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Globally, oral infections and inflammatory lesions persist as substantial public health concerns, necessitating the
introduction of novel oral treatment protocols. Oral diseases are linked to various causative factors, with dental
plaque/biofilm resulting from inadequate hygiene practices playing a predominant role. The strategic imple-
mentation of novel topical therapies holds promise for effectively controlling the biofilms, addressing oral in-
fections and promoting enhanced oral wound healing. This review aims to providing a comprehensive overview
of the available evidence pertaining to the potential efficacy of topical oxygen and lactoferrin-releasing bio-

materials, exemplified by the blue®m formula, as novel oral care interventions within the scope of contemporary
implantology, oral surgery and periodontology.

1. Introduction

The overall health of the population is profoundly influenced by the
state of oral health (Allen, 2003). Consequently, individuals should
diligently adhere to daily oral hygiene practices and seek adequate
professional oral care to ensure the ability to eat, speak comfortably, and
maintain self-esteem (Petersen and Yamamoto, 2005). As of 2020, the
World Health Organization reported that oral lesions and diseases
remain significant global public health concerns (World Health Orga-
nization, 2022). An alarming statistic reveals that over 3.5 billion in-
dividuals are afflicted by oral diseases, exerting substantial health,
social, and economic impacts. Furthermore, oral cancers present a
serious worldwide health issue, resulting in nearly 200,000 deaths
annually (World Health Organization, 2022). In recent times, peri-
implantitis has emerged as the most prevalent oral disease leading to
dental implant failures (Hasan et al., 2022).

In many countries, oral healthcare systems predominantly rely on a
dentist-centred model incorporating advanced technology (Petersen
et al., 2020). However, these systems often fall short in adequately
promoting oral disease prevention. Furthermore, millions of patients
lack access to early treatment for oral diseases (Glick et al., 2102).
Consequently, the introduction of preventive tools and the promotion of
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oral care in the public domain are deemed essential for fostering healthy
lifestyles among both children and adults.

The aetiology of oral lesions is multifaceted, primarily attributed to
poor hygiene. Nevertheless, dental plaque/biofilm stands out as the
principal etiological factor. A comprehensive understanding of the
causative factors behind oral diseases serves as the foundation for in-
tegrated strategies aimed at prevention and control (Sheiham and Watt,
2000; Genco and Genco, 2014).

2. Oral health and biofilm

The oral cavity harbours approximately 700 species of microorgan-
isms, including bacteria, fungi, viruses, and protozoa (Willis and
Gabaldon, 2020). The microbiome plays a crucial role in maintaining a
healthy balance in both the oral and gut systems. However, pathogenic
biofilms can form as microorganisms adhere to each other and dental
surfaces (Samaranayake and Matsubara, 2017).

Biofilm development progresses through several stages. Initially,
free-swimming bacteria (planktonic) reversibly attach to oral surfaces,
with primary colonizers like Streptococcus, Veillonella, Actinomyces, and
Neisseria being common on dental surfaces. Salivary proteins bind to
dental surfaces, initiating a synergistic relationship with primary
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Fig. 1. History of > 100 years to understand the ‘etiologic factors’ of periodontal diseases.
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Fig. 3. Scheme of the TOOTh directive for oral healthcare.

colonizers, leading to more bacterial attachments and biofilm formation.
As bacteria consume polysaccharides, they form an initial layer of bio-
film matrix, followed by the development of a multi-layer microcolony.
Corynebacterium species anchor to primary colonizers, creating a 3D
biofilm structure. Oxidative species, such as Haemophilus, Aggregati-
bacter, and Neisseriaceae, occupy the oxygen-rich periphery, while
anoxic conditions at the biofilm centre allow the growth of pathogenic
bacteria like Capnocytophaga, Leptotrichia, and Fusobacterium (Filoche
et al., 2010). The mature biofilm is sustained by multiple pathogenic
bacteria.

In anoxic periodontal pockets, Gram-negative bacteria (e.g., Por-
phyromonas gingivalis, Tannerella forsythia, Treponema denticola)
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dominate the subgingival biofilm, facilitated by protein—protein and
lectin-carbohydrate interactions. Bacterial cell signalling and commu-
nication play a crucial role in biofilm formation (Scapoli et al., 2012).

Recent studies indicate that oxygen therapy can inhibit biofilm for-
mation. For example, Ahn and Burne found that oxygen impairs dental
biofilms by S. mutans, reducing biofilm infection due to anaerobic
metabolism (Ahn and Burne, 2007).

A 2017 global periodontal workshop addressed unresolved issues
related to periodontal diseases, progression, and pathogenesis (Caton
et al., 2018; Chapple et al., 2018). Over the past century, the under-
standing of periodontal pathogenesis and etiological factors has evolved
through various stages, as depicted in Fig. 1.

It is now evident that supra- and subgingival biofilms associated with
gingivitis and periodontitis originate from a collection of commensal
organisms. Dysbiosis within the biofilm may occur, leading to the
overgrowth of more virulent bacteria, exacerbating periodontal
inflammation, infection, and tissue destruction. Therefore, maintaining
and redirecting the oral biofilm composition toward a symbiotic state is
crucial for gingival/periodontal health and good healing.

Developing new therapies to control biofilm formation in the oral
cavity remains a challenge, and ongoing studies are investigating the
potential utility of active oxygen to disrupt bacterial biofilms (Ammons,
2010; Wang et al., 2015).

3. Conventional strategies for oral care

In recent decades, various chemical agents have been employed to
manage dental biofilms (Baehni and Takeuchi, 2003). Typically, these
conventional antiseptic agents consist of different active ingredients
recommended for specific clinical indications. Approximately 90 % of
commonly used antiseptic products feature potent antibacterial chem-
icals such as chlorhexidine (CHX), cetylpyridinium chloride, alcohol,
essential oils, iodine, peroxide, and others (McDonnell and Russell,
1999). For instance, CHX stands out as one of the most widely utilized
antiseptics in oral care. Nevertheless, it is associated with a range of
extensively documented adverse effects, such as pigmentation of the
oral soft tissues and teeth, taste alteration, parotid gland swelling,
burning sensation, oral mucosa ulceration or erosions, transient anes-
thetic sensation and paresthesia (Jones, 1997; Zanatta et al., 2010; Patka
et al., 2022).

Similar to antibiotics, these compounds exhibit broad-spectrum ef-
fects and do not specifically target pathogenic biofilms, potentially
fostering bacterial resistance and diminishing the therapeutic efficacy of
conventional antiseptics (Cieplik et al., 2019). Additionally, a protective
matrix of extracellular polymeric materials, including exopoly-
saccharides, envelops harmful germs within the biofilm. This matrix
enhances bacterial tolerance while restricting agent penetration (Bonez,
2013). Thus, for anti-biofilm therapy to be efficacious, it must target
both the biofilm matrix and the specific microbial cells within it. Illus-
trated in Fig. 2, CHX (C22H30CI2N102C6H1207) is a cationic large
molecule with a mass of 898 Da.

Chlorhexidine can adhere to the negatively charged surface of bac-
terial cells, causing cell damage (Bonez, 2013). A recent clinical study
showed that CHX mouthwash has a significant impact on the complex
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Fig. 5. Aggressive periodontitis in a 36-year-old female patient. In the initial panoramic x-ray, notable bone loss is evident, particularly around the areas of teeth 26,

27, and 28.

oral microbiome and increases oral acidic conditions, resulting in lower
diversity of oral bacteria and greater risk of oral diseases. Moreover, a
negative systemic effect on patients’ blood pressure was observed
(Bescos et al., 2020). Limited data exist on the efficacy of intra-wound
irrigation with conventional antiseptics. A plethora of literature sug-
gests that CHX, even in low doses, may be cytotoxic and impede the
wound healing process, affecting and reducing the viability and cell
migration of fibroblasts, osteoblasts, gingival cells, keratinocytes, PRF
membranes and lymphocytes (Pucher and Daniel, 1992; Babich et al.,
1995; Cabral and Fernandes, 2007; Liu et al., 2018; Gavrailov et al.,
2022; Ortega-Llamas et al., 2022). Moreover, clinical reports have
documented allergic reaction and serious anaphylactic shock related to
CHX (Nakonechna et al., 2014; Abdallah, 2015; Fernandes et al., 2019;
Rose et al., 2019; Chiewchalermsri, 2020). Finally, the potential detri-
mental impact of CHX irrigation in treating peri-implantitis has been
shown, as it can alter the surface topography of dental implants,
potentially influencing re-osseointegration (Krishnamoorthy et al.,
2022).

As a result, therapeutic strategies have emerged to manage dental
biofilms (Taubman et al., 2007). One approach involves inhibiting
bacterial adhesion to dental and implant surfaces, and suture materials.
The primary colonizer bacteria physically create an interface that
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facilitates the adhesion of more microbes to these surfaces and subse-
quent biofilm formation (Veerachamy et al., 2014). By influencing the
sequence of bacteria (primary colonizer) cell adhesion, this strategy can
lead to variations in overall biofilm development (Yoshinari et al.,
2000). A second strategy involves the development of agents with
controlled-release anti-biofilm properties, exerting antimicrobial activ-
ity over time in situ to prevent biofilm formation (Lu et al., 2019).

4. Topical oxygen therapy

The utilization of oxygen therapy in medicine has been common-
place for nearly a century (Jindal, 2008). Its application as a treatment
for hypoxemia was discovered by Joseph Priestley in 1774 (Tibbles and
Edelsberg, 1996).

Oxygen therapy can be broadly categorized as systemic (hyperbaric)
or topical. There is substantial evidence supporting the use of systemic
oxygen supplementation to enhance wound healing in various
anatomical regions. Wound healing requires a variety of cells to increase
their metabolic activity, resulting in a high oxygen demand. Oxygen at
the wound site has been shown to promote wound healing by stimu-
lating several processes, including neovascularization, collagen pro-
duction, re-epithelialization, degradation of necrotic tissue, and also



M. Leventis et al.

creates an unfavorable environment for anaerobic bacteria (Tibbles and
Edelsberg, 1996; Rodriguez et al., 2008; Schreml et al., 2010; Eisenbud,
2012; Yip, 2015; de Smet et al., 2017).

The topical application of oxygen over injured tissue, while not
extensively explored, remains a subject of controversy (Linden et al.,
2014; Orsted et al., 2012). It is hypothesized that it may rapidly reverse
tissue hypoxia in situ. Additionally, it may eradicate anaerobic bacteria
and enhance the functionality of immune cells to combat various
pathogens. Elevating local oxygen levels in wounded tissues can pro-
mote more effective healing (Dissemond at al. 2015).

Recently, Dr Peter Blijdorp and his research group developed a novel
topical oxygenating formula (Deliberador et al., 2020; Mattei et al.,
2021; Ngeow et al., 2022). Clinically, the blue®m formula (blue®m,
Wapenveld, Netherlands) is administered intra-orally to prevent the
growth of biofilms causing oral infections (Shibli et al., 2021). Chemi-
cally, it primarily consists of sodium peroxoborate, glycerol, and cellu-
lose. In an aqueous solution, the formula generates a low concentration
of hydrogen peroxide, known for its antiseptic properties (Grootveld
et al., 2020).

The technology behind blue®m is centred on the controlled release
of topical oxygen. The low, stable and safe concentration of hydrogen
peroxide released also exhibits bactericidal action (Ray et al., 2012).
Importantly, the blue®m formula can gradually release active oxygen
without generating hydroxyl radicals. Another significant component of
the blue®m formula is Lactoferrin, a multifunctional glycoprotein,
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Fig. 6. In the provided clinical images: (A) illustrates the initial clinical situation, revealing bleeding on probing, probing depths exceeding 5 mm, and clinical
attachment loss surpassing 40 %. A diagnosis of generalized aggressive periodontitis was made. The treatment protocol consisted of extraction of 26, 27, and 28 due
to the severity of the bone loss, and non-surgical periodontal therapy combined with blue®m oxygen therapy for the rest of the dentition. (B) depicts supra and
subgingival scaling and root planing, followed by the application of blue®m gel. The gel was meticulously introduced into the periodontal pockets and around the
teeth. (C) shows the immediate effect of the gel application, with observable bubbles indicating the topical release of oxygen. (D) provides a closer view of the
bubbles, confirming the oxygen release. Subsequent images include (E) one day post-therapy using blue®m gel and (F) the second application of blue®m gel.

Lk

which supports multiple biological processes involved in wound heal-
ing. The use of lactoferrin, both systemically and locally, promotes the
initial inflammatory phases of tissue healing, exhibits anti-inflammatory
activity that neutralizes overabundant immune response, improves the
formation of granulation tissue, enhances the synthesis of extracellular
matrix components, such as collagen and hyaluronan, and stimulates the
proliferation and migration of fibroblasts and keratinocytes, resulting in
enhanced re-epithelialization (Kim et al., 2006; Takayama and Aoki,
2012; Icriverzi et al., 2020; Shi et al., 2020; Trybek et al., 2020; Chang
et al., 2023; Tian et al., 2023). Gao et al., showed that local application
of lactoferrin increased in a significant manner bone regeneration in a
rat critical-sized calvarial defect model (Gao et al., 2018), while Gormez
et al., demonstrated that combining bovine lactoferrin and anorganic
bovine bone promotes bone regeneration in defects around implants
(Gormez et al., 2015). The above data suggest that the profound effect of
lactoferrin on soft and hard tissue regeneration has therapeutic potential
to improve clinical treatments in dentistry.

As a result, the release of both oxygen and lactoferrin from blue®m
agents may align with the five pillars of wound therapy: 1) increases
cellular metabolism, 2) enhances collagen and epithelium synthesis, 3)
facilitates the release of growth factors, 4) stimulates angiogenesis, and
5) impedes the growth of pathogenic bacteria and exerts bactericidal
action, supported by the results of recent in animal and in vitro studies.
Santos et al., showed the antimicrobial effectiveness of blue®m solution
against S. mutans, its ability to modulate the expression of the gbpA gene
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Fig. 7. In the provided clinical images: (A) illustrates the status two days post-therapy using blue®m gel. (B) illustrates the third application of blue®m gel. (C)
displays the condition three days post-therapy. Subsequent follow-up assessments are represented by (D) after fifteen days, (E) after thirty days, and (F) after sixty
days. The periodontal tissues exhibited a healthy status throughout these follow-up periods, characterized by the absence of bleeding on probing, reduced probing
depths ranging from 1 to 4 mm, and excellent plaque control.

Fig. 8. Five-year recall. Clinical views (A, B) and panoramic x-ray (C) reveal significant progress. The patient had undergone orthodontic treatment and lower arch
rehabilitation with two implants. Notably, periodontal tissues exhibited a healthy status, characterized by the absence of bleeding on probing, reduced probing
depths, and excellent plaque control.

845



M. Leventis et al.

The Saudi Dental Journal 36 (2024) 841-854

Fig. 9. Peri-implant mucositis. In the provided clinical images: (A) illustrates the initial clinical appearance of peri-implant tissues following the removal of the
prosthesis, revealing signs of gingival inflammation and bleeding on probing. Probing depths measured between 2 to 4 mm, prompting a diagnosis of peri-implant
mucositis. (B) showcases the application of blue®m gel, carefully spread across the inflamed region. Notably, the images capture the release of oxygen bubbles upon
gel application. (C) presents the follow-up evaluation conducted after 48 h, tracking the progress of treatment. (D) exhibits the follow-up assessment after 7 days,
revealing a notable improvement with a healthy appearance of the peri-implant tissues, indicating successful management of peri-implant mucositis.

Fig. 10. Application of blue®m gel whenever fitting healing abutments (stock or customised) and implant restorations.

and its low cytotoxicity on fibroblast cells (Santos et al., 2023). Another
in vitro study compared the effect of blue®m gel and 0.12 % CHX on
Porphyromonas gingivalis, demonstrating that blue®m at a dose of 100 %
and 75 % is similar to CHX (Deliberador et al., 2020). Deliberador et al.,
investigated the effect of blue®m gel on the healing of standardised skin
wounds caused in rats. The histological and immunohistochemical
findings showed accelerated healing, with increased angiogenesis and
better collagen fibre formation when blue®m gel was applied compared
to distilled water that served as control (Deliberador et al., 2023).
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5. Clinical applications of topical oxygen therapy

Dr. Peter Blijdorp pioneered the TOOTh (Topical Oral Oxygen
Therapy) protocol for oral healthcare, as illustrated in Fig. 3. This
clinical protocol aims to provide a significant strategy for controlling
biofilms associated with oral infections. In parallel, the in situ release of
oxygen and lactoferrin is expected to actively promote the healing of
oral tissues (see Fig. 4).
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Fig. 11. Early implant placement in a 43-year-old healthy female patient. Clinical view four weeks after the “atraumatic” extraction of the lower right second
premolar (A). A customized anatomical healing abutment (Cervico, VP Innovato Holdings Ltd, Cyprus) was fabricated. Blue®m gel was placed on the prosthetic
screw and the subgingival part of the abutment (B). The customized abutment was immediately fitted onto the implant at implant placement appointment, and the
flap was sutured tension-free around the healing abutment using 5-0 monofilament sutures (C). Application of blue®m gel immediately post-op and twice a day
during the healing period (D). Clinical picture 3 months post-op (E). The unique anatomy of the anatomical healing abutment facilitated proper oral hygiene
measures by the patient during the healing phase. This, in synergy with the daily local application of the oxygen and lactoferrin-releasing blue®m gel, allowed the
patient to maintain the abutment free of plaque, and enhanced the healing process of the peri-implant tissues (F, G). Application of blue®m gel onto the implant
platform and the peri-implant soft-tissues prior fitting the final restoration (H). Clinical view immediately after the instalment of the implant crown ().

-

Fig. 12. Peri-implantitis in a 58-year-old male patient with non-contributory medical history. In the provided clinical images: (A, B) illustrate the initial clinical
situation, revealing pus discharge on palpation, bleeding on probing, probing depths exceeding 8 mm, and bone loss affecting the implant #12. A diagnosis of
localized peri-implantitis was made. The treatment protocol consisted of initial conservative therapy combined with application of blue®m gel with an interdental
brush twice a day for six months (C), followed by surgical therapy.

5.1. Periodontal healthcare biofilm after applying oxygen therapy (Fernandez y Mostajo et al., 2014;
Fernandez y Mostajo et al., 2017). Niveda and Kaarthikeyan reported a

Local oxygen-based therapy by blue®m is suggested to restore and significant reduction in probing pocket depth in patients with chronic
maintain a healthy microbial homeostasis. Studies have demonstrated a periodontitis treated with blue®m oxygen therapy, confirming its clin-
significant shift in microbial composition toward a homeostasis state of ical advantage on periodontitis (Niveda, and Kaarthikeyan, 2020).
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Fig. 13. Surgical approach six months after the conservative treatment. A site-specific full-thickness flap was raised and all inflammatory soft-tissues were thor-
oughly removed using sharp curettes and degranulation burrs (A). The exposed implant surfaces were cleaned with titanium brushes (B) and then polished (C).
Subsequently, blue®m gel was topically applied for 5 mins to hydrate the bone and release oxygen and lactoferrin in the area, in an attempt to decontaminate the
implant surfaces and the surrounding tissues, and to enhance the healing (D). After removing the gel and rinsing with sterile saline, guided bone regeneration was
performed using a synthetic bone substitute (E) and the flap was repositioned and sutured using 5-0 PTFE sutures (F). Blue®m gel was applied immediately post-
operatively and provided to the patient to use twice a day during the healing period (G).

Fig. 14. Follow-up assessment after 3 months, revealing significant improvement with healthy peri-implant soft tissues without swelling, nor bleeding on probing
(A), and reduced probing depths ranging from 3 to 4 mm (B). Periapical x-ray showing notable bone gain at the crestal level of the implant #12 (C).

Toothpastes containing active oxygen and lactoferrin have been proven
to have comparable antiplaque and antigingivitis efficacies compared to
triclosan-containing toothpastes (Cunha et al., 2019). In a randomized
controlled clinical trial, the efficacy of blue®m gel as an adjunct ther-
apy, with and without antimicrobial photodynamic therapy, was
assessed in the management of residual pockets in periodontal patients
with type 2 diabetes mellitus. The findings of the study revealed that the
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adjunctive application of blue®m gel directly within the periodontal
pockets, generating a controlled release of active oxygen, led to a sta-
tistically significant decrease in bleeding on probing and in the per-
centage of sites with pocket depth > 4 mm at 90 and 180 days.
Additionally, a significant reduction in tumour necrosis factor a levels
was observed at the 90-day mark (Claudio et al., 2023). Furthermore,
recent clinical reports have highlighted that adjunctive topical oxygen-
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Fig. 15. Clinical pictures illustrating a fresh extraction socket (A). The removal of all soft tissues (B) is essential for successful healing. (C) Topical application for 5
mins of blue®m gel, followed by rising with sterile saline, can assist the decontamination of the site. (D) Clinical view 2 weeks post-operatively revealing the healthy
granulation tissue inside the socket and newly-formed connective tissue and epithelium at the periphery of the wound.

Fig. 16. Oxygen and lactoferrin can be also used (A) in the forms of foam (B) or
solution (C, D) for the treatment of fresh extraction sockets.

based therapy formulations of toothpaste, mouthwash and oral gel
yielded better clinical outcomes after treatment of patients with gingi-
vitis and periodontitis as effective adjunct to mechanical debridement,
scaling and root planning (Basudan et al., 2024).

In Figs. 5-8, a representative clinical case conducted by Dr. Marcelo

Imano (Curitiba/PR, Brazil) is presented.

5.2. Peri-implant healthcare

Clinical findings in patients with peri-implant mucositis and peri-
implantitis, managed using blue®m therapy as an adjunct to non-
surgical therapy revealed that local oxygen-based adjunct therapy was
equally effective as conventionally used local adjuncts such as antibi-
otics, antibacterials, and probiotics (Shaheen et al., 2024). As similar
pathogens are related to the aetiology of periodontitis and peri-implan-
titis, a low and stable concentration of O2 applied to subgingival bio-
films containing peri-implant pathogens may demonstrate a selective
effect compared to CHX, with a significant loss of the ability of peri-
odontal bacteria to form biofilms.

In Fig. 9, a representative clinical case conducted by Dr. Alex Oli-
veira de Moura (Fortaleza/CE, Brazil) under the supervision of Professor
Tatiana Deliberador (Curitiba/PR, Brazil) is presented.

Clinical investigations have emphasized the potential of the implant-
abutment interface as a reservoir for microbial colonization, presenting
a possible threat to peri-implant health and potentially compromising
both short and long-term outcomes (Canullo et al., 2015; Fathi et al.,
2023). The absence of standardized clinical protocols has necessitated
the reliance on empirically derived methods to mitigate bacterial pres-
ence in the implant connection, predominantly employing CHX gels
applied to the threads and subgingival regions of healing abutments and
provisional implant restorations (Ghannad et al., 2015). Furthermore,
the detachment and subsequent reattachment of healing abutments and
prosthetic components not only facilitate oral bacteria ingress into the
implant platform but also pose a risk of traumatizing peri-implant soft

il Gl

Fig. 17. Clinical images showing the uneventful open healing of grafted sockets (A). Six days post-operatively the graft is embedded in a fibrin matrix (B) and the
topical application of oxygen and lactoferrin (C) twice a day during the healing period may enhance the production of new collagen and epithelium to promote the
healing by secondary intention, and at the same time to control the bacteria, minimizing the risk for post-operative infection. (D) Three months post-operatively the
alveolar ridge preservation procedure preserved the volume of the ridge and the grafted area is covered by newly-formed keratinized soft tissues. (E) The bone
grafting resulted in the regeneration of adequate amount of hard tissues to facilitate the correct placement of dental implants.
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Fig. 18. (A) Wound dehiscence one week after implant placement of two implants and simultaneous guided bone regeneration in the upper anterior area. Incomplete
closure of the wound with no signs of infection. The surgical site was treated with blue®m gel to address the wound dehiscence and promote the secondary intention
healing of the area (B). To facilitate the application of the blue®m gel, the patient was instructed to apply it twice a day on the inner surface of the provisional partial
denture, ensuring that the gel will stay for adequate time in contact with the healing tissues. The denture was inspected to ensure that no pressure was applied on the
alveolar ridge (C, D). Three months later, excellent healing of the area is observed. The ridge is completely covered by healthy keratinised soft tissues (E).

Il

Fig. 19. Controlling the bacteria that accumulate on the sutures and promoting the healing of the incision lines is essential for uneventful healing and for limiting the
risk for infection, wound dehiscence and scar formation. A semilunar flap was sutured using 5-0 PTFE sutures (A). Application of blue®m gel immediately post-op
and twice a day during the healing period (B, C). Clinical result after six days at suture removal (D), seven months post-operatively (E) and four years post-

operatively (F).

tissues, potentially disrupting the mucosal barrier and leading to
compromised healing and marginal bone loss (Abrahamsson et al.,
1997). Additionally, the local application of CHX on subgingival sur-
faces of healing abutments and prosthetic components may exert cyto-
toxic effects on soft tissue cells. An in vitro investigation utilizing human
epidermal keratinocytes revealed that CHX impeded epithelial cell
attachment onto the surface of implant provisional restorative materials,
potentially impeding the integrity of the peri-implant soft tissue seal
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(Luchinskaya et al., 2017). As an alternative approach, clinicians have
turned to oxygen and lactoferrin-releasing gel for treating and decon-
taminating the implant compartments and abutment surfaces, and at the
same time aiming to actively promote the healing of the peri-implant soft
tissues surrounding healing abutments and provisional restorations
(Fig. 10).

In Fig. 11, a representative clinical case conducted by Dr. Minas
Leventis (London, UK) is presented.
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Fig. 20. Management of an impacted mandibular third molar with associated cystic lesion in a healthy 27-year-old male patient. Initial clinical view (A). The CBCT is
showing the #48 in direct contact to the distal aspect of the distal root of the adjacent second molar, and the cystic lesion buccally to the roots of the impacted third
molar (B, C). A full-thickness flap was raised (D) and subsequently bone was removed to expose the impacted #48, which was sectioned and removed in pieces. The
cystic lesion (E) was enucleated in toto (F). The histopathological findings were consistent with a dentigerous cyst.

Another clinical scenario where oxygen topical therapy might be
effective is the cleaning of contaminated titanium surfaces during the
surgical treatment of peri-implantitis, as a safer alternative to CHX and
citric acid. Currently, CHX and citric acid are the most commonly used
chemotherapeutic agents, exhibiting high potential for biofilm removal
from the contaminated implant surfaces, but the evidence is scarce. It is
of clinical importance that these chemicals might be cytotoxic,
restraining cell proliferation and collagen synthesis, and suppressing the
re-attachment and spreading of fibroblasts. Moreover, citric acid may
lead to corrosion of implant surfaces (Patil et al., 2022).

In Figs. 12-14, a representative clinical case conducted by Dr. Minas
Leventis (London, UK) is presented.

5.3. Care of oral surgical wounds and oral lesions

Oral lesions, including traumatic lesions, aphthous ulcers, lichen
planus, angular cheilitis, herpes infection, mucocele, and xerostomia,
often require palliative and supportive treatment. Blue®m oxygen
therapy has shown promise in managing such conditions, reducing
postoperative pain, and promoting the healing of intraosseous cystic
lesions. These elements when applied locally, can promoting angio-
genesis and crucial cellular functions, favouring tissue oxygenation,
regeneration, and controlling complications and pain after oral surgeries
(Yip, 2015; Ngeow et al., 2022).

Topical application of oxygen in the forms of gel, solution or foam
can help the decontamination of fresh extraction sockets (Figs. 15, 16),
while oxygen and lactoferrin might play an essential role in healing of
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oral wounded tissues, promoting neovascularization, collagen synthesis
and subsequent secondary intention re-epithelialization of open surgical
wounds (Figs. 17, 18). The use of these agents topically on sutured flaps
may promote and accelerate the healing by primary intention of incision
lines and at the same time control the biofilms accumulated on the su-
tures (Fig. 19). In oral surgery the ability of pathogenic bacteria to
adhere and colonize the threads of sutures can cause post-operative
inflammation, infection and wound dehiscence, thus the application of
antiseptic agents might limit complications and improve healing rates
(Otten et al., 2005; Asher et al., 2019; Rodriguez Zorrilla et al., 2020). In
Figs. 20-22, a representative clinical case conducted by Dr. Minas Lev-
entis (London, UK) is presented.

6. Conclusions

In conclusion, the topical oxygen therapy, exemplified by the
blue®m formula, emerges as a promising and novel approach in oral
care therapy within clinical practice, based on both clinical observations
and scientific findings. Oxygen and lactoferrin-releasing biomaterials
seem to be safe and effective in controlling the pathogenic bacteria and
in parallel promoting the healing in oral surgery, implantology and
periodontology procedures, having applications in all phases of treat-
ments. However, it is imperative to underscore the need for further
clinical investigations to thoroughly validate and refine these thera-
peutic approaches. The clinical recommendations outlined in this review
aim to guide dentists in maintaining their patients’ oral health. While
many suggestions and treatment protocols align with current evidence-
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Fig. 21. The site was thoroughly debrided of all soft tissues (A), and blue®m gel was applied for 5 mins and then rinsed with sterile saline (B). Subsequently, the
bone defect was grafted using an injectable fully-resorbable synthetic bone substitute (C) and the flap was repositioned and sutured using 5-0 monofilament sutures
(D). Blue®m gel was applied immediately post-operatively and provided to the patient to use twice a day during the healing period (E). (F, G) illustrate the clinical
result eight months post-op. Adequate reconstruction of the soft and hard tissue topography and no residual periodontal pockets distally to the second molar.

Fig. 22. Comparative CBCT images of the patient before (A, B) and eight months post-operatively (C, D). The treatment resulted in the regeneration of new bone and

the reconstruction of the anatomy and architecture of the ridge.

based guidelines and relevant research findings, it is essential to
acknowledge the existence of areas where sufficient published research
is lacking. Recommendations in such instances are provided based on
the consensus of experts in the field and traditional practices. Clinicians
are advised to adhere to the clinical guidelines outlined in this review,
taking into careful consideration the individual oral health status of each
patient, the overarching treatment objectives, available resources,
institutional policies, and alternative treatment solutions.
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