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Abstract: This work presents the design and construction of a laryngoscope model with camera vision that has
a vibrating device to alert the medical specialist when the force exerted causes possible damage to the patient's
airway during the intubation process. Design and fabrication considerations are described using Cast Material
Position (FFD).The design is validated with the use of a high-fidelity simulator, the performance is compared with
commercial models and the criteria of specialists are taken into account to improve all the necessary aspects. The
model presented a great functional advantage, providing greater patient safety, reducing the risk of exposure
of the internal tissue to high forces in the intubation process, facilitating clinical processes for health personnel.
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Disefio de un laringoscopio con sensor y alerta de presion

Resumen: Este trabajo presenta el disefio y construccién de un modelo de laringoscopio con visién de
cdmara que posee un dispositivo vibratorio para alertar al especialista médico cuando la fuerza ejercida
causa posibles dafios en la via drea del paciente en el proceso de intubacion. Se describen consideraciones
de disefio y fabricacién mediante posiciéon de material fundido (FFD). El disefio se valida con el uso de un
simulador de alta fidelidad, se comparan las prestaciones con respecto a modelos comerciales y se toman en
cuenta los criterios de especialistas para mejorar todos los aspectos necesarios. El modelo presenté una gran
ventaja funcional, brindando mayor seguridad al paciente, disminuyendo el riesgo a la exposicion del tejido
interno a elevadas fuerzas en el proceso de intubacion facilitando los procesos clinicos al personal de salud

Palabras Clave: Videolaringoscopio, intubacion, impresora 3d, PLA.
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LINTRODUCTION

The laryngoscope, also known as a larynx, is a medical device that allows you to see inside the pharynx and
larynx. This type of procedure is known as laryngoscopy, and it is performed to examine the glottis and vocal
cords in order to perform endo tracheal intubation [17].

EL Laringo, has two main parts: Handle and Leaf. The function of the handle is to allow the user to hold
and control the instrument in the most comfortable way possible. Inside there are type C or AA batteries which,
thanks to their voltage and current, allow a light to be turned on to illuminate and improve the visibility of the
patient's vocal cords. The blade or also called shovel, serves to separate the epiglottis and the patient's tongue.
The blade can be reusable or disposable according to its material. The blade is made up of five parts: Spatula (1),
Guide or step (2), flange (3), pick (4) and light bulb (5).

The spatula constitutes the main part of the blade, the bottom part makes contact with the patient's tongue
and the top part faces the ceiling. The guide or step projects upward from the sheet towards the ceiling. The flan-
ge is projected laterally from the guide, The beak is the tip of the blade that is placed over the vellacula or beyond
the epiglottis to raise it directly, the focus allows illumination and is located near the tip of the laryngoscope.
There are several sizes of blades on the market, there are three basic types of blades: Macintos curved, Jackson
or Wisconsin Straight and Straight with curved tip (Miller). The Macintosh curved blade has a parabolic curve
with the straight distal third, which is the distance between the teeth and the vocal cords and allows the tip to be
positioned at the angle formed by the epiglottis with the base of the tongue. The Jackson-Winsconsin straight
blade and Miller curved-tip straight blade have straight blades that enter below the laryngeal surface of the
epiglottis, moving forward and upward thereby elevating the epiglottis. It is useful in cases of flaccid epiglottis
and in minor pediatric patients due to the anatomical characteristics.
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Fig 1. a. metal laringoscope, b. videolaringoscope

Video laryngoscopes are laryngoscopes that use a video camera to visualize the structures of the airway. Video
laryngoscopy enables skill development in airway management techniques by visualizing the glottis without the
need to obtain a direct line [3]. When performing intubation with the video laryngoscope and thanks to its camera
located in the distal part of the blade, the user is allowed to observe the glottis with panoramic vision without the
need to “align its axes”. The video laryngoscope has a visual field between 45 © and 60 °, as opposed to the dis-
tant and tubular vision of 15 © that a classic laryngoscopy provides [4]. Video laryngoscopy, compared to direct
laryngoscopy for difficult intubations, provides significantly better vision of the vocal cords, a higher success rate,
faster intubations, and less need to optimize maneuvers. Therefore, video laryngoscopy is considered to lead to a
clinically relevant improvement in intubation conditions and may be recommended for the management of diffi-
cult airways [5].

Through the use of computer-aided drawing software, parts and assemblies can be modeled in 2 and 3 dimen-
sions, allowing the generation of new designs that add new functionalities and improvements in the use of medical
implements such as laryngoscopes. This technology provides a tool to create, design, simulate, manufacture, pu-
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blish and manage the data of the design process. [6].

Video laryngoscopes, according to users, compared to traditional Macintosh blade laryngoscopes, have proven
to be more user-friendly especially for beginners. They are useful in practical teaching in airway treatments, since
said image can be shared through monitors or other devices to be viewed by students [8] [9].

This section describes aspects about the design and that have allowed the implementation of the device, taking
into account the structure, materials and electronic systems.

ILDEVELOPING
This section describes aspects about the design and that have allowed the implementation of the device, taking
into account the structure, materials and electronic systems.

Fig2. Scheme of the intubation process with the use of a laryngoscope

In figure 2 the laryngoscope is observed in the position required for intubation in which the blade enters through
the larynx and in the process it will be subjected to a force represented by F with a perpendicular distance BC,
this force represents the reaction of teeth on the blade, this load can be high depending on the patient's conditions.

A. Mechanical Aspects
Using computer-aided design, components were graphed, based on the geometry of existing designs such as
described in [9], Figure 1 presents the reference dimensions.
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Fig 3. Blade and blade schematic at the end of a laryngoscope.

In figure 2, a diagram of a commercial laryngoscope is presented with a number 3 blade and whose dimensions
a and b are 135 and 114 mm, these blades vary according to the type of patient and have various dimensions and
radii of curvature. In figure 3, a diagram with three representations is presented, figure 3a. presents the structure
of the laryngoscope with a mark that highlights the position of the internal mechanism presented in figure 3b, in
which position A describes the location of the piezoelectric sensor that allows interpreting the applied load when
the handle is slightly inclined by the action of the strength of the specialist (figure 3¢). Around point B, the mobile
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mechanism, attached to the clamping handle, allows light pressure on the sensor at A.

(b) ()

Fig 4. Designed laryngoscope, a) structure, b) mechanism without force on the handle, ¢) mechanism pres-
sing piezoelectric sensor.

The geometry proposed allows to provide a hold and support for the blade that must withstand bending mo-
ments in the order of 60 N / m at its point of union of the two parts. The design contemplates a reduction in stress
concentrators and the possibility of incorporating a digital screen that obtains the visualization of the camera that
is located near the end of the blade (figure 6).

B. Materials

Considering the 3D printing process by casting and deposition of molten polymer filament [11], Acryl Nitrile
Butadiene Styrene (ABS) is an alternative that provides a resistance of up to 45 Mpa [12], however its use is not
considered suitable in contact with human skin, for performance studies using a high fidelity simulator, this mate-
rial has been chosen for its low cost.

One of the new materials for applications in contact with cell tissue is Rokit's plastics, Skinflex, which is spe-
cially designed for interaction with human skin free of carcinogenic elements and which, apart from the elastic
property it incorporates, allows elements to be made. such as shoe insoles, bracelets, clothing and accessories and
wearables in general. This material complies with the regulations of the North American health agency FDA [13].

C. Components

For the implementation of the video laryngoscope, the components and materials that meet the characteristics
of operability, low cost and easy accessibility in the national market are selected and described below.

The main structure of the laryngoscope is manufactured with PLA material easily accessible in the local market
and which is used in printing processes with fused filament, also with common machines for this process.

A piezoelectric sensor was used (figure 4), which makes it possible to obtain an electrical signal by means of
which it will be conditioned and will allow estimating the bending stress applied at the point of attachment of the
handle and the blade.
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Fig 5. Structure of the piezoelectric sensor.

A wireless endoscope camera was also incorporated, which has [P67 waterproof technology, resists water,
camera resolution is 640 * 480 (VGA), 1280 * 720, viewing angle of 66 degrees, Focal distance of 4 cm, camera
diameter of 7.0mm, it has 6 white LED lights with adjustable intensity, it has an image transmission range of 15
meters via Wi-Fi communication and a maximum of 4 smart devices can be connected simultaneously to observe
the image.

HIL.METHODOLOGY

For the development of this functional prototype, a characterization of a commercial laryngoscope was first
carried out with a Macintosh blade number 3 with dimensions a: 135 mm, b: 114 mm and width at the distal end:
14.5 mm with an arrangement similar to that of the from figure 1.

From the reference dimensions, the other elements of the video laryngoscope were designed with the help of
computer-assisted drawing software, whose main structure and final design shown in figure 2. It was also verified
that the critical point of the design was not exceed the 45 Mpa limit for phantom tests, considering a maximum
force capable of breaking a healthy tooth whose value corresponds to 100 Kg, one scheme of distribution of force
shown in figure 2.

A mechanism was designed to implement a piezoelectric sensor in such a way that information on the force
applied between the gripping handle and the blade of the laryngocope can be obtained, as shown in figures 3b and
3c, for this was electrical circuit was implemented.

For the implementation, a 3D printer and polylactic acid polymer (PLA) were used, through which the model
made as the figura 6.

IV.RESULTS
Figure 6 shows the model obtained in the design process as well as its functionality of transmitting the image
to the cellular device. In this case, cable is used, however the design can be improved by wireless communication.

Fig. 6. Video laryngoscope prototype completed.
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The criteria of the specialist doctors who use this device generally propose that this instrument is useful for
airway management, facilitating intubation. The visualization it provides is clear and useful for operations carried
out on the larynx. According to tests carried out in high-fidelity simulators, it is feasible to provide a grade I lary-
ngoscopy, reducing the optimization maneuvers necessary for successful intubation and allowing the assistant to
perform said cooperation under direct vision, as shown in Figure 6.

The design presents adequate rigidity for its use and the built-in sensor manages to transmit a signal when the
force exceeds a parameter defined by the programmer. Inside the handle, the embedded system and the connections
required to obtain the signal from the piezoelectric sensor were conveniently located.

V.CONCLUSIONS

Efficacy evaluated by 95% was demonstrated by 6 doctors who use video laryngoscopes to perform intubations
of patients attended by the Anesthesiology Service of the Eugenio Espejo Hospital located in Quito, Ecuador, for
these evaluations the high fidelity Siman 3G Simulator was used .

The implementation of a pressure sensor, together with the designed mechanism and its position, adequately
provide the possibility of configuring a vibrating mechanism that alerts the user and thus prevents the patient from
receiving an overload of forces on the skin of his larynx. The clamping handle has the appropriate size to imple-
ment all the electronics for the control of the vibrating mechanism, without enlarging the structure of the device.

The device designed for PLA or ABS material is a suitable alternative for educational processes in medical
areas and allows easy handling and use. However, with materials inert to interaction with human skin and devoid
of carcinogenic elements, it can be used in patients with a verification of the surface quality after its manufacture.
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The contribution of the Central University in the use of the High Faithfulness Simulators for these investigative
purposes is greatly appreciated.
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