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CHAPTER 2:  

Voice outcome indicators for unilateral vocal fold paralysis 

surgery: a review of the literature 

  



33 

 

Abstract 

Introduction 

There is no consensus on which voice outcome indicators (VOI) should be used to 

compare the merits of the various surgical treatments for unilateral vocal fold paralysis 

(UVFP). Authors performed a literature review to identify which VOIs are most 

frequently used and most relevant, in terms of significant change in pre- and post-

operative measurements, in order to assess UVFP surgical treatments. 

Method 

A Medline/Pubmed literature review was performed and the most frequently used VOIs 

were identified using a Pareto diagram. For these most frequently used VOI’s the 

number of studies that showed a statistically significant change in pre and post-

operative results were compared to the total number of studies found, this portion was 

expressed in percent. This percentage was defined as the “percentage of significance” 

and used to assess changes of each VOI. 

Results 

Eleven VOIs were identified using the Pareto analysis. These were, in decreasing order 

of frequency of citation: Maximum Phonation Time (MPT), Jitter, Shimmer, Video-

stroboscopic examination, Noise to Harmonic Ratio (NHR/HNR), Mean Air Flow (MeAF), 

Fundamental Frequency (F0), “Infrequent Perceptional Scales”, GRBAS scale, Mean 

Subglottic Pressure (MSGP). MPT, MeAF, factor G of GRBAS-I, Jitter, shimmer and VHI-30 

had respective “percentage of significance” of 90%, 86%, 85%, 74%, 68% and 64% 

respectively. 

Conclusion 

The results indicate that MPT, MeAF and GRBAS-I, represent the top-three most 

frequently used and the most relevant VOIs in terms of “percentage of significance”.  VHI 

showed a relatively low rate of use and low “percentage of significance”. The role of 

Jitter and Shimmer remains unclear.  Finally, MSGP and the F0 appear to be less relevant 

VOIs for the evaluation of UFVP surgical treatments in terms of significant change in pre- 

and post-operative measurements.  
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Introduction 

Abduction in Unilateral Vocal Fold Paralysis (UFVP) causing dysphonia, dysphagia and 

“phonatory” dyspnea, represents a defined pathological entity for which many different 

surgical treatments have been proposed over the years. Although diverse in their 

approach these surgeries all primarily seek closure of the glottis during phonation. 

Unfortunately, there is no consensus on which voice outcome indicators (VOI)s should 

be used to compare the merits of these various treatments. If voice quality assessment is 

thought to be necessarily multidimensional, some authors have advocated, in the recent 

literature, the need for disease specific sets of VOIs. This paper is a Medline/Pubmed 

based review and evaluation of the literature focusing on VOIs that have been utilized 

for the assessment of UVFP surgical treatments.  

 

The primary aim of this review was to determine the frequency of use of every VOI that 

has been utilized to assess patient’s voice, after surgical treatment for UVFP, using a 

Pareto diagram.  Having determined the most frequently used VOI’s according to the 

Pareto diagram, the secondary aim of this review was to report their pre- and post-

intervention results. The ultimate goal of the review was to identify which VOIs are most 

frequently used and most relevant in terms of significant change in pre- and post-

operative measurements when it comes to assess UVFP surgical treatments. 
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Methods 

In October 2016, a systematic search was performed in Medline/Pubmed to identify 

articles published after 1990 on assessment of UVFP surgical treatments. Using the 

following Medical Subject Heading (MeSH) and Subheadings, “Vocal Cord 

Paralysis/Diagnosis” [MeSH] OR “Vocal Cord Paralysis/Surgery” [MeSH] OR “Vocal 

CordParalysis/Therapy” [MeSH], a total of 3052 articles were found. Two thousand two-

hundred ninety-five articles (2295) were published after 1990. The first selection was 

based on the exclusion criteria. Seven hundred sixty articles (760) were selected after 

title reading. Abstracts of these 760 were reviewed. One hundred and fifty-six (156), of 

these articles were selected for extensive reading. Eventually, 72 of these 156 articles 

met the inclusions criteria and were analyzed [1-72].
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Exclusion and Inclusions criteria are listed in table 1. Figure 1 shows the flowchart of 

articles selection. 

 

Table 1: Inclusion criteria are listed on the right column. Exclusion criteria are listed on the left 

column. 
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Figure 1: Flowchart of articles selection 

 

 

 

An extensive data bank was set up. Type of study, type of surgical intervention(s), type 

of VOI used and their values, along with the time interval from the intervention date to 

the moment of assessment, were collected. The total frequency of use of each VOI was 

classified in descending order. A Pareto diagram that combines bars showing individual 

values by descending order and a line graph showing the cumulative percentage of data 

was drawn. Using the Pareto diagram, the most frequently used VOIs, accounting for 

80% of the total VOIs, were identified. Once the most frequently used VOIs had been 

identified their pre- and post-intervention mean values were compared.  

Two choices regarding VOI grouping were made by the authors. (a) The number of 

citations of Noise to Harmonic Ratio and Harmonic to Noise Ratio (NHR and HNR) VOIs 

were merged. Authors postulate that NHR and HNR represented the same VOI differing 

only by a software setting swopping the numerator and denominator of the same ratio. 
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(b)Inversely, the number of citations of VHI-30 and VHI-10 were not merged. Authors 

postulated that they represented two different -although similar- VOI’s that were based 

on different validation studies in different languages. 

Concerning the GRBAS-I score, only the general score (G) will be considered. 

The pre- and post-intervention mean values of the VOIs selected using the Pareto 

diagram were compared. One post-intervention VOI result was considered for each 

surgical technique and each time-interval of post-intervention assessment.  The same 

pre-intervention data were used in case of studies comparing (1) multiple techniques 

and (2) post-intervention at multiple time points. This explains why post-intervention 

data were more numerous than pre-intervention data.  

Boxplot graphs were used to display pre-and post- intervention means. Line graphs 

were preferred to boxplot graphs when no clear post-operative trends in the voice 

outcome could be found.  

Finally, for these most frequently used VOI’s the number of studies that showed a 

statistically significant change in pre and post-operative results (≤0.005) were 

compared to the total number of studies found, this portion was expressed in percent. 

This percentage was defined as the “percentage of significance” and used to assess 

changes of each VOI. 

 

Results 

 

Fifty-three (73,6 %) out of 72 studies were prospective. Some of these 72 studies 

evaluated more than one type of procedure. In total 107 procedures were reported. 

Some articles did compare the outcomes of combined procedures.  Surgeries of UVFP 

that were reported were respectively, Medialization or type 1 thyroplasty (ML) (56,1%), 

Arytenoid adduction (AA), usually combined with ML (18,7%), Injection Laryngoplasty 

(IL) (17,8%), Larynx Reinnervation (LR) (6,5%) and Arytenoidopexy (AP),usually 

combined with ML (0.9%).  

The most reported interval for post-operative voice outcome analysis was six months 

(60 articles) whereas one month (50 articles), three months (49 articles) and one year 

(48 articles) intervals were also commonly reported. Table 2 shows the details of VOI 

frequency of citation in descending order with their cumulative percentage. Figure 2 

displays the frequency of VOIs use and the 80% cumulative percentage cut-off point 

within a Pareto Diagram.  
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Table 2 displays the frequency of use of the different VOIs utilized in the literature, their overall 

percentage of use and the cumulative percentage of all VOIs. 
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Figure 2 showing the Pareto diagram of all the VOIs that were listed 

 

Eleven VOIs accounted for 80% of all reported VOIs, when it comes to assessment of 

voice after Surgery for UVFP. These were, in decreasing order of frequency of citation: 

Maximum Phonation Time (MPT), Jitter, Shimmer, Video-stroboscopic examination, 

Noise to Harmonic Ratio (NHR/HNR), Mean Air Flow (MeAF), Fundamental Frequency 

(F0), “Infrequent Perceptional Scales”, GRBAS scale, Mean Subglottic Pressure (MSGP) 

and the original Jacobson’s Voice Handicap Index (VHI-30)[73].  

 

All the voice perceptional scales that were found in the literature whether validated or 

not, and used by only one team were grouped together in VOI “infrequent Perceptional 

Scales”. By definition, such scales could not be compared. Likewise, video-stroboscopic 

examinations results could not be compared due to the lack of protocol standardization. 

Accordingly, the pre-and post-intervention results of the remaining 9 VOI’s were 

analyzed. 
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Table 3: displays for each VOI; number of pre-op data, means of pre-intervention mean values; 
number of post-op data, means of post-interventions mean values, number of pre-post data delta 
available. 

 

 

Table 3 shows means of pre-intervention values compared to means of post-

interventions values for each VOI, at every given post-operative time-point. Table 4 

shows the percentage of studies showing “P-values ≤ 0.05” versus studies with “P-values 

> 0.05 and no P-values available”, for each VOI. For this table, only the first post-

operative assessment was considered, no matter how many post-operative assessments 

were provided by the study. This percentage was defined as the percentage of 

significance.  

 

 

Table 4: shows, for each VOI the proportion of studies showing significant results (p≤0.005) 
between pre-operative and the first post-operative assessments. (NS: not significant, NA: not 
available). The last column translates this proportion into a “percentage of significance”.  

 

In 7 out of the 9 VOIs we found that a high percentage of the studies showed a significant 

difference in the pre-and post- measurements. The pre-and post-intervention means of 

these 7 studies are displayed in Figure 3. Figure 4 displays the pre- and post-

interventions means of the remaining two VOIs, MSGP and the F0. Here no clear post-

operative trends in the voice outcome could be found.  



42 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

  

 

 

 

 

 

 

 

  

 

 

 

 

Figure 3: Pre- and post- interventions results of G score of GRBAS-I (A), MPT (B), MeAF (C), HNR 
(D), NHR (E), VHI-30 (F), Jitter (G) and Shimmer (H).  
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Figure 4: Pre- and post-interventions results of MSGP (A) and F0 (B). 
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Discussion 

 

This study is a literature review performed to reveal the most frequently cited VOIs used 

for UVFP surgical treatment assessment.  Using the Pareto technique eleven VOIs were 

found to account for 80% of the total number of indicators cited. Although, the 

frequency of use of these VOIs may indirectly reflect their accessibility and/or facility to 

measure, it does not mean per se, that these VOIs are the most appropriate or accurate 

for the specific purpose of UVFP surgical treatments assessment. Nevertheless, if one 

could propose a standardized set of VOIs, its implementation could be made easier if 

they are already frequently used by surgeons.Very recently, Siu et al, performed a 

systematic review of the literature comparing outcomes of interventions for unilateral 

vocal fold paralysis. They concluded that “lack	of	 standardization	 in outcome	measures	

and	differences	in	reporting	outcome	data	make	generalizability	between	studies	difficult” 

[74]. Hypothetically, an ideal standardized set of VOIs should be significant as well as 

accessible. 

 

A notable effort has been made by the European Laryngological Society to standardize 

the description of vocal fold motion impairment as well as to propose a basic protocol 

for functional assessment of all voice pathologies, especially for investigating the efficacy 

of treatments [75, 76]. No data is available about the use of such standardizations of 

protocols. A survey performed in 2010 among U.S.  board certified otolaryngologists 

conducted by Young et al., reported that only 50% of respondents performing 

medialization thyroplasties report collecting pre-operative voice recordings [77]. This 

suggests an underuse of pre- and post-intervention voice assessment, which is probably 

not only restricted to the US. 

In an attempt to simplify but also make the voice assessment more accurate and 

significant, some authors looked at tailoring the voice assessment to the disease that is 

under scrutiny. Dastolfo et al. followed this strategy and demonstrated that pre- and 

postoperative changes in aerodynamic measurements were shown to be very significant 

in UVFP treatment evaluations. They specifically advocate Airflow in the “all-voiced 

sentence” as a routine voice laboratory measure for UVFP patients [78]. 

 

Of the 9 VOIs that were selected using the Pareto analysis, 3 VOIs have a “percentage of 

significance” of more than 80%, Table 4.  Maximum Phonation Time (MPT) appears to 

be the most used and the second most significant VOI in terms of pre- and post-

operative change. Its use for UVFP treatment assessment has been frequently advocated 

since an initial article by Lundy et al, published in 2004, stated that “the	intra-operative	

measure	of	MPT	appears	 to	be	an	adequate	predictor	of	 the	postoperative	 -thyroplasty-	

outcome”	 [79]. Determination of MPT is easy to perform and does not require specific 
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equipment. There are, however, still some recording conditions and patient 

collaboration issues concerning the MPT. Likewise, MPT has been reported as less 

sensitive than MeAF to characterize laryngeal dysfunction. [80]  

 

GRBAS-I general score (G), for grade of dysphonia, represents a widely used 

perceptional scale. Overall voice quality is scored from 0 to 3 by listener. Inter- as well 

as intra-rater reliability is satisfactory [79] and there should be no obstacle to its 

widespread use. Nevertheless, the GRBAS-I scale has its drawbacks. It has been recently 

demonstrated that the GRABAS evaluation should be blind [81] and that a particular 

attention should be paid to task design when it comes to perceptional analysis [82].  

 

MeAF represents a more complex VOI than the previous ones. The MeAF is a similar VOI 

to Airflow in the “all-voiced sentence”, which was shown by Dastolfo’s team to be very 

significant in measuring the pre-post UVFP surgical treatment.  Access to this VOI can be 

an issue considering the need of a pneumotachograph to be able to measure it, it is 

therefore somewhat reassuring to find the MeAF in our short list. Phonatory Quotient 

(PQ), a ratio between Vital Capacity and MPT that correlates with MeAF, could represent 

a valid surrogate.  

 

Jitter and Shimmer are respectively ranked at fifth and sixth place in terms “percentage 

of significance” (Table 4). They are usually provided systematically by most voice 

laboratory software tools available on the market. This may explain their frequency of 

use, even though, their respective usefulness is questionable. As a matter of fact, 

Shimmer has a “percentage of significance” of only 68% and Jitter of 74%. Also, Jitter is 

calculated with the f0, which is in itself a VOI with low significance. VHI-30 ranking is 

low in terms of frequency of use and significance ratio. Merging of the VHI-30 and VHI-

10 wouldn’t have changed these results significantly. Mean subglottic pressure and the 

Fundamental Frequency do not show clear outcome tendencies after UVFP treatment 

and thus, despite being widely reported, don’t seem to have much added value.   

 

The limits of this review must certainly be underscored.  (1) Firstly, this review has been 

done using exclusively the Pubmed research tool. Nevertheless, we believe that the 

majority of the articles published on the subject, have been included although some 

publications might have not been considered. The sole published review on the specific 

topic of VOIs to assess UVFP treatments –all-together- is the recently published article 

by Siu et al. mentioned above. 

Secondly, ML interventions are over-represented in comparison to IL interventions. This 

does not reflect the reality of practice. The main reason of this discrepancy lies in the 
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selection and inclusion criteria of the studies that favored ML interventions. Many 

publications concerning IL did not exclusively deal with UFVP patients and did not 

systematically present pre-and post-op results data. 

Thirdly, the extensive databank – more than 150 excel sheets- that has been created, 

may have been subject to coding errors or bias. 

Fourthly, raw data of these numerous studies could not be collected, limiting the validity 

of our conclusions. The presented outcome results are means of means. Likewise, the 

percentage of significance represents a ratio between studies showing statistical 

differences and studies showing no statistical differences or no statistical data at all. 

Furthermore, the fact that authors are more likely to publish significant results rather 

than non-significant results represents a clear bias.  

Finally, this study may overlook VOIs that might be very relevant but not widely 

reported in the literature. Also, a statistical difference in pre- and postoperative VOI may 

not necessarily correspond to a clinically relevant change for the patient and the 

surgeon and for many VOIs there is still some uncertainty as to what the normal value 

and a clinically significant difference should be. 

 

Conclusion 

The goal of this review was to cross match frequency of use and relevance in terms of 

significant change in pre- and post-operative measurements of VOIs used in the 

evaluation of treatment of UVFP treatment. The results indicate that MPT, MeAF and 

GRBAS-I, represent the top-three VOIs in terms of significance within the most 

frequently used VOI’s. The VHI showed a relatively low rate of use and low “percentage 

of significance”. The role of the Jitter and Shimmer remains unclear.  Finally, MSGP and 

the F0 appear to be less relevant VOIs for the evaluation of UFVP surgical treatments in 

terms of significant change in pre- and post-operative measurements.  

Compliance with ethical standards 

• The authors declare that they have no conflict of interest 
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