, such as 5 STL files of the
3D models used in the experiments. These models, provided for those interested in reproducing
the experiments, add a valuable resource for researchers. This dataset includes detailed physi-
cal properties of the test fluids, specifically the dynamic viscosity, surface tension, and contact
angles on various materials. These additional data points enhance the utility of the dataset for
those aiming to conduct related studies or validate computational models.

The dataset of the linked repository contains 46 files comprising 32 videos, 6 images of the
epiglottis and pharyngolaryngeal models, and 5 STL files of the 3D models used for 3D printing
[10]. Moreover, the data consist of 3 separate documents listing the physical properties of the
two test fluids (water and 1% w/v methylcellulose aqueous solution), namely dynamic viscosity,
surface tension, and contact angles formed by the test fluids on various materials. A detailed de-
scription of the dataset structure is illustrated in the form of an organizational chart (Fig. 1). The
videos illustrate the fluid dynamics of swallowing and aspiration in a patient-specific pharyngo-
laryngeal model with varying epiglottis angles. The main folder is named “Dataset,” and it con-
tains several subfolders: “Model Images and 3D Models,” “Up-tilt 30 Deg,” “Horizontal 0 Deg,”
“Down-tilt 45 Deg,” and “Down-tilt 80 Deg.” Each of the epiglottis angles subfolders is further
divided into subfolders based on the dispensing conditions and liquid types. Videos were pro-
cessed in 1080p (HD) resolution and saved in MP4 format for efficient storage and compatibility.
Images were saved in JPG format, and 3D models were saved in STL format.

Files were named appropriately for easy identification. For example, a video named
“MC_fast_posterior_horizontal. mp4” indicates that the video is associated with the MC aque-
ous solution dispensed in a fast manner to the posterior wall of the pharyngolaryngeal model
lumen using the horizontally positioned straight epiglottis model. In the “Model Images and
3D Models” subfolder, there are 4 photos, each showing the pharyngolaryngeal model with
each of the epiglottis models installed. The files are named to reflect this accurately; for ex-
ample, “PL_model_with_down-tilt_45_deg_epiglottis.jpg” is a photo of the pharyngolaryngeal
model with the down-tilted 45° epiglottis model installed. This subfolder also contains a photo
(“epiglottis_models.jpg”) of the three 3D-printed epiglottis models laid side-by-side. Additionally,
there is a photo (“epiglottis_top_and_bottom_views.jpg”) showing the top and bottom views of
the straight epiglottis model. The folder also contains 5 STL files with the segmented 3D models
used to 3D-print the epiglottis and pharyngolaryngeal models used in the study [1]. There are
3 STL files for the 3 epiglottis models, and 2 STL files for the pharyngolaryngeal model (one for
the upper part and one for the lower part, named “pharynx_upper.stl” and “pharynx_lower.stl,”
respectively).

The videos are located in the terminal subfolders at the very end of the dataset’s organiza-
tional folder structure. These terminal subfolders are named based on the specific liquid used
(MC or Water) and house the video files. For example, the path to a video file might be: Dataset
> Horizontal 0 Deg > Fast-Posterior > MC. Each terminal subfolder contains two videos, one
showing the liquid dispensing action and fluid behavior from the side view and the other from
the back view. Videos showing the back view have the words “back_view” added to their file
name. Videos without “back_view” in the file name show the action from the side view of the
pharyngolaryngeal model. Fig. 2a shows snapshots taken at various timesteps from the side and
back views in two different test scenarios, demonstrating the progression of fluid within the
pharyngolaryngeal model’s lumen from when it is dispensed until it exits the lumen via the
esophagus, with fractional leakage via the trachea (i.e., aspiration). The viscosity as a function
of MC concentration along with the contact angle of a drop of 1% w/v MC aqueous solution
dispensed on a flat sample of elastic 50A SLA resin, is depicted in Fig. 2c.
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(a) Up-tilt 30° (b) Down-tilt 45°

1% mMC

Water, 0.67 s

1% MC, 0.67 s

Side
view
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(c) Fluid properties
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Fig. 2. Data examples: (a) Time series snapshots of hydrodynamics within the pharyngolaryngeal model with an up-tilt 30° epiglottis, (b) snapshot of 1 % MC aqueous solution hydrody-
namics within the pharyngolaryngeal model with a down-tilt 45° epiglottis, and (c) viscosity as a function of MC concentration (upper) as well as contact angle of a drop of 1% w/v MC

aqueous solution dispensed on a flat sample of elastic 50A SLA resin (lower).
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Table 1
Cases involving four different epiglottis angles for both 1% w/v MC aqueous solution and water, evaluated at two dis-
pensing speeds.

Up-tilt 30° 0° Down-tilt 45° Down-tilt 80°
Fast-Posterior MC MC MC MC

Water Water Water Water
Slow-Anterior MC MC MC MC

Water Water Water Water

4. Experimental Design, Materials and Methods
4.1. Pharyngolaryngeal model development

The pharyngolaryngeal model used in this study (Fig. 3a) was derived from CT scans of an 18-
year-old male, providing an anatomically accurate representation essential for both respiratory
and swallowing functions. The CT scans had an isotropic resolution of 623 um, capturing key
anatomical features such as the hyoid, larynx, pharynx, epiglottis, true vocal fold, false vocal fold,
and laryngeal sinuses [6-9]. The model was printed using a Formlabs 3D printer (Form 3B+,
Somerville, Massachusetts, USA) and transparent stereolithography (SLA) resin (Formlabs Clear
Resin, Somerville, MA). The epiglottis models were separately 3D-printed using Elastic 50A Resin
(Formlabs, Somerville, MA), which is a flexible material (Fig. 3b&c). For each experimental setup,
an epiglottis model was inserted to assume various fixed angles: 30° up-tilt, 0° (horizontal), 45°
down-tilt, and 80° down-tilt (Fig. 3b). A transparent adhesive (Shoe Goo, Eugene, Oregon) was
used to ensure a leak-proof interface between the epiglottis and the anterior pharynx.

4.2. Fluid characterization

Water and a 1% w/v methylcellulose (MC) aqueous solution were chosen to simulate drink
and saliva, respectively. The physical properties of the liquids, including contact angle, viscos-
ity, and consistency, were measured. The contact angle was measured using a Hamilton 81,242
500 pL threaded plunger syringe, and viscosities were determined with a rotational viscometer
(Cgoldenwall NDJ-5S) [11]. The consistency classification followed the International Dysphagia
Diet Standardization Initiative (IDDSI) flow test, categorizing liquids based on the volume re-
maining in a syringe after 10 s.

4.3. Experimental setup and procedures

The experiments were designed to evaluate the impact of epiglottis inversion angles and dis-
pensing conditions on aspiration risk. The liquids were dispensed at two speeds: fast (5 ml
within 1 s to the posterior oropharynx) and slow (5 ml within 3 s to the anterior orophar-
ynx) [12-14]. The dispensing conditions and epiglottis angles formed a matrix of experimental
conditions detailed in Table 1.

To visualize liquid flow dynamics, 0.2771 g of fluorescent dye (GLO Effex, Murrieta, CA, USA)
was added per 100 ml of each liquid. A purple LED light with a wavelength of 385 nm illu-
minated the liquid in a dark room, and videos were recorded from both side and back views
to capture the fluid dynamics. The setup allowed detailed observation of liquid movement and
aspiration sites within the pharyngolaryngeal model. By comparing liquid hydrodynamics under
different conditions (Table 1), the scenarios predisposed to aspiration can be identified. More-
over, by identifying the site of liquid entering the laryngeal vestibule, the correlation between
the swallowing condition and aspiration likelihood can be established.



(a) Experimental setup (b) Top and bottom views of
straight epiglottis model

Cut-open view

Top Bottom

Trache?

Cuneiform
tubercles

Esophagus

(c) Epiglottis models

Straight (0°) Down-tilt 45° Down:tilt 809

Fig. 3. Experimental setup and epiglottis models: (a) Hollow 3D-printed pharyngolaryngeal model, (b) top and bottom views of the straight epiglottis model, and (c) epiglottis models
featuring different angular profiles: 0°, —45°, —80°.
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4.4. Equipment and software

The pharyngolaryngeal and epiglottis models were designed using Autodesk Maya (Autodesk,
San Francisco, CA) and printed with Formlabs SLA and Elastic 50A resins. Video recordings, origi-
nally captured in .MOV format, were converted to HD .mp4 format using ClipChamp (Microsoft),
a freely available video editing software. This conversion was performed to reduce the file size
without losing resolution or detail, ensuring clarity and maintaining video quality.

Limitations

The dataset has several limitations. Firstly, it is based on a pharyngolaryngeal model of a sin-
gle subject, an 18-year-old male, limiting the generalizability of the findings. Patients with dys-
phagia and aspiration exhibit various anatomical differences due to age, sex, and medical condi-
tions, necessitating further research with a diverse population to validate these results [6,15,16].

The pharyngolaryngeal model was 3D-printed using SLA resin, which may not accurately
replicate the interfacial behaviors of in vivo tissues. The contact angle measurements indicate
differences in hydrophilicity and wettability between the SLA resin and biological tissues, po-
tentially affecting the fluid dynamics observed [17-19]. This suggests that in vivo tissues may
exhibit higher flow stability and lower aspiration rates than those observed with the SLA resin
model.

Additionally, the study did not consider the motions of the tongue, pharynx, and larynx, fo-
cusing solely on varying epiglottis angles. This simplification excludes many factors involved in
natural swallowing processes [8,20]. The use of fluorescent dye and LED lighting for visualiza-
tion, while effective, may introduce artifacts, impacting the data’s accuracy. Finally, the dataset
lacks quantitative measurements of fluid velocity or pressure, which could provide a more com-
prehensive understanding of dysphagia and aspiration mechanisms.
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