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The novel coronavirus spread worldwide in 2020, causing millions of deaths and disabilities. Even though the
virus was considered a respiratory virus, its adverse effects can be detected in several body systems. The article
describes COVID-19 disease and its complications in the maxillofacial area. Several complications develop either
in response to therapeutic modalities used to treat the underlying disease, or due to overuse of particular
medications namely glucocorticoids, antirheumatic agents, interleukin 6-inhibitors, and antibiotics. This article
will describe a number of complications ranging from mild complications to severe ones such as osteonecrosis of
the upper jaw and facial bones, ophthalmologic and neurological complications. It will also summarize recom-
mendations that will help prevent or minimize these complications.

1. Introduction

Since SARS-CoV-2 virus (severe acute respiratory syndrome virus-2)
was first reported in Wuhan, China in late 2019, it has been causing
successive waves of infections in different countries worldwide. Death
and other serious complications were often attributed to the associated
pathologies of coagulopathy, a cytokine storm, and multiorgan failure.
Several co-morbidities, obesity, and old age are considered the main
factors contributing to the severity of the disease [1-3].

Even though the virus belongs to the category of respiratory viruses,
it can adversely affect multiple tissues and organs. Shortness of breath
and respiratory complications lead to a severe acute respiratory syn-
drome, followed by pneumonia, and other complications including heart
damage, renal failure, and gastrointestinal tract disorders [4-7]. The
disease also causes severe complications in the facial area, osteomyelitis
or osteonecrosis of the jaw, thrombosis of the cavernous sinuses, vision
loss, neurological complications, disability, and death [8-10].

This article aims to highlight various complications caused by
COVID-19 or its therapeutic modalities in the maxillofacial region.
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2. Materials

In this analysis, articles describing the changes and complications
observed in the oral cavity and facial area in the early and late stages of
COVID-19 disease were searched on the Internet. We used the following
data sources: PubMed, Elsevier, Google Scholar, Google search,
ResearchGate, Embase, Springer, Wiley, Lancet and grey literature. The
following combinations of key words were searched: COVID-19; SARS-
CoV-2; new coronavirus and oral changes, jaw osteomyelitis, jaw
osteonecrosis, mucormycosis. The articles found were read and analyzed
according to their importance. In addition, attention was paid to the
effects of drugs used in the treatment of COVID-19 as a cause of com-
plications or a factor increasing the susceptibility to complications.
Bibliography of the selected articles were also screened for the same
keywords.

3. Results
Articles included consisted of 25 letter-to-the editor, 80 case reports,

35 clinical trials, and 39 meta-analyses published during the pandemic
period.
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3.1. Oral mucosa

Most case reports reported oral lesions that manifested in the early
stages of the disease. In articles published in the early stages of the
pandemic, potentially persistent conditions in the oral cavity, such as
geographic tongue, and fissured tongue have been linked to Covid-19
disease. In addition, multifactorial clinical conditions in patients such
as white spots on the tongue, palate, lips, numerous painful ulcers, non-
specific nodules, small rashes, petechiae, geographical and cracked
tongue, pustular enanthema, desquamative gingivitis, erythema were all
attributed to Covid-19 without substantiation [11-18]. Scientists have
analyzed the occurrence of such symptoms in the acute phase of the
disease, ie in the early stages, as one of the first signs of Covid-19. This
was explained by the fact that the virus enters the body through the
angiotensin converting enzyme 2 (ACE 2) receptors and the abundance
of these receptors in the mucous membranes of the mouth, tongue,
salivary glands, as well as in the lungs, gastrointestinal tract [19-22].
Soares explained this hypothesis by an immunohistochemically method
by detecting viral spike-protein in necrotic foci on the lip [23]. Some
scientists have questioned this hypothesis, suggesting that changes in
the oral cavity (candidiasis, ulcers) may be due to the simultaneous and
continuous use of many drugs and due to their side effects. Compro-
mised health, weakened immunity, and other systemic disorders caused
by SARS-CoV-2 virus, existing saprophytes and conditionally pathogenic
viruses, as well as bacteria all contribute to pathologic changes in the
oral cavity during this period [24-27]. Most of these articles capture
images showing changes in the oral cavity of patients, which is not
enough to diagnose the condition, requiring a deeper approach to the
issue.

Another notable feature was the histological and microscopic ex-
amination of a biopsy sample at the lesion site, in which inflammatory
infiltrate, epithelial vacuolization, exocytosis, foci of necrosis in the
intrinsic layer, and vascular thrombi were observed. It has been reported
that thrombi are endothelial cells and are fibrin-based [22,28-31].

Finally, Favia et al. were able to classify oral cavity lesions based on
the clinical conditions observed in 123 patients, whereby lesions of the
oral mucosa are divided into 4 groups: [31].

1. Probable, pre-existing conditions, all para-physiological lesions
prevalent in the general population (geographical tongue or tongue
fissures).

2. SARS-CoV-2-related lesions. The author considered that the changes
that occurred during the acute period of the disease, in conjunction
with general symptoms, or within 1 week after the onset of general
symptoms were virus-related. For example, early petechiae are a sign
of vasculitis caused by SARS-CoV-2. Such changes were observed in
65% of patients.

3. Treatment-related changes. Injuries that occurred after the start of
Covid-19 special therapy; For example, late petechiae or bullous
angina are the results of angina-anticoagulant therapy, candidiasis-
corticosteroid, and antibiotic treatment.

4. Conditions associated with poor oral hygiene. (plaque, wound-
necrotic gingivitis) [31].

3.2. Salivary glands

There are sources in the literature that have observed acute or
chronic sialoadenitis in the Covid-19 patients, and this was hypothesized
to be one of the first signs of the disease. In the clinical cases reported in
the articles, cases of acute parotitis/intraparotid lymphadenitis were
confirmed by ultrasonography, MRI, and observed in the acute phase of
coronavirus disease. This was attributed to the abundant ACE2 receptors
in the salivary glands which constitute one of the organs where the virus
enters. There are hypotheses that the virus, which enters the salivary
gland epithelial cells through ACE2 receptors, replicates and causes lysis
and inflammation [32-35]. It was noted that the presence of a certain
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concentration of SARS-CoV-2 virus in the saliva allows early and easy
diagnosis of Covid-19 using saliva testing [36-38].

3.3. Osteonecrosis/osteomyelitis

In clinical practice, serious complications and osteonecrosis osteo-
myelitis of the maxillofacial bones, especially osteomyelitis of the upper
jaw, have been observed after COVID-19. Coagulopathies and the
development of microthrombi occurring in this disease also disrupt
microcirculation and the occurrence of a local ischemic state, which is
likely to be the cause of the osteonecrosis of the jaw. One of the theories
related to the origin of osteonecrosis is the presence of viral particles in
the blood vessels, the production of large amounts of cytokines, namely
interleukin-1 (IL-1), gamma interferon (IFN-b), alpha tumor necrosis
factor (TNF-a) which cause lymphocytic vasculitis, whereas T helpers,
and T-killer cells induce B cell migration, resulting in increased degra-
dation processes [39]. The development of osteonecrosis can be also
induced by certain drugs. Few studies were in the form of clinical,
cohort, randomized trials that described such a complication observed
during a pandemic [40].

There are analytical articles and letters to the publisher that some
drugs used in the treatment of COVID-19 may cause osteonecrosis of the
bones. According to them, bisphosphonates, chemotherapeutic drugs,
immune drugs, as well as long-term rheumatic drugs used in the treat-
ment and rehabilitation of SARS-CoV-2, interleukin-6 inhibitors, corti-
costeroids also increase the risk of upper jaw osteomyelitis or
osteonecrosis [65-67].

Medication-related osteonecrosis of the jaw (MRONJ) - the exact
etiopathogenesis of which is unknown, is more common in Asian peo-
ples than in the United States or Europe. Jawbones are more sensitive to
drugs than other bones. This can be attributed to the high (adverse)
effects of drugs due to the remodeling of the facial-jaw area (especially
alveolar growth and periodontium) due to high vascularity, metabolic
rate, and constant mechanical impact. The development of jaw osteo-
myelitis occurs due to inhibition of angiogenesis, reduction of innate or
acquired immunity, persistent micro-trauma, inflammatory or existing
effects of infectious processes [69].

Because osteonecrosis of the jaw is a very severe, untreatable process
that lasts for years, special attention must be paid to the factors
contributing to its etiology. Histologically, MRONJ appears similar to
osteomyelitis, and it is not clear whether infection is the cause or
consequence of bone exposure. Interleukin-6 mediates a wide spectrum
of biological activities including activation of T cells, differentiation of B
cells, induction of acute phase reactants, proliferation of fibroblasts, and
damage to cartilage and joints [68]. The drugs tocilizumab and sar-
ilumab recommended by WHO for the treatment of Covid-19 have been
scientifically proven to reduce the risk of death. Tocilizumab is a widely
used drug primarily in the treatment of rheumatoid arthritis and retains
human monoclonal antibodies that inhibit interleukin-6 (IL-6R) receptor
signal transmission. However, restoration of T-lymphocyte numbers due
to the blockade by these drugs of IL-6 in COVID-19 and that they cause
osteonecrosis, requires further investigation. It has been noted that
denosumab of the same composition causes MRONJ, and the presence of
pathogenic infection in the oral cavity (periodontitis, periodontal dis-
ease) in dental patients, even in minor operations (tooth extraction),
increases the risk of complications by several times [70-73].

Leflunomide (Arava) -modified antirheumatic drug has been used for
many years, often with bisphosphonates and methotrexate. Studies have
shown that induced RANK-L blocks the differentiation of osteoclasts and
inhibits tyrosine kinases. This drug, like the above mentioned immu-
nosuppressants, increases the risk of MRONJ during bone modulation
and antiangiogenic therapy. Specifically, as a result of taking alendronic
acid for 2 years and leflunomide for 6 years, 102 patients examined in
clinical practice were reported to have been diagnosed with bilateral
osteonecrosis of the maxilla after tooth extraction. In two more case
reports, spontaneous necrosis of alveolar processes was observed when
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methotrexate was used. Lymphoproliferative disorders have been re-
ported in osteonecrosis associated with methotrexate. In addition, there
are some other anti-angiogenic drugs - bevacizumab, aflibercept, suni-
tinib, temsirolimus, and everolimus - that have been reported to cause
osteonecrosis of the jaw [73-75]. There is also evidence in the literature
that the bisphosphonate group and other drugs commonly used in the
treatment of tumors and osteoporosis cause osteonecrosis [76-79]. It
has been suggested that in such cases, adverse oral conditions, minor
surgery, or trauma may contribute to the development of the disease on
the background of bone changes caused by drugs [80-82].

Although treatment of rheumatic and autoimmune complications in
patients who had Covid-19 is important for maintaining their health, the
risk of osteonecrosis of the maxillofacial bone must be considered when
choosing drugs. Elimination of autoimmune condition such as long-term
elevation of C-reactive protein, interleukin-6, and rheumatoid factor in
patients with Covid-19, normalization of blood values, and recovery of
the patient’s condition is certainly primary, but GPs and rheumatologists
are advised to choose drugs that have fewer side-effects. MRONJ-is a
very serious complication and difficult to treat. Given that the facial jaw
area is close to the brain, the probability as a cause of death and
disability in patients is very high [83-85].

Another group of drugs that are widely used in the treatment of
Covid-19 is corticosteroids. Dexamethasone, and prednisolone are
consistently recommended in countries around the world to stabilize the
condition of patients not only in the acute phase of ARDS and pneu-
monia but also during the rehabilitation period. Sources report that
glucocorticoids (GCS) reduce the negative effects of inflammatory me-
diators during cytokine storms, leading to improved pulmonary venti-
lation, reducing the risk of death [86,87].

GCS initially weaken the immune response and reduce capillary
dilation and exudation, leukocyte infiltration, and phagocytosis. Also,
they inhibit the proliferation of fibroblasts in the advanced stages. The
nuclear transcription factor binds to kB (NF-kB) receptors and reduces
the secretion of inflammatory mediators (cytokines, chemokines, cell
adhesion molecules, inflammatory enzymes) and their receptor
blockade. At the same time, it was suggested that, due to several side
effects, such as hyperglycemia, hypokalemia, hypocalcemia, immuno-
suppression, there may be a risk of developing various infections and
prolonging the treatment period [88].

In his analytical article, Dalto combined 13 articles on the develop-
ment of osteonecrosis as a result of treatment of COVID-19 with gluco-
corticosteroids and noted and explained that glucocorticosteroids cause
avascular necrosis, psychosis, and adrenal dysfunction. Studies in ani-
mals and humans have shown that GCS inhibits the maturation of os-
teoblasts and leads to apoptosis. Stimulation of macrophage colony-
stimulating factor (M-CSF) binds to an activator of the nuclear factor-
kappa B receptor (RANKL) in osteoblasts and stromal cells and de-
creases the production of osteoprotegerin, which in turn leads to a
decrease in osteoblast function and the activation of osteoclastogenesis.
Glucocorticosteroids inhibit hydroxysteroid dehydrogenase type 2
(HSD2, an enzyme that inactivates GCs) and affect osteoblast stagnation,
number, and bone formation due to prednisolone. In addition to the
production of sex hormones, bone morphogenetic protein, insulin
growth factor, and osteocalcin secretion are also reduced, which also
hurts intestinal absorption of calcium [89-91].

In addition, high doses of corticosteroids increase Willebrand factor
levels in plasma. Willebrand factor (vWF) is produced and stored in
endothelial cells, so an increase in its concentration means endothelial
cell damage. Vascular glucocorticosteroid injuries induce platelet
adhesion and aggregation, leading to thrombosis and avascular necrosis.
Hormone treatment of Covid-19 has been shown to increase the risk of
developing avascular necrosis as it exacerbates coagulopathy. Shetty
noted that minor injuries in such patients, particularly tooth extraction,
may contribute to the development of osteonecrosis [92-94]. Mehta
noted that corticosteroids should be used only in refractory septic shock
and acute respiratory distress syndrome due to decreased renal function
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and induction of avascular necrosis [95]. Yang, Tang, Zhang, and other
Chinese scientists have repeatedly stated that this group of drugs causes
osteonecrosis and have recommended that treatment should be moni-
tored for calcium intake, vitamin D and MRI, MSCT if necessary
[96-98]. In addition, Yong Xiong et al. stated that glucocorticoids
reduce the response of antibodies to viral clearance, causing osteopo-
rosis and avascular necrosis [99]. Law et al. explained that pelvic ne-
crosis develops due to high doses of these drugs [100]. Literature sources
have reported that patients treated for Covid-19 have developed oste-
omyelitis or osteonecrosis of other bones (foot, palm, umbilical cord)
under the influence of steroids and other factors [100-107].

3.4. Vascular, thrombotic and neurological complications

Boymuradov et al. described the clinical course of coronavirus
complications in 52 patients with osteomyelitis of the jaw, neurological
symptoms (trigeminal nerve paresthesia, facial nerve paresis, head-
ache), unilateral chronic hemisinusitis, and orbital fissure syndrome.
The authors found that despite the complex treatment, the inflammatory
process was very slow and progressive, the sequestration process was
delayed for 1 year, and sequestration was observed in a small number of
patients (28.9% of patients). Cavernous sinus thrombosis, facial vein
thrombophlebitis, removal of facial and jawbones, loss of vision, and
other serious injuries are complications that can lead to disability and
death in patients, reducing the quality of life [41-43].

Turbin described the clinical condition of 2 adolescents with poly-
sinusitis, orbital cellulitis, periorbital edema, local hemorrhage, superior
ophthalmic venous thrombophlebitis, cavernous and dural venous sinus,
facial venous thrombosis, retromaxillary, and intracerebral radiological
changes due to COVID-19. Patients underwent endoscopic frontal
sinusotomy, total ethmoidectomy, upper jaw antrostomy, and removal
of thickened, purulent, polypous mucosa. No fungi were observed in the
cultures, gram-positive cocci, mainly C beta-hemolytic streptococci
were grown [44]. Hypercoagulability in COVID-19 has been shown to
lead to ocular vascular thrombosis, leading to blindness, as well as
observed other ophthalmic complications (symptoms of dryness, foreign
body sensation, pain, conjunctivitis, decreased visual acuity) [45-47].

3.5. Opportunistic deep infections

Abuse and overuse of drugs in the treatment of coronavirus disease
can lead to the pathogenicity of saprophytic bacteria and fungi in the
body. Invasive fungi have also been reported in the literature as a cause
of osteonecrosis. Naturally, the constant and consistent use of antibiotics
promotes the development of fungi. Fungi belonging to the family
Mucorales are highly adhesive and cause mucormycosis. Phygomycetes
and Zygomycetes, which belong to this family, have a high degree of
adhesion-lethality. Although these fungi are found in the nasal mucosa
in the form of saprophytes, they become aggressive and cause disease in
uncontrolled diabetic patients, in cases of hemodialysis, immunodefi-
ciency, when taking high doses of glucocorticosteroids, in presence of
burns and injuries, and other concomitant diseases [48-52].

Moorthy et al. observed facial and jaw bone necrosis, inflammation,
vision loss, ptosis, sinusitis, palatal and alveolar necrosis in 18 patients
with COVID-19 in India. In this case, the long-term treatment of patients
with glucocorticoids and the proliferation of uncontrolled diabetes fungi
are the main cause of the development of mucormycosis. Mucorales and
in 2 cases Aspergillosis fungi have been reported to be the cause of
unpleasant profound changes. 14 patients underwent necrotic upper jaw
removal surgery, all patients underwent endoscopic sinus surgery, and 9
patients underwent intracranial extension. Occlusion of the central
ciliary artery and retinal artery due to this disease was the main cause of
blindness in 12 patients, and 7 patients had to have their eyes removed
to prevent the spread of the fungus to the base of the brain [53].

Waizel-Haiat observed thickening of the mucous membrane in the
maxillary, ethmoidal, sphenoidal, and lateral sinuses in MSCT, and
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subsequent necrotic changes in a 24-year-old woman who underwent
Covid-19 on the background of symptoms such as the left eyelid, peri-
orbital edema, ptosis, and decreased sensation on this side. Rhino-
orbital-cerebral mucormycosis and other complications of Covid-19
resulted in the death of the patient. Rhizopus fungus has been re-
ported to be the cause of the disease [54]. Amanda Werthman: in a
Somali woman, the clinical course of Covid-19 was characterized by
psychological disorders such as ptosis, ophthalmoplegia, a dry black film
on the palate, which the doctor described as rhino-orbital-cerebral
mucormycosis, staphylococci were found along with fungi in the
cultured bioptate [55].

Alekseyev et al. observed the brain abscess, changes in the area of the
temporal lobe, cavernous sinus due to mucormycosis in a 41-year-old
man. Due to rhinocerebral mucormycosis, the patient had partial
removal of the nasal septum, complete sinus cavity, sphenoidal and
ethmoidal bones, palatal bone, and other necrotic tissue [56].

Similar conditions lead to deep and irreversible changes that damage
the brain and nerves through the nasal and nasal adjacent cavities. In
addition to the rhinocerebral form, it can cause disease in the lung,
gastrointestinal, skin, and disseminated cases [57-59]. Increased blood
glucose in patients, ketoacidosis, acidic shift of pH reduce the resistance
of neutrophils to normal activity, ie against fungi and bacteria. The
change in pH releases iron-protein complexes, which causes fungi to
take advantage of free iron and become more active. In this disease,
along with osteonecrosis of the maxillofacial bones, severe ophthalmo-
logical (loss of vision, ptosis, diplopia, periorbital edema, apex orbital
syndrome) and neurological (cranial nerve palsy) and psychological
changes are noted. In all cases, surgical intervention combined with
medication is required [60-64].

4. Conclusion

Thus, serious complications are observed in the facial area due to
Covid-19 disease and/or its treatment. Most of them are directly or
indirectly related to drugs that occur during treatment. The individual
approach to each patient in the treatment of such conditions, the choice
of optimal drugs by doctors leads to the prevention of many complica-
tions. From small changes in the oral cavity to osteonecrosis of the face
and jaw and other changes in the body require long-term follow-up and
thorough scientific examination. Of course, this short period of 1 or 2
years is not enough for long-term follow-up of some facial-jaw area
complications — such as osteonecrosis or osteomyelitis — so this anal-
ysis should be continued and cohort, randomized trials should be carried
out.
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