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ABSTRACT

Background: Hypertrophy of inferior turbinate (IT) may arise from soft tissue and/or bony enlargement and is most related to inflammatory
rhinitis. We aimed to study and compare the histopathological changes in the IT mucosa, submucosa, and bone in chronic rhinosinusitis with
(CRSWNP) and without nasal polyps (CRSsNP).

Methods: The specimens of the IT in patients who underwent endoscopic sinus surgery and inferior turbinoplasty (ITplasty) were included and
studied under the microscope in the high-power field. The changes in the mucosa, submucosa, and bone were studied, graded accordingly, and
compared between the 2 groups.

Results: In the mucosa, there was no significant difference in the polymorphonuclear neutrophils (PMN) and lymphocytic counts; however, the
eosinophilic count in the mucosa was significantly higher in CRSWNP (P = .001). There was no significant difference in basement membrane
thickness or subepithelial oedema. However, the lymphocyte count was higher in CRSsNP (P = .003), and the eosinophilic count was higher in
CRSwWNP (P =.001). The bone did not show inflammation. The significant osteitic changes in the bone were periosteal thickening with osteo-
blastic activity (P =.016).

Conclusion: The mucosa and submucosa had a significant change in CRSwNP related to the eosinophilic infiltrates. In the submucosa, the
lymphocyte count was significantly higher in CRSsNP. The osteitic changes seen were limited to periosteal thickening with minimal osteoblastic
activity in both groups, but were significantly higher in CRSsNP. Hence, we can resect only the effected mucosa and spare bone during ITplasty
in cases of CRSWNP, and IT bone may be partly resected in CRSsNP patients.
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Introduction Chronic rhinosinusitis (CRS) is a disease of long-standing

inflammation due to a variety of causes. It may manifest with
The inferior turbinate (IT) is an independent bone projecting  or without polyps; histopathology shows infiltration by eosino-
into the nasal cavity from the lateral wall. It is the largest of phils, mast cells, neutrophils, and T cells. In CRS with nasal pol-
all the turbinates, providing the most significant tempera- yps (CRSWNP), the components of the mucosa are replaced
ture regulation, humidification, and filtration of inspired air.  \with oedema, appearing like an eosinophilic “bag” of “ground
Hypertrophy of the IT may arise from soft tissue and/or bony  supstance,” whereas the histopathology of CRS without nasal
enlargement and may be congenital or most commonly related polyps (CRSsNP) reveals glandular hypertrophy, mononu-

to inflammatory rhinitis.! clear and neutrophilic inflammatory patterns thickening the
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mucosa. Though the common mucosal structures are main-
tained, there is a drift observed away from the usual infiltration
of leukocytes found in normal IT to an extensive expansion
of the mucosal volume containing submucosal serous and
mucous cells.?

The IT may also be enlarged in patients with CRSsNP and
CRSWNP, but there are a limited number of studies in the liter-
ature about histopathological changes in the IT in these 2 con-
ditions. Hence, we studied the histopathology of the mucosa,
submucosa, and bone in patients with CRSsNP and CRSwNP,
as it may help in deciding the surgical management based on
the extent of involvement.

Methods

The patients with CRSsNP and CRSWNP who underwent endo-
scopic sinus surgery (ESS) and inferior turbinoplasty (ITplasty)
were included in the study. This paper is a part of the research
work “Comparative study of the histopathology of the IT in
4 diseases of the nose and paranasal sinuses,” a methodol-
ogy approved by the Institutional Ethical Committee Number:
08-18/184. Written informed consent was obtained from all
the patients. Diagnostic nasal endoscopy was performed on all
the patients to evaluate the nasal findings. Patients with devi-
ated nasal septum with compensatory IT hypertrophy, atrophic
rhinitis, antrochoanal polyp, benign tumors of the nose and
paranasal sinuses, inverted papilloma, and malignancy of the
nose and paranasal sinuses were excluded. All our patients in
their last 4 weeks before the surgery would have received xylo-
metazoline nasal drops twice daily for a maximum of 2 weeks,
levocetirizine with montelukast at night for 3 weeks, and fluti-
casone furoate nasal spray (2 puffs on each side) at night for 4
weeks. Patients with persistent symptoms despite using these
medications, confirmed persistent disease by diagnostic nasal
endoscopy, and a computed tomography (CT) scan of the
osteomeatal complex were taken up for the surgery.

We examined a total of 83 specimens from 83 patients who
were diagnosed with CRSsSNP and CRSwNP with IT hypertro-
phy. There were 52 patients with CRSsNP, of which 19 were
males and 33 were females, and 31 patients with CRSwNP, of
which 21 were males and 10 were females.

Surgical method: ESS was performed in all patients, following
the standard steps, under general anesthesia. The operation
was performed on both sides in all patients. The enlarged ITs
were infiltrated with 2 mL of 2% Xylocaine with 1 : 200000
adrenaline. An incision was made on the lower border of the IT,

Main Points

The mucosa and submucosa of the inferior turbinate in
chronic rhinosinusitis with nasal polyps (CRSWNP) show sig-
nificant eosinophilic infiltrates.

Inflammatory changes in the bone are not seen in CRSWNP.
The osteitic changes seen are limited to periosteal thickening
in chronic rhinosinusitis without nasal polyps (CRSsNP) and
CRSwNP.

The osteoblastic activity is higher in CRSsNP compared to
CRSwNP.
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posteroanteriorly. A medial mucosal flap of IT was elevated and
reflected upwards. With the help of turbinectomy scissors, the
inferolateral part of the IT was cut along with the mucosa and
part of the bone. A specimen from one of the ITs was sent for
histopathological examination from every patient. The medial
mucosal flap was repositioned to cover the cut surface of the
IT. Any bleeding, if present, was cauterized, and hemostasis
was achieved.

The resected IT was sent in formalin. The tissue was fixed in
10% neutral buffered formalin overnight. If there were more
than 1 specimen piece, the largest was cut along the longest
longitudinal axis. Five blocks were submitted. In the case of the
bony bits, tissue was decalcified by immersing in formic acid
for 1-2 days. Each formalin-fixed specimen was sectioned and
stained with hematoxylin and eosin (H&E). A single pathologist,
who was blinded to the type of disease that the patient had,
studied all the specimens. The entire tissue was scanned under
the light microscope, and an average of the cellular infiltrate
at the hotspots and random fields was selected. The observa-
tions were made in the mucosa, submucosa, and bone. Each
of these 3 areas was studied in an average of 10 high-power
fields of 400x.

The selected regions were examined thoroughly and scored
as per the criteria mentioned in the table® (Table 1). The
mucosa, submucosa, and bone were examined for inflam-
matory infiltrates in the specimen. The polymorphonuclear
neutrophils (PMN), lymphocytes, and eosinophils were
graded separately. The plasma cells and mast cells were not
included in the present study as they were not included in
the scoring system mentioned above. Basement membrane
thickness and subepithelial oedema were also examined and
graded separately. Grading of the histopathological changes
in the bone and osteitic changes was done using a scale given
by Biedlingmaier.* The osteitic changes in the bone were
examined under a high-power field of 100x and denoted as
grade O to grade 4, namely, normal bone, periosteal thicken-
ing, periosteal thickening plus osteoclastic and osteoblastic
activity with bone resorption and/or remodeling, periosteal
thickening plus osteoclastic and osteoblastic activity with
bone resorption and/or remodeling plus a vast osteoid matrix,
osteomyelitis, respectively.

Statistical analysis: Data were collected and coded. The coded
data were then entered into the Statistical Package for the
(IBM SPSS Corp.; Armonk, NY, USA). The chi-square test was
used for analysis. The P-value of less than .05 was considered
significant.

Results

On comparing CRSsNP and CRSwNP, in the mucosa, for the
PMN infiltration, the P-value was .395; for the lymphocytic
infiltrate, the P-value was .193, which was not statistically
significant. We observed that among the total 52 patients of
CRSsNP, all had a grade 1 eosinophilic infiltrate, whereas in the
31 patients of CRSWNP, we found a rise in the eosinophilic
concentration with patients having grade 2 and grade 3 eosin-
ophils with a P-value of .001, which was statistically signifi-
cant. We observed that the majority of the patients had mild
basement membrane thickness in both categories of diseases
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Table 1. Grading Used for the Histopathological Characteristics of the Inferior Turbinate Specimens?®

Mucosa Basement Membrane Subepithelium Submucosa Bone
PMNs 1=1o0r2 NA NA 1=1o0r2 1=1o0r2
2=3-10 2=3-10 2=3-10
3=>10 3=>10 3=>10
Lymphocytes 0=<20 NA NA 0=<20 0=<20
1=21-50 1=21-50 1=21-50
2=51-80 2=51-80 2=51-80
3=81-120 3=81-120 3=81-120
4=120 4=120 4=120
Eosinophils 1:10r2 NA NA 1:10r2 1:10r2
2:3-10 2:3-10 2:3-10
3:11-30 3:11-30 3:11-30
4:>30 4:>30 4:>30
Thickness NA 0=none NA NA NA
1=mild
2 =moderate
3=marked
Oedema NA NA 0=none NA NA
1=mild
2 =moderate
3=marked

PMNs, polymorphonuclear neutrophils; NA, not applicable.

(P = .953). We also found that the majority of the patients
had mild/moderate subepithelial oedema in both groups, with
a P-value of .687, and no patient had either nil or marked
oedema (Table 2).

In the submucosa, for the PMNs, we observed a P-value of .127.
The lymphocytic infiltration was distributed in different grades
in various ratios, and the lymphocyte count was significantly
higher in CRSsNP (P=.003). In the CRSsNP group, the majority

Table 2. Frequency of Patients Falling in Various Grades in the Mucosa, Basement Membrane Thickness and Subepithelial

Oedema
Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Area Assessed Patients (%) Patients (%) Patients (%) Patients (%) Patients (%) P
Mucosa (PMNs)
CRSsNP NA 49 (94.2%) 0 (0%) 3 (5.7%) NA .395
CRSwWNP NA 31 (100%) 0 (0%) 0 (0%) NA
Mucosa (LYM)
CRSsNP 52 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 193
CRSwWNP 30 (97%) 1(3.2%) 0 (0%) 0 (0%) 0 (0%)
Mucosa (EOS)
CRSsNP NA 52 (100%) 0 (0%) 0 (0.0%) 0 (0%) .001*
CRSWNP NA 22 (71%) 7 (22.6%) 2 (6.5%) 0 (0%)
BM thickness
CRSsNP 4 (7.7%) 38 (73.1%) 7 (13.5%) 3 (5.8%) NA .953
CRSwWNP 2 (7%) 24 (77.4%) 3(9.7%) 2 (6.5%) NA
SE oedema
CRSsNP 0 (0%) 39 (75%) 13 (25%) 0 (0%) NA .687
CRSwWNP 0 (0%) 22 (71%) 9 (29%) 0 (%) NA

Pearson chi-square test was used for the statistical analysis.

BM, basement membrane thickness; CRSsNP, chronic rhinosinusitis without polyps; CRSWNP, chronic rhinosinusitis with polyps; EOS, eosinophils; LYM, lymphocytes;
NA, not applicable; PMNs, polymorphonuclear neutrophils; SE, subepithelial.

*Statistically significant.
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Figure 1. Histopathological image of eosinophils in the submucosa
(H&E 400x) shown by arrows. H&E, hematoxylin and eosin.

had a grade 1 eosinophilic infiltrate, with a mixed number of
patients falling in the other groups. We saw a higher grade of
eosinophilic infiltrates in the CRSWNP group, with 8 specimens
(25.80%) showing a grade 4 eosinophilic infiltrate, indicating
a high level of allergic response in these patients (Figure 1),
P=.001 (Table 3).

Surprisingly, we did not observe any inflammatory infiltrate
in the bone in any patients in either group. For the osteitic
changes, in CRSsNP patients, the majority (86.5%) had peri-
osteal thickening and osteoblastic activity (Figure 2), whereas
in the CRSWNP group, 58.8% of the patients had periosteal
thickening (P=.016). The rest of the patients were seen to have
either no changes or minimal periosteal thickening (Table 4).

Discussion

Nasal obstruction due to chronic enlargement of the IT is a com-
mon scenario faced by ENT surgeons.® Due to its location, proxi-
mal to the internal nasal valve, enlargement of the IT can cause
significant nasal obstruction.® Long-term nasal obstruction can

Figure 2. Histopathological image of periosteal thickening in the
inferior turbinate bone shown by arrows (H&E 400x). H&E,
hematoxylin and eosin.

significantly affect the quality of life, productivity, and finances.
Surgical reduction of IT is recommended when the medical line
of treatment does not relieve the nasal obstruction.’

The normal IT is covered with respiratory epithelium. Allergic
reactions of the nasal mucosa are characterized by eosinophil
infiltration and subepithelial oedema.

About 20% of CRS patients present with polyps in the nasal
cavity. Polyps are divided into different groups histologically
based on the causative factor, the pattern of inflammatory
cell infiltrate, and the stroma’s appearance. The prominent
histological features of nasal polyps and CRSsNP mucosa, in
contrast to normal mucosa, comprise (i) structural changes
involving the epithelium, submucosa, and sometimes the
underlying bone; and (ii) the nature and degree of inflamma-
tory cell infiltrate.?

In our study, we evaluated the mucosa, submucosa, and bone
individually and studied the pattern of inflammatory infiltrate.

Table 3. Frequency of Patients Falling in Various Grades in the Submucosa

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Area Assessed Patients (%) Patients (%) Patients (%) Patients (%) Patients (%) P
PMNs
CRSsNP NA 44 (84.6%) 4 (7.6%) 4 (7.6%) NA 688
CRSWNP NA 28 (90.3%) 1(3.2%) 2 (6.4%) NA
Lymphocytes
CRSsNP 5 (9.6%) 23 (44.2%) 13 (25%) 8 (15.4%) 3 (5.8%) .003*
CRSWNP 13 (42%) 6 (19.4%) 10 (32.3%) 2 (6.5%) 0 (0%)
Eosinophils
CRSsNP NA 29 (55.8%) 18 (34.6%) 5 (9.6%) 0 (0%) .001*
CRSWNP NA 6 (19%) 3(9.7%) 14 (45.2%) 8 (25.8%)

Pearson chi-square test was used for the statistical analysis.

CRSsNP, chronic rhinosinusitis without polyps; CRSWNP, chronic rhinosinusitis with polyps; NA, not applicable; PMNs, polymorphonuclear neutrophils.

*Statistically significant.
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Table 4. Grading of the Bony Osteitic Changes

B . Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

ony Osteitic

Change Patients (%) Patients (%) Patients (%) Patients (%) Patients (%) P
CRSsNP 4(7.7%) 0(0%) 45 (86.5%) 3 (5.8%) 0 (0%) .016*
CRSwNP 4 (13%) 1(3.2%) 18 (58.1%) 4 (12.9%) 4 (12.9%)

Pearson chi-square test was used for the statistical analysis.

CRSsNP, chronic rhinosinusitis without polyps; CRSWNP, chronic rhinosinusitis with polyps.

*Statistically significant.

We observed a significant difference in the eosinophilic infil-
trate in the mucosa and submucosa in CRSwWNP and CRSsNP
groups, with a rise in eosinophil counts seen in the CRSWNP
compared to the CRSsNP group. The bony osteitic changes
of the IT bone also showed a significant difference, where
most of the patients were seen to have periosteal thicken-
ing and osteoblastic activity. In most of the CRSsNP patients,
the osteitic change was periosteal thickening with a minimal
amount of osteoblastic activity. In the CRSWNP category, the
osteitic changes observed were similar to those of the CRSsNP
group, with half of the patients having periosteal thickening
and osteoblastic activity. There was no evidence of any osteo-
clastic activity or bone destruction in both groups. The PMNs
and lymphocytic counts did not have a significant role in the
mucosal inflammation in the 2 groups. However, the eosino-
phil count in the mucosa and submucosa was seen to be sig-
nificantly higher in CRSWNP. We stained our specimens with
H&E, and we found that CRSWNP has an increased eosino-
philic count compared to CRSsNP. Thereby, we could asso-
ciate that allergy affects the mucosa and submucosa of the
IT but not the bone, which showed that we could resect only
the mucosa and submucosa and spare bone during ITplasty in
patients with CRSwWNP. Our study observed no inflammatory
cells in the resected IT specimen in both groups of diseases.
The osteitic changes seen were limited to periosteal thick-
ening and minimal osteoblastic activity in both diseases, but
more significantly so in CRS. Hence, we suggest that the IT
bone may be partly resected in CRSsNP patients. However, we
did not have any demarcation to identify the chronicity of the
disease.

The inflammation of the IT corresponds with the inflammation
in the polyp in patients, irrespective of their status of comor-
bid asthma.® Also, studies have shown that there is no statisti-
cally significant difference in the total PMNs, lymphocytes, and
eosinophil count between IT and nasal polyp.® Allergic CRSsNP
patients have more significant osteitic changes compared to
non-allergic CRSsNP patients.2 Hence, bone remodeling can
be contribute to the chronicity of the disease and may affect
the course of treatment. Studies have also shown that eth-
moid sinus inflammation is accompanied by an equivalent pro-
portion of middle turbinate inflammation.® A few analyses have
revealed that there is mucosal inflammation and chronic oste-
itis of the bone in all patients with sinus disease.* The CT scans
displaying advanced grades of llland IV are accurate in predict-
ing turbinate osteitis.* Inflammation of the mucosa and oste-
itic changes in the bone might be a source of chronic infection
and pain. Hence, partial middle turbinate resections can be
considered, at least in patients with grades Ill and IV CT scans.*
Different types of leukocytes have an essential contribution to
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the defense mechanism of the respiratory tract. Non-allergic
chronic sinusitis is chronic bacterial rhinosinusitis that involves
the IT with varied pathophysiology from nasal polyposis.®
Eosinophilic CRSsNP has distinctive implications for the prog-
nosis; hence, tissue eosinophilia can be a good marker of serum
eosinophilia.'

Limitations: We did not compare inflammatory changes in the
IT with those in the nasal septum, middle turbinate, and/or in
the specimen from the osteomeatal complex. Nevertheless, IT
has the added advantage that it is more accessible for resec-
tion, and due to its proximity to the osteomeatal complex, it is
also likely to be affected by CRS. The eosinophil infiltration in
the turbinates was not compared with systemic eosinophilia
(blood). The routine medications used in chronic rhinosinus-
itis have been used in the patients in the study as well, which
may act as a confounding factor in altering the histopathology.
We did not use any special stains like the avidin—biotin-peroxi
dase technique and did not study for monoclonal antibod-
ies. However, we feel that the mucosa and submucosa can be
resected in patients with CRSwNP, leaving behind the bone,
while in patients with CRSsNP, the bone may also be partly
resected. Further prospective studies may be done with a
larger sample size.

Analysis of the histopathological changes of the IT in CRSsNP
and CRSwWNP showed that the mucosa and submucosa had a
significant change in CRSWNP with respect to the eosinophilic
infiltrates. The other changes, such as PMN infiltrate, base-
ment membrane thickness, and subepithelial oedema, seen
among the 2 groups of diseases, were not statistically sig-
nificant. In both groups, we did not observe any inflammatory
changes in the bone. The osteitic changes seen were limited
to periosteal thickening with minimal osteoblastic activity in
both groups, but were significantly higher in CRSsNP. Hence,
we can resect only the affected mucosa and spare bone dur-
ing ITplasty in cases of CRSwWNP, and IT bone may be partly
resected in CRSsNP patients.
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