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Abstract 

Objective(s): The cutting-edge assessment of voice disorders includes objec-
tive and subjective methods in the daily clinical practice. The latter assessment 
is usually performed through the administration of self-reported question-
naires. Voice Handicap Index (VHI) is one of the most widely used tools both 
in clinical practice and in research level. This tool-questionnaire was em-
ployed in this research along with the Voice Evaluation Template (VEF). In 
turn, the aim of this study was to analyse and produce the cut-off points of 
VHI for voice-disordered patients in Greece by using Receiver Operating Cha-
racteristic Curves (ROC Curves). Methods: Sixty-three participants (40 
non-dysphonic and 23 with different types of dysphonia) were classified by 
ENT (Ear, Nose, and Throat) doctors and SLPs (Speech-Language Patholo-
gists). The Hellenic VHI along with the translated Greek version of the VEF 
was administered to the subjects of this research. Results: The voice-disordered 
subjects exhibited higher overall VHI scores (in total and in its 3 subdomains) 
compared to the control group. Statistical significant differences were found 
between dysphonic and non-dysphonic participants for all VHI’s construct 
domains. The cut-off point of VHI total score was estimated at the value of 
14.50 (sensitivity: 0.870, 1-specificity: 0.000). Moreover, the cut-off points of 
the three subdomains were computed as 7.50 for functional (sensitivity: 0.783, 
1-specificity: 0.000), 8.50 for physical (sensitivity: 0.739, 1-specificity: 0.000) 
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and 8.50 for emotional domain (sensitivity: 0.783, 1-specificity: 0.050). Con-
clusion: The preliminary statistical and ROC data analysis of VHI concluded 
that by using this type of assessment method, populations with or without 
voice disorders (in Greece) can be distinguished. Albeit this tool is a 
non-interventional method it could consequently offer an adequate screening 
and monitoring capability. 
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Voice Handicap Index, Voice Disorders, Cut-off Scores, Monitoring, Preliminary 
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1. Introduction 

Voice-disordered populations are regularly examined by Otolaryngologists dur-
ing their daily clinical practice. The etiology of a voice disorder may vary due to 
changes of the laryngeal structure [1] [2] [3] [4] [5]. For the diagnosis of a voice 
disorder there is a plenty of clinical voice assessments [6], different types of pro-
tocols [7], methods [8] and classifications [9] in the literature. From 2001, the 
European Laryngeal Society (ELS) [10] recommended guidelines for a functional 
assessment of a voice pathology. The guidelines included laryngeal imaging [11] 
[12] [13] [14], clinical evaluation (acoustic, perceptual and aerodynamic mea-
surements) [15]-[21] and moreover the voice self-assessment by the patient 
himself [10] [21] [22] [23] [24].  

Particularly, the objective evaluation of voice function can provide informa-
tion about the voice impact on patient’s quality of life [10] while it determines 
the severity of the disability that the patient perceives [10] [24]. For this type of 
non-interventional voice disorders evaluation, a number of questionnaires were 
developed [21] [22] [23] [24]. Specifically, Jacobson, et al. [25] developed the 
Voice Handicap Index (VHI) in 1997. Since its first release, VHI has been trans-
lated in many languages [26]-[33] and has been used vastly in research level [34] 
[35] [36] [37]. The VHI was also cross-culturally translated and adapted into 
Greek language [38] and in turn was used in research level relevant to Greek 
population [39] [40] [41] [42].  

Furthermore, many studies reported that self-assessment methods may be 
considered as potential screening tools for distinguishing between dysphonic 
and non-dysphonic individuals [43]-[48]. The threshold’s value of differentia-
tion is called cut-off point. This cut-off point can be obtained through ROC 
analysis [49]. The maximum value of 1.0 for sensitivity and at the same time a 
lowest value of almost 0 for 1-specificity, indicate an instrument’s efficiency to 
perform perfect classifications [49]. This kind of methodology was developed by 
electrical and radar engineers during Second World War for detecting enemy 
threats [49]. Thereinafter, the ROC curve methodology was adapted by medical 
sciences to evaluate the discrimination ability of an assessment tool between 
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typical population and subjects exhibiting pathology [50]. Over the last few 
years, self-perceived questionnaires’ cut-off points are calculated for people with 
voice disorders [45] [46] [47] and particularly from VHI results [43] [44] [51] 
[52] [53].  

Specifically, this research aims to provide preliminary data for the VHI’s 
cut-off points relevant to Greek voice-disordered patients. 

2. Materials and Methods 

2.1. Participants 

Sixty-three participants (23 dysphonic patients and 40 non-dysphonic subjects) 
enrolled in this study. The mean age of the total sample was calculated equal to 
41.24 yrs (SD = 11.60) with males’ mean age at 43.90 yrs (SD = 12.17) while for 
females at 41.81 yrs (SD = 11.13). The mean age of control group was equal to 
38.04 yrs (SD = 12.22) which was ranged from 22 to 42 years of age, with males 
mean age being equal to 38.81 yrs (SD = 12.31) and for females being equal to 
37.56 yrs (SD = 11.80). The mean age of patients with voice disorders (VDP) was 
equal to 45.19 yrs (SD = 10.99 years) which was ranged from 26 to 49 years of 
age, with males mean age being equal to 45.67 yrs (SD = 10.05) and with females’ 
age being equal to 42.59 yrs (SD = 11.26). All demographic data are presented in 
Table 1.  

All subjects were classified by Ear-Nose-Throat (ENT) doctor and a Speech 
Language Pathologist (SLP). The patient subgroups were diagnosed via video la-
ryngeal endoscopy-stroboscopy. The VDP subgroup did not experience previous 
medical condition that affected their voice during recruitment. The twenty-three 
(23) dysphonic patients were under the supervision of a private ENT and SLP 
office in Ioannina, Greece.  

All patients were split into three broad diagnostic subgroups. The first sub-
group was the “Laryngeal Mass Lesions (LML)” (6 patients), from which three 
(3) were diagnosed with vocal nodules, two (2) with vocal polyps and one (1) 
with leukoplakia. The second subgroup included “Laryngeal Inflammatory Dis-
orders (LID)” (7 patients), from which two (2) patients were diagnosed with 
Reinke’s edema and four (4) with chronic laryngitis. The third subgroup in-
cluded ten (10) “Neurogenic Voice Disorders (NVD)” patients which were di-
agnosed with voice disorder due to hypokinetic dysarthria. 

The control group data was collected from people who accompanied patients 
and from subjects from the School of Health and Welfare Professions, TEI of 
Epirus. The participants non-selection was based on the following criteria for the 
last two weeks before data collection: 1) any occurrence of upper or lower respi-
ratory system disorder or any laryngeal/vocal complaints; 2) the existence of 
symptoms of gastroesophageal reflux (GERD) and/or laryngopharyngeal reflux 
(LRP) disease; 3) the undergone voice therapy and/or voice disorders existence 
in the past; 4) any history of alcohol and/or drugs abuse; 5) living or/and work-
ing environments with smoke or/and dust presence, exposure to chemicals, ex-
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ternal noise, and/or allergens, etc., and other factors that affected voice. 
Twenty (20) of the sixty (60) non-dysphonic patients (controls) were excluded 

because they did not meet the study’s criteria. The nine (9) of them had a history 
of gastroesophageal reflux (GERD) and/or laryngopharyngeal reflux (LRP) dis-
ease with history of voice disorders in the past, three (3) cases had a history of 
alcohol abuse and in one (1) case the use of recreational drugs. Also two (2) cas-
es had a history of exposure to noisy-dusty industrial environments and the re-
maining five (5) cases had a history of laryngopharyngeal reflux (LRP) disease 
with exposure to smoke or/and dust. 

2.2. Data Collection 

Before the enrolment of all subjects, they were informed for the confidentiality 
of obtained data and they signed a consensus letter. The Hellenic VHI [38] and 
the translation of Greek Voice Evaluation Template (VET) [54] were adminis-
tered to all participants. VHI is a subjective tool consisted of 30-questions spilt 
into three domains [functional (VHI-F), physical (VHI-P) and emotional 
(VHI-E)]. Each domain’s score is ranging from 0 to 40. The three domains sum 
is the VHI total score (VHI-T) that ranges from 0 to 120. VET is a consensus 
template relevant to voice that the American Speech Hearing Association 
(ASHA) developed for being used in the daily clinical practice. 

2.3. Statistical Analysis 

The distribution finding of variables was performed with Kolmogorov-Smirnov 
and Shapiro-Wilk tests. All skewed variables (VHI scores) were expressed 
through median (interquartile range), and all normal distributed variables were 
expressed through mean and standard deviations (SD). A Kruskal-Wallis H test 
was used for the comparison of the four study groups (non-dysphonic partici-
pants, LML patients, LID patients and NVD patients). Also, a Mann-Whitney U 
test was conducted for the comparison of the two study groups (dysphonic and 
non-dysphonic participants). Finally, for estimating the cut-off points, ROC 
curve analysis was conducted for VHI and for its three domains. All reported P 
values were two-tailed and the statistical significance was set at P < 0.05. The 
analysis was performed using SPSS statistical software (version 19.0, Armonk, 
NY, USA). 

3. Results 

Sample consisted of 63 participants (40 controls and 23 VDP). The VDP group 
had a mean educational level of M = 12.45 yrs (SD = 3.43) while the control 
group a mean of 12.98 yrs (SD = 5.09). The VDP group smoked for an average of 
M = 14.09 yrs (SD = 5.12) while the control group did not smoke [M = 0.00 (SD 
= 0.00)]. The majority of this sample’s subjects lived in urban areas and most of 
them were married (Table 1).  

The VDP subgroup had a significant higher overall VHI total score compared 

https://doi.org/10.4236/ijohns.2018.73013


D. Tafiadis et al. 
 

 

DOI: 10.4236/ijohns.2018.73013 102 Int. J. Otolaryngology and Head & Neck Surgery 

 

to non-smokers, U = 70.000, P < 0.001. Similar statistically significant differenc-
es of medians were found for VHI-F (U = 113.500, P < 0.001), VHI-P (U = 
127.500, P < 0.001) and for VHI-E (U = 118.500, P < 0.001). The VDP subgroup 
(in all comparisons) exhibited the higher achieved scores (Table 2). The results 
of VHI (Figure 1) and its three domains are represented with box plots (Figures 
2-4). 

Α Kruskal-Wallis test was conducted for comparing subgroups’ medians of all 
VHI total scores and their domains. Particularly, significant statistical differenc-
es were observed between non-dysphonic and dysphonic groups for VHI-T 
score [H (3) = 37.520, P < 0.001] with mean rank of 22.25 for non-dysphonic 
participants, 52.25 for LML patients, 35.50 for LID patients and 56.40 NVD pa-
tients. Likewise, computations were conducted concluding to VHI-F domain [H 
(3) = 29.780, P < 0.001] with mean rank of 23.34 for non-dysphonic participants, 
52.75 for LML patients, 34.29 for LID patients and 52.60 NVD patients. Similar-
ly, results included VHI-P domain [H (3) = 30.838, P < 0.001] with mean rank of 
23.69 for non-dysphonic participants, with mean rank of 47.08 for LML patients, 
of 31.57 for LID patients and of 56.50 for NVD patients. Finally, for VHI-E  

 
Table 1. Subjects’ demographic data. 

 Dysphonic Patients (N = 23) Non-Dysphonic Patients (N = 40) 

 Mean (SD) Mean (SD) 

Age 38.31 (12.31) 38.04 (12.22) 

Educational level 12.45 (3.43) 12.98 (5.09) 

Years of smoking 14.09 (5.12) - 

Marital status   

Married 13 18 

Single 10 22 

Area of living   

Urban area 23 26 

Suburban area - 8 

Rural area - 6 

 
Table 2. Comparisons of medians between controls and VDP for VHI total score and 
VHI domains. 

 Controls (N = 40) VDP (N = 23) 
Mann-Whitney U P level 

 Median (IQR) Median (IQR) 

Total 13.00 (12.00 - 13.75) 45.00 (20.00 - 53.00) 70.000 <0.001* 

Functional 4.00 (3.00 - 5.00) 14.00 (8.00 - 18.00) 113.500 <0.001* 

Physical 4.00 (3.00 - 5.00) 18.00 (6.00 - 23.00) 127.500 <0.001* 

Emotional 5.00 (3.00 - 5.00) 14.00 (7.00 - 16.00) 118.500 <0.001* 

*p level at P < 0.05; Abbreviations: IQR, interquartile range; VHI, Voice Handicap Index. 
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Figure 1. Box plot of Voice Handicap Index—Total Score for all studied subgroups. 

 

 
Figure 2. Box plot of Voice Handicap Index—Functional Score for all studied subgroups. 

 
domain [H (3) = 29.530, P < 0.001] was computed the mean rank of 23.46 for 
non-dysphonic participants, the mean rank of 55.17 for LML patients, of 34.71 
for LID patients and 50.35 for NVD patients. 

A ROC analysis was calculated in order to determine the cut-off points of 
VHI-T and of its three domains. A statistical significant positive discrimination 
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between VDP and controls was observed. Specifically, a very high effect was de-
tected for VHI-T (AUC 0.924, P < 0.001), VHI-F (AUC 0.877, P < 0.001), VHI-P 
(AUC 0.861, P < 0.001) and VHI-Ε domain (AUC 0.829, P < 0.001) (Table 3). 

The cut-off point of VHI-T score was found equal to 14.50 with sensitivity of 
0.870 and 1-specificity of 0.000 (Figure 5), the VHI-F cut-off point was equal to 

 

 
Figure 3. Box plot of Voice Handicap Index—Physical Score for all studied subgroups. 

 

 
Figure 4. Box plot of Voice Handicap Index—Emotional Score for all studied subgroups. 
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Table 3. Coordinates for VDP and controls curve for VHI total score and VHI domains. 

 AUC SE P level 95% CI 

Total 0.924 0.046 <0.001* 0.834 - 1.000 

Functional 0.877 0.053 <0.001* 0.772 - 0.981 

Physical 0.861 0.058 <0.001* 0.747 - 0.975 

Emotional 0.871 0.057 <0.001* 0.760 - 0.982 

*p level at P < 0.05; Abbreviations: AUC, area under curve; CI, confidence interval; SE, standard error; VHI, 
Voice Handicap Index. 

 

 
Figure 5. Receiver Operating Characteristics (ROC) curve for Voice Handicap In-
dex—Total Score. The AUC and p values are displayed on the ROC curve figure. 

 
7.50 with sensitivity of 0.783 and 1-specificity of 0.000 (Figure 6). Also, the 
VHI-P cut-off point was equal to 8.50 with sensitivity of 0.739 and 1-specificity 
of 0.000 (Figure 7) and VHI-E cut-off point was equal to 8.50 with sensitivity of 
0.783 and 1-specificity of 0.050 (Figure 8). All values of figures’ axis are pre-
sented as percentages (e.g. sensitivity of 0.870 corresponds to sensitivity of 87%). 

4. Discussion 

This study indicated that participants with voice disorders had significant higher 
median scores in VHI-T and its three domains compared to non-dysphonic  
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Figure 6. Receiver Operating Characteristics (ROC) curve for Voice Handicap In-
dex—Functional Domain (VHI-F). The AUC and p values are displayed on the ROC 
curve figure. 

 

 
Figure 7. Receiver Operating Characteristics (ROC) curve for Voice Handicap In-
dex—Physical Domain (VHI-P). The AUC and p values are displayed on the ROC curve 
figure. 
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Figure 8. Receiver Operating Characteristics (ROC) curve for Voice Handicap In-
dex—Emotional Domain (VHI-E). The AUC and p values are displayed on the ROC 
curve figure. 

 
patients. Specifically, VHI-T median score was estimated at the value of 45.00 
which was approximately the same with other research [25] [26] [28] [32] [33] 
[38]. The VHI-F domain was computed at the value of 14.00 and it was almost 
similar to research with voice disordered population [25] [26] [28] [32] [33] 
[38]. Likewise, VHI-P domain exhibited a value of 18.00 which was almost in 
agreement with other works [25] [26] [28] [32] [33] [38]. Similarly, the VHI-E 
median was calculated at the value of 14.00 which was in agreement with Jacob-
son et al. (VHI-E = 13.33) [25], Behlau et al. (VHI-E = 13.90) [28] and Trinite & 
Sokolovs research (VHI-E = 16.11) [33]. These aforementioned results indicate 
the potentiality of the VHI utility being probably a strong screening tool. 

Only a few only studies determined the cut-off points of VHI’s ROC curves 
for dysphonic patients [43] [44] [47] [51]-[57] as well as for other populations 
[52] [53]. All these studies used the original versions of VHI in their languages 
and the results showed that the cut-off values varied from 12 to 20 [43] [44] [47] 
[51]-[57]. In the aforementioned studies, the AUCs were satisfactory. Van Gogh 
et al. [57] used the Dutch version of VHI to compare patients with cancer at the 
glottic area and benign laryngeal lesions, while he set a threshold of VHI-T equal 
to 15 with sensitivity of 0.97 and 1-specificity of 0.86, which is similar result to 

https://doi.org/10.4236/ijohns.2018.73013


D. Tafiadis et al. 
 

 

DOI: 10.4236/ijohns.2018.73013 108 Int. J. Otolaryngology and Head & Neck Surgery 

 

this research. Additionally, Moradi et al. [44] with the use the cross-cultural Per-
sian version of VHI concluded that the cut-off value was equal to 14.5 with a 
sensitivity of 92% and a specificity of 95% which is also equal to this research.  

Furthermore, the German Version of VHI [55] calculated a cut-off value of 12 
for VHI-T and this is approximately in agreement with the Greek threshold. 
Likewise, the same cut-off value was obtained (VHI-T = 12) for the Polish ver-
sion of VHI with sensitivity of 0.98 and specificity of 0.95 and again was ap-
proximately in agreement with the Greek cut-off value [43]. Behrman, Rutledge, 
Hembree and Sheridan [56] analyzed data from 156 questionnaires that were 
answered only by women and found a VHI-T cut-off score of 11.5 and this is 
again close enough to the Greek obtained value of 14 for VHI-T subdomain.  

On the contrary, other research groups have found higher cut-off scores in 
comparison to this preliminary study. Particularly, the Swedish team calculated a 
cut-off value of VHI-T = 20 with a sensitivity of 0.77 and a specificity of 0.87 
[58]. However, they underlined limitations to their study. Moreover, a cut-off 
value of 19 (95% sensitivity) refers to the Norwegian version of VHI [29]. Final-
ly, a research in American population with organic dysphonia after thyroidect-
omy found a cut-off value of VHI-T equal to 18 [51] and this score is higher 
compared to the score of this study. Probably, these higher scores are due to dif-
ferences in the studied population [47].  

Finally, is interestingly enough that the above studies computed only cut-off 
points for VHI-T and not for the rest of its domain (VHI-F, VHI-P, VHI-E) 
which has a good diagnostic value as it was underlined in former studies [52] 
[53]. Additionally, to the above, only Karlsen et al. [29] underlined that VHI-F 
seemed to score accurately as a diagnostic discrimination between dysphonic 
and non-dysphonic condition in their study and this result is in agreement to 
this research. Nevertheless, additional sampling is needed with the inclusion of 
furthermore subjects to this preliminary research in order to produce a large 
sample under test. 

5. Conclusion 

The aim of this study was to estimate the VHI’s cut-off points (including its 
three domains) for patients with different types of voice disorders. VHI can 
profoundly distinguish the voice self-perception between dysphonic and 
non-dysphonic individuals. The utility could be used as a screening and 
self-monitoring tool for dysphonic patients. The proper use of VHI’s cut-off 
points could help a voice clinician to probably foresee patients’ progress in the 
short and long run while assisting the clinician to better customize a treatment 
planning. Finally, further research is suggested to be conducted in larger popula-
tions with deviant voice problems in Greece while the factor of the type of 
building environment should be considered for research [59]. Additional re-
search of measuring physical voice characteristics could be conducted with the 
employment of advanced wireless technologies [60] [61] [62] [63]. 
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