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Abstract. Assistive technologies can improve greater participation in society and sociocultural 
experiences. A communication device for deafblind persons, called Caeski, is an assistive 
technology that allows independent communication between two deafblind persons or between 
deafblind and non-deafblind persons using vibrating keys. The aim of this study is to analyze the 
effects of hand-arm vibrations (HAV) emitted by Caeski to check if this will be harmful to users. 
The vibrations emitted by the Caeski’s keys were analyzed from data provided by a triaxial 
accelerometer, positioned over the fingers of a sample of seven deafblind individuals. The 
obtained data are within acceptable limits set by International Health and Safety standards – ISO 
8041, ISO 5349-1 and European Directive 2002/44/EC – on the physical risk of vibration. Safety 
is part of the product development process. It was possible to demonstrate that the proposed 
technology is not harmful to users and can be used safely. 
Keywords: assistive technology, bioengineering, deafblindness, ergonomics, hand-arm vibration 
(HAV). 

1. Introduction 

The deafblindness involves simultaneous deficits in vision and hearing, thus limiting access to 
a replete world of auditory and visual information. This condition can cause in children and youth 
deafblinds developmental and educational needs that cannot be accommodated in special 
education programs for children who are blind or deaf or other types of multiple disabilities. The 
educational challenges related to deafblindness vary based upon a student’s individual needs to 
ensure that person with this disability can reach their full potential [1].  

The greatest difficulty for deafblind person, caused by the lack of oral communication, is the 
access to information. However, the desire and need to express and interact with the world make 
deafblind persons create different communication methods of their own. The main forms of 
communication for deafblind persons are: (a) Tactile sign language: with the hand in contact with 
the deafblind’s palm; (b) Tadoma’s method: It is formed by the hand of the deafblind person on 
the lips, cheek, jaw and throat of the interlocutor; (c) Handwriting: which consists of writing 
capital letters in the palm of the hand; (d) Extended speech: which consists of speaking clearly, 
near the deafblind’s ear; (e) Extended writing for visually impaired person: it is an alphabetic 
system that relies on writing with extended types to be perceived by the deafblind; (f) Loud 
talking: which is the use of a sound amplifier that helps to receive a certain message [2]. Some of 
these methods requires at least a small quantity of hearing or sight, what is not always possible. 
Therefore, other methods are necessary such as the one developed in this paper.  

Around the world, various interfaces were developed to meet the communication needs to the 
deafblind population. A large part of these technologies was developed in glove designs [3, 4] 
which present a risk of disconnection due to attrition from continuous use and, also, to having 
small, medium and large sizes that may not cover the anthropometric variability of the hands. 
Other assistive resources involve the letter amplification or volume enhancement of speech 
synthesizers, as well requiring some degree of sight or hearing.  

https://crossmark.crossref.org/dialog/?doi=10.21595/chs.2024.23555&domain=pdf&date_stamp=2024-09-08
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The Digital Age promoted innovations and advances in all aspects, shortening distances 
between people, especially during the COVID-19 pandemic. Thus, the inclusion of deafblind 
person in this scenario has become extremely important, but with safety. For the use of assertive 
assistive technologies and to ensure the social integration of these disabled is necessary to help 
communication between the deafblind person and the society in general [4]. These technological 
innovations provide disabled person greater autonomy, participation, and sharing of their 
socio-cultural experiences and broadening the exchange of this experience with other cultures [5].  

The development of Caeski involved several areas of knowledge, such as electronics and 
integrated circuits, programming, optimization, 3D printing and design, ergonomics, pedagogy of 
special education and digital media, that includes the creation of a social network for deafblind 
persons. Thus, the use of Caeski will provide communication with self-sufficiency and freedom, 
overcoming the barriers that requires vision and hearing. In this way, the Caeski aims to promote 
digital inclusion in contexts mediated by technology promoting the effective inclusion of persons 
with total or partial deafblindness.  

However, it is a device that emits vibrations, so it is necessary to analyze the risk of exposure 
to vibrations. The vibrations generated by the buttons are transmitted to the user’s fingers, which 
characterizes a type of vibration exposure called hand-arm vibration (HAV), which involves 
specific calculations and analysis for this type of vibration exposure.  

Vibration can cause discomfort and harm to the human body, so the vibrational parameters 
must be analyzed, and their risks evaluated. Such analysis is a fundamental part of the product 
development process, after all, product safety cannot be neglected. In that context, this work seeks 
to analyze whether the use of Caeski is safe with respect to neuromusculoskeletal risks of upper 
limbs from exposure to vibrations.  

The hand-arm vibration syndrome (HAVS) is generated by prolonged exposure to vibrations 
at harmful levels to the upper limbs. The vibration syndrome has adverse circulatory and neural 
effects in the fingers, the signs and symptoms include numbness, pain, and blanching. Called white 
finger syndrome, or Raynaud's phenomenon [6, 7], it refers to changes in the circulatory blood 
vessel or peripheral nerve disorders with loss of sensation in the extremities of the fingers. These 
changes can also lead to muscle aches and pain. 

2. Materials and methods 

Caeski consists of a keyboard interface containing vibrating buttons. Two interfaces were 
designed: version 1 (Fig. 1(a)) and the final version, version 2 (Fig. 1(b)), which contemplates the 
modifications suggested by the deafblind persons sample that participated in this project [8]. It 
was developed in the Bioengineering Laboratory (LabBio) of the Post-Graduate Program in 
Mechanical Engineering (PPGMEC) of the Universidade Federal de Minas Gerais (UFMG). 

 
a) First version 

 
b) Final version 

Fig. 1. Versions of prototype keyboards with vibrating buttons. Source: Authors 

The combinations of these pressed buttons correspond to letters, numbers and symbols and the 
information reception occurs by the combined vibration of these buttons. The caller can use 
another Caeski if deafblind or any Android mobile device with the Caeski app installed, if 
non-deafblind. In both cases, communication occurs via Bluetooth.  
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The system has 12 buttons, each one composed of a motor DC 2.5-4V and 9000 rpm (in 4.0 V), 
represented by the grey keys of the device, as shown in Fig. 1. In addition to the motors and 
buttons, the system is composed by a microcontroller, battery and module charging for the power 
circuit, Bluetooth communication module and electronic components for the data sending and 
receiving circuit for the interface with Android mobile devices [8]. 

2.1. The hand-arm vibration and the determination of tolerance and action levels 

Although the levels of vibration produced by Caeski are not high, it is important to consider 
the harmfulness of a handheld device that produces vibration from its conception and to measure 
such vibration levels in the prototyping phase.  

The European Directive 2002/44/EC [9] establishes the value of 2.5 m/s2 as the exposure action 
value (EAV) to hand-arm vibration and the value of 5.0 m/s2 as the exposure limit value (ELV) 
for an 8 hour exposure time.  

The ISO 5349-1:2001 standard [10] defines that the method of measuring exposure to vibration 
levels transmitted to the hand and arm shall be analyzed by weighted acceleration on the three 
orthogonal axes in the one-third octave range with frequencies between 6.3 Hz and 1,250 Hz. 
Vibration is measured by instruments connected to an acceleration transducer or accelerometer, 
which shall follow the specifications of ISO 8041-1: 2017 [11], ISO 5349-2: 2001 [12]. 

The measurements shall be made along the three orthogonal reference axes ሺ𝑥,𝑦, 𝑧ሻ. Thus, for 
each of the three reference axes, the effective frequency-weighted acceleration value ൫𝑎௪௫,𝑎௪௬,𝑎௪௭൯ is obtained and from these, the total vibration value (𝑎௩) is determined by Eq. (1) 
[7, 10]: 

𝑎௩ =  ටሺ𝑎௪௫ሻଶ + ൫𝑎௪௬൯ଶ + (𝑎௪௭)², (1)

where: 𝑎௩ is total vibration acceleration value measured in 𝑥, 𝑦 and 𝑧 directions; 𝑎௪௫ is vibration 
acceleration value measured in 𝑥-direction at the hand; 𝑎௪௬ is vibration acceleration value 
measured in 𝑦-direction at the hand; 𝑎௪௭ is vibration acceleration value measured in 𝑧-direction 
at the hand. 

The triaxial accelerometer must be placed with special care to respect the orientation of the 
coordinate axes. The vibration exposure assessment [7, 10] considers the daily exposure time 𝑇, 
defined as the total time the hands are exposed to vibration during the performance of an activity, 
and 𝑇 is a reference time of 8 hours according to Eq. (2): 

𝐴(8) =  𝑎௩ ∗ ඨ𝑇𝑇, (2)

where: 𝐴(8) is daily vibration exposure related to an 8 hours period; 𝑇 is time of exposure to hand 
and arm vibration in hours or minutes; 𝑇 is standard time of 8 hours or 480 minutes; 𝑎௩ is total 
vibration acceleration value measured in 𝑥, 𝑦 and 𝑧 directions, calculated according to Eq. (1): 𝐷௬ = 31,8 ∗ ሾ𝐴(8)ሿିଵ,. (3)

The Daily Vibration Exposure 𝐴(8) is the total frequency-weighted amount of vibration 
expressed in terms of an 8-hour equivalence of daily exposures. All accelerations considered in 
this pattern are frequency weighted according to the weighting curve as a function of the hand 
response sensitivity at different frequencies, according to the weighting curve at the different 
frequencies present in ISO standard 8041:2017 [9].  

The Standard ISO 5349-1:2001 [10] establishes daily acceleration exposure values 𝐴(8) with 
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the expected estimate that 10 % of person exposed to hand and arm vibration may develop 
Raynaud’s syndrome in a given number of years (𝐷௬) according to Eq. (3). 

The mean acceleration is obtained by calculating the effective RMS value of the signals from 
each volunteer’s sample finger. Then, the average acceleration resulting from the three axes (𝑎௪௫, 𝑎௪௬ and 𝑎௪௭) was calculated and then, the resulting acceleration 𝑎௩ of the partial exposure was 
calculated by averaging the resulting accelerations. With this average, the standardization was 
made to 8 hours obtaining 𝐴(8), as if the volunteer uses the device in a work environment 
performing an occupational function in the labor market. With these data, one sought to verify the 
total duration of exposure in years required for the occurrence of Raynaud syndrome. The IBM 
SPSS® Statistics software was used to average volunteers using the same device. 

2.2. Experimental design and instrumentation 

The invitation to participate in this study was publicized at the institutions the Educational 
Association for Multiple Disabilities (AHIMSA) and the National Federation of Education and 
Integration of the Deaf (FENEIS) that assists deafblind persons. Invitations were made through 
posters, emails and telephone contacts to 50 persons, among them, 30 persons expressed interest, 
20 were willing to participate, however there were 5 dropouts and 8 did not fit the inclusion 
criteria.  

In a second moment, candidates to the research sample answered an anamnesis form. The data 
collected refers to the full name, age, address and phone numbers, education level, history of the 
deafblindness condition and if any type of assistive technology is used. The exclusion criteria 
include age below 18 years and do not being literate. 

The participation in the experimental activity was voluntary and all individuals involved 
completed anamnesis questionnaire and filled in a free informed consent form, containing 
information about the procedures to be performed in the experiment, as well as the purpose for 
which this research is performed. The volunteers had the right to join or stop the tests at any time, 
according to their wish, without any penalty.  

The sample size of the experiment consisted of 7 deafblind individuals. Among the volunteers, 
three are women and four are men. From those, 67 % of the feminine group have high education, 
where 100 % of the masculine group having only elementary school. The average age is  
47.75± 4.19 years for men and 42± 5.57 years for women.  

After that, Semmes-Weinstein Monofilaments, also called esthesiometers, were used to 
analyze the integrity of sensitivity in the extremities of the sample fingers. The monofilaments 
provide a non-invasive evaluation of cutaneous sensation levels throughout the body with results 
that are objective and repeatable [13]. Its use is indicated in diagnoses including nerve 
compression syndromes, peripheral neuropathy, thermal injuries, and postoperative nerve repair. 

The Semmes-Weinstein Monofilaments [14] consists of a standardized set of nylon filaments, 
varying in length and diameter. These filaments are made in various and standardized colors 
according to the thickness, to provide a tactile scale of sensitivity perception.  

The sensitivity test was performed as shown in Fig. 2, with the green filament, of the smallest 
thickness (0.05 g). If any sample member responds that they do not feel the sensitivity of this 
filament, the analysis proceeds to the blue filament, of greater thickness (0.2 g), and so on, for the 
violet (2.0 g), red (4.0 g), orange (10.0 g) and pink (300 g) filaments. Through this preliminary 
analysis, the exclusion criterion for participating in the study was defined as the report of 
sensitivity deficit for the green filament, that is, if there is a report of non-sensitivity to the green 
filament, the sample member is not able to participate in the survey. 

Three prototypes were used for version 1, which will be called prototypes 1a, 1b and 1c, and 
three prototypes for version 2, which called prototypes 2a, 2b and 2c. The tests were conducted 
over six days, one day for each prototype, and consisted of the volunteer positioning his hands on 
the prototype. The data collection period between the tests with prototypes 1a, 1b and 1c and 
prototypes 2a, 2b and 2c was 6 months. This was the period needed to make a version 2 that 
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contemplated all the suggestions given by the sample volunteers. After all, part of the product 
development process must go through the validation of potential users, especially in the case of 
deafblind persons, who have particularities often unknown by the project development team. The 
opinions of the deafblind users were of fundamental importance for the development of a product 
consistent with their needs. 

 
Fig. 2. Semmes-Weinstein monofilament evaluation. Source: Authors 

On each finger, successively, a triaxial accelerometer was fixed and the measurement of the 
emitted vibrations was collected during one minute for each finger, the minimum time required to 
collect reliable data for the analytical calculations of the vibrations. Fig. 3 shows the 
instrumentation used on one of the sample volunteers. 

  
Fig. 3. Equipment and instruments used in this research. Source: Authors 

The equipment used were Sony omnidirectional 360-degree microphone model PCS-A1, Sony 
HDR XR260V HD camcorder, Samsung Galaxy Tab E SM-T561 8GB 3G 9.6" Android tablet, a 
handheld triaxial cubic accelerometer model Delta Tron 4524-B-001 from Brüel & Kjær 
manufacturer, a Phothon II dynamic signal analyzer from LDS-Dactron manufacturer and Dell 
Latitude E6430 I5 8gb 320gb HD Notebook with IBM SPSS Statistics software. 

3. Results 

All volunteers showed normal sensitivity in the evaluation region of the skin that corresponds 
to the pulp of the fingertips, in other words, all reported sensitivity to the green filament (0.05 g). 
The stimulus was performed in all fingers, but randomly, and the volunteer had to answer which 
finger was being sensitized with their eyes closed, since they had different levels of blindness. 

To verify the vibration levels that users would be exposed, Eq. (1) was used to obtain the total 
vibration acceleration value measured in 𝑥, 𝑦 and 𝑧 directions. With this value, Eq. (2) was used 
to find time to the Daily Vibration Exposure 𝐴(8) for each finger of the volunteer. The average 
of these results can be seen in Fig. 4 expressed by a boxplot graph in which each finger is 
represented on the 𝑥-axis and 𝐴(8) is represented on the 𝑦-axis. The order of finger numbering 
follows the sequence: number 1 is the pinky finger of the left hand, and so on until finger 5, which 
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corresponds to the thumb of the left hand; finger 6 corresponds to the thumb of the right hand, and 
so on until finger 10, which corresponds to the pinky finger of the right hand. 

 
Fig. 4. The effective frequency-weighted acceleration value 

The Fig. 4 shows the results for each finger with the percentiles, mean, and median below 𝐴(8). Note that the results of each finger using each device had the percentiles, mean and median, 
considering a time of 8 hours of exposure to hand and arm vibration, which would be the time 
equivalent to a daily workday, which would allow deafblind person to use the tested equipment 
for communication in some company and allow the inclusion of deafblind persons in the labor 
market, for example. 

 
Fig. 5. Exposure in years to acquire Raynaud’s syndrome 

The expected estimate that 10 % of people exposed to hand and arm vibration may develop 
Raynaud’s syndrome in a given number of years was calculated using Eq. (3). The result for each 
finger of each volunteer using the 6 devices is shown in Fig. 5. 

The device is safe for daily use, with 10 % of person only developing a disease over 500 years 
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old, that is, about 7.5 times the world life expectancy, for both genders. In all situations, the data 
are within acceptable limits set by the standards and the likelihood of the onset of Raynaud’s 
syndrome was higher than the life expectancy reported in the World Health Statistics 2021 [15], 
where, based on the recent risks of mortality due to COVID-19 pandemic, men will live on average 
70.9 years-old and women, 75.9 years-old. 

4. Discussion 

Vibration transmitted to the hand-arm system is the second largest problem of vibration on the 
human body, the first being exposure to whole-body vibration (WBV). While the vibration 
transmitted to the body standing or sitting increases problems of a general nature, such as 
discomfort, nausea and reduced work efficiency, the vibration applied to the hand can, in addition, 
produce localized physical damage due to high exposure levels. The vibration levels found in 
many vibrating hand tools and devices can be high enough to cause damage when operated for 
long periods of time, including musculoskeletal disorders [16]. 

The vibration can be transmitted to the body through one or two hands leaning against a 
vibrating device. For low levels of vibration there will be discomfort and reduced work efficiency. 
For high levels and long periods of exposure, diseases occur that affect blood vessels, joints and 
circulation [17]. 

The development of Raynaud’s syndrome is approximately five times more common in 
women than in men and this syndrome is so severe that in some cases individuals need to quit 
their job or profession and cannot perform activities that involve contact with vibration, either 
receptive or produced by the movement of touch [18]. The diagnosis of Raynaud’s syndrome is 
complex and should be made by a series of medical exams, analyzed by professionals in this area 
[19].  

In a study using rats exposed to vibration, a progressive reduction in intact sensory nerve 
endings was observed in the tail tissue of rats upon increasing vibration exposure from 1 min to 
12 min [20]. According to the literature, two types of experiments were proposed [21] to verify 
the effects of vibration on hands and arms in 16 men between 27 and 50 years old who had no 
experience with the operation of hand-operated vibration tools. The first experiment analyzed the 
effects of vibrations with a large amplitude of acceleration on the muscles of the hand and arm 
under conditions of room temperature and normal pressure. In his second experiment, it was 
sought to analyze the effects of vibration on muscles under conditions of high pressure and low 
ambient temperature, around 10 °C. In both experiments, there was a relationship between these 
variables and the impact caused by exposure to vibration.  

Cumulative exposure to manual vibration considering the influence of vibration magnitude 
parameters, lifetime exposure duration, and vibration frequency can trigger the development of 
Raynaud’s syndrome [22]. It is important to maintain low vibration levels to prevent neurological 
damage to the hands, and it is suggested that there is a dose-response relationship between 
vibration exposure and numbness of the hands [23]. in a study from Sweden, it was identified that 
21 % of the employees in a Swedish mechanical industry presented symptoms related to hand and 
arm vibration exposure, despite the relatively low exposure period. In addition, associated cases 
of carpal tunnel syndrome were identified [24]. 

In a study that aimed to evaluate the transmissibility of the elbow towards the forearm with 
constant grip force application at three levels (20 %, 30 % and 40 %), it was found that the increase 
in force, despite not changing the first resonant peak at 8 Hz, increased the second resonant 
frequency and the vibration transmissibility at higher frequencies [25]. This study demonstrates a 
relationship between force application and vibration. In Caeski, force is applied to press the 
buttons, but the vibration reception occurs when the muscles of the fingers are not in contraction, 
in this way, so there are chances of lower transmissibility. 

Based on a literature review, published with a view to the effects of exposure to hand-arm 
vibration, or segmental vibration, the authors identified the presence of hand arm vibration 
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syndrome in the subjects under heavy work, like rock drill and concrete breaker [26]. The exposure 
to hand and arm vibration as a function of concentration, intensity and exposure time from 
handheld devices may cause health damage if not within the safe exposure criteria outlined in ISO 
5349-1: 2001 [10] and European Directive 2002/44/EC [9]. 

Motivated by the physical risk evidenced in specialized literature resulting from exposure to 
vibration in the upper limbs, the vibrations emitted by Caeski were analyzed and have acceptable 
levels in accordance with the main applicable international standards. Other assistive technologies 
also use vibrations, such as the Lorm Gloves [27] that have vibrating sensors on their surfaces and 
the Vibraille/Vibrotactile Alphabets [28] that consist of the vibration of Braille cells and, in both 
cases, an accurate analysis of the vibrations emitted by these devices should be encouraged. 

5. Conclusions 

Social inclusion is everyone’s right, and for that, engineering has a role in developing 
technologies that enable individuals with special needs to overcome daily challenges. The assistive 
technologies break down the barriers that the real world imposes on certain groups, mainly to get 
positions in the industry and on everyday situations. Nonetheless, when developing any type of 
technology, it is important to check all interfaces so that such a device, despite being the solution 
to a particular problem does not generate another and cause disruption to the user’s life. 

From the reasons mentioned in this study, it is important to consider the harmfulness of a 
handheld device that produces vibration from its conception and to measure such vibration levels 
during the product development process so that substitutions and adaptations can be made, if 
necessary. The Caeski, a communication device developed for deafblind persons presented in this 
paper, can be safely employed regarding the vibration levels emitted by its motors. It may only 
cause some sort of discomfort, but that was not reported among the volunteers tested. Therefore, 
it’s may objective was achieved with success. 
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