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ABSTRACT

	 In recent decades, numerous periodontal and peri-implant surgical procedures have been proposed 
to enhance patients’ oral health-related quality of life. However, these surgical procedures may cause 
acute or chronic wounds in the oral cavity. The success of these procedures largely depends on the 
wound-healing process. Several adjuvant therapies, such as oxygen therapy, ultrasound techniques, 
photobiomodulation lasers, biological derivatives, and chemical stimulants, have been proposed for 
microbial control in the surgical field, reduction of postoperative morbidity, and/or acceleration of 
tissue-healing processes. Topical oxygen oral therapy has recently gained interest from oral and peri-
odontal care providers to improve wound healing in the oral cavity and control microbial dysbiosis, 
which hinders optimal wound care. This review aimed to explore how topical oxygen interacts with 
tissue healing at the wound site and promotes angiogenesis during the proliferative phase of wound 
healing. A proprietary topical oxygen agent that reportedly increases oxygenation has also been high-
lighted.
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INTRODUCTION

	 Oral wounds are common clinical conditions in-
volving soft tissue, hard tissue, or both. They can arise 
from trauma-related injuries, prolonged inflammation, 
or other postoperative complications.1 In addition, oral 
wounds can be caused by invasive dental treatments 
and oral surgeries, such as periodontal surgical treat-
ments, tooth extractions, dental implant placement, 
and chemotherapy or radiation therapy.2,3

	 In periodontal practice, oral wounds related to 
surgical procedures provide access for adequate root 
surface debridement and establish optimal gingival 
contours.4 These types of wounds are typically asso-
ciated with the resolution of functional or aesthetic 
alterations, discomfort, pain, or even psychosocial 
issues, resulting in a substantial enhancement of the 
patient’s quality of life (QoL).5 Surgical procedures 
involving the placement of dental implants and bone 
grafting can cause extensive oral wounds. Furthermore, 
treating peri-implant infections using surgical methods 
involves another type of oral wound.1 

	 Oral mucositis in association with chemotherapy 
or radiation therapy involves non-medically inflicted 
wounds such as canker sores. Some of these sores 
recur after remission or fail to heal and are painful, 
significantly affecting patients’ QoL.2 Successful out-
comes of these surgical and therapeutic procedures 
primarily depend on the healing potential of the oral 
and periodontal tissues.6

	 Several adjuvant therapies have been proposed 
for microbial control in the surgical area to reduce 
postsurgical morbidity and/or accelerate tissue-healing 
processes.7 Topical oxygen oral therapy (TOOTh) has 
recently received interest from oral and periodontal care 
providers to improve wound healing in the oral cavity 
and control microbial dysbiosis, which hinders optimal 
wound healing.8 This review explores the angiogenesis 
process of the proliferation phase of wound healing. 
Among the therapeutic modalities available currently, 
this review focuses on the topical application of active 
oxygen agents for promoting neovascularisation of oral 
wounds. To the author’s knowledge, this will be the first 
review to address the use of TOOTh in wound healing 
of oral tissues.

Wound Healing in Oral Tissues

	 After trauma or ulceration, the wound-healing 
process initiates, occurring in four programmed stages: 
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haemostasis, inflammation, proliferation, and remodel-
ling.3,9 Haemostasis and inflammation begin when an 
injury occurs, lasting up to 4 and 6 days. Proliferation 
is characterised by the resurfacing of a wound with a 
new epithelium, angiogenesis, granulation tissue for-
mation, and collagen deposition. During the healing of 
hard tissue, the supplementary mineralisation phase 
occurs, beginning on day 4 and lasting until 3 weeks 
after the soft tissue is injured. Finally, remodelling of 
the oral soft or hard tissue, or both, occurs and lasts 
approximately 1 year3,9 (Figure 1). Healing of wounds 
in oral soft tissues, oral hard tissues, or both predom-
inantly relies on inflammation and neovascularisation 
(angiogenesis). Although oxygen plays a critical role in 
all phases of wound healing, this review focuses mainly 
on the angiogenesis process in oral wound healing as 
a critical area influenced by the effect of topical oxy-
gen therapy and as a hallmark activity that plays an 
indispensable part in wound healing.

the fibroblast growth factor, vascular endothelial growth 
factor (VEGF), angiogenin, transforming growth factor 
β1 (TGF-β1), angiopoietin, and mast cell tryptase.9,13,14 
During wound healing, blood vessels account for as much 
as 60% of the granulation tissue13, and fewer new blood 
vessels are formed as the ECM matures.2 Individuals 
with diabetes are more susceptible to impaired wound 
healing owing to immune system abnormalities and 
deficient angiogenesis.2,11 Although angiogenesis is 
required to supply micronutrients and oxygen to the 
healing wounds, the functional value of excessive an-
giogenesis has been re-evaluated in recent years. The 
current hypothesis is that the oral mucosa heals with 
a decreased angiogenic burst and is composed of more 
mature capillaries that supply more oxygen.11 

Current Therapeutic Means to Promote Angio-
genesis 

	 Several techniques promote angiogenesis in the 
healing of oral wounds during the proliferation stage, 
including, but not limited to the following:

1.	 Oxygen therapy (OTs): Ozone therapy15-20, Hyper-
baric Oxygen Therapy (HBOT)21-24, gas plasma 
therapy25-27, and topical OT (TOT)28-37

2.	 Sound (ultrasound)38-41

3.	 Light (photobiomodulation laser)42-44

4.	 Biological derivatives (platelet-rich plasma and 
platelet-rich fibrin)45-47 and 

5.	 Chemical stimulants (hyaluronic acid, astaxanthin, 
and Centella asiatica extract)48-50

6.	 This review provides a critical overview of the 
involvement of topical oxygen in angiogenesis and 
the wound-healing process.

Role of Oxygen in Angiogenesis

	 Oxygen is essential for wound healing since it helps 
produce energy, synthesize proteins, proliferate cells, 
promote angiogenesis, and repair tissues. While the 
oral cavity has adequate blood flow and high tissue 
metabolism, and oxygen levels fluctuate depending 
on the anatomical position, wounds are hypoxic. The 
hypoxic nature of wounds is associated with increasing 
the risk of infection, nutrients deficiency, and eventually 
impaired healing (Figure 2).2,51 Nevertheless, during 
initial inflammation in wound healing, the hypoxic 
nature of wounds promotes fibroblast migration and 
proliferation and changes the normal functioning of 
stromal cells. 

	 Hypoxia causes fibrotic tissues to secrete more 
TGF-β1 and, as a result, upregulate the expression of 
hypoxia-inducible transcription factor 1 (HIF-1) (Figure 
3). HIF-1 is a key modulator of oxygen homeostasis 

Fig 1: Four phases of wound healing and main cell 
types. ECM, extracellular matrix.

Angiogenesis in Healing of Oral Wounds 

	 Angiogenesis (neovascularisation) is essential for 
wound healing.10 The underlying vascular network 
is restored during this process, and a new dense yet 
interwoven network of capillaries is created.11-13 The 
dramatic growth of capillaries is critical for optimum 
wound healing since it supplies oxygen and nutrients 
while removing cellular waste from tissues undergo-
ing healing.10 Angiogenesis is a continuous interplay 
between the cells of the vascular endothelium, angio-
genic mediators, and the extracellular matrix (ECM) 
microenvironment.13 Pro-angiogenic cytokines include 
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phosphate oxidase. ROS are critical in regulating cell 
function and homeostasis, upregulating growth factors 
(VEGF and platelet-derived growth factors), and induc-
ing various human transcription factors that promote 
phagocytosis and the bacteriostatic effects of H2O2 in 
cellular self-defence.54 

	 ROS induce the proliferation of endothelial cells, 
angiogenesis, vasculogenesis, and the division and 
migration of fibroblasts for collagen or ECM forma-
tion, causing keratinocytes to begin proliferating and 
migrating during tissue repair. Furthermore, ROS 
serve as mediating factors in vascular dilatation and 
constriction via nitrous oxide after platelets are ex-
posed to the ECM. Local ROS signalling for thrombus 
formation is critical during initial homeostasis [54-56]. 
During wound healing, angiogenesis is sensitive to 
autonomic stimulation; therefore, the wound tissue 
requires sufficient oxygen delivery owing to its high 
vasoactivity.57

	 Therapies that target increased wound tissue ox-
ygenation can lead to improved wound management 
(Figure 4). Some therapies that have been shown to 
improve wound healing are HBOT and topical oxygen.58 
A summary of their possible healing qualities in various 
diseases has been provided previously.59 

Fig 2: Summary of how hypoxia status results in im-
paired wound healing. ROS, reactive oxygen species. 

ECM, extracellular matrix.

Fig 3: Schematic representation of hypoxia state in 
oral wound. HIF, hypoxia-inducible transcription 
factor. PDH, prolyl hydroxylase domain enzymes. 

Fig 4: Topical oxygen therapy promotes faster wound 
healing by increasing angiogenesis and granulation 
tissue formation, and by reducing wound inflamma-

tion.

and substantially affects the survival of cells and the 
outcomes of the wound-healing process. HIF-1 is impli-
cated in almost every stage of wound healing, notably 
cell migration and proliferation, growth factor release, 
angiogenesis, and ECM attachment. HIF-1 is activated 
under hypoxia, increasing the levels of proangiogenic 
mediators, such as VEGF, matrix metalloproteinases 
(MMPs), angiopoietin 2, and stromal cell–derived factor 
1, and causing angiogenesis and tissue remodelling to 
deliver sufficient oxygen to the healing tissue. HIF-1 
targeting for wound therapy is still in development.52 
Elevated MMP gene expression promotes the prolif-
eration and migration of endothelial cells through 
the formation of granulation tissue on the basement 
membrane. MMPs also cause keratinocytes to migrate 
through protein degradation in cell–matrix adhesions to 
promote the resurfacing of wounds with newly formed 
epithelia. MMPs, more specifically MMP-2 and MMP-
9, are critical in neovascularisation regulation during 
the healing process because they activate the proan-
giogenic factors tumour necrosis factor–α, VEGF, and 
antiangiogenic mediator, causing degradation of the 
basement membrane and ECM elements so that the 
damaged tissue is removed [53]. However, when MMPs 
are overexpressed in chronic wounds, the development 
of new tissues is hindered, inhibiting wound healing.53 

	 In contrast, the production of adenosine triphos-
phate in mitochondria for chemical energy production, 
which is required for tissue regeneration, relies on 
oxygen. Moreover, oxygen contributes to the production 
of reactive oxygen species (ROS), including superoxide 
and hydrogen peroxide (H2O2), via adenine dinucleotide 
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Oxygen Therapy (OT) 

	 OT encompasses the use of ozone, HBOT, and TOT 
[60]. Recently, a systematic review and meta-analysis 
on the application of TOT revealed its high effective-
ness and safety in the care of chronic diabetic wounds 
[61]. Researchers have studied a multitude of hydrogel 
dressings, including alginic acid, paramylon, fibrino-
gen, hyaluronan, silk fibroin, and cellulose gum.62-66, to 
improve wound healing through angiogenesis while si-
multaneously scavenging ROS. An alternative approach 
involves administering TOT to wounds in individuals 
with peripheral artery disease through a local boot that 
supplies maximum oxygen to the wound at 1.03 atm.67 
In recent years, the use of TOT in the oral cavity has 
received considerable attention and is referred to as 
TOOTh.8 

Topical Oxygen Oral Therapy (TOOTh) 

	 The application of chemical compounds that can 
directly supply oxygen to oral wounds is interesting. 
This treatment approach involves two main modalities: 
the application of H2O2 and oxygen-releasing agents.

	 H2O2 is a source of oxygen and a disinfectant. After 
exposure to glutathione peroxidase (GPx) and catalase, 
H2O2 biologically decomposes into water and oxygen, 
with consequent effervescence. Historically, H2O2 has 
been used for wound disinfection and continues to be 
used for this purpose in developing countries [68]. It is 
recommended as a ROS to promote the wound-healing 
process in periodontal surgery. Similarly, H2O2 rinsing 
has been supported as a mild antiseptic for various 
oral diseases, such as acute necrotising ulcerative 
gingivitis.34,69,70 However, H2O2 rinses have been linked 
to negative outcomes under certain circumstances.71 
Approximately 30 years ago, researchers examined the 
effect of H2O2 mouth rinses on the oral mucosa of healthy 
volunteers. They found significant abnormalities in the 
mucosa, tissue damage, and multiple subjective com-
plaints, which contributed to the disapproval of mouth 
rinse usage in oral care.72 While products incorporating 
≤3% H2O2 for cleansing, promoting minor oral wound 
healing, and treating gingivitis have been found to be 
safe31, the need for a safe, slow, and controlled release 
of oxygen persists and is of great importance to the 
dental community. 

	 The current rationale, regimens, and preclinical 
and patient data regarding various TOOThs using 
active oxygen-releasing agents that have been used 
to improve the outcomes of oral wounds are discussed 
below, with a prime focus on periodontal tissues.

Current Oxygen-Releasing Agents Used in 
TOOTh

	 The objective is to provide a localised supply of 

PEG-32, sodium gluconate, lactoferrin, xanthan gum, 
and cellulose gum, which have specific functions.8 

	 The active ingredients in oxygen-releasing agents 
that cause the gradual and sustained release of oxygen 
are sodium perborate, sodium percarbonate, and/or hon-
ey (Mel). These are the precursors of H2O2. Once these 
two elements are in contact with saliva or extracellular 
fluid, they are converted to H2O2 at low concentrations 
(0.003–0.15%).30 Specifically, in the presence of water, 
sodium perborate is converted to sodium borate and 
H2O2 at low concentrations (0.003–0.015%). Consequent-
ly, H2O2 is decomposed by GPx and catalase, enzymes 
found in almost all living cells, to water and oxygen 
(Figure 5).

	 Mel (honey) is an important component in oxy-
gen-releasing agents, with glucose as the main active 
ingredient. When mixed with water, the glucose in 
honey is catalysed by the glucose oxidase enzyme 
D-glucono-1,5-lactone and H2O2.

73 The resulting H2O2 
is further hydrolysed by catalase to oxygen and water, 
whereas D-glucono-1,5-lactone is sequentially hydro-
lysed by lactonase to d-gluconic acid. All available 
glucose in honey is completely converted; thus, there 
is no risk of caries formation.

	 Among all oxygen-releasing formulations, the oral 
gel has the highest amount of oxygen released; there-
fore, its main effects are bactericidal and enhancing 

Fig 5: Simplified illustration of how active oxygen 
is eventually released from three different chemical 

ingredients used in topical oxygen oral therapy. 

oxygen to the wound via external administration, such 
as with TOOTh. Oxygen-releasing agents are used to 
deliver a continuous flow of transmucosal non-pressured 
oxygen to the wound bed at therapeutic concentrations. 
Such oxygen-releasing products include gels, fluids, 
mouth rinses, toothpaste, oral sprays, or nanobubble 
fluids (foam). These formulations are currently manu-
factured by BlueM (Blue®m, Wijhe, Netherlands) and 
are commercially available in most oral-care markets 
worldwide. 

	 Oxygen oral gel formulation was developed by Peter 
Blijdrop for specific problems in the mouth with the 
following ingredients: aqua, alcohol, glycerin, honey, 
silica, sodium saccharin, sodium perborate, citric acid, 
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tissue healing by promoting angiogenesis and revascu-
larisation, increasing cell metabolism and energy pro-
duction, promoting growth factor signal transduction, 
and enhancing collagen synthesis and tensile strength 
and selective antibacterial activities against anaerobic 
bacteria.8

Current Clinical Indications for TOOTh

	 Several preclinical and clinical studies have already 
demonstrated the effectiveness of TOOTh for various 
oral indications:

Treatment of Gingivitis and Periodontitis

	 Periodontitis is treated using an active oxygen 
gel, which targets and destroys the anaerobic bacteria 
that cause periodontitis to facilitate the restoration of 
healthy oral microflora.74 A clinical trial compared the 
effects of the oxygen-releasing oral gel and chlorhex-
idine gel in treating periodontitis. The intervention 
group, treated using oxygen gel, demonstrated a higher 
likelihood of reduced interdental probing pocket depth. 
The researchers concluded that comprehensive subgin-
gival scaling and root planing, accompanied by adjunct 
TOOTh, promoted periodontal pocket reduction.75 

	 These findings were supported by an investigation 
that evaluated the metabolism of the oxygen gel, com-
pared with that of chlorhexidine, in an in vitro model 
of a multispecies subgingival biofilm. The oxygen gel 
decreased the bacterial species more than chlorhexidine 
did during subgingival biofilm formation. However, the 
oxygen gel was more effective than the chlorhexidine 
gel in decreasing the number of red complex bacteria, 
classified as anaerobic bacteria. Even though the ox-
ygen gel decreased the mature 6-day-old multispecies 
subgingival biofilm, it failed to change the ratio of 
bacterial complexes on the subgingival biofilms in a 
manner similar to that of chlorhexidine.76 A different 
in vitro investigation demonstrated the oxygen oral 
gel’s bactericidal activity, which was similar to that 
of chlorhexidine, whereby it impeded Porphyromonas 
gingivalis from growing.77

Wound Care After Periodontal Surgery

	 Concerning the healing action of oxygen-releasing 
oral gels, a recent investigation revealed that oxygen 
gel can be used as an effective substitute for Coe-Pak 
dressing after gingival depigmentation owing to its 
analgesic effects, acceleration of the wound-healing 
process, and re-epithelialisation after surgery.33 

	 Neovascularisation is a defining process that is 
essential for wound healing. Supplementation with 
oxygen during wound healing promotes the oxidative 
killing of bacteria, induces angiogenesis, accelerates 
ECM formation, increases fibroblast proliferation, 

and promotes collagen deposition, thereby promoting 
rapid healing. Histologically, using oxygen oral gel as 
a TOT in wound healing demonstrated accelerated 
healing of skin wounds induced surgically in rats, with 
elevated angiogenesis and more effective collagen fibre 
formation. The study also demonstrated a significantly 
higher VEGF concentration in the participant group 
in which the Blue®m oral gel was applied, with a slow 
and persistent oxygen release.29

	 Oxygen oral rinse on surgical wounds in the oral 
mucoperiosteal tissues has shown a positive effect on 
tissue healing by decreasing pain and postsurgical in-
flammation.36 Human keratinocytes show a higher rate 
of proliferation after exposure to lower concentrations 
of the oxygen oral rinse.32 An earlier systematic review 
demonstrated that H2O2 oral rinses failed to prevent 
plaque accumulation if utilised as a monotherapy for a 
relatively short period. In contrast, one study demon-
strated that it decreased gingival redness when utilised 
as long-term adjuvant therapy [32]. However, a more 
recent systematic review revealed that H2O2 oral rinses 
can influence plaque accumulation and gingivitis.37

Treatment of Peri-implantitis

	 TOOTh has been demonstrated to exert an an-
tioxidant effect while treating peri-implantitis.78 
Peri-implantitis is an infectious disease associated 
with site-specific plaques that occur in the tissues 
surrounding dental implants. It is characterised by 
an inflammatory response in the peri-implant mucosa 
and ensuing progressive bone loss. Bacterial biofilm 
formation is regarded as the primary etiological fac-
tor.79 Research investigations focusing on treating 
peri-implantitis have revealed that anti-infective 
therapeutic interventions successfully decrease soft-tis-
sue inflammatory responses and suppress disease.79 
Nevertheless, a recent review of surgical procedures 
for peri-implantitis treatment demonstrated that the 
available clinical-, radiography-, and microbiology-re-
lated data do not support decontamination strategies 
or show the impact of any specific decontamination 
method on surgical treatment.80 Fortunately, H2O2 
does not cause considerable titanium corrosion, and 
the induced corrosion can be reversed.81 

	 The manufacturing company for these oxygen-re-
leasing agents (BlueM) has TOOTh guidelines for man-
aging peri-implantitis. These guidelines recommend 
applying a small amount of the oxygen oral gel in the 
pocket surrounding the implant using a disposable 2.5 
mL syringe. The application of this gel as a chemical 
decontaminant is indicated owing to its bactericidal 
action. The regimen for home use involves teeth brush-
ing twice using the oxygen toothpaste, mouth rinsing 
thrice (1 min per rinse) using the oxygen mouth rinse, 
and two to four interdental applications of oxygen gel 
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at the site of the implant. 

Daily Dental Care Using Toothpaste or Foam

	 Another approach for delivering oxygen utilises 
toothpaste as a carrier. Oxygen-releasing toothpaste’s 
anti-plaque and anti-gingivitis effectiveness has been 
demonstrated in a clinical study conducted by Cunha et 
al.28 They showed that compared with toothpaste with 
triclosan, toothpaste with active oxygen and lactoferrin 
showed anti-plaque and anti-gingivitis effectiveness. 

	 Recently, oxygen micro or nanobubble water (foam) 
was tested for wound healing in an animal model con-
taining an oxygen-rich liquid demonstrated to improve 
the healing of ischaemic wounds.82 

CONCLUSIONS

	 Within the scope of this review, the following con-
clusions can be drawn:

	 TOOTh appears to play a critical role in acute, 
chronic, and surgical oral wound healing by promoting 
angiogenesis and exerting a selective antibacterial 
effect, primarily against anaerobic bacteria.

	 Different formulations of TOOThs, including oral 
gels, fluids, mouth rinses, foams, and toothpaste, 
serve as efficient active oxygen carriers for delivering 
controlled and therapeutic concentrations of topical 
oxygen to oral tissues.

	 Emerging preclinical and clinical research has 
indicated that topical oral oxygen can be safely and 
effectively used for postsurgical oral and periodontal 
wound care; treatment of acute and chronic forms of 
periodontal and peri-implant diseases; and manage-
ment of dry sockets, halitosis, angular cheilitis, and 
oral ulcerations.

	 Further studies are necessary to investigate the 
long-term therapeutic benefits of topical oral oxygen 
formulations.
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