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Introduction[footnoteRef:1] [1: ] 

Performing artists must be able to practice, rehearse, and perform safely. With respect to hearing and the “noise” of performance however, the nature of their work and the dedication of performers themselves may mean that they are placed in a difficult position when complying with Control of Noise at Work Regulations 2005 (HSE, 2005) [1]. These regulations include a requirement for any employer to undertake hearing health surveillance for any employee at risk of high noise exposure. Being at the forefront of classical music education, the Royal Academy of Music decided to start the implementation of a health surveillance programme and to continuous collect data on the hearing acuity of their music students. This article presents the approach of the Royal Academy of Music on the issue of health surveillance for classical music students and discusses the findings of audiometric hearing tests conducted over eight year, 2007-2014, a total to date of 2576 students. The collaboration between the Acoustics Group and the Royal Academy has a wider scope which includes education, dosimetry and the pursuit of innovative solutions and is reported elsewhere [2-4].

The Approach

The Royal Academy of Music took an inclusive view whereby every new student had to compulsorily take an automated audiometric screening test during the first week of his or her studies at the Academy (Fresher’s week). The testing closely followed the methodology outlined in the Control of Noise at Work Regulations. Students, prior to testing, attended a targeted 1-hour hearing seminar, which amongst others, informed students on the purpose and procedure of the audiometric testing. To minimise the influence of any Temporary Threshold Shift (TTS), students were asked to avoid exposure to any loud noise a day before their testing and the use of smartphones while travelling to the test. One-to-one interviews with each student and an otoscopic examination were used to identify any factors, which may influence the health surveillance results.
The test was based on a pure-tone air conduction Bekesy test (frequencies 500 Hz to 8 kHz), using Amplivox automated screening audiometer with TDH49 audiocups. The test was conducted in the audiometric soundproof booths at the Acoustic Laboratory of London South Bank University (LSBU) in accordance to ISO 8253-1:2010 [5]. Once the test and questionnaire was completed, each audiogram was categorised according to the Health and Safety Executive (HSE) categorisation scheme (HSE, 2005), see Table 1. Students received a copy of their audiogram with the original being sent to the Academy for their records; the students improved on this system by taking a photograph of the audiogram. Results were discussed individually with each student and advice has been given on protection from noise exposure, including advice on most suitable hearing protection option based on lifestyle and instrument played. Each student is then given a pair of musician's earplugs, Happy Ears, www.happyears.se.






Results

As a result of the testing over the last eight years, a large audiometric database has been developed, holding over 2500 student audiograms. By categorising the audiometric according to HSE overall assessment criteria, a sum of 1, 2, 3, 4, 6 kHz hearing losses, 94% of the Academy students have what is considered to be good hearing, 4.5% of students showed a mild hearing impairment (warning) and only 1.5% of students had poor hearing (referral level). Among the later, most recorded referral cases were due to genetic hearing problems or accidents that occurred in the past and can’t therefore be associated with noise induced hearing loss. For the general population, percentages for warning and referral levels are set at 20% and 5% respectively. This indicates that young musicians have excellent hearing, see figure 1. Please note that another reason behind the excellent hearing results recorded among music students may be the fact that with their well-trained ears and developed sensitivity to sound/changes in pitch, music students could simply be better at detecting pure tones than general population of the same age. On the other hand, noise induced hearing loss has a dose-response relationship, and hence may take up to 20 years to become apparent. From the questionnaire data the students tend to have been playing for between 10 and 15 years depending on instrument.

Table 1: HSE categorisation scheme for 18-24 year olds.
	Category
	Calculation
	HSE Criteria Male (dB)
	HSE Criteria Female (dB)
	Action

	1 ACCEPTABLE HEARING ABILITY Hearing within normal limits
	Sum of hearing levels at 1, 2, 3, 4 and 6 kHz.
	<51
	<46
	None

	2 MILD HEARING IMPAIRMENT
Hearing within 20th percentile. May indicate developing NIHL.
	Sum of hearing levels at 1, 2, 3, 4 and 6 kHz. Compare value with figures given for appropriate age band and sex.
	>51
	>46
	Warning

	3 POOR HEARING
Hearing within 5th percentile. Suggests significant NIHL.
	Sum of hearing levels at 1, 2, 3, 4 and 6 kHz. Compare value with figures given for appropriate age band and sex.
	>95
	>78
	Referral

	4 RAPID HEARING LOSS
Reduction in hearing level within 3yrs 
	Difference in the sum of hearing levels at 3,4, 6kHz.
	>30
	>30
	Referral



Figure 1. Summed hearing loss (dBHL) of 2576 music students in ranking order

Once all 2576 student summed hearing losses have been put in ranking order, rather than categorised, it can be seen that half of the students achieve a negative result, see figure 1, with the left ear slightly worse than the right ear result. For comparison the latest published research on the hearing acuity of young people [6] found significantly worse hearing acuity, see table 2. The populations were similar, 1432 young people in education, 11-35 years old. The difference was found to be approximately 25 dBHL at all population fractions, or 5 dB at each frequency.

Table 2. Summed hearing loss of a fraction of the population for classical music students and young people, average of both ears.

	Ranked Population fraction
	Summed Hearing Loss for Young People in Education (dBHL)
	Summed Hearing Loss for Classical Music Students (dBHL)

	10%
	0
	-25

	25%
	10
	-14

	50%
	25
	-2

	75%
	50
	15

	90%
	75
	36



Figure 2 Summed hearing losses (dBHL) for the best 250 music students in ranking order
Upon closer inspection of figure 1, figure 2 focuses on the students with the highest hearing acuity, approximately 10% of the population. It can be clearly seen that the left ear is less sensitive than the right ear. It can also been seen that a handful of students had hearing more sensitive than the audiometer could measure, -50 which equates to -10 dB per frequency and more importantly, from the audiogram (not shown), the students were not struggling to achieve this result. 



Figure 3 Summed hearing losses (dBHL) for the worst 250 music students in ranking order

Upon closer inspection of figure 1, figure 3 shows the students with the least hearing acuity, approximately 10% of the population. It can be clearly seen that that 40% (student 100) have a hearing acuity below the warning level, good hearing, and approximately 120 students have warning levels of hearing loss. 

Figure 4 Summed hearing losses (dBHL) of individual music students in ranking order

Figure 4 shows the hearing acuity of 1.4% of the population. It should be remembered that every student at the Academy has to pass a strenuous audition. A hearing acuity score of 450 would indicate a hearing loss of 90 dB per frequency, a level where cochlear implants would be recommended by the NHS. It can also been seen that the left ear tends to have a higher hearing acuity and music students tend to suffer from unilateral hearing loss, students 10 to 29. This could be a consequence of the asymmetry of musical instruments, see [7] for further results.

Results by Instrument Group

When analysing the averaged audiometric data for each type of instrument it became apparent that every result showed an increase in hearing loss (although at very low levels) at 6 kHz compared to the 4 kHz normally associated with noise induced heairng loss, see figure 5.

Figure 5 Left and Right Ear Average Hearing Thresholds for 4 and 6 kHz for 2006 musicians


Figure 5 shows something interesting on the far left side of the graph, specifically for piano and piano accompanists (PA). By investigating the hearing of pianists and piano accompanists it is possible to study the effect of other music on musicians' hearing. The accompanists play for singers and hence are subjected to sound coming from their right hand side, where the vocalist always stands due to the design of the piano. The sound level produced by vocalists during practice is surprising high, typically LAeq, 2 minutes of 85-110 dBA [8].
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Figure 6: Left and right ear averaged hearing thresholds for Pianist and Piano Accompanists

The effect of the high singing levels on the pianists can be clearly seen from figure 6. The left ear has very similar average hearing losses for 4 and 6 kHz and a 2 dB difference at 8 kHz, with the a 4 dB difference in the overall criteria. However, looking at the right ear there is now a 4 dB difference at 6 and 8 kHz and a 6 dB difference in the overall criteria. There was no difference at 4 kHz between the 302 pianists and the 70 piano accompanists. The difference can only be accounted for by the introduction of the vocalist. Hence, it appears that musicians can protect themselves from their own instrument, but not from another instrument.

Conclusions

Since 2007, the Royal Academy of Music has been following a management policy to assess the hearing acuity of the musicians at the start of their career. Results of over 2500 hearing tests revealed that music students have excellent hearing and less hearing problems than those of general population, despite their high sound exposure dose. Highest incidence of students with mild hearing impairment or poor hearing was found amongst composers. Finally, averaged hearing thresholds per frequency for each instrument group showed a significant threshold notch at 6kHz for all instrument types. This clearly shows the effect of music is different from the effect of noise on hearing.
As a hypothesis: musicians have learnt to control their Stapedius Reflex, to protect themselves from their instrument's sound. The analysis of the hearing thresholds of pianists compared to piano accompanist indicated that there is evidence to suggest the validity of the hypothesis. 
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Summed Hearing Loss (dBHL)


Left Summed Hearing Loss	-50	-50	-50	-50	-50	-50	-50	-49	-49	-49	-48	-48	-48	-47	-47	-46	-45	-45	-45	-43	-43	-43	-42	-41	-41	-41	-41	-41	-40	-40	-40	-40	-39	-39	-39	-38	-38	-38	-38	-38	-38	-38	-38	-37	-37	-37	-37	-37	-37	-36	-36	-36	-36	-36	-36	-36	-36	-35	-35	-35	-35	-35	-35	-35	-34	-34	-34	-34	-34	-34	-34	-34	-34	-34	-33	-33	-33	-33	-33	-33	-33	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-31	-31	-31	-31	-31	-31	-31	-31	-31	-31	-31	-31	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-29	-29	-29	-29	-29	-29	-29	-29	-29	-29	-29	-29	-29	-29	-28	-28	-28	-28	-28	-28	-28	-28	-28	-28	-28	-28	-28	-28	-28	-28	-28	-28	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-27	-26	-26	-26	-26	-26	-26	-26	-26	-26	-26	-26	-26	-26	-25	-25	-25	-25	-25	-25	-25	-25	-25	-25	-25	-25	-25	-25	-25	-25	-25	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-24	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	-23	Right Summed Hearing Loss	-50	-50	-50	-50	-50	-50	-50	-50	-50	-50	-50	-50	-50	-50	-50	-50	-50	-50	-49	-49	-49	-48	-48	-47	-47	-47	-47	-47	-47	-46	-46	-45	-45	-45	-45	-45	-45	-45	-44	-44	-44	-44	-44	-44	-43	-43	-43	-43	-43	-43	-43	-43	-42	-42	-42	-42	-42	-42	-42	-42	-42	-41	-41	-41	-41	-41	-41	-41	-41	-40	-40	-40	-40	-40	-40	-40	-40	-40	-40	-40	-39	-39	-39	-39	-39	-39	-38	-38	-38	-38	-38	-38	-38	-38	-38	-38	-38	-38	-38	-38	-37	-37	-37	-37	-37	-37	-37	-37	-37	-37	-37	-37	-37	-36	-36	-36	-36	-36	-36	-36	-36	-36	-36	-36	-36	-36	-35	-35	-35	-35	-35	-35	-35	-35	-35	-35	-35	-35	-34	-34	-34	-34	-34	-34	-34	-34	-34	-34	-34	-34	-34	-34	-34	-34	-34	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-33	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-32	-31	-31	-31	-31	-31	-31	-31	-31	-31	-31	-31	-31	-31	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-30	-29	-29	-29	-29	-29	-29	-29	-29	-29	-29	-29	-29	-29	Warning Level of Hearing Loss	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	Left Summed Hearing Loss	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	Student Number

Summed Hearing Loss (dBHL)


Left Summed Hearing Loss	39	39	39	39	39	39	39	39	39	39	39	39	39	39	39	39	39	39	40	40	40	40	40	40	40	40	40	40	40	40	40	40	41	41	41	41	41	41	41	41	41	41	41	42	42	42	42	42	42	43	43	43	43	43	43	43	43	43	44	44	44	44	44	44	44	45	45	45	45	45	45	45	46	46	46	46	46	46	46	46	46	47	47	47	47	47	47	47	48	48	48	48	48	48	48	48	49	49	49	50	50	50	50	50	51	52	52	52	52	52	52	52	52	52	52	52	53	53	53	53	54	54	54	55	56	56	57	57	57	57	57	57	57	57	57	57	57	57	58	58	58	58	58	58	59	59	60	60	60	60	60	61	61	61	61	61	61	61	61	61	62	62	63	63	63	63	63	63	63	64	66	66	66	67	67	67	67	67	68	68	69	70	70	70	70	71	71	72	72	72	74	74	74	76	76	76	78	78	79	80	81	82	83	83	83	83	84	84	86	86	87	87	87	87	87	87	90	92	92	92	92	93	94	94	96	98	107	108	112	119	121	122	131	131	134	144	144	151	155	162	165	166	181	202	232	232	234	271	313	344	358	Right Summed Hearing Loss	36	36	36	36	36	36	36	36	36	36	37	37	37	37	37	37	37	37	38	38	38	38	38	38	38	38	38	38	38	39	39	39	39	39	39	39	39	39	40	40	40	40	40	40	40	40	40	40	40	40	41	41	41	41	41	41	41	41	41	42	42	42	42	42	42	42	43	43	43	43	43	43	44	44	44	44	44	44	45	45	45	45	45	45	45	45	46	46	46	46	46	47	47	47	47	47	47	48	48	48	48	48	49	49	49	49	49	49	49	49	49	49	50	51	51	51	51	51	52	52	52	53	53	53	53	53	53	53	54	54	54	55	55	55	55	55	56	56	56	56	56	57	57	57	57	57	57	57	57	59	59	59	59	60	60	60	60	61	61	61	62	62	62	62	63	64	64	64	64	65	65	66	66	66	66	68	68	68	68	69	69	69	70	70	71	71	71	71	72	74	74	74	74	75	76	76	77	78	78	79	79	79	80	81	82	82	82	82	83	83	86	87	90	91	92	94	94	97	98	99	104	105	105	106	108	112	112	112	114	114	122	133	141	144	145	157	158	161	163	164	172	172	194	235	247	265	265	292	297	400	438	Warning Level of Hearing Loss	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	Left Summed Hearing Loss	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	Student Number
Summed Hearing Loss (dBHL)


Left Summed Hearing Loss 	358	344	234	232	162	144	121	119	92	86	67	63	48	40	39	33	31	29	29	14	9	7	5	3	1	-2	-9	-12	-13	-1	45	134	166	162	45	Right Summed Hearing Loss	438	400	194	235	112	265	108	144	114	157	247	145	114	112	161	163	292	105	158	172	106	105	297	141	122	112	164	133	172	104	99	98	97	112	99	Warning Level	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	Referral Level	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	100	Student Number

Summed Hearing Loss (dBHL)



6k Left	Piano n=302	PA n=70	Acoustic Guitar n=28	Baroque n=27	Bassoon n=28	Clarinet n=60	Composer n=82	Conductor n=45	Double Bass n=52	Flute n=110	Harp n=39	Horn n=50	Jazz n=80	Musical Theatre  n=186	Oboe n=60	Organ n=31	Percussion n=45	Trombone n=38	Trumpet n=69	Tuba n=13	Viola n=94	Violin n=358	Cello n=139	4.2814569536423894	4.6714285714285717	6	9.1481481481480866	6.8928571428571415	5.8833333333333524	8.5487804878048639	10.866666666666749	5.7307692307692424	3.7	4.8205128205127883	8.1	9.1750000000000007	8.370967741935468	4.9833333333333689	14.290322580645148	5.4444444444444464	7.8421052631578663	7.2318840579710146	6.9230769230769225	6.3085106382978431	6.3305322128851476	6.1007194244604319	6k Right	Piano n=302	PA n=70	Acoustic Guitar n=28	Baroque n=27	Bassoon n=28	Clarinet n=60	Composer n=82	Conductor n=45	Double Bass n=52	Flute n=110	Harp n=39	Horn n=50	Jazz n=80	Musical Theatre  n=186	Oboe n=60	Organ n=31	Percussion n=45	Trombone n=38	Trumpet n=69	Tuba n=13	Viola n=94	Violin n=358	Cello n=139	2.8790849673202588	6.25	7.4285714285714288	8.8888888888888893	5.1428571428571415	5.2	13.402439024390322	6.1333333333333524	4.0769230769230784	2.4909090909090907	3.9487179487179787	6.3	7.0874999999999995	5.5268817204301079	4.3666666666666663	11.451612903225806	3.4666666666666668	6.1315789473683973	6.8550724637681162	10.538461538461538	4.5851063829787231	4.0642458100558656	3.7194244604316546	4k Left	Piano n=302	PA n=70	Acoustic Guitar n=28	Baroque n=27	Bassoon n=28	Clarinet n=60	Composer n=82	Conductor n=45	Double Bass n=52	Flute n=110	Harp n=39	Horn n=50	Jazz n=80	Musical Theatre  n=186	Oboe n=60	Organ n=31	Percussion n=45	Trombone n=38	Trumpet n=69	Tuba n=13	Viola n=94	Violin n=358	Cello n=139	-1.84717607973422	-1.2857142857142774	-2.7857142857142856	-0.2222222222222224	0.750000000000003	-0.18333333333333432	2.5308641975308577	1.5777777777777777	-2.0961538461538463	-2.763636363636381	-3.3846153846153837	0.22000000000000011	0.8875000000000004	-0.62365591397850195	-1.2666666666666666	5.9677419354838834	0	0.71052631578947367	2.5652173913043481	-0.30769230769230782	-1.7021276595744614	-0.38655462184874223	-1.6187050359712305	4k Right	Piano n=302	PA n=70	Acoustic Guitar n=28	Baroque n=27	Bassoon n=28	Clarinet n=60	Composer n=82	Conductor n=45	Double Bass n=52	Flute n=110	Harp n=39	Horn n=50	Jazz n=80	Musical Theatre  n=186	Oboe n=60	Organ n=31	Percussion n=45	Trombone n=38	Trumpet n=69	Tuba n=13	Viola n=94	Violin n=358	Cello n=139	-2.8398692810457375	-2.2777777777778017	-1.8571428571428572	1.9629629629629641	-2.2857142857142856	0.28333333333333333	0.80487804878048785	0.15555555555555556	-2.0961538461538463	-2.0727272727272812	-2.641025641025641	-2.36	-0.25	-1.6290322580645158	-2.4666666666666668	2.6129032258064515	-1.7777777777777779	5.2631578947368432E-2	2.7971014492753778	-0.30769230769230782	-1.8829787234042561	-2.2318435754189943	-2.3381294964028778	
Hearing Loss (dBHL)
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