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Abstract
The vocal folds are pivotal in human communication, functioning as the primary tone 

generator of the body. This study investigates advancements in the evaluation of vocal 
fold functionality through voice-related biomarkers with clinically validated methods, 
such as basic acoustic measures, Maximum Phonation Time (MPT), the Voice Handicap 
Index (VHI), and the GRBAS scale. They provide structured frameworks for assessing 
vocal fold states. Research on genetic regulation of fundamental frequency highlights 
the signifi cance of integrating genomic and biochemical data to understand vocal fold 
function and development. Despite advancements in the understanding of many tissue 
components like elastin and fi brinogen, clinical applications for pathologies of the 
vocal folds such as multi-handicap syndromes and neurodegenerative disorders remain 
limited. Regular biopsy changes the function of the vocal folds and cannot be carried 
out in vivo.

Environmental factors, such as radiation exposure, impact vocal folds and are badly 
understood. Studies on pubertal individuals from Chornobyl revealed reduced pitch 
range and intensity. Optical Coherence Tomography (OCT) has emerged as an optical 
biopsy. It is a tool for visualizing tissue and eventual abnormalities, offering signifi cant 
potential in evaluating hormonal tissue effects, and biochemical properties in defi ned 
in vivo situations. Biochemical understanding of medical treatments for tissue-specifi c 
abnormalities, such as genetic and hormonal imbalances, are underexplored.

This article underscores the necessity of an interdisciplinary approach to vocal fold 
understanding, integrating biochemical research with clinical practice, that includes 
among others OCT and defi ned voice-related biomarkers. This integration is crucial 
for addressing gaps in diagnostics and treatment, ultimately improving outcomes in 
managing e.g. hormonal, genetic, neurodegenerative, and environmentally induced voice 
disorders.

Introduction
The vocal folds are a critical component of communication, serving 

as the tone generator of the human body with movement on average of 
50/2000 Hz and 40/120 db. Considerable research has been conducted 
on normal and pathological conditions, in a consensus paper outlining 
clinically applicable background methods for evaluating voice-related 
biomarkers [1]. These methods encompass both acoustic and airfl ow 
measures. Evaluating vocal fold tissue function requires a comprehensive 
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approach that also includes both subjective self-
assessments and expert listener evaluations [2,3]. 
Suggested biomarkers include basic acoustic 
measurements of fundamental frequency, jitter, 
shimmer, and harmonics-to-noise ratio, Maximum 
Phonation Time (MPT), the Voice Handicap Index 
(VHI), and the GRBAS test [1,4]. These tools provide 
a framework for clinically defi ning the background 
for tissue-related situations and phenomena of the 
vocal folds, marking a signifi cant advancement in 
this fi eld with a possibility for a better understanding 
of the tissue and its function including treatment for 
disorders related to the vocal folds.

Perspectives
Research into normal vocal folds has highlighted 

several critical areas for advancing the "state of the 
art." These include the study of cells, glands, elastin, 
fi brinogen, and extracellular phenomena [5]. Despite 
extensive research in these areas, clinical applications 
for vocal fold conditions remain sparse [1]. Genetic 
studies reveal the importance of understanding 
fundamental frequency regulation and its linkage to 
genomic profi les [6,7]. To achieve this, it is necessary 
to analyze how genes regulate vocal fold function at a 
biochemical level which is not known.

Hormonal regulation of vocal fold development 
is another essential area of investigation e.g. during 
puberty. Existing research on hormone-related tissue 
is fragmented and lacks systematic exploration. 
Hormonal eff ects, determined by concentrations 
in the tissue and receptor activity, require a better 

biochemical understanding to advance clinical 
treatments, particularly in the context of gender-
related hormonal eff ects (Figure 1).

Perspectives in pathology

In pathological conditions, research has focused 
on the regulation of components of vocal fold tissue, 
such as fi brinogen and elastin. However, these 
insights have not yet been translated into many 
clinical applications, particularly not for genetic 
and neurodegenerative conditions [8]. The reason 
is among others the diffi  culty of taking biopsies of 
the vocal fold in vivo without changing the tissue 
and the function. Nonetheless, there is increasing 
focus on voice-related biomarkers and genetic-
related pathologies, but not specifi cally on vocal-
fold genetic-related pathologies [9-11]. Although 
voice-related biomarkers have been introduced, 
their biochemical foundations remain insuffi  ciently 
understood. Addressing these limitations is 
imperative for improving clinical outcomes.

Diff erentiating results of brain trauma provides 
a compelling example of the need for enhanced 
biochemical understanding. Central brain injuries 
often result in unnecessary vocal fold insuffi  ciency, 
which could be better understood and managed with 
focused research. Studies of motor defi ciencies in 
young patients have demonstrated that some vocal 
fold regulation was left, and some voice aspects 
could be restored through training, as evidenced by 
voice range profi les [12,13]. Similarly, environmental 
provocations, such as radiation exposure, highlight 

Figure 1 Pubertal development of voice, voice range profi les changes in frequency (Hz) and intensity (dB) during puberty in boys [7].
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the need for further exploration. Research on pubertal 
children in Chornobyl revealed reduced vocal fold 
movement and diminished pitch range and intensity, 
emphasizing the importance of understanding tissue 
distortions caused by environmental factors [14]. 
There is scarce literature on medical treatment for 
patients after cancer-radiation therapy of the vocal 
folds, the eff ect of training is not well documented 
[15]. In many other fi elds, OCT does make clinicians 
able to solve tissue-related pathologies. This 
possibility is to be further developed for vocal folds.

Perspectives of methodologies

Optical Coherence Tomography (OCT) has 
emerged as a transformative tool for analyzing vocal 
fold tissue. OCT enables the visualization in vivo of 
capillary changes, glands, edema, and infection- or 
allergy-related cells, providing a means to evaluate 
abnormalities with precision [5,16-18]. This is also 
the case for understanding vocal-fold movements on 
a cellular level [19]. A broader application of OCT with 
a biochemical approach could signifi cantly impact the 
clinical assessment of both normal and pathological 
vocal folds. This is not possible with regular in vivo 
biopsies since the vocal folds function is thereby 
changed, or even destroyed.

In benign laryngeal disorders, there remains no 
evidence of eff ective tissue-level medical treatments, 
including e.g. the use of antibiotics, antihistamines, 
hormones, corticosteroids, androgens, estrogens, 
and many others. However with OCT documentation 
in vivo, without regular biopsy, is possible [20]. 
Biochemical measurements facilitated by OCT are 
essential for addressing this gap. For instance, 
refl ux—a common disorder aff ecting the posterior 
vocal folds—also remains poorly understood in 
terms of its tissue eff ects, including the eff ects of acid 
and enzyme-induced damage. Further research is 
necessary to address these defi ciencies.

Discussion and Conclusion
The aforementioned aspects emphasize the need 

to integrate biochemical perspectives into vocal 
fold research. Advances in tools such as consensus 
on voice-related biomarkers, and OCT provide 
opportunities to precisely defi ne and measure the 
biochemical abnormalities in vocal fold tissue in a 
specifi c defi ned situation also making a comparison of 
studies better in the future. A deeper understanding of 
the biochemical underpinnings of vocal fold function 

is critical for improving diagnostic accuracy and 
developing better evidence-based targeted therapies. 
These advancements hold the potential to address 
a wide range of disorders, including hormonal 
imbalances, genetic anomalies, neurodegenerative 
conditions, and environmental provocations.
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