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Abstract 

Objective: Laryngeal framework surgery is a widely accepted treatment for unilateral vocal fold paralysis with 

good functional outcomes. Recently, with the aging of the population, opportunities to perform this procedure in 

elderly patients have increased; however, the safety and efficacy of this procedure in elderly patients has not been 

established. Therefore, this study aimed to investigate the safety and functional outcomes of laryngeal framework 

surgery in elderly patients.  

Methods: Between January 2008 and December 2017, 97 patients with unilateral vocal fold paralysis underwent 

laryngeal framework surgery, and 71 among them completed pre- and post-operative voice function evaluations. 

The clinical course of these 71 patients were retrospectively reviewed. 

Results: Out of 71 patients, 35 were assigned to the younger group (< 65 years) and 36 to the elderly group (≥ 65 

years). Complications included post-operative edema and submucosal hematoma that were safely managed in all 

cases, and no differences were identified between the groups. Significant improvements were observed in 

maximum phonation time (MPT), mean flow rate, alternating current/direct current ratio, pitch perturbation 

quotient, amplitude perturbation quotient, and noise-to-harmonic ratio in both groups, and multivariate analysis 

of variance revealed greater improvement in the younger group in MPT. 

Conclusion: Laryngeal framework surgeries for unilateral vocal fold paralysis are safe and effective, regardless 

of age. Better improvement was observed in the younger group in the MPT suggesting that the effects of laryngeal 

framework surgeries is more likely to be present in the younger group than in the elderly. 

Keywords: laryngeal framework surgery, unilateral vocal fold paralysis, outcome, elderly  



Introduction 

Unilateral vocal fold paralysis (UVFP) occurs after damage to the recurrent laryngeal nerve and is caused by nerve 

injury during neck/chest surgery, trauma, or cancer involvement of the nerve. Usually, UVFP results in a breathy 

and weak voice, which can have a serious impact on patients’ social activities and quality of life.  

The fixed vocal fold causes wide glottal gap, and laryngeal framework surgeries such as medialization thyroplasty 

(type 1 thyroplasty: TP1) and arytenoid adduction (AA) can be therapeutic options for augmenting the paralyzed 

vocal fold. They were developed by Isshiki in the 1970s [1,2] and are accepted worldwide as surgical options for 

UVFP. Various artificial materials for implants and surgical technique modifications have been introduced, and 

functional improvements with these procedures are well documented [3–5].  

Laryngeal framework surgeries being performed under local anesthesia are considered less invasive. Therefore, 

these procedures are often indicated in elderly patients with UVFP. In the elderly, there are concerns that atrophic 

changes in the vocal fold, muscle weakness, and decreased respiratory function may affect the outcomes of 

laryngeal framework surgeries; however, the effect of age on the functional outcomes of laryngeal framework 

surgery has not been well documented. 

In addition, tissue fragility, various comorbidities, and poor nutrition in the elderly may affect the safety of surgery; 

however, this has not been well studied. 

Therefore, we performed a retrospective chart review of patients who underwent laryngeal framework surgery for 

UVFP at our hospital. The patients were divided into an elderly group and a younger group and compared, to 

examine the effect of age on surgical outcomes and the safety of the procedures. 



 

Materials and methods 

Patients 

Ninety-seven patients underwent TP1 as the initial treatment for UVFP over a 10-year period from January 2008 

to December 2017. Of the 97 patients, 71 completed the pre- and post-operative voice function evaluations.  

Patient characteristics and clinical information were retrospectively reviewed. The reviewed data included 

demographics, etiology of paralysis, treatment details, and results of functional evaluations. In this study, 65 years 

was used to divide the patients into two groups, because in many countries, the elderly were defined as those 

having a chronological age of 65 years or older [6]. 

This retrospective chart review study involving human participants was conducted in accordance with the Ethical 

Standards of the Institutional and National Research Committee and the 1964 Helsinki Declaration and its later 

amendments or comparable ethical standards. The study was approved by the Institutional Review Board, and the 

requirement for written informed consent was waived owing to the retrospective nature of the study. 

 

Treatment strategy 

For patients with UVFP, TP1 was selected and further AA was performed in cases with level differences and/or 

wide posterior glottal gap. Furthermore, in patients with better vocal function with cricoid-thyroid approximation, 

additional type 4 thyroplasty (TP4) was considered. 

 



Assessment of Vocal Outcomes 

Phonatory outcomes before and after laryngeal framework surgeries were evaluated using objective aerodynamic 

(PA-1000; Minato Co., Osaka, Japan) and acoustic assessments (Multidimensional Voice Program, Model 5105, 

KayPENTAX, Lincoln Park, NJ). Aerodynamic examinations included maximum phonation time (MPT), mean 

flow rate (MFR), and alternating current/direct current (AC/DC) ratio. For acoustic examinations, a microphone 

(SM48, Shure, Niles, IL) was used for recording. After recording sustained vowel sounds, a stable 2–3 second 

section of the waveform was selected for analysis. A computerized speech lab software (ver.3.3.0, Kay PENTAX, 

Lincoln Park, NJ, USA) was used to evaluate the pitch perturbation quotient (PPQ), amplitude perturbation 

quotient (APQ), and noise-to-harmonic ratio (NHR).  

 

Assessment of Complications 

To confirm the safety of the surgery, information about post-operative complications was obtained from the 

medical records. 

 

Statistical analysis 

JMP (SAS Institute Inc., NC, USA) was used for the statistical analysis. Chi-squared, or Wilcoxon’s signed-rank 

tests were used for paired comparison between the groups. For comparison of the groups and the pre- and post-

operative vocal outcomes, multivariate analysis of variance was used. P value < 0.05 was considered statistically 

significant. 



 

Results 

Patient and lesion characteristics 

The patients were divided into two groups: an elderly group (≥ 65 years) and a younger group (< 65 years). The 

clinical information of the groups is summarized in Table 1. Of the 71 patients, 35 were assigned to the younger 

age group and 36 patients were assigned to the elderly group. The median age of the groups were 52 years (range, 

18–64 years) and 71.5 years (range, 65–88 years), respectively, and the gender ratio did not differ between the 

groups. 

Lung and mediastinal tumors are the most common primary diseases, followed by esophageal and thyroid cancers. 

There were no differences in the primary disease between the groups. 

 

Surgery 

The treatment details are summarized in Table 2. The surgical techniques included TP1, TP4, AA, and their 

combinations. Forty-five patients underwent only TP1, whereas the remaining 26 patients underwent additional 

TP4 and/or AA. There were no differences in the surgical procedures between the groups. 

 

Vocal outcomes 

Pre- and post-operative aerodynamic and acoustic examinations were performed in 70 and 64 patients, respectively. 

As post-operative examinations were not performed at the same time point in all patients, data obtained between 



1 and 6 months after surgery were used for the comparison.  

The mean MPT improved from 5.22 s to 12.13 s in the younger group and from 4.78 s to 8.65 s in the elderly 

group, respectively. The mean MFR improved from 486.54 mL/s to 269.86 mL/s in the younger group, and from 

518.38 mL/s to 299.32 mL/s in the elderly group. Further, improvement in mean AC/DC ratio from 15.16% to 

35.89% was observed in the younger group, and from 14.66% to 33.34% in the elderly group. Significant 

improvements were observed in the MPT, MFR, and AC/DC ratio (Figure 1) in both groups, and multivariate 

analysis of variance revealed greater improvements in the younger group in MPT (Table 3). 

As for acoustic analyses, the mean APQ improved from 10.71% to 3.81% in the younger group and from 8.75% 

to 5.32% in the elderly group. The mean PPQ improved from 4.61% to 1.41% in the younger group, and from 

4.59% to 2.38% in the elderly group. Improvement in NHR was observed from 0.31 to 0.15 in the younger group, 

and from 0.28 to 0.19 in the elderly group. Significant improvements were observed in PPQ, APQ, and NHR 

(Figure 2) in both groups (Table 3). 

 

Complications 

Laryngeal edema and submucosal hematoma were the post-operative complications observed in 15 and 5 patients 

in the younger group, and 15 and 4 patients in the elderly group, respectively, and no statistical differences were 

identified between the groups (Table 4). All complications were safely managed with conservative treatment, and 

none of the patients required tracheostomy. 

 



Discussions 

In this study, we retrospectively reviewed the cases of UVFP treated with laryngeal framework surgery. The 

patients were divided into two groups according to age, and our results revealed significant post operative 

improvements in vocal function without any severe complications in either group. However, multivariate analysis 

of variance revealed better improvement in the MPT in the younger group than in the elderly group, suggesting 

that the effect of laryngeal framework surgery is more likely to be present in the younger group than in the elderly.  

Laryngeal framework surgeries such as TP1 and AA are widely accepted treatment for UVFP, and good functional 

outcomes of these procedures have been well documented [7–9]. According to a national survey in the United 

States, unchanged and worsened voices after medialization laryngoplasty were observed in only 3% and 1% of 

patients, respectively [7]; efficacy of these procedures for UVFP is reliable and satisfactory.  

The presbylarynx has recently attracted considerable attention because many countries, including Japan, are 

becoming super-aging societies. Presbylarynx is defined as age-related morphological changes in the larynx, and 

these changes are observed in 12–72% of elderly people [10,11]. Typical age-related changes include atrophic 

vocal folds, vocal fold bowing, prominence of vocal processes, supraglottal hyperactivity (laryngeal vestibule 

constriction), decreased amplitude (vocal fold edge stiffness without evidence of vocal post-traumatic scar), and 

tremor of laryngeal structures [10,11]. In addition to these changes in the larynx, alterations in respiratory function, 

descending larynx, and hormonal changes can affect the voice [12], and changes in vocal function based on these 

age-related changes are called presbyphonia. 

Laryngeal framework surgeries usually performed under local anesthesia are considered relatively less invasive. 



Thus, they are sometimes indicated for patients with a low performance status, such as those at the terminal stage 

of malignant tumors and elderly patients. In elderly patients, the aforementioned clinical characteristics may affect 

the outcomes of laryngeal framework surgeries. However, these outcomes have not been examined from this 

perspective. 

In this study, patients were divided into younger and elderly groups. Significant improvements in aerodynamic 

and acoustic analyses were observed post-operatively in both groups, and functional improvement was confirmed 

regardless of age. Among the various vocal parameters, the MPT improved more in the younger group than in the 

elderly group. Given that vital capacity positively correlated with speaking fundamental frequency and MPT in 

healthy elderly people [13] and no significant differences in MFR decrease between the groups, it was speculated 

that age-related decline in vital capacity may be the factor for fewer improvements in MPT in the elderly group.  

Complications of laryngeal framework surgeries include wound infection, hematoma, seroma, scarring, edema, 

and pneumonia. According to a national survey, the overall complication rate was 15.4%, and 99.6% of the 

complications required further intervention [7]. In our cohort, laryngeal edema and submucosal hematoma were 

identified in 42.3% and 12.7% of patients, respectively, which were relatively high compared with previous reports. 

Although it is difficult to check the severity of the complications because of the lack of detailed descriptions in 

the chart, none of the cases required surgical intervention such as tracheotomy, and all were considered mild.  

Although there were concerns regarding increased post-operative edema and/or hematoma due to increased 

vascular permeability and fragility with aging [14], no significant differences were identified in the complication 

rates between the groups. Owing to the small extent of dissection in laryngeal framework surgeries, severe post-



operative complications can be avoided with careful and cautious procedures, and they are considered relatively 

safe even in the elderly.  

One of the limitations of this study was its retrospective design. The sample size was small and vocal outcomes 

were not evaluated at the same time point in all cases. Further, the degree of complications could not be evaluated, 

since many of the cases had only medical records without any photographs. Furthermore, because respiratory 

function was not investigated, a detailed analysis of the factors affecting vocal function was not performed. 

However, we observed that laryngeal framework surgery for UVFP is safe and can contribute to improvements in 

vocal function, regardless of age. Further prospective studies with larger sample sizes are warranted to clarify the 

indications and limitations of laryngeal framework surgery for UVFP. 

  



Conclusions 

We performed a retrospective chart review of patients who underwent revision TP1, with or without AA/TP4, for 

UVFP. Laryngeal framework surgeries were safely performed and contributed to improvements in vocal function 

regardless of age. Better improvement was identified in the younger group in the MPT than in the elderly, 

suggesting that the effect of laryngeal framework surgery is more likely to be present in the younger group than 

in the elderly. 
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Figure legends 

Fig. 1 Results of pre- and post-operative aerodynamic examinations 

Significant improvements are observed in the MPT, MFR, and AC/DC ratios, and greater improvement is 

identified in the younger group in MPT (*, P < 0.05). 

MPT, maximum phonation time; MFR, mean flow rate; AC/DC, alternating current/direct current 

Fig. 2 Results of pre- and post-operative acoustic examinations 

Significant improvements are observed in PPQ, APQ, and NHR. No significant differences are observed between 

the groups (*, P< 0.05). 

APQ, amplitude perturbation quotient; PPQ, pitch perturbation quotient; NHR, noise-to-harmonic ratio 
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Table 1 Patient characteristics 

 

 

 

NS, not significant 
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Table 2 Treatment protocols 

 

 
 

TP1: type 1 thyroplasty; TP4: type 4 thyroplasty; AA: arytenoid adduction; NS: Not significant 
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Table 3 Multivariate analysis of variance 

 

 

 

MPT: maximum phonation time 

MFR: mean flow rate 

AC/DC: alternating current/direct current ratio 

APQ: amplitude perturbation quotient 

PPQ: pitch perturbation quotient  

NHR: noise-to-harmonic ratio 

IQR: interquartile range 

DFn: numerator degrees of freedom 
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DFd: denominator degrees of freedom 



Table 4 Post-operative complications 

 

 

 

NS, not significant 
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