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INTRODUCTION

Information on vocal structures and function can be acquired in many ways
(1). Among acoustic, aerodynamic, perceptual and physiologic investigatory
methods, all focusing on products and derivatives of the voice source,
laryngoscopy can be used to examine the bodily source of vocal sound, that is,
the larynx with vibrating vocal folds. The visual study of the dynamic aspects
of the glottis during voice production can yield information of both clinical and
scientific value (2-8).

The normal behavior of vocal folds vibrating during voice production is a
matter of continuing investigation (9). Assessing information on normal voice
production is essential to determine fundamental principles and mechanisms of
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voice function and to formulate criteria which can be used to detect abnormal
laryngeal appearance and glottal function. Knowledge pertaining to normal
laryngeal appearance and glottal function can be based on an large normal
database, established after investigating a large group of normal (voice-
healthy) subjects. Rating forms have been used to evaluate normal laryngeal
anatomy and glottal functioning. Vocal fold closure --that is type, completeness
and duration of closure-- showed gender- and age-specific characteristics (10-
13), and effects of pitch and intensity on glottal functioning have been
determined (14-19).

However, most of the concluding remarks of the studies are based on a
limited number of investigated subjects, and in many cases laryngostroboscopy
is performed with the less adequate method of flexible laryngoscopy (20,21).
Moreover, a number of these studies were not intended to create a normative
database and therefore lack the necessary experimental design. These
considerations suggest that the observations documented in these studies are in
need of further confirmation (10,22-24). 

A normative database is helpful to indicate deviant vocal function and to
detect potentially pathologic voicing patterns. To clarify what should be
regarded as "poor" or "weak" vocal function, laryngeal videostroboscopic data
on good voices with a high level of vocal endurance could be used. Data on
laryngostroboscopic characteristics of singers reveal differences with respect
to untrained subjects, reflecting the acquired or naturally present special
laryngeal functioning (25).

In the present study a large group of male and female untrained subjects was
investigated laryngostroboscopically with a rigid endoscope in order to
generate a normative database on laryngeal behavior during voice production.
A large group of amateur singers was also investigated and their laryngeal
characteristics were compared with these of the untrained group. The acquired
information was used to answer the following research questions:
1. What differences can be found between male and female subjects in
specified laryngeal characteristics?
2. Do trained groups differ in laryngeal characteristics compared to untrained
groups?
Using information about the influence of selected variables such as intensity,
pitch and age on laryngeal characteristics the next questions were answered:
3. What is the influence of intensity on laryngeal characteristics?
4. What is the influence of pitch?
5. Is there a relation between age of the subject and changes in laryngeal
characteristics?

METHODS
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Subjects
A total of 224 Dutch untrained and trained subjects of both genders,

categorized accordingly into 4 groups, were investigated. The untrained
subjects were recruited from groups of students and volunteers without vocal
complaints or history of vocal pathology. The group consisted of 92 females
and 47 males. The mean age for the female subjects in this subgroup was 20.3
years, ranging from 17 to 44 (median 19 years; standard deviation [SD] 7.37),
while the mean age for the male subjects was 25.0 years, ranging from 17 to 35
(median 25 years; SD 4.68 years). Eighteen of the female, and 16 of the male
subjects were smokers. 

42 female and 43 male amateur singers with a minimum of two years of
vocal training served as another group. The vocal training could either consist
of singing in a choir that organized rehearsals with a minimum frequency of
once a week, or receiving individual singing lessons with a similar minimum
frequency. All choirs had a professional conductor and used auditions to admit
new members. Although a minimum of 2 years of organized singing was used
as a selection criterion to be included in the trained group, about 60% of the
trained subjects had a considerably longer history of singing in a choir (> 5
years). The mean age of the female trained group was 35.1 years, ranging from
18 to 59 (median 34 years; SD 11.86 years), and the mean age of the male
subjects was 47.5 years, ranging from 21 to 75 (median 49 years; SD 18.52
years). Five of the female, and 11 of the male trained subjects were smokers.
Because all participants in this study volunteered, we refrained from matching
according to age.

Instrumentation
Laryngeal examinations were performed with a Wolf 90° rigid endoscope

(Model 4450.57). A Brüel & Kjær 4914 Rhino-Larynx Stroboscope was used
for stroboscopic investigation. The endoscope was connected to a Panasonic
CCD camera (Model WV-CD 110E). Images were recorded on a Sony Betamax
videorecorder SL-C9 ES PAL. All laryngeal videostroboscopic examinations
were performed by one of the authors (HKS), a phoniatrician with extensive
experience.

Procedure
Subjects were seated in a chair during the examination. Prior to the actual

introduction of the endoscope each subject received information about the
procedure, making him or her aware of the harmless character of the
investigation. To determine the person's control of the voice, the subject was
asked to perform a few preliminary tasks. This step increases the chance of a
successful completion of the tasks during actual videostroboscopic
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Intensity

Pitch

Soft
mean
(SD)

Normal
mean
(SD)

Loud
mean
(SD)

Male
  Low 124.3

(17.31)
120.2
(17.40)

126.6
(19.21)

  Normal 172.8
(23.43)

171.6
(26.73)

172.3
(26.24)

  High 249.6
(44.63)

258.7
(56.29)

255.8
(62.26)

Female
  Low 187.8

(34.46)
203.6
(26.11)

196.0
(27.13)

  Normal 259.1
(36.78)

261.1
(36.45)

262.8
(31.83)

Table 1.  Mean frequencies and standard
deviations (SD) in Hz of pitches produced during
phonatory tasks in male and female subjects.

examination. Topical anaesthesia (Xylocaine®) was administered to all
subjects to expedite the examination . The subject was asked to hold a contact1

microphone against the skin in the neck region, providing an input source for
setting the flash rate of the stroboscope. Next, the investigator took the
protruded tongue and held it during the examination slightly out of the mouth
with a gauze. The endoscope was introduced with a 90° rotation, in order to
keep the lens clean, over the midline of the tongue body. The endoscope was
then rotated back, once the lens was in the oropharyngeal space, behind the
tongue. During this procedure the touching of pharyngeal structures is
carefully avoided. The video recording was started with an overview of the
hypopharynx and larynx during relaxed breathing of the subject. Before the
phonation tasks were begun the investigator focused on the vocal folds. During
the tasks, the first part of each task was recorded with continuous light and then
consecutively with stroboscopic light in slow motion mode with a

predetermined frequency difference
(26). After the procedure the
recorded images were shown to the
subject and information was given
on anatomy and vocal function,
which helped to motivate the
cooperation.

Phonatory tasks
The tasks consisted of the

production of an /i/-like vowel
sound on three intensities
(comfortable, soft, loud) with three
different pitches (comfortable, low,
high). The intensities and pitches
were chosen by the subject with the
investigator's approval. Allowing
the subject to chose the pitch and
intensity level presumably resulted
in a natural comfortable voice
production. Information on the
pitches produced is given in Table
1. Absolute values for sound
pressure levels were not obtained
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due to the automatic gain control. Subjects were encouraged to produce an /i/-
like vowel sound, to optimize the view of the larynx by obtaining a maximal
anterior position of the cranial part of the epiglottis. Starting at a comfortable
intensity and pitch, hereafter referred to as "normal", each subject was asked to
produce phonations with relatively soft, followed by relatively loud intensity,
repeating this procedure with relatively low and high pitch. Care was taken to
avoid transition from chest to falsetto register; however, in a number of female
subjects phonation in falsetto voice could not be avoided. Each successful
registration of a combination of specific pitch and intensity level resulted in a
token.

Rating form
A new form was created for the rating experiment, using elements from

forms published previously (16,27,28). The form was designed with a normal
larynx in mind; therefore only scales were incorporated denoting variation of
laryngeal features within a normal population.

The form contained two parts (see appendix). The first part consisted of
scales relating to overall laryngeal anatomy (larynx/pharynx ratio; epiglottal
shape; asymmetry in the arytenoid region) and tendency of supraglottal
anatomical structures to show compensatory movements during the variation of
intensity. These scales had to be rated during a run-through of the registered
videomaterial of the subject under investigation. The second part consisted of
scales relating to a visual impression of the vocal folds (thickness; width;
length; elasticity) and glottal functioning (amplitudes; phase differences; vocal
fold closure). This part had to be rated separately for each token within a
subject. The appendix shows the rating scales and accompanying instructions.

Rating experiment
The rating experiment took place in a period extending over three months.

Each session lasted no longer than two and one half hours to ensure optimal
concentration. Three judges, familiar with laryngostroboscopic video
registrations because of their almost daily use of videostroboscopy in a clinical
and research situation for at least more than three years, observed the acquired
material and systematically scored their impressions on the form. In the first
session the use of the rating scales were practiced and sufficient agreement was
attained after discussion. Sufficient agreement in this case means that at the
end of the practice session the three judges used the scale ends in the same
way, having a clear image of what the scale represented, and that the score did
not substantially differ with more than two points. At the end of the rating
experiment the images of 14 subjects with 36 tokens were rated again to
provide re-test data, and intra-judge reliability was calculated.
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The judges were seated at a distance of 1 m from a television screen (Sony
KV M14D) with a diameter of 34 cm. All tokens of one subject were first shown
with sound for rating the first part of the form. Then each token was played in
slow-motion at 1/10 speed without sound to score the second part of the form .2

Each judge was given enough time to complete the second part of the form,
which sometimes required a rerun of the specific token. No discussions of the
test material were allowed during the rating procedure.

The quality of the images was checked during the actual
laryngostroboscopic recording. Apart from the investigator using the
endoscope, a second one checked whether all vocal structures were properly
illuminated and visible. If these conditions were not met, the specific task was
performed again. Because of thyroid-cricoid approximation and shift of the
petiolus, in some (<5%) low pitched phonations the anterior commissure was
not visible in male subjects.

All video registrations had been collected on three betamax tapes. At the
beginning of each session one of the three tapes was randomly chosen, starting
the tape at the point where it had last been used.

Intensity and pitch level of each token were determined and the fundamental
frequency in hertz was determined by a sung imitation of the same pitch, which
can be done with high accuracy, and measuring, by means of an
electroglottograph with neck electrodes, the frequency of the sung tone.
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Figure 1. Types of glottal closure (after Södersten et al. Glottal closure and perceived breathiness
during phonation in normally speaking subjects. J Speech Hear Res 1990;33:601-11). Category I
depicts glottal chinks with increasing open aspect: 1 = complete closure, 2 = incomplete closure in the
cartilaginous part, 3 = triangular incomplete closure anterior to the vocal processes, 4 = triangular
incomplete closure of the posterior thirds of the folds, 5 = incomplete closure of the posterior two
thirds of the folds, 6 = incomplete closure all along the folds. Category II depicts anterior and complex
membranous glottal chinks. A = spindle-shaped incomplete closure, closure at the vocal processes, B =
spindle-shaped incomplete closure at the posterior thirds of the folds, closure at the vocal processes, C
= spindle-shaped incomplete closure at the anterior third of the folds, closure at the vocal processes, D
= spindle-shaped incomplete closure at the posterior and the anterior thirds of the folds, closure at the
vocal processes and at the middle of the membranous portion.

Data management
Resulting scores were put into a spreadsheet file (Quattro, Borland

International Inc.). Ratings from quantitative scales were transformed into an
average score. The scale "closure type" (after Södersten, see Figure 1) needed a
different treatment in a number of cases. When, instead of supplying three
numbers (indicating a closure type 1 to 6), letters (indicating an anterior or
complex closure type) were given by the three judges, the modus was taken as
the resulting value. In a very limited number of tokens ( < 1% ) where three
different letters or one number were scored, the score of the first author (AMS)
was used for further analysis.

The processed spreadsheet was imported into a statistical software package
(SPSS, SPSS Inc.) to calculate reliabilities and to generate descriptive and
inferential statistics.
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Token No. % Cum. %

1 214 21.2 21.2

2 203 20.1 41.2

3 168 16.6 57.9

4 123 12.2 70.0

5 105 10.4 80.4

6 82 8.1 88.5

7 58 5.7 94.3

8 36 3.6 97.8

9 22 2.2 100.0

Total 1,011 100.0 100.0

Table 2. Number of tokens per subject

Statistical analysis
The original scores of the judges and the re-test scores were used to

calculate inter- and intra-judge reliability levels, respectively. The averaged
scores on scales were used for descriptive statistics. To determine the effect of
factors such as gender, vocal training and intensity level on scales, analysis of
variance (ANOVA) (with covariants fundamental frequency and age) and P -2

tests were performed. The covariant "age" was introduced, since studies had
demonstrated the effect of age upon laryngeal appearance and glottal function
(10,11,13,29). If a significant interaction was present between factors, separate
ANOVA's were performed on each factor level. Because of the many tests
performed, a conservative probability level "=0.005 was used with respect to
the Bonferroni inequality.

RESULTS

The laryngovideostroboscopic experiment
Videostroboscopic examinations

resulted in the registration of 1011
tokens that could be used for
further analysis. In two subjects no
registration could be made due to
uncontrollable reflexive pharyngeal
movements. From Table 2 it is
apparent that only a small minority
of the subjects was able to
accomplish the whole set of tasks.
Moreover, a small number of tokens
could not be used because one of
the judges did not give a score for a
particular scale.

Reliability
Inter-judge and intra-judge

reliabilities were determined. Inter-
judge reliabilities for scales of both

the first and second part of the form were determined using " levels. Cronbach's
" ranges from 0, indicating no agreement between judges, to 1, indicating
complete agreement between judges. Table 3 summarizes the inter-judge
reliability analyses. If a reliability level of 0.6 is taken as a sufficiently high
level of agreement among judges (30), only a few scales show poor agreement:
larynx/pharynx ratio with "=0.43, thickness of vocal folds with "=0.45, and
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Item Range m.i.c. "

1 Laryngeal Appearance

larynx/pharynx ratio 1 - 3 0.20 0.43

epiglottal shape 1 - 5 0.46 0.68*

asymmetry arytenoid region 1 - 4 0.51 0.76

2 Compensatory Adjustments 1 - 4 0.48 0.74

3 Vocal Fold Appearance 

thickness 1 - 5 0.21 0.45

width 1 - 5 0.43 0.69

length 1 - 5 0.52 0.77

elasticity 1 - 5 0.11 0.28

4 Amplitudes 1 - 4 0.50 0.75

5 Vocal Fold Closure

duration 1 - 4 0.56 0.79

percentage 0 - 100 0.82 0.93

type 1 - 6 0.83 0.94

A - D

6 Phase Differences 

vertical 0 - 1 0.27 0.52

horizontal 0 - 1 0.32 0.58 

lateral 0 - 1 0.50 0.75

7 Location chink 0 - 2 0.73 0.89

Table 3. Categories of scales and inter-judge reliability levels. The
range of the interval scale, the mean inter-judge correlation (m.i.c.) 
and Cronbach's " are given in columns. All reliabilities are significant 
at a level p<0.0001, except  which has a level p<0.05. *

elasticity of vocal folds with "=0.28. Two of the three rated phase differences,
vertical and horizontal, show values just below "=0.6. The low levels of these
last two scales can be attributed to the binomial character of the scales.
Especially percentage of closure, type of closure, and location of chink were
rated with high agreement. Other studies confirm this observation (9,22,25,31).
Since all but one scale showed significance at a level p<0.0001, the results of
the ratings were used for further analysis; however, caution is advised in
drawing conclusions from the first three scales mentioned, which show " levels
below 0.45. 
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Correlation coefficients were calculated to offer intra-judge reliability
levels. Table 4 presents the calculated correlation coefficients together with
probability levels. Probability levels for calculated correlation coefficients
vary between p<0.1 and p<0.001. Generally, the consistency in rating is at a
high level in each of the judges. However, certain scales, such as thickness of
vocal folds, compensatory adjustments, and larynx/pharynx ratio, are
problematical to judge, because of the lack of a direct reference for measure.
On the other hand, aspects of laryngeal appearance, such as epiglottal shape
and asymmetry of the arytenoid region, as well as aspects of vocal fold
appearance, such as length and elasticity, are rated highly consistently.
Especially amplitudes of vocal fold excursion and the scales representing vocal
fold closure and phase differences are rated highly consistently with a
probability level p<0.001.
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Item c.c. p-level

1 Laryngeal Appearance

Larynx/pharynx ratio 0.51-0.70 p<0.1

Epiglottal shape 0.74-0.80 p<0.005

Asymmetry arytenoid region 0.56-0.66 p<0.05

2 Compensatory Adjustments 0.49-0.64 p<0.1 

3 Vocal Fold Appearance 

Thickness 0.28-0.44 p<0.1

Width 0.45-0.53 p<0.01

Length 0.68-0.79 p<0.001

Elasticity 0.68-0.87 p<0.001

4 Amplitudes 0.68-0.77 p<0.001

5 Vocal Fold Closure

Duration 0.65-0.82 p<0.001

Percentage 0.63-0.98 p<0.001

Type 0.62-0.71 p<0.001

6 Phase Differences 

Vertical 0.69-0.71 p<0.001

Horizontal 0.56-1.00 p<0.001

Lateral 0.37-0.43 p<0.05

7 Location chink 0.76-0.80 p<0.001

Table 4. Categories of scales and intrajudge correlation coefficients (c.c.).
The extremes in correlation coefficients are given together with the
probability level (p-level) of the weakest correlation. Calculations are
based on the two ratings (test - retest) each judge gave on 14 tokens
representing scales 1 and 2, and 36 tokens representing scales 3 to 7.

Laryngeal appearance
Table 5 gives the distribution of scores on the scales representing the

laryngeal appearance. The female subjects have a smaller larynx/pharynx ratio,
a finding confirmed by ANOVA (see Table 6). There are no apparent
differences in epiglottal size; however, it is remarkable that only male subjects
had positive scores on omega and deviant shaped epiglottises. This finding is
highly significant (P -test, p = 0.00003). Asymmetry in the arytenoid region2

during phonation is a common observation (23,32). In this study almost half of
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score 1 2 3 4 5

scale % & % & % & % & % &

Larynx/
pharynx   
ratio

3
(3.6)

0
(0.0)

73
(8-
6.9)

109
(8-
6.5)

8
(9.5)

17
(1-
3.5)

Epiglottal
shape

5
(6.0)

5
(4.0)

55
(6-
5.5)

92
(7-
3.0)

13
(1-
5.5)

29
(2-
3.0)

3
(3.6)

0
(0.0)

8
(9.5)

0
(0.0)

Asymme-
try
arytenoid
region

0
(0.0)

1
(0.8)

12
(14.3

)

8
(6.3)

30
(35.7

)

48
(38.1

)

42
(5-
0.0)

69
(54.8

)

Table 5. Distribution of scores for the rated scales of laryngeal appearance. Gender is separately
given in columns. The absolute frequency of score and between brackets the relative frequency is given.
Larynx/pharynx ratio: 1=large, 2=normal, 3=small; epiglottal shape: 1=large, 2=normal, 3=small,
4=omega, 5=deviant; asymmetry arytenoid region: 1=severe asymmetry, 2=asymmetry, 3=slight
asymmetry, 4=no asymmetry.

the subjects were rated having a certain degree of asymmetry (see Table 5);
however, neither effects of gender and vocal training, nor an influence of age
upon the degree of asymmetry could be established (see Table 6).
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Gender Vocal 
training

Gender x
Training

Age

F p F p F p F p rrc

Larynx/
pharynx
ratio

8.54  0.004 * 0.0
1

0.91
9

1.1
9

0.27
6

0.1
9

0.66
7

-0.001

Epiglottal
shape

4.54 0.034 0.0
4

0.84
7

0.0
1

0.94
6

1.2
1

0.27
2

0.004

Arytenoid
asymmetry

1.46 0.229 1.0
0

0.32
0

2.1
8

0.14
2

0.9
4

0.33
2

0.003

Table 6. Analysis of covariance summary table with effects of factors and covariant on scales,
representing aspects of laryngeal appearance. Note. df=1, 208  for gender, vocal training, and gender
x training. rrc = raw regression coefficient. p < 0.005*
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Score

1 2 3 4

Scale % & % & % & % &

Compensatory
  adjustments

1
(1.2)

0
(0.0)

6
(7.1)

1
(0.8)

14
(16.7

)

12
(9.5)

63
(75.0

)

113
(89.7

)

Table 7. Distribution of scores for compensatory adjustments. Absolute frequency
and, between brackets, relative frequency are given. 1=clearly visible, 2=visible, 3=almost
absent, 4=not visible.

Vocal 
training

Intensity 
level

Frequency level Age

F p F p F p F p rrc

& 4.62 0.032 1.80 0.167 567.81 <0.001* 18.78 <0.001* -0.760

% 0.17 0.682 0.17 0.842 491.65 <0.001* 5.43 0.020 -0.229

Table 8. Analysis of covariance summary table with effects of factors and covariant age on
fundamental 
frequency, separately presented by gender.
Note. Female subjects (&): df=1, 523 for gender and vocal training. df=2, 522 for intensity level.
Male subjects (%): df=1, 483 for gender and vocal training. df=2, 482 for intensity level.
rrc = raw regression coefficient. p < 0.005*

Compensatory adjustments
Many subjects show movements of supralaryngeal structures while changing

intensity and frequency. The degree of these compensatory adjustments were
rated on a 4- point scale (Table 7). Statistical analysis showed a significant
relation with the factor gender (see Table 6), male subjects more frequently
revealing compensatory adjustments. Though not significant, the covariant age
has a low probability level (p = 0.007) with a negative raw regression
coefficient, indicating that older persons tend to show more compensatory
adjustments.

Fundamental frequency
During the accomplishment of tasks the subjects phonated at freely chosen

pitches. Phonations in falsetto register were avoided, whenever possible. Table
1 gives the averaged fundamental frequencies and standard deviations for both
female and male subjects. To analyze the influence of the factors gender, vocal
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Gender Vocal 
training

Intensity level Interaction

F p F p F p

Appearan-
ce
 thickness

13.66 <0.001* 0.08 0.781 0.74 0.479

 width 47.16 <0.001* 0.44 0.509 0.47 0.628

 length 238.06 <0.001* 2.42 0.120 3.14 0.044

 elasticity 53.45 <0.001* 2.20 0.139 4.50 0.011

Amplitudes 40.50 <0.001* 0.55 0.461 143.81 <0.001*

Closure
 duration 38.04 <0.001* 0.94 0.334 181.87 <0.001* (a)

& 2.57 0.110 83.52 <0.001* A1

% 0.22 0.639 95.62 <0.001* A2

 percentage 18.32 <0.001* 0.23 0.628 172.60 <0.001* (b)

& 0.33 0.564 116.46 <0.001* B1

% 0.10 0.751 63.28 <0.001* B2

 type 47.09 <0.001* 0.11 0.742 116.14 <0.001* (b)

& 0.73 0.393 83.40 <0.001* B3

Table 9. Analysis of covariance summary table with effects of factors on scales, representing aspects
of vocal fold appearance and function.
Note. df=1, 1009 for gender, vocal training, and gender x training. df=2, 1008 for intensity level, 
gender x intensity level, training x intensity level, and gender x training x intensity level.
(a) interaction between gender and training (p = 0.004); 
(b) interaction between gender and intensity level (p < 0.001)
A1 df=1, 524 for vocal training. df=2, 523 for intensity level, and training x intensity.
A2 df=1, 483 for vocal training. df=2, 482 for intensity level, and training x intensity.
B1 df=1, 523 for vocal training. df=2, 522 for intensity level, and training x intensity.
B2 df=1, 483 for vocal training. df=2, 482 for intensity level, and training x intensity.
B3 df=1, 472 for vocal training. df=2, 471 for intensity level, and training x intensity.
B4 df=1, 387 for vocal training. df=2, 386 for intensity level, and training x intensity
p < 0.005*

training, age, intensity level and frequency level on fundamental frequency, a
four-way ANOVA was performed with age as covariant. A significant influence
of the factor gender on fundamental frequency was established (F(1,1008)
1280.36, p<0.001). Because a significant interaction between gender and
frequency level had been found (F(2,1007) 24.88, p < 0.001), separate
ANOVA's were performed hereafter for both male and female subjects to
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Fundamental Frequency Age

Vocal Fold F p rrc F p rrc

Appearan-
ce
 thickness

73.23 <0.001* -0.002 5.86 0.016 -0.003

 width 28.32 <0.001* -0.001 13.47 <0.001* -0.005

 length 203.54 <0.001* 0.003 0.38 0.538 0.001

 elasticity 23.57 <0.001* -0.001 8.56 0.004* 0.003

Amplitudes 116.28 <0.001* 0.002 23.60 <0.001* 0.005

Closure
 duration 70.28 <0.001* 0.002 0.33 0.566 0.001

& 70.80 <0.001* 0.002 9.00 0.003* 0.006

% 37.91 <0.001* 0.003 6.88 0.009 -0.004

 percentage 78.35 <0.001* -0.052 23.11 <0.001* 0.175

& 15.67 <0.001* -0.037 3.09 0.080 0.120

% 5.48 0.020 -0.026 15.87 <0.001* 0.165

 type 58.21 <0.001* 0.003 49.01 <0.001* -0.018

& 11.97 0.001* 0.002 13.40 <0.001* -0.017

% 0.03 0.855 -0.000 24.67 <0.001* -0.012

Table 10. Analysis of covariance summary table for covariants. Scales with
interaction between factors are separately treated by gender. See table 9 for
specific degrees of freedom. rrc = raw regression coefficient. p < 0.005*

determine the effects of the remaining factors vocal training, intensity level and
frequency level. Table 8 summarizes the results of these analyses. A significant

effect of the factor frequency level was found. Post hoc LSD tests with a
significance level p=0.005 showed significant differences among all of the
three frequency levels in both male and female subjects. Age had an influence
on pitch in both male and female subjects, but this was only significant in
females. The raw regression coefficient had a negative value in both cases,
implying a decrease in pitch with increasing age.
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Vocal fold appearance
Three-way ANOVA's with covariants fundamental frequency and age were

used to determine the effects of the factors gender, vocal training and intensity
level on the scales thickness, width, length and elasticity. Table 9 and 10
summarize the results. Gender had a significant effect on all four scales, with
female subjects having thinner, wider, shorter and slacker vocal folds (see
Table 9). No other statistically significant effects could be established, but a
positive effect of the intensity level on length and elasticity was found
(p=0.044 and p=0.011, respectively). Generally, with increasing intensity
length  decreases and elasticity increases. Fundamental frequency had a
significant influence on all four scales (see Table 10). With increasing
frequency vocal folds are rated thinner, narrower, longer and more tense. Age
also had a significant effect on the scales width and elasticity. With increasing
age vocal folds are rated narrower and slacker. Thickness was not significantly
affected by age; however, a low probability was found (p = 0.016) with a
negative raw regression coefficient, implying decreasing thickness with
increasing age.

Amplitudes
Quantitative judgments about the excursions of vibrating vocal folds were

given. With ANOVA significant effects of the factors gender and intensity level
were established. Female subjects were rated as having larger amplitudes than
males. Amplitudes are rated significantly larger with increasing intensity (post
hoc LSD, p=0.005) (see Table 9). Fundamental frequency and age have a
significant influence on amplitude. An increase of both these covariants results
in smaller amplitudes (see Table 10).

Vocal fold closure
The scale "closure type" consists of several glottal configurations to be

found in the most closed phase of the glottal cycle (see Figure 1). These
configurations can be divided into two categories: the numbers 1 to 6 represent
a glottal configuration with a gradually increasing closed aspect and are
hereafter referred to as category I, whereas the configurations depicted with
letters A to D present deviant closure types with glottal gaps present in the
membranous or anterior part of the glottis. This latter category hereafter will be
referred to as category II. Because of the different character of the two
categories separate statistical analysis was performed for each. Three-way
ANOVA presented significant interactions in the three scales representing
aspects of vocal fold closure. For the scale duration, an interaction was found
between gender and training, and for the scales percentage and type, there was
an interaction between gender and intensity level. Therefore two-way
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Figure 2. Coronal cross-section of vocal folds with axes delineating
directions of possible phase differences: x-axis, lateral phase difference;
y-axis, horizontal phase difference; and z-axis, vertical phase difference.

ANOVA's were also performed separately for male and female subjects. Table 9
summarizes the results of the performed ANOVA's with covariants. The factor
gender showed a significant effect on the scales duration, percentage and

closure type of
category I, with
m a l e  subjects
having a shorter
closure, a higher
percentage of
closure and an even
more closed type. In
both male and
female subjects
significant effects
were found for the
factor intensity
level regarding the
scales duration,
percentage and type
of closure (category

I). Post hoc LSD tests indicated significant differences among intensity levels
with increasing closure for louder intensities. The covariant fundamental
frequency had a significant effect on duration, percentage of closure and
closure type (category I). With increasing frequency, closure is briefer, and in
the female subjects a present glottal gap becomes larger. Depending on gender,
age had also a significant effect on the scales representing vocal fold closure.
In female subjects the duration of closure becomes briefer with increasing age,
while the opposite appears to happen in male subjects; however, this last effect
is not significant (p=0.009). With increasing age all subjects showed a more
closed glottal configuration, and in male subjects the percentage of closure
increased.

With P  tests differences in closure category (I or II) were analyzed (see2

Figure 1). Male subjects significantly more often presented closure types from
category II (P =22.12, p<0.00001). Gender differences were revealed most2

significantly by the frequency of type C closure (anterior gap) in male subjects
(P =28.10, p<0.00001). Trained subjects had no significant differences in2

closure type.

Phase differences
During vocal fold vibration, differences between parts of the vocal fold in

the cycle of opening and closing can exist. If there is a difference in the cycle
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between caudal and cranial parts of the vocal folds, this phenomenon is called a
vertical phase difference, and in the case of anterior-posterior difference it is
called a horizontal phase difference. A difference in phase between vocal folds
is called a lateral phase difference. Figure 2 presents these phenomena
schematically.

Male subjects were rated more often with a vertical phase difference
(P =17.58, p=0.00003), whereas a horizontal phase difference was found more2

frequently in female subjects (P =33.70, p<0.00001). Generally, a lateral phase2

difference was observed as frequently in male as in female subjects. Subjects
with vocal training showed no differences with respect to a vertical and a
horizontal phase difference; however, a lateral phase difference was observed
more frequently in this group (P =26.33, p<0.00001).2

Chink location
An incomplete glottal closure during the most closed part of the glottal cycle

is a common finding (9). The location of this glottal chink was designated,
according to appearance, as membranous, cartilaginous, or not visible. In the
last case the vocal folds are assumed to close completely.

Membranous and cartilaginous glottal chinks were observed more frequently
in female subjects, while male subjects more often received the rating "not
visible" (P =87.5, p<0.00001). Trained subjects also received the rating "not2

visible", and this difference with untrained subjects is significant (P =12.8,2

p=0.00167).

DISCUSSION

Standardized rating of aspects of laryngeal function has already revealed
many characteristics of the voice source, as well as effects of varying sound
intensity and pitch. Because no quantitative measurements are made, the
validity of conclusions from these studies depends strongly on agreement
among the judges, as well as on adequate definitions of aspects to be rated.
Reliabilities of rated scales in this study generally were high, with values well
above Cronbach's "=0.65. The exceptions to these are the scales thickness and
elasticity of vocal folds, and the larynx/pharynx ratio. Thus conclusions
regarding these three aspects are to be treated with caution. Reliabilities of
scales representing vocal fold closure were close to figures presented in
previously published articles (11,15,22,23,25,31,33,34). The various aspects
are treated separately below.
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Fundamental frequency
The fundamental frequency had a significant influence on almost all scales

representing vocal fold appearance and glottal functioning. In this study the
values of fundamental frequencies, averaged for each condition, fell within the
20 to 50% and the 10 to 50% absolute frequency range of the male and female
groups, respectively (35). This part of the frequency range corresponds to the
continuum of fundamental frequencies used in Dutch speech (36) and therefore
offers a good representation of the voice source normally used in speech. In
both genders the lowest fundamental frequencies in this study are a few
semitones above the reported lowest frequency in the Tielen study. The fact of
sustaining of a tone, as well as the protruded tongue position might explain the
higher fundamental frequency of subjects, when asked to phonate at a
comfortable pitch (see also Södersten) (37). Using flexible fiberscopic
examination, Pemberton et al. (33) found pitches (normal frequency level) of
218 and 128 Hz for female and male subjects, respectively. These values are
lower than the pitches in our study.

Laryngeal appearance and compensatory adjustments
Each rating of a subject's laryngostroboscopic images started with judging

laryngeal appearance and compensatory adjustments. Although only a few
differences between groups were found in these scales, the diversity in
laryngeal appearance is apparent in the summarized ratings (see Tables 5 and
7), specifically with respect to asymmetry in the arytenoid region and epiglottal
shape. The larynx/pharynx ratio relates to the space the larynx occupies within
the hypopharynx. A large part of the hypopharynx consists of the sinus
piriformis cavities, which might play an acoustic role in the singing voice (38).
During the act of singing the vocal tract undergoes spatial changes (39) and the
volume of the sinus piriformis cavities may be affected in many ways (32).
However, in executing the phonatory tasks of this study no differences could
be established between trained and untrained subjects for the larynx/pharynx
ratio. 

Asymmetry in the arytenoid region is in most cases based on the many
positions the cuneiform cartilages can assume in the larynx within the
aryepiglottic folds and atop the arytenoids. In the laryngostroboscopic view the
cuneiform cartilage is the most obvious structure in the posterior laryngeal
region (32). 

The presence of deviant and omega shaped epiglottises exclusively in male
subjects was an unexpected finding, and no relevant literature on this topic is
known to the authors.



Laryngeal Videostroboscopic Rating

25

Vocal fold appearance
Studies dealing with aspects of vocal fold appearance have revealed

differences between gender, effects of varying intensity and fundamental
frequency, and the influence of age.

In his laminagraphic study Hollien (40) measured vocal fold thickness in
male and female subjects and determined the influence of fundamental
frequency. Our results are in agreement with his measurements, which revealed
that males have thicker vocal folds than females, and that increasing frequency
is related to decreasing thickness of vocal folds. This last observation can be
explained by the volumetric principle, according to which the volume of vocal
fold tissue is constant. A model proposed by Titze et al. (41) includes a minor
effect of decreasing thickness on increasing frequency. Honjo (13) investigated
the effect of age on vocal fold appearance and described two possible major
changes with age: women more often show edema, while vocal fold atrophy can
be found more frequently in men. In this study no significant change in
thickness was established for age.

In this study the female subjects had a higher averaged rating than males for
the width of the vocal folds. This might be due to the fact that in absence of
absolute scale, the appearance of width is related to the appearance of length,
the shorter vocal folds  of women suggesting greater width. The absence of
absolute scale might also explain the low level of reliability of this item. Width
also correlated negatively with fundamental frequency and age. In their model
Titze et al. (41) predicted a decrease in fundamental frequency with an increase
in width, which is in accordance with the results of the present study. The
decreasing width with age might be related to the increase in size of vestibular
folds, reported by Ferrerri (42). The more medially prominent vestibular folds
obscure the vision at the lateral parts of the vocal folds, resulting in a smaller
rating for width. However, in their study Gracco et al. (29) could not confirm
the observation of Ferrerri.

The length of the vocal folds has been a topic of many investigations, and
after Farnsworth (43) other investigators also established an increasing length
with increasing frequency, both in vivo (44) and, with models, in vitro (41,45).
The linearity of this relation, however, is still debated (46). The observation in
this study, that males have longer vocal folds than females is supported by
anatomical studies (47-49).

The visual impression of the elasticity of vocal folds is generally assumed to
be based on the presence of mucosal waves on the surface of the vocal folds.
Conditions for appearance of mucosal waves include interaction between body
and cover of the vocal folds (27,50,51), stress in various tissue layers (19,41),
and the degree of hydration of the vocal fold (29,41). The low reliability level
for the scale elasticity showed that the judges differed in rating this scale. To



Chapter 2

26

improve the reliability, a more adequate description of elasticity should be
elaborated. 

In agreement with a study by Bless et al. (28), reporting a greater mucosal
wave in females, this study also found higher ratings on elasticity for female
subjects compared to male subjects. The decreasing elasticity with increasing
fundamental frequency is probably based on stiffening of the cover (19). The
apparent increased elasticity observed with aging is difficult to explain, as the
senescence of vocal folds is histologically different in men and women. An
increase in stiffness of the cover, by deterioration of the mucosal glands (in the
ventricular folds) in aged persons, as suggested by Gracco et al. (29), was not
confirmed.

Amplitudes
The excursions of the vocal folds during vibration (amplitudes) are

determined by subglottal pressure and tension in the vocal folds, as
aerodynamic and myoelastic factors, respectively. The increase of amplitudes
with increasing sound intensity and decreasing fundamental frequency agrees
with effects established in many other studies (2,18,22,52-54). The larger
amplitudes in female subjects in this study were established after standardizing
with the covariant fundamental frequency. Without this standardization no
difference was found. In contrast to the increase in amplitudes with age
described by Biever et al. (10), in this study a decrease with age was
established. This might result from a change in connective tissue of the body of
the vocal folds, producing increased tension in the vocal fold, thereby reducing
the magnitude of the excursions.

Vocal fold closure
Adductory forces, comprising myoelastic-aerodynamic factors (55),

determine events of the glottal cycle. Vocal fold functioning, especially the
glottal configuration during the most closed phase, has been investigated in
many studies and gives information on underlying vocal mechanisms.

In a group of 20 adults Bless et al. (28) reported a longer closed phase in
male subjects; however, the opposite was found in this study after
standardizing for the covariant fundamental frequency. Without the
standardization no difference between genders could be established. The
observed increase in duration with increasing sound intensity and decreasing
frequency was in agreement with results from available studies (18,43,52). In
addition, with increasing age in women a decrease in duration of closure was
established. Less resistance to subglottal pressure because of atrophy of the
thyroarytenoid muscle has been offered as an explanation for this finding (42).
Visual observation of duration of closure, however, remains a rather subjective
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analytic method, and a more accurate determination can be performed with
glottography or measuring glottal air flow.

Recently much information has become available about degree and type of
closure. In general, men have a more complete glottal closure than women
(13,16). The location of a glottal chink is mostly posterior in women (10,12,16),
while men show more midmembranous and anterior chinks (13). With
increasing age the location of a chink assumes a more anterior position along
the vocal folds (10,11). Linville (11) suggested atrophy of either the
thyroarytenoid muscle or connective tissue as the cause of this changing
appearance of chinks. An increase in sound intensity is positively correlated
with glottal closure (9), whereas in most cases an increase in fundamental
frequency is related to a decrease in closure (16,22). Our results are all in
agreement with the summarized results from these pertinent articles. Although
only significant in male subjects, increasing age was related to an increase in
completeness of closure. A possible speculative explanation for this is that
atrophy of vocal fold structures might force elderly subjects to close the vocal
folds more tightly. Men seem to have less difficulty in closing the posterior part
of the glottis. This advantage might have an anatomical base, with males having
a smaller angle between vocal folds in the resting position (34), and the thicker
and longer vocal folds. Thicker and longer vocal folds in male subjects may
also be related to vertical phase differences, which will be discussed in the
following section. In males the most frequent place for a chink to appear is the
anterior part of the vocal folds.

Phase differences
Phase differences were established for the factors gender and vocal training

with P -tests, without standardization for fundamental frequency and age.2

Horizontal and vertical phase differences were already described by
Farnsworth in 1940 (43). In this study female subjects more often showed a
horizontal phase difference compared to male subjects. This zipper-like closing
of the vocal folds might be related to the triangular glottal configuration in
women who have a larger angle between the vocal folds. Closure starts at the
anterior part, where a critical aerodynamical velocity is exceeded (56), and by
the aerodynamical adductory forces more posterior parts of the vocal folds
come closer together and thereby also exceed the critical boundary. A vertical
phase difference was observed more frequently in male subjects. Thicker vocal
folds are more favorable for the development of a vertical phase difference and
there is a correlation between vocal fold thickness and fundamental frequency,
which could explain the absence of the observation of vertical phase
differences at high frequencies in both genders.

The more frequent observation of a lateral phase difference in trained
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subjects compared to untrained subjects was a surprising finding. Because of
age differences in the investigated groups, a possible influence of age was
suspected, as was suggested by Biever et al. (10); however, no significant age
differences between groups with and without a lateral phase difference could
be established.

Chink location
The difference in chink location between males and females is not

surprising, as the better closure in males was already established for the scales
closure type and percentage. Without standardization for age, trained subjects
more often received the rating "not visible".

CONCLUSIONS

The large number of subjects that were investigated in this study produced a
database which can be used as a frame of reference for individual
laryngostroboscopic images, as well as to study laryngeal behavior during
phonation.

The majority of the proposed scales characterizing laryngeal appearance and
glottal functioning showed a high reliability level, indicating a high degree of
concordance between judges. Only in those scales lacking a direct reference for
measure, such as larynx/pharynx ratio and vocal fold thickness, was a lower
level of reliability found. The scale "elasticity of the vocal folds" showed a
high intra-judge and a low inter-judge reliability. This means that each judge
had a clear representation for himself of what is meant with the description
elasticity; however, this definition differed among the judges. The implication
is that a clearer description of elasticity, which is related to the clinically
important mucosal waves, could improve the usefulness of the scale. The
generally high level of agreement among the judges demonstrates the
feasibility of using standardized rating scales. This should encourage clinicians
to adopt a similar procedure of laryngeal assessment for evaluation of the
effect of voice therapy or surgery, or for comparing individual laryngeal
features to a large database.

Minor differences were established between untrained and trained groups:
trained subjects more frequently had a complete glottal closure and showed,
surprisingly, asymmetrical vocal fold excursions (lateral phase difference).
These minor differences, however, imply that the vocal apparatus basically
does not differ between the two groups, which might be explained by the
relatively low level of training in the "trained" group. Differences in vocal
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capacities, as established between the same untrained and trained groups by
phonetography in another study (35), seem therefore to be based on a better
control over the voice source in trained subjects.

Large differences in laryngeal appearance and glottal functioning were
established between male and female subjects. Because analyses of differences
were performed with covariant fundamental frequency, this implies that a
separate evaluation of laryngostroboscopic images has to be performed with
respect to gender, and that female laryngeal and glottal characteristics are not
simply comparable to male characteristics transposed by one octave.

Ageing was reflected in specific changes which are characterized by the
scales width, elasticity, amplitudes of excursions, and duration of closure.
However, the unbalanced age distribution in the different groups may weaken
this conclusion.

Evaluation of laryngostroboscopic images ought to be made with due
consideration of frequency and intensity level, because these factors have a
large influence on many of the scales used for laryngeal assessment.
Laryngostroboscopic investigation at one frequency and intensity level
provides an image suitable to detect organic vocal fold pathology; however, for
a more complete description of the larynx and of glottal functioning, it is
preferable to observe a variety of intensity and frequency conditions.

The results of this study are generally in agreement with results from
previously published studies; however, a number of our findings have not been
reported before. These include the following: compensatory adjustments,
anterior type of incomplete glottal closure, and deviant and omega shaped
epiglottises are found more frequently in male subjects. With increasing age a
more complete glottal closure was found. Horizontal phase differences were
seen more frequently in female subjects, whereas vertical phase differences are
more often observed in male subjects. These findings might serve as points for
further research.
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