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INTRODUCTION

Laryngeal carcinoma is one of the most common head and neck 

cancers. It was estimated that 151,000 new cases (approximately 

2.0 men and 0.3 women in every 100,000 population) of laryn-

geal carcinoma were diagnosed worldwide in 2008 [1]. Glottic 

carcinoma represents the majority of laryngeal cancer cases. It is 

mainly confined to the anterior portion of the vocal cord [2]. 

Early symptom of glottic carcinoma is hoarseness that can be 

diagnosed at early-stage of the disease. Laryngeal cancer has a 

fairly good prognosis among malignancies of the head and neck 

if prompt and appropriate treatment is provided during the ear-

ly stage [3-5]. Early detection and treatment can lead to a cure 

rate of 90%–95% with maximal voice preservation [4].

Several studies using objective and subjective analyses have 

focused on voice quality of patients with glottic carcinomas af-

ter laser surgery (LS) and radiotherapy (RT). In previous meta-

analyses investigating voice quality, posttreatment favored ex-

ternal radiation rather than transoral laser surgical excision [6]. 

One study has shown no clinical difference in voice quality be-

tween transoral LS and external radiation [7]. Huang et al. [8] 

have compared patients treated with LS and RT and found no 

clear difference in jitter or shimmer. However, in meta-analysis 

of maximum phonation time (MPT), fundamental frequency 

differences were observed between the two groups [8]. Patients 

who had undergone RT showed increased MPT and decreased 

frequency (F0) compared to those with LS. LS generally results 

in loss of tissue while RT leads to vocal fold fibrosis and muscle 

fatigue [9]. The objective of the present meta-analysis was to 

evaluate voice quality of LS and RT based on the grade, rough-
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ness, breathiness, asthenia, and strain (GRBAS) scale and acous-

tic analysis parameters including frequency–perturbation (jitter), 

measures of amplitude–perturbation (shimmer), and noise to 

harmonic ratio (NHR). Results of this study can allow patients 

diagnosed with glottic carcinomas to select an effective treat-

ment in terms of voice quality, provided both LS and RT are 

equally effective in treating the cancer. 

MATERIALS AND METHODS 

Search strategy

The search was limited to reports published in English and Ko-

rean languages. The following databases were searched: PubMed, 

Google Scholar, EBSCO, and RISS. References were searched 

for relevant articles through January 2018. The search was con-

ducted using the following terms: glottic cancer, glottic carcino-

ma, endoscopic surgery, laser surgery, radiotherapy, radiation, 

voice, voice quality, and GRBAS. Full-texts and abstracts of all 

potentially relevant trials were obtained. References to previous 

meta-analyses were also reviewed to identify additional studies 

relevant to this meta-analysis. 

Study selection

In this article, 15 comparative cohort articles published from 1994 

to 2017 were included. All studies included in this study met the 

following inclusion criteria: (1) patients with previously untreat-

ed glottic cancer (based on the TNM system); (2) comparative 

studies using LS or RT as the first treatment for glottic cancer; 

(3) voice outcome measures including acoustic analysis (jitter, 

shimmer, NHR, and/or perceptual analysis (GRBAS); and (4) 

articles written in English or Korean languages.

Data extraction

Study characteristics and parameters related to acoustic voice 

analysis and perceptual analysis were extracted from included 

studies by a single author. The following information was ob-

tained study name, publication year, number of patients, patho-

logical stage, sex, age, follow-up time, acoustic analysis parame-

ters (jitter, shimmer, and NHR), and perceptual analysis param-

eters (GRBAS).

Statistical analysis

All statistical analyses were performed using Comprehensive 

Meta-Analysis software ver. 2.2.064 (Biostat, Englewood, NJ, 

USA). Data were reported as mean and standard deviation or 

P-value were adopted for jitter, shimmer, NHR, and GRBAS of 

LS and RT groups. All data were calculated using the random ef-

fects model. Continuous data variables were compared using 

standardized mean differences (SMDs), standard error (SE), and 

95% confidence intervals (CIs). Publication bias of the article 

was assessed by funnel plots.

RESULTS

Eligible studies and study characteristics

In this meta-analysis, 15 articles were included. Reasons for ex-

clusion are shown in Fig. 1. A total of 744 patients were en-

rolled, including 400 in the LS group and 344 in the RT group. 

Characteristics of studies are shown in Table 1 [10-24]. In Figs. 

2-9, studies favoring LS and RT are indicated by A and B, re-

spectively.

   A comprehensive meta-analysis of perceptual and acoustic 
outcomes to compare the voice quality of laser surgery or ra-
diotherapy in early-stage glottic cancer. 

   This meta-analysis included 15 articles, enrolled 744 patients 
including 400 in the laser surgery group and 344 in the radio-
therapy group. 

   Grade, asthenia, jitter, shimmer and noise to harmonic ratio of 
radiotherapy were significantly better than those of laser sur-
gery. 

   Our meta-analysis suggested that radiotherapy may be superi-
or in voice quality than laser surgery in early glottic cancer. 
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Fig. 1. Flowchart of selection. GRBAS, grade, roughness, breathi-
ness, asthenia, and strain.

266 Duplicates

326 Title or abstract screening

203 Excluded by full-text

26 Subjective voice analysis

8 Review article

7 Previous meta-analysis article

3 Non-English or non-Korean

1 Incomplete data

855 Data source: PubMed, Google Scholar, EBSCO, RISS, 
references (Keywords: glottic cancer, glottic carcinoma, 
endoscopic surgery, laser surgery, radiotherapy, radiation, 
voice, voice quality, and GRBAS scale)

15 Included articles
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Perceptual analysis 

Perceptual analysis using GRBAS scale is an important method 

for voice quality measurement. Voice quality was assessed on 

the GRBAS scale based on grade (G), roughness (R), breathiness 

(B), asthenia (A), and strain (S). Ratings based on these five as-

pects of voice quality varied from 0 (normal), to 1 (mild), 2 

(moderate), and 3 (severe) [10-12].

Six studies provided adequate data related to G and R with 

193 patients in the LS group and 163 patients in the RT group. 

Parameter B was included in seven studies available. Five studies 

involved perceptual analysis of A and S with 175 patients in the 

LS group and 147 patients in the RT group. Parameter G 

(SMD=0.266, SE=0.112, variance=0.012, 95% CI: 0.047 to 

0.484, z-value=2.385, P=0.017) (Fig. 2) showed a significant 

difference between the two treatment groups. The effect size of 

RT was higher than that of LS. Parameter R was not significantly 

different between the two groups (SMD=0.016, SE=0.111, 

variance=0.012, 95% CI: –0.202 to 0.233, z-value=0.141, 

P=0.888) (Fig. 3). Fig. 4 indicates parameter B. In terms of pa-

rameter B (SMD=0.189, SE=0.111, variance=0.012, 95% CI: 

–0.028 to 0.406, z-value=1.709, P=0.087), no significantly dif-

ference in treatment effect was observed between LS and RT 

groups. Significant differences in A (SMD=0.257, SE=0.115, 

variance=0.013, 95% CI: 0.033 to 0.482, z-value=2.247, 

P=0.025) (Fig. 5) were observed between the two treatment 

groups. As shown in Fig. 8, RT treatment was more effective 

Fig. 2. Forest plot of grade. Std diff, standardized difference; CI, confidence interval. 

Table 1. Eligible studies and characteristic of studies

Study 
Pathological 

stage

Total no. of patients Male:female Age (yr) Follow-up (mo)

LS RT LS RT LS RT LS RT

Ma et al. (2017) [16] Tis, T1a, T1b, T2 55 47 50:5 40:7 65.1±11.4 69.8±12.4 ≥24.0 ≥24.0

Kono et al. (2016) [13] T1a 37 27 33:4 22:5 NA 69±9.8 ≥24.0 ≥24.0

Aaltonen et al. (2014) [15] T1a 31 25 NA NA 69.0 61.0 NA NA

van Gogh et al. (2012) [17] T1a 67 39 67:0 39:0 66.0 65.0  24.0  24.0

Luo et al. (2012) [10] T1a, T1b, T2 18 24 17:1 23:1 68.6±12.6 67.6±11.4 ≥12.0 ≥12.0

Czecior et al. (2012) [11] Tis, T1 33 30 NA NA 63 69 NA NA

Ahn et al. (2012) [12] T1a, T1b, T2 27 39 NA NA NA NA 17.87 17.87

Sjogren et al. (2008) [14] T1a 18 16 14:4 13:3 67.0 69.0 ≥36.0 ≥36.0

Nunez Batalla et al. (2008) [18] T1a, T1b 19 18 19:0 18:0 64.0 67.0  30.0  40.0

Krengli et al. (2004) [19] T1a 30 27 29:1 26:1 67.5 69.0  62.0  60.0

Tamura et al. (2003) [20] T1a 14 6 14:0 6:0 69.0 71.0 ≥12.0 ≥12.0

Wedman et al. (2002) [21] T1a 15 9 15:0 9:0 72.0 70.0 ≥24.0 ≥24.0

Rosier et al. (1998) [22] T1a, T1b 7 6 NA NA NA NA ≥48.0 ≥48.0

Rydell et al. (1995) [23] T1a 18 18 18:0 18:0 65.2 63.9  12.0 12.0

McGuirt et al. (1994) [24] T1a 11 13 11:0 13:0 NA NA ≥6.0 ≥6.0

Values are presented as number or mean±standard deviation.

LS, laser surgery; RT, radiotherapy; NA, not available.
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Fig. 4. Forest plot of breathiness. Std diff, standardized difference; CI, confidence interval.

Fig. 5. Forest plot of asthenia. Std diff, standardized difference; CI, confidence interval.

Fig. 3. Forest plot of roughness. Std diff, standardized difference; CI, confidence interval.
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than LS treatment. Parameter S was analyzed in five studies. It 

showed no significant difference between LS and RT groups 

(SMD=0.000, SE=0.116, variance=0.013, 95% CI: –0.227 to 

0.228, z-value=0.004, P=0.997) (Fig. 6).

Acoustic analysis

The majority of these studies examined F0, jitter, and shimmer. 

Among acoustic analysis parameters, this study included jitter, 

shimmer, and NHR. Twelve studies provided adequate data re-

lated to jitter, with 307 patients in the LS group and 266 patients 

in the RT group. The forest plot of jitter is shown in Fig. 7. There 

was a significant difference in jitter between LS and RT (SMD= 

0.286, SE=0.090, variance=0.008, 95% CI: 0.110 to 0.463,  

z-value=3.181, P=0.001) (Fig. 7). In the forest plot of jitter, RT 

was more effective than LS (Fig. 7). Fig. 8 shows shimmer and 

NHR of acoustic analysis. Shimmer analysis included 296 pa-

tients in LS and 253 patients in RT whereas NHR analysis in-

cluded 64 patients in LS and 66 patients in RT. There were sig-

nificant differences in shimmer (SMD=0.378, SE=0.093, vari-

ance=0.009, 95% CI: 0.196 to 0.560, z-value=4.073, P<0.001) 

and NHR (SMD=0.959, SE=0.224, variance=0.050, 95% CI: 

0.519 to 1.398, z-value=4.273, P<0.001) (Fig. 9) between the 

two groups. 

DISCUSSION

T1 and T2 early-stage glottic cancer is associated with lower 

Fig. 7. Forest plot of jitter. Std diff, standardized difference; CI, confidence interval.

Fig. 6. Forest plot of strain. Std diff, standardized difference; CI, confidence interval.
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morbidity and higher cure rate than advanced laryngeal cancer. 

Appropriate treatment can minimize its impact on voice. Thus, 

appropriate treatment plan needs to be established based on pa-

tient’s sex, age, and mental state. If possible, a treatment method 

that maintains good phonation and respiratory function is desir-

able. Treatment methods for early glottic cancer include laser 

cordectomy (LC) and RT that can preserve voice [3,4]. As early 

glottic cancer is a disease affecting voice, a study analyzing 

voice after treatment with these two methods could facilitate 

patient decision-making. RT is one of the primary treatment 

modalities in patients with early glottic cancer with favorable 

outcomes. It can result in voice preservation [5]. 

Hong et al. [9] have investigated delayed tissue effects of hu-

man vocal fold following radiation therapy and found fibrotic 

changes in human superficial lamina propria and thyroarytenoid 

muscle impairing vocal fold closure, pliability, and dynamic 

changes in tension and length. They reported that, compared to 

surgery, RT improved voice quality as laryngeal edema subsided 

after surgery and restored the original function and appearance 

of the larynx [9]. However, many complications are associated 

with RT as mentioned earlier.

LC is an endoscopic laryngeal surgery in which the lesion is 

excised using a laser after appropriate laryngeal exposure under 

general anesthesia. The range of cordectomy is determined ac-

cording to the European Laryngological Society classification. In 

general, the lesion is excised with a 2-mm border and electro-

cautery is used in the area that is beyond reach of the laser. LC 

is associated with a minimal risk of laryngeal edema after the 

surgery. It has low morbidity rate and less side effects. It can be 

performed repeatedly. Therefore, LC represents a better surgical 

option for patients with early glottic cancer because it has fewer 

complications. In addition, it is more likely to preserve voice in 

Fig. 9. Forest plot of noise to harmonic ratio. Std diff, standardized difference; CI, confidence interval.

Fig. 8. Forest plot of shimmer. Std diff, standardized difference; CI, confidence interval.
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the long term [13]. LC does not exclude other treatment meth-

ods. It is also easy to detect cancer recurrence [6]. However, as 

LC leaves 1–3 mm residual lesion during resection to preserve 

the voice, it may not sufficiently remove the tumor. Thus, tumor 

recurrence is possible [14]. Several attempts have been made to 

minimize damage to voice quality by subdividing the resection 

range [15]. 

A number of studies have been conducted to determine voice 

quality of patients with early glottic cancer after RT and LC. 

Most of these studies focused on voice acoustic analysis, psy-

choacoustic analysis using GRBAS scale with analysis of voice 

handicap index, and comparison of quality of life after surgery 

[16]. However, in previous studies, no significant differences in 

F0, jitter, or shimmer were found, although MPT was slightly 

longer in the RT group than that in the LC group [7,8]. The dif-

ference in MPT and shimmer between the two groups suggests 

that patients who have received RT might have better voice 

than those who have received LC. A study comparing voice 

handicap index and the quality of life has shown that the group 

that underwent LC has statistically better results [15,16]. In ad-

dition, the LC group showed similar MPT and acoustic parame-

ters to the normal group and voice after LC was similar to that 

after RT. Thus, LC can be recommended as a cost-effective inter-

vention with a reasonable voice outcome [7]. The RT group 

showed more severe insufficiency of glottal closure due to laryn-

geal stroboscopy than the LC group, suggesting ventricular clo-

sure during phonation and hyperadduction of the arytenoid car-

tilage. According to a psychoacoustic analysis [10-12,17], pa-

tients who received RT had higher frequency of normal or mild 

coarse voice whereas those who received LC exhibited higher 

frequency of moderate or severe coarse voice, indicating that RT 

was better than LC [18-24]. However, Tamura et al. [20] have 

revealed that both groups show similar voice preservation re-

sults, suggesting that LC does not affect the voice considerably. 

Hong et al. [9] reported that even though evaluation of stop 

consonants was not always performed clinically and clinical dif-

ference might be subtle, significant differences were observed in 

certain measures at group level. Changes in voice onset time 

and vowel can result in decreased speech intelligibility in the RT 

group. Thus, LS might be superior to radiation therapy in terms 

of speech production. 

 In this study, we conducted a meta-analysis of two modalities 

for early-stage glottic cancer. Our results revealed better acous-

tic analysis parameters and perceptual outcome in patients 

treated with RT compared with those treated with LS. We com-

pared parameters of acoustic analysis (jitter, shimmer, and 

NHR) and parameters of perceptual analysis (GRBAS) in early 

glottic cancer through a meta-analysis. The meta-analysis in-

cluded the following studies: van Gogh et al. [17], Luo et al. 

[10], Czecior et al. [11], Ahn et al. [12], Nunez Batalla et al. [18], 

Wedman et al. [21], and McGuirt et al. [24]. We found no signifi-

cant differences between LS and RT groups in acoustic analysis 

parameters. Kono et al. [13] and Krengli et al. [19] have shown 

significant differences in jitter, shimmer, and NHR between the 

two modalities, with more favorable values shown in the RT 

group. However, Rydell et al. [23] reported that RT was more 

effective than LS in jitter in acoustic analysis. 

Our meta-analysis of acoustic parameters suggested signifi-

cant differences between patients treated with LS and RT ac-

cording to jitter, shimmer, and NHR. When comparing acoustic 

analysis between the two modalities, jitter, shimmer, NHR had 

more favorable values in the RT group than those in the LS 

group, similar to results Kono et al. [13] and Sjogren et al. [14]. 

With respect to GRBAS of perceptual analysis, Czecior et al. 

[11] and Sjogren et al. [14] have shown no significant differenc-

es between the two treatments. However, Ma et al. [16] found 

that patients treated with RT exhibited greater roughness and 

strain than patients treated with LS, although no differences in 

breathiness or asthenia were noted. Aaltonen et al. [15] found 

that RT results showed statistically significant differences in B 

and A than transoral LS, although G, R, and S were similar be-

tween the two treatment groups. Rydell et al. [23] found that RT 

treatment was better than LS in terms of B. By contrast, Rosier 

et al. [22] found no difference in B between the two options.

In summary, our study found significant differences in G and 

A of GRBAS scale between LS and RT. Voice quality in patients 

treated with RT tended to be better than that in patients who 

were treated with LS. Results of this meta-analysis suggest sig-

nificant differences in voice quality following RT and LS for the 

treatment of early glottic cancer. However, this study has limita-

tions related to a relatively small sample size for meta-analysis. 

In addition, most of the included studies were retrospective in 

design. Moreover, our study lacked data related to LS types and 

radiation doses for RT.

Our meta-analysis showed that voice quality in perceptual 

and acoustic analysis was significantly better in patients who 

were treated with RT compared with patients who underwent 

LS. RT may enhance voice quality in early-stage glottic cancer. 

Further well-designed, multicenter, and randomized controlled 

studies are needed. Widening the search to languages beyond 

English and Korean might return a significantly higher number 

of quality articles. 
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