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Abstract

This study compared the effects of Voice Massage™ (VM)
and a voice hygiene lecture (VHL) on 60 female teachers. VM
is a Finnish massage method which treats muscles related to
voice production. All subjects attended the VHL (3 h). Half of
them were randomly assigned to the VM group, the other
half received only VHL. VM was given 5 times in 1-hour ses-
sions at intervals of 1-2 weeks. At the beginning and end of
the autumn school term, before and after a working day, (1)
a 1-min reading sample was recorded at both the subject’s
habitual loudness and loudly, (2) a prolonged phonation on
[a:] was recorded at habitual speaking pitch and (3) a ques-
tionnaire on voice quality, ease or difficulty of phonation,
and tiredness of the throat was completed. The reading sam-
ples were analysed for the fundamental frequency (Fy),
equivalent sound level (Leq) and a-ratio [Leq (1-5 kHz) - Leq
(50-1,000 Hz)]. The vowel samples were analysed for the Fg
and Leq, as well as for jitter and shimmer. The reading sam-
ples were also evaluated perceptually by 3 speech trainers.
The mean Fy and difficulty of phonation increased from the
beginning to the end of the termin the VHL group (p = 0.026,
p = 0.007, respectively). In the VM group, the perceived firm-

ness of loud reading decreased (p = 0.026). The results sug-
gest that VM may help in sustaining vocal well-being during

a school term. Copyright © 2009 S. Karger AG, Basel

Introduction

Voice problems have been reported to occur more fre-
quently in teachers than in other occupational voice users
[1-7]. According to Vilkman [8], a voice problem should
be seen as an occupational disease rather than a private
health problem. Although psychosocial factors may also
contribute to the development of voice problems, the
main focus here is on the physical loading related to voice
production in the teaching profession.

The teaching profession requires prolonged voice use
and often the use of a loud voice in order to be heard in
the classroom, where the acoustic conditions are fre-
quently less than ideal (i.e. a great deal of background
noise, too long a reverberation time, etc.). A loud voice
typically implies a higher sound pressure level (SPL), a
higher fundamental frequency (F,) and a more hyper-
functional voice production type (more adduction be-

Some results from this study were reported as a poster in Pevoc 7
(Pan European Voice Conference) in Groningen 2007.
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tween the vocal folds) resulting in less tilting of the spec-
trum and, thus, a more efficient acoustic message trans-
fer. On the other hand, a higher F,, SPL and tighter ad-
duction imply more biomechanical loading on the vocal
fold tissue [9]. Thus, teachers” and other voice profession-
als’ voice problems may be seen as resulting from an over-
load of the vocal organ. Consequently, the prevention and
cure of these problems should imply a reduction of vocal
loading.

Ditferent approaches have been used to reduce vocal
loading. Voice hygiene education aims to improve vocal
ergonomics by providing information on factors that in-
crease vocal loading. These factors, in turn, are related to
the environment, type of work and to the worker him/
herself. After voice hygiene education, subjects have re-
ported that they found the strategies taught to be helpful
[10] and that the education increased the awareness of the
warning symptoms of vocal fatigue [10, 11], resulting in a
change of behaviour in terms of avoidance of vocal over-
use and ensuring adequate vocal rest and hydration [11].

Massage methods have been used to reduce excessive
tension in the laryngeal muscles and to improve aware-
ness of the state of the muscles [12-14]. Hence, they may
assist voice training and therapy processes [12, 13, 15].
There is a long tradition of using massage in phoniatric
treatment in China [16]. Aronson [13] proposed using
manual circumlaryngeal therapy, which aims at reducing
tension in the muscles that raise the larynx. Voice Mas-
sage™ (VM) is a Finnish method (registered as a trade-
mark by the National Board of Patents and Registration
of Finland) developed by Leena Koskinen in collabora-
tion with medical and voice specialists. It consists of the
holistic manipulation of muscles related to voice produc-
tion. Positive changes after massage treatment have been
reported, e.g. a decrease in (excessive) perturbation (jitter
and shimmer) values, an increased signal-to-noise ratio
and better perceived voice quality [17, 18]. Ternstrom et
al. [14] evaluated the immediate effects of a 30-min na-
prapathic treatment of the back, neck and face muscles
for normal subjects with no voice complaints. According
to their results, the Fy and SPL decreased after treatment,
but did not change in the control group which was only
lying down for 30 min. This suggests that massage treat-
ment has a relaxing effect which is not only related to
resting in the supine position. After VM treatment, vari-
ous positive subjective sensations have been reported
(18].

Several studies have investigated the acoustic and self-
reported consequences of prolonged loud voice use either
in a voice professional’s working day or through a vocal
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loading test carried out in a laboratory environment. An
increase in the Fy and SPL as well as a decrease in spectral
tilt have been reported. Furthermore, subjects with a
higher mean Fy and SPL during vocal loading tasks have
reported more symptoms of vocal fatigue [6, 19]. On the
other hand, Rantala and Vilkman [20] found a greater
working-day-related increase in the Fy and SPL in teach-
ers who reported fewer voice complaints. Additionally,
according to Jonsdottir [21], teachers reported less tired-
ness in the vocal mechanism after a working day when
they used an electric amplifier in the classroom. How-
ever, a greater increase in the Fy and SPL as well as a
greater decrease in the spectral tilt of the long-term aver-
age spectrum was observed. A loading-related increase in
various vocal parameters may thus be seen as a normal
adaptation to vocal loading. The summarized findings
suggest that positive changes in vocal behaviour do not
only imply subjective reports of diminished symptoms of
vocal fatigue, but that they could also be related to a
somewhat lower mean Fj, SPL and spectral tilt. The find-
ings also suggest a greater increase in these parameters
during loading, e.g. a voice professional’s working day.
Since vocal fatigue typically implies a deterioration of
voice quality [22], positive changes, in turn, are expected
to be reflected in improved perceptual voice quality, e.g.
in terms of decreased hoarseness, breathiness or strain
[23].

The present study compares the effects of VM and a
voice hygiene lecture (VHL) on acoustic and perceptual
speech parameters as well as on voice-related sensations
in teachers. The aim is to find treatments which improve
the vocal well-being of teachers during school terms. The
positive effects of VHL and VM are expected to be seen
in (1) alower mean F, equivalent sound level (Leg, i.e. an
energy mean of the sound level averaged over the mea-
surement period) and a-ratio, which reflects spectral en-
ergy distribution and thus phonation type, (2) an increase
in these acoustic parameters during a working day, (3)
fewer symptoms of vocal fatigue after loading and (4) a
better perceived voice quality (not strained, breathy or
hoarse; pitch is neither too high nor low) both before and
after loading. The positive effects of both VHL and VM
are expected to be greater than with VHL alone.

Subjects and Methods

Subjects

A total of 90 Finnish female primary school teachers in the
Tampere region of Finland volunteered to be subjects by complet-
ing a questionnaire on the internet. The present study concerns
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60 of them. The remaining 30 subjects were given voice training
and the results have been reported elsewhere [23]. Some results
for some of the same subjects, but with a different focus, have also
been reported [23-25]. The questionnaire collected background
variables like age, health (allergies, reflux etc.), vocal symptoms
after voice use, teaching experience, group size in the classroom,
hours taught per week and a self-evaluation of the person’s voice
(quality, endurance and audibility). They also filled in the Finnish
translation [26] of the Voice Activity and Participation Profile
[27].

The mean age of the subjects was 40.6 years (SD 7.8, range
26-57 years) and the average amount of teaching experience was
14.7 years (SD 7.9 years). The average amount of teaching per week
was 24.2 h (SD 4.4 h) and the average size of the group taught was
18.5 pupils (SD 7.7). All subjects were functionally healthy. They
regarded themselves as capable of the vocally demanding profes-
sion. The mean Voice Activity and Participation Profile total
score was 40.9 (SD 35), while the results obtained by Ma and Yiu
[27] were 114.12 (SD 55.28) for dysphonic subjects and 13.4 (SD
18.90) for the (healthy) controls.

The subjects were randomly assigned to 2 groups of 30 sub-
jects. Both groups attended a VHL, and one of them also received
VM. The group which only attended the VHL is called the VHL
group and the other one is called the VM group. Table 1 presents
data on the background variables for both groups. Randomiza-
tion seems to have been successful and the groups can be regard-
ed as comparable.

Interventions

All subjects received a 3-hour VHL. It covered the main fac-
tors that cause vocal loading in teachers, methods to avoid it and
the basics of economic voice use. The lecturer holds a PhD and is
avery experienced teacher of speech technique and vocology. VM
is a special massage therapy performed by a trained VM therapist.
It consists of manipulation of respiratory, laryngeal and articula-
tory muscles. In general, vocalization is not included in VM treat-
ment. Classical massage grips (strokes, kneading, friction and in-
tercostal pull) are used. Both the agonistic and antagonistic mus-
cles are treated. While the terms ‘agonistic’ and ‘antagonistic’ do
not reflect the 3-dimensional nature of movements as such, treat-
ment of muscles with opposing effect aims at affecting the control
of movements in the most holistic way possible. The goal is to in-
crease the mobility of the ribcage when breathing and to avoid
excessive tension in the various muscles used in voice production.
Adhering to the traditionally used procedure, VM was given 5
times (1 h each time). The first 3 sessions were given at intervals
of 1 week, while the last 2 sessions were given at intervals of 1
month. The treatment was given by a VM therapist with over 10
years of experience.

Recordings

Atthe beginning and end of the autumn term, before and after
a working day, the teachers recorded a reading sample for 1 min
at both habitual loudness and loudly, and a prolonged phonation
on [a:] for 5. The recordings were made in a classroom before (at
about 7.30 a.m.) and after (at about 4.00 p.m.) a vocally loading
working day. Recordings were made using a portable digital re-
corder (Sony TCD-D8) and a microphone (AKG B29L) attached
to a headset. The microphone was placed at a distance of 6 cm
from the corner of the subject’s mouth. The recordings were cali-

Voice Massage and Voice Hygiene
Lecture

Table 1. Data of VHL group subjects (n = 29) and VM group sub-
jects (n = 30)

VHL VM p
Age, years 415x76 39.6x82 0.374
Years of teaching experience 162+74 131£86 0.157
Hours taught per week 233+55 251%27 0.528
Group size in the classroom 193x76 17.7%£7.8 0.293
VAPP total score 38.6%X43 449x35 043

Min.-max. 0—202 5-125
Vocal symptoms total score 225%132 239*144 0.712
Min.-max. 2-59 0—53
Self-evaluation total score
(quality, endurance, audibility) 5.7+1.3  59%1.6 0.761
Min.-max. 3-9 2-9

Significance of differences expressed as p values. Mann-Whit-
ney U tests are used to determine the p values. VAPP = Voice ac-
tivity and participation profile.

brated for Leq measurements using a sound generator (BOSS TU-
120) and a sound level meter (Briiel and Kjer, 2206).

Acoustic Analyses

The reading and vowel samples were analysed for the average
Fy, Leq and a-ratio [Leq (1-5 kHz) — Leq (50-1,000 Hz)], which
describes sound energy distribution along frequencies and, thus,
reflects voice quality. Additionally, the vowel samples on [a:] of
about 5 s in duration were analysed for the mean and SD of jitter
(in percent) and shimmer (in decibels). The acoustic analyses
were made using the commercial program Intelligent Speech
Analyser™ (ISA), a signal analysis system developed by Raimo
Toivonen [28]. A blinded method was used to analyse the samples
recorded before and after the treatments.

Subjective Sensations

After every recording, the subjects completed a questionnaire
about voice quality, ease or difficulty of phonation, and tiredness
ofthe throat. The visual analogue scale (VAS) was used. Voice qual-
ity and ease or difficulty of phonation were reported on a 200-mm
VAS in order to also allow registration of possible warm-
up effects (0 = very good/very easy, 100 mm = ordinary, 200 mm =
very poor/very difficult). Tiredness of the throat was reported on a
unipolar scale (0 = no tiredness at all, 100 mm = very tired). At the
end of the autumn term, the teachers registered the degree of posi-
tive influence from the interventions by using a 100-mm VAS (0 =
no influence at all, 100 mm = a lot of positive influence).

The type of influence was reported by choosing 1-3 of the al-
ternatives given (voice quality, audibility and endurance) and by
writing a free comment. The subjective results as an outcome
measure have been considered in more detail in a previous article
by Laukkanen et al. [25].

Perceptual Evaluation
Reading samples recorded at habitual loudness and loudly
were perceptually evaluated by 3 speech trainers using the Judge
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Table 2. Mean values * SD for the average Fj, Leq and a-ratio [(Leq 1-5 kHz) — (Leq 50-1,000 Hz)] in reading samples at habitual

loudness and the mean Fy, Leq, and jitter and shimmer (Fy and amplitude perturbation) in vowel samples!

Beginning of term End of term Beginning versus end
morning afternoon differ-  morning afternoon differ-  difference in difference
ence ence mean values in changes
Reading
VHL group n=30 n=30 n=29 n=29
Fo, Hz 187.8£15.8 193.9t16.3 0.002 193.6 £19.1 197.2%17.1 n.s. 0.026 n.s.
Leq, dB 76.4%£3.0 77.8%3.5 0.028 76.6+3.1 78.0%2.6 0.006 n.s. n.s.
a-Ratio, dB -15.1%2.8 -13.3*3.1 0.000 -15.0%£29 -12.7%£2.6 0.000 n.s. n.s.
VM group n=30 n=30 n =30 n=30
Fo, Hz 191.3%+134 195.7£14.8 0.001 195.0x16.8 200.6 £14.2 0.014 n.s. n.s.
Leq, dB 75.5+3.88 759%5.04 ns. 76.6+3.5 76.5%3.3 n.s. n.s. n.s.
a-Ratio, dB -149%29 -13.1%£29 0.000 -14.6%£29 -13.2%3.1 0.001 n.s. n.s.
[a]
VHL group n=28 n=28 n=28 n=28
Fo, Hz 191.1%£24.2 202.1+31.3 0.031 193.1%£24.3 197.6 £28.8 n.s. n.s. n.s.
Leq, dB 81.9*+6.4 84.0x5.2 0.045 83.0x4.6 85.7x5.4 0.010 n.s. n.s.
SD ofjitter, %  0.101£0.088  0.067 £0.056 n.s. 0.074£0.057 0.071£0.102 ns. n.s. n.s.
Mean jitter, %  0.414*0.383 0.318%£0.282 n.s. 0.334+0.280 0.287*0.416 n.s. n.s. n.s.
Shimmer, dB 0.616£0.320 0.456x0.202 0.028 0.424£0.186 0.369%0.156 n.s. n.s. n.s.
VM group n=30 n=30 n=28 n=28
Fo, Hz 198.2£31.1 203.7£34.2 n.s. 197.5x31.6 201.9%£29.7 n.s. n.s. n.s.
Leq, dB 829%73 83.7%t6.4 n.s. 85.0X6.5 84.8%£59 n.s. n.s. n.s.
SD ofjitter, %  0.085%0.115 0.046£0.021 n.s. 0.079%0.114 0.084*0.150 n.s. n.s. n.s.
Mean jitter, %  0.346%0.457  0.187£0.090 0.049 0.321£0.467 0.243%£0.215 ns. n.s. n.s.
Shimmer,dB  0.486+0.252 0.446%0.353 ns. 0.468+0.271 0.429%+0.304 ns. n.s. n.s.

All differences are expressed as p values. Significance of differences within groups determined by Wilcoxon signed-rank test;

n.s. = non-significant, p > 0.05.

! Recorded before and after a teacher’s working day at the beginning and end of the autumn term.

Program (developed by Svante Granqvist, Royal Institute of Tech-
nology) [29]. A VAS from 0 to 1,000 units was used to evaluate
voice strain (0 = not at all, 1,000 = very strained), breathiness
(0 =notatall, 1,000 = very breathy) and hoarseness (0 = not at all,
1,000 = very hoarse) in reading at habitual loudness, and firm-
ness of phonation (0 = hypofunctional, 500 = adequate firmness,
1,000 = very hyperfunctional/strained) and pitch (0 = too low,
500 = suitable, 1,000 = too high for the speaker) in loud reading.
The samples were presented in a randomized order through head-
phones (Sennheiser HD 530 II). The trainers could listen to each
sample as many times as they wished in order to make their judge-
ments.

Statistical Analyses

The significance of differences in the acoustic, subjective and
perceptual parameters before and after a working day and be-
tween the beginning and end of the term were tested using a Wil-
coxon signed-ranks test. Differences between the VHL and VM
groups at the beginning of the term were studied with unpaired
Student’s t tests and Mann-Whitney U tests. Non-parametric tests
were used for the parameters with a skewed distribution and
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when the number of cases studied was smaller (i.e. when samples
before and after a working day were compared to each other with-
in the groups). Mean and SD of jitter, mean shimmer, breathiness
and hoarseness showed a skewed distribution in this material
(skewing 3.8,4.1,2.2, 1.02 and 1.1, respectively). Analysis of vari-
ance (ANOVA) was used to study the effects of time and group on
the parameters (repeated measures ANOVA) and to compare the
groups at the end of term (general linear model univariate analy-
sis) for the mean values obtained at the end of term [(values before
working day + values after working day)/2]. Values obtained at the
beginning of the term were set as covariates in the univariate
analysis. Cronbach’s o was used to calculate the inter-rater reli-
ability of the perceptual evaluation. Pearson’s and Spearman’s
correlations were used to investigate the relations between vari-
ables and for calculating intra-rater reliability in perceptual anal-
ysis. (Pearson’s correlation was used for parameters with a normal
distribution and for the perceptual ratings given on a continuous
scale.) All computations were performed using the Statistical Pro-
gram for Social Sciences (SPSS 15 Software; SPSS Inc., Chicago,
1L, USA).
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Table 3. Mean values + SD for the average Fy, Leq and a-ratio [(Leq 1-5 kHz) - (Leq 50-1,000 Hz)] in loud reading’

Load reading Beginning of term End of term Beginning versus end
morning afternoon differ- morning afternoon differ- differences in differences
ence ence mean values  in changes
VHL group n=28 n=28 n=28 n=28
Fo, Hz 207.9£20.28 2104%*19.13 ns. 210.4£20.74 2159%x1796 0.016 n.s. n.s.
Leq, dB 83.82+3.49 84.20*433 n.s. 83.36+3.77  83.88+2.73 n.s. n.s. n.s.
a-Ratio,dB -9.28%£3.32 -879%x3.68 nus. -9.26£328  -821%x2.99 0.016 n.s. n.s.
VM group n=30 n=30 n =30 n =30
Fy, Hz 208.7%X17.5 214.4%*19.09 0.000 213.5%x17.97 2183*16.57 0.014 n.s. n.s.
Leq, dB 82.64.82 82.9+5.42 n.s. 83.01x3.64 82.44+4.19 n.s. n.s. n.s.
a-Ratio,dB -9.32%£3.02 -8.09%x2.81 0.000 -9.14%£2.78 -8.41%£2.83 0.005 n.s. n.s.

All differences are expressed as p values; n.s. = non-significant, p > 0.05. Significance of differences within groups determined by

Wilcoxon signed-rank test.

! Recorded before and after a teacher’s working day at the beginning and end of the autumn term.

Table 4. Differences between VHL and

VM groups at the beginning of term Habitual reading Loud reading
mean F; mean SPL mean a-ratio mean Fg mean SPL.  mean a-ratio
p= 0362 p=0292 p= 0.837 p= 0.884 p=028 p=0964
t =-0919 t =1.063 t =-0.206 t =-0.146 t =1.079 t =0.046
Sustained [a:] Self-evaluation
mean jitter SD of jitter =~ mean shimmer production quality throat
p= 0059 p= 0115 p= 0073 p= 0756 p=0933 p=0.502
Z=-1885 Z=-1575 Z=-1.790 t=-0312 t =0.084 t=-0.676

Perceptual evaluation (habitual reading)

Perceptual evaluation (loud reading)

strain breathiness hoarseness firmness pitch
p=0600 p= 058 p= 0.756 p= 0375 p= 0.063
t =0.527 Z=-0.546 Z=-0.311 t =-0.894 t =-1.895

Parameters have been compared with Student’s unpaired t test for parameters with a
normal distribution (degree of freedom 58, t values shown) and with Mann-Whitney U
test (Z values shown) for parameters with a skewed distribution (i.e. skewing > *1). Sig-
nificance of differences indicated with p values. All differences were non-significant

(p > 0.05).

Results

Acoustic Parameters

Tables 2 and 3 show the mean values and SD for the
acoustic parameters in reading samples at habitual loud-
ness and loudly and in the prolonged vowel phonation.

Voice Massage and Voice Hygiene
Lecture

The groups did not differ from each other in terms of
acoustic variables at the beginning of the term (table 4).
Various working-day-related changes were registered in
the acoustic parameters for both groups (tables 2 and 3).
At the end of the working day, the Fy, Leq and a-ratio
tended to be higher in the reading samples read with both
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Table 5. Repeated measures ANOVA analyses of the tests measur-
ing the effects between subjects

Mean squared F P
Habitual reading
Fy intercept 8,768,024.416 11,235.563 <0.001
group effect  298.414 0.382 0.539
SPL intercept 1,359,670.708 53,312.015 <0.001
group effect  48.735 1.911 0.172
a-Ratio intercept 45,744.591 1,838.627  <0.001
group effect  1.979 0.08 0.779
Loud reading
Fo intercept 10,047,398.27 9,177.123  <0.001
group effect  433.389 0.396 0.532
SPL intercept 1,542,248.120  36,806.046 <0.001
group effect  41.659 0.994 0.323
a-Ratio intercept 17,592.833 599.925 <0.001
group effect  4.554 0.155 0.695
Sustained [a:]
Mean jitter intercept 21.748 85.188 <0.001
group effect  0.236 0.924 0.341
SD ofjitter intercept 1.335 84.121 <0.001
group effect  0.001 0.088 0.768
Shimmer  intercept 49.432 396.445 <0.001
group effect  0.005 0.037 0.849
Self-evaluation
Production intercept 1,909,236.817 481.125 <0.001
group effect  13.067 0.003 0.954
Quality intercept 2,261,070.938 674.316 <0.001
group effect  203.504 0.061 0.806
Throat intercept 399,024.150 401.898 <0.001
group effect  48.600 0.049 0.826
Perceptual evaluation
Strain intercept 10,527,859.80  140.220 <0.001
group effect  37,364.965 0.498 0.483
Breathiness intercept 11,604,295.43 127.629 <0.001
group effect  16,762.231 0.184 0.669
Hoarseness intercept 9,862,108.940 101.793 <0.001
group effect  2,367.092 0.024 0.876
Evaluation of loud reading
Firmness intercept 69,143,864.53 1,352.579  <0.001
group effect  40,758.769 0.797 0.376
Pitch intercept 72,277,931.32  2,029.304  <0.001
group effect  168,363.304  4.727 0.034

Significance of differences shown with p values. Intercept =

Table 6. Differences between VHL and VM groups at the end of
term for mean parameter values studied with univariate analyses

(dependent variables)

Mean squared F p
Habitual reading
Fy parameter 6,042.668 39.193  <0.001
group effect 1.117 0.007 0.932
SPL parameter 24.351 3.481 0.067
group effect  0.696 0.100 0.754
a-Ratio parameter 199.501 54.334  <0.001
group effect 0.630 0.172 0.680
Loud reading
Fo parameter 8,052.281 47.648  <0.001
group effect 48.028 0.284 0.596
SPL parameter 96.983 10.300  <0.001
group effect 0.509 0.054 0.817
a-Ratio parameter 270.176 94.033  <0.001
group effect  0.156 0.054 0.817
Sustained [a:]
Mean jitter ~ parameter 2.115 31.563  <0.001
group effect 0.037 0.556 0.459
SD of jitter ~ parameter 0.087 13.479 0.001
group effect 0.006 0.999 0.322
Shimmer parameter 0.359 9.999 0.003
group effect 0.086 2.384 0.128
Self-evaluation
Production  parameter 33,146.881 46.397  <0.001
group effect 285.454 0.400 0.530
Quality parameter 16,022.737 14.367  <0.001
group effect  232.815 0.209 0.649
Throat parameter 4,799.841 15211  <0.001
group effect  600.515 1.903 0.173
Perceptual evaluation
Strain parameter 546,127.931 35.651  <0.001
group effect  3,572.557 0.233 0.631
Breathiness  parameter 981,370.976 87.996  <0.001
group effect  2,509.283 0.225 0.637
Hoarseness  parameter 881,326.897 63.650  <0.001
group effect 1,762.339 0.127 0.723
Evaluation of loud reading
Firmness parameter 320,591.502 36.024  <0.001
group effect 96.050 0.011 0.918
Pitch parameter 258,902.356 49.694  <0.001
group effect 740.017 0.142 0.708

Effect of time; group effect = differences between VHL and VM
groups.

232 Folia Phoniatr Logop 2009;61:227-238

Values at the beginning of term set as covariates. Degree of
freedom 1. Significance of differences shown with p values. All
differences were non-significant (p > 0.05).
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Table 7. Perceptual evaluation of reading samples (habitual loudness) by 3 speech trainers

Listening evaluations Beginning of term End of term Beginning versus end
morning afternoon differ- morning afternoon differ-  difference in difference
ence ence mean values  in changes
Strain of phonation
VHL group (n=29) 173.9%£178.1 265.1%+197.8 0.013  190.1£1653 266.1+1989 0.004 n.s. n.s.
VM group (n=30) 152.2%136.2 207.5*157.1 0.039 174.6 £154.3 260.3+170.7 0.006 n.s. n.s.
Breathiness
VHL group (n=29) 242.1%£181.1 174.6+1359 0.010  259.6%£193.0 177.1*126.0 0.002  n.s. n.s.
VM group (n=30) 264.3+184.1 202.6+144.3 0.003 252.8+£205.6 201.1x173.8 0.006 n.s. n.s.
Hoarseness
VHL group (n=29) 222.7%+169.7 170.6+165.0 0.034 239.0x181.5 177.8x142.4 0.021 n.s. n.s.
VM group (n=30) 220.1+192.1 1754%166.3 0.020 229.5%£205.1 205.7%£184.9 n.s. n.s. n.s.

Mean values * SD for listening evaluations for strain (0 = not at all, 1,000 = very strained), breathiness (0 = not at all, 1,000 = very
breathy) and hoarseness (0 = not at all, 1,000 = very hoarse). Differences are expressed as p values. Significance of differences within

groups determined by Wilcoxon signed-rank test; n.s. = non-significant, p > 0.05.

Table 8. Mean * SD for listening evaluations regarding voice quality, firmness of voice! and pitch? from the perceptual evaluations
of loud reading samples evaluated in random order by 3 speech trainers

Listening evaluations Beginning of term End of term Beginning versus end
morning afternoon differ-  morning afternoon differ-  diffencein  difference
ence ence mean values in changes
Firmness of phonation
VHL group (n=29) 527.0%£156.0 572.8%£163.2 n.s. 509.9+135.7 531.2%*111.3 n.s. n.s. n.s.
VM group (n = 30) 536.8 1344 598.5*141.1 0.002 508.1+125.8 547.6*x137.6 0.037 0.026 0.06
Perceived pitch
VHL group (n=29) 523.6%£114.2 529.3%128.5 n.s. 507.4x91.6 562.6x77.1 0.001 n.s. n.s.
VM group (n=30) 560.7%£112.3 611.6+199.4 0.001 557.5%X122.5 5759%123.3 ns. n.s. n.s.

All differences are expressed as p values; n.s. = non-significant, p > 0.05. Significance of differences within groups determined by

Wilcoxon signed-rank test.

!'Scale for firmness of voice: 0 = breathy, 500 = ordinary, 1,000 = strained.
2Scale for pitch: 0 = too low, 500 = suitable, 1,000 = too high for the speaker.

habitualloudness and loudly. The F, Leq and a-ratio also
tended to be higher at the end of the working day with
prolonged vowel phonation. However, jitter and shimmer
in the vowel samples tended to be lower at the end of the
day. The changes in the perturbation values were not sta-
tistically significant, though. In the VHL group, the mean
Fowas higher at the end of the term than at the beginning.
According to repeated measures ANOVA, the point of
time during the term significantly affected (p <0.001) all
of the parameters (table 5), i.e. the acoustic parameters
adopted a higher value after the working day and in the
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end of the term, except for shimmer which decreased (ta-
ble 2). However, at the end of the term, the groups did not
differ from each other in the analysis of variance (gen-
eral linear univariate) when the values at the beginning
were set as covariates (table 6).

Perceptual Results

Tables 7 and 8 present the results of the perceptual
analyses of the reading samples. In general, the values for
strain, breathiness and hoarseness were low, suggesting
that the subjects had normal voices. Strain increased but
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Fig. 1. Perceived firmness of voice production in reading samples
at habitual loudness (scale: 0 = hypofunctional, 500 units = ade-
quate firmness, 1,000 units = very hyperfunctional/strained).

breathiness and hoarseness decreased in the reading
samples at habitual loudness after a working day. In loud
reading, firmness and pitch increased. For the VM group,
strain (firmness) during loud reading was lower at the
end of the term than at the beginning of the term (p =
0.026; table 8). The groups did not differ from each other
in the mean parameter values at the beginning or end of
the term (tables 4 and 6). According to the repeated mea-
sures ANOVA results (table 5), the VM group differed
from the VHL group in perceived pitch of loud reading.
A further study of the material showed that the only dif-
ference between the groups was in perceived pitch of loud
reading after the working day at the beginning of the
term (higher in the VM group, p = 0.01). The trend was
that on average, the firmness of the reading samples at
habitual loudness and the pitch of loud reading increased
in the VHL group, but decreased in the VM group, to-
wards the end of the term (fig. 1, 2).

Self-Evaluation

Table 9 shows the results of the self-evaluation. In both
groups, more tiredness of the throat, difficulty of phona-
tion and somewhat poorer voice quality tended to be re-
ported after the working day. However, the values were
located very near ‘ordinary’. On average, more tiredness
of the throat, difficulty of phonation and somewhat poor-
er voice quality were reported at the end of the term after
a working day. In the VHL group, the mean difficulty of
phonation was significantly higher at the end of the term
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Fig. 2. Perceived pitch in loud reading (scale: 0 = too low, 500
units = suitable, 1,000 units = too high for the speaker).

than at the beginning (p = 0.007, table 9). Figures 3 and 4
illustrate that, on average, the difficulty of phonation and
tiredness of the throat increased more towards the end of
the term in the VHL group. Self-perceived voice quality,
in turn, deteriorated in the VM group (fig. 5). The chang-
es in the parameters from the beginning to the end of the
term were small, as were the differences between the
groups. The groups did not differ significantly from each
other at the end of term when the initial values were set
as covariates (general linear univariate; table 6).

The VM group regarded the intervention as more pos-
itive (mean 66.6 mm VAS, SD 25.9, range 4-100) than the
VHL group (mean 27.6 mm VAS, SD 19.2, range 0-73).
The significance of the difference between the groups
was p < 0.001. The positive effect of the treatment was
enhanced knowledge (43.3%) in the VHL group, whereas
the VM group reported enhanced relaxation (86.7%),
voice endurance (66.7%), improved voice quality (56.7%)
and awareness of the body (60%).

Self-Reports versus Acoustic and Perceptual

Parameters

On average, there was no correlation between the
acoustic parameters and self-evaluation. Only the Leq in
habitual reading after a working day at the end of the
term correlated weakly and negatively with self-reported
voice quality (r = -0.39, p = 0.002). Self-evaluation and
perceptual evaluation did not correlate either.
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Fig. 3. Self-evaluation of voice production (scale in mm VAS: 0 =
easy, 100 = ordinary, 200 = very difficult voice production).
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Fig. 4. Self-evaluation of tiredness of throat (scale in mm VAS:
0 = not tired, 100 = very tired).

Table 9. Mean values * SD for self-evaluated difficulty of voice production (‘phonation’)!, voice quality (‘voice’)? and tiredness of

throat (‘throat’)?

Subjective evaluations Beginning of term End of term Beginning versus end
morning afternoon differ-  morning afternoon differ-  difference in difference
ence ence mean values in changes
Phonation (200-mm VAS) n =30 n=230 n =230 n =230
VHL group 80.13x36.1 86.50*36.7 n.s. 91.63*X424 97.57%41.4 ns. 0.007 n.s.
VM group 83.00%£35.1 89.80*x34.8 nus. 93.60%£36.2 91.30%389 nus. n.s. n.s.
Voice (200-mm VAS) n=230 n =230 n =30 n =30
VHL group 94.97£36.1 96.90%x357 ns. 9537%43.7 97.33%£41.2 ns. n.s. n.s.
VM group 94231309 9730%329 ns. 102.07 £35.2 98.33*41.7 ns. n.s. n.s.
Throat (100-mm VAS) n=230 n=230 n =30 n =30
VHL group 32.00+19.1 40.83*22.1 0.033 40.63+21.5 47.63%x239 0.056 n.s. n.s.
VM group 3533+19.1 48.20%£19.8 0.002 34.67+£20.7 46.70x24.3 0.013 n.s. n.s.

Reported before and after a working day. All differences are expressed as p values. Significance of differences within groups deter-
mined by Wilcoxon signed-rank test; n.s. = non-significant, p > 0.05.

! Phonation: 0 = particularly easy, 100 = ordinary, 200 = very difficult.

2 Voice: 0 = very good, 100 = ordinary quality, 200 = very poor quality.

3Throat: 0 = no tiredness at all, 100 = very tired.

Discussion

The main changes observed after a working day were
increases in the Fj, Leq and a-ratio, and a tendency for a
decrease in jitter and shimmer, even though the changes
in perturbation values were not significant (see also
Iomaiki et al. [23]). The observations on the Fy, Leq and

Voice Massage and Voice Hygiene
Lecture

spectral changes are in line with many studies on the ef-
fects of vocal loading [7, 21, 28, 30-33]. These changes
could result from increased muscle activity in the vocal
organs as an adaptation to vocal loading. The results for
the effects of vocal loading on jitter and shimmer vary in
the literature [34], most likely depending on the subjects,
the amount of loading and the amount of consequent fa-

Folia Phoniatr Logop 2009;61:227-238 235



101 7 —— VHL group
****** VM group

100

O O
oo O
1 1

Voice quality

e
~N
1

T T
Beginning of term End of term

O
(o)}
1

95

Fig.5. Self-reported evaluation of voice quality (scale in mm VAS:
0 = good, 100 = ordinary, 200 = very poor voice quality).

tigue. A higher Fy and Leq (SPL), and thus higher muscle
activity in the voice production muscles would imply de-
creased perturbation, while loading changes in the vocal
fold tissue and deterioration in the neural control could
increase perturbation [35, 36].

Similar trends observed after a working day were also
observed when the beginning and end of the term were
compared. This suggests that the average activity in the
vocal organ and symptoms of vocal fatigue increase to-
wards the end of the term. This seems to imply a need for
interventions to assist voice professionals in coping with
cumulative loading.

In the present study, the mean Fy, Leq and a-ratio did
not correlate with the self-reports. Furthermore, the
changes within the mean F,, Leq and a-ratio did not cor-
relate with the self-reports either. This is in contrast to the
findings by Rantala and Vilkman [20] and Méki et al.
[19]. This may suggest that, in experienced voice profes-
sionals, the type of voice production (reflected in these
acoustic variables) is not so clearly related to symptoms
of vocal fatigue. It is also plausible that other factors, e.g.
the amount of voice use and the amount of vocal rest per
day, affect the prevalence of symptoms of vocal fatigue.
According to the results of Méki et al. [19], a stronger cor-
relation was found between symptoms and the relative F,
and SPL (relative to the subjects’ individual ranges) than
with the absolute mean F; and SPL. Furthermore, indi-
vidual sensitivity to loading changes should affect the
self-evaluation and, thus, interfere with the results.
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On average, perceived firmness of phonation in read-
ing aloud text samples at habitual loudness and perceived
pitch in loud reading increased in the VHL group, but
decreased in the VM group. Since the values of firmness
varied in a relatively narrow range and were near ‘ade-
quate’, it is not possible to state whether the changes as
such should be regarded as positive or negative. The pitch,
in turn, was evaluated to be, on average, too high in loud
reading in both groups. Hence, the lowering of pitch in
the VM group may be regarded as positive. The VHL
group reported significantly more tiredness of the throat
and difficulty of phonation at the end of the term than at
the beginning. Additionally, the mean F; was higher at
the end of the term. Tiredness of the throat increased in
the VHL group, but decreased in the VM group. The dif-
ficulty of phonation increased more in the VHL group.
These results would suggest that VM may have helped the
teachers to maintain their vocal well-being during the
term. The results also concur with self-reports of the gen-
eral benefits of the intervention. A significantly more
positive effect was reported from the VM group than
from the VHL group. It should be noted that all changes
observed in the various parameters from the beginning
to the end of the term and all differences between the
groups were small (e.g. vertical scale in total was only 10
mm VASin fig. 4and 6 mm in fig. 5). However, they seem
to indicate behavioural trends and, therefore, deserve re-
porting.

The VHL and VM groups did not differ from each
other when the values at the beginning of the term were
set as covariates. One may ask whether the intervention
time was too short. On the other hand, the present study
design lacks a clear neutral control group as both the
VHL and VM groups may be expected to have positive
effects. Mere adaptation to loading may also improve vo-
cal well-being during the term. Obviously, there is a lot of
individual variation in the response to any intervention.
This variation may reflect differences in learning strate-
gies, tolerance to such physical contact as massage (also
whether or not a subject has had any earlier experience
with VM), personal opinion of the teacher/therapist,
etc.

A positive influence on vocal function was reported in
both the VHL group and the VM group, but the degree
of the effect was significantly higher in the VM group.
Subjects in the VM group reported increased relaxation,
improved body awareness and improved vocal endur-
ance. The generally very positive experience reported af-
ter VM may reflect the fact that the participants of the
VM group received personal attention from the therapist,
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which is prone to build positive interaction and confiden-
tiality typically related to massage treatment [37]. In line
with the present results, an earlier study [25] reported
many positive sensations after VM, while no significant
acoustic or perceptual effects were found. One reason
may be that the type of change in acoustic or perceptual
parameters that can be regarded as positive are prone to
differ depending on the starting point (i.e. an increase in
the a-ratio and perceived firmness of voice production
may be regarded as a positive change if the starting point
is hypofunctional voice production, while contrastive
changes may be aimed at when the subject has a hyper-
functional voice type).

The general evaluation of the interventions did not
correlate with working-day-related changes in the self-
reports. This may be related to the different time window
and focus used in the evaluations. Another possible in-
tervening factor is that both the VHL and the VM treat-
ment may increase the subjects’ awareness of the symp-
toms of vocal fatigue.

A combination of VHL or VM with voice training
warrants further study. For instance, Roy and Leeper [13]
concluded that massage combined with traditional voice
therapy might result in more lasting positive changes. A
further study will concern the long-term effects of the
interventions after 6-month and 12-month follow-up pe-
riods.
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