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Summary

Introduction: Among children with hypertrophy of pharyngeal tonsils undergoing adenoidectomy,
31.3 % of cases show hypertrophy of the torus tubarius, even in the absence of middle ear pathology.
However, the nature of the changes in this anatomical area in these children has not been described.
The aim of the study: to investigate and evaluate morphological changes of pharyngeal tonsil and
torus tubarius in children with hypertrophy of pharyngeal tonsil.

Materials and methods: histological investigation and scanning electron microscopy were
performed on fragments of pharyngeal tonsil and torus tubarius, obtained during adenoidectomy
of 12 children with nasal breathing disturbances (Group 1) and 13 children with concomitant
inflammatory diseases of the upper respiratory tract (Group 2).

Results: In patients of Group 2, changes in the pharyngeal tonsil were more pronounced, showing
inflammatory alterations such as infiltration by polymorphonuclear leukocytes in the covering
epithelium and subepithelial layer, as well as lymphocytes in the covering epithelium, along with
the presence of fibrosis compared to patients of Group 1. Additionally, samples covered by biofilms
were significantly more frequently identified in Group 2 compared to Group 1 (53.8 % vs. 16.6 %,
p<0.05). The mucosal changes in the torus tubarius corresponded to the nature of the changes
observed in the pharyngeal tonsil in the respective group. Biofilms in the torus tubarius samples
were found in 38.5 % of cases in Group 2 and 8.3 % of cases in Group 1 (p<0.05).

Conclusions: 1. In children with hypertrophy of pharyngeal tonsil and torus tubarius, the
morphological characteristics of the mucous membrane of torus tubarius are similar to those
observed in the mucous membrane of pharyngeal tonsil of the respective group. 2. Biofilms were
reliably more frequently identified on the surface of pharyngeal tonsil and torus tubarius in
children with upper respiratory tract infections than in patients with nasal breathing disturbances.
3. The detected changes provide a basis for revising the therapeutic approach to hypertrophic torus
tubarius in children with pharyngeal tonsil hypertrophy.

Key words: torus tubarius, lymphoid tissue, morphology, fibrosis, biofilms, inflammatory
diseases of the upper respiratory tract, tonsil

INTRODUCTION development of lymphoid tissue during this life period

[6], which is a response to the high antigenic load during

The pathology of the pharyngeal lymphoid ring  the formation of acquired immunity [11]. Hypertrophy
takes a leading position among ENT disorders in  of the pharyngeal tonsils (PT) is characterized by a wide
children [13]. Primarily, this is associated with the peak range of symptoms related to mechanical obstruction
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of the airways and often accompanied by chronic
inflammation of the mucous membrane (MM) of PT, as
well as inflammation of the paranasal sinuses and middle
ear, often requiring adenoidectomy. However, lymphoid
tissue (LT) of the nasopharynx, in addition to PT, is also
represented by tubal tonsils and clusters of LT on the torus
tubarius (TT). Moreover, these anatomical structures are
frequently overlooked by medical professionals [9]. Given
the localization of these anatomical formations, they are
most commonly the focus of researchers in patients with
middle ear pathology [8] or in children with insufficient
clinical efficacy of adenoidectomy manifested as nasal
breathing disturbances and sleep apnea [8, 16]. In the
latter case, the enlargement of LT on TT, often considered
part of the tubal tonsil in publications [3, 10], is regarded
as a compensatory reaction to the absence of PT after
adenoidectomy [8]. However, in our previous study, it was
found that 31.3 % of patients requiring adenoidectomy
had hypertrophy of TT [9]. This prompted us to further
investigate this anatomical area.

THE AIM OF THE STUDY

To investigate the morphological features of PT and
TT in children with hypertrophy of PT, depending on the
primary pathogenetic symptom (airway obstruction or
recurrent inflammatory diseases).

THE TASK OF THE ARTICLE

To examine the histological and ultramicroscopic
characteristics of PT and MM of TT in children with
hypertrophy of PT, depending on the primary pathogenetic
syndrome (airway obstruction or recurrent inflammatory
diseases), and to conduct a comparative analysis of these
features.

MATERIALS AND METHODS

A cross-sectional study involved 25 children aged
2-12 years, who underwent endoscopic modified power-
assisted adenoidectomy at children’s hospital of the State
Institution of Science «Research and Practical Center of
Preventive and Clinical Medicine» State Administration
Department. Informed consent for the research was
obtained from the parents of the patients. The inclusion
criteria for the study were the presence of concomitant
TT hypertrophy, absence of middle ear pathology,
and no history of adenoidectomy or tonsillectomy.
Depending on the indications for adenoidectomy, all
patients were divided into 2 groups. Group 1 included 12
children (mean age 5.75£2.37 years, 5 girls/7 boys) with
PT hypertrophy, where the intervention was indicated
by significant nasal breathing disturbances, snoring,
and apnea. Group 2 involved 13 children (mean age
5.384+2.29 years, 6 girls/7 boys) with PT hypertrophy
and concomitant inflammatory diseases of the upper
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respiratory tract (chronic nasopharyngitis, chronic and
recurrent rhinosinusitis). The study objects were tissue
fragments of PT and MM of TT removed during the
surgery, which were subsequently used for histological
investigation and electron microscopy using a light
microscope (Axioskop 40 with Carl Zeiss AxioCam
MRc5) and scanning electron microscope (SEM;
Tescan MIRA3, Tesla). Tissue sample preparation for
histological investigation and electron microscopy was
conducted according to widely accepted methods and
protocols [1, 5]. Histological specimens were stained
using hematoxylin and eosin, Periodic acid-Schiff and
Masson’s trichrome staining. The quantitative assessment
of identified morphological changes was conducted using
the method of precise calculation of the significance
of differences in proportions (%) of Fisher’s angular
transformation (¢) at a significance level of a=0.05.

RESULTS OF THE RESEARCH AND DISCUSSION

During the histological examination of PT and
TT in children of Groups 1 and 2, moderate infiltration
of the covering epithelium (CE) by lymphocytes (Lph)
(Fig. 1a) was observed. In some cases, a reticulation
of the epithelium (Fig. 1b) was detected, interpreted
as a manifestation of reactive changes in response to
external factors. Against the background of such changes,
dystrophic-destructive and inflammatory changes in
MM of PT and TT were often observed, characterized
by pronounced infiltration of the subepithelial area by
polymorphonuclear leukocytes (PMNL) (Fig. 1¢) and
the formation of Ugras’s abscess (Fig. 1d) [14], along with
small cavities. Along with the changes in MM, moderate
to pronounced hyperplasia of LT was noted, which in
PT, unlike TT, was characterized by an increase in the
number and size of lymph nodes (LN; Fig. le, 1f). In some
cases, infiltration of intrafollicular areas of PMNL and
focal fibrosis were observed. These morphological features
are typical for MM of PT [2,13] in patients with its
hypertrophy. TT is covered by epithelium extending from
PT [10], accordingly, the morphological characteristics of
MM in both of these areas are similar.

Based on the results of histological studies and
literature data [12, 14, 15], the assessment of inflammatory
and dystrophic-destructive changes in CE of PT and TT,
as well as LT associated with MM in patients of Groups
1 and 2, was conducted using the following criteria:
1) infiltration of CE by lymphocytes, characterized
as moderate (3-5 lymphocytes) and pronounced
(5 lymphocytes and more); 2) reticulation of CE and its
destruction in the form of Ugras’s abscess or small cavities;
3) infiltration by PMNL in CE layer or subepithelial
area; 4) hyperplasia of LT, characterized as moderate and
pronounced. In PT, it was characterized by the number of
lymphocytes (moderate — less than 3, pronounced — more
than 3), and in TT — the area of LT it occupies under MM
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in the microscope field at x200 magnification (moderate — of PMNL in subepithelial and/or interfollicular areas of
less than Y4, pronounced — more than %4); 5) infiltration  LT; 6) fibrosis.

Fig. 1. Representative histological changes of PT (a, c, d, e) and TT (b, f) in patients of group I (a, c, d, ) and group II (b, f): a) — pronounced
infiltration of CE by lymphocytes; b) — reticulation of pavement CE in metaplasia; c) — infiltration of the subepithelial zone of Lph and PMNL;
d) — Ugras’s abscess in the CE layer; e) — hyperplasia of LT PT; f) — Lph infiltration of the subepithelial zone of the TT and hyperplasia of the
LT. Hematoxylin and eosin.
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According to the results of studying the frequency
of histological changes, it was established that in children
of Group 2, compared to Group 1, the frequency
of morphological manifestations characterizing
the development of inflammatory changes in TT
significantly increased (p<0.05) against the background
of reactive changes in PT (Table 1). At the same time, the
frequency of histological changes in TT, determining the
development of destructive-dystrophic and inflammatory

changes in MM of TT, as well as hyperplasia of LT as
a reaction to inflammation, did not significantly differ
from the frequency of similar changes in PT (p>0.05).
This may indicate that the development of inflammatory
changes in PT can extend to the structures of MM and
submucosa of TT, including LT associated with MM, often
manifested by its pronounced hyperplasia. Subsequently,
inflammatory changes in TT can affect the clinical
outcome in patients after adenoidectomy.

Table 1

Evaluation of morphological changes of PT and TT in patients of Groups 1 and 2 based on the frequency of
detected changes

. Group 1 (n=12), % Group 2 (n=13), %
Morphological changes PT T PT T
Histological changes

. . 4 (30.7 %)

1. infiltration of CE by lymphocytes 4(33.3 %) 2(15.4 %)
— moderate 8 (66.6 %) p,,<0.05 p,.<0.01 Py 20.05
r2 13 p,, >0.05
7 (53.8 %)

1(8.3%), 11 (84.6 %)
— pronounced 4 (33.3 %) p,,<0.05
p,,>0.05 p,,<0.01 pj: >0.05
9(69.2 %)
2. Reticulation of CE and its destruction 5(41.6 %) > (41;60905} 7 (53;2 ?’5) »,,>0.05
Py P50 p,, >0.05
3. Infiltration by PMNL in CE layer and 6 (46.1 %) 8 (61.5 %)
subepithelial area 1(8.3%) H/B p,;<0.01 p;,>0.05
4. LT hyperplasia 2(16.6 %) 3125 %), 4(30.7 %) ;(23;2 ?52
— moderate (grade 1) p,,>0.05 p,,;>0.05 pjj S0.05
8 (61.5 %)

5(41.6 %), 9(69,2%)
— pronounced (grade 2) 10 (83.3 %) p,,>0.05
p,,<0.01 p,,>0.05 50,05
5. Infiltration by PMNL in subepithelial/ 2(16.6 %) 2(16.6 %), 8(61.5%) ;(3852 ?52
interfollicular areas p,,>0.05 p,;<0.01 pj: S0.05
o 5(38.4 %) 4 (30.7 %)
6. Fibrosis 1(8.3 %) H/B p,,<0.01 p,, >0.05

Ultrastructural changes in the surface of MM

2 (16.6 %) 5(38.4 %) I )
7. Destructive-dystrophic changes in CE 4 (33.3 %) >'0 05 >'0 05 p,,>0.05
Pry 7t Prs Y P, >0.05
8. Accumulation of microbial planktons on 5(41.6 %) 3(25.0 %) 8 (61.5 %) 2(46;10 ?5)
CE p,,>0.05 p,,>0.05 pj: 50.05
5(38.5 %)
9. Biofilm formation 2(16.6 %) ! (8;3075} ’ (5342 ?5) e
Py 7 P ;S p,., >0.05

—p<0.05 with a critical ¢* value < 1.64;
— p<0.01 with a critical ¢"value < 2.31.

The SEM results showed that in children of Group
2, compared to those of Group 1, the surface of MM of
PT and TT often exhibited not only dystrophic-destructive
changes in ciliated epithelium (CECs), hyperplasia
and hypertrophy of goblet cells (GC), as well as dense
accumulations of mucus, numerous sloughed dystrophic
epitheliocytes, lymphocytes and occasional erythrocytes
(Fig. 2a, 2b), but also accumulation of microbial planktons,
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represented by rod-shaped and coccoid forms, which
often formed conglomerates of microorganisms and/or
small colonies (Fig. 2c). However, in the areas of MM
of PT and TT, where areas of squamous metaplasia of
ciliated epithelium with signs of keratinization were often
observed, the formation of biofilms was frequently noted.
These biofilms consisted of organized conglomerates of
microorganisms, typically cocci, covered with a thin mantle.
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Fig. 2. Ultrastructural changes on the surface of the PT (a, b) and TT (c, d): a) — the area of the MM PT, where the CE (BE) is represented
by ciliated epithelial cells (CECs) (KIIK) and goblet cells («€GC); b) — dystrophic changes in the CE and its infiltration by Lph; c) — planktonic
forms of microorganisms on the surface of the MM TT (|); d) — the area of the MM covered with biofilms. SEM.

This suggests that the frequency of identified
microbial planktons on the surface of MM of PT in
children of Group 2 correlated with the frequency of
biofilm detection (r=0.64; Table 1). A similar pattern
was observed in children of Group 2 when studying MM
of TT.

10

The revealed characteristics of the epithelium of PT
and TT in children of Group 1 are typical of the normal
structure of the tonsils [2]. The surface of MM in most
patients is composed of respiratory ciliated epithelium
with GC, a small number of accumulations of microbial
planktons and mucus.

Kainiyga Ta mpodiraxkTiana Mmeantmaa, Ne 8(30) /2023



KAIHIYHA MEAVILIMIHA

In children of Group 2, histological examination of
MM of PT and TT predominantly revealed infiltration
by PMNL and lymphocytes. These characteristics are
typical of PT structure in children with concomitant
inflammatory diseases of the middle ear and are
predictors of biofilm formation on the tonsil surface [13].
A significantly higher frequency of biofilm identification
on the surface of PT in patients of Group 2, compared
to Group 1, was noted — 53.8 % and 16.6 %, respectively
(p<0.05). These findings correlate with literature
describing patients with PT hypertrophy and concomitant
chronic nasopharyngitis and paranasal sinus pathology
[4, 7]. Similar results were obtained in SEM studies of
MM of TT — biofilms were more frequently identified in
patients of Group 2 (38.5 %) compared to Group 1 (8.3 %)
(p<0.05).

CONCLUSIONS

1. In children with hypertrophy of PT, where
the leading symptom is nasal breathing disturbance,
histological examination reveals a predominance of
infiltration of MM and submucosal layer by lymphocytes.
In cases where symptoms of inflammatory diseases of the
upper respiratory tract prevail, there is infiltration by
PMNL and lymphocytes in CE and subepithelial area, as
well as the formation of microabscesses and fibrosis.

2. In cases of hypertrophy of PT and TT, the
morphological characteristics of MM of TT are similar
to those observed in the pharyngeal tonsil and depend
on the primary clinical symptom, such as obstruction or
inflammatory diseases of the upper respiratory tract.

3. In children with frequent inflammatory diseases
of the upper respiratory tract, there is a significant increase
in the frequency of biofilm formation on the surface of
MM of PT —53.8 % and TT — 38.5 %, compared to the
group of children with nasal breathing disturbance: PT —
16.6 % and TT — 8.3 %.

4. The identified morphological characteristics of PT
and TT in children should be considered when planning the
scope of surgical treatment for PT hypertrophy to determine
the advisability of TT correction.

PROSPECTS FOR FURTHER RESEARCH:
based on the obtained data, it is advisable to conduct
correction of hypertrophied TT in children with PT
hypertrophy. Research on the effectiveness and safety of
this type of correction is necessary.
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KNIHIKO-MOP®OOrN4YHA XAPAKTEPUCTUKA TA OLIIHKA TPYEHUX BAJIUKIB Y AITEN 13 NNEPTPO®IEID
FMOTKOBIro MUrgAJIMKA

Katepuna B. Jlax'+2, Cepriit 1. JlyroBcbkuii®, Anatoniii J1. KocakoBcbkuii', Apocnae B. LLikopGoTyH'?,
Mukona A. Ckopuk*

1 — HauioHanbHui yHiBEPCUTET OXOPOHM 30p0B’a YkpaiHu imewi [1. J1. LLlynuka, M. Kuis, YkpaiHa

2 — [lepxaBHa HaykoBa yCTaHOBA «HAyKOBO-NPAKTU4HMIA LEHTP NPOdiNakTMYHOI Ta KNIHIYHOT MeaMLMHN» [IepXaBHOTO YNpasiHHS
cnpasamu, M. Kui, YkpaiHa

3 — [lepxaBHa ycTaHoBa «IHcTUTYT reponTonorii iMeHi 1. ®. Yebotapboea HavioHanbHOi akaaeMii MeanuHux Hayk Ykpaiuy,

M. Kuis, YkpaiHa

4 — |HcTuTyT metanodisuku im. . B. Kypatomosa HauioHanbHoT akagemir Hayk Ykpaiiu, M. Kuis, YkpaiHa

Berym: Cepena aiTeii i3 rimepTpodieio TAOTKOBOIO MUTAAAMIKA, SIKM BUKOHYEThCSI aAeHOTOMis y 31,3 % BuIaa-
KiB BiAMidaeThCs rimepTpodist TpyOHOrO BaAMKa, HaBiTh IPM BIACYTHOCTI ITaTOAOrII cepeAHBOTO ByXa. [Tpore
XapaKTep 3MiH AaHOI aHaTOMIYHOI AIASHKI Y ITi€l KaTeropii AiTeit He OIMCaHMIA.

Merta AocaipXKeHHS: BuBueHHs Ta oLiHKa MOP¢OAOIiYHMX 3MiH FAOTKOBOTO MUTAAAMKA i TpyGHOro BaAMKa
y AiTeit i3 rimepTpodi€io FAOTKOBOTO MUTAAANKA.

Marepiaau Ta MeTOAN: BUKOHAHO TiCTOAOTi9HE AOCAIAKEHHS Ta CKaHYIOUy eAeKTPOHHY MiKpOCoKIIiio dpar-
MEHTiB TAOTKOBOI'O MUT'AAAMKA Ta TPYOHOIO BaAMKa, B3ATOIO IIPY BUKOHAHHI aA€HOTOMII y 12 AiTeii i3 mopy-
IIeHHsIM HOocoBoro AumxaHHs (I rpyma) Ta 13 —i3 cyIyTHBOIO 3aITaABHOIO ITATOAOTIE€I0 BEPXHiX AVXaABHIX IIASIXiB
(I rpyra).

PesyabTaTu: y nanienris I rpymy 3sMiHM TAOTKOBOIO MUTAAAVIKA MaAY GIABII BUpaykeHi 3allaAbHI 3MiHN — iH-
dirbrpariis moAiMop PHOSIAEPHIMY AEMIKOIIUTAMY IIOKPYBHOTO €IiTeAlI0 Ta cybemiTeAiaABHOTO APy, Ta AiM-
¢poruTaMy IOKPMBHOTO elliTeAiro, HasBHICTD (ibpo3y y nopiBHAHHI i3 narienTamu I rpymm. Taxox A0CTOBipHO
yacrime iaeHTHdiKyBaAmCch 3paski, BKpuTi 6iomaiskamu (53,8 % y Il ta 16,6 % y I rpymax (p<0,05). 3minu can-
30BOi OOOAOHKM TPYOHOTO BaAMKa BiAIIOBIAQAM XapaKTepy 3MiH TAOTKOBOIO MUTAAAMKA Y BiAIIOBIAHIV IPYIIi.
biomaiBku y 3paskax TpyObHOro BaAMKa sycrpivaauce y 38,5 % Il ta 8,3 % I rpym (p<0,05).

BucHoBku: 1. Y AiTeit i3 rinepTpodieio TAOTKOBOIO MUTAAAMKA Ta IilepTpodiero Tpy6HOro BaAuka MopdoAo-
rivHi XapaKTepUCTUKI CAM30BOI OOOAOHKY OCTAaHHBOI'O BiATIOBIAAAM TaKVUIM Y CAM30Bili OOOAOHII TAOTKOBOIO
MUTAQAMKA BIATIOBiAHOT rpymin. 2. BioIAiBKM AOCTOBIpHO YacTillle iAeHTiKyBaAMCh Ha ITIOBEPXHi TAOTKOBOIO
MUTAAAMKa Ta TPYOHOTO BaAMKa Y AiTell i3 3allaABHVMMI 3aXBOPIOBAHHIMM BEPXHIX AVXaABHIMX IIASXIB, HiX
y Talli€HTiB AMIIIe i3 TIOPYIIIeHHSIM HOCOBOTO AMXaHH:. 3. BisBAeHi 3MiHN € MAIPYHTSM AAS TIEPETASIAY AiKy-
BAABHOI TaKTVMKM II0 BIAHOIIIEHHIO AO IillepTpodOBaHOro TPYOHOrO BaAMKa y AiTel i3 riepTpodieio rA0TKo-
BOTO MUTAAAMKA.

Kntouoei cnoea: TpybHmit Baauk, AiMmgoiaHa TKaHMHA, MOpdoAaoris, ¢ibpos, 6ionaiBky, 3aaAbHI 3aXBO-
PIOBaHHSI BEPXHiX AMXaABHUX IIASIXiB, MAT AAAUK
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