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Summary

The introduction, in the late 70s, of the first digital spec-
trograph (DSP Sonograph) by Kay Elemetrics has
improved the possibilities of spectroacoustic voice
analysis in the clinical field. Thanks to the marketing, in
1993, of the Multi Dimensional Voice Program (MDVP)
advanced system, it is now possible to analyse 33 quan-
titative voice parameters which, in turn, allow evaluation
of fundamental frequency, amplitude and spectral energy
balance and the presence of any sonority gap and
diplophony. Despite its potentials, the above-mentioned
system is not widely used yet, partly on account of the
lack of a standard procedure. Indeed, there are still only
a few case reports in the literature taking into considera-
tion prescriptive aspects related both to procedure and
analysis. This study aims to provide the results of ampli-
tude perturbation parameter analysis in euphonic adult
patients. In our opinion, these are the most significant
parameters in determining the severity of a phonation
disorder. The study has been carried out on 35 patients
(24 female, 11 male, mean age 31.6 years, range 19-59).
The voice signal has been recorded using a 4300 B Kay
Computer Speech Lab (CSL) supported by a personal
computer including a SM48 Shure-Prolog microphone
located at a distance of 15 cm and angled at 45°. Input
microphone saturation has been adjusted to 6/9 of the CH1
channel. The voice sample consisted in a held /a/ and the
analysis has been carried out on the central 3 seconds of
the recording. The analysis has been carried out using a
5105 MDVP software version 2.3 and the signal digitalised
at a 50 kHz sample rate. In order for the sample to be as
free from intensity or frequency changes as possible, each
patient underwent a training session (including at least 3
phonation tests) before the recording. The study included
only emissions between 55 and 65 dB and with spectrum
stability. Environmental noise has constantly been moni-
tored and maintained below 30 dB. Data from the 24
female patients showed: absolute Shimmer (ShdB) = 0.203
dB, relative shimmer (Shim %) = 2.226, amplitude pertur-
bation quotient (APQ) = 1.758, smoothed amplitude
perturbation quotient = 3.309, peak amplitude variation
(vAm) = 7.042. Data from the 11 males showed: absolute
Shimmer (ShdB) = 0.269 dB, relative shimmer (Shim %)

Riassunto

Nella seconda metà degli anni ’70, con l’introduzione da par-
te della Kay Elemetrics del primo spettrografo digitale (DSP
Sonagraph), le possibilità di analisi spettroacustica della voce
in ambito clinico si sono notevolmente ampliate e con la com-
mercializzazione dal 1993 del sistema avanzato Multi Dimen-
sional Voice Program (MDVP) è oggi possibile un’analisi det-
tagliata di ben 33 parametri quantitativi dell’emissione voca-
le, che consentono la valutazione sia della frequenza fonda-
mentale, dell’ampiezza e del bilancio energetico spettrale, che
della presenza di interruzioni di sonorità e diplofonia. Nono-
stante le potenzialità speculative di tale sistema, allo stato at-
tuale non si è ancora avuta una larga diffusione dello stesso,
anche per l’assenza di una metodologia procedurale standar-
dizzata. Sono ancora poche, infatti, le ricerche in letteratura
che prendono in considerazione aspetti normativi sia procedu-
rali che di analisi. Scopo di questo lavoro è di fornire i risulta-
ti dell’analisi dei parametri di perturbazione d’ampiezza in
soggetti adulti eufonici con età compresa tra 19 e 59 anni, da
noi considerati i più significativi nella determinazione della
gravità del disturbo di fonazione. Lo studio è stato condotto su
un campione di 35 soggetti eufonici (età media 31,6, range 19-
59 anni), di cui 24 di sesso femminile e 11 di sesso maschile. La
registrazione del segnale vocale è stata effettuata tramite il
Kay Computer Speech Lab (CSL) modello 4300B supportato
da personal computer con microfono Shure-Prolog SM48 in
dotazione, posizionato a 15 cm e angolato di 45°. La satura-
zione del microfono d’ingresso è stata regolata a 6/9 del cana-
le CH1. L’analisi, effettuata sui 3 sec. centrali di un campione
vocalico rappresentato da una /a/ tenuta, è stata realizzata me-
diante il software MDVP, modello 5105, versione 2,3, utiliz-
zando, per la digitalizzazione del segnale, un sampling rate di
50 kHz. Al fine di ottenere un campione il più possibile senza
variazioni d’intensità o frequenza, prima dell’acquisizione del
campione, ogni soggetto è stato sottoposto ad allenamento,
con almeno tre prove di fonazione. Sono state ritenute idonee
le emissioni con intensità compresa tra 55 e 65 dB e stabilità
dello spettro, scartando tutte le altre. Il rumore ambientale è
stato costantemente monitorato e mantenuto al di sotto di 30
dB. Nei 24 soggetti di sesso femminile sono stati riscontrati va-
lori di Shimmer assoluto (ShdB) di 0,203 dB, valori di Shim-
mer relativo (Shim%) di 2,226, valori di quoziente di perturba-
zione d’ampiezza (APQ) di 1,758, valori di quoziente mediato



Introduction

The first voice spectrographs were introduced soon af-
ter the Second World War for the medico-legal identi-
fication of individuals. However, it was only in 1961
that Lieberman 1 carried out the first prescriptive study
on the correlation between laryngeal phonatory behav-
iour, in terms of vocal fold vibratory function, and
voice electroacoustic measures, as its objective evalua-
tion, thus defining the Pitch Perturbation Factor (PPF).

This factor was later used in the clinical field in order
to visualize changes in the spectral pattern of the vocal
signal over time. In the late 70s, the introduction by
Kay Elemetrics of the first digital spectrograph (DSP
Sonograph) significantly improved the analysis possi-
bilities. Despite this, the first studies focused main-
ly on the qualitative description of the easiest vocal
parameters (fundamental frequency, time, ampli-
tude), providing just a few of those quantitative el-
ements which are definitely more significant when
describing a disease 2-11. In the attempt to identify dys-
phonic electroacoustic features, many Authors focused
on the search for new parameters which could be ob-
jectively quantified. Their first studies, therefore, led to
the identification of temporal variation of fundamental
frequency, as the jitter 12, of amplitude, as the shimmer
13, and of other parameters relating to the share of noise
present in the vocal signal: H/N ratio 14, SNL 15, S/N ra-
tio 16, NNE 17 and RNL 18. At the end of 1989, a new
processing card, the Voice Analysis Program, was mar-
keted allowing more specific real- and non-real-time
analysis, leading to the identification of parameters
such as the “breath” quotient relating to the energy con-
tent at high frequencies and the H/N ratio. At present,
the software update with the MDVP 19 advanced sys-
tem enables the detailed analysis of 33 vocal parame-
ters which allow the evaluation of both fundamental
frequency/amplitude/spectral energy balance and the
presence of any breakdown in sonority and diplophony.
Despite the speculative potentials of the above-men-
tioned system 20-22, it is not yet widely used, probably
due also to the lack of a standard procedure 23-26 and the
reference to provisions relating to extremely limited
samples  23 26.
In this context, it would be useful and worthwhile

carrying out an extensive study for standardization of
methodology and to establish a database with norma-
tive values for children, as well as for young and old-
er adults. A normative database is the first step to-
wards the analysis of possible correlations between
the single voice disorders and the degree of deviation
from normal values; in other words, the analysis of
deviant patterns, if existent, able to significantly
characterize the different pathological patterns for
use in differential diagnosis.
The present study aims to provide a first prescriptive
analysis of amplitude variation parameters in eu-
phonic adult patients aged 19-59 years. Some Au-
thors 27-28 consider amplitude variations as the most
significant factors in determining the severity of the
phonation disorder. The intensity, indeed, reflects the
changes in subglottic pressure, adjusted, in turn, by
both laryngeal and respiratory muscles and elastic
forces and, also, by their coordination.
In pathological conditions, the vibratory cycle can
take place without complete closure of the glottis, e.g.
due to a functional failure of interarytenoidal muscles
(which can cause a permanent rear triangular gap due
to the lack of contact with the intercartilagineous
area), a failure of the adductors (in which case the
glottis appears as oval) or, finally, to all those produc-
tive diseases which, due to interference of a neofor-
mation (nodular, polypoidal etc.), make full contact
between the vocal folds impossible. This lack of com-
plete closure creates a breath which compromises the
ability to produce a constant sound emission and
leads to changes which can affect the vibratory am-
plitude without affecting the frequency and which can
already be highlighted in the peak-to-peak analysis.
The above-mentioned inability can also be caused by
extreme tension accompanied by folds hyperadduc-
tion. It can be highlighted in the short-term control
analysis of the vocal emission amplitude and is more
and more frequently associated with frequency per-
turbations. The importance of long-term evaluation
appears clear in the case of a phonatory disorder (with
laryngeal negative objectivity) due mainly to inade-
quate expiratory air flow, thus causing changes which
can be detected only if examining many consecutive
periods rather than single periods.
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= 2.892, amplitude perturbation quotient (APQ) = 2.611,
smoothed amplitude perturbation quotient (SAPQ) =
3.433, peak amplitude variation (vAm) = 6.385. Statis-
tical analysis (t test) showed no statistically significant
difference between sexes, thus a single set of rules was
used for both sexes.

di perturbazione d’ampiezza (SAPQ) di 3,309 e valori di va-
riazione di ampiezza di picco (vAm) di 7,042. Negli 11 sogget-
ti di sesso maschile sono stati riscontrati valori di Shimmer as-
soluto (ShdB) di 0,269 dB, valori di Shimmer relativo (Shim%)
di 2,892, valori di quoziente di perturbazione d’ampiezza
(APQ) di 2,611, valori di quoziente mediato di perturbazione
d’ampiezza (SAPQ) di 3,433 e valori di variazione di ampiez-
za di picco (vAm) di 6,385. II confronto statistico (T test) tra i
due sessi non ha messo in evidenza differenze statisticamente
significative, consentendo quindi di considerare un’unica nor-
mativa per i due sessi.



Materials and methods

The present study has been carried out on 35 eu-
phonic patients (mean age 31.6 years, range 19-59),
of whom 24 female (mean age 33.5 years, range 19-
47) and 11 male (mean age 42 years, range 28-59). In
order to exclude any vocal disorder, patients had to
meet the following criteria: dysphonia negative his-
tory, negative physical and videolaryngoscopic pat-
tern, a zero overall value in acoustic-perceptive eval-
uation with GIRBAS scale 29. The vocal signal has
been recorded with a Kay Computer Speech Lab
(CSL) 4300B supported by a personal computer in-
cluding a Shure-Prolog SM48 microphone, located at
a distance of 15 cm (Kay) and at an angle of 45°.
Background noise (< 30 dB) has been constantly
monitored. Analysis of a voice sample, directly
recorded using digital technology and with a sample
frequency of 50 kHz, has been carried out using the
2.3 version of the MDVP 5105 software. In accor-
dance with the vocal material used in the system
standardization and with almost all the studies car-
ried out using the same material, we have chosen the
vowel /a/ as sound sample. The vowel has been kept
at a “conversation” intensity (55-65 dB acceptability
range) after the patient had previously been trained
for an emission, as constant as possible, without in-
tensity or frequency changes (three training tests).
For further standardization of the analysis procedure,
the saturation point has been constantly set on 6/9 of
the acquisition channel (CH1). Each patient has been

asked to carry out a phonation lasting at least 6 sec-
onds, out of which the central 3 seconds have been
extracted under default provisions being the most
regular and those affected the least by signal pertur-
bations due to the onset and end of the vocal signal
30. As already pointed out, of all the parameters cal-
culated by the system, only those related to ampli-
tude perturbations were evaluated:
– absolute shimmer (Sh dB): mean absolute vari-

ability, peak-to-peak, of amplitude in every single
period. This value provides information concern-
ing the short-term amplitude that shows irregular-
ity (cycle-to-cycle);

– relative shimmer (Shim): mean relative variabili-
ty, peak-to-peak, of amplitude in each single peri-
od;

– peak amplitude variation (vAm): mean relative
variability of amplitude, 11 periods out of 11,
with a 1-step peak-to-peak;

– amplitude perturbation quotient (APQ): mean rel-
ative variability of amplitude, s periods out of s
(default s = 55), with a 1-step peak-to-peak;

– smoothed amplitude perturbation quotient
(SAPQ): relative variability of the peak-to-peak
amplitude standard deviation compared to the av-
erage peak-to-peak amplitude.

Of the data obtained, we calculated the mean values,
standard deviations and any statistic correlation. Re-
sults have then been compared to those obtained in
different centres using the same voice evaluation sys-
tem.
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Table I. Values detected in females.

Min value Max value Mean value SD

ShdB 0.155 0.279 0.203 0.046
Shim % 1.274 3.176 2.226 0.647
APQ 1.443 2.005 1.758 0.223
SAPQ 2.264 5.189 3.309 0.619
vAm 5.909 8.099 7.042 0.767

SD = standard deviation

Table II. Values detected in males.

Min value Max value Mean value SD

ShdB 0.227 0.354 0.269 0.049
Shim % 2.532 3.011 2.892 0.175
APQ 2.084 3.101 2.611 0.378
SAPQ 2.495 5.002 3.433 0.756
vAm 5.892 7.262 6.385 0.536

SD = standard deviation



Results

The 24 adult females examined showed the following
results: ShdB = 0.203 dB; Shim% = 2.226; APQ =
1.758; SAPQ = 3.309; vAm = 7.042 (Table I).
The 11 males examined showed the following re-
sults: ShdB = 0.269 dB; Shim% = 2.892; APQ =
2.611; SAPQ = 3.433; vAm = 6.385 (Tab. II).
The statistical analysis (t test) did not reveal any sig-
nificant difference, thus the same provisions were
taken into consideration for both sexes (Table III).
Comparison with data obtained in other centres did
not show any statistically significant difference (Ta-
bles IV, V).

Conclusions

Acoustic digital voice analysis basically requires
the application and evaluation of a correct set of
rules. It is, therefore, necessary to find a common

procedure in order to enable different centres to ob-
tain comparable and superimposable values 23-25 31.
The present study shows how the variability detect-
ed in previous studies is already being overcome by
simply reducing the variability factors while carry-
ing out the test and by following a common proto-
col. Ursino et al. 23 did not detect any significant dif-
ference between males and females. Indeed, the results
obtained are comparable to those obtained in the pre-
sent investigation and to those obtained by De Colle 20.
Conversely, significant differences were detected
when comparing data concerning the system default
values. Ursino et al. 23 and De Colle 20 used an analy-
sis procedure which is similar to that used in the
present study (same distance from the microphone,
acquisition of at least 6 seconds and analysis of the
3 central seconds of the recorded signal, same sam-
ple frequency, etc.). The one used by default, in-
stead, is a little different from ours (the microphone
is located at only 5 cm, the choice of the segment to
analyse is randomised, the recording only lasted 4
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Table III. Overall prescriptive values.

Min value Max value Mean value SD

ShdB 0.155 0.354 0.233 0.059
Shim % 1.274 3.176 2.538 0.615
APQ 1.443 3.101 2.101 0.483
SAPQ 2.264 5.189 3.212 0.620
vAm 5.909 8.099 6.800 0.658

SD = standard deviation

Table IV. Statistical comparison of values detected in different centres using MDVP system.

Catanzaro De Colle, 2001 Ursino, 1999

ShdB 0.233 0.209 0.298
Shim % 2.538 2.399 /
APQ 2.101 1.853 /
SAPQ 3.212 3.014 2.73
vAm 6.800 6.916 8.41

Table V. Statistical variance.

Catanzaro/De Colle Catanzaro/Ursino Total

ShdB 0.000288 0.002112 0.00212
Shim % 0.009661 / /
APQ 0.030752 / /
SAPQ 0.019602 0.116162 0.058697
vAm 0.006728 1.29605 0.806265
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seconds). Although our results are comparable, in
part to those of the other centres, univocal provi-
sions appear to be evident and in order to standard-
ise the procedure should not be delayed. Once

again, we emphasize the need for a more extensive
evaluation of new acoustic parameters, particularly
in normal subjects, according to sex and age, in or-
der to identify all the correct correlations.
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