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Abstract

Summary: Inhaled airborne stimuli are associated with laryngeal disorders affecting respiration. 

Clinically, several themes emerged from the literature that point to specific gaps in the 

understanding and management of these disorders. There is wide variation in the types of 

airborne stimuli that trigger symptoms, lack of standardization in provocation challenge testing 

using airborne stimuli, and vague reporting of laryngeal symptoms. Scientifically, evidence 

exists outside the field of voice science that could prove useful to implement among patients 

with impaired laryngeal-respiration. To expand this area of expertise, here we provide a 

thematic overview of relevant evidence and methodological tools from the discipline of 

chemosensory sciences. This review provides distinctions across the three chemosensory systems 

of olfaction, trigeminal chemesthesis, and gustation, guidance on selecting and delivering common 

chemosensory stimuli for clinical testing, and methods of quantifying sensory experiences using 

principles of human psychophysics. Investigating the science of chemosensation reveals that 

laryngeal responses to inhaled airborne stimuli have explanations involving both physiological 

mechanisms as well as higher cognitive processing. Fortunately, these findings are consistent with 
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current pharmacological and nonpharmacological interventions for impaired laryngeal-respiration. 

Based on the close relationships among inhaled airborne stimuli, respiration, and laryngeal 

function, we propose that new perspectives from chemosensory sciences offer opportunities to 

improve patient care and target areas of future research.

Keywords

chemical senses; chemosensory; chronic cough; larynx; paradoxical vocal fold motion; vocal cord 
dysfunction

1. Introduction

The management of laryngeal disorders evolved considerably over the past several decades. 

Otolaryngologists and speech-language pathologists historically focused on phonatory and 

communicative functions of the larynx.1,2 Gradually, clinicians expanded their practices to 

serve patients with impaired swallowing3 and as a result, added assessment tools such as 

liquid testing stimuli comprised of different consistencies and videofluoroscopic radiology 

procedures.4,5 More recently, disordered respiration became recognized in the breadth of 

laryngeal disorders,6-11 here defined broadly as uncoordinated opening and closing of the 

vocal folds and/or disrupted airway sensory processing. In fact, dyspnea or shortness of 

breath accounted for up to 22% of patient referrals in one interdisciplinary voice and 

swallowing clinic.12 However, clinicians currently face major challenges spanning the 

diagnosis and treatment of various laryngeal disorders affecting respiration. Unlike the 

implementation of new techniques to understand swallowing disorders, an overarching 

obstacle is the absence of relevant quantitative and qualitative outcome measures to 

characterize respiratory coordination at the level of the larynx.8,13 Furthermore, clinicians 

report vastly different training, familiarity, and practice patterns.14,15 These gaps contribute 

to the tendency to rely predominantly on anecdotal evidence to guide clinical decision 

making.16

Despite the commitment to help this emergent patient population suffering from laryngeal-

based respiratory symptoms, it can be tempting for clinicians to adopt the same principles 

of disordered phonation to understand disordered respiration. Here, we maintain that 

wielding phonatory expertise alone limits growth in this subspecialty. Rather, deliberately 

evaluating features of the patient’s history is necessary to identify specific clinical gaps 

unique to these disorders. Investigating outside fields for additional answers is a valuable 

approach to enhance the current knowledge about laryngeal disorders affecting respiration. 

Among some patients, exposures to various airborne odorant and irritant chemical stimuli 

are associated with the onset and exacerbation of abnormal laryngeal and respiratory 

function.17-24 Moreover, odorant and chemical irritant stimuli are increasingly used during 

provocation challenge tests to evaluate laryngeal responses during flexible nasolaryngoscopy 

and spirometry.25-30 In the following sections of this paper, we will synthesize clinical cases 

from the extant literature to uncover three important themes related to laryngeal disorders 

and inhaled airborne stimuli. Next, these themes will be divided accordingly by introducing 

the discipline of chemosensation, or the ability to sense chemical stimuli in the immediate 

Novaleski et al. Page 2

J Voice. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



environment. Finally, we will argue how more precise approaches, both conceptual and 

technical, are readily available from the field of chemosensory sciences to apply to clinical 

practices related to laryngeal disorders impacting respiratory function.

2. Clinical Evidence

The human larynx continuously modifies respiratory airflow and participates both actively 

and passively during multiple physiological functions.31,32 When regarded as a respiratory 

organ, a vital role of the larynx is to protect the lower airway by engaging in a continuum of 

complex sensorimotor behaviors that can be reflexive as well as under volitional control.33 

Essential respiratory movements of the larynx during airway protection include airflow 

cessation during laryngeal closure (e.g., breath-hold maneuver),34-36 increased intrathoracic 

pressure against a closed glottis (e.g., Valsalva maneuver),37 and airflow expulsion 

during abrupt laryngeal abduction (e.g., expiratory reflex, cough reflex).38,39 Despite the 

biological necessity for constant and rapid laryngeal adjustments, a heterogeneous group 

of non-pulmonary conditions has emerged40 that reflects numerous patterns of disordered 

coordination of the laryngeal and respiratory systems. While it is beyond the scope of this 

review to describe all disorders, common conditions include paradoxical vocal fold motion 

and refractory chronic cough41,42 (see reviews by Hull et al.43 and Vertigan et al.44). The 

exact number of patients with these disorders remains unknown,8 though it is estimated, 

as one example, that up to 7 million individuals have refractory chronic cough in the 

United States each year.45 As summarized by Shembel and colleagues,16 laryngeal-based 

respiratory disorders are characterized by intermittent dyspnea that accompanies imprecise 

laryngeal closure, which is linked to a variety of triggering stimuli.

Along the spectrum of laryngeal disorders affecting respiration, a major classification of 

triggers includes airborne stimuli. For instance, inhaled odorants were reported to trigger 

symptoms in more than half of patients diagnosed with irritable larynx syndrome.22 Further, 

fragranced products were identified to exacerbate symptoms in up to 15% of patients 

with episodic paroxysmal laryngospasm.17 Across studies, temporal relationships were 

observed between inhalation exposures of airborne stimuli and the subsequent development 

of disordered laryngeal breathing.46-60 Table 1 summarizes the current body of evidence 

according to study design, patient number, patient description, triggering stimulus, exposure 

description, and diagnosis. For all included cases, airborne inhalation exposures were 

the antecedents to symptom onset. Diagnoses were confirmed with visual observation of 

complete or partial vocal fold adduction during respiration using flexible nasolaryngoscopy 

or bronchoscopy. Cases were excluded when precipitating exposure events were not 

described or probable diagnoses were based on symptoms alone.

While the current literature is only a series of case reports, these retrospective studies reveal 

important preliminary observations. As reported previously,16 patients were diagnosed with 

multiple labels including vocal cord dysfunction, 46,48-50,54,56,58,60 paradoxical vocal cord 

dysfunction,47 irritant-associated vocal cord dysfunction,52,57 occupational irritant-induced 

vocal cord dysfunction,59 irritant-induced paradoxical vocal fold motion disorder,55 work-

associated irritable larynx syndrome,53 and laryngeal hypersensivity.51 Consistent with 

previous literature,8 diagnoses were observed in both children and adults (age range 15-73 
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years) and in 3.5 times more females than males. Occupational inhalation exposures were 

prevalent, accounting for 87% of the studies, particularly among nurses50,54,57,59 and first 

responders.46,49 In 60% of the studies, patients required hospitalization or emergency 

treatment.46,50,53,54,56-60 In addition to the aforementioned challenges with laryngeal 

disorders affecting respiration, we identified specific gaps among patients whose symptoms 

are related to airborne inhalation exposures. We next provide a qualitative description of 

three prominent themes that appeared in the literature.

2.1. Variability in Triggering Airborne Stimuli

First, the types of reported airborne stimuli were highly variable across studies. The most 

frequently reported chemical and/or particulate stimuli included disinfectants,46,47,50,52,58,59 

dust from ceiling tiles, wood, the 9/11 World Trade Center disaster,49,53,56,57 fumes 

from paint, gasoline, solder,51,53,57 and household cleaning products.53,57 Few studies 

reported stimuli concentrations of inhalation exposures. Although some studies described a 

specific odorant such as eucalyptus54 or category of an odor mixture such as perfume,53 

the remaining cases focused on the odor sources (e.g., mold, cornfield)48,60 or were 

unspecified.53,57 Similarly, some authors labeled the exact chemical irritant such as 

glutaraldehyde,50 while other authors relied on vague descriptions such as bleaching 

agents.52 Of note, a patient reported that the odor of a particular food (i.e., corn) provoked 

her symptoms.61 This finding is consistent with previous reports that specific tastants and 

food ingestion led to symptoms in 22-31% of patients with irritable larynx syndrome.17,22

In terms of inhalation exposure types, studies revealed that single incidents 
46,50,51,53,55,57,58,60 in addition to repeated, ongoing exposures47-49,52-54,56,59 preceded 

symptom onset. The range was quite wide in the reported durations of exposures. Acute 

symptom onset occurred in some studies,46,49,59 even as quickly as 20-30 minutes after 

an exposure event.50 In contrast, a chronic exposure was described in which symptoms 

presented up to 23 weeks following an incident.49 In a few cases, there was evidence that 

subsequent symptoms generalized from an initial airborne stimulus to different stimuli59,60 

or other physical locations (i.e., buildings with mold from water damage).48 Based on the 

available information, it remains difficult to pinpoint a single class of triggering airborne 

stimuli and concentration ranges that contribute to abnormal laryngeal function affecting 

respiration.

2.2. Inconsistency in Provocation Challenge Procedures

Next, there was considerable disagreement in the literature regarding the use of clinical 

procedures to elicit observable signs of uncoordinated laryngeal movements during 

respiration. Laryngeal provocation challenge testing involves presenting stimuli to patients 

with the intention of causing signs of laryngeal closure patterns in the clinic, typically while 

visualizing the vocal folds using flexible nasolaryngoscopy.62,63 Indeed, several studies 

described the use of inhaled airborne stimuli as primary provocation challenges. Patients 

were instructed to inhale odorant or chemical irritant stimuli that were identified as specific 

triggers of their symptoms.47,51,52,54,56 Otherwise, patients inhaled nonspecific stimuli such 

as methacholine, cayenne pepper, cleaning product, and perfume.49,51,53,55 The methods 

of delivering airborne stimuli were variable and included gauze pads,47,54 alcohol wipes,48 
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and vials.51 Stimulus preparations, concentrations, and durations of provocation tasks were 

rarely detailed, making it challenging to repeat the clinical procedures. Control stimuli (e.g., 

water, ammonia) were occasionally described to mask the target airborne stimulus.51,54 

While clinicians typically provided the stimuli, in one instance a patient prepared alkaline 

persulphate for her nasolaryngoscopy procedure.52

In contrast, a number of studies reported no provocation challenge testing as part of the 

clinical evaluation.46,50,58-60 There are wider issues related to provocation challenges that 

we believe are worth mentioning. Beyond indicating the presence of complete or partial 

vocal fold adduction, there was a lack of further detail illustrating the characteristics of 

laryngeal physiology during respiration. Additionally, the authors did not report clinical 

procedures to measure other respiratory movements of the larynx, such as cough, during 

provocation. While used primarily for diagnostic purposes, studies did not indicate that 

laryngeal closure patterns were reassessed to compare changes resulting from treatment. 

Taken together, the absence of standardization in provocation tests using inhaled airborne 

stimuli is a barrier to replicating clinical procedures and comparing criteria used to support 

diagnoses.

2.3. Ambiguity in Laryngeal Symptoms

Finally, studies included vague descriptions of laryngeal symptoms and unquantifiable 

severity levels. Dyspnea was the most frequently reported symptom, which was reported 

in 93% of the studies. Other common laryngeal-based symptoms included cough (67%), 

dysphonia (67%), stridor or wheezing (67%), throat irritation, pain, or tightness (47%), chest 

tightness (33%), and dysphagia (7%). With the exception of the University of California, 

San Diego Shortness of Breath Questionnaire,46 few studies included scores from formal 

questionnaires specific to laryngeal or respiratory symptoms. When patients were followed 

after the initial diagnosis, general statements indicated that patients’ symptoms improved or 

resolved following treatment,47,48,55,56 patients were able to resume previous activities,60 

and medication use for asthma decreased.54,60

Given that multiple disease etiologies can lead to overlapping laryngeal and/or respiratory 

symptoms, the ambiguity in patient reports of symptom severity remains an obstacle 

to differential diagnosis. Similarly, the lack of quantifiable, distinguishable laryngeal 

sensations makes it difficult to understand the extent that different treatment approaches 

change symptoms over time. Indeed, the literature is valuable in establishing an 

initial relationship between airborne triggering stimuli and the development of laryngeal 

disorders impacting respiration. However, the aforementioned themes reveal that there are 

opportunities to improve the understanding of these disorders. In the section that follows, we 

attempt to address these problems by dividing the discussion according to the three themes. 

We provide relevant scientific principles and methodologies established from chemosensory 

sciences that may assist with improving the clinical standardization of procedures using 

inhaled airborne stimuli and measuring laryngeal-respiratory symptomology.
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3. Scientific Evidence

Humans regularly interact with chemicals, which are in a constant state of dispersion in 

inhaled air and ingested food. Chemosensation refers to the ability to sense chemicals, 

and it serves multiple important roles that include pleasure sensation, food enjoyment, and 

nutritional health.64 The focus of this paper will be on chemosensation as a system of hazard 

detection, as it can act as a unique surveillance system that allows individuals to recognize 

whether external chemical stimuli entering the body contain toxins that could be harmful to 

one’s health.65 Not only does chemosensation permit individuals to make decisions about 

the safety of their immediate environment, but it also serves as a chemically sensitive 

protective mechanism via expulsive reflexes to protect the airway.66 When chemicals cannot 

be avoided, there is increasing evidence that chemosensation is involved in regulating the 

immune response through neurogenic inflammation.67,68

Chemicals are detected via three primary routes of delivery that include inhalation, dermal 

absorption, and ingestion. These delivery routes correspond to the chemical sensory systems 

of olfaction, trigeminal chemesthesis, and gustation, respectively. All three chemosensory 

systems are neuroanatomically distinct. The reality, however, is that individuals have 

trouble separating these senses, frequently confusing them due to their close perceptual 

similarities.69 Therefore, additional knowledge about chemically-mediated sensory and 

respiratory changes would benefit patients who experience laryngeal-based symptoms 

related to airborne triggering stimuli. Further, clinicians would benefit from increased 

awareness about the interplay of these sensory systems and established testing tools using 

chemosensory stimuli.

3.1. Differentiating the Chemosensory Systems

Different categories of airborne stimuli and their concentrations involve separate chemical 

sensory systems. During nasal respiration, the olfactory and trigeminal systems can be 

simultaneously activated. With each inspiration, air and other airborne stimuli (e.g., 

odorants, chemical irritants) flow through the anterior nares and nasal vestibule. While 

the nasal airway mucosa functions primarily to filter, warm, and humidify outside air,70 

the superior region of the nasal cavity is also lined with olfactory epithelium. As airborne 

chemicals travel across the olfactory epithelium, they bind to olfactory receptors and activate 

olfactory sensory neurons in the periphery. This sensory information is projected via the 

olfactory nerve (CN I) to the olfactory bulb and other brain regions where neural signals 

result in odor perception, or the sense of smell.71 Olfactory function is useful to direct 

attention to odorant sources to warn of potential dangers such as spoiled food or toxic 

fumes.72 Odor perception is influenced by factors such as past experiences, expectations, 

attention, and memory.73 For instance, the pairing of natural gas (odorless) with a sulfur 

compound (odorous) results in an important learned association between the smell of a 

malodor, sulfur, and possible danger (gas leak), which subsequently leads to change in 

behavior (evacuating a building).

If olfaction, among its many functions, is the chemical sensing system intended to 

alert individuals to modify behaviors to prevent perceived harmful substances before 

entering the body, then trigeminal chemesthesis is an additional system meant to warn of 
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environmental irritants that can initiate reflexes resulting in the body forcefully expelling 

foreign material.66 Separate from olfactory function, the mucus membranes lining the nasal 

cavity, as well as the oral cavity and eyes, house afferent endings of the trigeminal nerve 

(CN V).74 When activated by inhaled chemicals, the resulting sensation is referred to as 

chemesthesis, or sensory irritation. In contrast to clinical terminology, sensory irritation is 

not synonymous with tissue inflammation,75 and instead refers to temporary sensations such 

as tingling, stinging, itching, pain, warming, and cooling in the upper airways.76 Common 

examples of nasal chemesthesis include pungency or stinging sensation when cleaning with 

chemical disinfectants and cooking with chili peppers. Additionally, oral chemesthesis can 

be perceived as tingling when drinking carbonated beverages, and ocular chemesthesis is 

frequently experienced as burning of the eyes while chopping onions.77

Chemesthetic sensations can subsequently activate defense mechanisms to protect the 

upper airway against dangerous substances. For instance, chemically sensitive protective 

mechanisms include increased salivation, mucus secretion in the nasal cavity, and tearing 

of the eyes.67,77 Similarly, nasal chemesthesis is involved in restricting entry into or 

expelling unwanted material from the body via airway defense mechanisms that frequently 

involve laryngeal adduction, likely through indirect vagal pathways.78,79 These upper airway 

reflexes include respiratory depression, apnea, coughing, and sneezing.74,80,81 Of note, 

respiratory physiology can be altered even in response to olfactory sensory feedback, with 

inhalation airflow rates decreasing with higher concentrations of odorants.82 Even when the 

nasal passages may fail to prevent airborne stimuli from entering the airway, specialized 

solitary chemosensory cells are expressed throughout the remainder of the upper and 

lower airway epithelia, including the larynx.81,83 In particular, the laryngeal chemosensory 

system is highly responsive to chemical stimuli83 and well equipped to engage in protective 

responses via the glottic closure reflex.83,84 For a recent comprehensive review about the 

laryngeal chemoreflex, please see Pathak et al.85

Finally, the third chemical sensory system, gustation or taste, refers to the perception of 

non-airborne chemicals dissolved in saliva from foods and beverages. Gustation is perceived 

through activation of specialized taste cells primarily in the lingual papillae and is innervated 

by the facial nerve (CN VII), glossopharyngeal nerve (CN IX), and vagus nerve (CN X).71 

The primary sensory taste qualities are sweet, salty, bitter, sour, and umami (savory). Volatile 

molecules in food are capable of activating olfactory receptors as air flows in the opposite 

direction during drinking and eating. This pathway, called retronasal olfaction, occurs during 

mastication as molecules in the oral cavity are transported upward to the nasopharynx.86 

Although the gustatory and retronasal olfactory systems are separate in the periphery, these 

senses work in parallel to contribute to flavor perception during food intake.87

It is unsurprising that such critical airway defense mechanisms are readily modifiable 

to help ensure airway clearance, as the capability to modify upper airway reflexes is 

highly advantageous to human survival. In addition to peripheral sensation and motor 

reflexes, higher-order brain circuits are involved in airway defenses. Specifically, cough 

can be volitionally regulated via prefrontal cortical control of motor pathways.88 The 

degree of voluntary control of airway protective reflexes is helpful to assist with 

enhancing or suppressing the intensity of a cough response according to a given scenario. 
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Higher cognitive processes, such as attention, learning, health beliefs, and expectations, 

substantially influence airway sensory processing and upper airway reflexes, as these factors 

contribute to how individuals interpret situations involving airborne stimuli.89 For instance, 

a person’s sensation of the urge-to-cough while inhaling an airborne stimulus, citric acid, 

was significantly higher after an experimenter labeled the stimulus as harmful. Similarly, 

individuals were more likely to cough upon breathing citric acid when instructed to pay 

close attention to cough sensations.90 Even an experimenter describing an inhaled odorant 

as unhealthy led to greater objective measures of airway inflammation among patients 

with asthma.91 From a clinical perspective, it is admittedly difficult to dissociate the 

physiological versus cognitive effects of inhaled airborne stimuli.

3.2. Selection and Reliable Delivery of Chemosensory Stimuli

Despite the abstract nature of odorant and chemical irritants, there are tools to both quantify 

stimuli concentrations and deliver them reliably. A common application of chemosensory 

testing is the clinical evaluation of chemical sensory losses such as anosmia, or smell loss.92 

Fortunately, adjustments to the concentrations of standardized chemosensory stimuli have 

been performed to test specific patient populations such as multiple chemical sensitivity.93,94 

An added benefit of using such stimuli is that chemical safety data have already been 

determined, with years of established normative data on chemosensory function among 

various patient populations.95

Selecting appropriate chemosensory stimuli remains an important consideration. Indeed, 

airborne molecules are capable of concurrently stimulating two distinct sensory systems in 

the nasal cavity, which are innervated by separate sensory receptors and cranial nerves. As 

a result, the perceptions of olfaction and chemesthesis are often confused in daily life.96 

Even in well controlled research experiments, differentiating olfaction from chemesthesis is 

a major challenge because at high enough concentrations, most odorants transition to being 

perceived as sensory irritants by activating the trigeminal nerve.78 Because the majority of 

inhaled environmental exposures actually represent complex mixtures of multiple chemicals, 

the exact perceptual boundaries are unclear between odorant versus sensory irritant percepts. 

Responses to inhaled airborne stimuli might better represent a continuum of learned 

associations between both chemical senses.82

Generally, it is accepted that vanillin (sweet) and phenylethyl alcohol (rose-like) are pure 

odorants that activate only the olfactory system.91,97 Thus, these two compounds are 

recommended when the goal is to measure the sense of smell while carefully controlling 

for potential interactions with the trigeminal system. In contrast, carbon dioxide is a sensory 

irritant that activates the trigeminal system with little or no detectable odor perception.98,99 

Other examples of commonly used chemosensory stimuli include isoamyl acetate (banana), 

limonene (lemon), carvone (spearmint), acetaldehyde (green apples), acetone (nail polish 

remover), butanol, menthol, and eucalyptol.100 If the goal is to elicit reflex cough, capsaicin 

and citric acid are frequently used chemicals.101 For clinicians and researchers who are 

capable of preparing their own stimuli, liquid solutions of compounds can be diluted to the 

desired concentrations using solvents such as mineral oil. When stimuli preparations are 
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not possible, a reasonable alternative is to purchase pre-diluted chemicals, which will be 

discussed in more detail below.

A primary delivery system for chemosensory stimuli is olfactometry. Sophisticated 

instrumentation is necessary only when seeking high accuracy in stimuli presentation, such 

as the use of computer-controlled, air-dilution olfactometers in research laboratories.102 

For clinical applications, however, such detailed levels of precision are often unnecessary. 

In contrast to precision, reliability is a more important issue when delivering stimuli for 

clinical chemosensory testing.103,104 Clinical assessment procedures should generally be 

repeatable, or performed the same way, to allow for meaningful interpretations of results 

between and within patients. Examples of reliable, low technology delivery systems include 

glass sniff bottles, plastic squeeze bottles, felt-tipped pens, perfumer’s strips, ‘scratch and 

sniff odorized strips, and alcohol pads.103 Several commercially available products can be 

purchased to save time. In particular, clinically practical olfactory tests with normative data 

include the University of Pennsylvania Smell Identification Test,105 Sniffin’ Sticks Test,106 

and Snap and Sniff Threshold Test.104 In addition, the NIH Toolbox Odor Identification 

Test is a less expensive alternative.107 Although these products offer the benefit of easy 

application in the clinic, the disadvantage is that these delivery options might require more 

expense.

There are several caveats to testing with chemosensory stimuli. First, olfactory adaptation 

is the phenomenon of temporary desensitization of a chemosensory stimulus after initial 

exposure to it.108 Therefore, inhaling high concentrations of a stimulus will typically lead 

to subsequent difficulty detecting, or perhaps the complete inability to detect, the same 

stimulus at a reduced concentration. To minimize the confounding effects of olfactory 

adaptation, brief recovery periods with no chemosensory exposures are necessary before 

presenting the next trials. Second, chemosensory testing frequently involves the addition 

of control stimuli, or blanks, between trials (e.g., odorless solvent). Controls are especially 

useful to determine whether inhaling a target stimulus causes a sensory experience or motor 

response in comparison to inhaling clean air alone. Controls can also be used to help ensure 

that individuals remain blinded to the stimulus that they will next be exposed to, thereby 

reducing cognitive influences that could lead to biased responses.

3.3. Sensory Testing using Psychophysical Measurements

After chemosensory stimuli and delivery systems have been chosen, a final step is to assess 

individuals’ responses to stimuli to infer how the chemosensory systems are functioning. 

To achieve this, researchers and clinicians rely on psychophysical testing measures. Human 

psychophysics is the study of understanding the relationships between different sensory 

perceptions and quantitative stimuli.109 In chemosensation, psychophysics aims to examine 

how individuals perceive odorants, sensory irritants, and tastants. A clinical parallel of 

eliciting responses to chemosensory stimuli is symptomology. Symptoms can represent a 

patient’s subjective sensory experience (e.g., dyspnea, globus), which is often a primary 

motivation to seek medical care. During a medical history, clinicians spend much time 

obtaining details about symptoms because this information helps drive differential diagnosis. 

We propose that the following knowledge about psychophysics could be adapted for patients 
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with disordered laryngeal-respiration symptoms. Appropriate modifications should be made 

to align with the purpose of a specific test, feasibility in a clinical setting, and patient 

tolerance to the presented chemosensory stimuli.

A major goal of psychophysics methodology is to quantify sensations.110 In particular, the 

principles of psychophysics can accurately capture an individual’s perceived intensities, 

either diminished or elevated, of sensory experiences.86 These tools make it possible 

to convert the subjective nature of sensory-based symptoms to objective outcome 

measurements. The general application of psychophysical testing in chemosensation is to 

ask individuals to report their sensory experience when presented with a chemosensory 

stimulus. The protocols differ in the specific responses elicited, but they typically involve 

carefully training individuals to hone their awareness of the target sensation.

Psychophysical procedures can test an individual’s thresholds as well as suprathreshold 

ratings.92 For threshold testing, the goal is to determine the lowest concentration of 

a chemosensory stimulus that an individual can reliably detect. Similarly, recognition 

thresholds are the lowest concentrations that can be perceived well enough to provide a 

label based on a quality (e.g., fruity).65 Thresholds can also be measured as a stimulus 

concentration that evokes a motor response such as a cough detection threshold.111 Based 

on the measurements used in the chemical senses, ‘chemical sensitivity’ holds a specific 

meaning, referring to an individual’s psychophysical test performance that indicates how 

attenuated or reduced their sensory function is compared to the general population.

In contrast to chemical sensitivity measured using threshold tests, suprathreshold testing 

relies on scaling procedures that measure the perceived intensity magnitudes of various 

sensations. In fact, any psychological attribute can be assigned to a chemosensory stimulus, 

including quality, strength, and hedonics.103 Moreover, perhaps a more relevant problem 

that can be resolved using psychophysical testing is the ability to validly compare 

sensory experiences between different groups. Psychophysics methodology is able to 

account for the reality that an individual has unique sensory experiences that vastly differ 

from others.112 An example of individual differences in sensation could be comparing 

the intensity of pain experienced during childbirth by two different women, or perhaps 

evaluating people’s ranges in bitter taste perception while drinking coffee.65 These inherent 

differences in sensation, which exist across individuals even in the absence of pathology, 

are likely more prominent among disordered populations. While a variety of scales 

exist, many chemosensory scientists rely on the general Labeled Magnitude Scale to 

collect suprathreshold intensity judgments.103 Briefly, the general Labeled Magnitude Scale 

uses semantic labels from ‘barely detectable’ to ‘strongest imaginable’ sensation, which 

are spaced apart by a logarithmic scale,113 and permits valid comparisons of sensory 

responses across groups of individuals and different types of sensations.114 As such, this 

psychophysical measure has important clinical implications for differentiating patients with 

and without a given disorder based on the quantification of sensory-based symptoms. The 

stipulation with suprathreshold scaling procedures is that individuals must be properly 

trained, as well as cognitively able to participate. Finally, we end this review with a brief 

discussion that focuses on bridging scientific evidence from chemosensation with clinical 
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relevance among patients with laryngeal-respiratory symptoms related to inhaled airborne 

stimuli.

4. Implications for Clinical Practice and Research

Based on the identified gaps in clinical practices related to laryngeal-respiratory disorders 

and the corresponding scientific evidence in chemosensation, we offer several key takeaways 

to bridge these concepts. The first theme revealed that many types and concentrations 

of triggering airborne stimuli contribute to symptoms of laryngeal impairment affecting 

respiration. Given that otolaryngologists and speech-language pathologists routinely 

describe the larynx as a protector of the airway,26 clinicians are uniquely qualified to 

continue delivering patient education with the added benefit of providing scientific reasons 

to explain normal physiological laryngeal responses to inhaled stimuli. Clinicians who 

communicate this health information can help validate patients’ experiences and address 

subsequent concerns regarding the safety of breathing airborne stimuli. For instance, patients 

who report that odorant and irritant chemical stimuli exacerbate their symptoms could be 

reassuringly counseled that the chemical sensory systems act, in part, as efficient defense 

mechanisms against airborne stimuli entering the airway. Furthermore, patients would 

appreciate recognizing that chemosensation is involved in at least three levels of airway 

protection, beginning with volitional behavior changes via learned associations between 

the perceptions of stimuli and interpretations of environmental danger73 (e.g., patients 

who avoid fragrance aisles at retail establishments). Another level involves chemically-

induced upper airway reflexes, including laryngeal movements, through nasal trigeminal 

chemesthesis66 (e.g., patients who reflexively cough when inhaling paint fumes). As a final 

level of protection, extreme inhalation exposures can activate immune responses67 (e.g., 

patients who develop signs of laryngeal tissue inflammation). These examples of education, 

which are founded in the science of chemosensation, would help reassure patients that their 

experiences, symptoms, and uncertainties may reasonably be explained and are recognized 

among scientists and clinicians as protective upper airway responses.

The second theme described a lack of consistency across clinical provocation challenges 

to elicit signs of laryngeal and respiratory incoordination. Fortunately, the nature of 

provocation lends itself quite well to the use of chemosensory stimuli in clinical settings. 

For clinicians who currently use airborne stimuli during provocation challenges, we 

recommend entertaining the idea of implementing standardized chemosensory stimuli, 

described previously. Additionally, it is possible that this new knowledge about the standard 

presentations of chemosensory stimuli might remove logistical barriers for clinicians who 

previously hesitated to implement provocation challenges with patients. We acknowledge 

that no universal protocol is utilized across clinics and caution that its full clinical 

utility remains to be known. However, similar to regulating bolus consistencies during 

the assessment of swallowing function,4 the main advantage of controlling the categories, 

concentrations, and delivery methods of airborne stimuli is the increased replicability both 

within and between patients, as well as available chemical safety data and ease of access 

to commercial products. In addition to standardizing assessment procedures, chemosensory 

stimuli have the potential to be used as therapeutic agents in behavioral speech therapy. 

If manipulating people’s health beliefs regarding the safety of inhaled chemicals modifies 
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cough sensations and upper airway responses,90 this serves as evidence to support behavioral 

therapy techniques, such as respiratory retraining and cough suppression, implemented by 

speech-language pathologists.

The final theme demonstrated challenges associated with measuring vague laryngeal-based 

symptoms. Principles of human psychophysics that reveal how suprathreshold sensory 

ratings are interpreted could be an avenue of future research to help elucidate the 

driving mechanisms of disordered laryngeal-respiration. Specifically, sensory testing has 

the potential to guide clinical decisions such as which subgroups of patients would 

benefit most from different management approaches. For instance, greater fluctuations in 

suprathreshold intensity ratings, such as perceived dyspnea and the urge-to-cough, might 

be expected among patients with a non-organic etiology (e.g., primary functional laryngeal 

and airway disorders115). In contrast, patients with a predominant neurogenic etiology 

(e.g., chronic laryngopharyngeal neuropathy14) may exhibit less variation in the same 

suprathreshold intensity ratings based on the assumption that neuropathophysiology is the 

cause of symptoms, which should remain relatively consistent over time. Consequently, the 

notion of clinical subgroups of laryngeal-respiratory disorders is congruent with current 

management options that involve nonpharmacological (e.g., behavioral speech therapy) 

and pharmacological interventions (e.g., neuromodulating agents13), and deserves further 

investigation to optimize timely and effective treatment.

We acknowledge that while this review addressed only external stimuli, patients with 

impaired laryngeal and respiratory function frequently encounter internal triggering stimuli 

such as gastric refluxate.116-119 Understanding similarities and differences in laryngeal 

responses between external and internal triggering stimuli would be a meaningful area of 

study. In addition, the distinction across functional laryngeal disorders is becoming more 

equivocal, as overlapping laryngeal symptomology (e.g., phonation, respiration, swallowing, 

upper airway defense reflexes) has been observed across different diagnoses including 

muscle tension dysphonia, muscle tension dysphagia, vocal cord dysfunction, and chronic 

cough.30,120,121 As an alternative approach to diagnosing functional laryngeal disorders 

according to the predominant symptoms,122 multiple upper airway symptoms may actually 

represent a larger continuum of functional disorders of the larynx.123 It is our hope that 

future research about the role of the larynx during respiration, including the respiratory 

act of coughing, will better inform how to improve patient outcomes related to the overall 

category of functional laryngeal disorders.

5. Conclusion

Clinical practices have expanded in otolaryngology and speech-language pathology to 

include laryngeal disorders affecting respiration. This extension of services logically 

necessitates new training and incorporation of techniques specific to respiratory functions 

of the larynx. Here, we explored topics from the discipline of chemosensation based on 

notable gaps in clinical practice. We described relevant concepts including differentiating the 

three chemosensory systems, reliably delivering safe chemosensory stimuli, and measuring 

sensory perception using psychophysical testing. These concepts have the potential to be 

applied to patient education and counseling, provocation challenge testing, and differential 
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diagnosis of clinical subgroups. Despite this new knowledge from another discipline, much 

of the clinical application will evolve as we continue to build upon the existing literature. 

We anticipate that additional research and clinical evidence, along with receptiveness 

to necessary modifications, will facilitate further growth in this clinical area and guide 

assessment and management of laryngeal-respiratory disorders. We encourage subsequent 

discoveries from other fields with the goal of synthesizing other relevant information to add 

relevant approaches that are not currently under consideration.
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Table 1.

Studies Demonstrating Temporal Relationships between Exposures to Airborne Stimuli and Development of 

Laryngeal Disorders Affecting Respiration.

Reference Study 
Design

N Patient Descrintion Triggering
Stimulus

Exposure
Description

Diagnosis

Allan et al. 
(2006)46

Case 
report

1 49-year-old male firefighter Chlorine gas Single, accidental 
occupational 
exposure 15,000 
gallons
Duration 6 hours

Vocal cord 
dysfunction

Bhargava et al. 
(2000)47

Case 
report

1 17-year-old male student 
athlete

Swimming pool 
chlorine

Chronic 
recreational 
exposure

Paradoxical vocal 
cord dysfunction

Cummings et al. 
(2013)48

Case 
series

2 47-year-old female and 
31-year-old female office 
workers

Indoor mold growth 
in water-damaged 
buildings

Chronic, accidental 
occupational 
exposure

Vocal cord 
dysfunction

de la Hoz et al. 
(2008)49

Case 
series

10 6 male and 4 female 9/11 
World Trade Center rescue 
workers and volunteers 
(age range 35-70 years)

Variety of irritants and 
compounds from 9/11 
World Trade Center 
disaster

Chronic, accidental 
occupational 
exposure
Duration range 
3-23 weeks

Vocal cord 
dysfunction

Galdi et al. 
(2005)50

Case 
report

1 47-year-old female nurse Glutaraldehyde Single 
occupational 
exposure
Duration 20-30 
minutes

Vocal cord 
dysfunction

Gartner-Schmidt 
et al. (2008)51

Case 
report

1 53-year-old female Paint fumes Single 
occupational 
exposure

Laryngeal 
hypersensitivity

Herin et al. 
(2012)52

Case 
report

1 38-year-old female 
hairdresser

Bleaching agents Chronic 
occupational 
exposure

Irritant-associated 
vocal cord 
dysfunction

Hoy et al. 
(2010)53

Case 
series

14 3 males and 11 females 
in manufacturing, sales, 
business, and construction 
(mean age 50.6 years)

Perfumes
Cleaning agents
Paint fumes
Dust
Exhaust
Unspecified odors and 
fumes

Single and chronic 
occupational and 
recreational 
exposure

Work-associated 
irritable larynx 
syndrome

Huggins et al. 
(2004)54

Case 
report

1 46-year-old female nurse Eucalyptus plant Chronic 
occupational 
exposure

Vocal cord 
dysfunction

Marcinow et al. 
(2015)55

Case 
series

34 3 males and 31 females 
(age range 27-73 years)

Not reported Single exposure Irritant-induced 
paradoxical vocal 
fold motion disorder

Munoz et al. 
(2007)56

Case 
report

1 26-year-old male carpenter Iroko and western red 
cedar wood dust

Chronic 
occupational 
exposure

Vocal cord 
dysfunction

Perkner et al. 
(1998)57

Case 
series

11 3 males and 8 
females in manufacturing, 
housekeeping, health care, 
transportation, farming, 
clerical, safety inspection, 
and food service (mean age 
45 years)

Ammonia
Cleaning chemicals
Solder fumes
Smoke
Machine fluid
Ceiling tile dust
Unspecified odors

Single 
occupational and 
recreational 
exposure

Irritant-associated 
vocal cord 
dysfunction

Reddy et al. 
(2004)58

Case 
report

1 25-year-old female Chlorine gas Single, accidental 
occupational 
exposure

Vocal cord 
dysfunction

Tonini et al. 
(2009)59

Case 
report

1 45-year-old female nurse Isopropylic alcohol
Formaldehyde
Glutaraldehyde

Chronic 
occupational 
exposure

Occupational irritant-
induced vocal cord 
dysfunction
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Reference Study 
Design

N Patient Descrintion Triggering
Stimulus

Exposure
Description

Diagnosis

Peracetic acid
Hydrogen peroxide
Sodium hypochlorite

Weinberger et al. 
(2017)60

Case 
report

1 15-year-old female corn 
detasseler

Sodium hypochlorite 
Cornfield

Single 
occupational 
exposure

Vocal cord 
dysfunction
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