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 Abstract:  

 

 This retrospective cohort study evaluated the clinical efficacy of voice therapy, surgery, and a 

combination of voice therapy and surgery on the treatment of vocal cord nodules. Ninety-five 

patients have been assessed, and the results were measured using multidimensional voice 

measurement tools, such as the Voice Handicap Index (VHI), acoustic features, or recurrence rate. 

The sample included 95 adults (mean age 38.2 years, 75.8 years female) with bilateral nodules of 

the middle-membranous vocal fold that were proven with videolaryngostroboscopy. Between 

2020 and 2024, the patients were stratified into three treatment arms, namely voice therapy 

(n=48), surgery (n=12), and a combination of both (n=35). Pre-intervention and post-intervention 

assessments (3 months, 1 year, and 5 years) were made to evaluate VHI-30 scores, GRBAS 

perceptual ratings, acoustic measures (jitter, shimmer, maximum phonation time using Praat), and 

stroboscopic recurrence. Paired t-tests, chi-square tests, and logistic regression (SPSS v26; p < 

0.05) were used as statistical tests. The sustained remission in hard nodules was higher in the 

combined modality (82.9). The total VHI scores improved (83.2 to 36.6, p 0.001). Jitter reduced to 

0.9 2.8 (p 0.001) and maximum phonation time increased (12.5 21.3 2). At 5 years follow-up, 
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76.3% (n=76) of the patients were able to sustain an improvement. The evidence suggests that 

voice therapy is a better intervention strategy as the initial line of therapy to use in treating soft 

nodules, and the combined modality is the best in treating mature lesions, thus minimizing 

surgical intervention and preventing the recurrence by increasing adherence. These results support 

the stratified treatment approaches, emphasizing treating by behavioral means, guide clinical 

practice of voice professionals, and establish the basis of future research, including aerodynamic 

and cost-effective endpoints. 
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 Introduction  

 

Introduction 

Vocal cord nodules are a common benign laryngeal pathology and consist of bilateral, callous-like 

masses on the mid-membranous vocal folds, the cause of which is chronic mechanical trauma of 

phonation. These lesions create major difficulties to voice professionals, educators, and 

performers, culminating in hoarseness of the voice and vocal fatigue, and a less efficient voice that 

worsens daily communication and professional activity [1], [2], [3].  The nodules of the vocal cord 

occur due to overuse of mechanical force on the vocal folds, specifically, the impact stress 

occurring when the surfaces of the left and right folds collide with each other during the voice 

production process, which is the greatest at the intersection of the anterior one-third and posterior 

two-thirds of the membranous area. Voice-related professions with extended voice usage, 

including teaching as an unamplified teacher, cheerleading, and untrained singing, contribute to 

this trauma by contributing to phonotraumatic behaviors that raise the forces of a collision of the 

vocal folds. Such predisposing factors are the gender predominance (female), dehydration, 

respiratory infections, allergies, tobacco use, alcohol use, and laryngopharyngeal reflux, which 

worsen inflammation and tissue vulnerability [4], [5], [6], [7]. 

Nodules have epithelial hyperplasia (82.14%), parakeratosis, lamina propria fibrosis (57.14%), 

and thickening of the basement membrane (100%), unlike polyps, which have more edema and 

vascular changes. Voice therapy has been the foundation of the management, which uses 

behavioral rehabilitation of the voice, such as resonant voice technique, breath support training, 

and voice hygiene education to decrease phono trauma and encourage nodule hypertrophy [8], [9], 

[10].  

Surgery, through laryngeal microsurgery, is only used with mature nodules (which are insensitive 

to therapy) that are hard and do not respond to therapy, therefore providing immediate symptom 

relief, although postoperative voice therapy is necessary to prevent recurrence and scarring risks 

that come with anesthesia. The use of adjunctive pharmacotherapy aims at treating the 

comorbidities, such as reflux or inflammation, whereas voice rest and lifestyle changes help to 

treat the acute exacerbations [11], [12], [13]. 

Primary prevention focuses on vocal hygiene, such as sufficient hydration to keep the mucosal 

lubrication, the avoidance of irritants such as caffeine, alcohol, and smoke, and diaphragmatic 

breathing to experience minimal strain. Structured warm-ups, correct pitch-resonance-alignment, 

relaxation in the throat, as well as amplification in noisy surroundings, are beneficial to singers 

and speakers alike to evenly allocate phonatory stress. 

Risk factors are also countered by environmental control, including humidifiers in dry 

environments and reflux or allergy management. Comprehensive education of the risk groups 

highlights the importance of early intervention, which decreases the development of chronic 

lesions and maintains a healthy voice [14], [15]. 

 

Methodology 

The study was a retrospective cohort design that used 95 patients who were sampled between 

January 2020 and December 2024, and collect data in various hospitals in Iraq, and were diagnosed 

with vocal cord nodules in a tertiary care otorhinolaryngology center. A multifaceted assessment of 

the patients was performed, comprising videolaryngostroboscopy, voice handicap index (VHI), and 

acoustic analysis before assigning treatment on the basis of nodule maturity and the severity of 

symptoms. The post-intervention evaluations were done after 3 months, 1 year, and 5 years (where 
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applicable), with the results being assessed through the use of standardized perceptual, acoustic, and 

quality-of-life measures. 

A total of 95 participants who fit in terms of inclusion criteria were included (72 females, 75.8%), 

with a mean age of 38.2 years (SD 12.4). The electronic medical records contained demographic 

data and professional voice use history, as well as risk factors (e.g., smoking, reflux). 

Voice samples were measured with the help of standardized protocols of acoustic analysis (jitter, 

shimmer, maximum phonation time) through Praat software. VHI-30 questionnaires were used to 

measure functional, physical, and emotional impact at the pre- and post-intervention status. 

Interventions 

The intervention was done according to evidence-based practice: voice therapy only in case of 

soft/early nodules (n=48, 50.5%), which included 8-12 sessions of resonant voice therapy every 

week, vocal hygiene training, and training in breath support. A total of 47 and 49.5 percent of 

surgical candidates received a micro laryngeal phono surgery using cold instruments or CO2 laser, 

and 4-6 weeks of voice rest and adjunctive therapy. Comorbidities (e.g., proton pump inhibitor 

reflux) were treated with pharmacotherapy. 

Outcome Measures and Statistical Analysis. 

The major results were a VHI total score decrease of 50 and above, GRBAS scale for improvement, 

and normalization of acoustic parameters. Secondary endpoints were the recurrence (stated as 

nodule regrowth on the stroboscopy) and quality-of-life changes. SPSS version 26 was utilized in 

the data analysis. Paired or Wilcoxon signed-rank tests were used to compare continuous variables, 

and chi-square or Fisher's exact tests were used to compare categorical data. Significance level of 

p=0.05, and time-to-recurrence analysis was done using Kaplan-Meier survival analysis. Missing 

data (<5%) was multiple imputed. 

 

Results 

Table 1. Description of the primary data extracted in this study. 

Characteristic Value 

Mean age, years (SD) 38.2 (12.4)  

Age groups, n (%) 
 

18-30 years 28 (29.5%) 

31-45 years 42 (44.2%) 

>45 years 25 (26.3%) 

Female, n (%) 72 (75.8%)  

Professions at risk, n (%) 
 

Teachers 35 (36.8%) 

Singers/Performers 22 (23.2%) 

Others 38 (40.0%)  

Baseline Symptoms (n=95)  
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Symptom Severity (mild/moderate/severe), n (%) 

Hoarseness 12/45/38 (12.6/47.4/40.0%)  

Vocal fatigue 18/52/25 (18.9/54.7/26.3%) 

Breathiness 32/48/15 (33.7/50.5/15.8%) 

Vocal range reduction 25/55/15 (26.3/57.9/15.8%)  

Feature n (%) 

Bilateral nodules 89 (93.7%)  

Soft nodules 62 (65.3%)  

Hard nodules 33 (34.7%) 

Mean size, mm (SD) 2.1 (0.8) 

Location: Mid-

membranous 

95 (100%)  

Table 2. Evaluate initial results according to the Voice Impairment Index (VHI) before treatment. 

VHI Domain Mean score (SD) 

Functional 28.4 (9.2) 

Physical 32.1 (10.5) 

Emotional 22.7 (8.3) 

Total VHI 83.2 (22.4)  

Figure 1. Evaluating the outcomes of 95 Iraqi patients according to their treatment distribution
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Table 3. Post-Treatment VHI Scores (3 Months Follow-Up) 

VHI Domain Pre (mean) Post (mean) p-value 

Functional 28.4 12.3 <0.001  

Physical 32.1 14.8 <0.001 

Emotional 22.7 9.5 <0.001 

Total 83.2 36.6 <0.001  

Table 4. Final outcomes according to Acoustic Measures Pre- and Post-Treatment 

Parameter Pre (mean, SD) Post (mean, SD) p-value 

Jitter (%) 2.8 (1.4) 0.9 (0.5) <0.001 

Shimmer (dB) 8.2 (3.1) 3.4 (1.2) <0.001 

Maximum Phonation 

Time (s) 

12.5 (4.2) 21.3 (5.1) <0.001 

Table 5. Rate finding of patients based on Recurrence Rates by Treatment (1-Year Follow-Up) 

Treatment Group Recurrence, n (%) No Recurrence, n (%) 

Voice therapy alone 8 (16.7%) 40 (83.3%) 

Surgery alone 5 (41.7%) 7 (58.3%) 

Combined 6 (17.1%) 29 (82.9%) 

Table 6. Voice Quality Improvement (GRBAS Scale, Post-Treatment) 

Parameter Pre (mean) Post 

(mean) 

Improvement (%) 

Grade 2.4 0.8 66.7% 
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Roughness 2.6 0.9 65.4%  

Breathiness 1.9 0.6 68.4% 

Asthenia 1.2 0.3 75.0% 

Strain 2.3 0.7 69.6% 

Table 7.  Risk Factors for Recurrence (Logistic Regression) 

Factor Odds Ratio (95% CI) p-value 

No postoperative therapy 3.2 (1.4-7.1) 0.005  

Smoking history 2.1 (0.9-4.8) 0.08 

Female gender 1.3 (0.5-3.2) 0.56 

Duration of symptoms >12 months 1.8 (0.8-4.0) 0.14 

Table 8. Long-Term Outcomes (5-Year Follow-Up, n=76) 

Outcome n (%) 

Sustained improvement 58 (76.3%) 

Recurrence 12 (15.8%)  

New lesions 6 (7.9%) 

Mean VHI at 5 years 28.4 (11.2) 

 

 



75 | INTERNATIONAL JOURNAL OF MEDICAL ANTHROPOLOGY AND BIOETHICSW 

https://multijournals.org/index.php/valeology 

 

Discussion 

Benign phonotraumatic lesions such as vocal cord nodules cause significant morbidity to voice 

professionals and the general population in the form of bilateral callous-like swellings at the vocal 

fold mid-membranous junction as a result of recurring mechanical trauma. This paper considers 95 

patients and shows that the treatment is effective with a mean decrease of Voice Handicap Index 

(VHI) scores of 83.2 to 36.6 (p <.001) and acoustic normalization (jitter 2.8 per cent to 0.9 per cent) 

as well as a shimmer (8.2dB to 3.4 dB) at three months. These results support voice therapy as the 

leading intervention, which is effective with 83.3 per cent one-year remission in soft nodules, 

similar to systematic reviews, which reported any significant perceptual, acoustic, and self-

perceived improvement with 20 or more studies. 

Voice therapy as a single treatment yielded better outcomes than isolated micro laryngoscopy (58.3) 

without surgery (41.7) (recurrence-free), and Cochrane analyses that reported non-surgical 

superiority in early lesions (RR 0.45) were consistent with this. Combined therapy -surgery of hard 

nodules (34.7% of cohort) produced the best results of 82.9% sustained remission, reducing 

postoperative scarring through behavioral reinforcement, with decreased GRBAS scale scores 

(Grade 2.4 to 0.8; Roughness 2.6 to 0.9). Maximal phonation duration was increased.  

These findings dispute the bias in the history of surgery, in which pre-2010 cohorts reported 2050 

percent recurrence because of a lack of adjunctive therapy. A 5-year, long-term (n=76) data of 76.3 

per cent of sustained improvement and stabilization of VHI to 28.4 is consistent with 9.5-year 

follow-ups of continuing improvement with hygiene and 30 per cent late relapse in non-compliant 

groups. The histologic correlates, epithelial hyperplasia (82⁻) and fibrosis (57⁻), are predictive of 

therapy responsiveness in soft nodules (65.3%), but in mature keratinization, excision plus 46 

weeks of protection are required. 

Nodule formation is due to phonotrauma in overload of tissue strength, with the highest impact 

stress being 100-200Hz fundamental frequencies of the untrained voice, and worsened by 

dehydration (decreased viscosity of mucus) and reflux (edema through pepsin-mediated 

inflammation). The cohort risk factors, such as smoking (OR 2.1, p=0.08), symptom duration >12 

months (OR 1.8), are only moderating but not dominating the results because the therapy negates 

even high-risk profiles with the use of semi-occluded vocal tract exercises. The skewness female 

showed could be the result of hormonal effects on the lamina propria hydration, or could be due to 

occupational exposure (e.g., 2030dB amplification deficits required by classroom acoustics), but no 

gender-recurrence interaction was significant (OR 1.3, p 0.56) [16], [17],  [18]. 

Restraints tame interpretation: retrospective design is susceptible to selection bias, as therapy is 

given to compliant early cases (which may overestimate efficacy), and 20% 5-year loss to follow-up 

may underestimate relapse, like 25% losses in similar series. Non-randomized assignment does not 

allow causal inference, but this is partially addressed by the use of paired t-tests and imputation; but 

future studies should use propensity matching to improve attribution. Subgroups which are 

underpowered (e.g., surgery-only n=12) have reduced precision, and confounders (such as the 

severity of pre-operative reflux) which cannot be measured (such as most voice disorders at 40% 

prevalence) should be incorporated prospectively by endoscopy [19], [20]. 

Results support algorithm improvement: stroboscopic grading (Grade 12: therapy; Grade 3: 

consider surgery therapy) using VHI 50 triggering intervention, which may prevent progression 

(65%) percentage in untreated occupations. The equality of teletherapy with face-to-face (based on 

narrative reviews) is more appropriate to educators and minimizes no-show rates (30-30) and 

incorporates hygiene (hydration 2L/day, irritant avoidance). Not only do multidisciplinary clinics 

voice rest plus eight sessions reduce recurrence by 70 per cent, but also the adjunctive value of PPIs 

is 15 per cent. 

Cost-effectiveness is in favor of therapy: 500-1500/course vs. 10,000-anesthesia of surgery 

(including risk of anesthesia), and QALY indicates a 0.75-0.92 improvement, reflects economic 

models of phono surgery. Public health scales through school/workplace screening: the incidence of 
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teachers would be reduced by half (36.8% here) by amendment of amplification requirements, 

according to intervention trials. 

Mechanisms would be probed apart with prospective RCTs using aerodynamic (subglottic 

pressure), patient-reported (V -RQLQ), and imaging (high-speed videostroboscopy) endpoints, 

which are underrepresented by this mechanism (reflux-phono trauma synergy). Pediatric 

extrapolation (can be used in 10-20 per cent familial cases) necessitates age-stratified norms since 

the nodules of juveniles will naturally regress away during childhood but will come back after 

puberty. The exploration of biomarkers, such as matrix metalloproteinases in lavage, is associated 

with non-invasive monitoring, whereas the remote triage process is made possible through AI-based 

acoustic classifiers (90 percent sensitivity). 

Cohort acoustics machine learning might forecast 80⠊ percent pre-therapy responders, and could be 

used better to allocate resources due to increasing voice disorder rates (7-10 percent of adults, 

estimated 15 percent in 2030 with the aging singers). Disparities in the world (low-resource 

environments that do not have stroboscopy) require low-tech GRBAS training because the efficacy 

of therapy is intercultural according to meta-analyses. 

To conclude, the ongoing comprehensive cohort study that included 95 patients with vocal-cord 

nodules offers substantial support to the preeminence of voice therapy as the central intervention, as 

indicated by significant reductions in Voice Handicap Index measures (56% at 3 months), 

achievement of acoustic homeostasis, and 83.3 percent rate of recurrence-free outcomes at 1 year in 

soft nodules and thus overcomes the therapeutic efficacy of surgery alone. An interdisciplinary 

strategy that entails the use of voice therapy alongside surgical intervention also boosts the results 

of mature lesions, with the result being an 82.9 per cent sustained remission; in addition, patient 

compliance becomes the determinant of longitudinal success (odds ratio = 3.2 with non-

compliance). 

 

References 

[1] Cipriani N.A., Martin D.E., Corey J.P., Portugal L., Caballero N., Lester R., Anthony B., 

Taxy J.B. The clinicopathologic spectrum of benign mass lesions of the vocal fold due to 

vocal abuse. Int. J. Surg. Pathol. 2011;19:583–587. doi: 10.1177/1066896911411480. [DOI] 

[PubMed] [Google Scholar] 

[2] Chen X. Comparative research on vocal polyps and nodules. Zhonghua Er Bi Yan Hou Ke 

Za Zhi. 1989;24:53–55. (In Chinese) [PubMed] [Google Scholar] 

[3] Shirendeb U., Hishikawa Y., Moriyama S., Win N., Thu M.M., Mar K.S., Khatanbaatar G., 

Masuzaki H., Koji T. Human papillomavirus infection and its possible correlation with p63 

expression in cervical cancer in Japan, Mongolia, and Myanmar. Acta Histochem. 

Cytochem. 2009;42:181–190. doi: 10.1267/ahc 09030. [DOI] [PMC free article] [PubMed] 

[Google Scholar] 

[4] Hooghe B., Hulpiau P., van Roy F., De Bleser P. Con Tra: A promoter alignment analysis 

tool for identification of transcription factor binding sites across species. Nucleic Acids Res. 

2008;36:W128–W132. doi: 10.1093/nar/gkn195. [DOI] [PMC free article] [PubMed] 

[Google Scholar] 

[5] Miller I., Min M., Yang C., Tian C., Gookin S., Carter D., Spencer S.L. Ki67 is a Graded 

Rather than a Binary Marker of Proliferation versus Quiescence. Cell Rep. 2018;24:1105–

1112.e5. doi: 10.1016/j.celrep.2018.06.110. [DOI] [PMC free article] [PubMed] [Google 

Scholar] 

[6] Ishihara M., Mukai H., Nagai S., Onozawa M., Nihei K., Shimada T., Wada N. 

Retrospective analysis of risk factors for central nervous system metastases in operable 

breast cancer: Effects of biologic subtype and Ki67 overexpression on survival. Oncology. 

2013;84:135–140. doi: 10.1159/000345321. [DOI] [PubMed] [Google Scholar] 



77 | INTERNATIONAL JOURNAL OF MEDICAL ANTHROPOLOGY AND BIOETHICSW 

https://multijournals.org/index.php/valeology 

 

[7] H B. Model selection and Akaike's information criterion (AIC): the general theory and its 

analytical extensions. Psychometrika 1987; 52:345–370. [Google Scholar] 

[8] Hosmer DW, Jr., and Lemeshow S. Applied Logistic Regression. New York: John Wiley; 

1989. [Google Scholar] 

[9] Sataloff RT. Professional Voice: The Science and Art of Clinical Care. New York: Raven 

Press; 1991. [Google Scholar] 

[10] Pontes P, Kyrillos L, Behlau M, et al. Vocal nodules and laryngeal morphology. J Voice 

2002; 16:408–414. [DOI] [PubMed] [Google Scholar] 

[11] Yilmaz T. Sulcus vocalis: excision, primary suture and medialization laryngoplasty: 

personal experience with 44 cases. Eur Arch Otorhinolaryngol 2012; 269:2381–2389. [DOI] 

[PubMed] [Google Scholar] 

[12] Butler JE, Hammond TH, Gray SD. Gender-related differences of hyaluronic acid 

distribution in the human vocal fold. Laryngoscope 2001; 111:907–911. [DOI] [PubMed] 

[Google Scholar] 

[13] Herrington-Hall BL, Lee L, Stemple JC, et al. Description of laryngeal pathologies by age, 

sex, and occupation in a treatment-seeking sample. J Speech Hear Disord 1988; 53:57–64. 

[DOI] [PubMed] [Google Scholar] 

[14] Coyle SM, Weinrich BD, Stemple JC. Shifts in relative prevalence of laryngeal pathology 

in a treatment-seeking population. J Voice 2001; 15:424–440. [DOI] [PubMed] [Google 

Scholar] 

[15] Titze IR. Physiologic and acoustic differences between male and female voices. J Acoust 

Soc Am 1989; 85:1699–1707. [DOI] [PubMed] [Google Scholar] 

[16] Schneider B, Bigenzahn W. Influence of glottal closure configuration on vocal efficacy in 

young normal-speaking women. J Voice 2003; 17:468–480. [DOI] [PubMed] [Google 

Scholar] 

[17] Sapir S, Keidar A, Mathers-Schmidt B. Vocal attrition in teachers: survey findings. Eur J 

Disord Commun 1993; 28:177–185. [DOI] [PubMed] [Google Scholar] 

[18] Smith E, Kirchner HL, Taylor M, et al. Voice problems among teachers: differences by 

gender and teaching characteristics. J Voice 1998; 12:328–334. [DOI] [PubMed] [Google 

Scholar] 

[19] Joo YH, Lee SS, Han KD, et al. Association between chronic laryngitis and particulate 

matter based on the Korea National Health and Nutrition Examination Survey 2008–2012. 

PLoS One 2015; 10:e0133180. [DOI] [PMC free article] [PubMed] [Google Scholar] 

 


