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Editors’ Note: This chapter is based on work presented in the 9th Pan European Voice
Conference, held in Marseille, France, from August 31st to September 3th, 2011.
Abstract
Laryngotopography described in Chapter 16 of Volume I is a high-speed digital imaging
(HSDI) technique developed by the authors, to show spatial characteristics of vocal fold
(VF) vibrations by pixel-wise discrete Fourier transform for brightness curve. Analysis of
phonations at a conversational frequency was focused on phase differences (PD) in the
anterior-posterior (longitudinal) direction, and in the left-right (lateral) direction. In longitudinal PD, posterior-to-anterior opening type was significantly frequent in young females (all subjects, 43%; young females, 94%; and p<0.001), while anterior-to-posterior
opening type was significantly frequent in elderly males (all subjects, 39%; elderly males,
88%; and p<0.001). There were no age- or gender-related differences in lateral PD (all
subjects, 65%; and p=0.880).
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Introduction
Analysis of high-speed digital imaging (HSDI) is enhanced when methods to assess twodimensional spatial characteristics of the VF vibrations such as phase differences between the left and right VF are introduced. To realize this purpose, the authors developed
laryngotopography [1-4]. This program is a pixel-wise Fourier transform of a time-varying
brightness curve for each pixel across images and provides a two-dimensional spatial distribution of vibratory parameters (e.g., amplitude, frequency, phase). The results are displayed and expressed by color gradient (laryngotopogram). Hereby, the authors applied
this technique to study HSDI recorded from vocally healthy subjects to obtain further
insight into normative VF oscillations to quantitatively describe gender- and age-related
spatial differences of VF vibrations using HSDI.
Materials and methods
Subjects
Subjects for this study comprised the same cohort described elsewhere in this volume
(see Chapter 2). Vocally healthy volunteer subjects with neither vocal complaint nor his-
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tory of laryngeal diseases were recruited to participate in the present study and were
divided into young (aged from 21 to 35 years) and elderly groups (aged 65 years and
older). A total of 46 subjects (29 women, 17 men) participated in the present study: 26
subjects (9 men, 17 women) for the young group and 20 subjects (8 men, 12 women) for
the elderly group.
Aerodynamic studies and acoustic analysis
Vocal function and voice quality were first evaluated with aerodynamic and acoustic
measures. That included the maximum phonation time (MPT), mean flow rate (MFR),
and laryngeal resistance measured by the Nagashima PE-77E Phonatory Function Analyzer® (Nagashima Medical Inc., Tokyo, Japan). Acoustic measures including fundamental
frequency (F0), amplitude perturbation quotient (APQ), period perturbation quotient
(PPQ), and harmonics-to-noise ratio (HNR) were measured by the dedicated software
programmed at the University of Tokyo [5-6]. The MPT, MFR, F0, APQ, and PPQ of the
participants in the present study were considered within normal values for the Japanese
[7-8].
Subject make-up and acoustic and aerodynamic parameters
Table 1 lists demographic data and the aerodynamic and acoustic parameters of all subjects along with normal values for Japanese subjects except for harmonics-to-noise ratio,
which was not obtained from the literature [7-8].
High-speed digital imaging
The HSDI camera used was FASTCAM-1024PCI (Photron, Tokyo, Japan). The camera was
connected to a rigid endoscope (#4450.501, Richard Wolf, Vernon Hills, Illinois, USA) via
an attachment lens (f = 35 mm, Nagashima Medical Inc., Tokyo, Japan). Recordings were
performed under illumination with a 300-W xenon light source, at a frame rate of 4500
f/s with a spatial resolution of 512 x 400 pixels, 8-bit grayscale, and a sampling duration
of 1.86 s. With these instruments, high-speed digital images of sustained vowel /i/ were
captured. Vowel /i/ was chosen to secure a good glottal exposure with a rigid endoscope.
Modal phonations were executed: 1) at a low frequency, 2) at a conversational frequency, and 3) at a high frequency at comfortable vocal intensity.
Laryngotopography
Laryngotopography was applied on the recorded HSDI. The analyzing process is described elsewhere in Volume I (see Chapter 16). Through these processes the maximumamplitude component was determined in each pixel and its amplitude, frequency, and
phase were superimposed on one image sequence. Values were represented by color
saturation and displayed in different panels.
Parameters evaluated in the current study were: 1) topographic fundamental frequency (F0top), 2) longitudinal phase difference, and 3) lateral phase difference. F0top
is determined to be the frequency of maximum-amplitude component. Phase difference
was divided into two types: 1) in the anterior-posterior direction named as the longitudinal phase difference, and 2) in the left-right direction named the lateral phase difference. Longitudinal phase difference was further divided into posterior-to-anterior type
and anterior-to-posterior type according to the preceding end of the glottal opening.
Posterior-to-anterior opening type, frequent in young female and considered rather to
be a normal phenomenon than anterior-to-posterior opening type, was defined as positive longitudinal phase difference, and vice versa. Longitudinal phase difference was the
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phase difference between the ends of the vibrating portion along the VF edge. Lateral
phase difference is calculated by absolute value of the average of phase differences at
the posterior third, mid-glottal, and anterior-third level. Longitudinal and lateral phase
differences were given in each glottal cycle.
Table 1. Demographic data and results of aerodynamic and acoustic measures.
Women
Subgroup (n)

Young

Elderly

Normal Value

Mean±SD

Mean±SD

Mean±SD (Reference)

Age (yr)

26.2±3.2

71.8±5.3

N/A

MPT (s)

23.7±7.0

17.1±4.8

20.3 (14)

MFR (ml/s)

127.9±39.2

126.5±30.6

102.0±36.0 (14)

F0 (Hz)

236.3±23.2

204.5±45.5

251.5±24.4 (15)

APQ (%)

2.68±1.36

3.29±1.71

2.07±0.68 (15)

PPQ (%)

0.28±0.19

0.39±0.60

0.47±0.32 (15)

HNR (dB)

23.8±3.9

21.7±3.7

N/A

F0top (Hz)

260.5±27.7

211.0±49.3

N/A

Young

Elderly

Normal Value

Mean±SD

Mean±SD

Mean±SD (Reference)

Age (yr)

28.8±3.1

74.4±4.3

N/A

MPT (s)

30.5±10.9

21.0±8.5

29.7 (21.2-39.7) (14)

MFR (ml/s)

131.8±41.5

150.6±40.0

120.0±41.0 (14)

F0 (Hz)

119.1±17.0

138.6±24.4

132.0±19.7 (15)

APQ (%)

1.80±0.91

3.08±1.20

2.19±0.72 (15)

PPQ (%)

0.16±0.07

0.19±0.11

0.31±0.14 (15)

HNR (dB)

23.5±4.7

21.2±3.4

N/A

F0top (Hz)

145.2±54.9

190.9±38.6

N/A

Men
Subgroup (n)

MPT = maximum phonation time; MFR = mean flow rate; F0 = fundamental frequency
in acoustic analysis; APQ = amplitude perturbation quotient; PPQ = period perturbation quotient; HNR = harmonics-to-noise ratio; F0top = fundamental frequency in
laryngotopography; SD = standard deviation; N/A = not applicable
Statistical analysis
The topographical parameters were statistically compared as to frequency, age, and gender. To compare the ratio and the magnitude of subjects with phase difference between
two groups, chi-square test and two-tailed Student’s t-tests were utilized, respectively.
To compare more than two groups, analysis of variance (ANOVA) was performed and if
there was a significant difference, post-hoc analysis (Scheffe’s F-tests) was subsequently
applied. Difference with p<0.05 was considered significant.
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Results
The representative VF vibration of each subgroup
Figure 1 shows the representative VF vibrations of each subgroup. A typical VF vibration
of young females revealed the positive longitudinal phase difference (94%). There was
only one subject who revealed no longitudinal phase difference (6%). Typically elderly
males revealed the negative longitudinal phase difference and the left-right difference in
longitudinal phase difference with 88% showing negative longitudinal phase difference
and 13% showing positive longitudinal phase difference. Young males revealed either
negative (56%) or no longitudinal phase difference (44%). Elderly females showed all
types: positive (25%), negative (50%), or no longitudinal phase difference (25%). Lateral
phase difference was common in all subgroups.

Figure 1. Laryngotopograms of representative subjects of each subgroup at conversational frequency with the left picture a HSDI image at opening phase and the right
one a laryngotopogram as to phase. A & B) a 27-year-old male (F0 = 159 Hz), C & D)
a 71-year-old male (F0 = 141 Hz), E & F) a 21-year-old female (F0 = 269 Hz), and G & H)
a 72-year-old female (F0 = 154 Hz).
The ratio and of subjects with phase difference
Figure 2 shows the ratio of subjects with each type of phase difference across three
frequencies. Positive longitudinal phase difference was significantly frequent in young
females (94%), although it was noted in 43% of all subjects (p<0.001). Negative longitudinal phase difference was frequent in all subgroups except for young females, although
it was significantly frequent in elderly males: 39% of all subjects and 88% of elderly males
(p<0.001). Left-right difference in longitudinal phase difference was significantly frequent
in elderly males (75%) and it was noted in 33% of all subjects (p=0.025). Lateral phase
difference was seen in 65% of all subjects and there was no statistically significant differences among subgroups (p=0.880).
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Figure 2. The ratio of subjects with each type of phase difference across three
phonations (n = 9 for young male, 8 for elderly male, 17 for young female and 12
for elderly female). X-axis is a type of phase difference and y-axis is a ratio of subjects
with each type of phase difference.
The magnitude of phase in subjects with phase difference
Figure 3 signifies the magnitude of each phase difference across three frequencies. The
mean positive longitudinal phase difference in young females was 37°, which was not
significantly different from those of other subgroups. The mean of negative longitudinal
phase difference in elderly males was 64°, which was greater than those of other sub-
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groups. The mean left-right difference in longitudinal phase differences was largest (41°)
in elderly males. The mean lateral phase difference of all subjects was 26°.

Figure 3. Magnitude of the phase difference in subjects. The column and error bars
signify mean and standard deviation, respectively. The x-axis is a type of phase difference and the y-axis is a phase difference calculated by degree.
Statistical difference of each phase difference as to selected parameters
Table 2 includes statistical difference of each phase difference as to selected parameters. Positive longitudinal phase difference was significantly greater in young or female
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subjects compared to elderly or male subjects, respectively. Negative longitudinal phase
difference was significantly greater in elderly or male subjects compared with young or
female subjects.
Table 2. Statistical difference of each type of phase difference as to selected parameters.
Parameter

Negative Longitudinal
Phase Difference

Positive Longitudinal
Phase Difference

Left-Right Difference
in Longitudinal Phase
Difference

Lateral Phase
Difference

Age
(Young vs Elderly)

<0.001**

<0.001**

0.004**

0.716

Gender
(Female vs Male)

<0.001**

<0.001**

0.072

0.838

Pitch (High vs.
Conversational vs.
Low Frequency)

0.615

0.362

0.035*

0.571

* = P<.05; ** = P<.01

Correlations between parameters of laryngotopography and aerodynamic and acoustic
parameters
Table 3 includes correlations between parameters of laryngotopography and aerodynamic and acoustic parameters. Posterior-to-anterior longitudinal phase difference was
positively correlated with F0 (R2=0.486) and laryngeal resistance (R2=0.294). Anterior-toposterior longitudinal phase difference was negatively correlated with F0 (R2=-0.319), laryngeal resistance (R2=-0.324), and PPQ (R2=-0.238). The left-right difference in longitudinal phase difference and lateral phase difference were not correlated with aerodynamic
or acoustic parameters.
Discussion
Posterior-to-anterior longitudinal phase difference frequently observed in the present
study in young females is in agreement to the literature (70-83% in young subjects) [912]. However, this is the first ever HSDI analysis. Considering its positive correlations
with fundamental frequency and laryngeal resistance, posterior-to-anterior longitudinal
phase difference might derive from weak adduction of the posterior glottis and strong
adduction in the anterior glottis.
Two factors may be contributing to this behavior. First is a morphological feature
of young female larynx—namely the wide anterior angle of the thyroid cartilage and
the heavy, quasi-edematous VF due to hormonal effects [12]. It is speculated that these
morphological features might strengthen the anterior glottal closure and weaken the
posterior closure.
A second factor may be functional mechanism. Japanese young females might phonate with a high frequency and with breathy voice because such voice quality is regarded
as socially attractive in Japan. In such high frequency phonation the activated crycothyroid and posterior crycothyroid muscles are considered to make the VF tense and slightly
abducted.
Since the anterior-to-posterior longitudinal phase difference was frequent and severe in the elderly males, the atrophic change of the VF might constitute a possible
mechanism. Taking the negative correlations between anterior-to-posterior longitudinal
phase difference and laryngeal resistance into account, anterior-to-posterior longitudinal phase difference might be due to the weak adduction of the anterior glottis and the
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strong adduction in the posterior glottis. Reduction of the contraction force of the lateral
crycoarytenoid muscles has been also implemented [13]. Histological studies have demonstrated that the laryngeal musculature and submucosal tissue of the VF is atrophic in
geriatric subjects [14]. When closure at the cartilaginous portion occurs, the closing force
in the posterior glottis is strong and the anterior closure is weak.
Since anterior-to-posterior longitudinal phase difference was also frequent in young
males, there might be a different mechanism for this condition in this age group. Hypofunction of the thyroarytenoid muscle seems to be implicated here.
It is reasonable to regard the left-right difference in longitudinal phase difference as
relevant to the geriatric change considering the high incidence in elderly males. Geriatric changes (e.g., the asymmetry of laryngeal frame, atrophic degeneration of lamina
propria or laryngeal musculature) could cause the left-right difference in closing force,
volume, tension, and mucoelasticity, which might result in the left-right difference in
longitudinal phase difference [9-12].
An overall tendency that F0top was higher than F0 might be related with the physical
position of the subjects during the endoscopic examination with the tongue protruded,
which makes the larynx slightly elevated.
Lateral phase difference has been associated with dysphonia [15]. In the present
study, however, mild lateral phase difference was widely seen even in normophonic
subjects, which suggests that quantitative evaluation of lateral phase difference is important. Although the time sequence assessable with the laryngotopography was short
and an alternative evaluating method with longer analyzing time sequence might reveal
significant correlations with aerodynamic or acoustic measurements, it might be safe to
say that mild lateral phase difference (26°) is permissible as a normal variation.
Conclusions
The authors described the characteristics of VF vibrations in vocally healthy subjects in
terms of phase difference via laryngotopography and found through quantitative assessment of phase difference using this technique that longitudinal phase difference was
positively correlated with laryngeal resistance and fundamental frequency. Qualitative
and quantitative evaluation of phase difference in the clinical setting is considered meaningful and laryngotopography serves as a powerful assessment tool for this purpose.
In Japan, with 22.7% of the population aged 65 years old and over as of 2009, the
aged society is a grave socioeconomic issue. In this light, normative HSDI data in elderly
population included in this study could serve as a meaningful database for future studies.
However, the present study still includes some limitations: 1) the subject number, especially of the elderly subjects, is relatively small; 2) middle-aged or adolescent subjects are
lacking; 3) there is no comparison with patients with presbylarynx or comparison with
data from foreign countries other than Japan; and 4) the analysis of time domain, such
as speed quotient and open quotient, is missing. Furthermore, the present study is not
based on the simultaneous recording of HSDI and aerodynamic or acoustic parameters.
Thus, the future plan is to expand the age range of subjects in order to: 1) analyze the
generation-to-generation changes, 2) add electromyographic or histological evaluations
for further insight into the mechanism of phase difference discussed above, 3) analyze vibratory features in the light of time domain with multiline kymography, 4) implement an
additional study with the simultaneous recording of HSDI and aerodynamic or acoustic
parameters, and 4) evaluate pathological VF dynamics with laryngotopography.

0.098
0.131
0.771** 0.466**
-

APQ

PPQ

F0

F0top

-0.250*

-0.319**

-0.238*

-0.148

-0.020

-0.324**

0.107

-0.091

0.470**

0.486**

0.137

0.185

0.083

0.294**

0.018

-0.043

-0.126

-0.249

-0.152

-0.098

0.121

-0.181

0.003

-0.048

-0.036

0.137

-0.021

-0.184

0.179

0.001

-0.124

0.049

Lateral
Phase Difference

MPT = maximum phonation time; MFR = mean flow rate; HNR = harmonics-to-noise ratio; APQ = amplitude perturbation quotient; PPQ =
period perturbation quotient; F0 = fundamental frequency in acoustic analysis; F0top = fundamental frequency in larygotopography; * =
P<.05; ** = P<.01

0.443**

0.226*

0.206*

-0.010

0.165

HNR

-0.061
0.476**

-0.080

MFR

0.038

Longitudinal
Negative Longitudinal Positive Longitudinal Left-Right Difference
Phase Difference Phase Difference
Phase Difference
in Longitudinal
Phase Difference

Laryngeal Resistance 0.266*

-0.096

MPT

F0top
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Table 3. Correlations between parameters of laryngotopography
and aerodynamic and acoustic parameters.
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