
	 Scand J Work Environ Health 2007, vol 33, no 2	 153

Case report
Scand J Work Environ Health 2007;33(2):153–158

Occupational vocal cord dysfunction due to exposure to wood dust and 
xerographic toner
by Xavier Muñoz, PhD,1, 2 Alex Roger, MD,1 David De la Rosa, MD,1 Ferran Morell, PhD,1 Maria J Cruz, 
PhD 1

Muñoz X, Roger A, De la Rosa D, Morell F, Cruz MJ. Occupational vocal cord dysfunction due to exposure to wood 
dust and xerographic toner. Scand J Work Environ Health 2007;33(2):153–158.

Objectives   Vocal cord dysfunction is a poorly understood entity that is often misdiagnosed as asthma. Both ir-
ritant and nonirritant vocal cord dysfunction have been described. This report presents two cases of irritant vocal 
cord dysfunction secondary to specific environmental exposure, the first to iroko and western red cedar wood (a 
carpenter) and the second to xerographic printing toner (a secretary).
Methods   Several tests were performed, including chest radiographs, measurements of total serum immuno-
globulin E, skin prick tests with common pneumoallergens (as well as iroko and western red cedar in the first 
case), pulmonary function studies, methacholine challenge testing, specific inhalation challenge performed with 
suspected agents in a single-blinded fashion, and peak expiratory flow testing and fiberoptic rhinolaryngoscopy 
(in case 1).
Results   During the specific inhalation challenge, the patients showed dysphonia, chest tightness, inspiratory 
stridor, and flattening of the inspiratory limb of the maximum flow-volume loop in spirometry, with no signifi-
cant decreases in the level of forced expiratory volume in 1 second; fiberoptic rhinolaryngoscopy confirmed the 
diagnosis of vocal cord dysfunction in case 1.
Conclusions   It is important to know that agents that can cause occupational asthma can also cause vocal cord 
dysfunction. The mechanisms by which these agents produce vocal cord dysfunction are unknown. The differ-
ences in the clinical presentation of the patients described relative to the reported cases suggest that more than 
one pathophysiological mechanism may be implicated in the genesis of this entity. 
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Vocal cord dysfunction is a respiratory condition char-
acterized by abnormal adduction of the vocal cords. It 
can lead to wheezing and shortness of breath during the 
respiratory cycle (1, 2). The diagnosis can be difficult 
because the symptoms are similar to those of asthma 
and because the condition can occur concomitantly with 
asthma (3, 4).

Vocal cord dysfunction has been associated with 
psychiatric factors, female gender, employment in health 
care (5), athletic activities (6–8), and, recently, exposure 
to irritants at work (9). Because vocal cord dysfunction 
often mimics asthma, it is essential to consider this di-
agnosis for symptomatic patients in order to distinguish 
it from reactive airway dysfunction syndrome (RADS) 
(9). The pathophysiology of irritant-induced vocal cord 

dysfunction remains unknown. One hypothesis is that 
olfactory nerve stimulation or direct stimulation of no-
ciceptive sensory nerve endings in the upper and lower 
respiratory tract may initiate local reflex arcs or higher 
center processing that leads to paradoxical laryngeal 
closure during inspiration or expiration. After acute or 
chronic inhalational injury to the airways, there may be 
a change in the number or regulation of sensory nerve 
endings that somehow lowers the threshold for irritating 
the glottic closure reflex to protect the lower airways 
from noxious exposure (10). 

The few reported cases to date would concur with 
the hypothesis that vocal cord dysfunction can be caused 
by any nonspecific irritant in persons predisposed to 
develop this syndrome (9, 10). Nevertheless, in the last 
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2 years, two case reports have been published in which 
the patients developed vocal cord dysfunction following 
exposure to a specific irritant alone (11, 12). 

In this report we describe two cases of vocal cord 
dysfunction secondary to exposure to specific envi-
ronmental agents. The first, involving a carpenter, was 
related to iroko and red cedar wood, and the second, 
involving a secretary, was related to a xerographic toner. 
In addition, we discuss the fact that more than one ethio-
pathogenic mechanism can be implicated in the genesis 
of this syndrome. 

Clinical cases 

Case 1

The first case involved a 26-year-old man, a nonsmoker 
whose clinical history was unexceptional other than hav-
ing been subject to anxiety–depression syndrome of 6 
years’ evolution that involved episodes of anxiety crises 
characterized by dyspnea, oppressive chest tightness, 
and sweating. He was being treated with paroxetine 
for this condition and had required several visits to a 
hospital emergency room, where the symptoms remitted 
following the administration of diazepam. For the last 
6 years, he had been employed as a carpenter, carrying 
out several tasks, such as cutting, sanding, and gluing 
wood. He generally worked with beech and pine, but in 
the last year he had begun using iroko and western red 
cedar wood. 

The patient was referred to our department for ex-
amination in respect to two episodes of sudden dyspho-
nia, dry cough, and progressive dyspnea with inspiratory 
wheezing, which had occurred in the previous 15 days 
while he worked with iroko and western red cedar. 
The episodes required emergency-room assistance and 
resolved after the administration of corticoids and bron-
chodilators. 

The chest radiograph was normal. The blood analy-
ses were also normal, with total serum immunoglobulin 
E (Ig E) titers of 38 kU/ml and 2% eosinophils in the 
hemogram. Skin-prick tests with common pneumoal-
lergens, as well as red cedar and iroko wood antigenic 
extracts, were negative. The pulmonary function studies 
were normal, with a forced vital capacity (FVC) of 6.1 l 
(117%), a forced expiratory volume in 1 second (FEV1) 
of 5.2 l (123%), a FEV1/FVC ratio of 85%, and negative 
bronchodilation testing. Peak expiratory flow testing 
performed by the patient at work and outside of work 
showed a variability of less than 10%. Methacholine 
challenge testing was negative, with a methacholine 
concentration required to produce a 20% decrease in  
FEV1 (PC20) of >16 mg/ml. Nevertheless, during the 
test, the patient presented dysphonia and dyspnea at 

methacholine concentrations of 1 mg/ml and greater. 
The FEV1 did not decrease, but flattening of the inspi-
ratory limb of the maximum flow-volume loop was ob-
served, a finding consistent with variable extrathoracic 
upper-airway obstruction. 

Finally, after giving his informed written consent, 
the patient underwent specific inhalation challenge ac-
cording to the method proposed by Pepys & Hutchcroft 
(13). Briefly, the patient tipped the wood dust tested 
(beech, pine, western red cedar, or iroko) from one tray 
to another 30 centimeters away from his face in a chal-
lenge booth with independent air extraction. During the 
specific inhalation challenge with iroko and western red 
cedar dust, the patient experienced dysphonia and chest 
tightness without a significant decrease in his FEV1, 
but, again, with a flattening of the inspiratory limb of 
the maximal flow-volume loop (figure 1). Fiberoptic 
rhinolaryngoscopy undertaken at this time revealed vo-
cal cord dysfunction, with abnormal abduction of the 
true vocal cords during both inspiration and expiration. 
This condition had not been observed in the fiberoptic 
rhinolaryngoscopy performed before the specific inhala-
tion challenge when the patient was asymptomatic. The 
symptoms induced during the specific inhalation chal-
lenge resolved spontaneously within 24 hours and were 
not observed during the subsequent specific inhalation 
challenges performed with beech and pine wood dust.

The patient was diagnosed with vocal cord dysfunc-
tion secondary to exposure to iroko and western red 
cedar wood dust and was referred to a speech therapist 
for training in control of the phonatory muscles during 
crises. He was advised to avoid exposure to the causative 
agents, but remained at the same workplace. He experi-
enced occasional, moderately intense episodes, always 
related to contact with the two causal agents, but was 
able to self-limit them without medical support using the 
speech therapist’s training. 

Case 2

Case 2 involved a 35-year-old woman, a nonsmoker with 
no pathological history of interest. For the last 5 years 
she had been working in a company devoted to buying 
and selling products for in vitro diagnosis, together with 
10 other persons. The workplace had little ventilation, 
and several laser printers and photocopiers were in 
constant use.

The patient was referred to our department because 
of an 18-month history of dyspnea, chest tightness, 
cough, and respiratory difficulty. The symptoms gradu-
ally progressed, and the patient had to go to a hospital 
emergency room on three occasions, where she was 
diagnosed with bronchial asthma. 

The chest radiograph was normal. Blood test re-
sults were also normal, with total serum IgE titers 
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of <10 kU/ml and 1% eosinophils in the hemogram. 
Skin-prick tests against common pneumoallergens were 
positive to Dermatophagoides pteronyssinus. The pul-
monary function studies were normal, with an FVC of 
4.2 l (107%), an FEV1 of 3.4 l (97%), an FEV1/FVC 
ratio of 79%, and negative bronchodilation testing. 
During methacholine challenge, the patient experienced 
aphonia and inspiratory stridor. The test was interrupted 
at an inhaled concentration of 1 mg/ml, when the FEV1 
had decreased by 14% relative to the baseline value. A 
possible bronchial hyperresponse could not be ruled 
out. Flattening of the inspiratory limb of the maximum 
flow–volume loop was observed, a finding consistent 
with variable extrathoracic upper-airway obstruction. 

The patient then underwent specific inhalation chal-
lenge to xerographic toner, according to the method 
described for case 1. The dust contained in the cartridge 
was extracted and mixed with lactose for the test. During 
the specific inhalation challenge, she again experienced 
dysphonia and chest tightness. There was no significant 
FEV1 decrease, but flattening of the inspiratory limb of 

the maximum flow–volume loop was again observed 
(figure 2). The symptoms induced during the specific 
inhalation challenge resolved spontaneously within 24 
hours and were not observed during the challenge with 
a placebo. Rhinolaryngoscopy could not be performed 
in this case because the patient did not grant permission 
for the test. 

The patient was diagnosed with vocal cord dysfunc-
tion secondary to the inhalation of xerographic toner 
and was referred to a speech therapist for training in 
phonatory muscle control during crises. The patient 
changed jobs and thereby discontinued exposure to the 
causal agent. She had remained asymptomatic up to the 
time that this report was written. 

Discussion

This is the first report to document the development 
of vocal cord dysfunction secondary to exposure to 

Figure 1. Results of the specific inhalation challenge with beech, pine, western red cedar and iroko (30 g per 150 g lactose) (A), the spirometry test 
before the specific inhalation challenge with iroko (B), and the spirometry test after the specific inahaltion challenge with iroko (C). The inspiratory 
limb is flattened, suggesting variable extrathoracic obstruction. The same pattern was found for the specific inahaltion challenge with western red 
cedar.  (FEV1 = forced expiratory volume in 1 second)
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iroko and western red cedar wood and to exposure to 
xerographic toner. All of these agents can also cause 
occupational asthma. The respiratory effects of red cedar 
on exposed workers are well recognized (14) Asthma 
due to this substance has been attributed to plicatic acid, 
a low-molecular-weight agent, although the pathologic 
mechanism remains unclear. Both immunologic and 
nonimmunologic mechanisms are likely to be involved. 
The immunologic mechanism implicated does not seem 
to be mediated by IgE antibodies (15), and recent studies 
have shown that T lymphocytes play an important role 
in the inflammatory response to this agent (16). Similar 
findings have been described in the few reported cases of 
occupational asthma due to iroko wood (17–21) and in a 
single case related to xerographic toner (22). According 
to these reports, a low-molecular-weight agent could be 
implicated in the development of asthma related to both 
of these agents. The mechanisms involved seem to be 

immunologic in nature and are not mediated by Ig E. 
The possibility of a nonimmunologic mechanism has 
not been reported. In our study, asthma was ruled out 
for the patients on the basis of low Ig E levels, a lack of 
variation in peak flow, a lack of bronchial hyperrespon-
siveness, and no evidence of a decrease in FEV1 in the 
specific inhalation challenge, which, however, elicited 
clinical symptoms of vocal cord dysfunction. 

Two forms of vocal cord dysfunction have been 
described, an irritant and a nonirritant type (9). The 
small number of cases of irritant vocal cord dysfunc-
tion reported to date (9, 11, 12) have met the following 
criteria proposed by Perkner et al (9): absence of prior 
vocal cord dysfunction or laryngeal disease, onset of 
symptoms after a single specific exposure to an ir-
ritant vapor, onset of symptoms within 24 hours after 
exposure, symptoms of wheezing, stridor, dyspnea, 
cough, abnormal direct rhinolaryngoscopy for vocal 

Figure 2. Results of the specific inhalation challenge with xerographic toner (10 g per 150 g lactose), and a placebo (150 g lactose) (A), the 
spirometry test before the specific inhalation challenge with xerographic toner (B), and the spirometry test after the specific inhalation challenge 
with xerographic toner (C). The inspiratory limb is flattened, suggesting variable extrathoracic obstruction. (FEV1 = forced expiratory volume in 
1 second)
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cord dysfunction with a challenge test, and exclusion of 
other vocal cord diseases. 

The cases presented in this paper differ from the 
previously reported ones in that there was no increase in 
the dose of the causal agent involved. The patients had 
been working for years with sustained environmental 
exposure to the agents and did not mention exposure 
to higher doses at any time in their work history. More-
over, in contrast to most of the cases reported to date (9, 
11, 12), vocal cord dysfunction was produced in both 
patients by exposure to substances in the form of dust 
and not as vapor (9). The symptoms in our cases were 
elicited only in response to the agents described and 
never to other specific irritants. This fact suggests that 
there may be two types of irritant vocal cord dysfunc-
tion. In some of the reported cases, once the syndrome 
was induced, it could be reproduced by exposure to any 
irritant agent (9, 10). Nevertheless, in the two patients 
comprising our cases and in the cases reported by Hug-
gins et al (11) and Gadi et al (12), the symptoms were 
triggered only with exposure to a specific agent and not 
with contact to other irritants.

The physiological mechanism that produces irritant 
vocal cord dysfunction is unknown. Our cases raise the 
possibility that several mechanisms may be implicated 
in the origin of this entity. We hypothesize that exposure 
to the causal substances may lead to histamine release in 
the airways, which would result in vocal cord dysfunc-
tion. It has been shown that high histamine levels can 
trigger this syndrome, even in normal persons (23). Pli-
catic acid is a known activator of the complement system 
via the classic pathway, which results in the generation 
of biologically active fragments, such as C3a and C5a, 
that are able to induce histamine release from peripheral 
human basophils and mast cells (24). Histamine release 
has also been found in vitro in human lung tissue frag-
ments exposed to western red cedar dust (25). Moreover, 
the symptoms were reproduced in our two patients when 
they underwent the methacoline challenge test. It has 
been suggested that this test can be useful for diagnosing 
vocal cord dysfunction (26, 27) because up to 60% of af-
fected patients have findings suggestive of the diagnosis 
following methacholine challenge. 

Finally, it should be remembered that psychiatric 
factors are important in this condition. Mental disorders, 
such as depression, anxiety, obsessive–compulsive dis-
order and borderline personality disorder have been as-
sociated with vocal cord dysfunction (5). Some authors 
have hypothesized that vocal cord dysfunction may be 
a conversion reaction in these patients (1). This factor 
cannot be excluded in our first case, but, in the second, 
an examination by a psychiatrist reasonably ruled out 
the presence of a mental disorder. 

In conclusion, we have described two cases of ir-
ritant vocal cord dysfunction produced by agents that 

are known to cause occupational asthma through an 
immunologic mechanism. The specific mechanism by 
which these agents result in the symptoms of vocal cord 
dysfunction is unknown. Nevertheless, the clinical dif-
ferences observed in these patients, as compared with 
previously reported cases, suggests that more than one 
pathophysiological mechanism may be involved. 
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