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Introduction: To investigate voice quality (VQ) impairments in idiopathic Parkinson’s

disease (IPD) and to explore the impact of medical treatments and L-Dopa challenge

testing on voice.

Methods: Relevant studies published between January 1980 and June 2017

describing VQ evaluations in IPD were retrieved using PubMed, Scopus, Biological

Abstracts, BioMed Central and Cochrane databases. Issues of clinical relevance,

including IPD treatment efficiency and voice quality outcomes, were evaluated for

each study. The grade of recommendation for each publication was determined

according to the Oxford Centre for Evidence-Based Medicine evidence levels.

Results: The database research yielded 106 relevant publications, of which 33 stud-

ies met the inclusion criteria, for a total of 964 patients with IPD. Data were

extracted by 3 independent physicians who identified 21, 11 and 1 trials with IIIb,

IIb and IIa evidence levels, respectively. The main VQ assessment tools used were

acoustic testing (N = 27), aerodynamic testing (N = 10), subjective measurements

(N = 8) and videolaryngostroboscopy (N = 3). The majority of trials (N = 32/33)

identified subjective or objective VQ improvements after medical treatment

(N = 10) or better VQ evaluations in healthy subjects compared to patients with

IPD (N = 22). Especially, our analysis supports that VQ overall improves during the

L-Dopa challenge testing, making the VQ evaluation an additional tool for the IPD

diagnosis. The methodology used to assess subjective and objective VQ substan-

tially varied from 1 study to another. All of the included studies took into considera-

tion the patient’s clinical profile in the VQ analysis.

Conclusion: The majority of studies supported that VQ assessments remain useful

as outcome measures of the effectiveness of medical treatment and could be help-

ful for the IPD diagnosis based on L-Dopa challenge testing. Further controlled

studies using standardised and transparent methodology for measuring acoustic

parameters are necessary to confirm the place of each tool in both IPD diagnosis

and treatment evaluation.
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1 | INTRODUCTION

Idiopathic or primary Parkinson’s disease (IPD) is one of the most

prevalent progressive neurodegenerative diseases, affecting approxi-

mately 8-18 per 100 000 person-years in industrialised countries.1,2

Beyond the classical motor symptoms and signs, 70%-89% of

patients develop voice disorders at baseline3,4 or during disease pro-

gression along with motor disability progression.5,6 The occurrence

of voice quality alterations is well known to negatively impact

patient quality of life, leading to the development of communicative

disabilities,7 depression and patient isolation.8 Therefore in the last 2

decades, an increasing number of studies have evaluated voice qual-

ity impairments at baseline (the time of initial diagnosis) and

throughout the progression of IPD. Most studies found substantial

differences between patients with IPD and healthy subjects at the

time of diagnosis;7,9-11 however, controversy still persists with regard

to the impact of medical treatment on voice quality.10,12,13 This

point is particularly important because an increasing number of trials

tend to use voice quality as an outcome measure of treatment effec-

tiveness.12,14

In addition, to date, the IPD diagnosis remains clinical and needs,

in some cases, the use of dat-scan or L-Dopa challenge testing,

which is interesting to assess the effectiveness of L-Dopa on the

motor state of the patient.15 However, the assessment of the effi-

ciency of L-Dopa during the L-Dopa challenge testing is subjective

and based on the clinical examination of the neurologist (ie walking

test). In this context, a significant number of studies have been con-

ducted to use voice quality as precise tool able to objectify the effi-

ciency of the L-Dopa intake during the L-Dopa challenge testing.9,14

The aim of this review was to investigate both voice quality dif-

ferences between healthy subjects and patients with IPD and the

impact of both medical IPD treatments and L-Dopa challenge testing

on voice quality. This study does not focus on the effect of Lee Sil-

verman Voice Therapy� on voice quality. Thus, trials in which

patients received voice therapy were excluded. The review was con-

ducted according to the PRISMA checklist for reviews and meta-ana-

lyses.16

2 | MATERIALS AND METHODS

2.1 | Types of studies, participants/problem,
outcomes, comparison and interventions

2.1.1 | Selection of patients

In this review, we focused on trials studying patients with a clear

diagnosis of IPD based on neurological symptoms and signs (option-

ally underpinned by Hoehn and Yahr scale, Unified Parkinson’s dis-

ease rating scale (UPDRS) or other tools), a suitable positive dat-scan

result, positive L-Dopa test and/or the exclusion of Parkinson Plus

Syndrome. The authors had to exclude some cofactors perturbing

voice assessments (ie upper aerodigestive tract infections in the

previous month, severe addiction to tobacco or alcohol and other

identifiable causes of laryngitis).17 The symptoms and signs recorded

consisted of clinical surveys or simply history/observation(s) made by

the practitioner. In addition, the authors had to assess the subjective

and/or objective voice quality of subjects with IPD using validated

tools.

2.1.2 | Intervention of interest and comparison
between IPD and healthy subjects

Two groups of cohort studies were included. The first group

included case-controlled studies comparing patients with IPD (ON or

OFF state) with healthy subjects. The second group included ran-

domised, prospective/retrospective, controlled/uncontrolled studies,

evaluating the evolution of voice quality in patients with IPD along

treatment or during the ON/OFF testing (L-Dopa challenge testing).

2.1.3 | Outcomes

In both groups of studies, subjective and/or objective voice quality

has been assessed in all subjects. The methodological procedures

used for voice quality assessments were analysed for the following

evaluations:

1. Subjective voice quality: tools, evaluation method (unique, multi-

ple blinded/unblinded judge(s)) and speech material (phonetic

text, sustained vowels, etc.);

2. Aerodynamic measurements: measures assessed and whether a

calibrated machine was used;

Keypoints

• IPD patients have more voice quality impairments than

healthy controls at baseline and throughout the course of

the illness.

• The administration of L-Dopa during the challenge testing

seems to improve aerodynamic and/or acoustic measure-

ments.

• Majority of trials studying the impact of L-Dopa on voice

quality of patients with IPD had poor to modest quality

of evidence, had unclear inclusion and exclusion criteria,

had small numbers of patients and did not take into con-

sideration the various patient profiles.

• There is no placebo randomised controlled trial interest-

ing to the impact of L-Dopa on voice quality in IPD.

• The heterogeneity between studies with regard to the

tools and methods used to assess voice quality prevents

the identification of the most interesting parameters to

use in future as outcome of the treatment efficiency or

the IPD evolution.
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3. Acoustic measurements: software, vowel characteristics (choice,

condition of speech (normal intensity), duration, vowel sample

number recorded and analysed), utilisation of a microphone and

the vowel sample portion on which the acoustical measurements

were obtained.

In addition, the effect of L-Dopa (or other) on voice quality was

assessed in each prospective study taking into account all the char-

acteristics of the trial.

2.2 | Ethical consideration

The present review entitled “Voice quality outcomes of idiopathic

Parkinson disease medical treatment: a systematic review” receives

the agreement of the Ethical Committee of EpiCURA Hospital

(P2013/010).

Dr Jerome R Lechien, MD, PhD.

2.3 | Search strategy

A literature search was conducted to identify articles related to IPD

voice quality published in English, French and other languages

between January 1980 and June 2017. The databases searched were

Biological Abstracts, BioMed Central, Cochrane, PubMed/Medline and

Scopus. Various keywords were used, including: “Parkinson,” “Parkin-

sonism,” “Idiopathic,” “Primary,” “Voice,” “Speech” and “Degenerative.”

We identified the multiple inclusion cases by checking age, sex, author

and geographic area whenever these data were available.

2.4 | Data selection, extraction and analysis

The research protocol, data selection, extraction and analysis were

developed a priori. Three independent authors (JRL, VR and SB)

screened and selected each study with available abstracts, full texts

or titles referring to IPD. They evaluated the papers for the following

characteristics: (i) patient characteristics (N, age, sex and disease

state); (ii) diagnosis method, (iii) inclusion and exclusion criteria; (iv)

adequacy of the process of allocation and comparability of ran-

domised groups; (v) risk of epidemiological bias; (vi) treatment fea-

tures; (vi) follow-up time; (vii) clinical and voice quality outcomes

used; and (viii) method used to assess voice quality. The grade of

recommendation (ranging from Ia to V) was determined for each

paper according to the Oxford Centre for Evidence-Based Medicine

evidence levels.18 Risk of bias was assessed using the Tool to Assess

Risk of Bias in Cohort Studies (TARBCS) developed by the Clarity

Group and Evidence Partners.19

3 | RESULTS

3.1 | Search results

The initial search identified more than 400 references from the 5

databases. Abstracts of these references were screened, and a total

of 127 studies had the potential to meet our selection criteria (106

relevant papers from PubMed, 11 publications from Scopus, 8 publi-

cations from BioMed Central, 2 publications from Cochrane Library

database and no relevant publications from Biological Abstracts;

Table 1). From this primary identification and after the analysis of

the full-text articles, we selected 33 pertinent publications that

included a total of 964 patients with IPD (Figure 1). Among these 33

articles, we found 22 controlled studies accounting for 720 patients

with IPD and 10 prospective case series describing 244 patients.

Two studies13,20 were simultaneously case-controlled and prospec-

tive studies and were classified in the second group. Figure 1,

Tables 2 and 3 provide a detailed description of all the included

studies.

3.2 | Patient characteristics, treatments and follow-
ups

Data related to age and sex were reported in 32 and 30 of the 33

studies, respectively (Tables 2 and 3). Women accounted for 34.96%

of all patients, and the average patient age was 64.59 years (ranging

from 43 to 84 years). At the time of assessment, the mean values of

the Hoehn and Yahr scales and UPDRS were 2.20 and 26.46,

respectively, and the duration of disease was 5.50 years. In thera-

peutic studies, we identified 4 different medical regimens: L-Dopa

alone (N = 17); L-Dopa + other drug(s) (ie anticholinergics, aman-

tadine, bromocriptine, ergot-type medication, amphetamines, cate-

cholamines catabolism inhibitors) (N = 4); other drugs alone (N = 3);

and medication � surgical procedures (ie pallidotomy (N = 1) or

bilateral subthalamic stimulation [N = 3]). In this case, we only

focused on data concerning the effect of medical treatment on voice

quality. Concerning the ON/OFF trials, the mean time without drugs

before the examination was 10.67 hours (8-12 hours) and the mean

time between the L-Dopa intake and assessment of the drug’s effect

was 75 minutes (30-120 minutes).

3.3 | Diagnosis and clinical outcomes

IPD diagnosis was based on the clinical judgement of the physician

in all publications. The Hoehn and Yahr scale alone (N = 14) and the

TABLE 1 Result of the literature search

Database Publications found Publications selected

PubMed 106 33

Scopus 11 0

BioMed Central 8 0

Biological Abstracts 0 0

Cochrane 2 0

The database search results found 106 relevant publications in PubMed,

11 relevant publications in Scopus, 8 publications in BioMed Central, 2

relevant publications in Cochrane Library and any publication in Biologi-

cal Abstracts.
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UPDRS (N = 8) were the most common clinical scale used for

patient follow-up after treatment.

3.4 | Voice quality outcomes

Fourteen case-controlled trials assessed voice quality only with

objective measurements; 1 trial used only subjective assessment;

and 7 trials used both subjective and objective evaluations. Concern-

ing the secondary identification group, 9 trials used objective assess-

ments and 2 studies considered subjective and objective voice

quality evaluations.

Of these 33 studies, 1 patient-based subjective instrument (Voice

Handicap Index (VHI), N = 4) and 2 clinician-based subjective instru-

ments (Grade, Roughness, Breathiness, Asthenia, Strain [GRBAS]

[N = 6] and Speech/Voice score [N = 2]) were used (Table 4).

Among the objective voice quality outcomes, acoustic parameters

were used in 27 studies, aerodynamic measurements in 10 studies,

videolaryngostroboscopy (VLS) findings in 3 studies and an elec-

tromyography study in 1 trial (Tables 2 and 3 [online]).

Respecting the acoustic measurements, the utilisation of a micro-

phone varied from 1 study to another (Tables 2 and 3). MDVP� (Kay

Elemetrics Corp., NJ, USA) was the most frequently used software

to measure acoustic parameters (N = 7/21), followed by Computer-

ized Speech Lab� (KayPentax, NJ, USA) (N = 7), Praat� (University

of Amsterdam, the Netherlands) (N = 3) and C-Speech� (C-Speech,

WI, USA) (N = 2). There was significant variability between studies

according to the vowel used to measure acoustic parameters. Eigh-

teen studies measured acoustic parameters on a sustained/a/, 4

studies used the vowel/i/, and 4 studies used at least 2 different

vowels. One trial used connected speech. The duration of the sus-

tained vowel and the sample number recorded and analysed varied

from 1 study to another. The sustained vowel duration ranged from

2 seconds to the maximum phonation time. The number of recorded

samples ranged from 1 to 6 samples, and the portion of the record-

ing on which acoustic cues were measured varied from 1 study to

another:

1. No information provided about the portion of the recording on

which acoustic cues were measured (N = 11);

2. Measurement on the most stable portion of the signal (1, 2 or

3 seconds) without a clear definition of the “most stable portion”

(N = 4);

Full-text articles assessed for 
eligibility and selected (N = 33)

Discussion among
J.R.L., V.R. and S.B.
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TABLE 4 Overview of the measurement instruments/tools on voice quality used in the selected studies

Outcomes Tools N

Subjective voice assessment

Hetero-evaluation (GRBASI scale) B 7

G 5

R 5

A 5

S 4

I 3

Auto-evaluation VHI 2

Loudness 2

Other 2

Objective voice assessment

Acoustic parameters Jitter 21

Shimmer 19

Signal-noise (HNR/NHR) 17

F0 16

PPQ 5

VTI 5

STD 4

Highest F0 4

MF0 4

vF0 3

Lowest F0 3

RAP 3

Intensity 3

Pitch Range 2

FTRI 2

Semi-tone 2

Dynamic range, Frequency Range 1

sAPQ, vAm 1

SPI, ATRI 1

DVB, NVB 1

DSH, NSH 1

DUV, NUV 1

Fftr, Fatr 1

Reduced F0 variability 1

Aerodynamics MPT 9

S/Z 4

Vital Capacity 2

Mean Airflow Rate, PQ, FEV1 1

Video(strobo)laryngoscopy VLS 4

A, asthenia; APQ, amplitude perturbation quotient; ATRI, Amplitude Tremor Intensity Index; B, breathiness; DSH, degree of subharmonics; DVB, degree

of voice break; DUV, degree of unvoiced segment; F0, fundamental frequency; Fatr, amplitude frequency tremor; Fftr, fundamental frequency tremor;

FEV1, forced expiratory volume in 1 s; FTRI, Fo-Tremor Intensity Index; G, grade of dysphonia; I, instability; Jita, absolute jitter; Jitt, jitter per cent;

MPT, maximum phonation time; NHR, noise harmonic ratio; NSH, number of subharmonics; NUV, number of unvoiced segment; NVB, number of voice

break; PQ, phonatory quotient; PFR, phonatory fundamental frequency range; PPQ, pitch perturbation quotient; R, roughness; S, strain; ShdB, Shimmer;

Shim, shimmer per cent; STD, standard deviation of F0; vF0, fundamental frequency variation; RAP, relative average perturbation; sAPQ, smoothed

amplitude perturbation quotient; SPI, Soft Phonation Index; sPPQ, smoothed pitch perturbation quotient; vAm, peak-to-peak amplitude variation; VHI,

voice handicap index; VLS, videolaryngostroboscopy; VTI, Voice Turbulence Index.
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3. Measurement on the most stable portion of the signal (2 or

4 seconds) with a clear definition of the “most stable portion”

(N = 2);

4. Measurement on the 1 to 3 central seconds of the signal (N = 7).

Many studies did not provide information regarding the software

used, sample analysed and/or recorded and/or the utilisation of a

microphone (Table 2 and 3).

3.5 | Methodological quality of the selected studies
(evidence level) and bias

Our search found 21 trials with a IIIb evidence level, 11 studies with

a IIb evidence level and 1 study with a IIa evidence level. We did

not find any randomised placebo-controlled studies assessing the

effect of L-Dopa on voice quality.

According to the risk of bias, firstly, the population of patients

(neurological profile) varied considerably between studies, as 14 tri-

als studied all IPD stages, 7 studies focused on early/mild or moder-

ate or severe stages of IPD, and the remaining studies (N = 11) did

not provide clear information about the stage IPD evaluated. In addi-

tion, in 3 studies,21–23 patients were recruited on the basis of the

occurrence of a perceptual voice disorder, which constitutes a selec-

tion bias limiting the comparison with the other studies. With regard

to the patient profiles, another bias was a lack of information con-

tained in the IPD patient profiles (ie trembling or akinetic) composing

the studies. In fact, 30 studies (N = 30/33) did not precisely identify

the patient profiles at baseline or mixed the different IPD profiles.

This point is crucial as it has been suggested that the expression/

profile of the patient with IPD may impact the development of some

voice disorders over others.7,24

Secondly, sampling bias was present in many cohort studies due

to inadequate or a lack of exclusion criteria. A total of 11 studies did

not provide information regarding the exclusion criteria or did not

assess cofactors that may have impacted the voice assessment (ie

smoking, alcohol consumption, laryngopharyngeal reflux) that may

have led to confusion in the interpretation of the voice quality

results.

Thirdly, it seems that several cross-sectional or prospective con-

trolled studies (N = 16) did not statistically verify the comparability

of the groups or did not provide information about the intergroup

comparability. The remaining studies (N = 15) matched at least for

gender or/and age of the patients.

Fourthly, with regard to perceptual voice quality assessment, dis-

parities between the studies in the assessment of the GRBASI items

also constitute bias, which leads to difficulties in comparing the

results of the studies. Other observational biases may include i) the

VLS material used (quality of pictures) and operator experience in

detecting the presence of laryngeal abnormalities and ii) the lack of

blinding.3,9 In the same way, the main bias of studies measuring

acoustic cues was the heterogeneity of the methods used to mea-

sure acoustic parameters which, as demonstrated in previous studies,

may lead to different observations.25

3.6 | Voice quality evolution throughout L-Dopa
challenge testing

At the exception of the study of Santos et al (conducted on only 5

patients) and the study of Ghio et al who only assessed F0, most of

the trials studying voice quality along the L-Dopa challenge testing

reported the improvement of, at least, 1 voice quality measurement

after the L-Dopa intake (Table 3). More specifically, in studies that

used acoustic parameters as treatment outcome, types of improved

acoustic cues substantially vary between studies with a larger num-

ber of trials reporting a significant improvement in shimmer com-

pared to jitter. Only 2 studies used aerodynamic measurements as

voice quality outcome throughout the L-Dopa challenge testing;26,27

and these 2 studies exhibited significant improvement in aerody-

namic evaluations.

4 | DISCUSSION

Our systematic review included 33 publications from 1960 to 2017,

covering a period of 57 years. As expected, most papers were pub-

lished within the last 20 years, probably following the development

of voice quality assessment technologies, which are increasingly

available in most centres.

4.1 | Subjective voice quality assessments

Only a few controlled studies evaluated subjective voice quality

impairments in IPD. The voice quality self-assessment approaches

based on a standardised questionnaire are less dependent from the

method used than self-evaluations based only on a practitioner’s

anamnesis.28,29 It is thus easier to compare different studies obser-

vations to draw an overall conclusion. In this review, we only identi-

fied 2 trials comparing VHI between patients with IPD and healthy

subjects. They found significantly better scores in controls,3,7 sug-

gesting a more apparent communication handicap related to voice

disorders in patients with IPD.

Five controlled studies evaluated perceptual voice quality

between patients with IPD and controls using the GRBASI

scale.3,4,7,30,31 The observations varied between studies even though

the overall trend showed stronger scores in dysphonia, breathiness,

roughness and instability in patients with IPD. Some well-known

data support that methodology differences (ie blinded or unblinded

evaluations, speech samples on which the evaluation is performed)

between studies may influence intergroup differences.32–34 To date,

it remains difficult to draw clear conclusions even if patients with

IPD are characterised using subjective voice quality alterations and

compared to healthy subjects. Future standardisation is needed to

improve the comparability between studies, especially with regard to

perceptual voice quality assessment.

Another major point that is rarely taken into consideration in

voice quality studies concerns the psychological condition of patients

with IPD. Indeed, in previous phoniatric studies, depression, which
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occurs in approximately 17% of patients with IPD,35,36 is known to

significantly impact the patient’s voice and the subjective and objec-

tive voice quality measurements. Thus, interpretation of the results

of the self-assessed voice quality questionnaires must carefully take

into consideration the psychological state of the patient.

4.2 | Laryngeal evaluations

Several studies evaluating the laryngeal repercussions of the disease

have found substantial findings. The most common laryngeal findings

observed with videolaryngostroboscopic or high-speed camera exam-

inations are glottal incompetence, characterised by disorders of vocal

fold adduction and air leakage.7,37,38 Vocal fold bowing, glottal tre-

mors, midfold opening of the glottis on phonation, slowed vibration,

increased phonation threshold pressure, chaotic vocal fold vibrations

and paralysed vocal folds on examination have also been associated

with IPD.7,38–40 The VLS/high-speed camera examinations are impor-

tant for better understanding of the pathophysiological mechanisms

underlying voice disorders, but remain less underutilised in the stud-

ies described in this review (only 3 trials used these methods).3,7,9 It

should also be acknowledged that evaluation of laryngeal findings

related to IPD must take into consideration the patient profile. Some

laryngeal findings occur more frequently in patients with tremors

than patients with an akinetic profile and vice versa.24 In addition to

the lack of VLS/high-speed camera utilisation, future studies must

increasingly consider laryngeal findings related to the ageing voice.

Indeed, many observable findings (ie glottal incompetence, glottal

tremors) are often observed in patients suffering from an ageing

voice. Thus, special attention must be paid to the selection of the

control group and their laryngeal findings as related to presbyphonia.

4.3 | Aerodynamic measurements

The first study to evaluate modern aerodynamic measurements in

IPD dates from the 1980s.41 Since that time, controversy remains

present. The most often assessed aerodynamic measurement is the

maximum phonation time (MPT). This measure is easy to measure,

and in the context of comfortable pitch and intensity, the method

used to measure MPT does not significantly influence the result.

Therefore, the volume was measured in 6 case-controlled stud-

ies3,7,9,11,26,41 and 2 prospective studies (L-Dopa challenge test-

ing).27,42 The results observed in this review highlight the

controversy, particularly in controlled trials, as half of the studies

(N = 3/6) reported better MPT duration in controls compared to

patients with IPD, and the remaining half did not find any differ-

ences (N = 3/6). In addition, according to previous studies of Poluha

et al and De Letter et al, the administration of L-Dopa seemed to

significantly improve MPT values, supporting a probable impact of L-

Dopa on these measures.27,42

Interestingly, a few controlled studies simultaneously observed

lower MPT values and non-closure glottis patterns (VLS) in some

patients with IPD compared to controls, especially in patients with a

tremor profile.7,24 These data highlight that lower MPT values are

mainly due to glottal incompetence. One possible hypothesis

explaining the mixed aerodynamic results observed may be due to

the different IPD patient profiles, which are often not taken into

consideration in the results analysis. The main criticism imputed to

the assessment of MPT remains the lack of consideration of vital

capacity, which may substantially due to patient respiratory function,

respiratory musculature illnesses, and, de facto, the IPD patient pro-

file. Moreover, it is known that, in some disease states, patients with

IPD may suffer from restrictive or obstructive lung deficits that sub-

stantially impact their vital capacity.43

For these reasons, it is recommended to use phonatory quotient

(PQ; the ratio between vital capacity and MPT) to assess aerody-

namic laryngeal function while taking into account the lung capacity

of the patient. Other measurements, such as the mean flow rate or

expiratory pressure, can be made, but their uses, especially in the

context of the voice quality assessment, remain anecdotal in the cur-

rent literature.11 However, some studies assessed chest wall dynam-

ics,41 subglottal pressure, phonation threshold pressure,44 lung, rib

cage and abdominal volumes involved in speech45 and laryngeal

resistance46 in the evaluation of the respiratory function and the

speech rate in IPD. Among these controlled studies, Jiang et al44

found a higher subglottal pressure in patients with IPD compared to

healthy subjects who can have negative repercussions on the quality

of the vibratory process of the vocal folds. The use of these mea-

surements in a trial studying voice quality in IPD would be particu-

larly meaningful.

In summarise, it remains very complicated to draw accurate con-

clusions about the impact of disease (and IPD treatment) on aerody-

namic measurements leading to mixed results. Even if it seems

highly probable that the disease has an impact on aerodynamic mea-

surements by affecting both the lung and vocal functions, future

studies using PQ, MPT and subglottic estimated pressure and taking

into consideration the patient’s IPD profile are needed.

4.4 | Acoustic measurements

Sixteen trials used acoustic measurements to differentiate patients

with IPD from controls or as outcome measures of therapeutic effi-

ciency. Acoustic analysis is a sensitive approach useful for detecting

subtle functional alterations in the vibratory process of the vocal

folds. However, the obtained results remain very dependent on the

methodological approaches used to measure these parameters.25,47

Overall, most controlled studies reported stronger values of some

acoustic parameters in the IPD population compared to controls. In

addition, the intake of L-Dopa during the challenge testing seems to

be associated with an improvement in many acoustic val-

ues12,14,20,44,48–50 that differ from 1 study to another. Regarding the

high sensitivity of acoustic measurements and with regard to the

impact of IPD on aerodynamic function, we support that L-Dopa

could have a positive impact on acoustic parameters even if, to date,

we are unable to clarify which are meaningful acoustic cues for

treatment outcomes or for studying pathophysiology. The main

explanation of these disparate acoustic results is found in the high
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heterogeneity of the methods used to measure acoustic parameters.

As described in many other phoniatric diseases,25,32,51 it is crucial to

standardise the methodological approach used to measure acoustic

parameters, particularly microphone use, vowel choice and duration,

sample number recorded and analysed, and vowel portions chosen

for measurement. Moreover, as stated above, it seems that patients

with an akinetic profile do not have the same neuromuscular dys-

function as patients with a trembling profile, leading to differences

in chest (respiratory) and laryngeal muscular behaviours, and, de

facto, in acoustic measurements. Therefore, it may be interesting to

take into consideration the profile of the patients, the stage of dis-

ease and many common cofactors that influence voice quality (ie

laryngopharyngeal reflux diseases, smoking, alcohol consumption).

4.5 | Transversal criticisms, future considerations
and recommendations

To date, there are still a number of unanswered questions regarding

voice disabilities in IPD. Voice impairments concern 70% to 89% of

patients,3,4 and it seems that both aerodynamic and acoustic mea-

surements are useful to highlight the impact of L-Dopa on vibratory

process of the vocal folds throughout the L-Dopa challenge testing

or during the disease progression. The awareness of the method-

ological problem related to the measurement of acoustic parameters

is particularly important to develop future studies interesting to the

exact pathophysiological mechanisms underlying the development of

the voice disorder in IPD, at baseline and along disease progression.

With better comprehension of the pathophysiological process, we

could discover better tools, useful for assessing treatment outcomes

and disease progression.

4.6 | In summarise, to elucidate probative answers,
future studies should consider some critical points:

Firstly, concerning inclusion and exclusion criteria, authors should

carefully consider a maximum of general cofactors able to impact

and bias the voice quality assessments (ie gender, age, smoking,

alcohol consumption, laryngopharyngeal reflux, singing practice,

sport).51 More specifically, the knowledge of the clinical character-

istics of the patients with IPD (ie axial or lateral motor impair-

ments, disease stage, treatment used) makes sense for the

interpreting of the dysphonia.4 Secondly, with regard to the com-

plexity of the mechanisms underlying the dysphonia involving

muscular and neurological chest and laryngeal alterations, and

dyskinesia related to L-Dopa, it seems important that the future

studies assess voice quality with exhaustive subjective and objec-

tive evaluations including aerodynamic (PQ, MPT, subglottal pres-

sure, voice intensity, etc.) and acoustic measurements. Voice

intensity has been studied in trials interesting to speech dysfunc-

tion in IPD, but, to our knowledge, a few studies focusing on

voice quality impairments evaluate this parameter, which seems

however altered.9,11,52-54 Concerning acoustic assessment, future

researches need to standardise the method used to measure

acoustic cues, or authors must carefully detail the methodology

used to allow a comparability between some studies. As initially

proposed by the Committee on Phoniatrics of the European

Laryngological Society, we support the measurement of acoustic

parameters on the sustained vowel/a/produced at comfortable

pitch and intensity, 3 times, at maximal phonation time.55 In addi-

tion, the acoustic measures could be made on the entire signal of

the 3 vowels excluding the first and the last milliseconds of the

onset and the end of the signal, which are unstable and improper

for the current acoustic software (technical reason). We did not

support the use of the most stable time intervals of 1, 2 or

3 seconds of the sustained vowel because that does not represent

the voice of the patient compared to the entire signal of the

vowel.51 According to the abnormalities that can be found in

these examinations,39,53 it seems important to systematically per-

form a videolaryngostroboscopy or, when available, a high-speed

camera examination. Thirdly, as indicated above, IPD patients have

a higher risk of depression than healthy subjects, which is known

to substantially impact voice quality evaluations with impaired sub-

jective8 and objective assessments,56 leading to a misattribution of

the cause of the dysphonia.8,35,36,57 Finally, in the current litera-

ture, we did not found randomised placebo-controlled trials evalu-

ating the impact of placebo vs L-Dopa on voice quality. Such

randomised placebo-controlled trials could definitely demonstrate

the impact of L-Dopa on voice quality in IPD.

5 | CONCLUSION

Firstly, results of this systematic review support that patients with

IPD seem to have more voice quality impairments than healthy con-

trols at baseline and throughout the course of the illness. Secondly,

the administration of a standardised dose of L-Dopa seems broadly

consistent with the improvement in objective voice quality measure-

ments, without really having identified the most useful outcomes

among aerodynamic and acoustic measures. However, our review

highlights a number of limitations. On the 1 hand, the majority of tri-

als conducted had poor to modest quality of evidence with unclear

inclusion and exclusion criteria, had small numbers of patients and

did not take into consideration the various patient profiles. On the

other hand, the important heterogeneity between studies with

regard to the tools and methods used to assess voice quality may

limit the comparison across studies. Future studies using irreproach-

able epistemological analyses and as far as possible standardised

multidimensional tools are needed to identify the pathophysiological

mechanisms underlying the development of voice disability in IPD.
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