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	SUMMARY
	OBJECTIVES:

This study correlates the Singing Voice Handicap Index (SVHI) scores with videostrobolaryngoscopy and acoustic analysis in healthy professional singers, as a measure of self-perceived vocal health, versus actual pathology diagnosed during examination by stroboscopy, or by  modification at the acoustic voice evaluation. The objectives of the study were to measure the strength of self-assessment among professional singers and to determine whether there is a benefit of combining SVHI, acoustic analysis and videostrobolaryngoscopy for  the routine assessment of singers who have no obvious singing voice problem.

STUDY DESIGN:

Prospective cross-sectional study.

METHODS:

The voice quality of 40 students of the Music Academy, Cluj-Napoca, was assessed by means of a multidimensional test battery containing singing voice handicap index (SVHI) and SVHI-10, videolaryngostroboscopy, maximum phonation time on vowel /a/, S/Z ratio, jitter, shimmer, NHR (harmonic noise ratio), the lowest, the highest and  the conversational frequency. In a questionnaire on daily habits, the prevalence of smoking, eating habits, and vocal abuse have been recorded. The correlation between SVHI scores, acoustic analysis and pathologic findings seen on videostrobolaryngoscopy was analyzed using linear regression and serial t tests.

RESULTS:

Both SVHI and SVHI-10  scores showed, as previously expected, normal values for healthy singers. Anyway, singers rather preferred SVHI-10. However, although all participants self-identified as healthy, laryngeal abnormalities were relatively common. Acoustic analysis of students’ voices identified relative instability of pitches, problems with F0 variation, TMF (Maximum Phonation Time) and S/Z ratio. No Significant correlation (P = 0.9501) between SVHI scores, acoustic analysis and videostrobolaryngoscopy findings were shown by linear regression.

CONCLUSION:

Multidimensional assessment of voice quality for the routine evaluation of singers without obvious singing voice problems is an important tool to detect early any voice problems, despite appearances. A trained singer has the possibility to compensate minor laryngeal modification by using a proper singing technique and, thus, to ignore existing pathology. In conclusion, acoustic evaluation of the performers’ voices could detect early signs of vocal pathology. 



	KEYWORDS
	Professional voice, acoustic analyses


	INTRODUCCIÓN

	Introduction
Professional singers, especially at the beginning of their careers, have greater vocal demands and require special attention to detect early any vocal problems (Sataloff, 1991).

Assessing the vocal health of professional singers requires comprehensive methods of evaluation which are sensitive to their needs. Because of high vocal demands, singers are more vulnerable to developing vocal problems than the ordinary people. Despite this condition, they need to maintain good vocal health, in order to consistently perform well. For this reason, it is a challenge to find methods for early detection of voice problems. Today, voice researchers, clinicians, and singers have identified the need for immediate voice assessments to increase awareness.

Prevention of vocal dysfunction should be the goal of all specialists involved in the care of professional singers. Voice quality is an important indicator of the vocal health of a singer. However, there are few investigations of the voice quality in professional singers (1,4,3). 

The acoustic analysis of trained singers has advanced dramatically in recent years. Previous studies showed correlation between Singing Voice Handicap Index (SVHI) and videostrobolaryngoscopy in healthy professional singers, while another study focuses on comparative acoustic analyses between trained and untrained singers (4,1). A systematic review, made by Roy, provided evidence that selected acoustic, laryngeal imaging–based, auditory–perceptual, functional, and aerodynamic measures have the potential to be used as effective components in a clinical voice evaluation, but they  did not analyze professional voices (8).

We have proposed a multidimensional assessment of voice quality for routine evaluation of professional singers in order to detect voice problems as early as possible.
Objective

The objectives of this study are to measure the strength of self-assessment among professional singers and to evaluate the accuracy of the Singing Voice Handicap Index (SVHI) as well as Singing Voice Handicap Index -10 (SVHI-10) in predicting vocal health and identifying vocal problems in professional singers. This study also aims to determine whether there is a benefit of combining SVHI, acoustic analysis and videostrobolaryngoscopy for routine assessment of singers without an obvious singing voice problem, as a measure of self-perceived vocal health versus actual pathology seen on examination or modification at the acoustic evaluation of voice. 

Research in the field of these correlations would be of utmost importance in developing a more comprehensive method of evaluating vocal health in singers and finding an accurate and useful tool to check on the quality of voice and also to detect vocal problems earlier.

Study design

We used for the mentioned purpose a prospective cross-sectional study.


	MATERIAL Y MÉTODO

	Subjects and methods

The voice quality of 40 students who study Classical Canto at the Music Academy, Cluj-Napoca, was assessed by means of a multidimensional test battery containing: SVHI, SVHI-10, videolaryngostroboscopy, maximum phonation time (MPT) on /a/, S/Z ratio, jitter, shimmer, harmonic to noise ratio (NHR), the lowest, the highest and the conversational frequency. All subjects were considered to be future elite vocal performers at different stages of their vocal training, most of them being beginnig students.

The subjects (16 males and 24 females) were between 19-24 years old (mean: 20). Because of the fact that all of them were trained musicians, we considered it important to classify them according to their voice types (Table1).
Table 1. Classification according to voice types
In a questionnaire on daily habits, the following parameters were recorded: the health history (acid reflux, allergies), prevalence of smoking and drinking, vocal abuse and singing experience that might affect vocal health.

All participants had no history of chronic vocal pathology, no previous voice therapy, no history of drug or alcohol abuse, no history of smoking and, also, no allergies or voice problems were reported at the time of testing. Two subjects declared that they smoked occasionally.
The correlation between SVHI scores, acoustic analysis and pathological findings (seen on videostrobolaryngoscopy) were analyzed by using linear regression and serial t tests. 

Voice evaluation protocol 

The psycho-social impact of the voice, as perceived by the subject, was measured by means of

SVHI (translated and adapted to Romanian language) and SVHI-10. The Singing Voice Handicap Index (SVHI) is a questionnaire recently developed and validated as a tool to assess voice function and quality specifically for singers (5,6). We also used  SVHI-10 and compared the results between these two subjective tests. The Vocal Health Self-Assessment Questionnaire included a series of 36 items referring to singing voice quality and how it affects the singer’s life. Singers had to express their own opinion and rate each item on a scale of 0 to 4 (0=never, 4=always). A total SVHI score was generated based on these results. SVHI-10 was also administrated to the subjects and the singers in the study group preferred it, as they found this easier to use and more significant for their needs. 

We have found a very high correlation between the values of SVHI and SVHI-10 (Pearson r = 0.87) and for this reason we have introduced the latter in our everyday practice, since it is easier to complete and understand. (Figure 1)
Figure 1. SVHI versus SVHI-10 (Pearson r = 0.87)

Videolaryngostroboscopy was carried out by using a 90° Storz rigid telescope and a stroboscopic light source, in order to detect the diseases of the vocal fold epithelium, as well as the modification of vibratory characteristics. The vibratory characteristics of the vocal folds were measured by the parameters according to the European Laryngological Society protocol (ELS): the degree of glottal closure (GC), the type of GC, the quality of the mucosal wave (MW), the regularity (R) and the symmetry of the movement of the vocal folds. Each scale was rated as 0 (normal), 1 (slight), 2 (moderate) and 3 (severe). Spoken and sung pitches were used as method to asses vocal cord appearance and function  (10).

The laringoscopic findings have revealed that 65% of the student singers have normal vocal folds, without any pathological modification, 30% have slight modifications of the normal aspect of the vocal folds, 5% have moderate pathological modifications. No singer with severe modification of the vocal folds has been found (Figure 2).

Although all singers identified themselves as being healthy, we have found relatively frequent laryngeal abnormalities but no severe pathology: one case with vocal nodules, one case with fusiform edema on the right vocal fold and 12 cases with slight vocal fold insufficiency.

There is no correlation between SVHI-10 and laryngeal modification (p=0,35).         
Figure 2. Laryngoscopic findings
Voice assessment protocol was realised by acoustic analyses, including evaluation of Fundamental Frequency (F0 habitual), vocal range profile (minimum and maximum frequency F0 min, F0 max), indices of vocal noise and instability: pitch instability (jitter), amplitude instability (shimmer), Harmonics-to-Noise Ratio (HNR),  as well as aerodynamic analyses, including Maximum Phonation Time (MPT) on vowel /a/ and S/Z ratio.

The voice samples were recorded on a PC and analyzed by  using the software of acoustic analysis Vocalab 4. As we had expected from vocal performers, the vocal range in the study group was very large, between 87 Hz - 988 Hz. This result reflected the vocal potential of the students and corresponded to their self-evaluation (Figure 3). This study was made without differentiation between sex and voice classification, because of the insufficient number of subjects in each group.
Figure 3. Fundamental frequency 
For perturbation analyses the participants were asked to produce sustained phonation with a comfortable pitch and loudness on the vowel /a/ for at least five seconds. Mouth to microphone distance was set at 10 cm.

MPT had lower values than we had expected for professional singers. During the examination we  noticed that some of them had problems with breathing.

There was a minor inversed correlation between S/Z ratio and SVHI-10 (r=-0.56), and no correlation between MPT and SVHI-10 (r=0.34) (Tabel 2).
Tabel 2. Aerodynamic parameters
Acoustic analyses of students’voices showed relative instability of pitches (Tabel 3). Considering normal values for Vocalab (normal voice vs. pathological voice around 1.0 for all indicators) theoretically, all our acoustic data were indicative for pathology (Figure 4).
Tabel 3. Acoustic parameters

Figure 4. Acoustic analyses
There was no real explanation for these findings. Butte, in a study, in 2009, compared perturbation analyses of different singing styles and  found that the opera style had normal jitter (0.52%) and significantly high median shimmer values (P ¼ 0.001) of 7.07%. High values for shimmer may be explained by the tendency of singers  to phonate too loudly and with a supported voice.

Other comparative acoustic analyses between the normal group of subjects and the group with minor laryngeal pathology were also made. Because of the high values of perturbation analyses in the study group we decided to separate subjects with normal laryngoscopic findings (Group1) from subjects with pathological laryngoscopic findings (Group 2) and a comparison of these two groups was performed (Figure 5).
Figure 5. Harmonics to Noise Ratio

We found a semnificative difference for jitter (t=0.028) and for shimmer (t=0.003) but not for HNR (t=0.26), in these groups (Figure 6). Based on this observation we considered that acoustic evaluation can help us to make a screening for voice problems among singers.

This findings correspond with the studies of Brown (2000) and Buder (2003) who found  that perturbation analysis of  the injured voice have much higher parameters than the normal voice, suggesting that vocal differences that cannot be heard by the human ear could be detected via perturbation analysis. Future researches are needed for validation of this findings.

Figure 6. Jitter and Shimmer
Statistics
The main purpose of the investigation was to find an accurate and useful tool to evaluate quality of voice and to detect earlier vocal problems. The data were analyzed with the Analysis ToolPak from  Excel. Paired t-tests, Pearson correlation and linear regresion were used. 



	RESULTADOS

	Results

SVHI scores proved to be as previously expected for healthy singers. Singers preferred SVHI-10 and the results were quite similar between these two tests. However, although all singers self-identified as healthy, laryngeal abnormalities were relatively common. We found no significant correlation between SVHI-10, SVHI and laryngeal modification.

Acoustic analysis of students’voices showed relative instability of pitches, problems with F0 variation, TMF and S/Z. Linear regression found no significant correlation (P = 0.9501) between SVHI scores, acoustic analysis and videostrobolaryngoscopy findings but, depite this fact, acoustic evaluation might help us make a screening for voice problems among singers.


	DISCUSIÓN

	Discussion

We found more pathology than we had expected among singers who identified themselves as being healthy. Perhaps these pathologies do not affect their singing or they have learned to work around them. What may be “normal” for one singer may be “abnormal” for another.

Professional singers do not appear to have a strong ability to predict their vocal health as defined by the total number of pathological findings, despite the results of SVHI-10 and SVHI. This may be due to a difference in sensitivity in self-assessing vocal changes.
Acoustic analyses of singers ‘voices were more perturbed than we had expected. The high shimmer values may be explained by the fact that professional opera singers have the tendency to phonate too loudly, as well as the fact that they”support” their voice. 

The perturbation may be due to the singers’ formant and the evaluation could be better adapted to their particularities. Vocalab 4 might not be the most adequate program for acoustic analyses in professional singers. It could possibly be relevant to realize a comparison of the evaluation with Vocalab 4 with evaluations made with other vocal analises programs, in order to observe which program is the most relevat to use for acoustic analyses in professional singers.


	CONCLUSIONES

	Multidimensional assessment of voice quality for routine assessment of singers without an obvious singing voice problem is an important tool to detect early voice problems despite the apparent normal appearance. A trained singer has the possibility to compensate minor laryngeal modification by using a proper singing technique and, thus, ignore existing pathology. It is difficult even for a professional singer, who is supposedly more aware of their vocal health, to objectively assess the presence of a minor vocal problem.

There is no significant correlation between the SVHI, videostrobolaryngoscopy, acoustic and aerodynamics findings in healthy professional singers. The SVHI does not accurately predict vocal health as defined by strict pathological findings upon videostroboscopy examination.
It is of great importance to develop a method with increased sensitivity for detecting early vocal pathologies that may cause a problem in the future.

In conclusion, acoustic evaluation of the performers’ voices could detect early signs of vocal pathology and have to be introduced in the routine assessment of singers’ voices. 
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	Tablas y figuras

	TABLES

Table 1. Classification according to voice types
Subjects

Number

Mean age

Soprano

15

20

Mezzo-Soprano

7

19

Tenor

5

21

Baritone

8

20

Bass

5

22

Total

40

20.4

Tabel 2. Aerodynamic parameters

Average
Max
Min
S/Z ratio
1.2
1.9
0.5
MPT
14.77
22.8
7.6
Tabel 3. Acoustic parameters
[image: image1.png]166.86 (48.37)
136.40 (51,10)
656.80 (223.24)
1.58 (1.2)

2.64 (0.57)

1.44 (0.71)
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Figure 1. SVHI versus SVHI-10 (Pearson r = 0.87)
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Figure 2. Laryngoscopic findings
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Figure 3. Fundamental frequency
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Figure 4. Acoustic analyses
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Figure 5. Harmonics to Noise Ratio
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Figure 6. Jitter and Shimmer
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