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Editorial

Editorial for Special Issue “Exclusive Papers of the Editorial
Board Members of Oral”

Giuseppina Campisi

Department of Rehabilitation, Fragility and Continuity of Care, Unit of Oral Medicine, University Hospital
Palermo, 90127 Palermo, Italy; campisi@policlinico.pa.it

1. Introduction

In 2022, the World Health Organization (WHO) released a landmark report on oral
health, emphasizing the staggering global prevalence of oral disorders, which affect ap-
proximately 3.5 billion individuals [1]. These conditions are among the most widespread
noncommunicable diseases, significantly burdening low- and middle-income nations. The
report underscores that oral health is vital not only for fundamental functions such as
breathing, speaking, and eating but also for people’s overall health, well-being, and so-
cial confidence.

Despite its critical importance, oral health is constantly threatened by a range of
diseases and conditions, compounded by significant disparities in the cost and accessi-
bility of care. Marginalized and disadvantaged populations are particularly vulnerable
to these issues. The WHO report highlights that many oral illnesses can be effectively
treated and prevented with affordable measures. Strategies that address common risk fac-
tors among noncommunicable diseases are especially promising, particularly in resource-
constrained settings.

To address these challenges, it is essential to have a well-trained and adequately staffed
dental workforce and to integrate oral health services into universal health coverage plans,
ensuring that these services are both accessible and affordable.

Specialized journals such as Oral from MDPI play a crucial role in advancing this
mission by promoting and disseminating research across a broad spectrum of oral health
topics. This Special Issue exemplifies the Editorial Board’s dedication to exploring a diverse
range of critical areas, each contributing valuable insights into the field.

The studies in this Issue cover a wide array of topics, reflecting the heterogeneity and
complexity of oral health. They include comparative histopathological analyses that deepen
our understanding of disease mechanisms, reviews of rare benign tumors that inform diag-
nostic and therapeutic strategies, and investigations into medication-related osteonecrosis
that highlight the intersection between oral health and systemic disease. Additionally, the
Issue addresses primary failure of eruption, the interplay between periodontal disease and
systemic conditions, the impact of post-acute COVID-19 syndrome on oral function, and
oral complications arising from cancer therapies. Furthermore, it explores the transforma-
tive potential of digital health technologies in oral care, the innovative use of photodynamic
therapy in treating oral cancers, and novel approaches to orthodontic challenges.

The breadth of these topics underscores the necessity of comprehensive research to
address the multifaceted nature of oral health. By delving into these diverse areas, the
studies contribute to a deeper understanding of oral health, inform clinical practice, and
ultimately aim to improve patient outcomes. The commitment to such a wide-ranging
exploration of oral health issues is both timely and essential for advancing the field and
addressing the significant global burden of oral diseases.

With this vision in mind, some of the Editorial Board members of Oral have made
scientific contributions to this Special Issue. Here, we present an overview of these pub-
lished articles, showcasing this diverse and impactful research aimed at advancing the
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field of oral health. Their dedication to and passion for addressing these critical topics are
evident, and their contributions significantly enhance our understanding and approach to
improving oral health worldwide.

2. Overview of Studies

The study by Favia et al. (contribution 1) explores the efficacy of carrying out a com-
parative histopathological analysis between syndromic and non-syndromic odontogenic
keratocysts (OKs), employing both conventional and Confocal Laser Scanning Microscopy
(CLSM). Their investigation reveals some of the distinctive features of syndromic OKs,
including increased satellite cysts, a basophilic layer in the basement membrane, and
heightened cellular activity, as detected by CLSM. These findings suggest a potential
correlation between histopathological characteristics and the biological behavior of OKs,
particularly in terms of recurrence rates. The authors conclude that CLSM represents a
valuable technology for distinguishing between syndromic and non-syndromic OKs, aiding
the precise prediction of their biological behavior. This could facilitate tailored clinical and
radiological follow-ups for patients. Notably, the study underscores the importance of
novel histopathological findings, particularly those identified through CLSM, in advancing
our understanding and the early diagnosis of conditions like Nevoid Basal Cell Carcinoma
Syndrome (NBCCS), where OKs may serve as an initial manifestation.

The study’s strengths lie in its comprehensive approach, combining conventional
histopathology with advanced imaging techniques, and its focus on clinically relevant
outcomes, such as recurrence rates. However, the authors acknowledge various limitations,
such as the absence of discrimination between orthokeratinized and parakeratinized ker-
atocysts and the lack of correlation with immunohistochemical analyses. Despite these
limitations, the study advocates for the potential integration of CLSM as a supplementary
tool in oral pathology, offering insights into the molecular and morphological distinctions
between syndromic and sporadic OKs.

Antonelli et al. (contribution 2) conducted a comprehensive review of intraoral sialade-
noma papilliferum (SP), a rare benign epithelial tumor originating from the salivary gland.
Published in Oral in 2022, the study aims to elucidate the clinical and histopathological
diagnostic features of this condition. SP was first described in 1969 and poses diagnostic
challenges due to its rarity. The review analyzed 64 reported cases, highlighting the fact
that SP predominantly affects males with a mean age of 57.2 years. The most common site
is the palate, often presenting as a slow-growing, asymptomatic papillary lesion. Histo-
logically, SP exhibits characteristic features such as papillary projections lined by two or
three layers of cells. Treatment typically involves conservative excision. Despite concerns
about malignant transformation, SP is generally considered to be a benign neoplasm with
low recurrence rates. However, a few cases with uncertain malignant features have been
reported, warranting further research to clarify their biological behavior and histogenesis.
The authors conclude that SP, though rare, should be considered in the differential diagno-
sis of intraoral swellings, particularly those located on the palate, and advocate for more
studies to understand its biology better.

The retrospective cohort study conducted by Mauceri et al. (contribution 3) investi-
gates the onset of Medication-Related Osteonecrosis of the Jaw (MRONJ) in breast cancer
(BC) patients following a switch from low doses (LD) to high doses (HD) of bone-modifying
agents (BMAs) due to the development of bone metastases. The study outlines the preva-
lence of MRONJ, primarily associated with BMAs, in the context of breast cancer therapy,
which often leads to cancer treatment-induced bone loss (CTIBL) necessitating LD-BMAs
treatment. The objectives include describing the characteristics of BC patients under-
going treatment with LD-BMAs for CTIBL prevention, documenting any transitions to
HD-BMAs, assessing the occurrence of MRONJ, and identifying potential associated risk
factors. Fourteen female BC patients with a mean age of 66.6 years receiving LD-BMAs for
CTIBL prevention were included in the study. Among them, four patients were switched
to HD-BMAs due to bone metastases. Intriguingly, MRONJ developed in two of these
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patients: one in the mandible after being on risedronate followed by denosumab (HD) and
the other in the maxilla after denosumab (LD) followed by zoledronate treatment. The
authors conclude that BC patients undergoing treatment with LD-BMAs for CTIBL may
face a MRONJ risk similar to osteo-metabolic patients. Therefore, meticulous monitoring
of oral health is recommended for these individuals, especially considering the potential
transition from LD to HD BMA therapies for bone metastasis, which can increase the risk
of MRONJ.

This research sheds light on the importance of vigilant oral health surveillance and
risk assessment in BC patients undergoing BMA therapy, particularly in the context of
treatment adjustments for bone metastases, to mitigate the potential occurrence of MRONJ.

In their narrative review, Testarelli et al. (contribution 4) explore the clinical, genetic,
and therapeutic aspects of primary failure of eruption (PFE), a condition characterized by
incomplete tooth eruption despite a clear pathway. The authors conducted a comprehensive
literature search, summarizing findings from 12 relevant articles published between 2008
and June 2022. The authors highlight the predominance of genotypical discussions (ten out
of twelve articles) concerning PFE, emphasizing the role of PTH1R mutations in disrupting
the balance between bone resorption and apposition during tooth eruption. Phenotypical
aspects and epidemiological data were also discussed, but treatment options received less
attention, with only three out of the twelve articles addressing this aspect.

The review investigates epidemiological variations in PFE prevalence and gender dis-
tribution, emphasizing the need for further research to clarify these disparities. It identifies
distinct PFE types based on eruption potential and distribution patterns. Additionally, the
review underscores the familial inheritance of PFE, particularly mutations in the PTH1R
gene, affecting calcium metabolism and bone resorption. Testarelli et al. advocate for a
differential diagnosis between PFE and other conditions to inform appropriate treatment
strategies. They emphasize the importance of PTH1R screening before orthodontic inter-
ventions to mitigate the risk of ankylosis and iatrogenic damage. However, the review
acknowledges that there is a dearth of information on treatment modalities, stressing the
necessity for future studies to guide effective therapeutic approaches tailored to individ-
ual patients.

The fifth text published in this Special Issue is a systematic review by Meneu et al.
(contribution 5) on the potential aggravating effect of periodontitis on psoriasis. Psoriasis,
a chronic inflammatory disease, has been associated with periodontal pathologies, particu-
larly periodontitis. The aim of the study was to determine if periodontitis could exacerbate
psoriasis. Following the PRISMA guidelines, the authors conducted a comprehensive
systematic review, employing a PECO (Participants, Exposure, Control, and Outcomes)
question model. They searched various databases and identified 111 studies, of which
11 met the inclusion criteria. These comprised nine case-control studies, one cross-sectional
study, and one cohort study. Most studies reported an increase in bleeding on probing and
the presence of periodontal pockets in patients with psoriasis, suggesting that local peri-
odontal inflammation could aggravate psoriasis. The included studies evaluated various
periodontal parameters such as probing depth (PD), clinical attachment loss (CAL), and
the community periodontal index of treatment need (CPITN). While some studies found
differences in these parameters between psoriasis patients and controls, the results were
not consistent across all studies. The prevalence and the incidence rates of periodontitis
were higher among psoriasis patients compared to controls in several studies, indicating
a potential association between psoriasis and periodontal disease. The systematic review
concludes that periodontitis could aggravate the clinical manifestations of psoriasis. The
bidirectional association between the two conditions is attributed to shared immunological,
microbiological, and environmental factors. The findings highlight the importance of dental
examination and treatment in patients with psoriasis to improve systemic inflammatory
processes and potentially mitigate the progression of psoriasis.

Pugliese et al. (contribution 6) aimed to investigate masticatory function levels in
post-acute-COVID-syndrome (PACS) patients with and without sarcopenia. The study
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included twenty-three PACS patients, among whom thirteen suffered from sarcopenia, five
complained of asthenia without sarcopenia, and five had neither muscle symptoms nor
asthenia. Masticatory strength and effectiveness were assessed using a gnathodynamome-
ter and a chewing gum mixing ability test, respectively. Additionally, hand grip and gait
speed tests were conducted. The findings revealed that PACS sarcopenic patients exhibited
decreased masticatory effectiveness and strength compared to asthenic non-sarcopenic
patients and non-asthenic non-sarcopenic patients. The study also explored medical his-
tory, anatomo-functional analysis, intra-oral examination, and bite force measurement.
Notably, the research suggested a correlation between oral health, particularly the number
of teeth and the DMFT index, and masticatory performance in PACS patients. Despite
the limitations, including the lack of pre-COVID-19 chewing performance data and the
small sample size, the study underscores the importance of addressing oral health issues in
PACS patients through a multidisciplinary rehabilitation approach. Further research with
larger cohorts is recommended to validate these findings and assess the clinical utility of
the gnathodynamometer as a bite force measurement tool.

Authored by Nicolatou-Galitis et al. (contribution 7), the seventh study in this Spe-
cial Issue investigates the oral complications experienced by 24 patients with cancer who
underwent immunotherapy between 2017 and 2022. The average age of the patients was
64 years, with lung cancer being the most prevalent form of cancer within the cohort.
During immunotherapy, the patients presented with various symptoms, including oral
pain, xerostomia, burning sensations, and gingival bleeding. Notably, immune-related
lesions affected 62.5% of the patients, with three cases exacerbating pre-existing autoim-
mune diseases. Moreover, six cases of oral infections and six cases of medication-related
osteonecrosis of the jaw were identified, highlighting the multifaceted nature of oral com-
plications in immunotherapy. Of significance is the observation that patients previously
or concurrently treated with other anticancer therapies appeared to be at a higher risk
of experiencing oral issues. The findings of Nicolatou-Galitis et al. underscore the im-
portance of vigilant monitoring and management of oral health during immunotherapy,
emphasizing the need for multidisciplinary collaboration among oncologists, dentists, and
other healthcare professionals. Understanding the potential oral complications associated
with immunotherapy is essential for optimizing patient care and outcomes in the rapidly
evolving landscape of cancer treatment.

The article authored by Di Fede et al. (contribution 8) inquiries into the increasingly
critical role of digital health technologies, such as telemedicine and teledentistry, in modern
healthcare, particularly accentuated by the SARS-CoV-2 pandemic. These technologies
offer significant advantages in terms of reducing healthcare provider workload and en-
hancing patient outcomes, especially in scenarios requiring remote monitoring, diagnosis,
and communication. However, alongside these benefits, concerns regarding clinical risks,
data security, and privacy protection have emerged. The paper conducts a scoping review,
following the PRISMA-ScR guidelines and Arksey and O’Malley’s five-step framework,
to explore the regulatory landscape surrounding the utilization of digital health apps and
software in healthcare. Examining 24 selected articles, the review highlights a predominant
focus on data security policies within the healthcare industry, underscoring the necessity for
robust regulations and app control systems to safeguard patient data effectively. Moreover,
the review identifies a pressing need for enhanced research efforts and policy initiatives to
bolster data security practices and address privacy and safety challenges associated with
health-related apps. Notably, inconsistencies in standards regarding professional obligation
and informed consent in online medical consultations are noted, posing risks concerning
data privacy, medical liabilities, and ethical considerations. Despite the transformative po-
tential of digital health in revolutionizing medical service delivery, the article underscores
existing challenges, including the absence of standardized protocols for handling sensitive
patient data and the lack of uniform legislative provisions. These deficiencies raise signifi-
cant concerns regarding confidentiality and security in digital healthcare ecosystems. The
authors emphasize the critical importance of regulatory compliance to elucidate and har-
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monize regulations, providing clear guidelines for healthcare practitioners and the broader
health system. Ultimately, the article advocates for urgent regulatory measures aimed at
regulating patient data, clarifying provisions, and promoting informed patient participation
to maximize the efficacy and successful implementation of telemedicine practices.

In their comprehensive study, Düzgüneş et al. (contribution 9) examine the effective-
ness of photodynamic therapy (PDT) in treating oral cancer, with a particular emphasis on
novel liposomal photosensitizers. They highlight the advantages of PDT, which utilizes
a combination of a photosensitizer drug, specific light wavelengths, and oxygen to selec-
tively destroy cancerous tissues. The study reviews several photosensitizers, including
Methylene Blue, 5-aminolevulinic acid (the precursor to protoporphyrin IX), porphyrin,
Foscan, Chlorin e6, and HPPH, all of which have demonstrated success in treating oral
verrucous hyperplasia, oral leukoplakia, oral lichen planus, and head and neck squamous
cell carcinoma. The authors emphasize the potential of “theranostic” liposomes, which com-
bine diagnostic and therapeutic functions by delivering both a contrast agent for magnetic
resonance imaging (MRI) and a photosensitizer for image-guided PDT of head and neck
cancer. These liposomes can be targeted to cancer cells by incorporating photosensitizers
that specifically bind to cell surface markers overexpressed on these cells. A significant
advancement discussed in the study is the development of novel porphyrinoids in the
authors’ laboratories. When encapsulated in cationic liposomes, these compounds exhibit
up to 50 times lower IC50 values compared to their free counterparts, indicating a markedly
increased potency. The study concludes that the targeted delivery of photosensitizers using
liposomal encapsulation significantly enhances the effectiveness of PDT for oral cancers.
The innovative approach of using theranostic liposomes and novel porphy-rinoids shows
promise for improving the precision and efficacy of cancer treatment. The authors foresee
those further advancements, such as targeting cancer stem cells and utilizing upconversion
nanoparticles for near-infrared irradiation, will overcome current limitations like tumor
hypoxia, thereby enhancing the overall therapeutic outcomes of PDT for tumors accessible
to light sources. This research highlights the potential of integrating advanced drug deliv-
ery systems with photodynamic therapy to achieve more effective and targeted treatment
modalities for oral and head and neck cancers.

The opinion article by Matti et al. (contribution 10) provides insights into the efficacy
of treating skeletal Class II malocclusion. They highlight the efficiency of the Herbst
appliance while emphasizing the need to control undesired dental movements that may
affect orthopedic outcomes. The introduction of skeletal anchorage, through the use of
miniscrews and elastic ligatures, allows for better control over unwanted dental movements,
thus enhancing the treatment’s effectiveness. Moreover, skeletal anchorage offers the
opportunity to selectively correct various components of Class II malocclusion, paving
the way for a new diagnostic approach that prioritizes facial aesthetics over occlusal
relations. This approach relies on the aesthetic evaluation of the patient, with particular
attention to the nasolabial angle, lips, and sagittal position of the maxilla and mandible. The
treatment of skeletal Class II malocclusion requires a specific focus on patient aesthetics. The
combination of the Herbst appliance, elastic ligatures, and skeletal anchorage represents an
effective therapeutic option. However, further well-designed randomized clinical trials are
needed to confirm the long-term results of this treatment approach.

3. Conclusions

In conclusion, this Special Issue of Oral highlights the remarkable breadth and depth
of contemporary research into oral health. The contributions from our esteemed Editorial
Board Members underscore the critical importance of addressing diverse and complex
challenges within the field.

A Special Issue in a scientific journal often benefits from a unifying theme or guiding
principle. While selecting a specific theme may attract experts in that field, opting for a
guiding principle can intrigue a broader readership. In this regard, our approach has been
to emphasize topics related to oral soft and hard tissue diseases, anchored in a forward-
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looking perspective that integrates advanced diagnostics and the promotion of preventive
and therapeutic principles. We aimed to address issues relevant to diverse segments of
the population while also providing exemplars for the broader scientific community. This
over-arching principle underscores our commitment to advancing oral health research and
practice in the contemporary era.

The articles featured in this Special Issue offer profound implications for both clinical
practice and research in the field of oral health. The comparative histopathological analysis
conducted by Favia et al. not only distinguishes features between syndromic and non-
syndromic OKs but also provides valuable insights into their biological behavior and
recurrence rates. This suggests the potential of CLSM as a diagnostic tool, enabling more
precise predictions and tailored follow-up strategies for patients, thereby enhancing clinical
management. Similarly, Antonelli et al.’s comprehensive review of intraoral SP elucidates
the clinical and histopathological features of this rare benign tumor, guiding clinicians in
appropriate diagnostic and management approaches.

Mauceri et al.’s retrospective cohort study highlights the importance of vigilant moni-
toring of breast cancer patients undergoing BMA therapy to mitigate the risk of MRONJ.
This underscores the necessity for meticulous oral health surveillance and risk assessment,
especially in the context of treatment adjustments for bone metastases, thus informing
clinical decision making and patient management strategies.

The narrative review by Testarelli et al. emphasizes the significance of differential
diagnosis and PTH1R screening in guiding treatment strategies for PFE, thereby enhancing
clinical management approaches. Furthermore, the systematic review by Meneu et al.
underscores the bidirectional association between periodontitis and psoriasis, highlighting
the importance of dental examination and treatment in patients with psoriasis to mitigate
systemic inflammatory processes and improve patient outcomes.

Additionally, Pugliese et al.’s study emphasizes the correlation between oral health and
masticatory performance in PACS patients, advocating for multidisciplinary rehabilitation
approaches to address oral health issues in this population, thus informing rehabilitative
strategies for PACS patients.

Nicolatou-Galitis et al.’s investigation into oral complications in cancer patients un-
dergoing immunotherapy emphasizes the need for vigilant monitoring and multidisci-
plinary collaboration to optimize patient care and outcomes. Furthermore, the study by
Di Fede et al. highlights the increasingly critical role of digital health technologies, such
as telemedicine and teledentistry, in modern healthcare, which has been accentuated by
the SARS-CoV-2 pandemic in particular. These technologies offer significant advantages in
terms of reducing healthcare provider workload and enhancing patient outcomes, espe-
cially in scenarios requiring remote monitoring, diagnosis, and communication. However,
alongside these benefits, concerns regarding clinical risks, data security, and privacy protec-
tion have emerged.

Finally, Düzgüneş et al.’s study on the use of PDT in treating oral cancer underscores
the potential of novel liposomal photosensitizers in enhancing the effectiveness of PDT
for oral cancers. These findings collectively underscore the necessity of comprehensive
research to inform clinical practice, optimize patient care, and ultimately improve oral
health outcomes worldwide.

All of these studies collectively emphasize the urgent need for continued investment
in oral health research, particularly in the context of global health disparities. As evidenced
by the topics covered, oral health is inextricably linked to overall well-being, and advance-
ments in this area can have profound implications for public health. By focusing on a
wide array of issues—from the impact of systemic diseases on oral health to innovative
treatments and the integration of digital health technologies—the research in this Issue
provides a comprehensive overview of the current state and future directions of oral health.

The dedication and passion of our contributors are palpable, reflecting a shared
commitment to improving patient outcomes and advancing the field. Their work not
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only enhances our scientific understanding but also paves the way for improved clinical
practices and policies that can better address the global burden of oral diseases.

As we move forward, it is essential to foster collaboration among researchers, clinicians,
and policymakers to translate these scientific insights into tangible health benefits. The
findings and discussions presented in this Issue of Oral are a testament to the power of
scientific inquiry and its potential to drive meaningful change in the field of oral health.

We hope that this Special Issue will inspire further research, encourage multidisci-
plinary collaboration, and ultimately contribute to a future where oral health is universally
recognized and prioritized as a fundamental component of overall health and well-being.
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Abstract: (1) Background: The aim of this study was to compare the histopathological features of
syndromic and non-syndromic odontogenic keratocysts (OKs) using conventional and Confocal Laser
Scanning Microscopy (CLSM) with their biological behaviour. (2) Methods: Data from the medical
records of 113 patients with histological diagnosis of (single and/or multiple) OKs were collected.
Globally, 213 OKs (120 syndromic and 93 sporadic) were retrieved, and their histological slides were
re-evaluated with conventional H&E staining and with autofluorescence on the same slides using
CLSM (Nikon Eclipse E600 microscope). (3) Results: Syndromic OKs showed more satellite cysts
than sporadic cases, as well as a basophilic layer in the basement membrane, which was absent
in sporadic OKs; both were highlighted with CLSM. The basement membrane in syndromic OKs
appeared amorphous and fragile, thus possibly being responsible for the epithelial detachment and
collapse, with scalloped features. Furthermore, the basal epithelial layers in such cases also showed
increased cellularity and proliferative activity. All these histological features may possibly justify
their higher tendency to recur. (4) Conclusions: CLSM is useful advanced technology that could
help to quickly and easily discriminate between syndromic and non-syndromic OKs and to more
accurately predict their biological behaviour in order to set fitter clinico-radiological follow-ups for
individual patients.

Keywords: odontogenic keratocyst; Nevoid Basal-Cell Carcinoma Syndrome; Gorlin Syndrome;
Confocal Laser Scanning Microscope; jaws; oral diseases

1. Introduction

The odontogenic keratocyst (OK) was first described in 1956 by Philpsen as an odonto-
genic cyst with keratinized epithelium [1], and later, because of its aggressive behaviour,
high recurrence rates, and specific histological characteristics [2], it was re-classified as
“a benign uni- or multi-cystic, intra-osseus tumour of odontogenic origin (Keratocystic
odontogenic tumour-KCOT), with a characteristic lining of para-keratinized stratified squa-
mous epithelium and potential for aggressive, infiltrative behaviour” by the World Health
Organization (WHO) in 2005 [3]. In the 2017 classification of head and neck tumours, this
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pathological entity was reverted back from tumour to the original and well-accepted termi-
nology of odontogenetic keratocyst [4], because despite the characteristics of aggressive
growth, post-operative recurrence, the rare reports of solid variants of OKs, and muta-
tions in the PTCH gene, there was not sufficient evidence to support the classification as
a tumour [5].

In the newest 2022 edition of the WHO classification of head and neck tumours, the
OK continues to be part of the cyst classification [6].

It may be solitary or multiple and occur synchronously or metachronously in one or
both jaws, the latter being considered as one stigmata of the inherited Nevoid Basal-Cell
Carcinoma Syndrome (NBCCS) [3]. NBCCS is a rare genetic condition with an autosomal-
dominant inheritance pattern, showing variable expressiveness and complete penetrance,
firstly defined in 1960 by Gorlin and Goltz as a condition including multiple basal-cell nevi,
multiple OKs, and skeletal abnormalities [7].

OKs can occur in wide age range, with a peak in the third and fourth decades and
a second smaller peak in the elderly with a slight male predilection [8] (the reported
male–female ratio is 1.6:1 [2]). OKs are believed to arise from the dental lamina or its
remnants, which include the pre-functional lamina, not involved in tooth formation [9],
and occasionally, from the basal layers of the overlying mucosa [10].

Several studies have highlighted the role of the PTCH1 gene in the aetiology of both
syndromic and sporadic OKs. The PTCH1 gene, mapped on chromosome 9q22.3-q31, encodes
for a transmembrane receptor for Sonic Hedgehog (SHH). The PTCH–SHH pathway is
involved in the pathogenesis of sporadic and syndromic tumours (associated with NBCCS),
such as OKs, basal-cell carcinomas, medulloblastomas, and trichoepitheliomas [11].

OKs more frequently involve the angle of the mandible (the mandible–maxilla ratio is
2:1) [12]. These tumours may reach a large size prior to identification, and patients may
complain of pain, swelling, or discharge in almost 60% of the cases [13]. Radiographically,
an OK may appear as a small and round unilocular radiolucency or may be larger and
multilocular with scalloped margins. In 25–40% of cases, OKs may be present in association
with impacted or displaced teeth, whereas dental root erosion rarely occurs [14].

Typically, histologic findings of OKs show a para-keratinized stratified squamous ep-
ithelium, usually 5–8-cell-layer thick, which demarcates a cystic lumen filled with desqua-
mated keratin [2]. There is a well-defined, often palisaded, basal layer of columnar or
cuboidal cells, whereas the parakeratotic cells in the upper layers often show a corrugated
surface. Satellite cysts may be seen in the surrounding fibrous connective tissues. Occasion-
ally, epithelial dysplasia may be present, but the malignant transformation to squamous-cell
carcinoma is exceedingly rare [4].

Another, less frequent histologic variant was described, i.e., the orthokeratinized
odontogenic keratocyst [15]. In this case, histology is characterized by thin, uniform,
orthokeratinized lining epithelium with an onion-skin-like luminal surface keratinization,
prominent stratum granulosum, and low cuboidal or flattened basal-cell layer with little
tendency of nuclear palisading [16].

When OKs show features such as small satellite cysts or solid islands in the cystic wall
or budding of the basal layer, they are generally associated with NBCCS [4].

Patients with syndromic keratocysts may be at greater risk for developing more
numerous and severe BCCs and other neoplastic growths, including ovarian fibromas [17].

The aim of this study was to report on novel histopathological findings, as detected
with Confocal Laser Scanning Microscopy (CLSM), and to compare such findings with the
biological behaviour of both syndromic and sporadic OKs in order to determine specific
features that could facilitate the early diagnosis of NBCCS in those patients where the first
manifestation is that of OKs.

2. Materials and Methods

This retrospective study was performed at Odontostomatology and Surgery Unit of
University of Bari Aldo Moro.
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The current study was carried out in accordance with the principles of the Declaration
of Helsinki; in addition, it was approved by the institutional review board (study No. 4599,
Prot. 1528/C.E.); patients released informed consent for diagnostic/therapeutic procedures
and for the possible use of the biologic samples for research purposes.

In the period between 1979 and 2020, a total number of 126 patients were histologically
diagnosed with 228 syndromic and sporadic OKs. All patients provided written informed
consent before any study-related procedure was started.

All samples were fixed in 10% neutral-buffered formalin, paraffin-embedded, thin-
sectioned at 3–4 μm, and stained with haematoxylin–eosin. All histological slides were
re-evaluated using a Nikon Eclipse E600 microscope (Nikon Corporation, Tokio, Japan),
equipped with argon and helium–neon lasers emitting at 488–543-nm wavelengths, which
allowed us to perform both optical and Confocal Laser Scanning Microscope (CLSM)
analyses. Nikon EZ C1 software (ver. 2.10; Nikon Corporation, Coord Automatizing)
was used for bidimensional image processing. For each sample, ten 512 × 512 × 12-bit
bidimensional images were acquired.

Following histological re-evaluation, 13 patients harbouring 15 OKs were excluded
due to equivocal morphologic presentation, which did not allow us to definitely rule out
cysts of other types. Overall, 213 OKs from 113 patients were included in this study. The
collected data included gender, age at diagnosis, familiarity in syndromic patients, site, size,
multiplicity, maxillary-sinus involvement, associated impacted teeth, treatment modalities,
and recurrence rate. The chi-squared test (χ2) was used to detect associations between the
several analysed variables using a 95% significance level (p < 0.05).

3. Results

The main clinic–radiological features of the investigated patients are summarized
in Table 1. Overall, 31 patients were affected by NBCCS (group 1), while the remaining
82 patients presented sporadic (non-syndromic) lesions (group 2). In group 1, the age range
was 3.5–53 years, whereas in group 2, it was 9–86 years. Interestingly, OKs were detected
in a larger cohort of paediatric patients (18 years old or younger) (n = 11/31 = 35.48%) of
group 1 in comparison with those of group 2 (n = 9/82 = 10.98%), this difference being
statistically significant (χ2 = 9.28; p = 0.0023).

Table 1. Clinical data of the 113 patients included in this study.

Syndromic Patients Sporadic Patients

N
31

%
27.43%

N
82

%
72.57%

Males 19 61.29% 49 59.76%
Females 12 38.71% 33 40.24%
Male–female ratio 1.48:1 1.58:1
Age range 3.5–53 9–86
Mean age 25.79 ± 14.46 SD 38.99 ± 18.98 SD
Paediatric patients 11 35.48% 9 10.98%
Lesions 120 93
Mandibular lesions 79 65.83% 80 86.02%
Maxillary lesions 41 34.17% 13 13.98%
Mandible–maxilla ratio 1.9:1 5.8:1
Major lesions (diameter > 3 cm) 68 56.67% 50 53.76%
Multiple lesions 23 19.17% 0 0%
Associated impacted teeth 31 25.83% 12 12.9%
Patients with recurrences 12 38.71% 8 9.76%

N: number of patients. %: percentage of patients

The male–female ratio was almost 1.5:1 in both groups. Both sporadic and syndromic
OKs preferentially involved the mandible rather than the maxilla (the mandible–maxilla
ratio was 1.9:1 in syndromic OKs and 5.8:1 in sporadic lesions), and 20.19% of the lesions
were associated with impacted teeth.
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Within group 1, 74.19% of the patients presented multiple lesions (81 OKs = 3.52/
patient), while no multiple lesions were identified among patients of group 2 (χ2 = 76.39;
p < 0.0001).

In addition, following conservative surgery, 12 syndromic patients experienced
26 recurrences (38.71%; n = 12/31), as opposed to 8 patients with sporadic OKs who
presented 11 recurrences (9.76%; n = 8/82) (χ2 = 12.95; p = 0.0003).

The histological findings are summarized in Table 2. Syndromic OKs analysed with
CLSM presented more numerous satellite cysts, due to the budding of the basal-cell layers
in the underlying connective tissue, than sporadic lesions (Figure 1A,B). Furthermore,
the epithelial layers appeared more densely cellular and more intensely mitotically ac-
tive in syndromic OKs, in comparison with sporadic cases. Interestingly, a subepithelial
basophilic layer was clearly detectable in syndromic OKs (Figure 1C,D) and absent in
non-syndromic OKs (Figure 1E,F). Moreover, the basement membrane in syndromic OKs
resulted amorphous and fragile, this feature being possibly responsible for the detachment
of the epithelial component, which appeared collapsed and ramified, with a scalloped and
corrugated aspect (Figure 1G,H).

Figure 1. (A,B) Morphologic appearance of the epithelium in sporadic KOTs with traditional
microscopy (haematoxylin–eosin staining) and the same field in Confocal Laser Scanning Mi-
croscopy with a double laser inducing fluorescence (green and red) (original magnification of ×20).
(C,D) Higher cellular density with subepithelial basophilic layers of syndromic KOTs in traditional
microscopy (haematoxylin–eosin staining) and the same field in Confocal Laser Scanning Microscopy
with a double laser inducing fluorescence (green and red) (original magnification of ×20). (E,F) Low
cellular density without subepithelial basophilic layers of sporadic KOTs in traditional microscopy
(haematoxylin–eosin staining) and the same field in Confocal Laser Scanning Microscopy with a
double laser inducing fluorescence (green and red) (original magnification of ×20). (G,H) Epithelial
detachment in syndromic KOTs due to the amorphous and fragile basement membrane in traditional
microscopy (haematoxylin–eosin staining) and the same field in Confocal Laser Scanning Microscopy
with a red laser inducing fluorescence (original magnification of ×20).
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Table 2. CLSM typical features of 120 syndromic and 93 sporadic OKs.

Syndromic OKs Non-Syndromic OKs

Satellite cysts +++ +
Subepithelial basophilic layers + -
Cellular density +++ +
Basement membrane Fragile Resistant

Epithelial lining Epithelial detachment and
scalloped aspect Lack of epithelial detachment

+++: numerous. +: detectable. -: absent.

4. Discussion

Following its initial designation as a cyst of odontogenic origin, some authors pos-
tulated that OKs would have been more appropriately considered neoplasms, in view
of their locally destructive and aggressive behaviour, high recurrence rates after simple
enucleation, histological appearance, expression of tumour markers, and for the occurrence
of the mutation of the PTCH1 gene [2,3,9,14]. Such tentative re-classification of OKs as
neoplastic lesions (keratocystic odontogenic tumour) was included in the WHO classifi-
cations of 2005 of odontogenic tumours to highlight its virtually aggressive nature and to
emphasize the need for more aggressive therapeutic interventions [18]. Nevertheless, no
unanimous consensus was reached in this regard, and in the updated WHO classifications,
OKs were re-included among the odontogenic cysts, with a note of caution as to its possible
aggressive behaviour [4–6].

In close agreement with most reports in the literature, the mean age of NBCCS patients
in the current series was lower than that of patients harbouring non-syndromic OKs; the
male–female ratio was almost 1.5:1, thus confirming the slight male predominance generally
reported by several investigators [2]. Most reports concur that OKs affect the mandible
more frequently than the maxilla, with the mandibular posterior region being the most
commonly affected site, as confirmed by our analyses, which also support the prevalence
of mandibular OKs in sporadic lesions.

While we detected a relatively smaller percentage (20.19%) of OKs associated with
impacted teeth than what reported in the literature [19], our data confirm that multiple
OKs were mostly detected within NBCCS patients, who also experienced higher recurrence
rates and larger sizes of the lesions. Quite interestingly, the recurrence rate of OKs in
non-syndromic patients included in the current series was lower than the one reported in
the literature, with analogous treatment modalities [19–22].

Biological differences between sporadic and syndromic keratocysts were studied per-
forming an immunohistochemical evaluation of the Sonic-Hedgehog-signalling-pathway
protein expression (Shh, Ptch1, Ptch2, Smo, Gli1, Gli2, and Gli3), and it emerged that in
the syndromic OKs, there was an increase in the expression of Shh, Smo, and Gli1 proteins
when compared to that of sporadic cysts [23].

Some novel findings of this study resulted from the CLSM examination of the histo-
logical samples using autofluorescence. CLSM was demonstrated to be a major advance
in biological imaging and in many fields of dental medicine [24,25], as well as in general
medicine [25,26]. It may be considered an intermediate step between optical and electronic
microscopy and uses a bi-chromatic punctiform laser source, the resulting emission energy
being detected by a spatially filtered optical system, the pinhole, which eliminates light
signals arising from out-of-focus planes [24]. Samples do not need any specific staining
procedure, as conventional H&E-stained sections provide excellent results. Overall, CLSM
produces intensely stained and high-resolution images, with clearly visible borders, without
noise or otherwise disturbing signals from the surrounding tissues.

In the current study, CLSM allowed us to perform more accurate analyses of the
morphological and cellular features of the lesions, in particular, the detection of amor-
phous and fragile basement membranes, detached and collapsed epithelial layers, and
higher cellular density in the basal epithelial layers with increased proliferative activity
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in syndromic OKs as compared with sporadic lesions. Such features may at least in part
justify the higher tendency of syndromic OKs to recur, in view of the lower mechanical
resistance of the peripheral layers of the cysts towards the expansion of the proliferating
epithelial compartment.

Our study has limitations, such as the lack of discrimination between orthokeratinized
and parakeratinized keratocysts and the absence of a correlation with an immunohisto-
chemical analysis.

In addition, considering CLSM as a quick and easily manageable technique in oral
pathology, it may be adopted as a supplementary tool, along with immunohistochemistry and
molecular biology, to tell apart syndromic from sporadic OKs, especially in cases in which the
surgical samples may result insufficient for extensive morphologic evaluation [27,28].
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Abstract: Background. Sialadenoma papilliferum (SP) is a rare benign epithelial tumor of salivary
gland origin, its diagnosis being potentially challenging. It was first described by Abrams and Finck in
1969 as an analog of the cutaneous syringocystadenoma papilliferum. The aim of this comprehensive
review is to highlight the clinical and histopathological diagnostic aspects of intraoral SP, analyzing
cases previously described and reporting new cases. Methods. Medline, Scopus, and Web of Science
were searched up to February 2022, using as entry term “sialadenoma papilliferum”. No time limits
were applied and only studies in English were taken into account. Only cases involving the mouth
were included. Conference proceedings, personal communications, and letters to the editor were
excluded. Results. In total, 42 out of 234 articles fulfilled the inclusion criteria, with 64 cases reported.
Mean age of patients with SP was 57.2 years, with a higher prevalence among males. The most
affected site was the palate, particularly the hard palate. Four cases with uncertain malignant features
have been reported. While clinical manifestations of SP are rather unspecific (e.g., submucosal
swelling with ulceration), histopathological and immunohistochemical features are quite peculiar, SP
have a limited growth potential, leading to conservative excision as treatment of choice. Conclusions.
SP, though rare, should be taken into consideration in the differential diagnosis of intraoral swellings,
particularly those located on the palate.
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1. Introduction

Benign and malignant intraoral salivary gland tumors may originate from minor and
sublingual salivary glands, as well as from Stensen’s and Wharton’s ducts. Among benign
lesions, sialadenoma papilliferum (SP) is exceedingly rare; its diagnosis being potentially
challenging [1]. In the last World Health Organization (WHO) classification of salivary
gland tumors, SP has been included in the group of benign epithelial tumors [2].

SP was first documented by Abrams and Finck in 1969 [1], and only 63 intraoral
cases have been reported in the English literature since then. According to Waldrom et al.,
SP accounts for 1.1% of minor salivary gland tumors and for 2% of benign tumors of
these glands [3].

The origin of the name lays on the histopathological similarity with syringocystade-
noma papilliferum, an uncommon benign tumor of sweat glands origin that has a predilec-
tion for the scalp and forehead [4].

Here, we report a comprehensive review of the literature, emphasizing the clinical
and histopathological aspects of intraoral SP.
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2. Materials and Methods

The Medline, Scopus, and Web of Science databases were searched using as entry term
“sialadenoma papilliferum”.

Database screening was performed until February 2022. No time limits were applied
and only studies in English were considered. Only cases involving the mouth were included.
Conference proceedings, personal communications, and letters to the editor were excluded.

First level screening was performed on titles and/or abstracts, and full-text was
evaluated in controversial cases. References lists in reviews were screened in order to
identify papers possibly missing from the databases search.

Information extracted included title, authors, year of publication, number of reported
cases, oral subsite, and size of lesions (Table 1).

Table 1. Data of the 42 articles (64 cases) included in the present review.

Title Authors Year n◦ Cases Reported Age, Sex Oral Subsite Size of Lesions (cm)

Sialoadenoma papilliferum. A
Previously Unreported Salivary
Gland Tumor [1]

Abrams, A.M. and Finck, F.M. 1969 1 57, M Hard and soft right
palate junction 1.5

Sialadenoma papilliferum: report
of case [5] Crocker, D.J., et al. 1972 1 71, M Left buccal mucosa 0.6

SialadenomaPapillifemm of the
Oral Cavity [6] Jensen, J.L. and Reingold, I.M. 1973 1 48, M Hard palate 0.8

Papillary tumors of the minor
salivary glands [7] Whittaker, J.P. and Mer, E.E. 1976 2

50, M Hard and soft
palate junction 0.6

65, M Hard palate N/A
Sialoadenoma papilliferum of the
oral cavity [8] Drummond, J.F., et al. 1978 1 71, M Left mandibular

retromolar area 0.5

Sialoadenoma papilliferum [9] Freedman, P.D. and
Lumerman, H. 1978 2

68, M Hard palate lateral
to the midline 0.3

68, M Left hard palate 0.5
Intraoral papillary squamous cell
tumor of the soft palate with
features of sialadenoma
papilliferum? Malignant
sialadenoma papilliferum [10]

Solomon, M.P., et al. 1978 1 62, M Soft palate 4.0

Sialoadenoma papilliferum [11] Mccoy, J.M. and Eckert, J.R.E.F. 1980 1 77, F Right buccal
mucosa 0.7

Sialoadenoma papilliferum.
Report of a case [12] Nasu, M., et al. 1981 1 61, M Hard palate 0.6

Sialoadenoma papilliferum [13] Wertheimer, F.W., et al. 1983 2
32, F Hard palate 0.4
43, M Soft palate 0.5

Sialocystadenoma papilliferum of
the palate [14] Puts, J.J., et al. 1984 1 71, M Hard palate 1.6

Sialadenoma papilliferum. A case
report and review of the
literature [15]

Rennie, J.S., et al. 1984 1 78, F Hard and soft
palate junction 1.0

Ultrastructure of a sialadenoma
papilliferum [16] Kanemitsu, S., et al. 1984 1 58, M Hard palate 0.7

Sialoadenoma papilliferum [17] Bass, K.D. and Cosentino, B.J. 1985 1 76, F Left faucial pillar 1.0
Minor salivary gland tumors. A
histologic and immunohisto
chemical study [18]

Regezi, J.A., et al. 1985 2
63, M Hard palate N/A
79, F Hard palate N/A

UItrastructure of sialadenoma
papilliferum [19] Fantasia, J.E., et al. 1986 5

87, F Hard palate N/A
77, M Buccal mucosa N/A
48, F Hard palate N/A
45, M Hard palate N/A
60, F Mucosa upper lip N/A

Sialoadenoma papilliferum:
report of case and review of
literature [20]

Mitre, B.K. 1986 1 42, F Hard and soft
palate junction 0.4

Sialadenoma papilliferum of the
oral cavity: a case report and
review of the literature [21]

Papanicolaou, S. and
Triantafyllou, A.G. 1987 1 46, M Hard palate 0.5

The rare sialoadenoma
papilliferum—report of a case and
review of the literature [22]

Van der Wal, J.E. and van der
Waal, I. 1991 1 46, M Hard and soft

palate junction 0.5

Recurrent sialadenoma
papilliferum of the buccal
mucosa [23]

Pimentel, M.T.Y., et al. 1995 1 65, F Buccal mucosa 2.0

Sialadenoma papilliferum: an
immunohistochemical study of
five cases [24]

Maiorano, E., et al. 1996 5

56, M Hard palate 0.5
37, F Hard palate 1.0
60, M Cheek 0.8
46, M Hard palate 1.4
50, M Hard palate 1.8
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Table 1. Cont.

Title Authors Year n◦ Cases Reported Age, Sex Oral Subsite Size of Lesions (cm)

Sialadenoma papilliferum of the
oral cavity: report of a case and
literature review [25]

Markopoulos, A., et al. 1997 1 50, M Hard palate 0.5

Sialadenoma papilliferum of the
hard palate: a case report of a case
and review of literature [26]

Asahina, I. and Masato, A. 1997 1 50, M Hard palate 0.4

Sialadenoma papilliferum of the
palate: case report and literature
review [27]

Argyres, M.I. and Golitz, L.E. 1998 1 50, M Hard palate 0.5

Ductal papillomas of salivary
gland origin: A report of 19 cases
and a review of the literature [28]

Brannon, R.B., et al. 2001 3
69, F Hard palate N/A
53, F Soft palate N/A
31, F Hard palate N/A

Sialadenoma papilliferum of the
hard palate—Report of 2 cases
and immunohistochemical
evaluation [29]

Ubaidat, M.A., et al. 2001 2
72, M Hard palate 0.4

58, M Hard palate 0.5

Malignant transformation of
sialadenoma papilliferum of the
palate: a case report [30]

Shimoda, M., et al. 2004 1 79, F Hard and soft
palate junction 4.0

Sialadenoma papilliferum:
Immunohistochemical study [31] Gomes, A.P.N., et al. 2004 2

53, M Hard palate 1.0
52, F Soft palate 0.5

Sialadenoma papilliferum in a
young patient: a case report and
review of the literature [32]

Mahajan, D., et al. 2007 1 18, M Upper lip 0.8

A rare case of sialadenoma
papilliferum with epithelial
dysplasia and carcinoma
in situ [33]

Ponniah, I. 2007 1 30, M Floor of the mouth 1.5

Minor salivary gland tumors: A
clinicopathological study of
18 cases [34]

Vicente, O.P., et al. 2008 1 46, F Hard palate N/A

Mucoepidermoid carcinoma
arising in a background of
sialadenoma papilliferum:
A case report [35]

Liu, W., et al. 2009 1 82, F Left base of the
tongue N/A

Sialadenoma papilliferum with
potentially malignant features [36] Ide, F., et al. 2010 1 67, M Right retromolar

alveolar ridge 3.0

Sialadenoma papilliferum of the
hard palate: A case report [37] Kubota, Y., et al. 2012 1 62, M Hard palate 1.0

Sialadenoma papilliferum: clinical
misdiagnosis with a histological
decree [38]

Anuradha, A., et al. 2012 1 65, M Floor of the mouth 1.0

Sialadenoma Papilliferum with
inverted pattern in a young
patient: a case report [39]

Reis de Sá Silva e Costa, F.E., et al. 2015 1 20, M Upper lip buccal
mucosa 1.3

Sialadenoma papilliferum of the
tongue mimicking a malignant
tumor [40]

Santos, J.N., et al. 2013 1 32, F Posteriore lateral
border of the tongue 1.0

Sialadenoma Papilliferum:
Analysis of Seven New Cases and
Review of the Literature [41]

Fowler, C.B. and Damm, D.D. 2017 7

55, F Hard palate 0.3
50, M Hard palate 0.8
62, M Hard palate N/A
63, M Hard palate N/A
57, M Palate 0.4
48, F Hard palate 0.5
76, F Hard palate 1.3

Sialadenoma papilliferum in the
buccal mucosa detected on
(18)F-fluorodeoxyglucose-positron
emission tomography [42]

Miyamoto, S., et al. 2017 1 53, M Left buccal mucosa 0.8

Sialadenoma papilliferum: A rare
case report and review of
literature [43]

Sunil, S., et al. 2017 1 58, F Hard palate 1.0

Sialadenoma papilliferum of the
hard palate: A rare
case report [44]

Atarbashi-Moghadam, S., et al. 2019 1 50, F Hard palate 1.0

Sialadenoma papilliferum: Special
staining and
immunohistochemical
staining [45]

Takasugi, N., et al. 2021 1 83, F Hard palate 0.8

N/A = information not available.

Search flow is summarized in Scheme 1.
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Scheme 1. Flow chart diagram for the selection of 42 papers included in the review.

3. Results

Databases search returned a list of 234 papers which were reduced to 99 after the
elimination of duplicates. After abstract and full-text evaluation, 42 articles qualified as
specifically reporting on SP of the mouth and were therefore included for further data
extrapolation and analysis. Only to mention that 4 cases of SP affecting the parotid were
found that according to the criteria used were excluded [1,46–48].

Eventually, 64 cases were identified since Abrams’ and Finck’s [1] first description of
the lesion in 1969 (Table 1).

3.1. Age and Sex

Age ranged from 18 to 87 years, with a mean age of 57.2, all in patients older than
30 years, except 2 cases affecting a male of 18 years and a male of 20 years.
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The present review has highlighted a predominance of SP among males (39 males,
25 females; M/F ratio: 1.6:1).

3.2. Clinical Features

The palate was the most common involved site, with 48 (75%) cases, of these specifi-
cally, 37 (58%) were on the hard palate, 6 (9.5%) on the hard and soft palate junction, 4 (6%)
on the soft palate and 1 (1.5%) on unspecified palatal localization.

Other sites included buccal mucosa (6; 9.5%), upper lip mucosa (3; 5%), mandibular
retromolar area (2; 3%), floor of the mouth (2; 3%), tongue (2; 3%), and left faucial pillar (1; 1.5%).

SP usually presents as an asymptomatic, a slow growing, and a papillary exophytic
lesion. In most cases an erythematous area within an otherwise normal mucosa is present
(Figure 1A). Most frequent differential diagnoses is papilloma, on the basis of the keratotic
appearance with papillary surface. Other clinical diagnostic hypotheses include palatal
fistulas, pyogenic granuloma, soft tissues neoplasms and other benign and malignant minor
salivary gland tumors.

 

Figure 1. (A) Sialoadenoma papilliferum on the hard palate of a 48-year-old female patient;
(B) Surgical excision under local anesthesia; (C) Surgical specimen.

In the cases analyzed in the present review, tumor size ranged from very small (0.3 cm)
to large lesions up to 4 cm, with a mean size of 0.79 cm.

Larger cases up to 7 cm can occur in the parotid and again up to now with four cases
described including Abram’s case [1,46].

3.3. Histological Features

Histological description of cases evaluated in the present analysis were very similar,
the histopathologic pattern of SP being rather characteristic.

The tumor seems to originate from the superficial portion of salivary glands excretory
ducts. Papillary processes develop, eventually forming convoluted cleft and spaces. Each
papillary projection is lined by consisting of two or three layers of cells, supported by a
core of fibrovascular connective tissue. The most superficial portions of the lesion have a
squamous epithelial lining; deeper areas show mainly cuboidal to columnar cells, often
oncocytic in appearance (Figure 2). As growth progresses, the overlying mucous membrane
becomes papillary or verrucous, much like a squamous papilloma.

Various research has attempted to identify the cell of origin of SP based on light
microscopy, immunohistochemistry (IHC), and electron microscopy (EM) [41]. These
methods have yielded variable results with most investigators suggesting excretory duct or
excretory duct reserve cell origin [9–12,19,24,29,31,41,44]. Other authors hypothesized an
origin from intercalated duct cells [12,49] or myoepithelial cells [1,29,41].

Fowler and Damm documented that basal cell on the ductal structures were immunore-
active for p63 and p40, a myoepithelial immunophenotype [41]. Variable reactivity in the
basal cell layer with smooth muscle actin (SMA) was also identified. In all cases reported in
their paper, the luminal cells within the ductal structures were immunoreactive to epithelial
membrane antigen (EMA). These results indicate two cell types comprising the convoluted
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ductal structures of SP: a basal layer of myoepithelial cells (p40+, p63+, and SMA+) and a
luminal layer of ductal epithelial cells (EMA+) (Figure 3A,B).

 
Figure 2. Example of histological features of SP (case different from that presented in Figure 1):
exophytic papillary structure covered by stratified squamous epithelium and glandular structures
below the mucosa (H&E—50×).

Figure 3. (A,B) Focal immunohistochemical positivity for p63 and smooth muscle actin (SMA).
Immunoreactivity for p63 in basal cells of ductal structures suggesting a myoepithelial immunophe-
notype. Positivity of ductal structures is also evident; (C,D) positive immunohistochemical expression
for cytokeratins 7 and 14 (CK7 and CK14) in ductal luminal cells, possibly confirming the epithelial
origin (100× and 200×).
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A recent immunohistochemical analysis reported by Atarbashi-Moghadam et al.
shows positivity for cytokeratins 13, 14, 7, 8, and 19, and it is negative for vimentin
and smooth muscle actin. This immunoprofile is similar to excretory ducts of the salivary
gland [44] (Figure 3C,D).

3.4. Treatment

Conservative excision seems to be the treatment of choice (Figure 1B,C). Because of the
rarity of SP, no clinical protocols have been proposed with regard to the possible duration
of follow-up. According to van der Wal and van der Waal, follow-up should be scheduled
at regular intervals [22].

3.5. Prognosis

SP is a benign neoplasm with limited growth and limited potential for local aggres-
siveness, recurrence rate is low, with only 2 cases out of 64 described within 3 years after
surgical excision [15,23].

3.6. Possible Malignant Transformation

It is uncertain eventual malignant transformation of SP or on the existence of a malig-
nant variant of the tumor. According to this review four cases with uncertain malignancy
have been reported.

Solomon et al., presented a case of a possibly malignant SP [10], even though the
diagnosis has been challenged by other authors (Ellis, G.L. and Auclair, P.L., 1991).

Ide et al., described an SP with potentially malignant features, such as rapid and destructive
growth, radiographic resorption of the underlying bone, and atypical histological features [36].

Santos et al. also reported a case of SP on the tongue with apparently malignant
clinical aspects, which led to the clinical diagnosis of squamous cell carcinoma [40].

Shimoda et al. reported the first case of SP with a definite malignant component [30].
However, Fowler and Damm mentioned that there was insufficient evidence to support

this diagnosis and to consider that as a malignancy from preexisting SP [41].
In short, whether SP has a malignant potential therefore remains unanswered.

4. Discussion

Salivary gland tumors are a morphologically and clinically diverse group of neoplasms
that affect predominantly major salivary glands but also are not uncommon in the minor
salivary glands.

The global annual incidence, when all salivary glands tumors are considered, is
approximately 1 case per 100,000 per year [49].

Pleomorphic adenoma and mucoepidermoid carcinoma are the two most common
benign and malignant minor salivary gland tumors, while SP represents only a small
percentage of cases (1.1–1.6%) [3,9].

A usual difficulty in the management of minor salivary gland tumors is the very
heterogeneous clinical and radiographic features, as well as the rather wide range of
histopathological subtypes.

The exophytic growth pattern of SP is similar to most intraoral salivary gland tumors,
which present as submucosal nodular swellings, with or without superficial ulceration.
Such a clinic pattern is shared with other lesions, including among others squamous
papilloma, verrucous hyperplasia, and exophytic ductal papilloma.

Squamous papilloma and verrucous hyperplasia show only squamous epithelial
proliferation and thus can be easily differentiated from SP. Exophytic ductal papilloma
displays exophytic papillary ductal epithelial proliferation, but it lacks a ductal proliferation
underneath the epithelium. Instead, SP shows as unique histopathologic features an
exophytic proliferation of papillary stratified squamous epithelium and a contiguously
endophytic salivary ductal proliferation underneath [50].
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SP frequently presents as an erythematous lesion, with ulceration or erosion that may
suggest a malignant lesion, such as verrucous carcinoma or even sarcomas [38].

From the epidemiological point of view, age and gender are not very helpful in the
differential diagnosis, as most salivary gland tumors have no gender predilection and the
mean age found in the present review for SP is similar to that reported for other salivary
gland tumors (45 years, with a range of 11–74) [51].

SP appears to have a limited growth potential, with an average size at diagnosis of
0.79 cm, facilitating a conservative surgical treatment. There are insufficient data to support
the malignant potential of SP, although four cases of supposed malignant transformation
were reported.

Research is currently focused to determine the cells of origin of SP, but despite im-
munohistochemical studies, such question remain unanswered.

In conclusion SP, though rare, should be taken into consideration in the differential
diagnosis of intraoral swellings, particularly those located on the palate, and more studies
are necessary to better understand its biology.
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Abstract: Background: Medication-Related Osteonecrosis of the Jaw (MRONJ) is an adverse drug
reaction mainly associated to bone modifying agents (BMAs). Breast cancer (BC) is the most frequent
cancer worldwide. Its therapy can cause cancer treatment-induced bone loss (CTIBL), commonly
treated with BMAs. The aims of this retrospective study are: to describe characteristics of BC patients
under BMAs for CTIBL; to record any switch to high-dose BMAs; to assess MRONJ onset and to
identify any factors associated with it. Patients: Authors included patients referred for MRONJ
prevention to the Unit of Oral Medicine (University Hospital of Palermo). Results: Fourteen female
BC patients under low-dose BMAs for CTIBL were eligible (mean age 66.6 years). Four patients
switched to high-dose BMAs for bone metastases. In two of the four, MRONJ developed: one case, in
the mandible (risedronate for 48 months then Xgeva® for 60 months); the other case, in the maxilla
(Prolia® for 20 months then zoledronate for 16 months). Conclusion: It can be theorized that BC
patients under BMAs for CTIBL are likely to have MRONJ risk similar to osteo-metabolic patients.
These patients need more careful monitoring of oral health since they may switch, for preventing or
treating bone metastases, to heavier BMAs therapy, thus increasing their risk of MRONJ.

Keywords: osteonecrosis of the jaw; MRONJ; cancer treatment-induced bone loss; CTIBL; breast
cancer; osteoporosis; bone metastases; bisphosphonates; BPs; denosumab

1. Introduction

Medication-Related Osteonecrosis of the Jaw (MRONJ) can be defined as “adverse
drug reaction described as the progressive destruction and death of bone that affects
the mandible and maxilla of patients exposed to the treatment with medications known
to increase the risk of disease, in the absence of a previous radiation treatment”, to be
diagnosed and scored by clinics and radiological exams, independently from the presence
of exposed necrotic bone or bone probing via sinus/fistula tracts for more than 8 weeks [1,2].

MRONJ is considered a potentially serious complication mainly of bone modifying
agents (BMAs) treatment in patients with bone metastases (BM) due to various cancers
and with multiple myeloma, as well as osteoporosis [3]. MRONJ may also develop in
BMAs-naive patients exposed to a variety of anti-angiogenic agents [4–6].

Breast cancer (BC) is the world’s most prevalent cancer. In 2020, there were 2.3 million
women diagnosed with BC and 685,000 deaths globally. BC has a prevalence estimated in
2020 (time period 5 years) of 7.8 million women [7,8].

In patients affected by BC, since early menopause is induced by gonadotropin-releasing
hormone analogues or chemotherapy and/or aromatase inhibitors reduce estrogen levels,
there is the risk of developing Cancer Treatment-Induced Bone Loss (CTIBL), apart from
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the further risk of developing BM in advanced stages of BC [8]. The drugs of choice for
CTIBL prevention are BMAs, such as bisphosphonates (BPs) or denosumab (DNB) [9,10].

In RCTs on BC patients, treated with low doses of BMAs for CTIBL prevention, the
onset of MRONJ was observed between 0% and 10.4%, but data are very scarce and
debatable [11–14].

This retrospective cohort study aims to: (i) describe the characteristics of BC patients
under BMAs for CTIBL prevention in dental follow-up; (ii) record any switching to high
dose BMAs therapy; (iii) assess the onset of MRONJ; and (iv) identify the factors associated
with MRONJ.

2. Materials and Methods

2.1. Study Design

The following observational cohort study was approved by the Institutional Local
Ethics Committee of the University Hospital “P. Giaccone” of Palermo, Palermo, Italy
(approval number 1/2022). The study was conducted according to the Principles of the
Declaration of Helsinki on experimentation involving human subjects and a written in-
formed consent was obtained from all participants. The study was performed following
the STROBE Statement for Observational Cohort Studies. Authors consecutively included
all the BC patients scheduled to receive BMAs therapy or already in BMAs therapy for
CTIBL and referred to Unit of Oral Medicine of the University Hospital of Palermo from
December 2015 to February 2020. For each patient, demographic data, number and type of
BMA therapies, onset of bone metastases, diagnosis of systemic, drug-related and local risk
factors (e.g., diabetes, corticosteroids, periodontitis) and smoking habits were recorded.
All these patients underwent oral examination and dedicated radiological investigation
(e.g., orthopantomography—OPT) and, when necessary, computed tomography (CT) or
cone beam CT (CBCT).

2.2. Eligibility Criteria

The patients were selected based on the following inclusion criteria:

- patients suffering from BC commencing, taking or who had taken BMAs for CTIBL
- at least 12 months of dental follow-up.

The exclusion criteria were: patients with different cancer or BC and metastases;
patients receiving off-label use of BMAs; patients receiving anti-angiogenic drugs alone or
in combination with BMAs; patients who underwent radiant therapy head-neck district or
were affected by jaws cancer or metastases.

2.3. Outcome Measures

For each patient, the following data were recorded: demographic data, any systemic,
drug-related (i.e., type, duration and formulation of BMAs), and local risk factors (e.g., di-
abetes, corticosteroids, periodontitis), smoking habits, site of each MRONJ lesion, and
clinical-radiological stage by SICMF-SIPMO [2,15].

MRONJ has been diagnosed according to the SICMF-SIPMO recommendation, by
means of CT or CBCT [2,15].

2.4. Statistical Analysis

The onset of MRONJ was considered as the primary outcome variable and expressed
dichotomously. The type of cancer, reason for BMAs treatment, the type of drug, the dura-
tion of therapy as well as drug-suspension were expressed as frequencies and percentages.
Age was reported as mean and standard deviation.

26



Oral 2022, 2

3. Results

Characteristics of Patients

Fourteen patients with breast cancer (BC) under low dose of BMAs for CTIBL preven-
tion were eligible. Data have been collected and Table 1 illustrates the characteristics of
patients at the baseline.

All patients were female and affected by BC, with a mean age of 66.6 (±11.9 years,
range 48–84 years). Seven patients (7/14, 50%) had various comorbidities: five hypertension
(35.7%), two arthrosis (14.3%), two diabetes mellitus (14.3%). Twelve patients had local
risk factors: poor oral hygiene, periodontal disease, endo-periodontal lesion, and dental
prosthesis). Only one patient was a smoker (1/14, 7.1%) (Table 1).

In the first dental visit all patients were assuming low dose BMAs, specifically: al-
endronate 6/14 (42,9%), clodronate 6/14 (42,9%), risedronate 1/14 (7,1%), Prolia® (DNB
60 mg/biannually) 1/14 (7,1%). Among patients assuming clodronate, one patient had a
previous history of alendronate intake. The median number of months of low dose BMAs
was 57.9 (+47.1 months) (Table 2).

All patients were subjected to primary and secondary prevention measures for MRONJ.
During the follow-up period (median follow-up period 28.1 ± 19.6 months), out

of 14 patients, 4 patients switched from low dose BMAs to high dose BMAs due to the
development of bone metastasis (4/14, 28.6%). The mean time from the assumption of low
dose to high dose BMAs was 35 months (± 15.1 months). Three patients switched from
BPs to Xgeva® (DNB 120 mg/month), one patient switched from Prolia® to zoledronate
(e.v.). The median number of months of Xgeva® was 28 (±23.6, 4–60); one patient assumed
zoledronate (e.v.) for 16 months (Table 2). Among these four patients, two developed
MRONJ (2/4, 50%) (2/14, 14.3%) (Figure 1, Tables 3 and 4).

Seven patients (50%) underwent dental extractions for MRONJ primary prevention
(four patients assuming low dose BMAs; three assuming high dose BMAs). Overall,
15 extractions were made: 10 (66.6%) were from the maxilla (2 anterior teeth, 8 posterior
teeth) and 5 (33.3%) from the mandible (all posterior teeth). A drug suspension protocol
for medications at risk was observed in 85.7% of cases (6/7 patients) when dental surgery
was considered necessary. None of these patients developed MRONJ in the post-extraction
site. During the follow-up period, one patient changed low dose BMA from alendronate to
Prolia®. The two patients that developed MRONJ underwent surgical therapy of MRONJ,
both patients healed.
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Table 2. Details of BMA therapy.

Number of Patients
Median and Standard

Deviation
%

Low dose BMA for CTIBL 14
alendronate 6 - 42.9%
clodronate 6 - 42.9%
risedronate 1 - 7.1%

Prolia® 1 - 7.1%
Duration of low dose BMAs therapy (mths) 57.9 (±47.1) -

High dose BMA for BM 4
zoledronate 1 - 25%

Xgeva® 3 - 75%
Duration of DNB therapy (mths) 3 28 (±23.6) -
Duration of ZOL therapy (mths) 1 16 -

Figure 1. Flow chart of MRONJ occurrence. A relationship between BMAs therapy and MRONJ
development after teeth extractions was diagnosed in 14 patients with breast cancer. Four patients
developed BM and switched from low dose BMAs to high dose BMAs. Three of these patients
underwent dental extractions and two developed MRONJ. Abbreviations: BMAs: Bone Modifying
Agents; CTIBL: Cancer Treatment-induced Bone Loss; BM: bone metastases; EXT: extraction.

29



O
ra

l2
0
2
2
,2

T
a

b
le

3
.

D
et

ai
ls

of
pa

ti
en

ts
af

fe
ct

ed
by

br
ea

st
ca

nc
er

th
at

sw
it

ch
ed

BM
A

s
th

er
ap

y
du

e
to

bo
ne

m
et

as
ta

se
s

de
ve

lo
pm

en
t.

P
a

ti
e

n
t

A
g

e
S

e
x

M
T

S

M
R

O
N

J
a

ft
e

r
th

e
P

h
a

rm
a

co
-

lo
g

ic
a

l
S

w
it

ch

O
N

J-
R

e
la

te
d

D
rg

s
D

u
ra

ti
o

n
(M

o
n

th
s)

C
u

m
u

la
ti

v
e

D
o

si
(m

g
)

O
N

J
L

o
ca

li
z

a
ti

o
n

O
N

J
S

ta
g

e
A

cc
o

rd
in

g
to

S
IP

M
O

-
S

IC
M

F
3

O
N

J
S

ta
g

e
A

cc
o

rd
in

g
to

A
A

O
M

S
1

6

C
li

n
ic

a
l

F
e

a
tu

re
s

#1
75

F
Ye

s
Ye

s
ri

se
dr

on
at

e
X

ge
va

®
48 60

72
00

72
00

A
nt

er
io

r
lo

w
er

ja
w

I

In
tr

ao
ra

l
Fi

st
ul

a,
To

ot
h

m
ob

ili
ty

#2
56

F
Ye

s
Ye

s
Pr

ol
ia

®

zo
le

dr
on

at
e

20 16
18

0
64

Po
st

er
io

r
up

pe
r

ja
w

I
To

ot
h

m
ob

ili
ty

#3
71

F
Ye

s
N

o
al

en
dr

on
at

e
X

ge
va

®
48 4

13
,4

40
48

0
n.

a.
n.

a.
n.

a.
n.

a.

#4
84

F
Ye

s
N

o
cl

od
ro

na
te

X
ge

va
®

24 20
48

00
24

00
n.

a.
n.

a.
n.

a.
n.

a.

T
a

b
le

4
.

D
iff

er
en

ce
s

be
tw

ee
n

BC
pa

ti
en

ts
’s

ub
gr

ou
ps

.

C
h

a
ra

ct
e

ri
st

ic
s

P
a

ti
e

n
ts

u
n

d
e

r
O

n
ly

L
o

w
D

o
se

B
M

A
s

(N
o

C
a

se
o

f
M

R
O

N
J)

P
a

ti
e

n
ts

u
n

d
e

r
L

o
w

+
H

ig
h

D
o

se
B

M
A

s
(N

o
C

a
se

o
f

M
R

O
N

J)
P

a
ti

e
n

ts
u

n
d

e
r

L
o

w
+

H
ig

h
D

o
se

B
M

A
s

(O
n

se
t

o
f

M
R

O
N

J)

N
pa

ti
en

ts
10

2
2

A
ge

R
an

ge
48

–8
3

71
–8

4
56

–7
5

M
ed

ia
n

65
.5

77
.5

65
.5

St
an

da
rd

de
vi

at
io

n
11

.7
9.

2
13

.4

Sm
ok

in
g

ha
bi

t
1

0
0

Sy
st

em
ic

di
se

as
e

H
yp

er
te

ns
io

n
4

1
0

D
ia

be
te

s
2

0
0

A
rt

hr
os

is
2

0
0

30



O
ra

l2
0
2
2
,2

T
a

b
le

4
.

C
on

t.

C
h

a
ra

ct
e

ri
st

ic
s

P
a

ti
e

n
ts

u
n

d
e

r
O

n
ly

L
o

w
D

o
se

B
M

A
s

(N
o

C
a

se
o

f
M

R
O

N
J)

P
a

ti
e

n
ts

u
n

d
e

r
L

o
w

+
H

ig
h

D
o

se
B

M
A

s
(N

o
C

a
se

o
f

M
R

O
N

J)
P

a
ti

e
n

ts
u

n
d

e
r

L
o

w
+

H
ig

h
D

o
se

B
M

A
s

(O
n

se
t

o
f

M
R

O
N

J)

Lo
ca

lr
is

k
fa

ct
or

s
Po

or
or

al
hy

gi
en

e
7

2
2

D
en

ta
lp

ro
st

he
si

s
4

0
1

Pe
ri

od
on

ta
ld

is
ea

se
2

2
1

En
do

-p
er

io
do

nt
al

le
si

on
1

0
1

Bo
ne

M
TS

0
2

2

Lo
w

do
se

M
R

O
N

J-
re

la
te

d
dr

ug
s

du
ra

ti
on

s
(m

on
th

s)
67

.1
( ±

52
.9

)
36

( ±
17

)
ca

se
#1

:4
8

m
th

s
ca

se
#2

:2
4

m
th

s

34
(±

19
.8

)
ca

se
#1

:4
8

m
th

s
ca

se
#2

:2
0

m
th

s

Lo
w

do
se

M
R

O
N

J-
re

la
te

d
dr

ug
s

cu
m

ul
at

iv
e

do
se

(m
g)

14
,7

88
(±

13
,2

86
.3

)
91

20
( ±

61
09

.4
)

ca
se

#1
:1

3,
44

0
m

g
ca

se
#2

:4
80

0
m

g

36
90

(±
49

63
.9

)
ca

se
#1

:7
20

0
m

g
ca

se
#2

:1
80

m
g

H
ig

h
do

se
M

R
O

N
J-

re
la

te
d

dr
ug

s
du

ra
ti

on
s

(m
on

th
s)

n.
a.

12
( ±

11
.3

)
C

as
e

#1
:4

m
th

s
C

as
e#

2:
20

m
th

s

38
(±

31
.1

)
C

as
e

#1
:6

0
m

th
s

C
as

e#
2:

16
m

th
s

H
ig

h
do

se
M

R
O

N
J-

re
la

te
d

dr
ug

s
cu

m
ul

at
iv

e
do

se
(m

g)
n.

a.
14

40
( ±

13
57

.6
)

C
as

e
#1

:4
80

m
g

C
as

e
#2

:2
40

0
m

g

36
32

( ±
50

45
.9

)
C

as
e

#1
:7

20
0

m
g

C
as

e
#2

:6
4

m
g

D
en

ta
ls

ur
ge

ry
N

pa
ti

en
ts

4
(4

0%
)

1
(5

0%
)

2
(1

00
%

)

N
ex

tr
ac

te
d

te
et

h
8

4
3

Ja
w

U
pp

er
5

3
2

Lo
w

er
3

1
1

Fo
llo

w
-u

p
(m

on
th

s)
24

.6
(±

12
.6

)
21

(±
12

.7
)

52
.5

(±
44

.5
)

31



Oral 2022, 2

Below detailed cases of MRONJ are presented:

Case 1 (#5 in Table 1 and #1 in Table 3)

In December 2015, A 75-year-old non-smoker woman was referred for primary pre-
vention of MRONJ. In 2011, the patient had been diagnosed with a BC; in September 2015,
she developed bone metastases (BM).

From 2011 to 2015 she had been treated with risedronate (48 months, monthly dosing
of 75 mg risedronate on 2 consecutive days). After the development of BM and the
dental examination, she was switched to Xgeva®. After 60 months of high dose BMA, she
developed non-exposed MRONJ in the mandible (Figure 2a). The intra-oral examination
revealed a presence of two intraoral fistulas on the 5th sextant, associated with a rapid onset
of teeth mobility (3.1, 3.2, 4.2). The CBCT showed cortical erosion, osteosclerotic pattern,
periodontal space widening and bone sequestrum formation (Figure 2b–e), confirming
to be MRONJ stage I (according to SICMF-SIPMO) [2,3,15]. Moreover, according to the
AAOMS staging system, this was Stage I [16]. MRONJ was surgically treated, and there
were no signs of recurrencies in the follow-up period.

Figure 2. MRONJ stage I, lower jaw: (a) clinical view; (b–e) computed tomography scan sections.

Case 2 (#13 in Table 1 and #2 in Table 3)

In December 2015, a 56-year-old non-smoker woman was referred for primary preven-
tion of MRONJ. In 2004 BC had been diagnosed; in January 2017 she developed BM.

She was treated from 2015 to 2017 with Prolia® (20 months, DNB 60 mg/biannual).
After the development of BM, she was switched to zoledronate (e.v.). After 16 months
of high dose BMA she developed non-exposed MRONJ in the mandible (Figure 3a). The
intra-oral examination highlighted a presence of the rapid onset of tooth mobility (maxillary
right third molar) associated with purulent discharge and pain. CBCT showed a slight os-
teosclerotic pattern, thickening of the alveolar ridge and sinusitis (Figure 3b,d), confirming
to be MRONJ stage I (according to SICMF-SIPMO) [2,3,15]. According to AAOMS, this was
Stage II [16]. MRONJ was surgically treated, and an alveolar bone specimen was collected
from the interradicular septum during the surgical procedures. MRONJ was histologically
confirmed (Figure 3e). There were no signs of recurrencies in the follow-up period.
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Figure 3. MRONJ stage I, upper jaw: (a) clinical view; (b–d) computed tomography scan sections;
(e) magnification of histological findings.

4. Discussion

MRONJ is a rare drug adverse reaction that can greatly affect the quality of the life of
patients if not promptly diagnosed and treated [2,17,18].

Based on the literature, it is possible to distinguish, at the least, three main common
MRONJ patient populations [2,15]:

(1) cancer patients with BM or myeloma patients; generally receiving high dose BMAs often
associated with other agents (chemotherapy, endocrine therapy, immunotherapy,
antiangiogenics and other biological agents) (high MRONJ risk) [19];

(2) breast cancer (BC) or prostate cancer patients suffering from osteoporosis without bone
metastases receiving bisphosphonates or denosumab to limit the risk of non-metastatic bone
fractures (due to CTIBL); this population (assuming the same dosage of BMAs) is
considered assumable to those with osteoporosis for what concern their MRONJ
risk [20];

(3) patients suffering from osteoporosis and other non-malignant diseases; receiving BMAs with
different regimens (low MRONJ risk) [21];

As previously stated, the first group has been associated to a higher estimation of
MRONJ, that was reported between 1% and more than 20% [22,23].

In the second group, composed by breast or prostate cancer patients, without bone
metastases and treated with BMAs for the prevention of CTIBL, the incidence of MRONJ
was observed between 0% and 10.4% [11–14]. However, data regarding this group of
patients are very scarce. Indeed, this group of patients is still poorly known by many
clinicians, especially by dentists; this limited knowledge may lead to the possibility of
overestimating the risk of MRONJ onset of these patients, if included in cohorts of cancer
patients with BM.

The third group is composed by patients suffering from osteoporosis and other non-
malignant diseases receiving low dose BMAs; in this group the MRONJ risk is described
between 0.01% and 5.2% [24].

Breast cancer is the most frequent tumor in women worldwide, regardless of age,
with a peak of incidence in postmenopausal age. CTIBL has been found to be the most
common long-term adverse event experienced by breast cancer patients. BPs and DNB
are the two classes of BMAs used in clinical practice with similar efficacy in preventing
CTIBL and similar issues to be solved, such as the best time of starting BMAs therapy and
its duration [20].

All patients at risk of MRONJ should be subjected to primary preventive measures
(even after commencing BMAs), with the aim to maintain and/or reestablish as soon as
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possible an acceptable level of oral health. The preventive measures should be done before
the administration of ONJ-related medications in cancer patients with BM or multiple
myeloma or within the first six months in osteo-metabolic patients. Furthermore, the
patients taking BMAs should undergo periodic dental visits for early diagnosis of MRONJ
(every four months for cancer patients with BM or multiple myeloma while every six
months for osteo-metabolic patients) [2,25].

This study highlights, based on epidemiological data, that breast cancer or prostate
cancer patients without BM and treated with low dose BMAs for CTIBL prevention should
be considered similar to patients suffering from osteoporosis receiving low dose BMAs (at
the same dosage for CTIBL prevention), hence at low risk of MRONJ onset. It is possible to
apply them a binary gradient of MRONJ risk, supposed for osteo-metabolic ones [2,25]:

- from the beginning of BMAs administration to within 3 years from the commencing of
the treatment, a patient who does not report other MRONJ risk factors (e.g., systemic
and/or local) will be classified and considered at low risk of MRONJ.

- if the patient has been in treatment for a period of time longer than 3 years or shorter
than 3 years and simultaneously affected by systemic or local risk factors, this patient
will bear an incremental and indefinable risk of developing MRONJ, which is linked
to one or more additional, reported systemic or local risk factors.

In any case, all non-invasive dental treatments (e.g., restorative dentistry, non-surgical
periodontics), as well as surgical procedures which are necessary to eliminate infective
outbreaks of MRONJ, are not only considered as indicated but also of the utmost importance
in reducing the spreading of infectious processes for primary prevention purposes [2,25–27].

If the patient shows a good oral health or after the resolution of inflammatory or
infectious process, it is beneficial to plan a six-month follow-up examination in order
to maintain the primary prevention program for patients suffering from breast/prostate
cancer, treated with low dose BMAs for CTIBL prevention, from osteoporosis or other
non-malignant diseases [2,25,28].

It is worthy of note that, if a given cancer patient develops BM before the assumption
of high dose BMAs, the oral condition should be re-evaluated by dental examination and
when necessary also thanks to a new radiological dental exam. Additionally, cancer patients
with BM or multiple myeloma should undergo periodic dental visits every four months.

Among the 14 BC patients included in this study, with a median follow-up period
28.1 (±19.6) months, only 4 patients developed BM and then they were treated with high
dose BMAs. Among the four BC patients with BM, only two developed MRONJ.

One patient, after 48 months of risedronate assumption, had been treated with Xgeva®;
60 months after the switch she developed a non-exposed Stage I MRONJ in the lower
jaw. The second patient, after 20 months of Prolia®, had been treated with zoledronate;
17 months after the switch she developed a non-exposed Stage I MRONJ in the upper jaw.
Comparing the data of these two patients affected by BM and MRONJ to those with BM
without MRONJ, it must be highlighted that the patients with MRONJ took less low-dose
BMAs but longer high-dose BMAs (Table 4).

Noteworthy is the fact that both patients developed a non-exposed stage I MRONJ
in association with the onset of tooth mobility. This very light and healable condition
is probably derived from adequate and continuative primary and secondary prevention
measures. The application of periodic follow-up has made it possible to diagnose the
disease at the earliest stage, to carry out effective surgical therapies with the following
resolution of the disease.

5. Conclusions

The existence at the least of another category of BC patients taking BMAs, for reasons
other than contrasting bone metastases, raises the recent need to properly inform principally
dentists and to correctly record pharmaceutical data of cancer patients. The aim is to avoid
any overestimation of the risk of MRONJ, or worse, an underestimation of the risk in those
patients treated with BMAs for bone metastases.
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The general aim, in the protection of BC patients’ health, is to plan a primary pre-
vention of MRONJ before and while taking BMAs (both low and high doses), as well
as secondary prevention (early diagnosis) with the most adequate and effective dental
protocols, as being more stringent (e.g., without implants procedures) when the transition
to high-dose BMAs is planned and carried out.

The authors suggest that BC patients need more careful and punctual monitoring of
oral health since they, due to their frank cancer history, may have to switch, for containing
bone metastases, to high dose BMAs therapy, thus increasing their risk of MRONJ.
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Abstract: Tooth eruption is a complex process, during which a series of factors can cause a failure
of it. Among this, primary failure of eruption (PFE) is a non-syndromic condition that leads to an
incomplete tooth eruption despite the presence of a clear eruption pathway. The aim of this narrative
review is to provide an overall view about clinical considerations, genetics-related aspects, and
possible treatments of PFE based on the latest findings. A literature search using the PubMed/Medline
and Scopus database was performed. The search terms used were “PFE”, “orthodontics”, “primary
failure of eruption”, and “treatment”, and all the articles, according to the inclusion criteria, from
2008 until June 2022 were screened. Among them, 12 articles were considered useful to highlight
some of the main genotypical and phenotypical aspects and several treatment options. Indeed, if
there is a suspicion of primary failure of eruption, a PTH1R screening should be performed, because a
mutation in this gene is responsible for an altered balance between the resorptive and the appositional
processes during the eruption. This is important to know before starting an orthodontic treatment
because it could lead to ankylosis of the affected tooth, exposing patients to iatrogenic damage.
Treatment options depend on the growth phase of the patient and on the clinical situation.

Keywords: PFE; tooth eruption; failure of eruption; eruption disorder

1. Introduction

Tooth eruption is the movement of the tooth towards its functional position in the
oral cavity, entering into contact with the opposing tooth of the upper or lower arch from
its developmental site within the alveolar process [1]. Three factors contribute to this
complex process: bone resorption, gingival resorption, and root elongation at the apex of
the follicle [2].

This is a complex process in which the tooth follicle interacts with osteoclasts and
osteoblasts [3,4]. The mononuclear cells that inflow into the coronal part of the tooth
follicle are responsible for bone resorption [5]. Tooth eruption is known as a localized and
genetically programmed process governed by time.

Both systemic and local factors can cause the failure of tooth eruption. When a systemic
cause is involved, often the patient is affected by a systemic syndrome. In particular,
the genetic disorders associated with tooth eruption failure are cleidocranial dysplasia,
osteopetrosis, Rutherford syndrome, ectodermal dysplasia, and Down syndrome [6]. When
the patient has one of these complex systemic diseases, many teeth are usually affected.
Instead, when the responsible for the failure of eruption is a local factor, usually only
single teeth are affected, mainly the upper canine [7] and the lower wisdom teeth [8].
The local factors that hinder the eruption can be the lack of space, tooth germ deformity,
abnormal tooth germ position [9], or a physical barrier in the eruption pathway, such as
an odontoma, supernumerary teeth, or cysts [6]. This condition is known as mechanical
failure of eruption (MFE). In this case, there is a mechanical obstruction on the eruption
pathway, whose removal can cause the resolution of the missing eruption [10].
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Among the mechanisms of tooth eruption failure, it is important to cite the primary
and the secondary retention. In the first case, a dental element, before the emergence in the
oral cavity, ceases to erupt in absence of a mechanical obstruction. The secondary retention
involves the unexplained cessation of further eruption after a tooth has penetrated the oral
mucosa [8,11].

Primary failure of eruption (PFE) [12] is a condition in which non-ankylosed teeth
fail to erupt, despite the presence of a clear eruption pathway. Alterations in the balance
between the resorptive and the appositional processes during the eruption are the putative
factors underlying the development of primary failure of eruption [13]. This condition is
generally linked to the mutation of the parathyroid hormone 1 receptor gene (PTH1R) [13].
The reviewers decided to focus on the studies conducted from 2008 onwards because in this
year articles about the connection between PTH1R mutation and PFE were published [14].

Despite several articles having been published in recent years, no review has been
recently published that summarizes and organizes the most recent findings about the
topic. Starting from the last reviews about PFE, this article has the task of summarizing
the latest information based on the most recent research about the genetic bases of primary
failure of eruption. Indeed, since the article of Hanisch et al. in 2018, several findings have
been introduced, especially regarding the genotypical aspects by Grippaudo et al. in 2018
and 2021. These findings have also changed the clinical approach to PFE. According to
this, the aim of the current review is to provide an updated overall view of PFE, from the
epidemiology to the treatment going through clinical and genetical aspects.

Furthermore, the research underlines a lack of information about treatment options:
further studies are needed to assess which is the best way to treat PFE patients.

2. Materials and Methods

A literature search of the PubMed/Medline and Scopus database, including all English
language papers published after 2008 until June 2022, was performed. For the research, the
terms used were as follows: “PFE”, “Orthodontics”, “Treatment”, and “Primary failure of
eruption”. The keywords were combined in several ways: “PFE” AND “Treatment”, “PFE”
AND “Orthodontics”, “Primary failure of eruption” AND “Orthodontics”, etc.

The article types selected were systematic reviews, clinical research, clinical randomized
studies, and observational studies. Case reports and case series were excluded by this study.

Two calibrated reviewers (FS and CS) independently conducted the search from April to
June 2022 and identified 41 articles. After removing the duplicates, just 20 articles remained
to be screened. According to the inclusion criteria, the authors examined the articles and
removed every study with lower quality of evidence, such as case reports and case studies.

For the eligibility of inclusion, only 12 articles were selected and analyzed.

3. Results

The subjects of the 12 different articles included and discussed in the current narrative
review have been summarized in Table 1. Ten out twelve articles discussed the genotypical
aspects of PFE, eight out of twelve discussed phenotypes, five out of twelve discussed
the epidemiological aspects, and only three out of twelve (25%) discussed the treatment
options. To be more precise, Stellzig-Eisenhauer et al. (2013) [6], Milani et al. (2014) [15],
Hanisch et al. (2018) [16], Tokavanich et al. (2020) [17], and Grippaudo et al. (2021) [10]
provide a general view of the epidemiology of PFE. Each of the selected articles considers
the genotypical aspects and the correlation between PTH1R mutation and primary failure
of eruption except for the articles by Stellzig-Eisenhauer et al. (2013) [6] and Rizzo et al.
(2020) [18]. Regarding the phenotypical aspects, Stellzig-Eisenhauer et al. (2013) [6],
Izumida et al. (2020) [19], Tokavanich et al. (2020) [17], and Rizzo et al. (2020) [18] did not
expose new findings about the clinical and phenotypical aspects of this complex pathology.
Unfortunately, in the above mentioned studies, treatment options are not as well treated as
every other aspect: only Milani et al. (2014) [15], Hanisch et al. (2018) [16], and Rizzo et al.
(2020) [18] debate this topic.
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4. Discussion

As stated by Baccetti in 2000, primary failure of eruption is a rare disease with a
prevalence of 0.06% [20]. Several published studies of different authors in several countries
confirmed the abovementioned percentage [6,16]. On the other hand, the data about gender
distribution are not unanimous: several studies confirm the findings of Baccetti’s article,
in which he reported a prevalence ratio of 1:2.25 (male:female) for PFE [20]. In contrast,
Stellzig-Eisenhauer et al. [6], in the sample analyzed, found a 1:1.1 distribution between
females and males. Maybe this difference could be related to the small size analyzed in
the previously mentioned study. Considering the important contrast observed between
these studies, further research is required to accurately assess the gender prevalence of
PFE. In all the reported cases of the studies selected, only molars or molars and premolars
were involved [21]. This observation could lead to the conclusion that only molars and
premolars can be affected by PFE. Hanisch et al. [16] observed a prevalence of 64.1% for the
bilateral distribution and a prevalence of 35.9% for the unilateral distribution. A prevalence
for the unilateral distribution can be observed also in the impacted second molars [22]. On
the other hand, in the article by Pilz et al. (2014), the ratio of bilateral versus unilateral
PFE was 20:3. Pilz et al. stated that PFE is usually asymmetric, which means there is a
bilaterally unbalanced eruption of the teeth. In other words, the presentation is more severe
on one of the two sides [23]. The permanent dentition is more affected than the deciduous
dentition [16]. This epidemiological difference can probably be explained by the small
sample size of the abovementioned study. For this reason, further studies are needed to
better examine the exact gender prevalence and the lateral or bilateral distribution.

There are different types of PFE [17]. In type 1, patients show a similar loss of eruption
potential of all affected teeth, which leads to a progressively open bite extending from
anterior to posterior. In the second type, the tooth distal to the furthest mesial involved
tooth exhibits larger, but still inadequate, eruption potential. In Type 3, both forms appear
in the various quadrants.

Proffit and Vig in 1981 [12] identified the following characteristics typical of PFE: in-
volved teeth may initially erupt and then cease to erupt further or may fail to erupt entirely.
Therefore, the non-eruption can be partial or complete. Posterior teeth are more commonly
involved. Both primary and permanent teeth may be affected. Involved permanent teeth
tend to become ankylosed. The application of orthodontic forces leads to ankylosis. The
involvement may be unilateral or bilateral. The condition shows an absence of affected
family members. Although several findings of Proffit and Vig’s article can still be consid-
ered valid, the hereditary aspect has been revised. Indeed, many recently published studies
have found an important familial-based aspect for this condition.

Hanisch et al. in their review [16] found that 84.1% of the patients of their sample
had family members that reported having had PFE. In fact, patients with PFE revealed
a mutation in the parathyroid hormone 1 receptor gene (PTH1R) that is transmitted by
autosomal dominant inheritance [14]. This mutation is transmitted with an incomplete
penetrance [21]. This gene encodes a member of the G-protein coupled receptor, and it is a
receptor for parathyroid hormone (PTH). Normally, the PTH receptor is expressed in bone
tissue on the surface of the osteoblast. A key function of PTH is the regulation of calcium
metabolism [24]. After the activation of the receptor, the osteoclasts are stimulated to
increase bone resorption, allowing tooth eruption. Other variants in PTH1R have also been
associated with Jansen chondrodysplasia and Ollier enchondromatosis. These conditions
are characterized by abnormal skeletal development [25]. PFE is now the fifth disease to be
associated with mutations in the PTH1R gene [6]. Grippaudo et al. have hypothesized that
the PFE phenotype could also be the result of a dose-dependent inactivation of PTH1R [2].
Considering the heritability of this condition, it is important to do an evaluation of the
patient’s family history through interviews. After that, it is helpful to analyze the PTH1R
gene before planning the treatment. In 2021, Grippaudo et al. [10], through saliva samples,
examined a cohort of patients that demonstrated clinical signs of PFE. DNA was extracted
from saliva and subjected to PCR and sequencing. Some of the patients analyzed were
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genetically identified as carriers of variants of the PTH1R gene, while in others no variants
were found. Through molecular analysis, they found 14 different variants. To be more
specific, there were nine exonic PTH1R variants that had different effects on the protein
structure. Above these there were a nonsense variant, a frameshift variant and missense
variants. In patients with PTH1R variants that alter the protein structure, they found that the
open bite is more severe and that Type 1 PFE is more frequently associated with a bilateral
manifestation. On the other hand, not all the patients with an intronic variant had typical
PFE. Other patients that did not demonstrate the presence of a PTH1R variant showed a less
defined phenotype, sometimes limited to the involvement of a single tooth when compared
to PTH1R-positive patients. According to this study, the typical traits of PFE are more often
present in patients with pathogenic variants of the PTH1R gene. In addition, a patient who
has signs of PFE may not have variants of the PTH1R gene. Furthermore, in their functional
analysis of PTH1R variants [19], Izumida et al. showed that amino acid substitutions found
in PTH1R from a patient with PFE lowered the responsiveness of the cells to PTH. These
differences might have effects on the functions of osteoblasts and osteocytes. In fact, as said
before, alterations in the balance between the resorptive and the appositional processes
during the eruption are the putative factors underlying the development of PFE.

In addition to the clinical features of the PFE exposed by Proffit, subsequent articles
reported that in patients with this condition, if an anterior tooth is affected, the posterior
teeth are also affected; affected teeth resorb the alveolar bone coronal but do not erupt
totally or erupt incomplete [23]; the growth of the alveolar process is impaired in the
affected areas (in fact, the affected teeth appear at the base of a large vertical defect) [6]; a
severe lateral open bite, unilateral or bilateral, is present [16]; and the affected molars show
roots with dilacerations and truncation [17].

Regarding the possible treatment options for PFE, it is important to highlight that a
dental element with PFE, if subjected to an orthodontic force, becomes ankylosed before
achieving occlusion [12,13,26]. Considering this, treatment options are extremely limited.
Before starting a treatment on these elements, it is important to wait until the end of the
vertical growth of the patient. The treatment may be different considering the severity
of the non-eruption. In particular, in patients that show a mild severity, the best option
is a conservative restoration, for example, through onlays or crowns in order to close the
open bite [15]. Instead, when the case is moderately severe, treatment options may include
extraction or surgical removal of the teeth and subsequent implantation or orthodontic
space closure. Another option is the segmental osteotomy to place in occlusion the element;
in this case, all the segments involved are repositioned. Roulias et al. stated that when
more than one tooth is affected, this type of treatment increases the chance of success [27].
If this is not possible, often a removable prosthesis is the only solution.

Table 1. Lists of the articles reviewed, with the subject of their main findings, type of article, and
sample size. (Letter U = Unspecified).

Article Epidemiology Genotype Phenotype Treatment Type of Article Sample Size

Decker et al. (2008) [14] � � Clinical research 15

Frazier-Bowers (2010) [24] � � Clinical research 12

Stellzig-Eisenhauer et al. (2013) [6] � � Clinical research 15

Frazier-Bowers et al. (2014) [21] � � Clinical study 54

Milani et al. (2014) [15] � � � Review U

Pilz et al. (2014) [23] � � Clinical research 36

Hanisch et al. (2018) [16] � � � � Systematic review 314

Grippaudo et al. (2018) [2] � � Clinical research 29

Izumida et al. (2020) [19] � Clinical research U

Tokavanich et al. (2020) [17] � � In vivo animal study U

Rizzo et al. (2020) [18] � Review U

Grippaudo et al. (2021) [10] � � � Clinical research 38
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5. Conclusions

To summarize, most of the analyzed articles agree on the importance of a differential
diagnosis between PFE and other possible mechanisms, such as MFE or ankylosis [18],
when a failure in a tooth eruption is observed, in the absence of systemic disorders. Con-
sidering the relevance of the genetic aspects that were exposed in this review, a PTH1R
screening can be helpful to understand the reason of the non-eruption in order to choose
the best treatment prior to any orthodontic treatment to avoid the ankylosis and avoid
unnecessary and long-lasting therapies for patients that result in failure and expose them
to iatrogenic damage. On the other hand, the research underlines a lack of information
about treatment options: further studies are needed to assess which is the best way to treat
PFE patients. Thus far, every treatment plan must be evaluated individually.
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Abstract: (1) Background: Psoriasis is a chronic and inflammatory systemic disease that has been
associated with periodontal pathologies, specifically periodontitis. The aim of this research is to
answer the following question: Could periodontitis aggravate psoriasis? (2) Methods: We carried
out a systematic review following the PRISMA guide using PubMed, Embase, Scopus, and WOS;
(3) Results: A total of 111 studies were identified in the databases and 11 were obtained after screening.
The selection included nine case–control studies, one cross-sectional study, and one cohort study. Most
of the publications report an increase in bleeding on probing and the presence of periodontal pockets
in patients with psoriasis, confirming that inflammation caused by periodontitis can contribute to
systemic inflammation worsening psoriasis. To summarize, the scientific literature indicates that local
periodontal inflammation could aggravate psoriasis.

Keywords: psoriasis; periodontitis; inflammatory disease; periodontal disease; risk factors for psoriasis

1. Introduction

Psoriasis is a chronic, immune-mediated inflammatory skin disease, characterized by
red and scaly plaques occurring more frequently on the elbows, knees, scalp, and lower
back [1]. Worldwide, in 2017, an estimated 29.5 million adults had psoriasis, corresponding
to a physician-diagnosed lifetime prevalence of 0.59% of the adult population [1]. Plaque
psoriasis is the most frequent type, representing more than 80% of psoriasis cases [2]. The
pathogenesis of plaque psoriasis consists of a feed-forward mechanism of inflammation
involving primarily the T-helper cell type 17 (TH17) pathway [2]. In the past, psoriasis was
considered a disease that was limited to the skin and was treated with topical agents or
phototherapy. With recent advances, research has focused on clarifying the roles of specific
proinflammatory cytokines that contribute to the disease’s pathogenesis [3].

Psoriasis is a visible skin disease, and therefore relationships with other people can be
disturbed. Many patients encounter prejudice and rejection and feel that their attractiveness
is diminished. Therapy and skin care are time-consuming, so psoriasis patients may be
limited in their work, leisure time, and freedom of movement due to physical symptoms [1,4].
Apart from comorbidities [5], people with psoriasis not only have to cope with physical
limitations but also with severe psychological burdens such as depression, anxiety, and
suicidal thoughts [1,4].

Guideline-indicated therapeutic options involve topical treatments, phototherapy,
and systemic therapies which encompass both oral treatments and injectable biologics.
Eighty per cent of patients with psoriasis have mild-to-moderate forms of psoriasis and can
be treated exclusively with topical agents such as corticosteroids and vitamin D analogs.
Phototherapy and systemic agents are recommended for patients with moderate-to-severe
psoriasis, where the extent of the disease makes topical therapy of all lesions impractical [6].

Recently, psoriasis has been related to other chronic inflammatory conditions, such as
periodontitis. Accumulated epidemiologic, genetic, and pathogenetic evidence indicates

Oral 2023, 3, 57–66. https://doi.org/10.3390/oral3010006 https://www.mdpi.com/journal/oral43



Oral 2023, 3

that psoriasis is associated with this condition [7]. The American Academy of Periodontics
defines periodontal disease as an inflammation of the supporting tissues of the tooth [8]. It
is a progressive destruction process that leads to the loss of the supporting bone of the tooth
and its periodontal ligament [9]. The prevalence of periodontitis is reported to vary from
20% to 50% around the world. Additionally, periodontitis is one of the major causes of tooth
loss, which can undermine function, aesthetics, self-confidence, and quality of life [10].

Periodontitis is a chronic inflammatory condition provoked by a bacterial infection
that activates the host immune response [10–16]. Psoriasis could cause periodontal lesions
and sometimes white plaque and erythema lesions on the oral mucosa and palate [11,16].
This disease is an inflammatory condition considered a result of the complex interaction
between the oral microbial community and the host response, modified by genetics and
environmental factors. In recent decades, there has been increasing evidence supporting
a strong relationship between periodontitis and systemic conditions. These conditions
include cardiovascular diseases, metabolic syndrome, obesity, rheumatoid arthritis, poly-
cystic ovary syndrome, and adverse outcomes during pregnancy [11–13].

Since psoriasis and periodontitis have similar pathogenic mechanisms and associated
conditions in common, there has been a renewed interest in research into possible links be-
tween these diseases. The current hypothesis of common etiopathogenic processes between
the conditions comprises several possible mechanisms, such as amplified inflammatory
response and T-cell activation and a lower concentration of salivary IgA and lysozymes [11].
Some studies have already indicated that patients with psoriasis have a significantly el-
evated risk of periodontitis compared with controls without psoriasis [14–20]. This was
especially observed in patients with severe psoriasis [21]. In addition, a meta-analysis
reported that patients with periodontitis have a significantly increased risk of psoriasis [22].
Therefore, the aim of this study was to establish if periodontitis could aggravate psoriasis
and if psoriasis patients had more risk of developing periodontal disease or presenting
worse periodontal status.

2. Materials and Methods

We carried out a systematic review following the PRISMA guide (Preferred Reporting
Items for Systematic Reviews and Meta-analyses), and the PRISMA check list is available
as Supplementary Materials [23]. We built an evidence-based research method for incor-
porating a PECO question model (PECO: Participants, Exposure, Control and Outcomes).
The focused question was: Could periodontitis aggravate psoriasis? Patients (P): patients
with psoriasis; Exposure (E): exposition to periodontitis; Control (C): periodontal healthy
patients. Outcome (O): periodontal and clinical parameters. It was intended to establish
if periodontitis can be considered a risk cofactor for aggravating periodontal problems
in patients in comparison with healthy patients. The chronic inflammation that exists in
periodontitis could cause higher vulnerability to developing more clinical manifestations
of psoriasis.

2.1. Search Strategy

To carry out the systematic review we used the following databases: PubMed (National
Library of Medicine, Washington, DC, USA), Embase, Scopus (Elsevier B.V., Amsterdam,
The Netherlands), and Web of Science Core Collection. The keywords employed were:
periodontitis, psoriasis, inflammation, and inflammatory disorder. The search strategy
was performed using MeSH terms. To facilitate the reproducibility of the search strategy,
a QR code was generated for each database used (Figure 1). This systematic review was
registered in PROSPERO, the international prospective register of systematic reviews, with
the following registration code: CRD42021261141.
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Figure 1. Flow chart following the PRISMA guide [23].

2.2. Selection of Articles and Eligibility Criteria

The inclusion criteria were: original research articles reporting longitudinal studies,
cross-sectional studies, clinical trials, cohort studies, or case–control studies in the previous
5 years. Besides, the sample size included was research with 30 or more individuals and
articles with quality score of 4 or higher. The exclusion criteria were: topic reviews, case
reports, and low quality articles. After conducting a bibliographic search, duplicate articles
were removed. Moreover, studies that were not deemed useful for the topic were excluded.
Finally, those articles which did not meet the inclusion criteria were not considered for
this systematic review. Thus, a selection of articles was established to answer the PECO
question (Figure 1).

2.3. Quality Control of Articles

The Newcastle–Ottawa scale for quality control was used. This scale checks the
selection of the study groups, the comparability of the groups, and the outcomes (exposure
for case–control studies). It is a “gold standard” system that assesses these 3 features, with
each comprising several items depending on the type of publication: case–control study
(Table 1), cross-sectional study (Table 2), and cohort study (Table 3).
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Table 1. Newcastle–Ottawa scale for case–control study.

Author, Year

Selection
Items

Comparability
Item

Exposure
Items Total

1 2 3 4 5 6 7 8

Sezer et al., 2016 * * * * * 6/9

Painsi et al., 2017 * * * * 4/9

Sarac et al., 2017 * * * * * * 6/9

Woeste et al., 2019 * * * * * * 6/9

Macklis et al., 2019 * * * * * 5/9

Mendes et al., 2019 * * * * * * 6/9

Barros et al., 2020 * * * * * 5/9

Belstrøm et al., 2020 * * * * 4/9

Skutnik-Radziszewska et al., 2020 * * * * * 5/9

Selection: 1: Is the case definition adequate? (1 point); 2: Representativeness of the cases (1 point); 3: Selection of
controls (1 point); 4: Definition of controls (1 point); Comparability: 5: Comparability of cases and controls on the
basis of the design (1 point) or/and analysis (1 point); Exposure: 6: Ascertainment of exposure (1 point); 7: Same
method of ascertainment for cases and controls (1 point); 8: Non-response rate (1 point). *: Corresponds to 1 point
from total score when the research adequately meets the item.

Table 2. Newcastle-Ottawa scale for cross-sectional study.

Author, Year

Selection
Items

Comparability
Item

Outcome
Items Total

1 2 3 4 5 6 7

Ligia et al., 2019 * ** * ** 6/9

Selection: 1: Representativeness of the sample (1 point); 2: Sample size (1 point); 3: Non-respondents (1 point);
4: Ascertainment of exposure (2 points); Comparability: 5: Subjects in different outcomes are comparable, based
on the study design or analysis, and confounding factors are controlled (1 point); Outcome: 6: Assessment of
the outcome (2 points); 7: Statistical test (1 point). *: Corresponds to 1 point from total score when the research
adequately meets the item. **: 2 points.

Table 3. Newcastle-Ottawa Scale for cohort study.

Author, Year

Selection
Items

Comparability
Item

Outcome
Items Total

1 2 3 4 5 6 7 8

Egeberg et al., 2017 * * * ** * * 7/9

Selection: 1: Representativeness of the exposed cohort (1 point); 2: Selection of the non-exposed cohort (1 point);
3: Ascertainment of exposure (1 point); 4: Demonstration that outcome of interest was not present at start of
study (1 point); Comparability: 5: Comparability of cohorts on the basis of the design or analysis (2 points);
Outcome: 6: Assessment of outcome (1 point); 7: Was follow up long enough for outcomes to occur (1 point);
8: Adequacy of follow up of cohorts (1 point). *: Corresponds to 1 point from total score when the research
adequately meets the item. **: 2 points.

3. Results

In this systematic review, a total of 111 studies were identified in the databases, and 11
were obtained after screening (Figure 1). The selection included nine case–control studies,
one cross-sectional study, and one cohort study. The general characteristics of the studies
analyzed in this review are presented in Table 4. All the articles used large samples of
between 71 and 5,470,428 individuals. Regarding the case–control studies, these mainly
compared the results of periodontal tests and epidemiological indexes (prevalence and
incidence) between a group exposed to psoriasis and a control group. In the cross-sectional
study, the periodontal status of the sample was analyzed. In the cohort study, the different
periodontal states of different groups were compared, including psoriasis patient groups
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and control groups. Most of the publications report an increase in bleeding on probing
and the presence of periodontal pockets in patients with psoriasis and indicate that local
periodontal inflammation could aggravate psoriasis.

Table 4. General characteristics of the studies analysed in this review.

Author, Year Type of Study Sample Size
Periodontal
Evaluation

Conclusions

Sezer et al., 2016 Case–control 100 cases
20 controls PI, PD, CAL, and BOP%

There were no differences between
periodontitis (systemically

healthy-chronic periodontitis,
psoriasis-chronic periodontitis,

psoriatic arthritis-chronic
periodontitis) groups

Painsi et al., 2017 Case–control 209 cases
91 controls

Data from patient who
underwent an

inflammatory focus
screening, including a

dental check up

Higher periodontitis prevalence in
psoriasis patients compared with

chronic spontaneous urticaria
(OR = 3.76; 95% CI 1.60–10.27; p = 0.001)

Sarac et al., 2017 Case–control 76 cases
76 controls CPITN In the psoriasis group, there were

higher values in CPITN

Woeste et al., 2019 Case–control 100 cases
101 controls

BOP, CPITN, and dental
parameters according to

the DMFTI

The author found higher values in
BOP and CPITN in psoriasis group.

There were no differences for DMFTI.
Periodontitis could aggravate

psoriasis simptosms.

Macklis et al., 2019 Case–control 100 cases
165 controls

Validated WHO survey
for adult oral hygiene

practices including
gingivitis and

periodontitis signs

Patients who reported poor or very
poor gum health showed more
symptoms of severe psoriasis.
Periodontitis could aggravate

psoriasis simptosms.

Mendes et al., 2019 Case–control 397 cases
325 controls PI, PD, CAL, and BOP

Psoriasis patients had higher PI, PD,
BOP, and CAL values.

Psoriasis individuals showed more
probability of suffering periodontitis

when compared with controls
(OR = 1.72; 95% CI 1.28–2.32; p < 0.001).

Barros et al., 2020 Case–control 69 cases
74 controls

PI, PD, CAL, BOP,
and DMFTI

Psoriasis patients had lower PI values,
higher CAL and DMFT values, and

fewer teeth. More prevalence of severe
and generalized periodontitis. Severe

periodontitis can be considered
a risk factor for psoriasis

(OR = 3.7; 95% CI 1.5–9.0; p < 0.003).
BOP was not significantly different.

Belstrøm et al., 2020 Case–control 85 cases
52 controls PI, BOP, PD, and CAL

Patients with psoriasis had good
periodontal health (regularly

attending dental care). No differences
in missing teeth, PD, or CAL.

Relatively high percentages of BOP
and PI. Lower salivary levels of

NGAL and transferrin.

Skutnik-Radziszewska
et al., 2020 Case–control 40 cases

40 controls
Dental status, DMFTI,

PBI, and GI
There were no differences in the

values of DMFTI, PBI, or GI
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Table 4. Cont.

Author, Year Type of Study Sample Size
Periodontal
Evaluation

Conclusions

Ligia et al., 2019 Cross-sectional 71
participants PI, BOP, CAL, and PD

Periodontal disease was frequent in
patients with psoriasis. Nevertheless,
there was no statistically significant

(small sample). No data for
periodontal indexes.

Egeberg et al., 2017 Cohort 5,470,428
participants

Patients with
periodontitis were

identified by their first
inpatient or outpatient
(ambulatory) hospital

diagnosis of periodontitis

Increased risk of periodontitis in
mild psoriasis linebreak

(IRR: 1.66; 95% CI 1.43–1.94; p < 0.001),
severe psoriasis

(IRR: 2.24; 95% CI 1.46–3.44; p < 0.001)
and psoriatic arthritis

(IRR: 3.48; 95% CI 2.46–4.92; p < 0.001).
Periodontitis could agravate

psoriasis simptosms.

Abbreviations: PI: plaque index; CAL: clinical attachment loss; BOP: bleeding on probing; PD: probing depth;
GI: gingival index; CPITN: community periodontal index of treatment needs; DMFTI: decayed, missing, and
filled teeth index; D: decayed teeth; M: missing teeth; FT: filled teeth; PBI: papilla bleeding index; IRR: incidence
rate ratio.

3.1. Periodontal Parameters

The periodontal parameters used in most of the investigations were probing depth
(PD) [18,19,24–26], clinical attachment loss (CAL) [18,19,24–26], and the community peri-
odontal index of treatment need (CPITN) (15,16). All of these indices are indicative of the
stage of periodontitis according to the new classification of 2017 [27]. PD had higher values
in one study [18], but in the others that analyzed it there were no differences between cases
and controls [19,24–26]. CAL had higher values in some of the studies reviewed [18,19]
but not in others [24–26]. There were significant differences in CPITN in the two studies
involving it [15,16]. In addition, plaque index (PI) was used to assess the oral hygiene
of some patients [18,19,24–26], with most studies finding no differences in this measure
between cases and controls.

On the other hand, other authors have used some less frequent indexes, such as
bleeding on probing (BOP) [16,18,19,24–26]; the decayed, missing, and filled teeth index
(DMFTI) [16,19,28]; the papilla bleeding index (PBI) [28]; and the gingival index (GI) [28]
(Table 4).

3.2. Epidemiological Parameters

Likewise, it is especially important to mention the epidemiological factors identified
in this review. Some of the studies used prevalence indicators [14,18,19] while other publi-
cations used incidence rates [20]. Thus, the prevalence of periodontitis was 23.9–46.1% in
psoriasis patients compared with 7.7–33.1% in healthy controls [14,18]. An OR of between
1.72 (95% CI 1.28–2.32; p < 0.001) [18] and 3.76 (95% CI 1.60–10.27; p = 0.001) [14] was found for
the risk of psoriasis patients suffering periodontitis. Regarding the incidence of periodontitis
in the cohort study [20], the authors found significant differences between cases and con-
trols. The incidence rate ratio (IRR) in mild psoriasis was 1.66 (95% CI 1.43–1.94; p < 0.001),
2.24 (95% CI 1.46–3.44; p < 0.001) in psoriatic arthritis, and 3.48 (95% CI 2.46–4.92; p < 0.001) in
severe psoriasis. Finally, Macklis [17] used a validated WHO survey to establish the state of
gums in adult patients with psoriasis compared with healthy controls, and it was observed that
psoriasis patients who considered their gum health to be poor or very poor had significantly
more severe psoriasis symptoms.
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4. Discussion

This systematic review has given our PECO question an affirmative answer with
periodontitis being a disease that could aggravate the clinical manifestations of psoriasis.
Patients with psoriasis present an increase in proinflammatory cytokines that leads to
a bidirectional association between both pathologies [14–20,24–26,28]. This topic has
attracted interest because of the effects that both diseases have on patients and because
of the large number of people who suffer from both of them. These two conditions
share several common immunologic, micro-biological, and environmental pathogenetic
factors. Although the etiopathogenesis is not fully understood, it is proposed that the
environmental factors modify the diversity of the local microbiome and produce dysbiosis.
Altogether, these factors lead to T-cell activation and cytokine production [7], which starts
the inflammatory process. Thus, there has been increasing attention in establishing if
psoriasis and periodontitis have a relationship.

In two previous similar studies it was determined that psoriasis patients had higher
chances of suffering from periodontitis. Qiao et al. [21] carried out a meta-analysis of
eight articles, finding significant differences in BOP, PD, CAL, and remaining and missing
teeth, as well as in the level of alveolar bone loss. There were no differences in PI and
GI. The authors elucidated that psoriasis patients suffer from worse periodontal health
compared with non-psoriasis subjects, and, despite a more detailed investigation being
needed, it was concluded that the confounding factors should be taken into much more
consideration. Moreover, it was stated that there were not enough studies to establish solid
conclusions for some indexes and that more papers should undertake adequate quality
meta-analysis. Zhang et al. [11] performed a systematic review, concluding that psoriasis
and periodontitis were bidirectionally related, but the authors mention that there was
high heterogeneity among the papers and a higher number of articles was needed. Zang
et al. [11] also report that the role of confounding factors such as age, gender, or systemic
conditions should be highlighted. Additionally, establishing precise and common criteria
for the diagnosis of periodontitis was deemed critical. Regarding the present paper, there
were three studies that did not find any differences between the psoriasis patients and the
control groups [25,26,28]. Ligia et al. (24) also show no statistical significance between
groups, although periodontitis was more frequent in psoriasis patients. The remaining
seven articles [13–19] gathered significant evidence that patients with psoriasis were more
susceptible to suffering periodontal disease. These articles [14–20] used epidemiologi-
cal indexes (prevalence [14,18,19] and incidence [20]), periodontal indexes [15,16,18,19],
and questionnaires [17]. In several studies [13,17,18], it was found that there was a
higher prevalence of periodontitis in psoriasis patients with an OR (95% CI) of between
1.72 (1.28–2.32, p < 0.001) [18] and 3.76 (1.60–10.27, p = 0.001) [14]. Eberg et al.’s cohort
study [20] has to be highlighted as the initial sample was all individuals aged 18 or over
from Denmark, with a final sample was composed of 5,470,428 individuals. Their results
show through the IRR that there is an increased risk of periodontitis in mild psoriasis (IRR:
1.66; 95% CI 1.43–1.94; p < 0.001), severe psoriasis (IRR: 2.24; 95% CI 1.46–3.44; p < 0.001),
and psoriatic arthritis (IRR: 3.48; 95% CI 2.46–4.92; p < 0.001).

However, the results are not as clear for the PD measure with four out of five articles
not finding any differences [19,24–26]. For the CAL measure, three out of five papers found
no differences between cases and controls [24–26]. Furthermore, all of the studies that
analyzed PI did not find any differences [18,19,24–26]. Regarding prevalence, three out of
three studies showed significant differences [14,18,19]. All of this may indicate that psoriasis
can be a risk factor for developing periodontal disease. Nevertheless, the diagnosis of
periodontitis in these three publications was different. While Painsi et al. [14] used registers
to identify periodontal disease patients, Mendes et al. [18] employed interproximal CAL
and/or PD and Barros et al. [19] only used the CAL measure in interproximal sites. The
different diagnosis methods in the studies increases the heterogeneity of the results and the
subsequent conclusions. For further studies, there should be criteria for always establishing
the same method of diagnosis since without this, it is difficult to compare and generalize
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results, especially in relation to registers. Although it is a good method for large studies, it
reduces their precision. Thus, a goal for this line of research would be having a common
diagnosis for both periodontitis and psoriasis.

In addition, there is the question of confounding factors, with age, gender, or systemic
conditions having been mentioned already. However, there may be other factors that have the
capacity to modify the results. Socioeconomic status is likely to alter periodontitis outcomes,
so patients with less access to healthcare or healthy conditions are more likely to have worse
outcomes. Another confounding factor is the presence of plaque, as there will not be the same
outcomes for people with poor hygiene vs. people with good oral care. There have been
articles involved in some systematic reviews with very high PI values, and these values are
going to change the results because the periodontium is not going to react in the same way to
good hygiene as it does to poor hygiene. Both diseases have been shown to cause inflammatory
changes in the form of increased cytokine values [14–16,19,20,24–26]. Since they are essential
in the pathogenesis and progression of periodontitis and psoriasis, it can be speculated that
increased cytokine values may favor the development of periodontitis [14–16,18,26]. This
altered state would render the individual susceptible to developing inflammatory diseases.
Therefore, it has been shown that if periodontal disease is treated, the psoriasis condition
improves [29,30]. In addition, systemic psoriasis therapy could lead to better periodontal
parameters [29–31].

An association between psoriasis and periodontitis has been shown, and increased
concentrations of proinflammatory cytokines such as TNF-α and IL-1β have been found in
saliva from patients with psoriasis [3,30–32]. Activated TH17 cells producing IL-17 are key
pathogenic players in psoriasis, and bacterial infection, including infection with P. gingivalis,
may also activate TH17 cells. This bacterial infection can activate inflammatory pathways,
promoting secretion of interleukins and increasing the clinical manifestations of psoriasis
by contributing to systemic inflammation. Moreover, activated TH17 cells have been found
in periodontal lesions and in mild psoriasis, and increased IL-17 levels have been demon-
strated in crevicular fluid from patients with mild psoriasis [2,3,30–32]. These findings show
that TH17 hyperactivation could be a pathway that connects both pathologies, sharing
pathophysiological mechanisms present in psoriasis and periodontitis [2,3,7,17–19,31–33].

However, there is some heterogeneity in the results of recent articles on this topic,
which could be because the investigations used different diagnosis methods for periodonti-
tis. Prospective and more detailed research is required to obtain more evidence. In any case,
this manuscript has carried out a review following the PRISMA guidelines [23] and using
quality scales with a thorough protocol developed by three researches with experience in
this field. Moreover, this publication covers the most recent articles on the subject and has
incorporated the most cited papers on the relationship between periodontitis and psoriasis.

5. Conclusions

The scientific literature available up to now affirms that periodontitis could aggravate
the clinical manifestations of psoriasis. A bidirectional association between both pathologies
is proposed: On the one hand, patients with psoriasis typically present oral lesions that make
them more at risk of developing periodontal diseases [1,4,6,11,16], and on the other hand,
periodontitis in patients with psoriasis may increase the poll of proinflammatory cytokines and
in this way aggravate the clinical manifestations of psoriasis [14–20,24–26,28,31,32]. Clearly,
the role of the dentist is of great importance, since a dental examination can identify the
presence of periodontitis and provide treatment to patients. This treatment can improve
the systemic inflammatory process and improve the evolution of psoriasis, so periodontal
treatment would also improve the consequences of psoriasis. In addition, since the evidence
points to periodontitis and psoriasis having a bidirectional relationship, dental practitioners
should carry out a comprehensive dental checkup in these populations. Patients diagnosed
with psoriasis could also undergo specific gum surveillance, since there is evidence that
psoriasis may be a risk factor for periodontitis too.
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Abstract: Musculoskeletal symptoms are common in both acute COVID-19 disease and post-acute
sequelae (Post-Acute COVID Syndrome). The purpose of this study is to investigate whether there
are reduced levels of masticatory function in patients with PACS (Post Acute COVID Syndrome) who
suffer from sarcopenia, under the hypothesis that the latter may also involve the masticatory muscles.
This study includes 23 patients hospitalized for COVID-19 between February 2020 and April 2021
and currently suffering from PACS. Among these PACS patients, 13/23 (56%) suffer from sarcopenia,
5/23 (22%) complain of asthenia but do not suffer from sarcopenia and the remaining 5/23 (22%) do
not present muscle symptoms (non-asthenic non-sarcopenic). Oral health indices of all patients were
collected. The masticatory strength was assessed with a gnathodynamometer based on piezoresistive
sensors, and the masticatory effectiveness was measured by administering the “chewing gum mixing
ability test” by having patients perform 20 masticatory cycles on a two-color chewing gum and
analyzing the outcome through the ViewGum© software. Moreover, we gathered data with a hand
grip test and gait speed test. The data collected in this study show that PACS sarcopenic patients
have decreased masticatory effectiveness and strength compared to PACS asthenic non-sarcopenic
patients and PACS non-asthenic non-sarcopenic patients.

Keywords: PACS (Post Acute COVID Syndrome); masticatory strength; sarcopenia

1. Introduction

ACE2 (angiotensin-converting enzyme) receptors are recognized as the prime target
of SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus 2) [1], and the cellu-
lar infection causes the release of inflammatory cytokines [2–4]. As ACE2 receptors are
present in multiple organs (lungs, trachea, intestines, skin, kidneys, pancreas, brain, heart
and salivary glands [1,4,5]), the acute damage of COVID-19 (Coronavirus Disease 2019),
caused by uncontrolled hyperinflammation, [3,6] is defined as multiorgan [7–9]. The World
Health Organization has defined post-acute COVID-19 syndrome as long-term effects
present for 3 months after a COVID-19 onset which cannot be explained by an alternative
diagnosis [10]. Due to the relapsing/remitting nature of post-COVID symptoms, the fol-
lowing classification has been proposed: Transition Phase (symptoms potentially related
to infection; 4–5 weeks), Phase 1 (acute post-COVID symptoms; 5–12 weeks), Phase 2
(symptoms long post-COVID; 12–24 weeks) and Phase 3 (persistent post-COVID symp-
toms; >24 weeks). Post-acute COVID-19 syndrome (PACS) is considered in patients with
persistent post-COVID symptoms (Phase 3) [11]. (Figure 1).
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Figure 1. Integrative model of post-COVID symptoms in hospitalized patients showing the Transition
Phase (green) and Phases 1 (yellow), 2 (orange) and 3 (red) of post-COVID symptoms [11].

PACS has been described as an expression of a modified aging trajectory induced by
SARS-CoV-2 [12]. Aging, defined as the accumulation of unrepaired changes generated
in different cells, tissues and organs, depends both on internal and external adaptation
mechanisms [13]. At the immunological level, aging is an interaction between the innate
immune system, mainly represented by an inflammation cascade [14], and the adaptive
immune system, represented by T-lymphocytes [15]. The interaction between inflam-aging
and immunosenescence may underlie the pathogenesis of PACS. The accumulation of
senescent cells that acquire a secretory phenotype associated with senescence (SASP) [16]
has been described, and it is suggested this a phenotypic change is the result of cellular
stress secondary to cellular homeostatic mechanisms compromised by SARS-CoV-2. SASP
cells release cytokines, chemokines, proteases, reactive metabolites, growth factors, non-
coding nucleotides [17], thus effectively activating a chronic inflammatory state.

From hospitalization through to Phase 3, multi-organ signs and symptoms have been
reported, including pulmonary [18], cardiovascular [19], metabolic [20], neurocognitive [21],
sensory, gastrointestinal [22], psychological [23], dermatological and muscular [11,24]. The
pro-inflammatory state associated with COVID-19 and PACS become chronic, [25] provok-
ing cellular senescence [13,16,26]. Muscle weakness, asthenia, sarcopenia, and intolerance
to physical exercise [27] in PACS patients is caused by systemic inflammation [28,29], vi-
ral infiltration [30], muscle disuse [31], hypoxia [32], malnutrition [33] and adverse drug
effects [34].

Further, respiratory fatigue associated with PACS may also be due to respiratory
muscle dysfunction, especially the diaphragm [35]. Therefore, it has been suggested that
skeletal muscle may be the most affected tissue by the effects of a severe COVID-19 infection.
Hence, it is hypothesized that sarcopenia in PACS patients can also affect the masticatory
muscles causing fatigue in chewing and possible masticatory distress.

Previous studies have highlighted a link between masticatory dysfunction and sar-
copenia. Yoshida et al. reported in 2021 that almost half of the elderly living in Kyoto,
Japan has oral hypofunction, defined as a disease not only influenced by aging but also
by various factors related to diseases and disorders significantly related to sarcopenia and
“frailty” [36]. Kugimiya, Y. et al. in a study of more than 800 elderly (76.5 ± 8.3 years)
reported that sarcopenia is observed with a higher frequency in patients diagnosed with
oral hypofunction compared to those without; consequently, oral hypofunction appears to
be significantly associated with sarcopenia [37].

However, there is currently no evidence in the literature regarding the involvement
of the stomatognathic system in PACS patients. We aim to measure the bite force and
masticatory performance in PACS patients hospitalized at our center between February
2020 and April 2021.
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2. Materials and Methods

We offered a dedicated odontoiatric consultancy to patients diagnosed with PACS
attending a dedicated multidisciplinary clinic at Modena University. Patients were selected
independently of gravity of PACS and presence of dental signs and symptoms.

Data obtained from medical screening visits of PACS patients included Depression
Anxiety Stress Scale (DASS) [38], Body Mass Index (BMI) [39], “dominant hand grip test”
(measurement of hand grip strength thanks to a digital dynamometer), “chair stand test”
(seconds used for getting up and sitting down 5 times) and “gait speed test” (seconds
employed for walking 5 m). The latter two tests are widely used in geriatrics as indicators
of motility and frailty among the elderly [40,41].

Asthenia was detected using a predefined checklist of symptoms in which the patient
is asked to identify presence and intensity (low, moderate or severe) of muscular symptoms.
Sarcopenia was defined according to the European Working Group on Sarcopenia in
Older People as low muscle strength, low muscle quantity or quality and low physical
performance, adjusted for age and sex [42].

All patients enrolled in the study have PACS symptoms. In our paper, patients are
divided into 3 groups: (1) PACS patients with sarcopenia (sarcopenic patients); (2) PACS
patients who complain of muscle fatigue but do not fulfill the criteria for diagnosis of
sarcopenia (asthenic non-sarcopenic patients); (3) PACS patients without sarcopenia and
who do not complain of muscle fatigue (non-asthenic non-sarcopenic patients).

2.1. Short Medical History Interview

Patients were initially subjected to a short medical history associated with COVID-19,
including hospitalization, persistence of PACS symptoms, possible presence of temporo-
mandibular disorders and presence of parafunctions.

2.2. Anatomo-Functional Analysis

A palpatory analysis was performed, according to Slavicek [43], to assess the presence
of pain in the head and neck muscles and TMJ (Temporo Mandibular Joint) dysfunctions.
An extra-oral palpation of the shoulders, neck, atlanto-occipital region, sternocleidomastoid,
homohyoid, TMJ in static and opening, posterior joint space, anterior temporal, median
and posterior, superficial and digastric masseter was performed.

Intra-oral palpation of deep masseter, medial pterygoid, lateral pterygoid, mylohyoid
and tongue was also performed.

The palpation of the TMJ was carried out both at a superficial and intra-articular
level to assess the posterior joint space. Any clicks and squeaks heard during jaw opening
movements were noted.

The mandibular limit movements of each patient were assessed with the aid of a ruler.
Zero was positioned at the incisal edge between 1.1 and 2.1; the mm of maximum opening,
right and left lateral movement and protrusion were measured. Maximum opening of
>40 mm was considered normal. Laterality assessments were personalized (single patient
comparison) according to the movement of the jaw in either direction. Protrusion was
measured in mm without any value considered normal. All measurements considered
the patients’ overjet. Any sagittal axis deviations in the opening and closing route were
recorded.

2.3. Intra-Oral Examination

An intra-oral physical examination was performed for each patient. Any missing teeth,
prosthetic teeth (crowns on natural teeth or implants, veneers, bridges, pontic elements
or teeth in resin belonging to removable partial prothesis [RPP]), decayed teeth, filled
teeth, teeth with non-carious cervical lesion (NCCL), heavily abraded teeth, the level of
oral hygiene (excellent, good or poor) and the state of the mucous membranes (presence
inflammation, erythematous or hyperplastic areas) were noted. Pockets or pathologies
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of the periodontium were assessed with periodontal probing. Probing <3.5 mm was
considered physiological [44].

2.4. Bite Force Measurement

We measured bite force with the FlexiForce® A201 piezoresistive force transducer
(Tekscan, Boston, MA, USA), see Figure 2a. The transducer has a load range up to 440 N,
which is suitable for use with adults, and a sensitivity of 0.01 V/N [45]. The force transducer
is inserted into a homemade “sandwich structure,” consisting of two 8 × 1 mm discs, made
of thermoformed plastic material covered with an aluminum sheet, see Figure 2b. Discs are
placed above and below the FlexiForce® force sensor, held in place by a layer of double-
sided adhesive tape, according to the manufacturer’s recommendation in the FlexiForce®

user manual [46]. The function of the plastic disc is to ensure that all lines of force between
the upper and lower teeth are conveyed through that area. Because the sensor does not
tolerate heat and sterilization [45], the FlexiForce® strip is placed in a disposable plastic
shield, used in dentistry for digital intra-oral radiographs. Adequate expression of force is
maintained by the maximum thickness of 4 mm, enabling muscle fiber movement at an
optimal length [47,48]. Calibration of the sensor was based on data in the literature [45].

(a) (b) 

Figure 2. (a) FlexiForce® piezoresistive sensor. (b) The designed housing with the thermo-molded
discs covered with an aluminum sheet.

The two FlexiForce® sensors were connected to an electrical circuit with a voltage of
5 V, powered by a lithium battery. The circuit consists of an “Arduino Uno” controller, to
which an LCD screen is connected and displays pressure data. This corresponds to the
force expressed in Newtons (N) exerted by the patient during the chewing test (Figure 3).

 
(a) (b) 

Figure 3. (a) External view of the gnathodynamometer with piezoresistive sensors. (b) Gnathody-
namometer’s electronics.
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During the design phase of the device, an update frequency of 1.5 Hz for the chewing
value was established, and the numerical precision was set to a single decimal digit without
approximation. A threshold of 20 N was determined to return a null value [45] and,
given the instrumental linear response, measurable and admissible values without losing
generality range between 20–320 N.

The sensors were bitten by the patients between the first molars, if present, or between
the most posterior teeth. Measurements were taken in the rest position and the maximal
chewing force, which was recorded three times.

2.5. Chewing Gum Mixing Ability Test

Garfield® 30 mm long strips of “blue raspberry” (blue) and “all fruits” (red) flavor
gum were manually stuck together and used for the chewing gum test. Patients were asked
to chew the two strips of gum for 20 mastication cycles [49–51] in a seated upright position.
The chewed sample was spat in a plastic bag and temporarily stored in a refrigerator
(16 ◦C).

All gum samples were prepared for analysis by flattening them to a 1 mm thick
disk. Then they were photographed from both sides with a Nikon reflex camera (300 dpi
resolution) at a standard distance of 10 cm in the same room and with the same lighting
conditions [52]. Digitalization of the chewed samples has always been performed within a
few hours of the chewing test. Figure 4 shows two examples of chewed gum.

  
(a) (b) 

Figure 4. (a) chewing gum chewed by a patient with poor chewing efficiency. (b) Chewing gum
chewed by a patient with excellent chewing efficiency.

We performed an opto-electrical analysis of the gum photographs to evaluate the
degree of color mixing with the ViewGum© software [53] (Figure 5). Variance of hue
(VOH), an indication of the logarithmic association with the number of chewing cycles,
was used to assess the gum samples; a high VOH indicates poorly mixed colors from poor
chewing, and a low VOH indicates well mixed colors from adequate chewing [52]. The
results were displayed as “Ch 0 St. Dev” in the ViewGum© software [53].

2.6. Statistical Analysis

Statistical analysis was performed using STATA® software version 17 (StataCorp. 2021.
Stata Statistical Software: Release 17. College Station, TX, USA: StataCorp LLC.). The
KolmogorovSmirnov test was used to evaluate the normality of the data, and Levene tests
were used to assess the homogeneity of variances. We used the parametric tests when
assuming the normality of the data distribution and homogeneity of variances. Descriptive
statistics were presented for baseline demographic clinical characteristics for the entire
group. Continuous variables were presented as mean, standard deviation (SD), minimum
(min) and maximum (max) and were compared between subgroups using ANOVA test. A
p < 0.05 was considered statistically significant.
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Figure 5. ViewGum© software user interface immediately after loading two images of a chewed gum
sample for 20 mastication cycles. The images were obtained by scanning both sides of the flattened
gum. The software separates the area of interest from the background as shown by the thumbnail
images (green circle). Mouse tracks (yellow and red dots in the main images) can be added or deleted
for segmentation. The numerical results are displayed on the right. The VOH value (displayed as
“Ch 0 St. Dev” and indicated by an orange box) are calculated; higher VOH correspond to poorer
chewing capacity (low color mix).

3. Results

A total of 23 patients out of 35 approached consented to participate in the current
study; 12 patients refused. Most were male (n = 17/23; 73%), and the mean patient age
was 62 ± 7.4 (range 50–75) years old. Patients were hospitalized for COVID-19 infection
between February 2020–April 2021. According to PACS muscular symptoms, patients
were grouped as sarcopenic (n = 13/23; 57%), asthenic non-sarcopenic (n = 5/23; 22%) and
non-asthenic non-sarcopenic (n = 5/23; 22%).

Anxiety (DASS A), depression (DASS D) and stress (DASS S) indices in most patients
were within normal ranges [38] (Table 1). Mean patient BMI was 29.5, with value ranges
between 41.7 and 21.6. Interestingly, there was no relationship found between BMI and
chewing efficacy/efficiency. There was also no relevant difference in BMI between sar-
copenic and non-sarcopenic patients. The dominant hand grip test mean values were lower
in sarcopenic subjects compared to non-asthenic non-sarcopenic ones (Table 2).

Along with asthenic patients, sarcopenic patients had slower and more strenuous
movements, as evidenced in lower gait speed test values compared to non-asthenic non-
sarcopenic patients p = 0.001, see Figure 6 and Table 2.
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Table 1. Intra-oral dental visit and DASS questionnaire results: medium values of missing teeth,
crowns, pontic elements or part of Removable Partial Prosthesis (RPP), caries, filled teeth, teeth with
Non-Carious Cervical Lesion (NCCL) and Decay Missing Filled Teeth (DMFT); DASS-A; DASS-D;
DASS-S.

Total (n = 23)
Sarcopenic

(n = 13, 56.5)

Asthenic
Non-Sarcopenic

(n = 5, 21.7)

Non Asthenic
Non-Sarcopenic

(n = 5, 21.7)
p-Value

Missing teeth 5.5 ± 6.8 (0–28) 8.1 ± 7.9 (1–28) 2.0 ± 2.9 (0–7) 2.4 ± 2.7 (0–7) 0.118
Crown 4.3 ± 6.7 (0–28) 4.7 ± 8.1 (0–28) 4.0 ± 6.3 (0–15) 3.6 ± 3.5 (0–9) 0.944
Pontic elements or part of RPP 2.0 ± 4.5 (0–18) 3.0 ± 5.7 (0–18) 1.2 ± 1.7 (0–4) 0.4 ± 0.5 (0–1) 0.507
Teeth present (natural
or prosthetic) 25.8 ± 4.8 (13–32) 23.9 ± 5.2 (13–29) 29.6 ± 2.4 (27–32) 27.0 ± 3.1 (22–30) 0.063

Decayed teeth 1.4 ± 1.8 (0–8) 2.0 ± 2.1 (0–8) 0.8 ± 0.8 (0–2) 0.6 ± 0.5 (0–1) 0.235
Filled teeth 2.3 ± 2.6 (0–7) 2.3 ± 2.9 (0–7) 3.0 ± 1.6 (1–5) 2.0 ± 2.8 (0–6) 0.834
Teeth with NCCL 2.9 ± 4.1 (0–14) 1.6 ± 3.8 (0–14) 3.4 ± 3.4 (0–8) 5.8 ± 4.6 (0–11) 0.145
DMFT 12.5 ± 7.1 (3–28) 15.0 ± 7.1 (3–28) 9.8 ± 7.7 (4–23) 8.6 ± 3.7 (3–13) 0.143
DASS-A 4.6 ± 4.4 (0–14) 5.3 ± 5.0 (0–14) 6.0 ± 2.7 (4–9) 1.5 ± 2.3 (0–5) 0.293
DASS-D 4.9 ± 5.1 (0–18) 5.6 ± 5.5 (0–18) 6.3 ± 5.1 (2–12) 2.0 ± 4.0 (0–8) 0.441
DASS-S 6.6 ± 4.7 (0–17) 8.0 ± 4.7 (3–17) 7.7 ± 2.5 (5–10) 2.0 ± 3.4 (0–7) 0.078

Table 2. Comparison of the measurements obtained: DMFT, Value of Hue (VOH), hand grip test, gait
speed test, chair stand test and bite force measured in the three groups of patients.

Total (n = 23)
Sarcopenic

(n = 13, 56.5)

Asthenic
Non-Sarcopenic

(n = 5, 21.7)

Non-Asthenic
Non-Sarcopenic

(n = 5, 21.7)
p-Value

DMFT 12.5 ± 7.1 (3–28) 15.0 ± 7.1 (3–28) 9.8 ± 7.7 (4–23) 8.6 ± 3.7 (3–13) 0.143
VOH 0.33 ± 0.16 (0.13–0.68) 0.40 ± 0.14 (0.25–0.68) 0.24 ± 0.11 (0.12–0.4) 0.22 ± 0.07 (0.18–0.35) 0.02
Hand grip test 24.2 ± 7.0 (9.2–35.1) 23.4 ± 6.5 (10.1–34.4) 27.6 ± 4.9 (19.2–31.9) 23.1 ± 10.1 (9.2–35.1) 0.501
Gait speed test * 3.6 ± 0.7 (2.6–5.2) 4.1 ± 0.7 (2.9–5.2) 3.2 ± 0.2 (3.0–3.6) 2.8 ± 0.2 (8.5–14.3) 0.001
Chair stand test 12.7 ± 2.7 (8.5–18.7) 13.2 ± 2.9 (9.5–18.7) 13.5 ± 2.2 (10.4–16.3) 10.7 ± 2.3 (8.5–14.3) 0.189

Bite force * 168.5 ± 69.9
(35.5–332.8)

122.4 ± 41.9
(35.5–173.5)

208.5 ± 41.8
(142.3–246.1)

248.2 ± 55.2
(197.5–332.8) <0.001

* Non-asthenic non-sarcopenic vs. sarcopenic; non-asthenic non-sarcopenic vs. asthenic non-sarcopenic.

 

Figure 6. Walking time of the three patient groups: sarcopenic (orange), asthenic non-sarcopenic
(yellow) and non-asthenic non-sarcopenic (green).
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3.1. Short Medical History Interview

Only 9/23 (39%) were admitted to the Intensive Care Unit (ICU). All ICU admitted
patients had post-intensive care syndrome (PICS), reporting general motor difficulties
within the first few weeks after discharge [54,55].

Parafunctions were recorded in 8/23 (35%) patients, and one of them reported that
nocturnal bruxism began right after discharge, when post-COVID symptoms arose. The
reason for the onset cannot be precisely defined, but it can be assumed that it is caused by
anxiety and stress—in fact, this patient had very high DASS values. Table 1 reports results
about the Depression, Anxiety, and Stress Scale (DASS) questionnaire.

Twenty-three percent of patients reported TMDs (Temporo Mandibular Disorders)
before admission, and all of them belong to sarcopenic or asthenic groups. Among the
13 sarcopenic patients, 3 reported spontaneous or chewing pain in the masseter, which
appeared shortly after discharge. Two of those offered additional information, specifying
motor difficulties associated with the opening and closure of the jaw.

3.2. Anatomo-Functional Analysis

Pain on palpation was recorded according to the muscle location; sternocleidomas-
toid/occipital/trapexious in 26% (6/23 patients), the mid-anterior temporal in 22% (5/23 pa-
tients), mylohyoid in 13% (3/23 patients) and lateral pterygoid in 9% (2/23 patients). No
particular areas of muscle tension or inflammation were detected. No patients reported
muscle pain during the bite force measurement, so the pain on palpation reported by the
subjects is not so severe that it could significantly affect the bite force measurement.

During mandibular movements, noises from the TMJ (Temporo Mandibular Joint)
were detected in 11/23 patients (48%), and pain during the jaw opening and closing was
recorded in 3/23 (13%). Mandibular opening was normal in 20/23 (87%) patients. Lateral
movements were symmetrical, and protrusion was perceivable for most patients; only one
patient (sarcopenic) had difficult control of all mandibular movements. There were no
differences among the patient groups revealed in terms of any anatomo-functional analysis.

3.3. Intra-Oral Examination

The intra-oral dental examination revealed various critical issues. Oral mucosa showed
a normal trophism. Marginal gingivitis was found in 6/23 (26%) patients characterized
by the presence of plaque and calculus. Almost half of all patients (n = 11/23; 47.8%)
had a poor level of oral hygiene, although periodontal probes were non-physiological in
only 4/23 (17%) patients. Table 1 outlines the quantitative measurements from the oral
investigations. The overall mean DMFT (Decayed Missing Filled Teeth) was 12.5 ± 7.1.
According to study groups, sarcopenic patients displayed a worse overall dental health
compared to asthenic non sarcopenic and non-asthenic non-sarcopenic patients.

Comparing the index of each subject, DMFT was higher in sarcopenic patients; no
correlation between NCCL and symptoms of sarcopenia or asthenia in PACS patients
was found.

3.4. Bite Force Mesurament

According to patient groups, bite force was lowest among sarcopenic patients and
highest among the non-asthenic non-sarcopenic patients (Figure 7 and Table 2). In particular,
sarcopenic patients have an average decreased bite force of 125.8 N compared to non-
asthenic non-sarcopenic subjects and a decreased bite force of 86.1 N compared to asthenic
non-sarcopenic subjects. Figure 7 shows the variations in bite force compared to dominant
hand force. The difference in bite force among the three groups was much more evident
than the hand force. We have registered a maximum bite force value of 332.8 N, while with
the hand grip test, the maximum value measured was 47.2 N.
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Figure 7. Comparison between hand-grip force and bite force for the three groups of patients.

3.5. Chewing Gum Mixing Ability Test

The VOH ranged between 0.127 and 0.678. The highest values (inefficient chewing)
were observed in sarcopenic patients, compared to non-asthenic non-sarcopenic and as-
thenic non-sarcopenic subjects (Figure 8 and Table 2). Sarcopenic patients showed an
average VOH of 0.403; non-asthenic non-sarcopenic patients showed an average VOH
value of 0.22. This difference is statistically significant.

 

Figure 8. Chewing efficiency: comparison of VOH values between sarcopenic, asthenic non-
sarcopenic and non-asthenic non-sarcopenic subjects.

We also compared the VOH with the DMFT and the number of teeth in the arch
(prosthetic or natural). Figures 9 and 10 demonstrate how oral health, especially of the
teeth, was correlated with patients’ masticatory performance.
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Figure 9. Comparison between VOH (in blue) and the number of prosthetic/natural teeth present in
the arches (in orange). As can be seen from the graph, patients with fewer teeth tend to have a higher
VOH score.

 

Figure 10. Comparison between VOH (in blue) and DMFT (in orange). From the figure, it is possible
to appreciate how the higher the DMFT index, the higher the VOH.

4. Discussion

This research includes both intra-oral and extra-oral physical examination. This choice
is motivated by the need to observe a variety of possible effects of PACS or COVID-19 in
the areas of dental interest (teeth, mucous membranes and periodontium).
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4.1. Short Medical History Interview

Stress, anxiety and emotional factors can create parafunctional problems, such as noc-
turnal grinding or locking, or exacerbate those already present [56,57], and it is important
to consider psychological factors when investigating dysfunctional problems.

The severity of COVID-19 affects the symptoms and incidence of PACS [12]. With the
anamnestic interview, the patients who were admitted to intensive care unit reported the
difficulties encountered after discharge. It is, therefore, evident that post-intensive care syn-
drome (PISC) can affect the stomatognathic system and can also leave chewing problems.

4.2. Anatomo-Functional Analysis

Some patients responded positively to muscle palpation, indicating specific areas of
pain. In many of them, dysfunctional signs and symptoms were found, often mild. In
general, it can be said that the TMJ does not perform its function perfectly in all subjects. It
is not known exactly the reason behind the slight dysfunctions highlighted in these PACS
subjects because there is no data of the anatomo-functional analysis before the COVID-19
infection. It can be hypothesized that the pain in the cervico-facial muscles found post-
COVID may be part of the musculoskeletal symptoms characteristic of PACS; nevertheless,
further studies are needed to confirm this hypothesis.

4.3. Intra-Oral Examination

The surveys did not reveal periodontal problems in most patients. The only non-
physiological probes (>3 mm) were observed in those patients with a poor level of oral
hygiene and were attributable to gingival inflammation due to tartar and plaque. No cases
of obvious inflammatory gingival problems have been found, so it can be said that the
systemic inflammation underlying PACS does not affect oral soft tissues.

Third molars were not taken into consideration, thus reducing the maximum DMFT
value to 28. The mean DMFT was 12.5 ± 7.1, hence the oral health status of the PACS
subjects under examination is worse than the values found in the literature [58]. The reason
may be that the PACS patient shifted attention to more important health problems—even
hospitalization did not help to maintain proper oral hygiene. Many of these patients had to
wear an oxygen insufflation mask for some time and were intubated [59]. Most patients
reported that they did not go to the dentist prior to the COVID-19 infection.

The NCCL results are in line with a 2020 meta-analysis [60]. Many studies were
not able to confirm a positive association between occlusal loading and abfraction. The
literature suggests that dentin demineralization promotes NCCL formation from an early
stage, while occlusal stress is an etiological factor contributing to the progression of these
lesions [61].

4.4. Bite Force Measurement

The FlexiForce® device has already been used in the related literature [62,63]. When
inserting a device between the first or second molar, the mouth opens no more than 2–3 mm
interincisal distance. This means that the condyles remain almost centered in the temporal
fossa, i.e., in a centric position.

During the measurement, it was difficult to ensure that the sensor remained correctly
interposed between the cusps of the teeth. The occlusal table is not as flat as the sensor
turns out to be. The thermoplastic material of the discs, which is elastic, helps to overcome
this problem. The aluminum sheet allows the correct positioning of the cusps with respect
to the sensor, but it can also represent a disadvantage; if during the first detection the
thermo-molded disc is moved outside the sensitive area of the Flexi-Force®, the subse-
quent measurements are invalid. To address this problem, when the aluminum housing
undergoes a clear plastic deformation, it is replaced.

The measurement takes place simultaneously on the right and left side, thus allowing
one to quantify any masticatory asymmetries. However, for the purposes of the study, the
average value of bite force between the right and the left was considered of most interest.
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4.5. Chewing Gum Mixing Ability Test

The most important predictors of chewing efficiency are the number of pairs of oc-
cluding teeth, the bite force, the flow of saliva, prosthetic reconstructions, the strength and
coordination of the tongue and cheeks, as well as age and sex [64,65]. Cognitive status
and intra-oral sensitivity are also associated with chewing function [52]. This study only
considers age, number of teeth and bite force.

The two-color chewing gum test is documented as a simple and effective test that
can be used in the clinical setting [66]. The literature recommends the chewing gum
mixing test to evaluate interindividual differences in chewing efficiency in clinical and
research settings, in both prosthetic and non-prosthetic patients [67]. The simplicity of
the optoelectronic assessment could help establish widespread screening for masticatory
deficiencies. Furthermore, application in geriatrics or special care could help visualize
oral-functionality or dental comorbidities.

From the data obtained through Viewgum©, it is evident that sarcopenic patients
have a lower degree of masticatory performance than those without muscle symptoms
(non-asthenic non-sarcopenic patients). This may be due to both decreased muscle function,
caused by PACS, but also an increased DMFT. Comparisons of the VOH against the DMFT
(Figure 10) or the number of teeth (Figure 9) highlight that chewing efficiency depends on
the state of the oral health. Since it can be difficult to increase the muscular performance
of sarcopenic PACS patients, it is advisable to improve the state of oral health and to
rehabilitate missing teeth.

4.6. Limits of the Study

The lack of data on the chewing performance of patients before COVID-19 infection
and the small number of subjects prevent proving that PACS was the actual cause of
the decreased chewing performance. Moreover, this study does not allow us to detect
improvement or deterioration in muscle performance over time.

We do not have the possibility to do an X-ray examination. For this reason, we
only conducted an intra-oral examination that does not allow us to collect data about
interproximal caries, periapical lesions and root fractures.

In this study, we used Garfield® chewing gums. We remark that these chewing gums
are not the same used and validated in the previous studies. Validated chewing gums
(either Hubba Bubba® or HueCheck®) were not readily available in our country at the
moment of the investigation. We selected Garfield® chewing gums because they are the
most similar to Hubba Bubba®.

We remark that bite force is different from masticatory force because the clenching
movement of the mouth is different from the chewing movement. For this reason, the study
cannot affirm the correlation between PACS and masticatory force.

5. Conclusions

In conclusion, the study showed that PACS people with sarcopenia have an average
bite force of 122.4 Newton (N). This value is 86.1 N lower than asthenic non-sarcopenic
patients (average bite force of 208.5 N) and 125.8 N lower than non-asthenic non-sarcopenic
patients (average bite force of 248.2 N), As regards chewing efficiency, sarcopenic patients
showed an average VOH increase of 0.18 compared to non-asthenic non-sarcopenic ones.
Patients who complained only of asthenia (asthenic non-sarcopenic) were found to have
lower values of bite force and masticatory efficacy than those who did not have muscular
symptoms (non-asthenic non-sarcopenic) but higher values than those who suffered from
sarcopenia (sarcopenic).

The piezoresistive sensor gnathodynamometer proved to be a valid bite force measure-
ment tool. This tool can be a good alternative to other motor tests used to evaluate muscle
effectiveness (such as the dominant hand grip test). Further studies on larger groups of
subjects will be needed to validate their clinical use.
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Oral health in most PACS patients appears to be compromised; it is, therefore, advis-
able to direct these patients towards a multi-disciplinary-rehabilitation path, addressing
dental issues as well as all functional problems already present or occurring in the post-
hospitalization.
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59. Mańka-Malara, K.; Gawlak, D.; Hovhannisyan, A.; Klikowska, M.; Kostrzewa-Janicka, J. Dental trauma prevention during

endotracheal intubation—Review of literature. Anaesthesiol. Intensive Ther. 2015, 47, 425–429. [CrossRef]
60. Teixeira, D.N.R.; Thomas, R.Z.; Soares, P.V.; Cune, M.S.; Gresnigt, M.M.M.; Slot, D.E. Prevalence of noncarious cervical lesions

among adults: A systematic review. J. Dent. 2020, 95, 103285. [CrossRef]
61. Nascimento, M.M.; Dilbone, D.A.; Pereira, P.N.; Duarte, R.; Geraldeli, S.; Delgado, A.J. Clinical, Cosmetic and Investigational

Dentistry Abfraction lesions: Etiology, diagnosis, and treatment options. Clin. Cosmet. Investig. Dent. 2016, 8, 79–87. [CrossRef]
[PubMed]

62. Testa, M.; Rolando, M. Control of jaw-clenching forces in dentate subjects. J. Orofac. Pain 2011, 25, 250–260. [PubMed]
63. Testa, M.; Geri, T.; Signori, A.; Roatta, S. Visual Feedback of Bilateral Bite Force to Assess Motor Control of the Mandible in

Isometric Condition. Mot. Control. 2015, 19, 312–324. [CrossRef]
64. Ikebe, K.; Matsuda, K.-I.; Kagawa, R.; Enoki, K.; Yoshida, M.; Maeda, Y.; Nokubi, T. Association of masticatory performance with

age, gender, number of teeth, occlusal force and salivary flow in Japanese older adults: Is ageing a risk factor for masticatory
dysfunction? Arch. Oral Biol. 2011, 56, 991–996. [CrossRef]

65. Yamada, A.; Kanazawa, M.; Komagamine, Y.; Minakuchi, S. Association between tongue and lip functions and masticatory
performance in young dentate adults. J. Oral Rehabil. 2015, 42, 833–839. [CrossRef] [PubMed]

66. Schimmel, M.; Christou, P.; Miyazaki, H.; Halazonetis, D.; Herrmann, F.R.; Müller, F. A novel colourimetric technique to assess
chewing function using two-coloured specimens: Validation and application. J. Dent. 2015, 43, 955–964. [CrossRef] [PubMed]

67. Silva, L.C.; Nogueira, T.E.; Rios, L.F.; Schimmel, M.; Leles, C.R. Reliability of a two-colour chewing gum test to assess masticatory
performance in complete denture wearers. J. Oral Rehabil. 2018, 45, 301–307. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

67



Citation: Nicolatou-Galitis, O.;

Psyrri, A.; Tsoukalas, N.; Galitis, E.;

Linardou, H.; Galiti, D.; Athansiadis,

I.; Kalapanida, D.; Razis, E.;

Katirtzoglou, N.; et al. Oral Toxicities

in Cancer Patients, Who Receive

Immunotherapy: A Case Series of 24

Patients. Oral 2023, 3, 123–133.

https://doi.org/10.3390/

oral3010011

Academic Editor: Olga Di Fede

Received: 28 January 2023

Revised: 27 February 2023

Accepted: 10 March 2023

Published: 20 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Communication

Oral Toxicities in Cancer Patients, Who Receive
Immunotherapy: A Case Series of 24 Patients

Ourania Nicolatou-Galitis 1,*, Amanda Psyrri 2, Nikolaos Tsoukalas 3, Evangelos Galitis 4, Helena Linardou 5,

Dimitra Galiti 6, Ilias Athansiadis 7, Despoina Kalapanida 8, Evangelia Razis 8, Nikolaos Katirtzoglou 9,

Nikolaos Kentepozidis 10, Paraskevas Kosmidis 11, Flora Stavridi 12, Efthimios Kyrodimos 13, Danai Daliani 9,

George Tsironis 14, Giannis Mountzios 15, Sofia Karageorgopoulou 16, Panagiotis Gouveris 17

and Konstantinos Syrigos 18

1 CureCancer PC, Anastaseos 23, 15561 Athens, Greece
2 B’ Propaideytiki Pathology Clinic, Peripheral General Hospital of Athens, Oncology Department,

“Attikon” School of Medicine, National and Kapodistrian University of Athens, 12461 Athens, Greece
3 Oncology Department, 401 General Military Hospital, 11525 Athens, Greece
4 Clinic of Oral Surgery, School of Dentistry, National and Kapodistrian University of Athens,

11527 Athens, Greece
5 4th Oncology Dept & Comprehensive Clinical Trials Center, Metropolitan Hospital, 18547 Athens, Greece
6 Clinic of Oral Diagnosis and Radiology, School of Dentistry, National and Kapodistrian University of Athens,

11527 Athens, Greece
7 Oncology Clinic, Mitera Hospital, 15123 Athens, Greece
8 3rd Pathology Oncology Clinic, Hygeia Hospital, 15123 Athens, Greece
9 1st Medical Oncology Department, Euroclinic of Athens, 11521 Athens, Greece
10 Medical Oncology Clinic, 251 Hellenic Air Force General Hospital, 11527 Athens, Greece
11 2nd Pathology Oncology Clinic, Hygeia Hospital, 15123 Athens, Greece
12 4th Pathology Oncology Clinic, Hygeia Hospital, 15123 Athens, Greece
13 ENT Clinic, Hippokration Hospital, School of Medicine, National and Kapodistrian University of Athens,

11527 Athens, Greece
14 Bank of Cyprus Oncology Center, 2006 Nicosia, Cyprus
15 Clinical Trials Unit, 2nd Oncology Department, Henry Dunant Hospital Center, 11526 Athens, Greece
16 IASO Clinic, 3rd Medical Oncology Department, 15123 Athens, Greece
17 2nd Oncology Clinic, Agios Savvas Hospital, 10447 Athens, Greece
18 3rd Pathology Clinic, General Hospital for Thoracic Diseases of Athens “Sotiria”, School of Medicine,

National and Kapodistrian University of Athens, 11527 Athens, Greece
* Correspondence: nicolatou.galitis@hotmail.com; Tel.: +30-6944601529

Abstract: The oral problems of 24 cancer patients on immunotherapy between 2017–2022 and referred
by their oncologists, were reported. The age range was 49–80 years, and the median was 64 years.
Lung cancer was the most common disease. Three patients a had history of autoimmune disease prior
to cancer diagnosis. Patients received immunotherapy for two to 48 months. Prior to immunotherapy,
17 patients received cytotoxic chemotherapy, five angiogenesis inhibitors and one1 radiotherapy to
head/neck. During immunotherapy, four patients received chemotherapy, one received bevacizumab,
and eight received bone targeting agents, either alone or in combination. Presenting symptoms were
oral pain (18 patients, 75%), dental pain (five patients), xerostomia (five patients), burning/itching
(seven patients), bleeding (three patients), swelling (three patients), and taste problems (dysgeusia)
(three patients). One patient was asymptomatic. Immune-related lesions were observed in 15 patients
(62.50%), of which three were exacerbations of prior autoimmune disease. Three patients reported
severe deterioration and itching after using a mouthwash. We also observed six (25%) infections (four
candidiasis and two herpes simplex), and six (25.00%) cases of medication-related osteonecrosis of the
jaw (MRONJ). Five of those MRONJ cases developed among the eight patients with the administration
of bone targeting agents and one in a patient with bevacizumab. Two patients presented with more
than one lesion. In conclusion, immune-related lesions were most common; oral infections and
MRONJ were also observed. Various oral complications might be related to the interplay between
immunotherapy and other therapies prior or concurrent to immunotherapy.
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1. Introduction

The use of immune checkpoint inhibitors to treat increasing types of cancers is a
revolution in oncology. Immunotherapy blocks the T cell receptor-ligand relationships
and restores and activates anti-tumor immunity. It prevents tumors from escaping T cell-
mediated killing by inhibiting the biological pathways that would otherwise suppress T
cell activation and proliferation [1–5]. This enhanced action against tumor cells may also
affect healthy tissues, mounting an immune-related inflammatory reaction with variable
clinical presentations. This toxicity in known as immune-related adverse events (irAEs),
and differs from standard chemotherapy toxicities due to their immune-related pathogenic
mechanism [1–9].

Some patients may already have a history of an autoimmune disease in the mouth or
in other body systems. In that case, immunotherapy can exacerbate the prior autoimmune
disease of the patient [10–12]. Others on immunotherapy may also receive other antineo-
plastic medications and may be at risk of complications and toxicities related to those other
antineoplastic therapies. The synergistic effects, if any, between immunotherapy and other
prior or concurrent anticancer therapies have not been studied. Immunotherapy and irAEs
may adversely affect patients’ quality of life [13].

Dermatologic and gastrointestinal toxicity, polyarthritis, endocrinopathies, and pneu-
monitis are the most common irAEs that have been described. [1–9,14–18]. In a recent study
which compared durvalumab alone to a combination of Durvalumab, fatigue, diarrhea,
hypothyroidism, anemia, and constipation were the most common adverse events. No oral
toxicity was reported [19].

The primary treatment strategy for those immune-related toxicities is corticosteroid
use, systemic or topical, additional immunosuppression, and treatment interruption or
discontinuation [1,10,11,14–18].

Reports on oral toxicities related to immunotherapy are sparse. Some clinical trials
and reviews have reported xerostomia as the only oral toxicity in immunotherapy, with an
incidence between 3% and 7% [2,6,8,15]. No oral mucosal irAEs have been described in
other trials and reviews [1,4,5,7,9].

The oral mucosal irAEs have often been described, in case reports and case series,
as “oral lichenoid reactions”. The mucous membrane pemphigoid, erythema multiforme,
Stevens-Johnson syndrome, and Sjogren syndrome are less commonly reported [15,20–28].
The term “oral mucositis or stomatitis” associated with immunotherapy was used in two
case reports and a retrospective study by other medical oncology clinics [29–31]. The term
“oral mucosal disorders” was used in an analysis of the oral problems of 317 patients
from electronic files [32]. Medication-related osteonecrosis of the jaw (MRONJ) has been
recently described, in a few case reports, as an additional toxicity in patients who receive
immunotherapies of [33–38].

The different terms which are used to describe oral mucosal immune related toxi-
city, such as ir-oral lichenoid reactions, or oral mucositis or stomatitis or oral disorders,
combined with the lack of reporting of the oral mucosal irAEs in some in clinical trials,
point to the difficulties in recognizing and reporting the oral irAEs. At the same time,
immunotherapy is increasingly used, combined with other cancer therapies, leading to
various other toxicities. The possible synergistic effects on the oral cavity, if any, have not
been studied.

The purpose of this manuscript is to report the oral problems/toxicity of 24 cancer
patients who received immunotherapy at presentation to the dentist, either as monotherapy
or in combination with other cancer therapies.
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2. Patients and Methods

Twenty-four cancer patients who received different immunotherapy medications,
were referred by their medical oncologists to the private clinic of ONG for oral oncology
consultation between the years 2017 and 2022.

Eight patients were referred from public cancer hospitals and 16 were referred from
private hospitals. All patients had undergone an oral clinical evaluation by ONG at
the private clinic. A smear for Candida species was taken when needed. Panoramic
radiographs or Cone Beam Computed Tomography was performed, when needed, by Drs.
EG and DG at the private clinic of ONG.

Patients’ files were retrospectively assessed, and patients’ characteristics and treat-
ments were included in the present series. This assessment was undertaken as a preliminary
case series report, within the scope of planning a multicenter research study of oral toxicities
of immunotherapy. Oral lesions, treatments, prior and current anticancer therapies, and
follow-up information were recorded.

3. Results

There were 19 males and 5 females in the study, with a median age of 64 years. Lung
cancer was the most common diagnosis. Eight patients received immunotherapy combined
with chemotherapy (n = 4), and/or bone targeting agents (BTA, n = 8), or an angiogenesis
inhibitor (bevacizumab) (n = 1). Medications have been described, in detail, in Table 1.
Three patients had a history of autoimmune disease prior to cancer diagnosis. One of
those cases has been published [28]. Twenty patients had been pretreated with cytotoxic
chemotherapy (n = 17) and/or angiogenesis inhibitors (n = 5), alone or in combination with
other therapies.

The reasons for referral included oral pain, dental/mandible pain, burning/itching,
bleeding, swelling and taste problems, leading to eating difficulties and dysphagia. One
patient, although asymptomatic, was referred by his oncologist after reporting a dental
extraction two months prior (Table 2).

Immune-related oral lesions were diagnosed in 15 patients. Twelve were consistent
with oral lichenoid reactions (Figure 1), while mucosal bullous formation was clinically
consistent with benign mucous membrane pemphigoids in three patients (Figure 2).

 

Figure 1. irLichenoid reaction. The patient, on pembrolizumab, presented with oral pain, mild burn-
ing/itching, dysphagia, and difficulty in cleaning teeth. White striae are seen on the buccal mucosa.
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Table 1. Patients and disease characteristics and medications, n = 24.

n %

Gender 19/5 79.2/20.8

M/F
Age/years
Range/median 49–80/64
Mean age/standard deviation 65.88/9.20
Cancer type

Lung ca 15 62.50
Renal Cell ca 4 16.66
Melanoma 2 8.33
Urothelial ca 2 8.33
Oral ca 1 4.16

Immunotherapy 24 100.00
Nivolumab 11
Pembrolizumab 10
Atezolizumab 1
Ipilimumab switched to
Nivolumab 1

Pembrolizumab switched to Ipilimumab 1
Cancer therapy prior to immunotherapy 20 83.33

CT alone 14 58.33
CT+Zoledronic acid 1 4.16
CT+Bevacizumab 2 8.33
Angiogenesis inhibitors alone 3 12.50
Sunitinib, n = 1
Sunitinib followed by Cabozantinib, n = 1
Temsirolimus followed by
Sunitinib, n = 1
Radiotherapy to Head/Neck 1 4.16

Therapy concurrent with immunotherapy 9 37.5
Cytotoxic CT, 1 alone and 3
combined with other drugs 4 16.66

BTA alone (zol, n = 2, Den = 3) 5 20.83
BTA in combination (n = 3), as
following 3 12.50

CT+Bevacizumab+Zoledronic acid 1
CT+Zoledronic acid 1
CT+Denosumab 1

Patients with a history of autoimmune disease 3 12.50
Oral lichen planus & autoimmune biliary cirrhosis 1
Dermal lichen planus 1
Vitiligo 1

M = Male, F = Female, CT = Chemotherapy, BTA = Bone Targeting Agent, Zol = zoledronic acid, Den = denosumab.

 

Figure 2. Hemorrhagic blisters, right buccal gingivae, consistent with benign mucous membrane
pemphigoid. The patient, on pembrolizumab, presented with pain and dysphagia.
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Table 2. Reason for referral, diagnosis of oral lesion and management, n = 24.

n %

Reason for referral
Oral pain 18 75.00

Dental/mandible pain 5 20.83
Burning/itching 7 29.16

Xerostomia 5 20.83
Gingival bleeding 3 12.50

Swelling 3 12.50
Taste problems 3 12.50

Dental extraction follow-up 1 4.16
Oral mucosal lesions

Immune Related 15 62.50
OLP/lichenoid reaction

(3 were exacerbations of previous autoimmune disease) 12 50.00

Benign mucous membrane pemphigoid 3 12.50
Management Costicosteroid mouthwash, with good response

Infections Candidiasis, pseudomembranous (3), & erythematous
(1), managed with oral fluconazole 4 16.66

Herpes simplex, lip ulcers, managed with oral
acyclovir & topical cream on lip 2 8.33

Osteonecrosis of the mandible, exposed type 6 25.00
Medications with known ONJ risk, prior or concurrent with Immunotherapy

Prior bevacizumab 1
Concurrent zoledronic 1

Prior sunitininb, followed by cabozantinib, concurrent
denosumab 1

Concurrent bevacizumab & zoledronic acid 1
Prior & concurrent zoledronic acid 1

Concurrent denosumab 1
Management Conservative, antibiotics 6

Patients with more than one lesion at presentation 2 8.33
Lichenoid reaction+candidiasis+herpes 1

MRONJ + Candidiasis 1

OLP = oral lichen planus, ONJ = osteonecrosis of the jaw.

Three patients had lesions which were exacerbations of previous oral and dermal
lichen planus, and one had vitiligo. (Figure 3). Three patients presented with painful ulcers
following the use of mouthwash (Figure 4). The mouthwash was used to alleviate mild
oral mucosal symptoms after the initiation of immunotherapy.

 

Figure 3. Exacerbation of oral lichen planus; the biopsy was documented years before the cancer
diagnosis. The patient, on pembrolizumab and switched to ipilimumab, presented with oral/gingival
pain, bleeding, and the inability to perform oral hygiene.
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Figure 4. Oral mucosal ulcers on the floor of mouth, the mandible, and the lip mucosa. The patient
used itching/burning mouthwash. The patient, on pembrolizumab, presented with severe oral pain.

Six patients had oral infections; four were candidiasis (Figure 5), and two were herpes
simplex recurrent infections, presenting as blisters and ulcers, with crusting on the vermillion
border and commissures (Figure 6). Five patients reported xerostomia, which was related to
oral candidiasis (n = 3), an irLichenoid reaction (n = 1), and mouthwash use (n = 1).

 
Figure 5. Oral pseudomembranous candidiasis, with positive Candida albicans, on the ventral and
lateral tongue. The patient, on pembrolizumab, presented with xerostomia and dysphagia. Herpes
labialis was also seen on the lower lip.
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Figure 6. Herpes simplex virus infection on both lip commissures, presenting with blisters and
crusting. The patient, on nivolumab, was in pain for more than one month.

MRONJ on the mandible was diagnosed in six patients (Figure 7). Five of those
patients had received bone targeting agents during immunotherapy, combined either prior
or concurrent with angiogenesis inhibitors, and one had received bevacizumab prior to
nivolumab (Table 2). The patient with MRONJ, with prior bevacizumab, was included in
our review on MRONJ related to non-antiresorptives [33].

 

Figure 7. MRONJ, right lingual mandible. The patient, on atezolizumab and zoledronic acid and
chemotherapy, presented with pain in the jaw two months after dental extraction due to dental pain.

Two patients presented with more than one oral lesion: one with a lichenoid reaction
at first visit and oral candidiasis and herpes labialis at the re-examination one week later,
and a second patient presented with MRONJ and oral candidiasis.

The reasons for referral: oral mucosal diseases, MRONJ and medications, are shown
in Table 2.

Topical corticosteroids, oral fluconazole, miconazole topical cream and oral and/or
topical acyclovir were administered. The patients responded well. Immunotherapy was
discontinued in five patients who had irPneumonitis (n = 2), thrombosis (n = 1), irHepatitis
(n = 1), and disease progression (n = 1). The BTA was discontinued in all patients, and
MRONJ was managed conservatively, since their medical oncologists and the patients
themselves did not consent to surgical management.
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4. Discussion

Reports on the oral problems in patients who receive immunotherapy are sparse and
have been described in patients who have received single agent checkpoint
inhibitors [15,22,25,27,32]. However, patients who receive immunotherapy, may have
also received other cancer therapies, either prior to or concurrently with immunotherapy.

The oral problems have often been defined as irLichenoid reactions, mucous mem-
brane pemphigoid, and xerostomia. Recently, a few cases of osteonecrosis of the jaw in
patients who received immunotherapy either alone or combined with other therapies have
been published [33–38]. In the present series, 9 of the 24 patients, while on immunother-
apy, received other anticancer or cancer supportive care medications, such as cytotoxic
chemotherapy, angiogenesis inhibitors, and/or bone targeting agents. Twenty of our pa-
tients were also pretreated with cytotoxic chemotherapy and/or angiogenesis inhibitors or
zoledronic acid.

Immune-related lichenoid reactions and mucous membrane pemphigoid were common
in our study, and were observed in 15 patients. Most lesions were low-grade and were relieved
with topical corticosteroids, as reported by other investigators [21–25,27,28]. Extensive and
painful oral ulcerations were attributed to the use of a mouthwash in three patients who
reported the worsening of mild oral symptoms following immunotherapy. Mouthwash was
introduced following immunotherapy in order to relieve mild oral symptoms.

Oral infections at presentation were diagnosed in six patients. This is the first report
of oral infections, as a presenting symptom, in patients who received immunotherapy,
although infections are common in the cancer patient setting. Xerostomia, dysgeusia or
ageusia and burning were the reasons for referral in patients with oral candidiasis. Oral
pain was the presenting symptom in patients with herpes. All six patients responded well
to oral and topical antifungal and antiherpetic therapy. Urinary tract infections, pneumonia
and sepsis were the most common cause of the discontinuation of immunotherapy in a
study of patients who received atezolizumab or pembrolizumab [5]. In another study
of 459 dermatology patients with irSkin problems, the authors reported the diagnosis of
24 skin infections [18]. No oral candidiasis or other oral infection or any kind of oral ir
problem was observed in any of the above studies [5,18].

Xerostomia was one of the main complaints in five of the patients. It was related
with an ir-lichenoid reaction in one patient and with mouthwash use in another patient.
Xerostomia was the main complaint in three patients with oral candidiasis. Xerostomia is a
risk factor of candidiasis and, on the other hand, xerostomia is one of the first symptoms of
oral candidiasis. Michot et al., in their review of immune related adverse events, reported
that about 5% of patients who receive an immune checkpoint blockade have symptoms
of dry mouth [6]. They recommend, however, that oral candidiasis must be firstly ruled
out in this context. Ir-xerostomia has been reported in a small case series and in several
clinical trials of immunotherapy, and ranged from 6.0% to 24% [2,6,8,39]. In a review of the
electronic medical records of 4683 patients who received immunotherapy, xerostomia was
the most common oral disorder (68.5%), followed by oral mucosal disorders (33.4%) and
dysgeusia (24.0%) [31]. The authors commented that additional studies are warranted to
better characterize oral irAEs and their biologic basis.

Medication related osteonecrosis of the jaw was diagnosed in six patients, all on the
mandible and all of the exposed type. Five patients presented with dental pain or pain in
the mandible, and one presented with an asymptomatic non-healing post-dental extraction
socket. All six patients received medications, with a known risk for MRONJ, such as
angiogenesis inhibitors and/or bone targeting agents, either prior to or concurrent with
immunotherapy. MRONJ has emerged as another, although rare, oral toxicity in patients
on immunotherapy [33–38]. The first report was associated with ipilimumab therapy [33].
Another case was related to nivolumab with the prior administration of bevacizumab, and
three more cases of MRONJ were related to pembrolizumab and epacadostat, to nivolumab,
and to ipilimumab with the implication of a role for targeted therapy [34–37]. Recently,
a case of MRONJ was related to the combined treatment with pembrolizumab and deno-
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sumab [38]. The knowledge on the role of immunotherapy in the development of MRONJ,
beyond the few case reports, either alone or combined with other medications, with a
known risk for osteonecrosis of the jaw, is limited, and it remains to be explored. Xu
et al. [32] noted in their study that cytotoxic chemotherapy may exacerbate the risk of oral
adverse events. Recently, cytotoxic chemotherapy was found to increase the risk of exacer-
bations of periodontitis [40], while dental/periodontal infection is the most important local
risk factor for MRONJ [41]. Furthermore, the dental/periodontal infection, when associated
with histologically necrotic periodontal bone, may be an early stage of MRONJ [42–44].

Twenty of the 24 patients in the present study, had been pretreated with cytotoxic
chemotherapy and/or angiogenesis inhibitors or a BTA prior to immunotherapy. Four
patients were receiving chemotherapy at presentation, concurrently with immunotherapy,
while eight were receiving bone targeting agents; four patients were receiving zoledronic
acid and four were receiving denosumab.

In conclusion, oral mucosal irAEs were observed in 15 of a series of 24 patients
on immunotherapy, who were referred by their oncologists for different oral symptoms.
Furthermore, six oral mucosal infections and six MRONJ cases were observed.

The rapidly increasing use of immunotherapy, the increasing types of cancers treated
with immunotherapy, and the need for therapy combinations, in the real world, highlight
the necessity for physician awareness of the potential for oral irAEs. Prospective studies
should examine the possible synergistic effects of therapy combinations on the oral mu-
cosa. Educational programs may help raise awareness and improve the communication
between the members of the multidisciplinary team, resulting in the timely and successful
management of the patient.
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Abstract: The use of digital health technologies, including telemedicine and teledentistry, has become
a necessity in healthcare due to the SARS-CoV-19 pandemic. These technologies allow for the
reduction of the workload of healthcare providers and the improvement of patient outcomes in cases
of remote monitoring, diagnosis, and communication. While there are no doubtful benefits, there
are some counterparts, such as concerns about clinical risks, data security, and privacy protection.
This paper aims to review the regulations regarding the use of digital health apps and software in
healthcare. This scoping review followed the PRISMA-ScR guidelines and the five-step framework of
Arksey and O’Malley. Study selection was based on eligibility criteria that were defined using the
population-exposure framework. The review of the articles selected (n = 24) found that the majority
focused on data security policies in the healthcare industry, highlighting the need for comprehensive
regulations and app control systems to protect patient data. The articles also emphasized the
requirement for more appropriate research and policy initiatives to improve data security practices
and better address privacy and safety challenges related to health-related apps. The review recognized
that papers did not report consistent standards in professional obligation and informed consent in
online medical consultations, with potential risks for data privacy, medical liabilities, and ethical
issues. Digital health has already revolutionized medical service delivery through technology but
faces some challenges, including the lack of standardized protocols for handling sensitive patient data
and the absence of common legislative provisions, raising concerns about confidentiality and security.
To address these issues and deficiencies, regulatory compliance is crucial to clarify and harmonize
regulations and provide guidelines for doctors and the health system. In conclusion, regulating
patient data, clarifying provisions, and addressing informed patients are critical and urgent steps in
maximizing usage and successful implementation of telemedicine.

Keywords: social app; WhatsApp; GDPR; HIPAA; sensitive data; mobile health; secure messaging
app; COVID; dentistry

1. Introduction

A rapid transition to digital health technologies is becoming effective in all medical
fields [1], and e-health is considered a solution to safely provide care to patients and ensure
continuous health care even at a distance [2]. The SARS-CoV-19 pandemic of recent years
has accelerated all aspects of health care, including oral health care [3]. In particular,
conventional dentistry was reduced and, in some cases, interrupted to minimize the risk
of exposure to the SARS-CoV-19 virus for both practitioners and patients by avoiding
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in-person visits. Health and dental care organizations had to propose and plan alternative
protocols [1,4–6].

Telemedicine and teledentistry are used to support clinicians and patients by providing
remote monitoring services, remote diagnosis, counseling, home care, and education with
self-care management [7–9]; at the same time, they are useful in reducing the workload
of health care providers, simplifying interprofessional communication, providing an easy
way to share patient information, and giving remote instructions [10–12].

Telemedicine has revolutionized healthcare by providing patients with convenient and
accessible medical services. With the help of wireless patient monitoring devices, smart-
phones, personal digital assistants, and tablets, patients can now connect with specialists
in real-time [13]. This eliminates the need for physical visits to the hospital, reducing lost
time and allowing for quicker diagnoses. The feedback system in telemedicine also allows
for continuous monitoring of the patient’s health status, enabling healthcare providers to
track any changes and respond promptly. This proactive approach to health management
aims to improve outcomes and reduce health risks.

Moreover, telemedicine promotes informed decision-making by giving patients access
to their health data and enabling them to actively participate in their own care. This can
result in increased patient engagement and improved health outcomes as patients are
empowered to make informed choices about their health and take action to maintain good
health [9,14,15].

Social media platforms, including WhatsApp, have become an integral part of modern
life, with almost half of the world’s population using them [16]. As a result, healthcare
professionals have adopted these platforms in their daily work to communicate and share
information with their peers and patients [17–22]. While there is some evidence to suggest
that using social media in healthcare can have many benefits, such as improved com-
munication and data transfer, there are also concerns about the risks associated with its
use [21,23–25].

One of the main risks is the potential for breaches of patient privacy and confiden-
tiality. Social media platforms are public forums, and patient information shared on these
platforms can be easily accessed by individuals who are not authorized to view it. In
addition, patients may inadvertently disclose sensitive health information on social media,
compromising their privacy and putting them at risk for discrimination or other negative
consequences [26].

There is a lack of consensus in the scientific literature regarding the use of social
media in healthcare, with some studies highlighting its positive aspects while others
focus on the negative consequences, including clinical risks to patients, data security,
and privacy protection. In addition, the use of generic apps and software to exchange
health data indiscriminately is not allowed, as it poses a threat to patient safety and data
security [27–32]. Given these conflicting views, this paper aims to perform a scoping review
of the existing literature on regulations and guidelines for telemedicine apps and software
and their use among patients and specialists [33,34]. The goal of this review is to analyze
all papers on the current regulatory state and issues of telemedicine and identify crucial
points to be solved by further research and development.

2. Materials and Methods

A review of the recent literature (years 2020–2022) was conducted, focusing on
telemedicine apps and software for health care and the current regulations of digital
health data. This initial search revealed 190 publications from January 2020 to December
2022. This scoping review followed Preferred Reporting Items for Systematic Reviews
and Meta-Analysis-Scoping Review (PRISMA-ScR) guidelines and Arksey and O’Malley’s
five-stage framework to identify available evidence [33]. Five iterative stages were in-
volved in the review: (i) Identifying the research question, (ii) identifying relevant studies,
(iii) selecting relevant studies, (iv) charting the data, and (v) summarizing results.
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2.1. Eligibility Criteria

We included studies that took place between January 2020 and December 2022 and
were solely focused on the use of mobile applications and software in healthcare. The
review included all aspects of healthcare, including dental, nursing, and rehabilitation.

2.2. Study Selection

Studies were identified by electronic searches of scientific articles from different
biomedical databases (i.e., Scopus, PubMed, and Medline). To minimize biases, publi-
cations were examined individually by two reviewers (GLM and ODF).

2.3. Search Strategy

The following search terms were used separately and in combination: social app,
teledentistry, telehealth, telemedicine, privacy, policy, legacy issues, liability issues, using
medical subject headings, and free text. The full-text screening was performed only by
the first author, as is common when scoping reviews are conducted [34]. Our screening
procedure was guided by defined inclusion and exclusion criteria developed using the
population-exposure framework (PEO) (Table 1). Any disagreements were handled by a
mutual conversation among authors. Duplicate papers were deleted, after which there was
further scrutiny in order to assess their eligibility.

Table 1. Population-Exposure Framework (PEO).

Inclusion Exclusion

Population
- Mobile apps and software used in healthcare for

telemedicine services
- All medical fields

- Mobile apps and software used in health care for
research and evaluation and the continuing
education of health care providers

Exposure
- Studies focusing on the regulations, privacy policy,

data security, and legacy issues of telemedicine
services

- Studies not concerned with regulations, privacy
policies, data security, or legacy issues of
telemedicine services

Outcome - Studies reporting on the use of social apps and
software for telemedicine and related regulation

Time - Published from January 2020 to December 2022.

Study type - Primary, peer-reviewed research
- Full text available

Language - English - Languages other than English

3. Results

The review was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and the Meta-Analysis-Scoping Review (PRISMA-ScR) guidelines to
ensure a transparent and comprehensive evaluation of the available literature (Figure 1).

The results of this analysis suggest that a total of 290 records were identified in the
databases (Table 2). No duplicate records were removed prior to screening, indicating that
the database search was thorough. However, 45 records were flagged as ineligible by the
automation tools, indicating that some records did not meet the initial inclusion criteria.
After screening, the number of records was reduced to 245. This reduction was likely due
to the application of additional inclusion and exclusion criteria that were more specific than
the original criteria. In addition, 55 records were excluded, indicating that some records
did not meet the additional inclusion and exclusion criteria. Of the 190 records that were
screened for eligibility, some reports were excluded for reasons such as the unavailability
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of full text or being written in a non-English language. These exclusion criteria have been
established to ensure that the studies are easily accessible and can be effectively reviewed
by the research team. After conducting a systematic search of multiple databases, we
included 24 articles out of 290 for analysis.

Table 2. Summary of 24 studies, from 2020 to 2022, regarding the protection of patient data in
Digital Health.

Author (Year) Country Design of Study Issues

Agarwal et al., 2020 [35] India Research article Data security policies
Privacy policies

Benjumea et al., 2020 [36] Spain Review article Data security policies
Privacy policies

Caetano et al., 2020 [37] Brasil Research article Data security policies
Privacy policies

Ghosh et al., 2020 [38] India Research article
Data security policies
Privacy policies
Legacy liabilities

Kaplan 2020b [39] USA Review article Data security policies

Mahtta et al., 2021 [40] USA Research article Data security policies

Kichloo et al., 2020 [41] USA Review article Data security policies

Moura et al., 2020 [42] Portugal Research article Data security policies

Gowda et al., 2021 [43] USA Research article Data security policies

Hoaglin et al., 2021 [44] USA Research article Data security policies
Legacy liabilities

Pool et al., 2021 [45] Australia Review article
Data security policies
Privacy policies
Legacy liabilities

Tangari et al., 2021 [46] Australia Research article Data security policies
Privacy policies

Alfawzan et al., 2022 [47] Zurich Review article Data security policies
Privacy policies

Essén et al., 2022 [48] Sweden Research article
Data security policies
Privacy policies
Legacy liabilities

Grundy 2022 [49] Canada Review article
Data security policies
Privacy policies
Legacy liabilities

Maaß et al., 2022 [15] Germany Overview article
Data security policies
Privacy policies
Legacy liabilities

Mazzuca et al., 2022 [50] Italy Review article
Data security policies
Privacy policies
Legacy liabilities

Sujarwoto et al., 2022 [51] Indonesia Overview article Data security policies
Privacy policies

Venkatesh et al., 2022 [52] India Research article Data security policies
Privacy policies

Eisenstein et al., 2020 [53] Brasil Review article Privacy policies

Perez-Noboa et al., 2021 [54] Ecuador Research article Privacy policies

Wang et al., 2020 [55] USA Research article Legacy liabilities

Lee et al., 2021 [56] China Research article Legacy liabilities

Ferorelli et al., 2022 [57] Italia Review article Legacy liabilities
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Figure 1. PRISMA flow diagram for systematic reviews.

Through the analysis of these 24 articles, three key themes emerged as crucial compo-
nents of health app regulations: privacy policies, data security policies, and legacy liabilities.
Privacy policies focus on the protection of personal information and sensitive data collected
and stored by health apps, while data security policies address the measures in place to
secure this information from unauthorized accesses and breaches. Legacy liabilities pertain
to the legal responsibilities and obligations of health apps, particularly regarding medical
information and advice provided to users. These findings highlight the importance of
considering privacy, data security, and legacy liabilities in the regulation of digital health,
which is rapidly becoming a popular tool for managing health and wellness.

3.1. Data Security Policies

Data security is a critical issue in the healthcare industry. The need for comprehensive
policies and regulations is well documented in the literature. A review of 24 articles
revealed that 19 [15,35–45,47–52,58] of them focused on the topic of data security policies,
with a specific emphasis on the challenges faced in protecting patient data. The articles
pointed out that the lack of comprehensive regulation was a major concern and that the
need for an app control system was crucial in preventing the sharing of patient data with
unauthorized third parties.

The majority of the articles also emphasized the need for more research in this area, par-
ticularly to address the growing concerns around data privacy and security. They suggested
that awareness and initiatives by healthcare professionals, healthcare users, and decision-
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makers were essential in promoting better data security practices. This is especially true in
European and American nations that follow GDPR and HIPAA regulations, respectively.

Overall, the findings of these articles highlight the importance of ensuring that patient
data is protected and that appropriate policies and regulations are in place to prevent
unauthorized access to and sharing of sensitive information. The need for further re-
search, awareness, and initiatives by various stakeholders in the healthcare industry cannot
be overemphasized, as data security is critical to protecting the privacy and well-being
of patients.

3.2. Privacy Policies

Health-related app policies have been widely discussed in the academic literature, with
15 [15,35–38,45–54] out of 24 articles specifically covering this topic. The studies analyzed
the policies in several countries, such as India, Spain, Australia, Zurich, Canada, Brazil,
Sweden, Germany, and Italy, and identified challenges related to safety and privacy. These
challenges highlight the need for more robust regulations in the areas of operationalization,
implementation, and international transferability of approvals.

The lack of proper regulations has been identified as a significant barrier to the
widespread adoption and safe utilization of telemedicine platforms, despite their potential
benefits, such as improving access to health services and reducing healthcare costs.

The studies suggest that more work is needed in the area of health-related app policies
to ensure that telemedicine platforms can be effectively and safely used by people around
the world. The regulation of telemedicine is a complex issue that requires cross-national
collaboration and commitment to ensuring that these technologies are used to improve
health outcomes.

3.3. Professional Legacy Liabilities

The study of 24 articles on online medical consultations revealed that 10 arti-
cles [15,38,44,45,48–50,55–57] addressed the issue of liability and legacy concerns. These
articles highlighted the risks associated with informed consent, data privacy, medical
negligence, and ethical issues in the context of virtual consultations.

The articles discussed the potential risks and challenges associated with providing
medical services through online consultations. One of the major issues identified was
the need for clear and consistent standards regarding professional liability for medical
practitioners who offer online consultations. This is important as the liability issues that
arise from online consultations may be different from those associated with traditional
face-to-face consultations.

Informed consent was also a weakness in online consultations, as patients may not
fully understand the risks and limitations of online medical services. The security of health
data was also a concern, as the transmission of sensitive information over the internet could
result in data breaches or unauthorized accesses. Medical negligence was another issue
raised in the articles selected. The risk of medical malpractice in online consultations is
significant, as medical practitioners may not be able to accurately diagnose or treat patients
without physically examining them. There is also a potential for ethical issues to arise in
online consultations, such as the confidentiality of medical information and the autonomy
of patients. Therefore, the articles emphasized the importance of harmonizing the different
laws and regulations across different jurisdictions in order to establish a uniform standard
for professional liability in online consultations. This will ensure that medical practitioners
are held accountable for their actions and that patients are protected from potential harm.

4. Discussion

The review of current regulations on patient data protection in digital oral and general
health found several outcomes in privacy policies, data security, and legacy liabilities, in
particular, the lack of comprehensive regulations in Europe and America. To improve digital
health, there is a need to build secure and adaptable access control models. Awareness
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should be raised among users, clinicians, developers, and policy makers to carefully
consider the benefits and security issues of digital health. Updating guidelines for the
ethical use of telemedicine is also necessary to optimize its use and ensure evidence-
based practices.

Digital health reduces health disparities and improves access to care through remote
screening, treatment, and monitoring. Advanced countries that are investing in digital
health include the US, UK, Singapore, South Korea, Sweden, Japan, Australia, Canada,
and Germany. To maximize impact, security concerns must be addressed through robust
access control models that are widely used in technology. All stakeholders, including users,
healthcare providers, tech developers, and policymakers, must consider the security and
benefits of mHealth apps.

To enhance its impact, it could be decisive to develop flexible, robust, and risk-
conscious access control models for widely used technologies. All stakeholders, including
app users, healthcare providers, technology developers, and policymakers, should ac-
knowledge and address security concerns while considering the benefits of mobile health
(mHealth) apps [39,44,48,50,51,54].

The review highlights the need for enhancing healthcare providers’ care services and
raising public awareness on digital health to optimize its benefits. Additionally, updated
guidelines for the ethical use of telemedicine and telehealth are required for physicians and
organizations [41,52].

Protecting patient data in digital health care is a crucial challenge, since sensitive
personal information must remain confidential and secure at all times. Regulations such as
the Health Insurance Portability and Accountability Act (HIPAA) in the US and the General
Data Protection Regulation (GDPR) in the EU define standards for collecting, storing, and
utilizing patient data in digital healthcare [45,59].

Health care providers and organizations must implement appropriate technical and
organizational measures, such as encryption and secure backups, and undergo regular
security audits to secure patient data from unauthorized access, disclosure, alteration, and
destruction as mandated by these regulations [60]. Telemedicine providers must also obtain
patient consent for the collection and use of their data and inform patients of their rights
under the GDPR and HIPAA. Additionally, patients have the right to access, correct, and
delete their personal data and also have to provide their consent for their data to be used
for specific purposes. Compliance with these regulations is essential for maintaining the
trust of patients and ensuring the responsible and ethical use of digital health data [58].

Telemedicine, like any other form of electronic communication, is subjected to data
security issues such as hacking, data breaches, and unauthorized access to patient infor-
mation. To protect patient data, telemedicine providers should use secure communication
methods, such as encrypted messaging and video conferencing, and comply with relevant
regulations. Additionally, providers should regularly update their security measures and
train staff on best practices for protecting patient data [61]. Telemedicine is a rapidly grow-
ing field with a lot of promise for improving healthcare access and outcomes. However, it
is crucial for healthcare professionals to play a central role in ensuring that telemedicine
visits are conducted properly and that the technology used respects patient privacy and
provides high-quality care [62]. To achieve this, a comprehensive security monitoring
policy is necessary. This policy should not only identify vulnerable and suspicious code but
also encourage developers to adopt strong defenses against potential hacking and cloning
activities [33].

At the same time, it is important for providers to use native digital health software
and apps, as they are more likely to meet regulatory requirements and be more secure.
Unfortunately, the most commonly used apps, such as WhatsApp, Skype, and Zoom, do
not fully comply with telemedicine requirements, as reported by various studies. This
highlights the need for more robust and secure telemedicine solutions [63–68].

A study that was performed for over 20,000 health-related smartphone apps, found
that a significant number of these apps could potentially access and share personal infor-
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mation, such as email addresses and geolocation data. This raises serious privacy concerns
and highlights the need for more stringent data protection policies and security measures.
In conclusion, while telemedicine has the potential to transform healthcare, it is important
to address these security and privacy concerns to ensure that telemedicine is used in a
responsible and effective manner [46].

Despite the benefits of using HIPAA and GDPR-compliant apps and software, their
adoption remains limited [69]. To fully realize the potential of digital health and to advance
global health goals, such as universal health coverage, a comprehensive data management
framework that addresses the needs of real populations must be established at the national
and international levels. Additionally, the advancement of international interoperabil-
ity standards will improve the monitoring of health needs and the delivery of effective
interventions [33].

Governments have a key role to play in enabling digital health innovation and ad-
dressing the privacy, accountability, and security of health data [70].

Similarly, another great concern is that of legacy liabilities. Telemedicine providers can
be held liable for any medical errors or omissions that occur during virtual consultations,
and it is important to ensure that they have the appropriate level of training and expertise,
follow the same standards of care as in-person consultations, and have malpractice insur-
ance [50,69]. According to Solimini et al., the use of telemedicine should also complement
traditional healthcare services rather than replace them [62].

It is important to note that laws and regulations regarding telemedicine may vary by
country, and it is important to be aware of the specific laws and regulations that apply in
your jurisdiction. In addition, telemedicine raises important questions regarding ethical
and legal issues, such as patient privacy and the security of health data, that must be
addressed [44]. While telemedicine appears to provide many benefits, such as increased
access to care and improved patient convenience, it is critical to address the security, ethical,
and legal challenges that come with it as soon as possible in order to fully realize its
potential and ensure its safe and effective implementation.

Limitations

This review has limitations, such as the exclusion of non-English articles, limited
search sources (PubMed and Scopus), and no search sources for gray area literature.

By only focusing on articles that deal with digital health regulation, particularly data
security, privacy, and legacy issues, the study may overlook other important aspects of the
topic and may not provide a comprehensive view of the field. This narrow focus could also
result in a skewed representation of the current state of research in this area.

5. Conclusions

Digital health has revolutionized the way medical services are delivered. The use
of technology has made it possible for patients to receive advice and treatment remotely,
ensuring their safety, especially during the COVID-19 pandemic. This has improved access
to healthcare for people who may have difficulty traveling to see a doctor in person.

However, the digital health industry faces several challenges. One of the main challenges
is the lack of standardized protocols for handling sensitive patient data that apply globally.
This raises concerns about the confidentiality and security of patient information, especially in
an era where data privacy is a major issue. Additionally, the absence of common legislative
provisions regarding the exchange of confidential data makes it difficult to ensure that the
delivery of effective care is maintained across different countries and regions.

To address these challenges, regulatory compliance is crucial. It will help clarify and
harmonize all regulatory and normative aspects affecting digital health, making it possible
to implement these services and make telemedicine mainstream. This will not only improve
patient outcomes but also provide doctors with more certainty in their work, as they will
know that they are following guidelines that have been established and agreed upon by
regulatory authorities.
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Another important consideration in the digital health landscape is the emergence of
the informed “patient 4.0”. This patient is often very well-informed about their health
status and is not afraid to ask specific questions and challenge doctors, like a true expert.
This can sometimes lead to defensive medicine, in which doctors, out of fear of making
mistakes, could prescribe unnecessary tests and procedures. In an unregulated field such
as digital health, this could be a major problem, and it is important to address it.

In conclusion, as a result of this scoping review, the authors determined that digital
health has improved access to medical services. However, there are still major challenges
that need to be addressed. Regulating the handling of patient data, clarifying legislative
provisions, and addressing the challenges posed by informed patients are all critical steps
in ensuring the successful implementation of telemedicine.
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Abstract: Photodynamic therapy facilitates the selective destruction of cancer tissue by utilizing a
photosensitizer drug, the light near the absorbance wavelength of the drug, and oxygen. Methylene
Blue, 5-aminolevulinic acid (the precursor of the photosensitizer, protoporphyrin IX), porphyrin,
Foscan, Chlorin e6, and HPPH have been used successfully as photosensitizers in the treatment of
oral verrucous hyperplasia, oral leukoplakia, oral lichen planus, and head and neck squamous cell
carcinoma. “Theranostic” liposomes can deliver a contrast agent for magnetic resonance imaging and
a photosensitizer for the image-guided photodynamic therapy of head and neck cancer. Liposomes
incorporating photosensitizers can be targeted to cell surface markers overexpressed on cancer
cells. Novel porphyrinoids have been developed in our laboratories that are highly effective as
photosensitizers. Tribenzoporphyrazines encapsulated in cationic liposomes have produced IC50

values up to 50 times lower compared to the free photosensitizers. It is anticipated that targeting
these drugs to cancer stem cells, using upconversion nanoparticles for the near-infrared irradiation of
tumors to activate the photosensitizers, and overcoming tumor hypoxia will enhance the efficacy of
photodynamic therapy of tumors accessible to light sources.

Keywords: oral squamous cell carcinoma; pharyngeal cancer; nanoparticles; photodynamic therapy;
photosensitizer; targeted liposomes; singlet excited state; theranostics; tribenzoporphyrazines

1. Introduction

The World Cancer Research Fund International reports that, in 2020, the incidence of
mouth and oral cancer was 744,994 throughout the world. The number of deaths during
this period was 364,339 [1]. The Oral Cancer Foundation estimates that the worldwide
burden of cancers of the oral cavity and oropharynx is 657,000 new cases per year, and
more than 330,000 deaths.

Of the newly diagnosed persons, only slightly more than half will be alive within
5 years. This outcome has not changed significantly over several decades, except in the case
of HPV16-positive oral cancers that respond better to current treatments. Surgery generally
leads to disfiguration. Chemotherapy and radiation therapy cause difficulty in swallowing,
chewing and talking, jaw pain, mouth sores, and dysfunctional salivary glands.

Photodynamic therapy makes possible the selective destruction of cancer tissue, and
may complement surgery, radiotherapy and chemotherapy. Photodynamic therapy utilizes

Oral 2023, 3, 276–294. https://doi.org/10.3390/oral3030023 https://www.mdpi.com/journal/oral90
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a photosensitizer drug, the light at or near the absorbance wavelength of the drug, and
oxygen. The incidence of light on the photosensitizer, which is initially in the low energy
ground “singlet state” (S0) and has two electrons with opposite spins (corresponding to a
total spin angular momentum of zero), generates the “singlet-excited state” (S1 or S2) with
the electrons in an orbital with a higher energy (Figure 1) [2]. The singlet excited-state is
not stable and loses its energy by alternate mechanisms: (i) emitting light, observed as
fluorescence at a higher wavelength (i.e., lower energy; the Stokes shift); (ii) heat production
via a process termed “internal conversion”; or (iii) “intersystem crossing”, forming the
excited “triplet state” with a total spin angular momentum of one, arising from parallel
spinning electrons. The triplet simply means that, in this state, the molecule exhibits three
spectral lines of light absorption.

 

Figure 1. Simplified Jablonski diagram, showing the pathways after photoactivation of a photosensi-
tizer (PS). When the photosensitizer absorbs light (with an energy given by hν, where h is Planck’s
constant, and ν is the frequency of light) an electron in the singlet ground state is energized into a
high-energy singlet state. This state can lose energy by emitting a photon at a higher wavelength
(fluorescence) or by internal conversion (non-radiative relaxation). The spin of the high-energy
electron may flip in intersystem crossing (ISC), forming the excited triplet state, which has a relatively
long half-life. Superoxide and hydroxyl radicals are formed in the presence of molecular oxygen in
Type I reactions. Singlet oxygen is formed in Type II reactions. These reactive oxygen species can
damage amino acids, lipids and nucleic acids (Reproduced with permission from Melissari et al. [3]).

In the ensuing “Type I” reaction, the photosensitizer in the triplet state can interact
with a neighboring molecule, which may be an electron donor or electron acceptor, forming
a radical anion or a radical cation, which can then react with oxygen to form the superoxide
radical (O2

−•), hydrogen peroxide (H2O2), and hydroxyl radicals (HO•) (Figure 1). In
the “Type II” reaction, the energy of the triplet state photosensitizer is transferred to
ground state triplet molecular oxygen (O2), producing the highly reactive excited singlet
oxygen (1O2) (Figure 1). These reactive oxygen species (ROS) can then oxidize proteins,
nucleic acids and lipids, resulting in cytotoxicity to a cancer cell or a microorganism.
Photosensitizers employed in cancer treatment mostly utilize the Type II mechanism [2].

An oxygen-independent mechanism of photodynamic therapy, termed Type III, has
been described whereby excited photosensitizers directly degrade nucleic acids and pro-
teins [4,5].

Photodynamic therapy can cause an increase in the intracellular Ca2+ concentration
and the activation of phospholipase A2 [6]. It can down-regulate the epidermal growth
factor receptor at the cell surface. It can cause the accumulation of ceramide, leading to
an increase in mitochondrial membrane permeability and the release of cytochrome c.
Photodynamic therapy can result in the expression of interleukin-6 and integrin damage.

The anti-cancer effect by photodynamic therapy may be caused by (i) direct cytotoxicity
to cancer cells, (ii) occlusion of the tumor vasculature, thus causing hypoxia and cell death,
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or (iii) induction of a systemic immune response directed at the tumor [6]. Cytotoxicity may
be mediated by apoptosis, necrosis, and possibly autophagy. For example, photodynamic
therapy with 5-aminolevulinic acid induces apoptosis in the oral cancer cell line, CA9-22,
via the NF-kB/JNK pathway, and involves both caspase 8-and caspase-9 [7]. Pheophorbide
a is a photosensitizer that was synthesized by the removal of a magnesium ion and a
phytyl group from chlorophyll-a [8]. Photodynamic therapy in human oral squamous cell
carcinoma cells, YD-10B, utilizing pheophorbide a, inhibits the proliferation of the cells,
increases the number of apoptotic cells via the inactivation of the ERK pathway, and also
induces autophagy, shown by the increased expression of microtubule-associated protein
1 light chain 3B and the accumulation of acidic vesicular organelles [8]. Another important
mechanism that contributes to photodynamic therapy therapeutic performance involves the
activation of the immunological system. Thus, at some point, photodynamic therapy can be
considered as a cancer immunotherapy. Treatment with various classes of photosensitizers
is known to trigger immunogenic cell death (ICD) where the T-cell adaptive immune
response is activated, leading to the formation of long-term immunological memory [5,9].

A major advantage of photodynamic therapy over conventional treatments is its
minimal invasiveness, as well as relatively selective tumor destruction and the preservation
of healthy tissues [10]. Some photosensitizers can concentrate in tumors relative to the
surrounding healthy tissue [11–13]. Liposomes targeted to the transferrin receptor can
mediate an 18-fold higher accumulation of the photosensitizer, aluminum phthalocyanine
tetrasulfonate, in bladder tumors compared to normal urothelium [14]. These properties
are significant in the treatment of head and neck squamous cell carcinoma, where loss of
normal tissue may cause functional problems and disfiguration. Photodynamic therapy
may also be used in combination with conventional treatments [15].

Below, we discuss the use of various photosensitizers in the treatment of head and neck
squamous cell carcinoma in patients, in animal models, and in vitro, as well as describe the
novel photosensitizers developed in our laboratories.

2. 5-Aminolevulinic Acid

The compound 5-aminolevulinic acid is a precursor of the photosensitizer, proto-
porphyrin IX, in the heme biosynthetic pathway [10,16]. Exogenous 5-aminolevulinic
acid (Figure 2) inhibits the first step of porphyrin synthesis, which thus results in the
accumulation of protoporphyrin IX in the tissue.

Figure 2. Molecular structures of photosensitizers.

Photodynamic therapy with 5-aminolevulinic acid has been used fairly widely in clini-
cal studies against oral leukoplakia, which has the potential to become malignant [17]. Cor-
respondingly, oral leukoplakia presents a convenient clinical model for cancer preventive
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approaches [18]. One of the earlier attempts to treat oral leukoplakia with 5-aminolevulinic
acid was that of Kübler et al. [19], which involved the application of a 20% 5-aminolevulinic
acid cream, locally for 2 h, to 12 patients who had had oral leukoplakia for many years.
After removing the cream, monochromatic red light at 630 nm from an argon-dye laser (at
a radiant exposure of 100 J/cm2) was applied to the leukoplakia lesions of the patients for
1 h. After 3 months of therapy, five patients were cured completely.

Four patients showed a partial response, while three patients did not show any
response [19]. Similar to this study, Sieron et al. [20] reported that a complete response was
achieved in 10 out of 12 patients suffering from oral leukoplakia when they were treated
with a 10% 5-aminolevulinic acid emulsion (O/W) topically with 6–8 irradiation sessions
utilizing an Argon-pumped dye laser at 635 nm (delivering a total dose of 100 J/cm2

per session). To examine treatment efficacy in different diseases and treatment protocols,
Chen et al. [21] topically applied a 20% 5-aminolevulinic acid gel to 32 patients, including
8 patients with oral verrucous hyperplasia and 24 patients with oral leukoplakia. Oral
verrucous hyperplasia lesions showed a better response than oral leukoplakia lesions to this
photodynamic therapy. Oral leukoplakia lesions required the application of the protocol
twice a week to show even a partial response, while oral verrucous hyperplasia lesions
showed a complete response in fewer than six treatments once a week [21].

Siddiqui et al. [22] reported the effects of photoactivated aminolevulinic acid as an oral
cancer therapy. The regimen of the photosensitizing agent is normally 60 mg/kg divided
into three doses, which leads to accumulation of the photoactive product protoporphyrin
IX (PpIX), followed, after 0.5–1 h, by illumination of the tumor with 100 J/cm2 LED light at
635 nm. Complete tumor response was achieved in 76% of patients.

Recently, Yao et al. [23] applied an ablative fractional laser to oral leukoplakia lesions
in the oral cavity of 48 patients to improve the clinical success of 5-aminolevulinic acid-
mediated photodynamic therapy with the aim of enhancing the tissue penetration of the
photosensitizer. After this procedure, a 20% gel of 5-aminolevulinic acid was applied
topically to the lesions for 3 h, and the areas were illuminated subsequently by red light
with a Yage LED-IB at a wavelength of 630 nm (180 J/cm2). After one month, 30 patients
had complete recovery and 12 patients had partial recovery. The recurrence and malignant
transformation rates were 37.5% and 8.3%, respectively, after 3 years of follow-up of the
patients [23].

3. Methylene Blue

Oral lichen planus is a chronic inflammatory disease that has the risk of transformation
into malignant squamous cell carcinoma [24]. The standard treatment for this condition is
topically applied corticosteroids that have local side effects, including secondary candidia-
sis, hypopigmentation, and delayed wound healing, in long-term use [25]. Methylene blue
(Figure 2), which has been used as a photosensitizer in the treatment of basal cell carcinoma,
Kaposi’s sarcoma and melanoma [26], has also been studied for its efficacy and safety in
photodynamic therapy for oral lichen planus. Aghahosseini et al. [27] used methylene
blue for photodynamic therapy on 13 patients with 26 oral lichen planus lesions. After
gargling with a 5% methylene blue solution, laser light was applied to the lesions for 2 min
(diode laser, 632 nm, 120 J/cm2). At the end of 12 weeks of follow-up, 16 of the lesions
showed significant reduction in size, with an average reduction of around 44%. In addition,
no serious side effects were observed in the patients [27]. In a similar study, 20 patients
with oral lichen planus underwent methylene blue-mediated photodynamic therapy. Four
weeks after the treatment, 17 of 20 patients responded to treatment. Three patients did not
respond to treatment because of longer-term lesions and because the implied duration of
the lesion may be a determinant in the response to treatment [28].

Bakhtiari et al. [29] compared the efficacy of methylene-blue-mediated photodynamic
therapy with conventional topical corticosteroid treatment on 30 patients with oral lichen
planus. After 60 days of follow up, photodynamic therapy was found to be as effective as
corticosteroid therapy and had no side effects [29]. Mostafa et al. [30], however, reported
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that methylene-blue-mediated photodynamic therapy (diode laser, wavelength 660 nm,
intensity 100–130 mW/cm2) gave better results in terms of size reduction in the lesions
and of pain compared to topical corticosteroid treatment. These clinical trials indicate that
photodynamic therapy with methylene blue has the potential to be used as an alternative
to conventional corticosteroid therapy [30].

4. Porphyrin Photosensitizers

Photofrin (dihematoporphyrin ether) and hematoporphyrin derivatives are referred
to as first-generation sensitizers [10] (Figure 2). Biel has studied the treatment of a
large group of head and neck squamous cell carcinoma patients with Photofrin. Early
on, ‘true’ cancer of the larynx was treated successfully. A complete response was ob-
served in about 90% of patients, even in those who failed an initial therapy (usually
radiation) [15,31–33]. Biel [33] reported the use of Photofrin photodynamic therapy on
110 patients with recurrent or primary laryngeal tumors. The therapy involved the intra-
venous injection of 2 mg/kg photosensitizer, and treatment 48 h later with light from an
Nd:Yag pumped-dye laser (Laserscope) at 630 nm, using a 400-mm fused silica optical fiber
(Laserguide) and a microlens. The light dose rate was 80 J/cm2 and 150 mW/cm2 in the
larynx. A 5-year cure rate of 90% was achieved, and all the recurrences could be treated
with photodynamic therapy, surgery or radiation.

Biel [33] has suggested that photodynamic therapy should be considered for the
treatment of primary and recurrent Tis (in situ carcinoma in the superficial lining of the
oral cavity), T1 (tumor ≤ 2 cm across), and T2 (tumor > 2 cm and <4 cm across) squamous
cell carcinoma of the larynx.

Porfimer sodium (Photofrin)-mediated photodynamic therapy was employed to treat
18 patients with squamous cell carcinoma and 7 with epithelial dysplasia with hyperk-
eratosis in the oral cavity [34]. The patients received intravenous Photofrin at a dose of
2 mg/kg 48 h before laser irradiation. The lesions were irradiated with an excimer dye
laser (PDT-EDL1 from Hamamatsu Photonics) at 630 nm, with an irradiation output of
4 mJ/pulse/cm2, and a repetition rate of 40 Hz. Light was directed to the tumor by means
of a 400 μm flat-tipped quartz fiber. Ninety six percent of the patients were cured.

5. Foscan (Temoporfin; mTHPC)

Foscan [5,10,15,20-meta-tetra(hydroxyphenyl)chlorin, Temoporfin, mTHPC] (Figure 2)
has been used in the treatment of early oral squamous cell carcinoma in 114 patients who
had floor-of-the-mouth, lip, and anterior tongue lesions [35]. Foscan (0.15 mg/kg) was
given intravenously and the lesions were exposed to laser light at 652 nm with a total dose
of 20 J/cm2, at a fluence rate of 100 mW/cm2. The light was delivered to the tumor over
200 s through an optical fiber and microlens diffuser. The response rate was 93% for T1
lesions and 58% for T2 lesions. All patients sustained an excellent functional status after
therapy, and none of them required airway management.

D’Cruz et al. [36] reported data on 128 patients with incurable or recurrent disease.
Fifteen patients had multiple lesions. Four days after the administration of mTHPC, the
tumor surface was illuminated with a nonthermal diode laser using a microlens fiber at
a light dose of 20 J/cm2, and an intensity of 100 mW/cm2 at 652 nm. Incident light was
perpendicular to the tumor surface and illuminated an area 0.5 cm beyond the visible tumor.
About 16% of patients achieved a complete response. Thus, it appears that this group of
patients, who had already had extensive surgery and radiation, could still benefit from
‘salvage’ photodynamic therapy [36].

Foscan may also be used in the treatment of lip cancer with better functional outcomes
than those achievable by surgery and radiation [37], early oral squamous cell carcinoma [35],
as well as advanced head and neck cancer [38].

One hundred and seventy patients, with early-stage (Tis, T1, T2) oral cavity and
oropharynx squamous cell cancers or carcinoma in situ, were treated with intravenous
Temoporfin at 0.15 mg/kg body weight, followed, after 96 h, by exposure to a diode laser
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at 652 nm and a dose of 20 J/cm2. The overall response rate in this study was 91%, with a
complete response rate of 71% [39].

Copper et al. performed photodynamic therapy on 25 patients with T1–T2 N0 tumors
(tumors that have not spread to the local lymph nodes) of the oral cavity and/or oropharynx.
Patients received meta-tetra(hydroxyphenyl) chlorin (mTHPC) (Foscan) as a photosensitizer.
The trial resulted in complete remission for 25 patients [40].

In another study, 21 patients with stage IV advanced and/or recurrent tongue base
carcinoma were treated with photodynamic therapy using mTHPC (0.15 mg/kg) as a
photosensitizer. Fifteen patients did not report problems after the treatment. Photodynamic
therapy, in this case, significantly reduced tumor-associated symptoms such as breathing,
swallowing, and speech (voice) problems [41].

6. Chlorin e6 and HPPH

Sobaniec et al. studied photodynamic therapy in 23 patients with oral leukoplakia.
Patients were treated with chlorin e6 (Photolon®) (Figure 2), containing 20% chlorin e6 and
10% dimethylsulfoxide as a photosensitizer. The appointments were scheduled for PDT
treatment biweekly and this treatment reduced the size of the oral leukoplakia lesion [42]
by 55% (average).

In a clinical trial involving patients with oral dysplasia, carcinoma in situ, or early-
stage head and neck squamous cell carcinoma, patients were given 3-(1′-hexyloxyethyl)
pyropheophorbide (HPPH) (Figure 3) at a dose of 4 mg/m2 systemically, 22–26 h before
light delivery. The tumor was illuminated with 50 to 140 J/cm2. At day 28, there was 58%
complete response, 11% partial response, and 11% stable disease [43].

Figure 3. Molecular structure of photosensitizers.

7. Theranostics and Photodynamic Therapy

The theranostic approach relies on combining several modalities, such as imaging,
delivery of therapeutics, as well as stimuli-responsive delivery within one system. This
strategy is applied to achieve more precise drug delivery, monitor therapy outcomes,
enhance tumor penetration, and provide better biocompatibility and more controllable
drug release. Sophisticated multifunctional platforms are designed to include all the
required modalities.
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Theranostic agents have been investigated in the field of photodynamic therapy
in various cancer models, with some examples in oral cancer. Recently, we reported
on theranostic liposomes delivering a contrast agent (a hybrid of a phospholipid and
gadopentetic acid) for magnetic resonance imaging (MRI) and the therapeutic agent, a
second-generation photosensitizer, zinc(II) phthalocyanine (ZnPc) (Figure 3). The system
has been developed for image-guided photodynamic therapy of head and neck cancer. We
observed that, in comparison to liposomes containing only a contrast agent (without ZnPc),
the theranostic liposomes (with both Gd(III) chelate and ZnPc) had higher relaxivity. The
improved relaxation of theranostic liposomes (resulting from the presence of ZnPc), may
possibly enhance MRI contrast, and thus potentially allow a reduction in the Gd(III) chelate
dose. The positive influence of ZnPc on relaxivities of theranostic liposomes was attributed
to the changes that occur inside the liposomal bilayer that affect water permeability across
the liposomal membrane, enabling the interaction of water molecules with paramagnetic
centers. Regarding photodynamic efficacy, ZnPc, loaded into theranostic liposomes, exhibit
IC50 of 0.22–0.61 μM in two oral cancer cellular models (SCC-25 and FaDu) [44].

To reduce the toxicity and improve the performance of photodynamic therapy, targeted
platforms for theranostic applications have been developed. Wang et al. [45] studied
targeted iron-oxide nanoparticles for photodynamic therapy and MRI of head and neck
cancer. The system involved a second-generation photodynamic therapy drug, Pc 4, a
cancer-targeting ligand, fibronectin-mimetic peptide (Fmp), and iron oxide nanoparticles.
Non-targeted and targeted nanoparticles accumulated in xenograft tumors with higher
concentrations than non-formulated Pc 4 and reduced the size of head and neck squamous
cell carcinoma xenograft tumors.

Another strategy that allows controllable drug release is the stimuli-responsive drug
delivery system [46]. These systems respond to the unique properties of the tumor microen-
vironment involving acidic pH, the overexpression of specific enzymes, and high levels of
ROS. In studies of light-responsive drug delivery systems, a combination of photodynamic
therapy and photothermal therapy has been reported, of which the synergistic therapeutic
effect was verified [46]. For example, Song et al. [47] designed a chlorin e6-linked drug
delivery system co-loaded with cisplatin and metformin for the treatment of head and
neck squamous cell carcinoma. The photosensitizer chlorin e6 showed laser-triggered
photothermal therapy and photodynamic therapy effects, while cisplatin and metformin
served as the chemotherapeutic core [47].

A novel near-infrared-triggered drug release system for combined photothermal
therapy, photodynamic therapy, and chemotherapy was investigated by Wang et al. [48].
Nanoparticles were formed using human serum albumin, indocyanine green (Figure 3)
and cisplatin. The nanoparticles ensured site-specific drug delivery/release and reduced
chemotherapy’s systemic toxicity, demonstrating the synergistic effects of photodynamic
therapy, photothermal therapy, and chemotherapy with in vitro and in vivo experiments.

Therapeutic protocols for head and neck cancer usually involve chemotherapy, radio-
therapy, and/or immunotherapy. Combination therapy is a common trend in oncology.
By using various carriers, researchers have proposed a multimodal treatment approach
combining chemotherapy and optical therapy, which seem to be beneficial in treating oral
cancer [48].

Wang et al. [49] developed novel nanoplatforms for the photothermal therapy of
oral cancer with Rose Bengal (Figure 3) as a photodynamic agent and gold nanorods
as a photothermal agent. Green laser light was used to activate Rose Bengal, and red
laser light for gold nanorods, during an in vitro study with Cal-27 cells. In a study with
hamster cheek pouches, an animal model, they found that Rose Bengal–gold nanorods,
for combined photodynamic therapy and photothermal therapy, can provide enhanced
anti-cancer efficacy against oral cancer. In addition, nanoparticles combined with a laser
can be effectively used in photothermal therapy, attacking tumor cells without significant
damage to other cells [49].
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Ren et al. [50] synthesized hybrid nanoparticles composed of poly(ethylene glycol)-
polycaprolactone, with incorporated organic compound (C3) and indocyanine green as
photothermal therapy and photodynamic therapy agents, respectively. This nanoplatform
was able to simultaneously produce hyperthermia through C3 and produce reactive oxygen
species and a fluorescence-guided effect through indocyanine green to kill oral squamous
cell carcinoma cells [50].

Another example of a theranostic system developed to treat head and neck squamous
cell carcinoma was a combination of photodynamic therapy with gene therapy. The efficacy
of photodynamic therapy can be improved by inhibiting the Wnt/β-catenin signaling
pathway, which is involved in the activation of the epithelial-to-mesenchymal transition.
This transition can lead to tumor recurrence and progression. Ma et al. [51] efficiently
delivered siRNA targeting Wnt-1 into the cytoplasm of photodynamic-therapy-treated oral
cancer cells using poly(ethylene glycol)-polyethyleneimine-chlorin e6 nanoparticles. This
treatment significantly inhibited oral squamous carcinoma cell growth and enhanced the
killing effect on cancer cells [51].

8. Targeting Cancer Cells

Although the intravenous administration of photosensitizers has been employed in
most clinical trials, the potential side effects should be alleviated. Among the problems
of photodynamic therapy are tissue selectivity for the photosensitizers, tissue hypoxia,
and tissue penetration of light [52]. The main side effect of photodynamic therapy is
systemic, off-target photosensitization resulting from the intravenous administration of
the photosensitizer [53,54]. Thus, the intratumoral delivery of the photosensitizer in
liposomes, and the potential retention of the liposomes locally via the liposome design, will
be highly advantageous. We envision that photosensitizer-encapsulating liposomes can
be injected directly, targeting the liposomes to markers overexpressed in cancer cells and
will minimize delivery to normal cells around the malignant lesion. Another disadvantage
of photodynamic therapy is the necessity to direct the light source to the tumor. Thus, the
primary indication for this therapy is in the treatment of superficial and easily accessible
cancers [54]. The intravenous injection of the Foscan formulation of mTHPC is painful,
results in severe weight loss and acute liver toxicity in CAL-33 tumor-bearing nude mice,
whereas the Lipidot nano-emulsion does not cause these side-effects [55], indicating that an
association with a lipidic carrier can alleviate some of the toxic effects of photosensitizers.
However, this method still does not overcome the systemic photosensitivity of the treated
patient.

Although the direct delivery of photosensitizers into oral squamous cell carcinoma
lesions may be possible, photocytotoxicity to normal cells surrounding the cancer cells is a
side-effect that should ideally be avoided. Using flow cytometry, we examined the binding
of fluorescent epidermal growth factor (EGF) to EGF receptors on the surface of HSC-3
human oral squamous cell carcinoma cells, and control, non-tumor-derived GMSM-K cells
(Figure 4). We observed extensive binding of EGF to HSC-3 cells and minimal binding to
GMSM-K cells, even at 60 min. Confocal fluorescence microscopy showed the extensive
internalization of fluorescein-labeled EGF by HSC-3 oral squamous cell carcinoma cells
(Figure 5). These observations can be extended to the use of photosensitizer-incorporating
liposomes with EGF or anti-EGF receptor antibodies attached covalently to their surface.
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(a) 

(b) 

Figure 4. Flow cytometry of EGF binding to HSC-3 (a) and control GMSM-K cells (b).

  

Figure 5. Confocal fluorescence microscopy of fluorescein-labeled EGF internalized by HSC-3 cells
following a 15 min incubation with 1 μg/mL EGF. Left panel: untreated cells with Hoechst dye;
Right panel: treated cells.

9. Novel Porphyrinoids with High In Vitro Cytotoxic Activity against Oral
Cancer Cells

9.1. Sulfanyl Porphyrazines with Fluoroalkyl and Diether Chains

Our laboratories have been working on the development of novel photosensitizers
and their photocytotoxicity on oral cancer cells. Two sulfanyl porphyrazines, possessing
4-fluorobutyl (1a) and 2-(2-ethoxyethoxy)ethyl (1b) substituents (Figure 6), were studied
using human oral squamous cell carcinoma cell lines derived from the tongue (HSC-3) and
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the buccal mucosa (H413) [56]. Porphyrazines 1a,b in the concentration range 1–50 μM
showed no dark toxicity, i.e., without light exposure. At 50 μM, however, both 1a and 1b

aggregated, as noted under the microscope.

Figure 6. The chemical structure of porphyrazines 1–3.

The light-induced toxicity was tested at 1 and 5 μM after exposure to light of 600–
850 nm. No light-induced toxicity was observed for porphyrazine 1b on both cell lines, and
for 1a for HSC-3 cells. By contrast, 1a reduced the H413 cell viability by about 30–35% at
both concentrations. Thus, the phototoxicity of the sulfanyl porphyrazine with fluoroalkyl
substituents was found to be cell-dependent, although these cells are derived from the
same type of tumor.

9.2. Porphyrazines and Tribenzoporphyrazine with Annulated Diazepine Rings

Further studies using HSC-3 and H413 cells were performed with porphyrazines and
tribenzoporphyrazine possessing annulated diazepine rings (2, 3, Figure 6) [57]. Dark
toxicity experiments in the concentration range 0.1–10 μM showed that only tribenzopor-
phyrazine 2 on H413 cells showed some dark toxicity at concentrations higher than 1 μM.
Photocytotoxicity studies after LED light irradiation at 690 nm revealed that the viability of
the H413 cells was reduced by 90% at 1.0 μM of compound 2, and by 3a at 10 μM by about
25%, whereas 3b did not show any significant viability reduction. In the case of HSC-3
cells, a photocytotoxic effect of about 95% was found for compound 2 at 1 μM and 87% for
10 μM of 3b. There was no significant reduction in HSC-3 cell viability by porphyrazine 3b.

The photodynamic efficiency of compounds 2 and 3b toward HSC-3 cells was also ex-
amined after incorporation into four different liposome formulations: (i) L-α-phosphatidyl-
D,L-glycerol (PG, from chicken eggs):1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine
(POPC), (ii) PG:POPC:cholesterol (Chol), (iii) N-[1-(2,3-dioleoyloxy)-propyl]-N,N,N-trimeth
-ylammonium chloride (DOTAP):POPC, and (iv) DOTAP:POPC:Chol. All four liposomes
containing tribenzoporphyrazine 2 showed high light-induced photodynamic activity [57].
On the contrary, there was no significant photocytotoxic effect of liposomal compound 3b.
The IC50 calculations of the four types of liposomes with 2 revealed that the negatively
charged liposomes composed of 2:PG:POPC were the most active. Moreover, their activity
was about three times higher than the free form of photosensitizer 2, indicating that these
liposomes are the most potent delivery systems for this photosensitizer.
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9.3. Potential Methods of Liposome Administration

We envisage liposomal photosensitizers to be administered in several ways. Analogous
to our studies on the injection of suicide genes complexed to transferrin-associated cationic
liposomes into orthotopic oral squamous cell carcinoma tumors in mice that result in the
arrest of tumor growth following the delivery of the prodrug, ganciclovir [58], they can
be injected directly into the tumors. This method may be enhanced by the simultaneous
delivery of agents that degrade the tumor microenvironment, enabling the liposomes
easier access to the entire tumor. Liu et al. [59] employed collagenase, encapsulated
in pH-responsive nanoscale coordination polymers that released their enzyme in the
mildly acidic medium of the tumor microenvironment, resulting in a loosened extracellular
matrix structure, enhanced tumor perfusion, and relieved hypoxia. They showed that
liposomal chlorin-e6 mediated more effective photodynamic therapy following collagenase
treatment. Kohli et al. [60] reported that the distribution of liposomal doxorubicin in the
tumor matrix was improved after the depletion of tumor hyaluronan. Concerns about
the induction of metastases following enzyme treatment have not been borne out [61].
Liposomal photosensitizers may be administered transmucosally by enabling their stable
adhesion to the mucosa [62], for example, by the use of cationic liposomes (vide infra).
Liposomes may also be potentially embedded in oral films to facilitate their transmucosal
transport [63].

9.4. Sulfanyl Porphyrazines with 4-Bromobenzyl and 4-Biphenylylmethyl Substituents

The photocytotoxic effects of free and liposome-encapsulated sulfanyl porphyrazines
containing 4-bromobenzyl (4a) and 4-biphenylylmethyl substituents (4b, Figure 7), on oral
cancer cells derived from the tongue (CAL 27, HSC-3), and HeLa human cervical epithelial
adenocarcinoma cells, was investigated [64].The photosensitizers in free form did not have
any significant photocytotoxicity on any of the cells. The liposomal formulations of these
porphyrazines were prepared using two different types of nanoparticles, composed of
PG:POPC or DOTAP:POPC. Porphyrazine 4a, incorporated into the positively charged
DOTAP:POPC liposomes, showed high photocytotoxicity with the reduction in the cell
viability by about 90% at 10 μM. The viability of cells at 1 μm was decreased by 47% for
HSC-3 and 34% for CAL 27 cells. There was no significant reduction in the HeLa cell
viability. The phototoxicity of liposomal formulations containing the biphenylyl analog 4b

was much lower. Cationic DOTAP:POPC liposomes showed light-induced toxicity against
HSC-3 cells, reducing cell viability by about 30% at 10 μM, but not against other cells.
The negatively charged 4b:PG:POPC liposomes did not have any photocytotoxicity. The
results indicated that DOTAP:POPC liposomes could be a promising drug delivery system
for sulfanyl porphyrazines, but their effectiveness also depends on the photosensitizer
structure.

Figure 7. The chemical structure of porphyrazines 4,5.
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9.5. Sulfanyl Porphyrazines with Morpholinoethyl and N-Methylmorpholinoethyl Substituents

Magnesium(II) and zinc(II) porphyrazines, bearing morpholinoethyl (5a,b) and cationic
N-methylmorpholinoethyl substituents (5c,d, Figure 7), were tested on squamous cell car-
cinoma cell lines SCC-25 and CAL-27 derived from the tongue [65]. They were tested
in free forms administered to the cell culture medium in the range 0.01–5.0 μM, and in
POPC:POPG (1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-1′-rac-glycerol sodium salt) li-
posomes at 0.01–2.0 μM. Despite their similar origin, CAL 27 cells were found to be less
susceptible to photodynamic treatment than SCC-25 cells. Magnesium(II) porphyrazine,
with morpholinoethyl groups (5a), showed high photocytotoxicity on both cell lines, with
IC50 values of 0.75 and 1.20 μM for SCC-25 and CAL 27 cells, respectively. In addition,
the liposomal formulation of 5a was even more active, with IC50 = 0.64 μM for SCC-25
and 0.69 μM for CAL 27 cells. The zinc analog 5b revealed lower effectiveness, with the
phototoxic effect observed only against SCC-cells (IC50 = 6.46 μM), which increased almost
twice after liposomal incorporation (IC50 = 3.61 μM). However, porphyrazines contain-
ing cationic N-methylmorpholinoethyl substituents (5c,d) did not show any significant
cytotoxicity on tested cancer cells.

9.6. Sulfanyl Tribenzoporphyrazines with Dendrimeric Moieties

Sulfanyl tribenzoporphyrazines were another important subgroup of photosensitizers
subjected to studies against oral cancer cells. Three such macrocycles with dendrimeric
moieties (6a–c, Figure 8) were tested on CAL 27 and HSC-3 cells [66]. After being exposed
to LED light of 690 nm, all three photosensitizers showed a photocytotoxic effect against
tested cells. Tribenzoporphyrazine 6a with branched G1-dendrimeric substituents showed
moderate activity toward CAL 27 cells with an IC50 value of 3.13 μM, but much higher
activity against HSC-3 cells (IC50 = 0.64 μM). The decrease in the dendrimeric substituent
generation to G0 in the case of tribenzoporphyrazine 6b resulted in reduced photocytotoxi-
city, as the IC50 values reached 6.66 and 10.6 μM for CAL 27 and HSC-3 cells, respectively.
However, the lowest nanomolar IC50 values of 10 nM for CAL 27 and 42 nM for HSC-3
were reached by 6c, in whose structure butoxycarbonyl substituents were reduced to hy-
droxymethyl groups. In further studies, porphyrazine 6b was subjected to an oxidation
reaction, resulting in the oxidative breaking of the one pyrrole ring and the formation of
the S-seco-tribenzoporphyrazine analogue 7 (Figure 8) [66]. The photodynamic activity of
the seco-derivative 7 on CAL 27 and HSC-3 cells was very potent, with IC50 values of 0.61
and 0.18 μM, respectively. This activity was much higher than those for the precursor 6b.

 

Figure 8. The chemical structure of porphyrazines 6,7.

Photosensitizers 6a–c and 7 were also tested after incorporating them into four li-
posomal formulations [67,68]. Zwitterionic lipids POPC or 1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine (DOPE) constituted the main components of the liposomes, whereas
PG or DOTAP were added to provide a negative or positive charge, respectively. For
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all tested tribenzoporphyrazines, cationic DOTAP:POPC liposomes had the highest pho-
todynamic activity. Notably, the IC50 values for this formulation were up to 50 times
lower compared to the free forms of tribenzoporphyrazines, and the oral cancer cells, CAL
27 and HSC-3, were more sensitive to photodynamic treatment than the HeLa cervical
adenocarcinoma cells.

9.7. Phthalocyanines

Phthalocyanines constitute another class of porphyrinoids that we tested on oral cancer
cells. Two commercially available compounds, zinc phthalocyanine (ZnPc) and aluminum
phthalocyanine chloride (AlPc, Figure 9), were examined on HSC-3 and HeLa cells [69]. The
photosensitizers were prepared in free forms dissolved in the culture medium, as well as
incorporated into negatively charged PG:POPC liposomes. Both phthalocyanines revealed
a phototoxic effect, which was dependent on cell type. Zinc phthalocyanine was more
effective against HSC-3 cells, whose viability was reduced to 22% at 1.0 μM photosensitizer,
whereas the viability of HeLa cells decreased to 53% at the same concentration of ZnPc. By
contrast, HeLa cells were more sensitive to the treatment with aluminum phthalocyanine
chloride. The viability of cells after photodynamic treatment with 1.0 μM of AlPc decreased
to 15 and 57% for HeLa and HSC-3 cells, respectively. Moreover, liposomal incorporation
enhanced the cytotoxic effect of both phthalocyanines. A lethal photodynamic effect on both
cell types was observed for liposomes containing 1.0 μM of ZnPc, while AlPc-liposomes at
the same concentration caused a lethal effect on HeLa cells, but the viability of HSC-3 cells
was reduced to only 21%.

Figure 9. The chemical structure of AlPc and phthalocyanines 8–10.

In another study, zinc phthalocyanine was incorporated in two types of liposomes
composed of POPG:POPC or POPG:DOPE [70]. The photodynamic activity of obtained
liposomes, both extruded and non-extruded, was tested on CAL27 cells and FaDu pharyn-
geal carcinoma cells. Surprisingly, POPG:DOPE liposomes did not have photocytotoxicity
against tested cell lines. On the other hand, zinc phthalocyanine in free form, and incor-
porated into extruded POPG:POPC liposomes, showed a significant photodynamic effect,
which was higher on CAL 27 cells, compared to FaDu cells. The ZnPc, dissolved in culture
medium at 0.1 and 0.5 μM concentrations, decreased the viability of CAL 27 cells by about
20% and 70%, respectively. The viability of FaDu cells was not affected at 0.1 μM and
reduced by about 60% at 0.5 μM. The incorporation of ZnPc in extruded POPG:POPC lipo-
somes resulted in highly increased photocytotoxicity; at 0.1 and 0.5 μM concentrations, a
lethal effect was observed on CAL 27 cells. In the case of HeLa cells, a 0.5 μM concentration
was also lethal, but, at 0.1 μM, cell viability was decreased to 6%.

Novel phthalocyanines synthesized by our team were also examined on oral cancer
cells. Magnesium and zinc phthalocyanines (8a, b), as well as zinc tribenzoporphyrazine (9)
containing 2-(morpholin-4-yl)ethoxy substituents (Figure 9), were examined on HSC-3 and
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H413 cancer cells derived from the tongue and buccal mucosa, respectively [71]. Tribenzo-
porphyrazine 9 definitely showed the highest photocytotoxic effect. However, significant
dark toxicity was observed with H413 cells, reaching 21 and 74% at 1.0 and 10 μM concen-
trations. HSC-3 cells were unaffected by 9 in this concentration range in the dark, while,
after irradiation, the cell viability was reduced by >90% and >80% at 0.1 and 1.0 μM. Photo-
sensitizers 8a, b, and 9 were also incorporated into PG:POPC and DOTAP:POPC liposomes,
but, surprisingly, they did not strongly affect biological activity against HSC-3 and H413
cells. Another study on HSC3 and H413 cells involved phthalocyanine containing cationic
N-methylmorpholiniumethoxy substituents (10, Figure 9) in free form and incorporated
into PG:POPC liposomes [72]. Surprisingly, besides a high photodynamic activity against
both Gram-positive and Gram-negative bacteria, no significant photocytotoxicity toward
oral cancer cells was observed.

9.8. Other Porphyrinoid Photosensitizers

The photodynamic activity of other porphyrinoid photosensitizers on various cancer
cells has been examined recently, both in free forms and in drug delivery systems, including
liposomal formulations [5,73,74]. However, the reports concerning oral cancer cells are very
limited. Thomas et al. [75] investigated the photosensitizing activity of a water-soluble N-
confused porphyrin with 4-sulfonatophenyl substituents on oral squamous cell carcinoma
cell lines SCC-131 (IC50 = 13 μM) and SCC-172 (IC50 = 11 μM) [75]. Chin and coworkers
studied the photodynamic activity of three glycerol substituted phthalocyanines on MCF-7
breast carcinoma, HCT-116 colon carcinoma, and HSC-2 oral squamous cell carcinoma
cells. Non-peripherally tetra-glycerol-substituted and mono-iodo tri-glycerol-substituted
phthalocyanines showed promising activity with IC50 values in the range of 2.8–3.2 μM
and 0.04–0.06 μM for tetra-glycerol and mono-iodo tri-glycerol analogs, respectively [76].
A chlorin-based photosensitizer, pheophorbide a, was used on YD10B and YD38 oral
squamous cell carcinoma cell lines [77]. The viability of YD10B cells decreased by 70% after
treatment, and that of YD38 cells by 60%. A greater increase in ROS generation, and in
the number of apoptotic cells, were also observed for YD10B cells compared to the YD38
cells. Moreover, the RUNX3 gene related to apoptosis was selected as a potential marker
for determining sensitivity to photodynamic therapy with pheophorbide a. It was found
that the expression level of RUNX3 was proportional to the percentage of PDT-induced cell
death [77]. Chu and coworkers [78] studied the effect of vandetanib, a blocker of epidermal
growth factor receptor (EGFR) and vascular endothelial growth factor receptor-2 (VEGFR-
2), on the efficiency of photodynamic therapy. The studies performed with Chlorin e6 on
CAL 27 oral cancer cells revealed that adding vandetanib enhanced photocytotoxicity. This
result was explained by both the direct and indirect effects of vandetanib on the cellular
DNA repair machinery and tumor microenvironment [78].

10. Future Directions in the Photodynamic Therapy of Oral Cancer

10.1. Targeting Photosensitizers to Cancer Stem Cells

Cancer stem cells are a small subpopulation of existing tumors or cancer cells that
can regenerate the original tumor or cancer, first recognized in leukemia [79,80]. Cancer
stem cells have also been identified in head and neck squamous cell carcinoma [81–83].
Although CD44 is a surface marker for cancer stem cells, it is not entirely specific. Cells
that express both CD44 and CD271 upregulate cancer stem-cell related genes and show
higher tumorigenicity than cells expressing only CD44 [84]. These observations raise the
possibility of targeting photosensitizers embedded in or encapsulated inside liposomes via
the use of antibodies against CD44 and against CD271, similar to the example given above
with epidermal growth factor.

10.2. Upconversion Nanoparticles for Near-Infrared Irradiation of Tumors

The absorption wavelengths of the photosensitizers used in photodynamic therapy
are too short to enable sufficient tissue penetration to reach cells located deeper in tumors.
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Upconversion involves the generation of high-energy (shorter wavelength) light from
near-infrared, low-energy radiation that can reach deeper tissues [85,86]. As a case in point,
Sawamura et al. [87] used nanoparticles composed of a lanthanide, which, upon excitation
with near-infrared light (980 nm), emits light of wavelengths in the Soret band (405 nm),
and one of the a Q bands (540 nm), of the photosensitizer, protoporphyrin IX PPIX. The
lanthanide nanoparticles were derivatized with amino groups to bind to the human gastric
cancer cell line, MKN45, and irradiation of the system with near-infrared light caused
extensive cytotoxicity. Chlorin e6 complexed with upconversion lanthanide nanoparticles
that emit in the ultraviolet, blue, and red regions when excited at 980 nm had a significant
cytotoxic effect on MCF-7 human breast cancer cells cultured as tumor spheroids [88]. This
effect was stronger than that induced by irradiation at 660 nm.

10.3. Overcoming Tumor Hypoxia

The tumor microenvironment exhibits acidic pH and hypoxia resulting from the high
metabolic activity of dividing cancer cells. The oxygen tension (pO2) in tumors is usually
less than 5 mmHg, whereas it is in the range 10 to 80 mmHg in normal tissue [89]. The
therapeutic effect of type-II photodynamic therapy is such that the photosensitizers in the
triplet state transfer their energy directly to 3O2 to produce singlet oxygen (1O2). This
process obviously requires the presence of O2, and thus, increasing the O2 concentration of
the tumor is likely to enhance the efficacy of photodynamic therapy. Some of the methods
to counter tumor hypoxia are to introduce exogenous O2 to the tumor, generate de novo
O2 in the tumor, degrade the tumor microenvironment, and inhibit the signaling pathway
for hypoxia-inducible factor 1 (HIF-1) [89].

11. Conclusions

Current standard treatments for squamous cell carcinoma of the head and neck are
inadequate. Photodynamic therapy may be advantageous over conventional treatments
because of its minimal invasiveness, its selective tumor destruction and, thus, the preserva-
tion of healthy tissues. Some photosensitizers may localize preferentially in tumors, and
liposomes carrying photosensitizers may be targeted to receptors overexpressed on certain
cancer cells to mediate a much higher accumulation of the photosensitizer compared to nor-
mal cells. The use of Foscan in the treatment of early oral squamous cell carcinoma resulted
in a response rate of 93% for T1 lesions and 58% for T2 lesions. In a group of 170 patients
with early-stage oral cavity and oropharynx squamous cell cancers or carcinoma in situ,
treated with intravenous Foscan followed by light exposure, an overall response rate of
91%, and a complete response rate of 71%, were obtained. The theranostic approach to the
delivery of photosensitizers integrates imaging and stimuli-responsive therapeutic delivery
within one system. One example of this approach is poly(ethylene glycol)-polycaprolactone
nanoparticles containing the organic compound, C3, for photothermal therapy, and indo-
cyanine green for photodynamic therapy to kill oral squamous cell carcinoma cells. We have
synthesized and tested the anti-cancer activities of derivatives of sulfany porphyrazines,
sulfanyl tribenzoporphyrazine, porphyrazines, and tribenzoporphyrazines, both as free
drugs and incorporated in the liposome membrane. Tribenzoporphyrazines encapsulated
in positively charged liposomes exhibited the highest photodynamic activity, with IC50 val-
ues up to 50 times lower compared to the free forms of the drugs. Thus, the avid binding of
these photosensitizers to oral cancer cells, and their internalization, enables a much higher
photocytotoxicity. Current and future studies on targeting liposomal photosensitizers to
oral cancer cells, on the generation of liposomes or other nanoparticles enabling deeper
penetration of near-infrared irradiation of tumors, and on the generation of local oxygen
in tumors, are highly likely to enhance our ability to treat oral premalignant or cancerous
lesions.
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Abstract: Skeletal Class II is a common malocclusion affecting the Caucasian population and charac-
terized, in most cases, by a convex profile and mandibular retrusion. Therefore, the treatment plan
often requires the use of functional appliances to promote mandibular advancement. In particular,
the Herbst appliance is recommended because of its efficiency and minimal need for compliance.
However, in addition to skeletal favorable effects, undesired dental compensations could prematurely
reduce the overjet needed for a proper orthopedic outcome. The combination of this appliance with
skeletal anchorage and elastic ligatures in the lower or both, in the upper and the lower arch, enables
effective control of unfavorable tooth movements, improving the therapeutic potential of such a
treatment. These improvements have significantly shifted the main focus on facial aesthetics rather
than dental occlusion, with the creation of innovative treatment protocols and a new diagnostic
approach to Class II malocclusion.

Keywords: Herbst; Class II; TADS; facial esthetics

1. Introduction

Class II malocclusion is a common occlusal disorder in the Caucasian population,
characterized by a convex facial profile and caused by a combination of skeletal and dental
components, each of which contributes to its characteristics and severity. Only a small
percentage of cases exhibit maxillary skeletal protrusion. On the average, the maxilla is in a
neutral position or even retruded, while the mandible is mostly retruded [1].

So, the correction of dento-skeletal Class II malocclusion requires a comprehensive
evaluation that includes both qualitative and quantitative analysis of the deviated elements.
In addition to general diagnostic records such as photograph and radiograph, Fränkel’s
maneuver [2] is a crucial tool in this process, as it provides a clinical assessment of the
subject and helps to identify the deviated elements.

The Fränkel maneuver involves protracting the mandible with half-closed lips until
a proper canine Class I is achieved. The patient is then asked to close their lips, and the
change in profile is evaluated to determine the most appropriate treatment strategy which
may involve advancing the mandible, retracting the upper jaw, or a combination of both.
However, this maneuver is based on occlusion, with the main focus on achieving a proper
dental relation and only later evaluating the patient’s esthetics. This might be so because
traditional therapies have limitations as they primarily affect the dentoalveolar component
(70%) and only partially the skeletal component (30%) [3,4]. These limitations are due to
anchorage loss with sagittal and vertical tooth movements, which are common with most of
orthodontic appliances (proclination of lower incisors, lingual inclination of upper incisors,
and clockwise rotation of the occlusal plane).

Indeed, a conventional functional treatment include a Pogonion advancement of at
best 2 mm, a maxillary retraction of 1 mm, and a clockwise rotation of the mandibular
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plane (1◦ on average) [5]. However, this might result in some cases in an aesthetically
unacceptable correction, especially when a greater mandibular advancement is required,
and maxillary retraction is undesirable.

Another critical factor in treating Class II malocclusions in growing patients is the
overjet. In an ideal occlusion, the overjet is defined as the distance between the buccal
surface of the lower central incisor and the palatal surface of the upper one. However, in
the presence of a Class II malocclusion, the overjet might be considered as the minimum
distance between the buccal surface of the lower six front teeth and the palatal surface of
the upper ones, which is usable for mandibular advancement.

In fact, the extent of mandibular advancement will depend mainly on the initial overjet
and the ability to maintain or increase it during the treatment [6]. Therapies involving
a large initial overjet or having the potential to create one (such as proclination of the
incisors for correction of Class II Division II) are likely to achieve a significant mandibular
advancement, with a high probability of success [7].

2. Compliance

The success of Class II correction therapy also depends on patient cooperation. While
numerous therapies have been proposed, including fixed and removable functional ap-
pliances and Class II elastics, patient compliance is known to be a challenge (in many
cases, compliance is estimated to be between 27 and 37% for treatments that rely on the
patient) [8–11]. Considering this, fixed functional appliances, such as the Herbst appliance,
are particularly valuable in achieving a successful outcome.

3. Notes on Skeletal and Dentolaveolar Effects

Despite its original design [12] being limited to severe Class II malocclusions and
uncooperative patients, the clinical management of Herbst appliance has been modified in
recent years and now boasts a higher success rate.

The traditional Herbst appliance, like other functional devices including Class II
elastics, has both dentoalveolar and skeletal effects related to direction of the applied
forces [13]. The distalization of the upper arch and a slowdown in the forward growth of
the maxilla (by approximately −0.4 to 1 mm due to the extraoral traction effect) [14,15] are
combined with mesialization of the lower arch and mandibular advancement, resulting in a
statistically significant but clinically insignificant Pog advancement of 1.45 to 1.91 mm [16].
Alveolodental movements, caused by a reciprocal loss of anchorage, are more prevalent
(70–80%) compared to skeletal movements (20–30%), with variations depending on the
treatment period (pre-peak, peak, post-peak) and the extent of the original malocclusion.

So, the skeletal effects of the Herbst appliance are limited by the alveolodental move-
ments in both the vertical and sagittal planes [16–18]. In the upper arch, the molars intrude
and distalize, while the incisors extrude and lingualize (by approximately 1.5 to 3.5 mm
on average) [14,15]; in the lower arch, the molars extrude and mesialize and the incisors
intrude and buccally flare (with an average proclination of 7.5 to 10.5◦) [5,7]. This results in
a rapid overjet reduction and a clockwise rotation of the occlusal plane and of the mandible,
losing some of the mandibular advancement.

This effect can be controlled with the use of a full-coverage resin splint, making Herbst
therapy possible even for patients with increased vertical dimension and improving the
anchorage, although the results are partial.

4. The Skeletal Anchorage

If the movement of teeth interfere with the sagittal advancement of the mandible,
reducing these movements with skeletal anchorage could result in a better Class II aesthetic
correction.

Anchorage in the lower arch involves the use of a resin splint, buccal miniscrews,
and elastic ligatures (Figures 1 and 2). The miniscrews are placed bilaterally between the
first molar and second lower premolar, with the head positioned in the attached gingiva
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or on the mucogingival line. Two bondable buttons are placed on the buccal surface of
the canines and connected to the miniscrews through elastic ligatures of 150–200 g. This
configuration, combined with the splint, prevents molar mesialization and proclination of
the incisors and enables effective control of the entire arch. The elastic ligatures should be
parallel to the occlusal plane and replaced every 4 weeks. In addition, splinting the lower
six frontal elements can prevent rotation, distalization, and intrusion of the canines caused
by elastic traction.

This technique results in a greater skeletal effect, an average reduction in the gonial
angle by 1.3–1.5◦, a counterclockwise rotation of the mandible, and greater advancement of
the Pog of 3.8–4.0 mm [19,20].

Figure 1. Right lateral view of anchorage in the lower arch.

Figure 2. Left lateral view of anchorage in the lower arch.

Moreover, when distalization of the upper arch with opening of Nasolabial an-
gle is undesired, a similar anchorage reinforcement is required also in the upper arch
(Figures 3 and 4). The arch is stabilized by the fixed appliances, with the transverse di-
mension blocked by the palatal arch of the Herbst appliance. The miniscrews are placed
bilaterally between the first premolar and canine or, in some cases, between the second and
first premolar. Elastic ligatures are stretched from the miniscrews to first molar bands, in a
horizontal direction. This configuration reduces distalization of the molars and lingualiza-
tion of the upper incisors, preserving the overjet, limiting the opening of nasolabial angle,
and improving the aesthetic outcome also in biretruded Class II patients.

Figure 3. Right lateral view of anchorage in the upper arch.
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Figure 4. Left lateral view of anchorage in the upper arch.

To date, a pilot study showed an average Pog advancement of 5.7 mm with the use of
Herbst MTH, 4 buccal miniscrews, and elastic ligatures [20].

Moreover, anchorage in the upper arch can be similarly managed using palatal minis-
crews instead of buccal ones, increasing the potential of the technique.

5. A New Diagnostic Approach

Skeletal anchorage has increased the percentage of skeletal correction from 30 to 70%,
with the ability to selectively modify individual components of the Class II malocclu-
sion [19,20]. Traditional techniques facilitate the retraction of the maxilla or simultaneous
retraction of the maxilla and advancement of the mandible, but not separately and not in a
clinically significant manner. With the addition of skeletal anchorage, it is now possible
to selectively (a) retract the maxilla; (b) advance the maxilla; (c) retract the maxilla and
advance the mandible in a clinically significant manner; and (d) advance the mandible in a
clinically significant manner.

This has led to a new diagnostic approach, considering more facial aesthetics rather
than occlusal relation. As a result, Fränkel’s maneuver has been modified with a new
maneuver known as Manni’s Aesthetic maneuver, which places most importance on
aesthetics: basically, the patient is asked to bring the mandible forward until an aesthetically
optimal position is achieved with closed lips (not open as in traditional Fränkel’s maneuver).
Only after he is asked to open the lips to evaluate the occlusal relation. So, the decision of
the optimal skeletal position is based on aesthetic0073 rather than occlusion, with much
emphasis placed on the nasolabial angle, lips, maxillary, and mandibular sagittal position,
evaluated through clinical and photographic analysis.

6. Conclusions

• A proper Skeletal Class II treatment requires specific focus on patient aesthetics.
• Skeletal anchorage facilitates a reduction in dental compensations and increased

skeletal effects of orthopedic therapy [21,22].
• The combination of the Herbst MTH appliance with elastic ligatures and skeletal

anchorage in the lower, or both lower and upper arch, represent an effective and
efficient therapy in the management of Class II malocclusion, with the possibility of
modulating the effects on the maxilla and mandible.

• The presence of a mandibular splint provides increased control of verticality and
limits post-rotation of the occlusal and mandibular plane, with significant effects on
Pogonion projection [23].

• Achieving and maintaining a functional overjet to the mandibular advancement is the
key to a successful treatment.

However, these conclusions should be interpreted with caution, as currently available
research is not enough appropriate to determine the long-term effects of such a treatment,
and further well-designed randomized clinical trials are needed to confirm these results.
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