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Abstract

Background: Laryngeal cancer is one of the most common head and neck cancers for which total laryngectomy is the preferred
treatment in advanced stages. Major disabilities of this surgical procedure include loss of voice and nasal function, swallowing
difficulties, and psychological consequences.

Objectives: This study aimed to investigate the effect of the Polite Yawning technique on olfactory quality in patients undergoing
total laryngectomy.

Methods: In this cross-sectional study, after total laryngectomy, the patients with olfactory dysfunction were enrolled and the qual-
ity of olfaction was evaluated by the Quick Odor Detection test before and after receiving the Nasal Airflow Inducing Maneuver
technique training. Statistical analysis was performed using SPSS 21 software by the Wilcoxon or McNemar's test. The significance
level was considered for P < 0.05.

Results: A total of 40 patients were evaluated. The mean age was 55.98 + 6.27 years. Eighty-five percent of the patients were male (n
=34). The difficulty score in learning maneuvering was 2.5 = 1.3, and 90% had no problem with learning it. Before maneuver, none
of the patients had normal olfaction and had hyposmia mostly (n =32, 80%). Inmediately after the maneuver, there was a sensation
of smell in all patients and the rate of hyposmia in patients was reduced to 65% (P=0.008). Normal olfactory status was reported in
half of the patients one month after the maneuver (21 patients, 52.5%, P = 0.0001), and there was a sense of smell in all patients (P =
0.0001).

Conclusions: The results proved that olfactory quality can be rehabilitated after laryngectomy by the nasal airflow-inducing ma-
neuver (the “Polite Yawning” technique). It is a patient-friendly method; however, a single training session is probably insufficient
and most patients may need more training sessions.

Keywords: Olfaction, Smell, Laryngectomy, Polite Yawning Technique, Laryngeal Cancer

1. Background tory neuroepithelium (4).

Laryngeal cancer is one of the most common cancers
of the head and neck region (1). The preferred treatment
for laryngeal cancer in advanced stages is total laryngec-
tomy, which is associated with disabilities, the most com-
mon being vocal disorder. More important from among
the complications are nasal dysfunction, weak cough, dif-
ficulty in swallowing, and psychological consequences (2).
One of the most important outcomes of total laryngec-
tomy is olfactory dysfunction (3). To improve the olfactory
function in patients undergoing laryngectomy, extensive
efforts have been made, primarily to enhance the nasal air-
flow as a means of delivering aromatic molecules to olfac-

Two techniques have been employed so far: the use of
a temporary device that restores the connection between
the nose/mouth and the lower airways (prosthetic proce-
dures) (5), and the use of oro-facial muscles to create nasal
airflows (behavioral intervention) (4, 6). To improve the ol-
factory quality of patients, one behavioral technique called
the nasal airflow inducing maneuver (NAIM) has proved
more practical. This method often referred to as the Po-
lite Yawning technique, was first described by Hilgers et al.
(7), NAIM is aimed to create a negative pressure gradient
in the oropharyngeal cavity through which the air enters
the nasal cavity and whereby the orthonasal olfaction is re-
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stored. The success rate of these methods in the improve-
ment of the olfactory sense of patients after total laryngec-
tomy varies from 46% to 88% (7-9). The treatment proce-
dure and its sequence vary in different studies. Neverthe-
less, there is a consensus that this method can significantly
improve the olfaction of patients (6).

To stimulate the olfactory epithelium, there are two
pathways including the orthonasal pathway (the entry of
the odorant through the nasal cavity) and the retronasal
pathway (the entry of the odorant molecule through the
nasopharynx and posterior concha). The olfactory sense
and in turn, the sense of taste, is substantially reliant on
the olfactory epithelium stimulation through the nose,
and therefore, any dysfunction in the olfaction s closely as-
sociated with disorders in the taste sensation (10, 11).

There are two general theories regarding the patho-
genesis of olfactory disorder in patients undergoing to-
tal laryngectomy. The first theory considers the impaired
nasal flow as the cause of olfactory disorder in these pa-
tients, which leads to the absence of aromatic molecules
(to stimulate) into olfactory mucus (6, 12-15). As the air-
flow decreases, histological changes involve specific het-
erogeneity and the formation of degeneration regions (16).
Mucosal secretion decreases after laryngectomy. Yet, de-
spite the increased number of celiac cells, mucociliary
clearance of the epithelial cells does not happen (4,17). The
second theory states that the main cause of olfactory disor-
der in patients undergoing laryngectomy resides with la-
ryngeal nerve damage, although most researchers support
the first theory (18).

Studies by Ward et al. (19), Haxel et al. (20), Hilgers et
al. (21), and Risberg-Berlin et al. (9). have shown that appli-
cation of NAIM in patients undergoing laryngectomy can
improve the patients’ sense of smell, and it is easy for the
patients to learn and apply it on a daily basis.

2. Objectives

According to the literature, no study seems to have
been conducted in Iran on the efficacy of behavioral in-
terventions to improve the sense of smell of patients after
total laryngectomy. Therefore, the present study was con-
ducted to determine the effect of polite yawning on olfac-
tory quality in patients undergoing total laryngectomy.

3. Methods

This study was a cross-sectional study. In this study,
the Polite Yawning technique was initially trained to
the patients undergoing total laryngectomy, and the pa-
tients were assessed for olfactory status by the Quick

Odor Detection Test and a semi-structured questionnaire
on the quality of olfactory, taste, and appetite. The re-
search protocol was approved at the Ethics Committee
of Mashhad University of Medical Sciences (identifier:
IR.MUMS.fm.REC.1395.266). Written informed consent was
obtained from the patients.

Inclusion criteria were (1) patients undergoing total la-
ryngectomy; (2) ability to speak in Persian; (3) adequate in-
telligence for understanding the technique; and (4) con-
sent for participation. Initial exclusion criteria were: (1) ol-
factory disorder before laryngectomy; (2) olfactory disor-
der with larynx bypass; (3) maxillary anatomical changes
that prevent the maneuver; (4) radiation-induced fibro-
sis; (5) weakness of one or double-sided lower lip that pre-
vents from complete closure; (6) history of pre-surgical
head trauma; (7) history of respiratory infections with ol-
factory dysfunctioning complications such as chronic rhi-
nosinusitis; (8) nasal cavity cancer; (9) recurrence of the
primary tumor; and (10) chronic medical conditions such
as diabetes mellitus, hypertension, and ischemic heart dis-
ease. Secondary exclusion criteria included learning to
conduct maneuvers in two sessions of education, and fail-
ure to visit for olfactory status follow-up.

During the first preoperative visit, all the participants
underwent flexible laryngoscopy for anatomical disorders
affecting the nasal airflow. The patients were also evalu-
ated for impaired facial and jaw disorders. In case these
were normal, the patients were evaluated for the absence
of olfactory neuropathy such that after larynx bypass in-
sertion and airflow establishment in the nose, the sense of
smell was evaluated using an aromatic substance known
by the patient.

The olfactory evaluation was performed by a semi-
structured questionnaire on the quality of olfactory, taste
and, appetite together with the Quick Odor Detection test
through interviews. According to the results of the olfac-
tory diagnostic test, the patients were categorized to have
either olfactory disorder: patients with normal olfaction
versus patients with abnormal olfaction (hyposmia and
anosmia), or olfactory sensation: patients with olfactory
sensation (natural sense of smell and hyposmia) versus pa-
tients lacking the sense of smell (anosmia). The Quick Odor
Detection test was carried out using the kits made by the
Saba Medical Engineering Company of Sabalan, in which
each kit consisted of six brown strips with different aro-
matic substances. Each patient was evaluated respectively
from the first strip to the sixth one. In this way, upon the pa-
tient’s readiness, a few lines were scratched on the brown
strip with a pencil, and the tape was immediately placed
before the patient’s nose. The patient was then asked to se-
lect an option that corresponded to the smelled sensation
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(if the patient was not able to read the options, the options
were read out aloud in sequence for him/her). In case the
patients were not able to properly diagnose all the olfac-
tory variables, the patient was classified as anosmic. If the
five items were correctly identified, the person would be
classified as normosmia. If the patient was within these
two ranges, sfhe would be classified as hyposmia. Assess-
ment occasions were involved pre-operative, before the in-
tervention, within the first week after intervention, and
one month after the intervention.

All the patients received NAIM technique training.
Through the maneuver, the patients close theirlips and im-
itate yawning politely by lowering the jaw, tongue and its
base, the floor of the mouth, and the soft palate. This ac-
tion increases oropharyngeal volume and allows airflow
into the nose. By creating an orthonasal rejuvenation
stream, the olfactory stimulants can reach the olfactory
receptors and create a sense of smell. The technique was
orally trained along with images and videos at the first
post-operative visit. The patients were encouraged to re-
peat the maneuver on a number of occasions during the
session as well as during daily activities. The fundamen-
tals of the technique as well as its use were periodically re-
called in the course of patient visits. A water manometer
was used to assess the correct maneuvering of the patient.
Also, a manometer with written instructions was given to
the patients to use at home and to provide biofeedback.

Data was collected by SPSS 21 software. Both descriptive
analysis (frequency, percentage, mean, and standard devi-
ation) and inferential analysis (chi-square test and Fisher’s
exact test) were performed. P values less than 0.05 were
considered significant.

4. Results

Atotal of 53 patients were candidates for enrollment in
the study of whom three failed to enter. Of the 50 patients
recruited in the study, one died during follow-up, four had
no follow-up, three had tumor recurrence, and two had
long-term hospitalization, and were therefore excluded, so
40 patients were left for final assessment. The mean age of
the studied patients was 55.98 &+ 6.27 years, and they were
mostly over 56 years old (55%). In this study, only 15% of the
patients had notreceived adjuvant therapy. The mean time
of surgery in patients under study was 1.74 £ 1.88 years. Ta-
ble 1displays the demographic data of the patients.

The patients were asked about the difficulty in learning
the maneuver based on a scale of zero (no difficulty) to 10
(very difficult), revealing a mean difficulty score of 2.5 £ 1.3
with 90% having no problems learning it. The median for
training times was four.
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Table 1. Demographic Characteristics of the Participants®

Variable Values
Gender
Male 34(85)
Female 6(15)
Age group
> 55years 22(55)
< 55 years 18 (45)
Education level
Iliterate 17 (42.5)
Primary school 17 (42.5)
Higher levels 6(15)

*Values are expressed as No. (%).

The Cochran test was used to compare the frequencies
of olfactory quality, olfactory sensation, and olfactory dis-
order before,immediately after, and one month after inter-
vention. The results showed that the three variables signif-
icantly improved after intervention (P < 0.0001). Table 2
compares the frequency of olfactory quality, the sense of
smell, and the presence of olfactory disorder before, imme-
diately after, and one month after intervention in the stud-
ied patients.

5. Discussion

The aim of this study was to investigate the effect of the
polite yawning on olfaction in patients undergoing total
laryngectomy. In this section, we first mention the most
significant findings. In the next step, the findings of the
study are compared with the results of similar studies, and
explanations concerning the existing differences are de-
scribed.

Overall, the results of this study showed that using
NAIM or the Polite Yawning technique can significantly im-
prove the olfactory sensation of patients after total laryn-
gectomy. The study of Hilgers et al. (7), on 44 patients un-
dergoing laryngectomy, behavioral intervention is associ-
ated with improved olfaction disorder. This finding is con-
sistent with the current study. Also, the study of Risberg-
Berlin et al. (8), which was conducted to investigate olfac-
tory rehabilitation after total laryngectomy in Swedish pa-
tients, showed that the NAIM technique was effective in im-
proving the olfactory disorder in the patients, in line with
our study. Also, Risberg-Berlin et al. (8) conducted another
study on the efficacy of the NAIM technique in improving
the olfactory quality of patients after total laryngectomy,
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Table 2. Comparison of the Frequencies of Olfactory Quality, Sense of Smell, and Presence of Olfactory Disorder Before, Immediately After,and One Month After Intervention®

Analysis Time
Point Quality
Before Intervention Immediately After One Month After Test Result
Intervention Intervention

Anosmia 8(20) 0(0) 0(0)
Hyposmia 32(80) 26 (65) 9(47.5) Q=45.0;P=0.001
Normal 0(0) 14 (35) 21(52.5)
Having a sense Q=16.0;P=0.001

Yes 32(80) 40 (100) 40 (100)

No 8(20) 0(0) 0(0)

*Values are expressed as No. (%).

and on olfactory rehabilitation using Polite Yawning tech-
nique. Consistent with our findings, the results confirmed
that NAIM is an easy method for patients, which is not
only cost-effective but also efficient in improving the olfac-
tory function of patients undergoing laryngectomy (8). Re-
cently, Ward et al.’s study (19), showed that both groups re-
ported significantly improved olfactory abilities. However,
the improvement rate before and immediately after inter-
vention was significantly higher in the clinician assisted
group, although the effects of these methods are observed
only in short-term periods, contrary to Risberg-Berlin et
al.’s study (19). In Haxel et al.’s study (20), the effect of NAIM
on olfactory rehabilitation was evaluated in patients with
laryngectomy, and the results showed that the NAIM tech-
nique was a successful method in olfactory rehabilitation
in patients undergoing laryngectomy.

The study of Ward et al. (19) demonstrated that the use
of NAIM in patients undergoing laryngectomy has resulted
in improved or recovered sense of smell in 90.24% of the
patients (22). The most important factors associated with
improving the sense of smell in patients after total laryn-
gectomy, especially the sustainability of its long-term re-
sults, are the use of these techniques during daily activi-
ties as well as willingness to perform the technique. On the
other hand, the main reasons for non-use of the maneuver
comprise of (1) ineffectiveness on the improvement of the
person’s sense of smell; (2) forgetting the way to perform
the maneuver; (3) olfactory recovery without performing
the maneuver; and (4) insignificance of smell for the indi-
vidual. Overall, there is a significant relationship between
the sense of smell and the proper performance of the ma-
neuver (21).

Using NAIM or Polite Yawning technique in patients
with larynx cancer undergoing total laryngectomy creates
a negative pressure gradient in the oropharyngeal cav-
ity through which the air enters the nasal cavity and re-
establishes the orthonasal smell. The success rate of these

methods in improving the olfactory power of patients un-
dergoing total laryngectomy varies from 46% to 88% (7-9).
The treatment procedure and its sequence vary in different
studies. Nonetheless, there is a general consensus that this
method can significantly improve the olfaction ability of
patients (6).

Also, the results of this study showed that learning the
NAIM or Polite Yawning technique is easy and achievable
within a reasonable period of time. Similar to the cur-
rent study, Risberg-Berlin et al. (9) concluded that while
one-session interventions have significant efficacy, some
patients require more sessions to learn the technique.
Hilgers et al.’s study (7) indicated that NAIM is trainable to
all patients and could be trained to a patient in one ses-
sion within 30 minutes. In the study of Haxel et al. (20), all
patients (100%) had a great interest in learning NAIM; 90%
had no problems learning it and were eager both use the
maneuver in daily activities and to recommend its use to
other patients.

5.1. Conclusions

The results of this study showed that the use of the Po-
lite Yawning technique has significant positive effects on
improving the sense of smell of patients undergoing to-
tal laryngectomy. Considering the simplicity of learning
this method, it is recommended for surgeons to provide
relevant education to patients in this regard. It should
be noted, that the correct and consistent use of this tech-
nique requires reminding and practicing at each visit. The
main strength of this research is the attempt to improve
the olfactory quality in patients undergoing laryngectomy
in the Iranian population, which is among the first ones.
The use of the Quick Odor Detection Test, which is a precise
method for assessing the sense of smell in patients, is a fur-
ther strength of the study.

This study had also some limitations which included
lack of differentiation between the senses of taste and
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smell, the lack of clarity concerning the effect of this ma-
neuver on the patients’ quality of life, and the relatively
small sample size that prevents the generalizability of the
findings. Future studies with larger sample sizes and par-
allel groups are suggested. It is also recommended that fu-
ture studies be carried out by distinguishing the olfactory
and taste quality, as well as their impact on the patients’
quality of life.
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