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Abstract

:

The cleaning of the ear canal is very important, and it is crucial that it is performed by an otolaryngologist as it requires a high level of competence and skill. The accumulation of cerumen or earwax in the ear canal is one of the most commonly observed problems in patients, and ignoring it may cause hearing loss, irritation and discomfort. There are a number of techniques that have been utilized in the past for cleaning the ear canal, including irrigation, i.e., curettage and water pick, and syringing. There are many patients who are unable to clean their ear canal through a natural self-cleaning process. The main aim of this study is to develop a unique model for ear cleaning free of irritation or discomfort, especially for those patients who have disorders of the self-cleaning ear canal process. The tool is designed specifically considering patient safety and comfort. However, the commercialization of this tool requires research and modification for improved quality results considering primarily the patient’s health.
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1. Introduction


Cerumen, or ear wax, is a natural substance that is produced in the lateral third of the external auditory canal (EAC). Anatomically, this region houses a collection of pilosebaceous glands that include ceruminous glands, hair follicles, and sebaceous glands. The wax serves as a protective barrier for trapping foreign particles. There are a number of pathologies that can present in the EAC, including sebaceous cysts, boils, and even glandular tumors, but what affects patients most is the accumulation and impaction of cerumen [1].



Approximately 10 percent of children and 5 percent of normal healthy adults present cerumen impaction. The percentage amongst older patients in nursing homes is up to 57 percent, and 36 percent amongst patients with mental retardation [2].



Impaction is more likely to occur when normal extrusion of earwax is prevented in some way; either by the use of hearing aids, persistent use of earplugs/headphones to reduce noise or listen to music, or simply trying to clean the ears with cotton swabs or swabs [1]. Common symptoms of build-up of cerumen are discomfort, hearing loss, tinnitus, dizziness, and chronic cough. It also can contribute to otitis externa [3,4].



The effective cleaning of the ear canal by removal of wax or cerumen is crucially performed by an otolaryngologist, and requires significant skill [5]. Moreover, general practitioners, audiologists, emergency crew, nurses and other medicine practitioners can encounter cases of excessive ear wax causing discomfort and loss of hearing [6]. Cerumen impaction is defined as the accumulation of earwax causing symptoms or preventing assessment during ear examination.



The accumulation of excess ear wax is considered one of the most common problems. According to a statistical analysis around 0.7 to 2 million adults suffer from this problem in England and Wales. However, while the accumulation of ear wax is an individual issue, there are certain risk factors, including hair in the ear canal, use of cotton buds, age, physical barriers in wax emission, ear skin safety, and anatomical deformity [7]. The cleaning of the ear is a very common task for practitioners. In the United States, according to a statistical analysis, around 150,000 ear cleaning procedures are carried out [8]. Sharp et al., in a survey study in Edinburgh, concluded that the number of patients per surgery requiring ear cleaning per week was nine while other types of patients with ear conditions were only two per week [9]. In recent research, it is stated that the number of ear irrigations performed in England and Wales is around 2.4 million per year [3].



Ear canal cleaning is a very common practice of ear, nose and throat (ENT) clinical service centers. Cerumen or ear wax is basically a solid secretion and sebum based sweaty cocktail with a mixture of skin and hair. It provides protection to the external ear auditory canal. The complete ear canal serves as a factory for cerumen presenting very different physical and anatomical characteristics for an effective and efficient self-cleaning system present in the ear canal. Cerumen impaction is usually caused by the failure of epithelial transfer from the external ear auditory canal. This is due to continuous poking with keys, cotton buds, bobby pins and twisted napkin corners. This poking by objects allows the ear wax to penetrate deeper in the ear canal causing serious hearing problems [10,11].



The charges for ear cleaning or impacted ear treatment are different across all groups of clinical commissioning. According to the advice of the National Institute for Health and Care Excellence (NICE), treatment of ear cleaning or impaction should be performed as primary care [12], without interruption, by clinical commissioning groups or general practices. The treatment finance for these extra services differs by clinical commissioning group, with a number of practices not providing irrigation because of safety issues, the high level of service required and economic factors. A very high cost of setup and the need of training, make micro-suction at the level of the individual practice unfeasible. However, a number of micro-suction services have been provided by clinical commissioning groups on the basis of community policies. According to the standards of the National Institute for Health and Care Excellence (NICE), onward referral is not allowed and referral to a local hospital for micro-suction is not permitted either.



The main actions carried out to clean the ear canal in order to prevent a plug of earwax from occurring are manual mechanisms, irrigation and the use of cerumenolytics.



Since manual removal does not expose the ear canal to moisture, the risk of infection may be reduced. In order to minimize the risk of trauma to the external auditory canal or tympanic membrane, it is necessary to have a cooperative patient and more clinical skill than for other methods [13]. One of the most used mechanisms is cotton swabs, which have been shown to cause dermatological conditions and infections that can be severe [14]. Other researchers have confirmed they are much abused by most of the population with a lack of awareness of the dangers that can be caused by their misuse [15,16,17].



There are two ways in which irrigation may be attempted: alone or with a ceruminolytic pretreatment. There are various irrigation methods available in the office setting. Ear syringes are low-cost and readily available; however, some can be slow, poorly balanced, or cause minor ear trauma [8,18,19].



Oral jet irrigators are fast, portable, and inexpensive but they can also cause some trauma, including tympanic membrane perforation [8,18,19,20]. The main problem with irrigation is the risk of infection and dizziness that can result from it, both in clinical use [21] and in domestic use with tap water [22]. In both types of usage there are advantages and disadvantages [23]. Researchers recommend undertaking clinical studies before using this method to minimize the risks involved [6,24].



There are three types of cerumen-softening preparations: water-based, oil-based, and non–water-based/non–oil-based. As with irrigation, cerumenolytics should be avoided in patients with a suspected breach of the tympanic membrane from previous surgery, insertion of myringotomy tubes, or tympanic membrane perforation [24].



Utility models, whose purpose is to clean the ear canal, have recently been registered. However, registered utility models focus on clinical use, so can only be used by qualified health personnel; [25,26,27] other methods, such as irrigation [28,29,30], or machines and/or mechanisms that require electricity or batteries are not exempt from common side effects such as irritation or otitis [31,32,33].



The present invention comprises a manual earwax removal procedure, with the aim of meeting the described need, which does not cause the main possible problems observed with other types of methodology, such as otitis, dizziness, eardrum perforation and skin irritation.




2. Treatment Procedures


The treatment approaches for ear canal cleaning are classified in four different groups, which are listed below;



	
Observation;



	
Cerumenolytic agents;



	
Irrigation;



	
Manual cleaning.






Among these, the utilization of cerumenolytic agents is an effective approach for cleaning the ear canal. Examples of cerumenolytic agents are water/saline, oil, almond oil, sodium bicarbonate and olive oil. The utilization of cerumenolytic agents is usually combined with the technique of either manual removal/cleaning or irrigation. The current standards of the National Institute for Health and Care Excellence (NICE) recommend the use of cerumenolytic agents for three to five days, after which an irrigation should be carried out, if symptoms still continue [7]. A number of experiments and research studies have claimed that the use of cerumenolytic agents for over five days does not provide any further significant effects or improvements [12].



According to literature review, studies comparing manual ear cleaning and irrigation are very few. Moreover, in the case of irrigation contraindications or failure, the widely adopted convention of patient referral to an ear, nose, throat (ENT) specialist for manual ear canal cleaning, should be considered [7,10]. Irrigation difficulties or contraindications may include ear canal anatomical abnormalities, including exostosis, osteoma, and congenital abnormalities, ear surgery, and tympanic membrane perforation history (including ventilation/grommet tubes), as well as single hearing ear, age less than 16 years, active or recurrent otitis externa history or preceding irrigation prejudice [7,12].



2.1. Irrigation


Risk management is very important in the case of irrigation because this technique is full of risks. Sharp et al., in a survey-based research study, determined the complexities of ear irrigation describing the ‘1000 practices’ of irrigation. According to the report, 37% of irrigation practices failed to remove wax from the ear canal, 22% of them caused otitis externa, 19% affected a perforated tympanic membrane and 15% damaged the external ear auditory canal [9]. In other research, the stated problems or complexities were otitis media, pain and vertigo. All these complications were described as serious. Wallis et al., in New Zealand, analyzed the rates of primary treatment care injuries with around 13. 5% of injuries over five years due to ear cryotherapy and syringing [34].



Ear irrigation associated with iatrogenic otitis externa is a significant problem and researchers should consider this field to increase awareness and improve outcomes. In a research study by Bruins et al., the estimate of risk associated with irrigation induced otitis externa was around 3% [35]. Although this risk factor is small, it equates to around 69,000 cases of irrigation based on otitis externa every year in England and Wales. Malignant otitis externa is also observed in patients of diabetes and patients with affected immune systems and is most commonly caused by the bacterium Pseudomonas. The most commonly used technique to overcome the effects of malignant otitis externa is ear irrigation; but, for this reason, ear irrigation should be avoided for patients with a weak immune system and diabetes patients [36].




2.2. Micro-Suction


For manual cleaning of the ear or the ear canal involving the removal of ear wax, the typically used technique is micro-suction. A great benefit of using this method is that it is very simple and can be performed in a clinical environment by direct vision, as compared to the irrigation method which has limitations in a typical clinical environment. The exposure to moisture in micro-suction of the ear canal is strictly prohibited. This process is also very fast compared to ear irrigation. In a recent research study by Mulla et al., the efficiency of micro-suction was analyzed; and it was found that, analyzing 159 micro-suction patients, approximately 91% of the cases were recorded with successful removal of ear wax from the ear canal [37].



Reports associated with the safety of the micro-suction method for ear canal cleaning or ear wax removal are few. In a prospective research study of 164 patients which was undertaken in an ear, nose, and throat (ENT) facility, it was found that 55% of the patients suffered some negative consequences of this technique of ear wax removal [38]. However, these consequences were for a short time but could be serious. The most commonly observed effects were partial loss of hearing, low hearing, procedure loudness and faintness. Another observation of the study was that the use of cerumenolytic agents before micro-suction reduced pain during ear cleaning and wax removal. The technique of micro-suction was considered an effective method in terms of efficacy and patient adaptability [15].





3. Model Invention


3.1. Invention Idea


Self-cleaning of the ear canal is a natural process but it has often been observed that patients are not able to expel the cerumen, leading to the accumulation of wax inside the ear canal affecting the hearing ability of patient and even causing infections and deafness. The most commonly used method is still swabs. There are a number of models presented in research studies, and numerous devices and techniques have been utilized for cleaning of the ear canal. The misuse of all of these devices and techniques causes serious problems increasing the rate of earwax accumulation. The utilization of hearing sprays is also very common as an alternative for the cleaning of the ear canal, but these sprays also cause irritation.



The basic problem is the cleaning of the ear auditory canal for those patients who are unable to carry out ear wax removal through a natural self-cleaning process. For this purpose, a very effective mechanical cleaning solution is required which ensures high quality, and quick cleaning of the ear canal removing cerumen. The solution should ensure the prevent creation of plugging in the ear canal duct.



In this research, a model is proposed for the effective cleaning of the ear canal. The advantage of this proposed model over other devices, techniques and instruments is that its utilization does not have adverse effects on the ear canal or hearing capability of the patient. Although the utilization of swabs and solutions produces irritation or infections in the external ear auditory canal, the proposed model is designed to overcome these adverse effects.




3.2. Invented Model Description


Considering all the facts about this proposed model described above, the basic objective of this research study is to assist auditory patients who have disorders of the ear canal self-cleaning process. The modeled tool consists of a curve-structured bands assembly covered with a hollow stem. These bands are of curved shape but inside the stem they present as straight. When this straight hollow stem enters the ear canal, a switch-based activation system allows the bands to leave the cavity of the stem, entering the ear canal and adopting a hemispherical clamp reaching towards the walls of the ear canal. After activation of a switch, the tool is carried out of the ear canal also carrying ear wax present inside the ear canal avoiding further accumulation of cerumen. As the eardrum which is located adjacent to the ear canal is a highly sensitive part of ear, the length of the bands has to be controlled so that they do not affect or even touch the eardrum. So, a system was designed to stop or control the length of bands entering the ear canal for safety purposes.




3.3. Material Properties & Selection


The selection of material for the construction and design of this tool is a very crucial step. The material for this application requires to be reusable, biocompatible and should have hygienic characteristics. For the dragging of earwax in the last step of the procedure, the material should not cause irritation for the patient. Instead, the material should be soft and flexible for patient comfort.



The selection of material should consider the adverse effects of cerumen removal and damage. In the literature, a number of plastic-based materials have been utilized and have been found best for human application without causing harm or causing adverse effects, compared to metals that may cause irritation or bleeding. Poly(methyl methacrylate) (PMMA) is a polymer that can be utilized for producing the stem (1) and plunger (2) of this tool. PMMA is rigid and has great dimensional stability which is required by the stem (1) and to support the assembly of bands or plunger (2) inside it. Vinyl based polymers may also be considered, such as plasticized polyvinyl chloride, acrylonitrile butadiene styrene (ABS), nylon, polyurethane, polyethylene terephthalate (PET), chlorinated polyethylene (CPE) silicon (especially PDMS), polylactic acid (PLA), polyether ether ketone (PEEK), and elastomeric blends. All these materials are flexible and do not have harmful or adverse effects on the ear auditory canal. However, PEEK is a quite rigid material and may cause pain when the stem is introduced into the ear, but blending with suitable elastomers can overcome this issue. The grip (4) and stop (4) of the tool must be quite rigid because they have to support the whole tool geometry without hurting, harming or damaging the ear canal walls. The acrylonitrile butadiene styrene (ABS), polyurethane polyethylene terephthalate (PET) and elastomeric rubber-based polymers are best for this application.




3.4. Model Components


As this tool is designed for effective and comfortable cleaning of the ear canal, some illustrated figures for the demonstration of the ear cleaning tool are presented. Figure 1 shows the stem (1) and Figure 2 represents the plunger (2) consisting of bands, which will be in the hollow cavity of stem. Two cross-sections of the ear cleaning tool have been drawn with hemispherical clamps (23) ultimately making the bands (21, 22) in Figure 3 and Figure 4, in the direction or orientation through which they will be introduced into the cavity before leaving the stem cavity. Figure 5 illustrates tool operation presenting the position of the tool inside the ear canal before removal following the path optimized by the clamp.




3.5. Modeled Tool Working


According to the above presented figures, it can be easily seen that for the use of a hollow and soft stem (1) with optimized length it is necessary for the ear to be at an angle because it has to be inserted into the ear canal. For the insertion of the stem, a plunger is utilized which should have a minimum of two conical bands with inherently flexible properties. The bands are designed to open from the interior side with a diameter larger than the stem (1) through which they are inserted in the ear canal. Once they are fully inserted in the ear canal, the plunger moves inside the ear canal gathering cerumen or earwax cleaning all the accumulation. Then the hemispherical clamp (23) produces an outgoing path for safe and clean removal of the tool from the auditory ear canal.



The stem (1) has a stop (4) outside, which is designed to widen the ear canal smoothly without any damage during the introduction of the stem inside the ear canal. With the plunger at the bottom end, there is a grip (3) which also acts as a stop (4) at the very start of stem introduction inside the ear canal. Its main function is impulsion along the stem. It also helps in pulling the tool out of the auditory canal. The stem (1) and plunger (2) should be flexible enough to deal with the sensitive auditory canal.





4. Discussion


A very famous piece of advice given by ear, nose and throat (ENT) surgeons is to never take anything smaller than your elbow to your ear, as surgeons know how harmful ear wax could be and how important the protection of the ear and hearing system is. It is a widespread belief that cerumen is dirty or socially offensive. People often try to remove cerumen from the ear, ultimately pushing it deeper down in the ear canal. The accumulation of ear wax leads to tinnitus, impaction and reduced hearing. At this stage, they have to consult a doctor.



The practice of cerumen removal or ear canal cleaning has been performed since ancient times. There are a number of techniques adopted for ear cleaning including irrigation i.e., curettage and water pick, and syringing.



The main objective of this study was to develop a model for ear canal cleaning particularly for those whose ear canal is unable to perform the self-cleaning process for cerumen removal or ear cleaning. The need of this tool was suggested because all other techniques, adding irrigation, manual removal or others, have some disadvantages, including irritation, ear damage, loss of hearing, ear canal damage, eardrum damage, poor ear cleaning and even deafness. This model was designed and tested a number of times at laboratory scale to ensure the absence of any adverse effects associated with the health of the patient. To remove all uncertainty, the selection of the material was performed considering all the factors that may affect human health. The operation of the tool is very simple. It consists basically of two major components, a stem and a plunger. The hollow stem enters the ear auditory canal having bands in it which further move inside the canal gripping the cerumen accumulation. The length of the bands entering inside the canal is controlled by an automated activation switch to avoid eardrum damage since the eardrum is a very sensitive part of the ear. There is a stop and grip outside the hollow stem ensuring the right path of the stem is introduced inside the auditory canal. The path assigned by the stop and grip is followed by a stem to enter in the ear auditory canal. The stop and grip are present to protect the walls of the canal from any harmful activity or damage; they also ensure avoidance of falling accumulated cerumen from the tool at the time of the stem being removed after operation. The material of the plunger, and its respective bands, was selected considering the factors of flexibility, biocompatibility, stiffness and softness, to avoid any serious damage to the ear canal. Consequently, this tool is very effective for ear cleaning purposes, especially for those patients who are unable to self-clean. However, the commercialization of this tool requires some research and modifications for improvement and quality results considering the patient’s health first.



As it is a manual cleaning invention without the use of irrigation or cerumenolytics, it solves the potentially serious problems generated by these, such as otitis, traumas, skin lesions or eardrum perforations [8,18,19,23,24]. Current manual cleaning, as mentioned before, is mostly performed with cotton swabs and other devices that can cause skin irritation, infection or trauma [13,14].



The proposed invention is made up of semi-flexible materials (parts 21 and 22, Figure 2) which gently clean the inside of the canal, reducing possible skin irritation.



In addition, the proposed invention is an easy-to-use manual method for cleaning, which can be used by anyone without the need for health qualifications. Part 4 detailed in Figure 1 ensures the mechanism is safe against eardrum perforation, preventing access of the mechanism to this area.



It has been shown that for the methods of cleaning the ear canal by irrigation, such as cerumenolytics or specific equipment used only in otorhinolaryngology consultations, it would be valuable to carry out prior clinical studies to minimize the risks [6,23,24].




5. Conclusions


The proposed mechanism does not require previous study for its use, since its use does not generate possible adverse effects or previously observed pathologies.



The proposed invention is an earwax removal mechanism for frequent use which removes the earwax located in the ear canal.



The main differentiating characteristics that add value to the invention are:




	-

	
Easy-to-use mechanism that does not require specialist qualifications, since it is applied with a manual mechanical drive.




	-

	
It does not have any possible adverse effects; it does not irritate the dermis due to both the semi-flexible materials that make up the drag part and its morphology.




	-

	
It does not produce tympanic perforations due to its safety structure, which prevents it from being introduced to the eardrum.









However, the invention has noteworthy limitations such as:




	-

	
It cannot be applied if a cerumen plug has already been produced, given that use of the procedure could cause it to potentially to be pushed inwards, aggravating the pathology. Therefore, it is referred to as a frequently used ear canal cleaning mechanism to prevent plug formation.




	-

	
The greatest limitation is the reluctance of the population to change the methodology and/or equipment used for cleaning the ear canal.









Work is currently being undertaken on the implementation of other methodologies for the described invention, such as the application of cerumenolytics through it.




6. Patent


This utility mechanism for cleaning of the ear canal has been registered with the following code corresponding to the invention’s country of origin, Spain: U202032644.
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Figure 1. Illustration of Invented Model. 
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Figure 2. Illustration of Invented Model. 
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Figure 3. Illustration of Invented Model. 
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Figure 4. Illustration of Invented Model. 
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Figure 5. Illustration of Invented Model Operation. 
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