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Long-term histopathological changes of the nasal mucosa 
after total laryngectomy: a prospective cohort study*

Abstract
Background: Changes in the nasal function following total laryngectomy resulted in histopathological alterations of the nasal 

mucosa. We aimed to evaluate the long-term histopathological changes and the mucociliary clearance (MCC) of the nasal mucosa 

after total laryngectomy. 

Methods: We performed a histological examination of inferior turbinate biopsy, and saccharine test to assess the MCC time for 

patients who were candidates for total laryngectomy before the procedure, 6-12 months after surgery, and at least two years 

postoperatively. 

Results: Seventy-five patients scheduled for total laryngectomy were initially enrolled in our study. We excluded patients who 

received postoperative radiotherapy or were lost during the follow-up period. Eventually, 63 and 54 patients were available for as-

sessment 6-12 months after surgery and at least two years postoperatively, respectively. Except for ciliary and goblet cell destruc-

tion, which were significantly reduced 6-12 months postoperatively, there were no statistically significant differences in the histo-

pathological findings of the nasal mucosa before surgery and 6-12 months postoperatively. After two years, the histopathological 

alterations of the nasal mucosa were statistically more evident than those before surgery and 6-12 months postoperatively; the 

most common histopathological findings were mononuclear cell infiltration and stromal fibrosis. The mean MCC time preopera-

tively was 12.56 minutes that statistically significantly decreased to 11.81 minutes 6-12 months after surgery; then, it significantly 

increased to 20.98 minutes at least two years postoperatively. 

Conclusions: After total laryngectomy, the nasal mucosa showed histopathological alterations and early enhancement of the 

MCC, which was later impaired due to nasal mucosal atrophy and the saprophytic infection.
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Introduction
Total laryngectomy results in interruption of the airway's con-

tinuity and complete respiratory dependence on a permanent 

tracheostomy (1). Functional changes are influenced by structural 

alterations and the other way around. Following total laryngec-

tomy, the upper airway cannot perform its physiological functi-

ons (e.g., warming, filtering, and moistening of the inspired air) 

because of the separation of the upper and the lower airways 

with associated changes to the nasal mucosa (2, 3).

After total laryngectomy, the nasal mucosa undergoes histo-

pathological alterations, becoming thinner and changing color 

over time due to the absence of airflow stimulus through the 

nose (4-6). Other changes have been observed, including the 

impaired sense of smell and taste, reduced nasal blood flow, and 

changes in the mucociliary clearance (MCC) (4,7-11). 

Few studies evaluated the histopathological changes of the 

nasal mucosa and the nasal MCC after the total laryngectomy; 

most were cross-sectional studies with a control group of heal-

thy individuals, affecting the results' validity (3, 11, 12). They did not 

consider the individual variations regarding the nasal histology 
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and the nasal MCC since most patients with total laryngectomy 

were elderly and cigarette smokers. The purpose of our study 

was to look at the long-term histopathological alterations of the 

nasal mucosa and the changes of the nasal MCC in patients with 

total laryngectomy.

Materials and methods
Study design, setting, and participants

We conducted this observational prospective cohort study 

between March 2014 and June 2020. Our study included 

seventy-five patients who agreed to have a total laryngectomy 

for advanced laryngeal cancer in (Blinded for review) at the 

Department of Otorhinolaryngology, Tanta University Hospital, 

Egypt.

Data measurement

1. We have taken inferior turbinate biopsy for histological exami-

nation by light and electron microscopes in patients before the 

total laryngectomy, 6-12 months following surgery, and at least 

two years postoperatively. We compared their findings with 

the histological examination of the nasal mucosa of the inferior 

turbinate in three healthy volunteers (control specimens), non-

smokers aged less than forty years, with no history of chronic 

sinonasal mucosal disease.

2. We assessed the nasal MCC time by the Saccharine test in the 

wider nasal cavity in patients before the total laryngectomy, 

6-12 months after surgery, and at least two years postoperati-

vely. We compared their results with the nasal MCC time in thirty 

healthy control volunteers who were nonsmokers and had no 

history of chronic sinonasal mucosal disease.

The histological examination

We used thru-cutting forceps to take a biopsy one cm behind 

the anterior end of the inferior turbinate in patients before the 

total laryngectomy, 6-12 months following surgery, a minimum 

of two years after surgery, and from the subjects in the control 

group under local anesthesia with a submucosal infiltration 

of 2 percent lignocaine/ 1:200 000 adrenaline. We fixed the 

specimens in 2.5 percent phosphate-buffered glutaraldehyde 

and washed them three times with phosphate-buffered saline 

(10 minutes each) before being dehydrated with a rising titer of 

ethyl alcohol (30%, 50%, 70%, 90%, and 100%), then infiltrated 

with Araldite. We placed each specimen in the tip of a capsule 

with its label.

The capsules were polymerized in an oven at 35˚C for 24 hours, 

at 45˚C, and finally at 60˚C for three days. The polymerized 

blocks were allowed to cool before being used. They were ready 

for sectioning when they became very hard. For the preparation 

of the semithin sections, we trimmed the blocks using a dis-

secting microscope. Sections were cut by LEICA ultramicrotome 

(Germany) at 850 nm "semithin sections" and were mounted 

on glass slides, then stained with toluidine blue (1%). We used 

a light microscope to examine the inferior turbinate's semithin 

sections.

For ultrastructural analysis under transmission electron mi-

croscopy, we retrimmed the block face. Sections of 75 nm in 

thickness were cut by LEICA ultramicrotome. We picked up the 

sections on 200 mesh uncoated copper grids. The grids were 

double-stained with uranyl acetate and lead citrate. Finally, the 

specimens were examined and photographed using (JEOL-

JEM-100 SX electron microscope, Japan) with AMT camera at The 

Electron Microscopic Unit (Faculty of Medicine, Tanta University, 

Egypt).

The nasal mucociliary clearance time by saccharin test

We have conducted the saccharine test with the participants 

seated and their heads held upright. We told them to clean the 

nasal secretions before inserting a saccharin tablet (1x1x1 mm) 

into the wider side of the nasal cavities, one cm posterior to the 

anterior end of the medial surface of the inferior turbinate. We 

asked them not to sniff or flex their heads during the test. We 

instructed the participants to swallow once every thirty seconds 

and tell us as soon as they tasted the saccharin. We measured 

the time to the initial perception of the sweet taste in minutes 

(the MCC time).

Sample size calculation and statistical method

We utilized the Epi-info software created by the world health 

organization and center for disease control and prevention (At-

lanta, GA, USA) to calculate the sample size. The power analysis 

explained that recruiting 50 participants would give 80 % power 

to detect changes in the mucociliary clearance time and the his-

Age (years) (mean ±SD) 57.2 ± 12.9 (Ranged from 47 - 71 years)

Sex Males 72/75 (96%)

Females 3/75 (4%)

Smoking Status Number of Cigarettes smokers 75/75(100%)

Number of cigarettes smoked per day (mean ±SD) 26 ± 7.59 (Ranged from 15–40 cigarettes/day)

Duration of smoking (years) (mean ±SD) 16.80 ± 6.20 (Ranged from 7–35 years)

Table 1. Demographic data and smoking habits of our patients.
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Figure 1. A, B: Semithin sections of the nasal mucosa of the control specimens showing the typical histological structure of the respiratory epithelium 

of the nasal mucosa: A- Normal respiratory epithelium (star) with ciliated columnar cells (zigzag arrows) & goblet cells (curved arrows). Underlying 

submucosa showing blood vessels (arrow heads) and glands (straight arrow) (Toluidine blue, Mic. Mag. ×400), B- Higher magnification of (A) pho-

tograph showing ciliated columnar cells (zigzag arrow) & goblet cells (curved arrow). Notice the underlying basement membrane (arrowhead) 

(Toluidine blue, Mic. Mag. ×1000). C, D: An electron micrograph of the nasal mucosa of the control specimens showing the typical histological struc-

ture of the respiratory epithelium of the nasal mucosa: C- Normal respiratory epithelium (star) formed of columnar cells (C) with their cilia (straight 

arrow), goblet cell with its mucus granules (curved arrow), basal cells (B), brush cells (Br) with apical microvilli (arrowhead). Notice normal junctional 

complex between the cells (zigzag arrows) (Mic. Mag. ×1000). D- Multiple Goblet cells (G) with their mucus granules (curved arrows) (Mic. Mag. 

×1000).
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topathological alterations of the nasal mucosa in patients before 

the total laryngectomy, 6-12 months after surgery, and at least 

two years postoperatively. 

We analyzed the collected data utilizing computer software 

(SPSS version 15; SPSS Institute, Chicago, IL). We have expressed 

the quantitative data as a mean ± standard deviation (SD). We 

used a one-way analysis of variance (ANOVA) for comparison 

between groups, followed by a Post Hoc test for comparison 

between different variables (continuous variable). We used 

Chi-square (X2) test for comparison between groups for the 

categorical variables. Statistical significance was considered as a 

p-value less than 0.05.

We performed multivariate regression analysis to determine 

whether the age, the number of cigarettes smoked per day, and 

the duration of smoking were independent variables related to 

the histopathological alterations of the nasal mucosa and the 

nasal MCC time (dependent variables) in patients before total 

laryngectomy.

Ethical consideration

The institutional review board (IRB) of the Faculty of Medicine at 

Tanta University approved our study, and we received informed 

consent from all the participants in our study. Only members of 

the responsible research team have collected the patient infor-

mation and reviewed it.

Results
Our study included seventy-five patients who underwent total 

laryngectomy with bilateral selective neck dissection. Table 1 

summarizes their demographic data and smoking habits; all of 

them quitted smoking after surgery. 

Six to twelve months after total laryngectomy, sixty-three 

patients were available for assessment after excluding patients 

Table 2. The histopathological alterations of the nasal mucosa before total laryngectomy, 6-12 months after surgery, and at least two-years postopera-

tively.

Before Total laryn-
gectomy

Six-twelve months 
after total 

laryngectomy

At least two years 
after total 

laryngectomy

p-value 
1

p-value 
2

p-value 
3

Patients (N = 75) Patients (N = 63) Patients (N = 54)

N % N % N %

Focal atrophy of the nasal mucosa 12 16 9 14.3 27 50 0.780 0.001* 0.001*

Total atrophy of the nasal mucosa 2 2.7 3 4.8 10 18.5 0.512 0.002* 0.018*

Widened intercellular spaces and loss of the 
junctional complexes

12 16 11 17.5 23 42.6 0.817 0.001* 0.003*

Thickening of basement membrane 14 18.7 13 20.6 35 64.8 0.772 0.001* 0.001*

Squamous metaplasia 15 20 9 14.3 15 27.8 0.378 0.018* 0.004*

Destruction of the goblet cells 33 44 17 27 37 68.5 0.038* 0.006* 0.001*

Destruction of the cilia 31 41.3 16 25.4 33 61.1 0.049* 0.027* 0.005*

Fibrosis of the nasal stroma 29 38.7 26 41.3 41 75.9 0.756 0.001* 0.001*

Mitochondrial swelling and degeneration 9 12 8 12.7 15 27.8 0.901 0.023* 0.041*

Neo-angiogenesis 11 14.7 9 14.3 21 38.9 0.950 0.002* 0.002*

Destruction of the sub-epithelial glands 4 5.3 3 4.8 24 44.4 0.879 0.001* 0.001*

Mononuclear cell infiltration as neutrophil, 
mast cells, plasma cells, and fibroblast

21 28 16 25.4 46 85.2 0.731 0.001* 0.001*

p-value 1, p-value 2, and p-value 3: Results of the p-value comparing the differences in the histopathological findings of the nasal mucosa between 

the different follow-up periods, p-value 1: Before total laryngectomy and 6-12 months postoperatively, p-value 2: Before total laryngectomy and at 

least two years postoperatively, p-value 3: Six to twelve months postoperatively and at least two years postoperatively. * Statistically significant at 

p-value < 0.05. N: Number of patients, %: percentage
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Figure 2. Semithin sections of nasal mucosa two years after total laryngectomy showing: A- Focal atrophy of the nasal mucosa (straight arrows) and 

neo-angiogenesis in the submucosa (bifid arrows) with dilated blood vessel (V). Notice focal basement membrane thickening (arrowhead) (Toluidine 

blue, Mic. Mag. ×400). B- Widening of epithelial cell intercellular spaces and separation of epithelial cells from each other (zigzag arrows) (Toluidine 

blue, Mic. Mag. ×400). C- Total atrophy nasal mucosa (straight arrow) with desquamated cells (zigzag arrow). Marked basement membrane thickening 

(arrowhead) was also noticed (Toluidine blue, Mic. Mag. ×1000). D- Submucosa with prominent mononuclear cellular infiltration (straight arrow) and 

dilated blood vessel (V) (Toluidine blue, Mic. Mag. ×1000).

who received adjuvant radiation or chemo-radiotherapy and 

patients who were lost during the follow-up period. After two 

years, only fifty-four patients completed our study.

The histological examination of the inferior turbinate bio-

psy using light and electron microscopes

We had control specimens from the inferior turbinates of three 

healthy volunteers, nonsmokers, with no history of chronic 

sinonasal disease. Their ages ranged from 23-38 years (mean, 31 

± 7.55 years). Their semithin sections and electron microscopic 

examination showed the typical histological structure of the 

respiratory epithelium of the nasal mucosa. The respiratory 

epithelium appeared as pseudostratified columnar ciliated 

epithelium. It was formed of ciliated columnar cells, goblet cells 

with wide apical portions contained mucus granules, brush cells 

with apical microvilli, and basal cells, as shown in Figure 1. The 

ordinary intercellular spaces and junctional complexes between 

the epithelial cells were preserved.

Table 2 demonstrates the results of the histological examination 

of the nasal biopsies that were taken from the patients before 

the total laryngectomy, which revealed that the most com-

mon histopathological alterations were: goblet cell destruction 

in 33/75 patients (44%), ciliary destruction in 31/75 patients 

(41.3%), fibrosis of nasal stroma in 29/75 patients (38.7%), and 

mononuclear cell infiltration in 21/75 patients (28%). 

Multivariate regression analysis identified the age, the number 

of cigarettes smoked per day, and the duration of smoking as 

statistically significant contributors (p-value = 0.001, 0.007, and 

0.013 respectively) to the histopathological changes of the nasal 

mucosa in patients before total laryngectomy.

There were no statistically significant differences in the histopa-

thological findings of the nasal mucosa in patients before total 

laryngectomy and patients 6-12 months after surgery except 

for ciliary and goblet cell destruction, which were statistically 



123

Nasal changes after total laryngectomy

significantly reduced 6-12 months after total laryngectomy as 

demonstrated in Table 2. 

 

The histopathological findings in patients at least two years after 

total laryngectomy (mean, 35.08 ± 6.07 months; ranging from 24 

to 45 months) showed statistically significant differences when 

compared to those in patients preoperatively and patients with 

a follow-up period between six to twelve months after surgery, 

as highlighted in Table 2. The most common histopathological 

findings of the nasal mucosa in patients at least two years after 

total laryngectomy were: mononuclear cell infiltration as neu-

trophil, mast cells, plasma cells, and fibroblast in 46/54 patients 

(85.2%), fibrosis of the nasal stroma in 41/54 patients (75.9%), 

destruction of the goblet cells in 37/54 patients (68.5%), thic-

kening of basement membrane in 35/54 patients (64.8%), des-

truction of the cilia in 33/54 patients (61.1%), and focal atrophy 

of the nasal mucosa in 27/54 patients (50%), as demonstrated in 

Figures 2 and 3.

The nasal mucociliary clearance (MCC) time

The mean nasal MCC time in patients before total laryngectomy 

was 12.56 ± 1.49 minutes (ranging from 10.8 – 16 minutes), 

which was statistically significantly shortened (p-value=0.016) 

six to twelve months after surgery to 11.81 ± 1.89 minutes (ran-

ging from 8.5 to 14.7 minutes). Then it statistically significantly 

increased (p-value=0.001) to 20.98 ± 1.31 minutes (ranging from 

17.9 to 23.1 minutes) in patients at least two years after total 

laryngectomy, as shown in Figure 4.

The multivariate regression analysis showed that the age, the 

number of cigarettes smoked per day, and the duration of smo-

king were statistically significant independent variables (p-value 

= 0.001, 0.010, and 0.021, respectively) associated with increased 

nasal MCC time in patients before total laryngectomy.

The control group included thirty healthy volunteers, nonsmo-

kers, 17 males, and 13 females; their ages ranged from 30-58 

years (mean, 41.5 ± 8.6 years). Their mean nasal MCC time was 

11.15 ± 1.67 minutes (with a range of 7.9 to 14.2 minutes), which 

was statistically significantly shorter when compared to the 

mean nasal MCC time in patients before the total laryngectomy 

and patients with at least two years postoperatively. However, 

there was no statistically significant difference in the mean nasal 

MCC time between the subjects in the control group and the 

patients 6-12 months after total laryngectomy.

Discussion
Patients with total laryngectomy are the best models to assess 

the histological and physiological changes of the nasal mucosa 

that result from the absence of airflow through the nose. Our 

goal was to assess the histopathological alterations of the nasal 

mucosa and the changes of the nasal mucociliary clearance 

Figure 3. An electron micrograph of the nasal mucosa taken two years after total laryngectomy showing: A- Widening of intercellular space with loss 

of the junctional complexes (zigzag arrow) (Mic. Mag. ×500). B- Some cells showed complete loss of their cilia (arrowhead), while others showed few 

cilia (straight arrow). Notice widening of intercellular space (zigzag arrow) and focal loss of epithelial cells (star) (Mic. Mag. ×1500).
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Figure 4. A bar graph illustrating the mean and the standard error “Error Bars” of the nasal MCC time in subjects of the control group, in patients before 

the total laryngectomy, 6-12 months postoperatively, and at least two years after surgery. 

(MCC) time in patients before total laryngectomy, 6-12 months 

after surgery, and at least two years following surgery. 

Our study revealed that the most common histopathological 

findings of the nasal mucosa in the patients before total laryn-

gectomy were the destruction of goblet cells in 44% of patients, 

ciliary destruction in 41.3% of patients, fibrosis of the nasal 

mucosa in 38.7% of patients, and mononuclear cell infiltration as 

neutrophil, mast cells, plasma cells, and fibroblast in 28% of pa-

tients. In our study, the multivariate regression analysis showed 

that the age, the number of cigarettes smoked per day, and the 

duration of smoking were all statistically significant predictors 

of the histopathological changes of the nasal mucosa before 

total laryngectomy. So, we attributed these histopathological 

changes before total laryngectomy to the advanced age of our 

patients, and they were cigarette smokers.

 

Schrodter et al. (13) investigated the nasal mucosal changes rela-

ted to the age and found that thin atrophic epithelium with thic-

kening of the basement membranes was only seen in people 

over the age of forty. Another case series study conducted by 

Pagliuca et al. (14) demonstrated that cigarette smoking altered 

the cytology of the nasal mucosa with a significant decrease of 

the number of ciliated cells and impairment of ciliary motility. 

They claimed that these changes were not permanent and that 

the nasal mucosa of ex-smokers reverted to normal cytologic 

and functional characteristics.

Except for ciliary and goblet cell destruction, which were statis-

tically significantly reduced in patients 6-12 months after total 

laryngectomy, there were no statistically significant differences 

in the histopathological findings of the nasal mucosa in patients 

before total laryngectomy and 6-12 months after surgery. 

The histopathological alterations in patients at least two years 

after total laryngectomy showed statistically significant differen-

ces when compared to those before surgery and 6-12 months 

postoperatively. The most common findings were mononuclear 

cell infiltration in 85.2% of patients, fibrosis of the nasal stroma 

in 75.9% of patients, destruction of the goblet cells in 68.5% 

of patients, thickening of basement membrane in 64.8% of 

patients, and ciliary destruction in 61.1% of patients. 

Several studies have investigated the relationship between 

airflow cessation through the nose and the associated histo-

pathological changes (15-17). Karaca et al. (12) studied the histopa-

thological changes of the nasal mucosa in eleven patients who 

underwent total laryngectomy; they reported that the most 

common findings were goblet cell destruction and stromal 

fibrosis in 81% of the patients, followed by focal atrophy and 

destruction of the subepithelial glands in 45 % of patients. Other 

changes were noticed, including complete mucosal atrophy 
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with myxoid degeneration and neovascularization. According to 

Skoloudik et al. (11), the main nasal mucosa cytological changes 

after total laryngectomy were the basal cells hyperplasia and 

secondary bacterial infection. 

Riva et al. (9) studied 25 patients who had total laryngectomy and 

25 healthy controls with more than two years of follow-up. The 

nasal cytology showed that 20% of the laryngectomy patients 

had cellular metaplasia, which was not present in the control 

group, and that neither group had squamous cell metaplasia nor 

atypia. In their study, eleven patients agreed to have a biopsy 

from the inferior turbinate, which revealed submucosal stromal 

fibrosis in all of them and inflammatory infiltrate of the submu-

cosa in one case.

Maurizi et al. (17) used electron microscopy to examine the nasal 

mucosa of three cases with unilateral choanal atresia. They 

observed superficial mucosal irregularities, basement mem-

brane thickening, and ciliary morphological changes. Fisher et 

al. (18) and Cvetnic et al. (16) reported degenerative changes of the 

ciliated respiratory epithelium and goblet cells reduction of the 

nasal mucosa in patients who had a total laryngectomy. 

Cagici et al. (19) observed epithelial cell detachment with a lack 

of goblet cells in the nasal mucosa of the patients with nasal 

vestibule stenosis. The superficial epithelial layer had no cilia, 

but some had microvilli with numerous secretory vesicles under-

neath. Some epithelial cells had their junctional units separated, 

with lipid droplets accumulation in these abnormally formed 

spaces.

The structural changes of the nasal mucosa following the total 

laryngectomy result in short- and long-term changes in the 

nasal MCC which can be measured by the Saccharin test with an 

average value of 9 to 17 minutes (20-23).

Our study demonstrated that the mean nasal MCC time in 

patients six to twelve months after total laryngectomy was sig-

nificantly shorter than before surgery. However, after a two-year 

follow-up, the MCC significantly deteriorated with a mean nasal 

MCC time of 20.98 ± 1.31 minutes. In subjects in the control 

group, the mean nasal MCC time was statistically significantly 

shorter than in patients before total laryngectomy and patients 

at least two years after surgery. 

According to the multivariate regression analysis, the age, the 

number of cigarettes smoked per day, and the smoking duration 

exhibited a statistically significant adverse effect on the nasal 

mucociliary clearance before total laryngectomy. As a result, we 

attributed the impairment of the nasal MCC in patients before 

total laryngectomy to their advanced age, and they were all ci-

garette smokers. Ho et al. (24) reported that individuals older than 

forty years had significantly longer nasal MCC times than their 

younger counterparts. Prasetyo et al. (25) conducted a systematic 

review to explore the nasal MCC in smokers; they demonstrated 

that fifteen out of sixteen articles showed the impairment of 

nasal MCC in smokers.

Maurizi et al. (26) evaluated the nasal MCC and the mucosal chan-

ges in forty patients with a total laryngectomy. They observed 

improvement of the nasal MCC sixty days after surgery, which 

deteriorated in six patients who completed a five-year follow-

up period. They also showed that six months after surgery, the 

transitional and squamous epithelia of the anterior third of the 

inferior turbinate had partially transformed into a columnar 

ciliated type.

Kocak et al. (20) conducted a study including 23 patients who 

underwent total laryngectomy utilizing acoustic rhinometry 

before and after administration of nasal decongestant to assess 

the inferior turbinate mucosal contractility and saccharin test for 

assessment of the nasal MCC. They described that the inferior 

turbinate contractile capacity diminished over time in patients 

with a total laryngectomy. They demonstrated that the nasal 

MCC time did not significantly alter in the first month following 

surgery compared to the preoperative value; however, it signifi-

cantly decreased in the sixth postoperative month. There was no 

statistically significant difference in the nasal MCC time between 

six and twelve months after surgery.

Denis et al. (23) used the saccharine test to assess the nasal MCC 

in 39 patients with a total laryngectomy and 36 healthy subjects. 

They demonstrated that the nasal MCC time in patients who un-

derwent total laryngectomy with a follow-up period of less than 

2-years duration was 8.15±2.06 minutes, which was statistically 

significantly shorter than in patients who had total laryngecto-

my with a follow-up period of more than two years (23.79 ±5.58 

minutes) and the healthy subjects (14.5±3.55 minutes).

In a study including 22 patients with total laryngectomy and 

24 healthy subjects, Karaoglu et al. (3) investigated the late-term 

effect (at least two years after surgery) of the total laryngectomy 

on the nasal function utilizing acoustic rhinometry, saccharine 

test, and smell identification test. They demonstrated that the 

patients with laryngectomy had more nasal passage patency 

(no significant difference between both groups), significantly 

lower olfactory scores, and longer nasal MCC time (average was 

662.5 seconds for thirteen healthy subjects and 1017.14 seconds 

for twenty-one cases in the patient group) when compared to 

the healthy subjects.

Dixon et al. (21) investigated the nasal mucosal changes after 

total laryngectomy. They observed squamous epithelium to the 

ciliated columnar epithelium transformation, increased nasal 

MCC time, and a color change of the nasal mucosa (from pink to 
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