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Current concepts of maxillitis pathogenesis and morphogenesis 
(a literature review)
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The aetiology of prenatal sinusitis as well as maxillitis is caused by bacteria, micromyces and viruses, often in combination. 
Acute infection spreads predominantly from meatus to paranasal sinuses resulting in rhinosinusitis development. Natural 
sinus fistula obstruction due to mucous membrane oedema, endotoxicosis, disorders of tissue immunity and mucociliary 
clearance, leukocytic infiltration, stimulation of oxygen active forms formation in leukocytes etc. are significant for the disease 
pathogenesis. As a result, inflammatory and dystrophic changes develop in all layers of sinus walls. The pathological process 
is affected by a number of confounding factors.
The aim of the research is to study the recent research publications for better comprehension of the main factors of maxillitis 
aetiology and pathogenesis taking into account our research data.
Conclusions. Maxillitis is caused by pathogenic and potentially pathogenic bacteria, fungi and viruses, which are usually 
spread to sinuses from meatus. Endotoxicosis, the decrease in tissue immunity and mucociliary clearance, inflammatory and 
dystrophic changes in mucosae and bone layer of sinus walls are very important for the pathogenesis. The significance of 
neurotrophic disorders is proven. The confounding factors take account of immunodeficiency, cryoglobulinemia, sinus fistula 
obstruction, adenoidal vegetation, anatomical anomalies of nose, hepatic insufficiency.

Сучасні уявлення про пато- і морфогенез верхньощелепних синуситів  
(огляд літератури)

Ю. М. Андрейчин, В. А. Міхньов

Етіологія приносових синуситів, зокрема верхньощелепних, зумовлена бактеріями, мікроскопічними грибами та віру-
сами, часто в поєднанні. На приносові пазухи гостра інфекція поширюється переважно з носових ходів, призводячи до 
розвитку риносинуситу. У патогенезі важливу роль відіграє блокування природних співусть пазух унаслідок набряку сли-
зової оболонки, ендотоксикозу, порушення місцевого імунітету та мукоциліарного кліренсу, лейкоцитарна інфільтрація, 
стимуляція утворення активних форм кисню в лейкоцитах тощо. Внаслідок цього розвиваються запально-дистрофічні 
зміни в усіх шарах синусних стінок. На патологічний процес впливає низка обтяжливих факторів.

Мета роботи – проаналізувати наукові публікації останніх років для кращого розуміння основних чинників етіології та 
ланок патогенезу верхньощелепних синуситів із врахуванням даних власних досліджень.

Висновки. Верхньощелепні синусити спричиняються патогенними та умовно-патогенними бактеріями, грибами та 
вірусами, котрі найчастіше поширюються на синуси з носових ходів. У патогенезі важливу роль відіграють ендотоксикоз, 
зниження місцевого імунітету та мукоциліарного кліренсу, запально-дистрофічні зміни слизових оболонок і кісткового 
шару синусних стінок. Доведене важливе значення нейротрофічних порушень. До обтяжливих факторів належать 
імунодефіцитні стани, кріоглобулінемія, порушення прохідності співусть, аденоїдні вегетації, анатомічні аномалії носа, 
печінкова недостатність.

Современные представления о пато- и морфогенезе верхнечелюстных синуситов 
(обзор литературы)

Ю. М. Андрейчин, В. А. Михнев

Этиология околоносовых синуситов, и в частности верхнечелюстных, обусловлена бактериями, микроскопическими 
грибами и вирусами, часто в сочетании. На околоносовые пазухи острая инфекция распространяется преимущественно 
из носовых ходов, приводя к развитию синусита. В патогенезе важную роль играет блокировка природных соустий пазух 
вследствие отека слизистой оболочки, эндотоксикоза, нарушения местного иммунитета и мукоцилиарного клиренса, 
лейкоцитарная инфильтрация, стимуляция образования активных форм кислорода в лейкоцитах и т. п. В результате 
развиваются воспалительно-дистрофические изменения во всех слоях синусных стенок. На патологический процесс 
влияет ряд отягощающих факторов.

Цель работы – проанализировать научные публикации последних лет для лучшего понимания основных факторов 
этиологии и звеньев патогенеза верхнечелюстных синуситов с учетом данных собственных исследований.

Выводы. Верхнечелюстные синуситы вызваны патогенными и условно-патогенными бактериями, грибами и вирусами, 
которые чаще всего распространяются на синусы из носовых ходов. В патогенезе важную роль играют эндотоксикоз, 
снижение местного иммунитета и мукоцилиарного клиренса, воспалительно-дистрофические изменения слизистых 
оболочек и костного слоя синусных стенок. Доказано важное значение нейротрофических нарушений. К утяжеляю-
щим факторам принадлежат иммунодефицитные состояния, криоглобулинемия, нарушение проходимости соустий, 
аденоидные вегетации, анатомические аномалии носа, печеночная недостаточность.
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The infection of sinuses with a variety of microbial flora 
(bacteria, fungi, viruses), which are spread mainly from 
meatus, take the first place in the aetiology of sinusitis 
[1]. Staphylococci, streptococcus, pneumococcus and 
Pfeiffer’s bacillus are the most frequent [2,3]; rarely Proteus, 
Pseudomonas aeruginosa, S. pneumonia, H. influenzae,  
M. catarrhalis.

The aim of the research is to study the recent research 
publications for better comprehension of the main factors 
of maxillitis aetiology and pathogenesis taking into account 
our research data.

The results of our research have proved that the spec-
trum of microorganisms, which can be etiological factors of 
acute sinusitis, includes both gram-positive and gram-neg-
ative aerobic and optionally anaerobic bacteria. From 
the studied material, mostly microbial associations are 
predominantly distinguished (in 60% of the examined). 
Most bacteria strains proved high-adhesion properties [4].

Fungal flora is significant for the aetiology of sinusitis 
[5], which primarily is not an etiological factor of sinusitis 
but develops as a result of dysbiosis and may subsequently 
be dominant. Fungal sinusitis differs from bacterial one 
by more severe progression with a higher frequency of 
exacerbations.

Acute sinusitis usually develops as a complication of 
influenza and other acute respiratory infections with under-
lying compromised tissue and general immunity. In addition 
to influenza viruses, rhino-, adeno-, reo-, parainfluenza 
viruses, respiratory syncytial, corona viruses, Coxacchi 
viruses and ECHO are identified [6].

Viral infection causes a significant structural failure of 
respiratory epithelium even its destruction. This promotes 
bacterial invasion into deep layers of mucous membrane 
and formation of bacterial foci [7]. In time, epithelium 
metaplasia occurs into the transient and multi-layered flat 
epithelium and thickening of basal membrane that makes 
excreta release from submucosal glands difficult and leads 
to their atrophy. As a result, the synthesis of this excreta 
decreases and mucoid-serous layer thinners that causes 
frequent inflammation exacerbations.

Acute sinusitis may happen in cases of acute rhinitis as 
a result of infection spread from nasal mucosa to sinuses 
and disorder of sinuses barofunction [8]. The changes in 
paranasal sinuses involve the same changes in nasal cavity, 
so these diseases are defined as rhinosinusitis.

The block of natural sinus fistula and virulence of micro-
organisms that cause inflammation are the most important 
for the pathogenesis of acute sinusitis. Nasal respiratory 
failure caused by deformation of nasal septum, chronic 
polyposis rhinosinusitis and hyperplastic processes of nasal 
cavity, which decrease the drainage function of sinuses, 
is a contributing factor [9]. The disease is associated with 
the decreased activity of mucociliary transport system of 
the affected mucous membrane that causes a decreased 
resistance to infection, mucus congestion and contributes 
to the pathology progression [10]. Disorders of mucociliary 
transport mechanisms are the change in frequency and 
amplitude of cilia beat, duration of effective beat, ratio of 
recovery period and period of effective beat, as well as in 
course of cilia movement. The violation of nose and sinuses 
mucosa epithelium ultrastructure is the most significant of 
these functional changes.

Side wall of a nose is principal in the inflammatory 
processes formation in paranasal sinuses. The pathology 
of osteomalal complex (zone of natural sinus fistula) causes 
obstruction of sinuses venting holes and their insufficient 
aeration and pathological contents evacuation [11]. The 
main factors are: violations of natural sinus fistulae as-
sociated with the swelling of nasal cavity mucosa [12], its 
hyperplasia and various anatomical anomalous features. 
Endoscopy of nose cavity and maxillary sinus revealed 
anatomical structural disorders of osteomalactic complex 
that leads to a block of natural sinus fistulae: enlarged 
ethmoidal bulla, hyperpneumatization of agger nasi cellule, 
enlarged ancyroid process of ethmoidal bone, changes in 
nasal valve, etc.

Adenoidal vegetation is essential in the aetiology and 
pathogenesis of sinusitis. Children with adenoids often 
are diagnosed with maxillitis, clinically of different degrees 
[13,14]. In case of adenoids, the nose and throat are sep-
arated and the secretions that are delayed in nasal cavity 
easily get into maxillary sinus, especially when wiping, 
because air pressure decreases in it. In addition, adenoids 
cause venous stasis in nasal cavity, swelling of nose and 
sinuses mucous membrane, narrowing of venting holes that 
violates the maxillary sinus airway, and infection develop-
ment causes maxillitis.

Allergic factor is important for the pathogenesis of max-
illitis [15,16], staphylococci, streptococcus, micromyces, and 
allergic to house dust mite protein above all.

Chronic maxillitis develops with underlying significant 
quantitative and functional disorders of all levels of immune 
response [17,18], decrease in the content of immunoglobu-
lins A, E, G, M classes and interferon in blood, inhibition of 
phagocytic activity of neutrophil granulocytes and decrease 
in secretory Ig A in punctates of sinuses and saliva.

It is established that in phagocytosis the macrophages 
use active forms of oxygen (AFO) to neutralize phagocy-
tosed bacteria. Our study of the AFO in pathogenesis of 
maxillitis in the experiment on guinea pigs proved that on 
the 15th day of experimental sinusitis, in neutrophils the AFO 
content was in 1.73 times higher than normal (P < 0.02), 
on the 90th day – in 2.22 times (P < 0.01). In the group of 
animals with sinusitis and toxic hepatitis at the same days 
this value was significantly higher than in the pigs with 
sinusitis only (P < 0.05–0.001) [19].

It is established [20] that often recurrent maxillitis can 
be caused by secondary immunodeficiency. In cases of this 
pathology, individual variability in the content of proinflam-
matory cytokines is noted – the increase in IL-1β and IL-2 
level with underlying decrease in γ-interferon concentration 
in serum. In cases of chronic maxillitis combined with nasal 
polyposis, up-regulation TH2 of IL-4 and IL-5 cytokines is 
identified, IL-4 is associated with nasal polyps, and IL-5 
potentiates the immune response of fibroblasts; IL-8 is sub-
jected to up-regulation by epidermal staphylococcus [21].

In cases of acute chronic maxillitis, lipid peroxidation 
increases while the activity of antioxidant defence enzymes 
decreases [22]. Such an imbalance of oxidants can cause 
the development of oxidative stress that is characterized by 
additional production of active forms of oxygen. Uncontrolled 
generation of these forms and their derivatives causes 
damage to nucleic acids, enzyme systems, biomembranes 
that intensifies the pathological process. Investigation of 
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rheological properties of peripheral blood in cases of puru-
lent inflammation of sinuses [23] proved a disturbance in 
erythrocyte deformity, increase in their aggregation, as well 
as changes of their shape and volume. The importance of 
rheological disorders is directly related to intoxication degree 
and inflammatory process prevalence.

In cases of chronic polyposis maxillitis and ethmoiditis, 
hypoxia, endogenous intoxication and metabolic abnormal-
ities are the most significant among various pathological 
changes [23]. Similar signs occur in many diseases, toxic 
and viral hepatitis in particular. However, in these processes 
in cases of sinusitis liver has not been studied, even though 
it is involved into all types of metabolism and is crucial for 
detoxification of the body.

Endothelial dysfunction is one of the characteristic com-
ponents of many diseases development, both infectious and 
non-infectious. Its dysfunction is essential in inflammation 
and dystrophy of tissues development, because it causes 
changes in vascular wall permeability and rheological 
properties of blood, is involved into haemostasis, affects 
the activity of platelets and leukocytes. The Villebrand 
factor and thrombomodulin may be objective markers of 
endothelial dysfunction.

In patients with acute and chronic purulent max-
illitis at the beginning of in-patient treatment, that is 

at the height of the disease [24], the concentration of 
the Villebrand factor was significantly higher than normal 
(P < 0.02–0.03). At the early stage of convalescence, 
when patients were dismissed from hospital, the Villebrand 
factor was significantly lower than at the beginning of the 
treatment.

In the height of the disease, the concentration of throm-
bomodulin in blood serum of the patients with both acute 
and chronic purulent maxillary sinusitis was significantly 
higher than normal (P < 0.02) [25].

Autonomic nervous system is very important for the de-
velopment and pathogenesis of sinusitis, since it controls 
the secretion of mucosa glands and its vessels tone. Clin-
ical and experimental studies [26] prove that in the chain 
of etiological and pathogenetic factors that predispose to 
the development of sinusitis; neurotrophic disorders are 
significant and often determining, because they provide a 
favourable conditions for further disease-causing involve-
ment of bacterial flora. The trigeminal nerve transection in 
a rabbit allows obtaining a sinuses inflammation pattern, 
which can be used for studying the significance of nervous 
trophy disorder in pathogenesis of chronic maxillitis [27].

Experimental maxillitis, firstly simulated in guinea pigs 
by intersection of upper cervical sympathetic ganglion, 
caused structural changes in mucous and submucous 
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Fig. 1. The main factors of aetiology and pathogenesis of maxillitis.
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tissue of denervated sinus. At the 15th and 35th days 
of the experiment, the increase of mucosa swelling 
(associated with accumulation of serous exudate and 
leukocyte infiltration), dystrophic and necrotic changes in 
epitheliocytes and a sharp decrease in their regenerative 
activity were evidenced. At 70th day, the mucous membrane 
thickening was observed due to the expressed hyperplasia 
of epithelial cells, which was manifested by the exten-
sion of their cytoplasm and nucleus, that proves high 
mitotic activity. Subsequently (90th day) there were some 
structural changes: hyperplasia and severe lymphocytic 
infiltration. Structural changes of the affected sinus bone 
plate were noticed: decreasing of its thickness (15–90th 
day of the experiment), osteodystrophy development and 
osteopenia signs [28].

The course of experimental sinusitis caused by inter-
section of the upper cervical sympathetic ganglion in guinea 
pigs with underlying tetrachloromethane hepatitis was char-
acterized by a more intensive structural reconstruction of all 
layers of denervated sinus wall and intensification of dystro-
phic and necrotic changes, oedema and proliferative pro-
cesses. The tissue resorption of bone layer increased due 
to the reduction of intercellular matrix synthesis, decrease 
in the number of osteoblasts and increase in the number of 
osteoclasts. In this combined pathology the concentration 
of medium mass molecules (MMM) MMM254, MMM280 in 
serum and content of active forms of oxygen in neutrophilic 
leukocytes and lymphocytes were higher than in animals 
with sinusitis only [29].

The pathogenesis of maxillitis considering the results of 
the experimental studies is presented in the Fig. 1.

The study of pathogenetic influence of the disorders of 
sympathetic innervation, tissue immunity, microcirculation, 
endotoxicosis, content of free forms of oxygen and changes 
in hepatic functions on the development of inflammatory 
and dystrophic as well as sclerotic processes in mucous 
membrane and submucous tissue, as well as osteosclerosis 
and osteoporosis of maxillary sinus walls in cases of acute 
and chronic sinusitis in experiment and clinical setting is im-
portant for the development of new, high-efficient treatment.

Conclusions
1. Pathogenic and potentially pathogenic bacteria, 

fungi and viruses, which are usually spread to sinuses 
from meatus, are the main etiological factors of maxillitis.

2. Endotoxicosis, disorders of tissue immunity and mu-
cociliary clearance, inflammatory and dystrophic changes 
in mucous membrane and bone layer of sinus walls and 
development of osteosclerosis, osteopenia and osteopo-
rosis are crucial for the pathogenesis.

3. In the experiment on laboratory animals, significant 
influence of neurotrophic disorders on the development of 
acute and chronic maxillitis has been proved.

4. Immunodeficiency, cryoglobulinemia, adenoid veg-
etations, anatomical anomalies of nose, hepatic failure are 
the confounding factors.
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