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ABSTRACT

Objective: This study aimed to reveal the effects of smoking on the septal cartilage on a histopathological basis.

Methods: This study was conducted between July 2020 and September 2021 at our Medical Faculty Hospital. A total of 62 subjects, aged
between 18 and 55 years, with septoplasty/septorhinoplasty surgical indications were included in the study. After the mucoperichondrial flap
elevation, 5 x 5 mm cartilage was taken from the anterior lower part of the septal cartilage while preserving the L-strut. Specimens were stained
with hematoxylin and eosin, Alcian blue, and Masson’s trichrome stains. Chondrocyte viability and cartilage tissue status, type 2 collagen, and
proteoglycan in matrix structure were assessed under a light microscope. Parameters such as chondrocyte clustering, cell morphology, and tis-
sue appearance were assessed according to the International Cartilage Repair Society Il and the groups were statistically compared.

Results: There were 43 men and 19 women, including 32 patients who had been smoking for at least 1 year and 30 non-smokers as the control
group who were included in the study. The mean age was 28.01 + 9.61 years, and the age range was between 18 and 50 years. There was no
statistical difference between the groups in terms of age and gender distribution, and a statistical significant difference was found between the
groups as a result of the comparison of histopathological data according to International Cartilage Repair Society Il criteria.

Conclusion: According to the results of this study, there was no histopathologically negative effect of smoking on the septal cartilage.
Keywords: Cartilage nasal septal, cigarette smoking, histopathology, nasal surgical procedures, septorhinoplasty

Introduction

Smoking is one of the most important causes of mortality and
morbidity in the world, especially in developing countries. It is
estimated that more than 480 000 people die each year in the
United States due to active and passive smoking.? Smoking
affects the human body in numerous ways and leads to the
development of chronic diseases and cancer.® Cigarettes
have more than 600 compounds that, when burned, produce
69 known carcinogens and more than 7000 chemicals.* The
upper airway epithelium is the first defense mechanism of the
respiratory system against inhaled toxic agents and microor-
ganisms.® The nose, located at the entry point of the respira-
tory tract, is the region where mucosal pathological changes
can develop secondary to cigarette smoke exposure.® Active
and passive smoking, as well as occupational exposure to vari-
ous gases, dusts, and fumes, significantly increases chronic
nasal symptoms in men and women.” Symptoms of rhini-
tis and chronic rhinosinusitis are more common in smokers
than non-smokers.2 Examples of nasal pathologies related
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to smoking include sinonasal carcinoma, nasal polyposis, and
development of otitis media in children.® Smoking signifi-
cantly reduces nasal mucociliary clearance, ciliated cell and
goblet cell count, ciliary motility, and ciliary movement time
of ciliated cells.’® Rhinoplasty and septoplasty are among the
most common surgical procedures of the nose." Autologous
cartilage grafts obtained from the nasal septum, auricle, and
ribs are frequently used in rhinoplasty and nasal reconstruc-
tion. Septal cartilage is often the preferred graft due to its
proximity to the surgical site.”? In a study, concentrations of
nicotine in the tonsil tissue, uvula mucosa, and septal car-
tilage correlating with serum nicotine levels were found in
chronic smokers."”> Numerous studies on the effect of smok-
ing on osteoarthritis (OA) and degeneration of articular carti-
lage and intervertebral disc have been conducted.'*"® Studies
on the nasal effects of smoking mostly focus on mucosa and
its functions. There are no studies investigating the effect of
smoking on septal cartilage. This study aimed to reveal the
effects of smoking on the septal cartilage on a histopatho-
logical basis.
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Methods

This prospective case—control study was conducted between
July 2020 and September 2021 in a tertiary hospital, was
approved by Kahramanmaras Sitcii imam University eth-
ics committee (Approval No: 09, Date: 08.07.2020), and was
conducted according to the Declaration of Helsinki on bio-
medical research involving human subjects. Informed consent
was obtained from all patients who participated in the study.

Patients

A total of 62 subjects, aged between 18 and 55 years, with
complaints of nasal congestion, inability to breathe through
the nose, sleeping with an open mouth, snoring, nasal defor-
mity, etc., and cases of septoplasty/septorhinoplasty surgical
indication were included in the study. The study group (group
1, 32 patients) consisted of patients with no prior nasal sur-
gery, no disease affecting the nasal septum, and who had been
smoking for at least a year. The control group consisted of
non-smokers of similar age group who underwent an opera-
tion for the same indications (group 2, 30 patients). Patients
with major cartilage deformity were not included in the study.
The groups were formed in a symmetrical manner to reduce
the effect of age and gender. Other exclusion criteria include
patients under the age of 18 and over 55 years of age, cases of
allergic rhinitis and nasal polyposis, subjects on nasal or sys-
temic steroids use, those who use nasal substances such as
cocaine, cases with a genetic disorder associated with chronic
sinusitis such as cystic fibrosis or Kartegener syndrome, cases
of systemic diseases such as chronic kidney disease (CRF)
and diabetes mellitus (DM), and patients with nasal infec-
tion (tuberculosis) and autoimmune disease (systemic lupus
erythematosus, Wegener, Sjogren, sarcoidosis, relapsing peri-
chondritis, etc.).

Cartilage Removal Method

After the mucoperichondrial flaps of the patients were ele-
vated unilaterally or bilaterally, 5 x 5 mm cartilage was taken
from the anterior lower part of the septal cartilage while pre-
serving the L-strut of the septal cartilage and the integrity of
the cartilage's crest or spur region for standardization purpose
and fixed in 10% formalin and subsequently sent for patho-
logical examination.

Histopathological Examination

Paraffin blocks were prepared from the specimens, which were
fixed in 10% formalin for 24 hours, 5 um thick sections were
taken, and routine staining with hematoxylin and eosin was
performed. In addition, Alcian blue and Masson's trichrome
stains were applied by selecting a histochemically suitable kit
for the Ventana machine in the "Roche Diagnostics Ventana

Main Points

Smoking is one of the most important causes of mortality
and morbidity in the world.

Smoking significantly reduces nasal mucociliary clearance,
ciliated cell and goblet cell count, ciliary motility, and ciliary
movement time of ciliated cells.

According to our study results, there was no histopathologi-
cally negative effect of smoking on the septal cartilage.
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Benchmark XT autostainer device.” Chondrocyte viability and
cartilage tissue status were assessed by hematoxylin and eosin
staining. Masson's Trichrome staining was used to show type
2 collagen found in hyaline cartilages structure and Alcian
blue stain was used to demonstrate proteoglycan in a matrix
structure. The specimens were assessed under a light micro-
scope (Olympus BX50) by the same pathologist in a single-
blind manner. Parameters such as chondrocyte clustering, cell
morphology, tissue appearance, matrix staining, inflamma-
tion, abnormal calcification, and vascularization were assessed
according to the International Cartilage Repair Society Il
(ICRS Iy classification modified for this study, and the groups
were statistically compared. (Table 1)

Statistical Analysis

The conformity of the data to normal distribution was analyzed
using Shapiro-Wilk test. Dunn's test, one of the post hoc tests,
was used for pairwise comparisons. Comparisons of 3 groups
in normally distributed variables were conducted using analysis
of variance test. Independent samples t test was used for the
comparison of 2 groups. For categorical variables, the distribu-
tional relationship between the groups was assessed using the
chi-square test and Fisher's exact test. Statistical parameters
were expressed in terms of mean + standard deviation, median
(quartile 25% (Q1)-quartile 75% (Q3)), and n (%). Statistical
significance was accepted as P < .05. International Business
Machines Statistical Package for the Social Sciences Statistics
for Windows Version 22 and R.3.3.2 software were used for
data analyses.

Results

A total of 62 patients, including 32 patients who had been
smoking for at least 1 year and 30 non-smokers as the con-
trol group, were included in the study. There were 43 men and
19 women in group 1 (23 men, 9 women) and group 2 (20 men,
10 women). The maximum age of the patient was 50 years
and the minimum was 18 years. The mean age was 28.01 +
9.61 years. The mean age of group 1 was 28.63 + 9.98 years,
and the mean age of group 2 was 27.37 + 9.34 years. The
mean duration of smoking in group 1 patients was 8.4 years/
pack. The average age at starting to smoke was 19.4 years.
Groups were compared in terms of age and sex (Table 2). The
specimens were assessed under a light microscope (Olympus
BX50). Parameters such as chondrocyte clustering, cell mor-
phology, tissue appearance, matrix staining, inflammation,
abnormal calcification, and vascularization were assessed
according to the ICRS Il (Figures 1-8), and the groups were
statistically compared. (Table 3-4).

Discussion

According to the Global Adult Tobacco Survey 2016 Turkey
report, 44.1% of men and 19.2% of women aged > 15 years,
and 31.6% of citizens aged > 15 years on average (19 million
people) smoke.?* Smoking is more common among adult men
than adult women, with the highest prevalence of smoking
between the ages of 25 and 44 (14.8%).2" In our study, 71.8%
of the patients in group 1 were male and there was a significant
male dominance. Long-term smoking causes both functional
and structural changes in the respiratory tract.??2 The protec-
tive barrier properties of the airway are altered secondary to
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Table 1. ICRS-II Classification

Histological Parameters

Scores

Tissue morphology (viewed under polarized light)

0%: full-thickness collagen fibers, 100%: normal cartilage

Matrix staining (Alcian blue-positive staining)

0%: no staining, 100%: full staining (Blue)

Cell morphology

0%: no round/oval cells, 100%: mostly round/oval cells

Chondrocyte clustering (4 or more grouped cells)

0%: present, 100%: absent

Surface architecture

0%: delamination or major irregularity, 100%: smooth surface

Basal integration”

0%: no integration, 100%: complete integration

Formation of a tidemark’

0% no calcification, 100%: tidemark

Subchondral bone abnormalities/marrow fibrosis”

0%: abnormal, 100%: normal marrow

Inflammation

0%: present, 100%: absent

Abnormal calcification

0% present, 100%: absent

Vascularization

0% present, 100%: absent

Surface/superficial assessment

0%: total loss or complete disruption, 100%: resembles intact
articular cartilage

Mid/deep zone assessment

0% fibrous tissue, 100%: normal hyaline cartilage

Overall assessment

0%: bad (fibrous tissue), 100%: good (hyaline cartilage)

*Iltems 6 and 8 of the ICRS Il parameters were excluded from this study because there was no subchondral bone, and item 7 was excluded because lower radial zone

was not observed in all specimens.

Table 2. Comparison of the Groups in Terms of Age and
Gender

Group 1 Group 2

(n=32) (n=30) P
Gender Male, n (%) 23 719 20 66.7 .657
Female, n (%) 9 281 10 333
Age 2863 998 2737 934 .61

Independent samples' t test; chi-square test; exact test; a = 0.05.

oxidative stress and inflammation that develop in smoking.®
Considering its impact on altering the mucociliary clearance
system, smoking is an important risk factor for respiratory
diseases.?®* The mechanism of the adverse effects of smoking

Figure 1. Near-normal glycosaminoglycan-rich Alcian blue-positive
cartilage tissue area (ABx200).

Figure 2. The area showing decreased expression of
glycosaminoglycan in Alcian blue stain (ABx200).

on our health consists of many complex steps that lead to
increased oxidative stress, inflammation, and DNA damage due
to the exposure to free radicals from tobacco smoke compo-
nents.2* Thousands of chemicals in tobacco affect cellular cili-
ary function in the respiratory tract. Smoking has been shown
to negatively affect ciliogenesis and rate of nasal mucociliary
transport. In addition, smoking causes an increase in goblet cell
count and soft tissue thickness.?®

Cartilage tissue is an avascular, aneural, and a lymphatic con-
nective tissue found in the synovial joints, ribs, outer ear, air-
way, and nose.?® In a study, nicotine in the septum cartilage
that was proportional to its blood level was found.” In this
study, the direct or indirect effects of chemicals in cigarettes
on the septal cartilage were examined histopathologically. In
septoplasty and functional rhinoplasty procedures performed
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Figure 3. Near-normal area of cartilage tissue in Mason'’s trichrome
stain showing collagen content (MTx200).

Figure 4. Area showing increased expression of collagen in Masson's
trichrome stain (MTx200).
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to provide nasal airflow, nasal septal cartilage is operated on,
and cartilage graft material is used in a significant number of
the cases.?” Septal cartilage is the preferred source of graft due
to its hardness and flatness, as well as easiness in its acces-
sibility.?® Post-septoplasty smoking predisposes to infection,
facilitates septal perforation, and adversely affects surgi-
cal success by prolonging the mucociliary transport time.2® In
another study, smoking is identified as an etiological culprit of
nasal septal perforation.®®

The flexibility in terms of shape and load-bearing abilities of
cartilage grafts used during nasal surgery is related to the
mechanical properties of the cartilage, which depend on the
properties and distribution of the structural components that
constitute the cartilage tissue.®" There are 3 major types of
cartilage: hyaline, fibrous, and elastic.?® The type, density, and
distribution of collagen and proteoglycan differ in all 3 types of
cartilage and these variations provide diverse appearance and
biomechanical properties to the cartilage.®? In this study, the
effect of smoking on hyaline cartilage was investigated. The
septal cartilage is composed of hyaline cartilage, which is the
most common cartilage type in the human body.? The extra-
cellular matrix of hyaline cartilage is mainly composed of hyal-
uronic acid, aggrecan, and type 2 collagen.®® Aggrecan is the
dominant proteoglycan found in hyaline cartilage.®? Collagen
fibers are responsible for resistance to stretching, while gly-
cosaminoglycans (GAG) are responsible for the ability to
retain fluid in the cartilage matrix and withstand compressive
forces. The cartilage samples taken were stained with Alcian
blue, Masson's trichrome, and hematoxylin and eosin to assess
chondrocytes and the structure of collagen and proteoglycan.

The GAG content of cartilage decreases significantly from age
15 to60, while the collagen content remains largely unchanged.
Similarly, the strength of septal cartilage diminishes, and its
permeability increases with age in relation to the amount of
GAG.®*Inastudy, it was indicated that the chondrocyte density,
cell size, GAG, and elastin contents of the septal and auricular

Table 3. Comparison of the Histopathological Data of the Groups According to the ICRS-II Criteria

Group
Group 1 Group 2

ICRS-II Mean +SD Mean +SD P

Tissue morphology (viewed under polarized light) 86.41 2.28 87.00 2.49 .332
Matrix staining (Alcian blue-positive staining) 86.25 2.84 86.17 3.13 913
Cell morphology 86.09 3.30 86.67 3.56 513
Chondrocyte clustering (4 or more grouped cells) 84.22 6.61 83.83 6.52 .818
Surface architecture 94.69 5.07 9517 5.80 730
Inflammation 100.00 .00 100.00 .00 -

Abnormal calcification 99.38 1.68 99.00 2.03 431
Vascularization 94.22 4.77 95.17 4.64 431
Surface/superficial assessment 90.94 1.98 91.17 3.13 .730
Mid/deep zone assessment 86.56 2.35 87.33 2.86 .250
Overall assessment 86.41 2.28 87.00 2.49 .332

ICRS-II, International Cartilage Repair Society Il; SD, standard deviation.
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Table 4. Comparison of Smokers (Over and Under 10 Years of Smoking) and Group 2 Cases

Smoking Smoking

ICRS-Il, Mean + SD > 10 Years/Pack < 10 Years/Pack Group 2 P

Tissue morphology (viewed under polarized light) 85.77 +1.88 86.84 +2.48 87.00 +2.49 .288
Matriks staining (Alcian blue-positive staining) 86.15+219 86.32 + 3.27 86.17 +3.13 .983
Cell morphology 85.77 + 3.44 86.32 + 3.27 86.67 + 3.56 734
Chondrocyte clustering (4 or more grouped cells) 84.62 +6.28 83.95 + 6.99 83.83 £ 6.52 .937
Surface architecture 95.77 + 4.49 93.95+5.42 9517 £ 5.80 613
Inflammation 100.00 + 0.00 100.00 + 0.00 100.00 + 0.00 -

Abnormal calcification 100.00 + 0.00 98.95+2.09 99.00 +2.03 212
Vascularization 94.23 +4.00 94.21+5.34 95.17 + 4.64 .736
Surface/superficial assessment 9115+ 219 90.79 +1.87 91.17 + 313 .875
Mid/deep zone assessment 86.15+2.19 86.84 +2.48 87.33+2.86 .398
Overall assessment 85.77 +1.88 86.84 +2.48 87.00 +2.49 .288

ICRS-II, International Cartilage Repair Society II; SD, standard deviation.
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Figure 5. Cells in the cartilage tissue lose their characteristic oval/
round nucleus and become spindled (400xH/E).

Figure 7. A cluster of chondrocytes consisting of more than 4 cells
within the cartilage tissue in the point indicated by the arrow (400xH/E).

Figure 6. Neovascularization in the cartilage tissue shown by arrows
(400xH/E).

Figure 8. Abnormal ossification/calcification in the cartilage tissue
shown by arrows (400xH/E)
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cartilages are lower in patients over 55 years of age.?' Patients
aged 18-55 years were included in the study and groups were
formed symmetrically to eliminate the effect of age and gen-
der. The cell densities for each septal cartilage region vary.®
Therefore, the cartilage sample was obtained from the same
region of the septal cartilage for standardization purpose.

Hyaline cartilage is also found in the ribs, synovial joints, lar-
ynx, trachea, bronchi, and articular plate.®? In a study, evidence
that smoking leads to deleterious effects on the hyaline carti-
lage structure of the knee joint was documented."” In another
study, male smokers with knee OA had a higher rate of car-
tilage loss and knee joint pain compared to nonsmokers.'
On the contrary, another study showed an increase in tibial
cartilage volume on magnetic resonance imaging in healthy
smokers.” According to the results of a review expounding
the relationship between smoking and OA, most of the evi-
dence suggests that smoking modestly protects against the
development of radiographic OA of the hip and knee joints.'®
Another review documented no convincing evidence of long-
term beneficial effects of smoking among knee OA patients.
In literature, there are many publications on positive, negative,
and no effects of smoking on joint cartilage. There is no study
on smoking's effect on septal cartilage.

In an experimental study by Akmal et al."* it was shown that
nicotine inhibits cell proliferation and extracellular matrix
(ECM) synthesis on bovine intervertebral disc cells in vitro.
In an experimental rat study conducted by Oda et al.’® it was
demonstrated that smoking causes intervertebral disc degen-
eration. According to these studies, smoking damages the
fibrous cartilage structure of the disc.

Although there are numerous studies on the effect of smoking
on the nasal mucosa and nasal functions, there are no human
studies revealing its effect on the septal cartilage.5-1023252936-37
An animal experimental study on cartilage grafts from the ear
of rabbits concluded that exposure to cigarette smoke mark-
edly reduced cartilage viability in rabbits.®® Misra et al®*® showed
that nicotine induces GAG release in their porcine nasal septal
cartilage explant culture study.

According to the results of our study, the groups were assessed
histopathologically based on 11 parameters, and statistically
significant differences were detected between the groups.
No significant difference was found between >10 years of
smokers and <10 years of smokers and non-smokers.

This study has some limitations. The small sample size to gen-
eralize the population, the histopathological evaluation of the
septal cartilage only, and the failure to consider its mechanical
properties can be considered as shortcomings.

Conclusion

Since smoking is very common in the contemporary world,
surgeons dealing with the respiratory system need to put their
impact into consideration during patient management and in
the planning and outcome of surgery. According to the results
of this study, there was no histopathologically negative effect
of smoking on the septal cartilage.
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