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Abstract
Background: This study aimed to assess differences in the quality of voice results of open frontolateral partial laryngectomy with
imbrications laryngoplasty and transoral laser microsurgery in T1b glottic carcinoma.
Methods: In this randomized clinical trial, 20 patients with T1b glottic cancer who were candidates for surgery were randomly
(using the blocked randomization method) assigned to schedule for frontolateral partial laryngectomy with imbrications laryngoplasty (n = 7) or transoral laser microsurgery (Va extended cordectomy) (n = 10). The objective and subjective voice results were
assessed using voice analysis parameters (jitter, shimmer, harmonics to noise ratio, and maximum phonation time). The Voice
Handicap Index (VHI) questionnaire was used with 30 statements consisting of three domains including functional, physical, and
emotional aspects of voice disorders.
Results: No statistically significant differences were noted between laser surgery and open procedure in objective voice analysis
parameters. The voice was significantly disturbed after both procedures but subjective analysis of the voice by the VHI questionnaire showed more statistically significant patients’ satisfaction in the laser group. The mean VHI was 77.29 ± 8.51 after vertical
hemilaryngectomy and 65.60 ± 13.08 after laser cordectomy that was significantly lower in the latter procedure (P = 0.042).
Conclusions: Despite the imbrications of laryngoplasty in open surgery, no statistically significant differences were noted in objective voice parameters. However, more patients’ satisfaction was noted regarding voice in laser surgery. When considering modality,
we need to assess factors such as individual anatomic factors, complete tumor exposure (depth of tumor in anterior commissure),
professional needs, quality of life, and cost-effectiveness. With regard to the semi-invasive nature of laser use and more patients’
satisfaction based on the VHI questionnaire, this method is prioritized in comparison with the surgical procedure as vertical hemilaryngectomy.
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1. Background
Laryngeal cancer is the second most common malignancy of the upper aerodigestive tract in the United States
(1). The most common malignancy of the larynx is squamous cell carcinoma (SCC) that includes 85% to 95% of all
laryngeal malignancies and arises from the epithelial lining of the larynx (2). The incidence of SCC in each of the
three anatomic regions of the larynx, i.e. the supraglottis, the glottis, and the subglottis, differs based on the patient population. In the United States, Canada, England,
and Sweden, glottic SCC is more common than supraglottic SCC, whereas, in France, Italy, Spain, Finland, and the
Netherlands, the supraglottic SCC is more common. In

Japan, the incidence rates of glottic and supraglottic SCC
are the same, and primary subglottic SCC is scarce in the
whole community (2). Among all 11300 diagnosed cases
of laryngeal cancer in 2007 in the United States, approximately 3660 deaths were reported and the male to female
incidence ratio was 3.8 (1). Concerning risk factors for laryngeal cancer, tobacco and alcohol use are the two major risk factors that act synergistically to increase the risk
of cancer (3). No racial predilection is apparent (4). Some
accused agents as the risk factors for laryngeal cancer include diesel exhaust, asbestos, organic solvents, sulfuric
acid, mustard gas, certain mineral oils, metal dust, asphalt,
wood dust, stone dust, mineral wool, and cement dust (5).
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Nowadays, human papillomavirus (HPV), most commonly
HPV16, is known as a risk factor for oropharyngeal SCC (6,
7). The genetic susceptibility is also responsible for developing laryngeal SCC (8). Commonly, dysphonia is the
first, primary symptom of glottic SCC related to the impairment of the normal vocal cord vibration at the early
onset of the disease, even with a small lesion. Therefore,
if patients and the medical team are aware of this early
presentation of glottic SCC, it will be diagnosed at earlier
stages of the disease; on the other hand, if these symptoms are ignored, dyspnea and stridor as the indications of
the advanced disease may arise. Glottic tumors have a tendency to remain localized in the glottis area for long periods because ligaments, membranes, and cartilages, which
act as natural barriers, prevent the spread of the tumor.
Furthermore, the relative poverty of lymphatics in the glottis area will be helpful (9). The proper definition of the
term early in laryngeal cancer in the context of management options is applied only when it can be treated by conservative surgery (partial laryngectomy), by endoscopic excision, or by radiotherapy (RT) alone (10). Whereas in the
context of the staging system, the term early is applied to
stage 0, I, or II tumors and the term late refers to stage
III or IV (11). There is still controversy over optimal management options for early glottic cancer including laser
surgery, open surgery, and radiotherapy (12, 13). Staging
of early glottis cancer based on clinical assessment of the
degree of vocal cord mobility is as follows: Tumors limited to one vocal cord with normal mobility that may involve anterior or posterior commissure (T1a), tumors involving both vocal cords with normal mobility that may involve anterior or posterior commissure (T1b), and tumors
extended to supraglottis or subglottis with normal mobility (T2a) (14). Sometimes, we use vocal function studies as
visual feedback to define treatment goals and document
the voice changes based on treatment results. Maximum
phonation time (MPT) is defined as the longest period (in
seconds) during which a patient can sustain phonation
of a vowel sound; however, it is not fully explained by either vital capacity or laryngeal function. It can also be affected by resonance, practice, frequency, intensity, instructions, and the vowel choice (15, 16). No specific measure has
emerged as obligatory for the diagnosis of voice disorders.
The most noted measures are jitter, cycle-to-cycle variation
in frequency, and shimmer, cycle-to-cycle variation in amplitude (17). The Voice Handicap Index was arranged in 1997
to show voice disability, “a social, economic, or environmental difficulty resulting from the impairment” (18, 19).
The Voice Handicap Index questionnaire has 30 statements
and consists of three domains including functional, physical, and emotional aspects of voice disorders. Patients
need to rate the equal-appearing interval on a scale from
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one to five to indicate the frequency of the incident. The total possible score is 120 where a higher score demonstrates
a higher handicap level. Although the score of functional,
physical, and emotional subscales can be noted (20), it has
been recommended that the total score is more significant
(19).

2. Methods
In this randomized clinical trial, 20 patients with
T1b glottic cancer referring to Rasoul-e-Akram hospital in
Tehran between January 2015 and July 2017 as candidates
for surgery were initially included into the study and were
randomly (using the blocked randomization method) assigned to schedule for frontolateral partial laryngectomy
with imbrications laryngoplasty (n = 10) or transoral laser
microsurgery (Va extended cordectomy) (n = 10). In the
group planned for transoral laser microsurgery, all patients were included in the study; however, three patients
in the other group were excluded because of unwillingness
to participate in our final assessment. Finally, seven in frontolateral partial laryngectomy group and 10 in transoral
laser microsurgery group were assessed. The exclusion criteria were as follows: (1) Female patients, (2) an age under
25 and over 80, (3) a history of laryngeal trauma, (4) a previous history of surgery on the larynx (except DL Bx), (5) a history of radiotherapy (before or after the surgery), (6) any
other pathology except for SCC, and (7) a history of voice
therapy after the surgery.
The term T indicates primary tumor staging. The tumors are staged as: T1a (the tumor is limited to a vocal
cord with the normal motion of the vocal cords and the involvement of anterior or posterior commissure), T1b (the
involvement of both vocal cords with the normal motion
of the vocal cords and the involvement of anterior or posterior commissure), and T2a (the tumor spreading to the
supraglottis or subglottis area with the normal motion of
the vocal cords). In our study, only male patients with
T1b glottis cancer (the involvement of both vocal cords
with the normal motion of the vocal cords and the involvement of anterior commissure) were included. Before and
three months after the surgery (without speech therapy),
a voice analysis was performed using Voice Function Analyzer Aerophone II software (Model 6800) and the associated software to measure the parameters of jitter, shimmer, harmonics to noise ratio (HNR), maximum phonation
time (MPT), and Voice Handicap Index (VHI). Finally, the results of voice analysis were compared within each group
before/after the surgery and between the two groups undergoing two surgical methods. We also measured the
mentioned parameters in a healthy control group (50 male
Shiraz E-Med J. In Press(In Press):e82236.
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healthy individuals) to be assured of the agreement of determined normal limits of each parameter in our population with universal standards.
For statistical analysis, the data were presented as
means ± standard deviation (SD) for quantitative variables
and summarized by absolute frequencies and percentages
for categorical variables. The normality of the data was
analyzed using the Kolmogorov-Smirnov test. Because all
variables followed a non-parametric pattern, quantitative
variables were compared with the Mann U test. The significant changes were determined by comparing the parameters after surgery with those before by the Wilcoxon test.
For the statistical analysis, the statistical software SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL) was used. P
values of 0.05 or less were considered statistically significant.

was significantly lower in the latter procedure (P = 0.042).
The mean difference in VHI after the procedural approach
was also lower in the laser cordectomy group as compared
to vertical hemilaryngectomy approach (5.10 ± 1.10 versus
7.00 ± 1.41, P = 0.013). Assessing the change in each vocal
parameter following the procedures in both groups (Table
1) showed that except for Jitter parameter that remained
unchanged in the laser cordectomy group, the changes
in other parameters were significant after the two procedures. In this regard, in both surgery groups, MPT and
HNR significantly reduced while Shimmer significantly increased. The assessment of each parameter in normal
healthy individuals (Table 2) indicated the normal value of
MPT in the range of 14.03 to 19.04, Jitter in the range of 0.27
to 1.31, Shimmer in the range of 1.87 to 3.79, and HNR in the
range of 13.71 to 28.58.

3. Results

4. Discussion

This study only included male patients whose pathology report findings indicated squamous cell carcinoma.
There was no significant difference in the average age between vertical hemilaryngectomy group and laser cordectomy group (62.86 ± 11.15 years versus 52.10 ± 14.01 years, P
= 0.112).
Comparing the mean values of jitter, shimmer, HNR,
and MPT parameters between the two procedural groups
showed no difference in all parameters before and after the
surgery (Table 1).
The mean VHI was 77.29 ± 8.51 after vertical hemilaryngectomy and 65.60 ± 13.08 after laser cordectomy that

Table 1. Vocal Analysis Results Before and After Surgical Procedures
Parameter

VHL Group

Laser Group

P Value

MPT
Before

8.68 ± 2.48

9.05 ± 1.53

0.710

After

11.19 ± 1.62

11.52 ± 2.07

0.728

0.002

< 0.001

P value
Jitter
Before

3.24 ± 1.65

3.57 ± 1.23

0.645

After

0.60 ± 0.18

1.76 ± 3.42

0.389

0.050

0.139

P value
Shimmer
Before

8.42 ± 2.06

7.51 ± 1.61

0.320

After

4.07 ± 0.85

4.19 ± 0.53

0.711

0.002

< 0.001

Before

11.02 ± 2.87

10.55 ± 3.99

0.793

After

18.95 ± 2.83

18.37 ± 1.99

0.628

< 0.001

< 0.001

P value
HNR

P value
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The analysis of vocal quality after any procedure for the
treatment of laryngeal cancers, especially glottic cancers,
is considered an important factor in the evaluation of this
procedure. In this regard, two invasive treatments including vertical hemilaryngectomy and transoral laser cordectomy were evaluated in terms of vocal quality after the procedure. The outcome of these two procedures was tested
and compared in the treatment of early glottic cancers.
Evaluating the indicators of vocal quality, such as the maximum time a person can continuously produce voice, cycleto-cycle variations in voice frequency, cycle-to-cycle variations in voice amplitude, and the mean of a disturbance
in the vibration of vocal cords that caused violent voice,
in our study showed no statistically significant differences
between laser surgery and open procedures with regard
to objective voice analysis parameters. All of the voice indices were significantly disturbed after both of the procedures except for Jitter parameter that was changed after
laser cordectomy but according to the P value, this change
was not significant. Nevertheless, the subjective analysis of
the voice by VHI questionnaires showed statistically significant patients’ satisfaction in the laser group. When considering modality, we need to assess factors such as individual anatomic factors, complete tumor exposure (depth of
tumor in anterior commissure) professional needs, quality
of life, and cost-effectiveness. However, with regard to the
semi-invasive nature of laser use and more patients’ satisfaction based on the VHI questionnaire, this method is prioritized in comparison with surgical procedures such as
vertical hemilaryngectomy.
One of the strengths of this study was that all the
patients were in the same stage of the disease (T1b) and
therefore, the tumor resection was ultimately almost the
3
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Table 2. Normal Limits of Vocal Parameters in Healthy Individuals
Parameters

MPT

Shimmer

HNR

Mean

16.01

0.72

2.77

20.94

Median

15.82

0.70

2.89

20.71

1.61

0.28

0.55

4.20

Minimum

14.03

0.27

1.87

13.71

Maximum

19.04

1.31

3.79

28.58

Standard deviation (SD)

same. In addition, both subjective and objective aspects
of the voice in patients were analyzed. On the other hand,
the small sample size was considered as a limiting factor
in achieving significant differences in our study indices.
Nonetheless, in various studies, different results have been
obtained which in most cases refer to laser preference for
invasive surgery. In a study in 2003, the voice quality in
patients undergoing hemilaryngectomy without laryngoplasty was unsatisfactory compared to a normal control
group (21). In a study in 2009, patients with glottic cancers were treated with cordectomy, vertical hemilaryngectomy, and frontolateral partial laryngectomy. The results
of this study showed that there was no statistically significant difference in the survival of the patients when comparing the laser-operated surgical group with the open
surgical group. However, laser-operated patients had significantly fewer complications and less tracheotomy. Finally, the study concluded that laser surgery is an effective method for the treatment of patients with T1 glottic cancer, which has better results and fewer complications than open surgery (22). They did not consider the
voice quality in their study. Another study in 2012 was conducted on 20 patients undergoing surgery for glottic cancer treated with vertical hemilaryngectomy or laser. The
study showed that some of the acoustic and aerodynamic
parameters were significantly different between the patient and control group so that the subharmonic parameters (NSH and DSH) and the degree of voice break (DVB)
were significantly better in the laser group than in the
hemilaryngectomy group (23). However, we did not consider these parameters in our study. In contrast, some studies also focused on the limitations of the laser cordectomy
method. Bertino et al. in 2001 showed that the repair of
vocal cords after cordectomy did not significantly improve
the quality of voice even with speech therapy (24). Therefore, there is no preference for a surgical procedure over
another one. Nunez Batalla et al. also showed that there
was no significant difference in the voice quality between
radiotherapy and laser cordectomy (25).
4.1. Conclusions
Despite imbrications of laryngoplasty in open surgery,
no statistically significant differences were noted in ob4

Jitter

jective voice parameters. However, more patients’ satisfaction was noted in regards to voice in laser surgery.
When considering modality, we need to assess factors such
as individual anatomic factors, complete tumor exposure
(depth of tumor in anterior commissure), professional
needs, quality of life, and cost-effectiveness. By considering the semi-invasive nature of laser use and more patients’
satisfaction based on the VHI questionnaire, this method is
preferred over surgical procedures such as vertical hemilaryngectomy.

Footnotes
Authors’ Contribution: Study concept and design and
critical revision of the manuscript for important intellectual content: Aslan Ahmadi, Farzad Izadi and Afsaneh Montazemi; acquisition of data, analysis and interpretation of
data, drafting of the manuscript, and statistical analysis:
Afsaneh Montazemi and Taraneh Montazemi; administrative, technical, material support and study supervision:
Aslan Ahmadi and Farzad Izadi.
Ethical Considerations: IR.iums.REC 1395.9311369003

References
1. Jemal A, Siegel R, Ward E, Murray T, Xu J, Thun MJ. Cancer statistics,
2007. CA Cancer J Clin. 2007;57(1):43–66. [PubMed: 17237035].
2. Barnes L, Tse LLY, Hunt JL, Brandwein-Gensler M, Urken M, Slootweg
P, et al. Tumours of the hypopharynx, larynx and trachea. In: Barnes
L, Eveson JW, Reichart P, Sidransky D, editors. World Health Organization classification of tumours. Pathology and genetics of head and neck tumours. Lyon: IARC Press; 2005. p. 111–7.
3. Menvielle G, Luce D, Goldberg P, Bugel I, Leclerc A. Smoking, alcohol
drinking and cancer risk for various sites of the larynx and hypopharynx. A case-control study in France. Eur J Cancer Prev. 2004;13(3):165–72.
[PubMed: 15167214].
4. Roach M 3rd, Alexander M, Coleman JL. The prognostic significance of race and survival from laryngeal carcinoma. J Natl Med
Assoc. 1992;84(8):668–74. [PubMed: 1507256]. [PubMed Central:
PMC2571639].
5. Koufman JA, Burke AJ. The etiology and pathogenesis of laryngeal carcinoma. Otolaryngol Clin North Am. 1997;30(1):1–19. [PubMed: 8995133].
6. Gillison ML, Koch WM, Capone RB, Spafford M, Westra WH, Wu L,
et al. Evidence for a causal association between human papillomavirus and a subset of head and neck cancers. J Natl Cancer Inst.
2000;92(9):709–20. [PubMed: 10793107].

Shiraz E-Med J. In Press(In Press):e82236.

Corrected Proof

Ahmadi A et al.

7. Li X, Gao L, Li H, Gao J, Yang Y, Zhou F, et al. Human papillomavirus
infection and laryngeal cancer risk: A systematic review and metaanalysis. J Infect Dis. 2013;207(3):479–88. doi: 10.1093/infdis/jis698.
[PubMed: 23175764].
8. Trizna Z, Schantz SP. Hereditary and environmental factors associated
with risk and progression of head and neck cancer. Otolaryngol Clin
North Am. 1992;25(5):1089–103. [PubMed: 1408193].
9. Garas J, McGuirt WF Sr. Squamous cell carcinoma of the subglottis. Am J Otolaryngol. 2006;27(1):1–4. doi: 10.1016/j.amjoto.2005.05.004.
[PubMed: 16360814].
10. Ferlito A, Rinaldo A. A comment on misuse of the term "early" laryngeal cancer. Eur Arch Otorhinolaryngol. 2000;257(6):347–8. [PubMed:
10993557].
11. Feinstein AR. A new staging system for cancer and reappraisal of early
treatment and cure by radical surgery. N Engl J Med. 1968;279:747–53.
doi: 10.1056/NEJM196810032791405.
12. Davis GE, Schwartz SR, Veenstra DL, Yueh B. Cost comparison of
surgery vs organ preservation for laryngeal cancer. Arch Otolaryngol Head Neck Surg. 2005;131(1):21–6. doi: 10.1001/archotol.131.1.21.
[PubMed: 15655180].
13. Agrawal N, Ha PK. Management of early-stage laryngeal cancer. Otolaryngol Clin North Am. 2008;41(4):757–69. vi-vii. doi:
10.1016/j.otc.2008.01.014. [PubMed: 18570957].
14. American Joint Committee on Cancer . Head and neck sites. In: Greene
FL, Page DL, Fleming ID, Fritz AG, Balch CM, Haller DG, et al., editors.
AJCC cancer staging manual. 6th ed. New York: Springer Verlag; 2002.
p. 17–88.
15. Solomon NP, Garlitz SJ, Milbrath RL. Respiratory and laryngeal contributions to maximum phonation duration. J Voice. 2000;14(3):331–40.
[PubMed: 11021501].
16. Yanagihara N, Koike Y, Von Leden H. Phonation and respiration. Function study in normal subjects. Folia Phoniatr (Basel). 1966;18(5):323–40.

Shiraz E-Med J. In Press(In Press):e82236.

[PubMed: 5959236].
17. Kreiman J, Gerratt BR. Perception of aperiodicity in pathological
voice. J Acoust Soc Am. 2005;117(4 Pt 1):2201–11. [PubMed: 15898661].
18. World Health Organization. International classification of impairment,
disability, and handicap. Geneva: WHO; 1980.
19. Rosen CA, Lee AS, Osborne J, Zullo T, Murry T. Development and validation of the voice handicap index-10. Laryngoscope. 2004;114(9):1549–
56. doi: 10.1097/00005537-200409000-00009. [PubMed: 15475780].
20. Jacobson BH, Johnson A, Grywalski C, Silbergleit A, Jacobson G, Benninger MS, et al. The voice handicap index (VHI): Development and
validation. Am J Speech Lang Pathol. 1997;6:66–70. doi: 10.1044/10580360.0603.66.
21. Kim CH, Lim YC, Kim K, Kim YH, Choi HS, Kim KM, et al. Vocal analysis after vertical partial laryngectomy. Yonsei Med J. 2003;44(6):1034–9.
doi: 10.3349/ymj.2003.44.6.1034. [PubMed: 14703613].
22. Karatzanis AD, Psychogios G, Zenk J, Waldfahrer F, Hornung J, Velegrakis GA, et al. Comparison among different available surgical approaches in T1 glottic cancer. Laryngoscope. 2009;119(9):1704–8. doi:
10.1002/lary.20537. [PubMed: 19572396].
23. Abdelfattah H, El-Banna M. Voice quality after laser cordectomy and
vertical hemilaryngectomy. Alexandria J Med. 2012;48(1):19–28. doi:
10.1016/j.ajme.2011.07.004.
24. Bertino G, Bellomo A, Ferrero FE, Ferlito A. Acoustic analysis of voice
quality with or without false vocal fold displacement after cordectomy. J Voice. 2001;15(1):131–40. doi: 10.1016/S0892-1997(01)00013-3.
25. Nunez Batalla F, Caminero Cueva MJ, Senaris Gonzalez B, Llorente Pendas JL, Gorriz Gil C, Lopez Llames A, et al. Voice quality after endoscopic laser surgery and radiotherapy for early glottic cancer: Objective measurements emphasizing the Voice Handicap Index. Eur Arch
Otorhinolaryngol. 2008;265(5):543–8. doi: 10.1007/s00405-007-0512-9.
[PubMed: 17999074]. [PubMed Central: PMC2279158].

5

