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Summary 

In the following thesis, an acoustic study will be made to gather information 

concerning the induced hearing loss affecting musicians’ lives. An overall comparison 

between the types of hearing loss, its reasons and factors, will be studied to be able at the 

end to conclude ways of ear protection depending on the instrument played, practice 

rooms and time spent playing the instrument. 

This study will be like a manual to every musician whether he’s an amateur or a 

professional, it will focus more on non-classical music performers since there are many 

classical studies concerning this matter. Questions like: what is NIPTS, TTS, NIHL? What 

is the maximum sound pressure level, weekly time, and number of times should one be 

rehearsing? What are the precautions that should be taken before and after rehearsals? 

Will be answered. 

This thesis will be divided into three important parts, first the theoretical part 

displaying the physiology of the ear and explanations subjected to musicians and their 

lifestyle, the second chapter will demonstrate the studies made and the state-of-the-art 

concerning the issue along with the norms and directives related, the last part is revealing 

the statistics of a questionnaire made and a series of measurements to reach the 

conclusions. 

xi





1Theoretical 

Introduction





1.1 Description of the Work 

First of all, as a musician doing my masters in acoustics I wanted to do something 

useful combining what I learned during my studying years and my concerns while playing 

music. The idea came out to me while reading an article published on The Atlantic 

magazine entitled “A Musician Afraid of Sound - How a professional cellist learned to live 

with a career-ending ear injury”, the introduction of the article really touched me and I 

thought of doing a sort of a booklet or a manual to spread the information I gained in the 

past few months investigating the issue. 

“It’s 2011, and my husband can’t kiss me, even on the cheek, because the slightest 

touch sets off ripples of pain in my head, my face, my jaw. Every noise is an assault—a 

car alarm goes off, a baby squeals, a group of giggling teens race into the elevator. The 

ping of an ATM machine. Cicadas chirping. The roar of a leaf blower feels like a knife 

rotating in my ear. In sympathy, my husband and son tiptoe around me and recoil with 

each ding. When I must go out, I stuff my ears with custom earplugs and wear Bose noise-

cancelling headphones, but they don’t help much. It is impossible to predict when noise 

will bring me to my knees. I am a professional musician who can’t tolerate sound.” 

At the beginning, the idea was to measure the sound pressure levels to as many 

bands as I can and do audiometric tests to the band members after the rehearsals, 

throughout reading and discussing the idea with audiometry professionals, they didn’t 

advise to do the tests directly after the exposure to high sound pressure level since they 

should be made when the ear is at rest to be able to have credible results, Inviting 

musicians to the university to do the tests was complicated so I decided to use results from 

audiometric tests already made related to the same idea.  Along with the technical 

indication, a form of a questionnaire was distributed to a number of musicians and non-

musicians to check with them the awareness of noise they’re exposed to. The 

questionnaire was made in both Spanish and English and it will be demonstrated with a 

statistical study later in the thesis.  

The question that will be answered throughout the work is “can we compare 

musicians to workers of factories that are exposed daily to noise?”. Since there are no 
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specific norms for musicians, this comparison will help us to understand the risk 

accompanying musicians in and out of their musical careers. 

1.2 Parameters and Concepts 

Since the study will serve as a manual for musicians to prevent the causes of 

hearing loss a certain vocabulary will be used combining musical and technical theories to 

simplify the issue. In this chapter, there will be definitions of the parameters and formulas 

used later in the upcoming parts. 

1.2.1 Frequency and Musicians 

Starting with the very basic idea that differentiate musicians and scientists is in the 

way they decode music, musicians talk about notes and scientists about frequencies. 

Figure 1 represents the relationship between notes and frequencies in Hertz (Hz). 

Figure 1. Treble clef showing the relationship between some notes and their correspondent 
frequencies 

For example, 440 Hz corresponds to the note A on the second space on the treble 

clef, 494 Hz for the B, above it, and 523 Hz for the C above that.  Middle C is 262 Hz and 

the top note on a piano keyboard is C (4186 Hz). They can be used interchangeably and 

sometimes will be shown as “A (440 Hz)” to represent both the note and the frequency of 

that note.  One convenient advantage of the numerical method is that the number doubles 
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for each octave.  That is, an octave above A (440 Hz) is A (880 Hz), and an octave below 

A (440 Hz) is A (220 Hz).  

1.2.2 Decibel and Musicians 

Along with the frequency comes the Decibel concept that usually confuse 

musicians and therefore will be explained because it will be used throughout the study. 

The terms to explain the loudness in music are “piano” and “forte” which are not exact in 

terms of numbers therefore scientists consider decibels (dB) when speaking about music. 

Table 1 shows the relationship between the musical terms and decibels. 

Loudness Level dB-SPL 

ppp 40-50

pp 45-55

p 50-60

mf 55-70

f 70-80

ff 80-90

fff 90-110

Table I. Relationship between musical terms and decibels 

What is important as well in understanding the frequency and decibel concepts is the 

difference between “loudness” and “intensity”. 

1.2.3 Loudness vs. Intensity 

In general, the human hearing range is between 20 and 20,000 Hz. There is 

considerable variation in the hearing range between individuals. In this part, there will be an 
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explanation of how human ear react with frequencies to be able afterwards understand the 

ear functionality and its parts. Loudness summation accounts for the psychoacoustic 

similarities and differences between intensity and loudness. Using simple words, a person 

will consider one sound louder than another if the energy exceeds one’s critical bandwidth 

than if its spectrum is constrained within one critical bandwidth. 

1.2.4 Critical Bandwidth 

According to Dr.Marshall Chasin from the hearing journal, a critical bandwidth is 

approximately a third of an octave, which is why one-third octave bandwidth analysis is so 

common in our field. One can attribute loudness for a single pure tone at 1000 Hz. Adding 

another at 1050 Hz will slightly increase its intensity but not its loudness. The same is true 

of adding a third pure tone at 1100 Hz, and this holds true as long as the sound energy is 

within a critical bandwidth. When adding another pure tone at 1200 Hz (exceeding the critical 

bandwidth at 1000 Hz, which is about 160 Hz), however, a person will subjectively report 

that the sound is now louder because the sound spectrum has exceeded the critical 

bandwidth. A bandwidth is explained as well using filters, for example a band-pass filter 

allows a range of frequencies within the bandwidth to pass through while stopping those 

outside the cut-off frequencies as it is shown Figure 2.          

Figure 2. A band pass filter showing central frequency Fc and lower and upper cut off 
frequencies F1 and F2 
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1.3 The Human Ear 

The ear is composed of several sections:  the outer ear, the middle ear and the inner 

ear, as well as the nerves. Our auditory system functions as a transducer of pressure 

gradients created by sound vibrations into neuro-electrical energy in the nervous system. In 

this part of the study all three parts of the auditory system will be shown and explained in 

order to understand at which stage and why our hearing is affected at certain frequencies. 

Figure 3. The human ear 3 parts, photo courtesy or Bernafon Canada Ltd 
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1.3.1 The Outer Ear 

The outer ear, as its name indicates is the exterior or visible part of the ear, is 

bounded from the outside by the pinna and from the inside by the eardrum or what is called 

the tympanic membrane. It has two primary functions very relevant to this study, the first one 

is “the pinna effect” which is an amplification of higher frequency and the second one is the 

creation of resonance in 3000 Hz region that further amplifies higher frequency energy. So, 

in musical terms the outer ear intensifies the highest octave on the right hand side of a piano 

keyboard which is about the region above 2000 Hz.  

• The Pinna Effect

Since low frequencies have long wavelength, the pinna effect does not occur at that 

range considering the size of the pinna in the outer ear. The effect takes place at higher 

frequencies specifically around 2000 Hz. The physics of this effect are simple and are related 

to the shorter high-frequency wavelengths reflecting from the pinna back to the opening of 

the ear canal so as a result a boost of this range of frequencies takes place. So the entry of 

higher frequencies is not only directed to the ear canal but also it is subjected to be reflected 

from the pinna. 

• The 3000 Hz Resonance

This phenomenon is inversely related to the length of the ear canal. In other words, 

for people with longer ear canals the resonance tends to occur at lower frequencies and it 

is related to the nature of the resonance itself which is a quarter wavelength resonance. A 

boost of energy of 15 to 20 dB is the result of this phenomenon.  
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Figure 4. The outer ear effects: Pinna and Ear Canal Resonance 

1.3.2 The Middle Ear 

Impedance matching, temporary reduction of high intensity sounds and pressure 

release are the three main characteristics of the middle ear related to the acoustics of 

sound received by human beings. 

• Impedance Matching

The middle ear serves to match the characteristics of sound in the air to that of the 

fluid existing in the inner ear. Saying that, the middle ear prevents us from around 30 dB 

reduction in our hearing sensitivity. The effects of the middle are more beneficial in the 

mid-range frequencies. 
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• Temporary Reduction of High Intensity Sounds

Another function of the middle ear is providing temporary reduction of high intensity 

sounds. This is related to a small muscle connected to the stapes bone, called the 

stapedius muscle which is located in the middle ear. This muscle, which contracts with 

high intensity sound, serves to reduce the intensity of one’s own voice, especially for the 

mid and low frequency sounds. This is called the stapedial reflex or acoustic reflex. The 

discovery of this function is used now as a technique for percussionists to protect their 

hearing on a small scale. Humming just before a loud sound is played will result a 

contraction of the muscles which will lead to lower sound intensity, this technique will be 

explained more in details later in the chapter concerning the ways for a musician to protect 

his hearing. 

• Pressure Release

The middle ear’s third feature is pressure. It functions a pressure valve letting the 

volume of air existing in the ear to respond to environmental change. However, it can 

function in an opposite way when positive middle ear pressure relative to the environment 

can be established by extreme effort during lifting. 

1.3.3 The Inner Ear 

The inner ear is separated from the middle ear by a bony wall. It has parts, the first 

is related to balance and motion which is the sensory system and the second part, which is 

our main interest in this case, is the cochlea related to the auditory system. With the size 

of a fingernail, the cochlea is a snail shaped filled with fluid. The basilar membrane runs 

through the length of the inner ear where the organ of Corti is situated containing 

approximately 15,500 nerve endings or hair cells. The low frequency sounds are 

transduced on one end while the higher frequency sounds are transduced from the other 

end. Specifically, in the inner ear, high-frequency sounds are transmitted by those hair 

cells nearer to the stapes (nearest to the middle ear), while those that transmit the lower 

frequency sounds are found in the innermost turns of this snail-shaped organ. From the 

15,500 hair cells, 3,500 of them are called inner hair cells and the rest 12,000 are called 
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outer hair cells. The hearing damage coming from noise exposure, which in our case is 

music, affect the outer hair cells prior to the inner ones.  

1.4 Audiometry and Hearing Problems 

The audiometric patterns on a hearing test related to wide music range and noise 

exposure are similar. In the majority of the cases, low frequencies tend to be normal and 

the area affected is between 3000 to 6000 Hz. The hearing is back to normal at 8000 Hz. 

In the example of the Audiogram shown in Figure 5, the hearing loss from the 3000-6000 

Hz region is perfectly demonstrated.  

Figure 5. Audiogram showing noise induced hearing loss, O for right ear and X for left ear 
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1.4.1 Audiometric Notch 

There are several explanations of the audiometric notch that is a result of a noise 

induced hearing loss. The first reason is practically related to blood pressure when the 

blood supply for the inner ear is not enough therefore it affects the 3000-6000 Hz region. 

The second reason is related to a damage of the support of the hair cells. The last reason 

related to this study is the effect of the resonance taking place one and a half octave 

above the noise spectrum and this happens because of the outer ear role that enhances 

the music or noise spectra at 3000 Hz. 

1.4.2 Tinnitus 

“A phantom perception of sound” is the other name of tinnitus which is the 

perception of spontaneous auditory sensations such as buzzing, ringing or even hissing in 

the absence of an external signal. The source of the tinnitus lies within the auditory system 

rather than coming from outside. According to Davis AC in 1989, tinnitus is often 

associated with hearing impairment, aging and noise. In 1995, after a study also made by 

Davis concerning the Prolonged Spontaneous Tinnitus PST, which is the prevalence of 

tinnitus that lasts more than five minutes and not after a loud noise, he found out that 10% 

of the people asked by postal questionnaire suffer from it and 16% by clinical interview. 

There are two types of tinnitus, objective and subjective. The objective type can be heard 

by other people sharing a space or a room but the subjective type is only heard by the 

patient in this case. It is heavily related to the psychological state of the person, since the 

noise can be perceived louder when the person is angry, annoyed or emotionally involved. 

Some of the treatments of the tinnitus are the use of Lidocaine, antidepressants, behavior 

modification and the intervention from a specialist, in this case psychotherapy would help. 

The use of hearing aids and tinnitus masker has shown to reduce as well the annoyance 

of the sound. 

1.4.3 Hyperacusis 

Hyperacusis leads to perceiving the sound much louder than it actually is. This is a 

huge problem that affects musicians, that are patients in this case, since it makes them 

hear the music differently from their fellow musicians, this sometimes leads to ending the 
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career of a musician. Hyperacusis and tinnitus occupy the same place in the brain, for that 

reason their treatment can be the same sometimes or similar. An eclectic approach that 

includes elements of masking, biofeedback, and psychological counseling, as well as 

various suppression techniques, may be the optimal clinical approach.  
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2Studies and state-

of-the-art 





2.1 Factors Affecting Hearing Loss 

There are a lot of factors affecting our hearing as human beings first and as 

musicians in the second place. In this part of chapter 2, some of the consequences of 

music and its effect on hearing will be explained as well as prevention ways.  

2.1.1 The Intensity of Music 

What is obvious to most of the people is that generally Rock and Roll music is 

more intense than classical music for example, what is not much common is that it is not 

directly related to hearing loss issues since sometimes the intensity varies and we can find 

a classical piece that does not obey the rule and same goes for jazz music. A musician 

after all is normal person as well that is exposed to daily noise and will be affected by it. 

The range of intensity of an orchestra varies depending on many factors such as the type 

of the piece played, the concert hall or the rehearsal room, the preferences of the 

conductor and even the techniques of every individual in the orchestra. A research based 

in Scandinavia, that will be demonstrated later in the part of the studies, shows that 

depending on the musicians, the maximum range of noise exposure coming from music for 

a classical musician is reached playing 10 to 25 hours a week which will limit one’s 

profession and the level of preparation to perform. In Pop, Rock and Roll, Electronic music 

the case is a bit different concerning the range since the sound levels are controlled by the 

sound engineer or even the player himself, but since sometimes musicians tend to put the 

levels high to feel or have more perception to the melodies they are playing sometimes the 

levels can reach or even exceed 120 dB. Depending on the same study from Scandinavia, 

it has been found that 52% of the classical musicians tested suffer from hearing loss and 

30% of Rock and Roll musicians do as well. Moreover, about 80% of the musicians tested 

just after their performances had a temporary music induced loss which will be explained 

in the next part.  
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2.1.2 Temporary and Permanent Hearing Loss 

It is very common between normal people and musicians to feel after a noisy event 

or a concert that their hearing is not the same as it was just before. This feeling can stay 

up to several hours after the event, here it is named temporary hearing loss which can be 

resolved after 16-18 hours of being in a quite environment. In some cases, if the buzzing 

or ringing in the ear continues after being repeatedly exposed to loud noise, the person 

may suffer a permanent hearing loss which has grades in it and depends on many factors. 

For normal people, here referred to non-musicians, this leads to problems in speech 

understanding and sometimes dizziness. For musicians, which is their field and work the 

loss can affect their pitch perception for music like confusing the notes or not hearing well 

what is played.  

In more scientific words, both losses are named temporary and permanent 

threshold shift, TTS and PTS respectively. The temporary threshold shift TTs is the 

temporary elevation of the hearing threshold and can be thought of as an early warning 

sign for a potentially permanent threshold shift, PTS. More specifically, the term used to 

identify the issue in the norms is NIPTS which is the noise-induced permanent threshold 

shift, it will appear later on.  

2.2 ISO 1999 

Since musicians are workers but their exposure to noise is not specifically 

categorized and characterized, the use of the ISO 1999 will help to understand the risks 

and to calculate the loss using studies and data from different researchers. The idea 

behind this standard is to lower the levels of sound to the minimum achievable and by that 

lowering the risks concerning any worker exposed to noise that might be affecting his 

health. Scientists proposed 75 dB(A) as a safe threshold, even at the most vulnerable 

frequency 4000 Hz, in a working environment even before the standard was published. 

The ISO 1999 is the only official document putting this issue into study but it is also flawed 

since it has uncertainty considering the estimation of NIPTS specifically at low frequencies. 

18



In a study from Concawe directed by B.W Lowten the threshold of 75 dB was put into 

question to check its validity, this study will be summarized later in the section of studies 

concerning this matter.  

In 1973, Guignard was one the first scientists to suggest that "a level of 75 dB(A) 

sustained for 8 hours per day is the threshold for detectable NIPTS: exceeding that 

threshold may cause NIPTS exceeding 5 dB in up to 10% of the people after a cumulative 

noise exposure of 10 years”.  

One year later, this value also appeared in a document released by the US 

Environmental Protection Agency confirming that any hearing loss at any frequency is not 

acceptable which assured back then the safety of the workers. At the time, the ideal value 

of NIPTS was 0 dB but its inaccuracy can now be explained by the fact that the 

audiometric studies only had 5 dB steps which neglect any loss less than 5 dB.  

The US Environmental Protection Agency document or recommendation was 

based on a study by Johnson back in 1973, in table II a prediction of maximum NIPTS is 

shown. It is based on 90% of the population under study after 40 working years in an 

average range of noise. 

LAeq,8h dB(A) Maximum NIPTS, 4 kHz (dB) 

75 6 

80 11 

85 19 

90 28 

Table II. Johnson's predicted NIPTS values for the noise exposure threshold for 8 hours 
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The term “adequate margin of safety” was present in the American report and table 

II shows each level with its equivalent NIPTS according to Johnson. The data collected by 

Johnson was from three surveys, Dutch, British and American. He, later, examined the 

Dutch and British data in the standard ISO 1999. 

2.2.1 Hearing Damage Prediction 

The first part of the standard ISO 1999 deals with the frequency, decibel levels and 

time ranges used in the paper. The calculation of NIPTS is done using formulas putting 

limitations to frequencies from 500 Hz to 6000 Hz and for a duration of 8 hours from 0 to 

40 years. The term existing in the paper is LEX,8h over the limited from 75 dB(A) to 100 

dB(A). an important thing to mention reading the standard is to not confuse between 

NIPTS and hearing threshold level since NIPTS may combine with age-associated hearing 

loss and any possible pathological overlay to give hearing threshold level.  

In Appendix 1 in the paper, several points were discussed concerning the 

calculated values of hearing thresholds in relation to age, noise exposure and both 

combined. It is important to realize few points while reading this appendix: 

• The damage risk threshold stated by the ISO 1999 LEX,8H is equal to 75

dB(A) while the predictions of NIPTS starts from 78 dB(A).

• The values of NIPTS from an exposure LEX,8H of 80 dB(A) are small

compared to age associated hearing losses in a normal population.

• The same as the second point but comparing with aging and diseases, the

values are insignificant when it comes to noise exposure of 80 dB(A).

20



 2.2.2 Derivation of ISO 1999 and Related Data 

The ISO 1999 is derived from experimental data that was collected and then 

studied by Johnson in 1978. The origins of the data collected were British and Dutch. 

• UK Data

Back in 1970 a study held by Burns and Robinson was later on used in Johnson’s 

synthesis that appeared in the standard. Johnson’s synthesis used estimation table from 

Robinson and Shipton in 1977 based on the 1970 study. In table III one of the results from 

Johnson’s estimation at 4 kHz from 90% of the population at 90 dB(A) exposure is shown.  

Working years 10 20 30 40 

NIPTS in dB 10.8 14.5 17.4 18.9 

Table III. Johnson's estimation table at 4kHz, 90% and 100 dB(A) 

As it is seen in the table above, a greater threshold shift appears to be during the 

first 10 working years which is a well-established aspect of the noise-induced hearing loss 

NIHL. 

• Dutch Data

Johnson did not only rely on the UK data but also had another starting point 

studying a report done by Passchier-Vermeer in 1977 based on eight NIHL studies from 

1950s and 1960s. The Dutch model was based on 2300 ears and separated as Johnson 

desired, 90%, median and 10%.  
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Another example is shown in table IV based on the percentage distribution. In this 

example, it is at 4kHz as it is the frequency he focused on and the most critical, a 40 years’ 

exposure at 100 dB(A). 

Population % 90 50 10 

NIPTS in dB 42.3 38.7 34.7 

Table IV. Example from Johnson's estimation after 40 working years at 100 dB(A) 

The UK and Dutch data were not compatible; they could differ up to 20 dB. In his 

mathematical model later on, Johnson took that into consideration.  

2.3 Studies and Researches 

In this part of the study, an overview of most studies and researches is made. This 

helps musicians to understand the risks of noise exposure depending on where they fit in 

each study.  

2.3.1 National Institute for Security and Hygiene, Spain 

In a study conducted by the National Institute for Security and Hygiene in Spain, 

the numbers confirmed that more than 75% of people working in the music industry suffer 

from in an injury. This injury can be superficial or it can, in some cases, end the 

professional career of a musician. For that reason, the study was made and it includes 

preventions that some of them will be stated. 
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• Noise reduction to the minimum possible, and that by reducing the levels of

the sources (vocals, guitars, drums ...). If this is not possible, an acoustic

study concerning the sound contamination should be made. Anything above

80 dB(A) for 8 hours a day should be put under study in order to prevent it.

• If the levels are more than 80 dB(A), the workers, in this case the

musicians, should be informed and well educated about the matter. A

medical consultancy is a must before any musician suffers from any kind of

hearing loss.

• All the unnecessary noises should be eliminated. Having said that,

sometimes an unnecessary noise exists because of the will of the

musicians, in this case they should be informed of the risks of working in

such an environment.

• The rehearsals hours outside the work also affect the hearing. It is an

accumulative effect therefore musicians should well manage their

rehearsals time, the acoustic conditions they are playing in and the level of

sound.

• Rehearsals should be made in a good acoustic conditions, for example

bigger rooms will reduce the effect and the annoyance to our ears.

Conditioned walls and higher ceilings are always a better option.

• During a rehearsal, it is preferred that each musician have 17 m3 of space,

such separation will lessen the exposure coming from other musicians.

• It is preferable to use ear protection during rehearsals.

• Combining repertoires so that the music is eclectic covering ranges and not

only based on loud intense music.

2.3.2 Noise in Music Sector, Spain 

In this study, an evaluation of the instruments and type of music was made so that 

every musician will have a better understanding for the instrument he plays. Several tables 

were included in the paper, the most important for this study will be showed. 
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Table V shows Rock and Roll examples concerning the source of sound and its 

relation with the sound levels and peaks. 

Noise Source Sound Pressure Level dB(A) Peak Sound Level dB(C) 

Percussion 90 - 105 124 - 146 

Electric Guitar 100 - 106 118 

Drums 105 124 

Bass Guitar 101 133 

Amplified Rock Music 102 - 108 140 and more 

Table V. Examples of SPL and PSL in Rock Music

The same concept was studied but in classical music where usually there is much 
more instruments in a rehearsal or a live show. Table VI demonstrates most of the 
instruments used in an orchestra. 

Noise Source Sound Pressure Level dB(A) Peak Sound Level dB(C) 

Violin/Viola 80 - 90 104 

Cello 80 - 104 112 

Double Bass 70 - 94 98 

Clarinet 68 - 82 112 

Saxophone 75 - 110 113 

Flute 92 - 105 109 

Trombone 90 - 106 109 

Table VI. Examples of SPL and PSL in an orchestra
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Noise Source Sound Pressure Level dB(A) Peak Sound Level dB(C) 

Trumpet 88 - 108 113 

Harp 90 111 

Percussion 90 - 105 123 - 134 

Singer 70 - 85 94 

Soprano 105 - 110 118 

Chorus 86 No Data 

Piano 70 - 105 110 

Continuation of Table VI

Table VII shows the duration of a selected instruments in order to reach 85 dB(A). 

Level Duration Instrument 

82 dB(A) 16 hours Violin 

85 dB(A) 8 hours Harp 

88 dB(A) 4 hours Trumpet 

91 dB(A) 2 hours Trombone 

94 dB(A) 1 hour Piano 

97 dB(A) 30 minutes Soprano 

137 dB(C) Maximum Instantaneous Noise Peak Cymbal crash 

Table VII. Examples of durations to achieve 85 dB(A) 

25



For each 3 dB rise, the duration allowed to exposure is reduced by half. 

2.3.3 Hear The Music by Marshall Chasin 

Dr. Marshall Chasin is specialized with hearing loss related to musicians. In this 

part, several ways of prevention of hearing loss will be demonstrated. His book was 

published in 2010 and some comments will be made on his approach in this chapter. 

• Hearing Protection: usually when musicians use hearing protection

devices or earplugs, they complain about the nature of sound they are

receiving. “No high end” is the typical answer from almost all musicians.

The explanation of the “no high end” or the loss of brilliance in the sound is

that normal earplugs don’t reduce the sound level uniformly.  Custom made

earplugs are an optimal solution for this matter, relating the audiometric test

done to the musician to the type of music and instrument played. Etymotic

Research company or simple known by the name of ER, introduced several

earplugs reducing uniformly the sound level so that musicians could still

hear the high ends. The ER-15 was the first one introduced and

manufactured offering 15 dB of reduction. The ER-15 earplug uses a

combination of cavities, resistances and volumes to yield a flat response at

the musicians’ ear, but with a 15 decibel attenuation.

Figure 6. The ER-15 earplug model 
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Figure 7 clearly shows the 15 dB attenuation from a musician’s perspective playing 

the A (440 Hz) note on a violin with and without using the ER-15. 

Figure 7. The 15 dB attenuation from the ER-15, A 440 Hz, Violin

• The Occlusion Effect: While singing, talking or playing music the

sound emitted by us does not only go out into the environment but also it

enters our auditory system in to our ear canals. The inner portion of our ear

canal is lined with bone. The low frequencies sound vibrations are received

by this bone directly from the jaw and mouth. Once we insert earplugs, the

sound becomes trapped in the ear canal and goes inward through our

hearing system so that we can hear it. This is called the occlusion effect

relating the echoed and hollow sound whenever the ears are plugged.
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• Techniques to Reduce Music Exposure Depending on

the Instruments:

In this part some techniques to reduce the sound exposure depending on the 

instrument played are shown. It is divided into 7 categories, small strings, large strings, 

brass, woodwinds, percussion, amplified instruments and vocalists. 

Small Stringed Instruments: the main instruments in this category are the 

violin and viola according to the study. They can generate significant low frequencies and 

high frequencies as well. The players of such instruments should not be placed under an 

overhang with a separation distance less than 1 meter. Such a position will lead to a loss 

of high frequency harmonics. Figure 8 shows this significant loss. 

Figure 8. High frequency harmonic loss due to overhang position

A significant loss of high frequency will not only reduce the music perception of the 

players but also will lead them to play harder putting them at a risk of strain problems to 

their hands’ muscles, arms and wrists. 
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Large Stringed Instruments: Concerning the cello, bass and harp which form 

the main instruments in this category. Unlike the small stringed instruments, it is not 

essential the position of an overhand and that is related to the larger size of the 

instruments and most the frequency harmonics are below 2000 Hz which it can be seen in 

Figure 8 that the effect of the overhand below this frequency is minor. The position of the 

player, like all instruments, is essential since the hearing can be affected by other type of 

instruments. A normal earplug in this case serves since it attenuates the high frequencies 

coming from other sections such as the brass section. Another strategy that can be used is 

an acoustic monitoring device to the bridge of the instrument that will help recognizing the 

sound coming from the instrument since it amplifies the low frequencies as it can be seen 

in Figure 9.  

Figure 9. The effect of the acoustic monitoring device 
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Brass Instruments: In this category which contains instruments like trombone, 

trumpet and French horn the high frequency energy is directional and it is much more 

intense than the lower frequency fundamental energy.  

Figure 10. The importance of the angle while playing a trumpet 

Figure 10 shows the difference between playing plane or with and angle. The 

difference is insignificant in the low frequency range since the trumpet is only directional in 

the high frequency range. Placing trumpet players on a riser reduces the intensity of the 

music they are playing by 2 to 4 dB. Another strategy for French horn players is the use of 

a reflective baffle to their rear that is angled back at 45° to the floor, this strategy serves 

amplifying the high frequencies and reflects it to the audience.  

Woodwinds: this category contains clarinets, saxophones, flutes, oboes and 

bassoons. The main trick in this category for player is their positions. The musician should 

be situated parallel to the speaker instead of being behind it or in front of it. This will give 

some significant protection.  
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Percussion Instruments: the difficulty in this category is usually the size of the 

instruments. For that, the protection should come basically from specific earplugs and a 

device called seat shaker. Musicians of this category usually doesn’t like their sound to be 

muted therefore some of them try to change their technique while practicing.  

Figure 11. The difference of SPL between open and closed high hats 

The example in Figure 11 demonstrates why some drummers change their 

technique while practicing. The SPL for a closed high hat is lower than that of an open 

one. The seat shaker is device that enhances low frequencies providing for percussionists 

and drummer a vibrational feedback. It is very important for drummers to have a correct 

monitoring system since in the case of a drummer not listening to his instrument well he 

will have to play harder which might lead to arm injuries.  
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Amplified Instruments: this is the most flexible category comparing to the 

named before since the volumes can be controlled and equalized. But, since amplified 

instruments are usually used in Rock bands the musicians tend to higher the volumes or 

even situate himself near the amplifier to have a “side-wash”. A precaution if the musicians 

tend to stand near the amplifiers should be done by elevating the speaker and control the 

volume and gain. Such elevation will help the musician to listen in the same loudness but 

in a lower intensity by controlling he volume since the speaker is now oriented to his ears.  

Vocalists: the main concern in this category is the vocal strain. A vocalist cannot 

afford an injury since his instrument is within himself. The environment is very important, 

the weather and whether it is a smoky environment or not. The ear monitors help to sing in 

the intensity demanded and not forcing it.  

After displaying the types of music, an interesting study from Hörmann is worth 

mentioning. The German researcher worked on the emotional effects on TTS at 4 kHz. 

The study states that two groups of people were subjected to 95 dB for 30 minutes, the 

first group was told that the noise is a punishment and for the second group it is a reward. 

The idea is simple but the results were shocking since for the first group, the punishment 

group, the TTS was measured to be 18.1 dB but for the reward group it was just 12.8 dB. 

Even the idea of noise can be seen in a positive or a negative way. Until now, there is no 

firm psychological evidence to explain what happens but scientists relate it to neurology or 

to the blood flow in our auditory system.  

2.3.4 Sound Level Measurements in a Music Room 

This study was made by S. Phillips and S. Mace from the Music Performance 

Research center in 2008. What is important in this study is the emphasis on the rehearsal 

time of students doing music majors. Having said that, 50 undergraduate music-students 

were put into study and monitoring covering four instruments groups which are brass, 

string, woodwind and percussion. The last group was the voice group to complete the 

number of 10 participants in each section. The selected students reported that they had 

played their instruments 8 to 14 years with no difference between groups.  
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A survey was distributed to the students concerning their playing hours, repertoires 

and if they face any problem while playing. The practice sessions of the musicians were 

monitored by measuring the average sound levels using Dosimeters which is a precise 

technique to evaluate the percentages respecting the ISO standard. The survey indicated 

that 9.7 years was the average number of years students had been playing their 

instruments. The average number of practicing hours was similar between all four groups 

with 2.3 hours per day while the vocalists tend to practice less with 1.4 hours per day. The 

average measured levels were between 87 and 95 dB, some students surpassed the 

allowed dose of exposure of one day in one session of practice.  

2.3.5 Incidence and Relative Risk of Hearing Disorders in 

Professional Musicians 

This is a German article written by different specialists and published by Dr. W. 

Ahrens in 2014. It is the largest study made up to this date concerning the issue with 

almost 7 million participants which are subscribed to insurance companies. More than 3 

million participants were eligible of whom 2227 were identified as professional musicians. 

During a period of 4 years of observation 283,698 cases of hearing loss were identified 

with 238 of which are professional musicians. According to the article, 58% of classical 

musicians suffer from hearing loss while 49% of Rock/Pop music do.  

2.3.6 Symptoms of Anxiety and Depression Among 

Norwegian Musicians Compared to the General Workforce 

Along with the possibility of music induced hearing loss, the results of this 

Norwegian study in 2016 show considerably higher prevalence of anxiety and depression 

symptoms among musicians compared to a sample of the general Norwegian workforce. 

The highest prevalence rates are seen among vocalists, solo performers, keyboard 

instrument players and musicians playing within the traditional genre. Using psychological 

distress as a dependent variable, the researchers conducted a logistic regression analysis, 

comparing all musicians, and then different subgroups of musicians. The logistic 

regression analysis adjusted for age, sex, education level, smoking status, alcohol usage, 

use of drugs, physical exercise and financial status, they compared anxiety and 
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depression symptom levels in musicians to a variety of professions. After concluding that, 

the researchers affirmed that further studies should be made concerning higher states of 

depression and anxiety.  

2.3.7 Hearing Dose and Perceptions of Hearing and Singing 

Effort Among University Choir Singers in Varied Rehearsal and 

Performance Settings 

In this study, four choral singers were tested for a hearing loss possibility. Each 

one of them belongs to a different category in singing and they are all studying music 

majors at the university. A 20 years old soprano, a 24 years old alto, a 22 years old tenor 

and a 20 years old bass, they all wore personal noise dosimeters while rehearsing and 

performing live with an orchestra. The dosimeters recorded each one of the singers in 5 

occasions at two venues switching places so that the data will be wider. At the first venue 

A, the arrangement of the singers during the first rehearsal is as shown in Figure 12. 

Figure 13 shows the dimensions of the venue A. 

Figure 12. Arrangement of the 4 singers at venue A, rehearsal

The initial of each type of singer is marked in red, for example “S” stands for 
soprano. They were all located at the first row.   
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Figure 13. Dimensions of venue A 

This venue was used for rehearsals as well as live performances. For the second 

period which was the complete rehearsal for the performance, not only the choir was there 

but also they were accompanied by soloists and the orchestra. Figure 14 shows the 

distribution of the 4 singers under study and the soloists.  

Figure 14. Arrangement of the choir and soloists at venue A, rehearsal for the performance 

The 4 singers under study are marked in red and the soloists in blue. The duration 

of the first rehearsal was just 1 hours and 6 minutes, the duration of the rehearsal for the 

performance was just under 55 minutes and the performance was about 59 minutes.  
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At the second venue B, there was no first rehearsal. The arrangement of the choir 

and soloists was the same for the rehearsal for the performance and the performance 

itself. Figure 15 shows the arrangement of the choir and the soloists. 

Figure 15. Arrangement of the choir and soloists at venue B 

The singers under study are marked in red and soloists in blue. The second venue 

B was different in dimensions than the first one which will give more variety to the data 

collected by the dosimeters. Figure 16 shows the venue B.  

Figure 16. Venue B: stage and choral loft 

The duration of the rehearsal at venue B was 48 minutes and the performance was 

1 hour and 14 minutes.   
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The results showed that the soprano singer surpassed the allowed level for a day 

in 4 out of 5 from the performances reaching a maximum level of 99.65 dB in the second 

period which is 350% of the allowed dose of noise exposure a day. The alto singer 

surpassed the daily allowed level in the third period reaching 94.51 dB. The tenor singer 

did not reach the daily allowed level with 77% of it at the second period. The bass singer 

surpassed the daily allowed level of noise exposure in the second period reaching 95.34 

dB which is in relation to time is 120% comparing to 85 dB in 8 hours.  

The results indicate that a choir member can reach the maximum allowed level of 

sound exposure in a single performance or a rehearsal and for the most cases some 

rehearsals are done in the same day as the performance which can put the musicians’ 

hearing at risk.  
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3 Questionnaires 

and Measurements 





3.1 Questionnaires 

The idea from doing a questionnaire was to try identifying the problem from 

people’s perspective. The statistics are based on two surveys distributed online. One 

survey that is related to musicians and music life according to personal experience, this 

survey had two formats, one in English and the other in Spanish so that we’ll have a more 

diverse public. The other one was directed to specifically non-musicians in order to 

compare answers with the first one.  

Figure 17. Non-musicians questionnaire 
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Figure 18. Musicians questionnaire 

3.1.1 Non-musicians Questionnaire 

The non-musicians questionnaire contains 7 questions, as seen in Figure 17, 

concerning age, number of concerts attended monthly, type of music listened, use of ear 

protection, music clubs, left and right ear hearing and ear buzzing. The number of people 

who took the survey was 100 with 18 who skipped the age question and 1 skipping the ear 

buzzing question. 
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The first questions to start with are the last two in the survey since all remaining 

factors will be studied according to them. 

• Does one of your ears hear better than the other?

This question was set to know if one of the person´s ears hear better than the 

other. All of the questioned public answered this question and since the total number is 

100 so there was no need to calculate the percentage. Table VIII shows the answers and 

Figure 19 shows the percentage distribution.  

Response Answers 

Yes, most of the time 17 

Yes, only occasionally 14 

No 23 

Not sure 46 

Table VIII. The difference between ears answers 
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Figure 19. Percentage distribution for the L/R question pie chart 

• Do you experience occasional or constant ringing in one or both ears?

One person skipped to answer this resulting with 99 answers of “Yes” and “No”. 

Table IX shows the answers and Figure 20 shows the percentage distribution. 

Response Answer 

Yes 43 

No 56 

Table IX. Ear ringing answers 

Yes, most of the 
time
17%

Yes, only 
occasionally

14%

No
23%

Not sure
46%

Does one of your ears hear better than the other?

Yes, most of the time Yes, only occasionally No Not sure
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Figure 20. Ear ringing percentage distribution pie chart 

• What is your age?

82 persons answered this question and later on the answers were collected and 

classified into 8 age ranges as it can be seen in Table X. 

Age Range Answers % 

17-19 2 2.44 

20-22 5 6.10 

23-25 22 26.83 

26-28 30 36.59 

29-31 13 15.85 

32-34 3 3.66 

35-37 4 4.88 

over 38 3 3.66 

Table X. Age range answers with percentage 

Yes
43%

No
57%

Ear Ringing

Yes No
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The highest number of answers was the age range between 26 and 28 as it can be 

seen in the graph of Figure 21 and the age distribution is shown in the graph of Figure 22.  

Figure 21. Age range distribution graph 

Figure 22. Age percentage distribution pie chart 
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The importance of age on hearing according to the answers collected can be seen 

through statistics in this part. Figure 23 and 24 show the answers of the last two questions 

of the survey in accordance with age.  

Figure 23. Importance of age on left and/or right ear 

Figure 24. Importance of age on ear ringing 
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• How often do you attend concerts? (monthly)

Almost half of the people asked go one to two times a month to a concert. Table XI 

shows the answers that were grouped in four categories.  

Concerts per month Answers 

0 39 

1-2 49 

3-6 7 

More than 7 5 

Table XI. Concerts per month collected answers 

Figure 25 shows the percentage distribution of the concerts attendees. 

Figure 25. Percentage distribution pie chart of how many concerts per month do you 

attend 
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According to the answers collected, 30% of the total number but attending one to 

two concerts per month are not sure if their hearing differs from ear to another. The fact 

that almost half of the questioned persons are not sure about hearing is related to either a 

problem in perceiving sounds or to the psychological factor that people usually tend not to 

express their deficiency related to sound. Figures 26 and 27 show the percentage 

distribution of both hearing questions in relation with the number of times attending 

concerts. 

Figure 26. Left and right hearing percentage distribution graph in relation with the number of 
times attending concerts 

Figure 27. Ear ringing hearing percentage distribution graph in relation with the number of times 
attending concerts 
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• What type of music you listen to?

This question was meant to show the diversity of the public asked with the 

possibility to choose more than one type. Table XII shows the answers collected and 

Figure 28 shows the percentage distribution.  

Type of music Response 
Rock 63 
Pop 48 

Classical 46 
Jazz 47 

Reggae 28 
Rap 20 

Electronic 28 
Metal 24 
Blues 36 
Latin 25 
Other 34 

Table XII. Answers to the type of music question 

Figure 28. Percentage distribution for the type of music question 
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• Do you use ear protection while attending loud events?

The answers to this question were no surprise with a vast majority of people asked 

not using ear protection. Figure 29 shows the percentage of people using, or not, ear 

protection.  

Figure 29. Percentage distribution of ear protection use 

Half of the people saying “No”, meaning they do not use ear protection while 

attending loud events, are not sure if one of their ears hears better than the other. It is a 

similar case to the number of concerts attended per month question. Figure 30 shows its 

percentage distribution and Figure 31 shows the percentage distribution of the effect of 

using ear protection or no.  
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Figure 30. Percentage distribution graph of the importance of ear protection on left and right 
hearing 

Figure 31. Percentage distribution graph of the importance of ear protection on ear ringing 
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• How often do you go to music clubs/nightclubs? (monthly)

 It is important to check, along with concerts, if the public of the survey attend loud 

events such as music clubs. The answers were similar to the concerts question. The 

results are shown in Table XIII and Figure 32. 

Times per month Answers 

0 36 

1-2 48 

3-6 13 

More than 7 3 

Table XIII. Answers for the music clubs’ attendance per month question 

Figure 32. Music club's attendance per month percentage distribution 
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The effect of going out to music clubs according to the public asked is shown in 

Figures 33 and 34 covering the difference in hearing between both ears and ear ringing. 

Figure 33. Music clubs per month effect on left or right ear 

Figure 34. Music clubs per month effect on ear ringing 
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3.1.2 Musicians Questionnaires 

The main focus of all the study is to search for the factors affecting musicians’ 

hearing. For that reason, it is necessary to know the data related to their time exposed to 

music and the feeling of comfort they have while playing or not. This survey contains 9 

questions with which every factor will be displayed in relation to the difference between left 

and right ears and ear ringing. The last 2 questions will be shown first so that later on they 

can be checked with all factors existing in the survey. 66 musicians took this survey that 

was distributed online individually. 

• Does one of your ears hear better than the other?

It is very essential for a musician to hear with both ears equally but in some cases 

related to the instrument he plays, like the violin for example, the player cannot avoid the 

high risk at his left ear due to the position of the instrument. Table XIV shows the answers 

to this question dividing it into four possibilities and Figure 35 shows the percentage 

distribution of the musicians’ answers.  

Response Answers 

Yes, most of the time 15 

Yes, only occasionally 5 

No 23 

Not sure 23 

Table XIV. The difference between left and right ear 
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Figure 35. Percentage distribution for the left and right ear answers 

• Do you experience occasional or constant ringing in one or both ears?

A musician should a have a clear hearing, any disturbance like ear ringing or 

buzzing will affect his performance. This question shows that 41% of the musicians asked 

suffer from an occasional or constant ringing in one or both ears. Table XV shows the 

answers for the question and Figure 36 shows the percentage distribution. 

Response Answers 

Yes 27 

No 39 

Table XV. Ear ringing answers 

Yes, most of the 
time
23%

Yes, only 
occasionally

7%

No
35%

Not sure
35%

Does one of your ears hear better than the other?

Yes, most of the time Yes, only occasionally No Not sure
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Figure 36. Ear ringing percentage distribution 

• What is your Age?

The first question in the survey was the age question, as we saw in the second 

chapter that there is a difference between calculating the NIPTS related to age and that of 

hearing loss. A diverse public will help to identify the cases more. Table XVI shows the 

age distribution and Figure 37 shows its percentage. 

Age Range Musicians 

17-19 3 

20-22 4 

23-25 15 

26-28 19 

29-31 12 

32-34 6 

35-37 3 

over 38 4 

Table XVI. Age range distribution for the musicians' survey 

Yes
41%

No
59%

Ear Ringing

Yes No
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Figure 37. Musicians' age range percentage distribution 

The statistics of the importance of age on both sides hearing and ear ringing are 

shown in Figures 38 and 39. 

Figure 38. The age effect on left and right ears 
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Figure 39. The age effect on ear ringing 

• What type of music do you play/listen to?

Table XVII shows the diversity of the musicians who took the survey resulting with 

a good number of answers for each type of music. Figure 40 shows the percentage 

distribution of the answers. 

Type of music Responses 

Rock 43 

Pop 18 

Classical 32 

Jazz 30 

Reggae 22 

Rap 8 

Electronic 17 

Metal 20 

Blues 25 

Latin 9 

Other 27 

Table XVII. Type of music distribution between musicians 
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Figure 40. Type of music percentage distribution 

• How long have you been playing music?

In this question, the effect of the overall duration of playing music is studied. The 

answers were collected and divided into four ranges as it can be seen in Table XVIII. 

Figure 41 shows the percentage distribution. 

Time range(years) Response 

0-5 6 

6-10 22 

11-15 14 

over 15 24 

Table XVIII. Overall duration of playing music 
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Figure 41. Overall time playing music percentage distribution pie chart 

Figures 42 and 43 relates the distribution of overall time playing with the 2 

questions concerning the musicians’ hearing. 

Figure 42. Percentage distribution of the overall duration playing music effect on left and right ear 
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Figure 43. Percentage distribution of the overall duration playing music effect on ear ringing 

• How often do you rehearse?

From the four ranges of rehearsals in a month, 44% of the musicians who took the 

survey rehearse from one to four times a month. The results are shown in Table XIX and 

the percentage distribution in Figure 44. 

Times per Month Responses 

1-4 29 

5-9 17 

10-14 8 

More than 15 12 

Table XIX. Results for the rehearsals per month question 
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Figure 44. Percentage distribution for the rehearsals per month question 

The effect of numbers of rehearsals per month on the musicians’ hearing can be 

seen in Figure 45 and 46. 

Figure 45. The relation between rehearsals per month and left and right ears 
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Figure 46. The relation between rehearsals per month and ear ringing 

• What is the duration of your rehearsals? (in hours)

The rehearsals duration is important since it reflects the non-stop time of exposure 

to music. 40% of the musicians asked practice between one and two hours for each 

rehearsal. Results are shown in Table XX and its percentage distribution in Figure 47. One 

musician skipped to answer this question. 

Duration Response 

Less than 1 hour 17 

1-2 26 

More than 2 hours 22 

Table XX. Rehearsals time answers 
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Figure 47. Percentage distribution of the duration of rehearsals 

Figures 48 and 49 shows the statistics linking the duration of rehearsals with 

hearing loss with some significant numbers of the existence of hearing impairment 

according to the musicians themselves. 

Figure 48. The duration of rehearsals linked with hearing impairment 
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Figure 49. The rehearsals duration linked with ear ringing 

• Do you use ear protection?

Same as the non-musicians’ survey, the vast majority does not use protection while 

it is exposed to loud noise. Figure 50 shows the percentage of users and non-users of ear 

protection. 

Figure 50. Ear protection use by musicians 
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The Importance of ear protection on hearing is shown in Figures 51 and 52. 

Figure 51. Earplugs use linked with left and right ears 

Figure 52. Earplugs use linked with ear ringing 
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3.2 Observations 

Many observations can be said by comparing both surveys. The statistics serve to 

see the similarity between both groups who took the survey. Remarks will be divided 

according to each question alone and then according to the overall results.  

• Analyzing the age question and its effect on hearing, the number of

musicians saying that their hearing is equally distributed is the highest while

regarding non-musicians, the highest number is that of people being not

sure about the distribution between both ears. This is due to the ability of

musicians to perceive sounds, in most cases, better than normal people.

On the other hand, the ear ringing is an issue that both musicians and non-

musicians suffer from.

• 43.9% of musicians asked are sure that their hearing is distributed equally.

Having said that, the majority believes that they hear in an ear better than

the other most of the time, occasionally or not sure about the matter. The

musicians that have been playing music for less than 5 years were

distributed equally concerning the ear ringing issue while in the three other

ranges the number of musicians not experiencing ear ringing is always

slightly larger. In total, 41% of the musicians who took the test suffer from

occasional or constant ringing in their ears which is a large number

speaking of the issue.

• The rehearsals per month for the musicians’ question is compared with the

number of concerts and music club nights per month for non-musicians.

Having said that, we should always keep in mind that a musician is a

normal person after all that attends concerts and go out to music clubs as

well. Half of the musicians rehearsing less than four times a month are sure

that their hearing is distributed equally similarly to half of the people that

attend concerts and go out to music clubs less than twice a month.
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According to the ear ringing issue half of the musicians asked that rehearse 

more than 15 times a month suffer from ear ringing that can clearly be 

related to TTS issues surpassing the daily dose allowed for their hearing. 

40.4% of non-musicians attending concerts less than 6 times a month suffer 

from occasional or constant ringing in their ears.  

• More than half of the musicians having their rehearsals less than two hours

per session were sure that their hearing is distributed equally while around

25% were not sure. The surprising number is that the percentage of

musicians practicing more than two hours a session that said that their

hearing is equally distributed is more than those who practice less than two

hours a session. 50% of the musicians practicing more than two hours per

session suffer from occasional or constant ringing in their ears.

• In both surveys it can be noticed that a large number of the people asked

suffer from forms of hearing impairment, difficulties in knowing that one of

their ear hears better than the other and constant or occasional ear ringing

while only 8 persons out of the 166 asked use ear protection while playing

music or attending concerts.
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3.3 Measurements 

Three measurements were done to complete this paper. Out of ten bands that 

confirmed the possibility to measure sound pressure level during their rehearsal time, only 

three were done due to the other bands’ apologies not to be able to make it happen. The 

first two measurements took place at the same rehearsal room, that has no acoustic 

treatment, with two groups of seven cajón players each, therefore the music was only 

percussive. The third measurement was in a more equipped rehearsal room for a reggae 

band that consisted of eight players. 

3.3.1 Equipment  

In this part the equipment used for the measurements is described. 

• Bruel & Kjaer 2260 Sound Level Meter

The sound meter used in all three measurements is the B&K 2260, this sound 

meter features real-time octave and 1/3-octave (6.3 Hz - 20 kHz) band analysis and 

logging of noise profiles and setting manual markers. The range was set up from 51.5 to 

131 dB with peaks around 140 dB with a bandwidth of 1/3-octave. The global 

measurements were A&C. It was located on a tripod stand for accuracy. 

Figure 53. The sound meter used in measurements B&K 2260 
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• Bruel & Kjaer 4155 Microphone

The B&K 4155 microphone was collocated at the sound level meter as seen in 

Figure 54. 

Figure 54. The B&K 4155 microphone collocated on the B&K 2260 sound meter 

Figure 55 shows this microphone’s specifications according to the manufacturer. 

Figure 55. The B&K 4155 specifications 
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• Sound Calibrator 01dB

The calibrator used is Cal 01 from 01dB. It generates a sinusoidal signal of 94 ± 

0.3 dB with a stability of ± 0.1 dB at 1 kHz ± 2% frequency with a stability of ±0.5 %. It is 

used before and after measuring to make sure that the sound meter is functioning well. 

Figure 56 shows the calibrator used. 

Figure 56. The calibrator used for the sound meter, Cal 01 

3.3.2 First Measurement 

All data from the three measurements were transferred and collected using the 

B&K evaluator software. The steps to configure the software are shown in Figure 57 and 

58. 
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Figure 57. The B&K evaluator configuration step 1 

Figure 58. The B&K evaluator configuration step 2 
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As for the first measurement for the first cajón players, the leader of the group 

insisted and addressed to the other musicians to play quietly and less intensively since it 

was around 9 o’clock in the night. From the musicians’ perception, they all commented that 

if the rehearsal was done in an another hour they could played double the intensity. The 

same thing happened with the second group as well since it was even more late. The 

duration of the rehearsal was 1 hour 16 minutes resulting with 85.8 dB of Leq. Figure 59 

shows the spectrum of the measurement and Table XXI shows the results at each 

bandwidth of 1/3-octave.  

Figure 59. First measurement sound pressure level spectrum 
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Frequency Leq  dB 
31.5Hz 62.04 
40Hz 70.04 
50Hz 69.73 
63Hz 72.24 
80Hz 85.59 

100Hz 83.05 
125Hz 92.17 
160Hz 85.23 
200Hz 81.2 
250Hz 79.64 
315Hz 75.07 
400Hz 81.84 
500Hz 79.15 
630Hz 76.36 
800Hz 76.37 
1kHz 73.46 

1.25kHz 72.03 
1.6kHz 70.72 
2kHz 70.86 

2.5kHz 69.94 
3.15kHz 68.89 

4kHz 68.68 
5kHz 69.45 

6.3kHz 69.82 
8kHz 69.76 

10kHz 68.66 
12.5kHz 67.29 

Table XXI. Leq levels in 1/3-octave, first measurement 

Depending on the nature of this instrument, the highest levels lay between 80 Hz 

and 500 Hz. The percentage of the time allowed to noise exposure comparing it to the 85 

dB threshold in 8 hours is 19% keeping in mind that the musicians were playing in a very 

smooth way taking into consideration not to annoy the neighborhood. The formula used to 

calculate the percentage is    𝑇𝑇 = 480
2(𝐿𝐿−85) 3⁄    where T is the maximum time allowed with a 

noise exposure of L. After calculating T, a comparison with the duration of the rehearsal is 
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made to obtain the dose percentage. This method is the one used in the standard ISO 

1999 derived from the National Institute for Occupational Safety and Health, NIOSH.  

3.3.3 Second Measurement 

In the second measurement, another group of cajón players were rehearsing. This 

group played even softer than the first one since they had their rehearsal after the first one 

finished. The duration of the rehearsal was 1 hours and 10 minutes resulting with 84.5 dB 

of Leq. The dose of noise exposure comparing to 8 hours a day at 85 dB is 13% using the 

NIOSH formula. Figure 60 and Table XXII show respectively the spectrum of the sound 

pressure levels and the sound level pressure in 1/3-octave. 

Figure 60. Second measurement sound pressure level spectrum 
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Frequency SPL dB 
31.5Hz 58.91 
40Hz 66.75 
50Hz 66.64 
63Hz 70.3 
80Hz 84.33 

100Hz 80.84 
125Hz 87.84 
160Hz 81.41 
200Hz 79.13 
250Hz 78.21 
315Hz 74.39 
400Hz 79.91 
500Hz 78 
630Hz 75.69 
800Hz 74.89 
1kHz 72.85 

1.25kHz 72.01 
1.6kHz 71.21 
2kHz 71.84 

2.5kHz 70.44 
3.15kHz 67.67 

4kHz 67.12 
5kHz 67.71 

6.3kHz 68.1 
8kHz 67.93 

10kHz 66.76 
12.5kHz 65.09 

Table XXII. Leq levels in 1/3-octave, second measurement 

The highest range of SPL is the same as the first group since the instrument did 

not change.  
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3.3.4 Third Measurement 

The last measurement done was for a reggae music band consisted of eight 

musicians. The instruments used along with the vocals are drums, percussions, bass 

guitar, electric guitar, keyboards, saxophone and clarinet. The duration of the rehearsal 

was 1 hour and 10 minutes resulting with 96.38 dB of Leq. This band exceeds the allowed 

daily dose of noise exposure 202% in 1 hour and 10 minutes than the 85 dB allowed 

during 8 hours with no one of them using ear protection. Figure 61 and Table XXIII show 

respectively the spectrum of the sound pressure levels and the sound level pressure in 

1/3-octave. 

Figure 61. Third measurement sound pressure level spectrum 
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Frequency SPL dB 
31.5Hz 76.59 
40Hz 71.55 
50Hz 70.83 
63Hz 83.55 
80Hz 78.29 

100Hz 89.95 
125Hz 95.28 
160Hz 94.15 
200Hz 92.12 
250Hz 90.69 
315Hz 91.51 
400Hz 90.65 
500Hz 89.52 
630Hz 89.9 
800Hz 89.48 
1kHz 84.67 

1.25kHz 82.76 
1.6kHz 80.6 
2kHz 81.75 

2.5kHz 79.11 
3.15kHz 78 

4kHz 78.88 
5kHz 78.12 

6.3kHz 76.04 
8kHz 75.4 

10kHz 74.73 
12.5kHz 78.45 

Table XXIII. Leq levels in 1/3-octave, third measurement 

The dynamic range of music is clearly wider in the reggae music band than that of 

only percussive music. For all three measurements, it is not possible to do global 

estimation for uncertainty the only thing that could be said is the possibility of ±0.5 dB due 

to the sound meter which is from class 1.  
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3.4 Conclusion 

What this paper adds is the simplicity while speaking about hearing loss and its 

relation with musicians using their own language. It assures the fact that musicians have 

an increased risk of hearing-related disorders, known to be associated with occupational 

exposure to high sound pressure levels and this is by showing the studies related to this 

matter.  

The comparison between workers and musicians concerning noise exposure is still 

the most valid way to calculate the risks on the musicians’ hearing. But there should be 

some specific norms and standards concerning musicians, the type of music they play, the 

instrument, the duration and the use of ear protection. The consequences of hearing loss 

are not only physiological but also psychological related to depression sometimes since for 

a musician hearing is his way to communicate with his surroundings. 

The surveys done show that this problem does not only affect musicians but also 

non-musicians. Everyone not taking care of the levels of sound he is exposed to is at risk 

from having hearing problem. In case there was no way lowering the sound source level, 

the duration of time exposed to noise should be limited. The 3 dB exchange rate gives an 

idea about how long we should be, as maximum, exposed to a noise exceeding 85 dB.  

From the measurements and the interaction with the musicians. This issue is still 

not taken seriously. All the musicians didn’t use any sort of ear protection and were 

sarcastic about the sound levels they were exposed to.  

Finally, education is always the answer for all the issues. Once musicians can 

identify their problems they will know how to deal with them. 
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