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Introduction: Leaves of the Australian tea tree plant Melaleuca alternifolia were used traditionally by First Nations Australians for treating wounds, burns, and insect bites. Tea tree oil, the essential oil steam-distilled from M. alternifolia, is well-known for its medicinal properties, the evidence for most applications however is limited. This review aimed to critically appraise evidence from clinical trials examining the therapeutic efficacy and safety of tea tree oil on outcomes.
Methods: Randomized controlled trials with participants of any age, gender, or health status, comparing tea tree oil to any control were included, without limit on publication date. Electronic databases were searched on 12 August 2022 with additional records sourced from article reference sections, reviews, and industry white papers. Risk of bias was assessed by two authors independently using the Cochrane risk-of-bias 1.0 tool. Results were summarized and synthesized thematically.
Results: Forty-six articles were eligible from the following medical fields (Dentistry n = 18, Dermatology n = 9, Infectious disease n = 9, Ophthalmology n = 6, Podiatry n = 3; and Other n = 1). Results indicate that oral mouthwashes with 0.2%–0.5% tea tree oil may limit accumulation of dental plaque. Gels containing 5% tea tree oil applied directly to the periodontium may aid treatment of periodontitis as an adjunctive therapy to scaling and root planing. More evidence is needed to confirm the benefits of tea tree oil for reducing acne lesions and severity. Local anti-inflammatory effects on skin, if any, also require further elucidation. Topical tea tree oil regimens show similar efficacy to standard treatments for decolonizing the body from methicillin-resistant Staphylococcus aureus, although intra-nasal use of tea tree oil may cause irritation to mucous membranes. Tea tree oil with added iodine may provide an effective treatment for molluscum contagiosum lesions in young children. More evidence on efficacy of tea tree oil-based eyelid wipes for Demodex mite control are needed. Side effects were reported in 60% of included studies and were minor, except where tea tree oil was applied topically in concentrations ≥ 25%.
Discussion: Overall, the quality of research was poor to modest and higher quality trials with larger samples and better reporting are required to substantiate potential therapeutic applications of tea tree oil.
Systematic Review Registration: PROSPERO, identifier [CRD42021285168].
Keywords: tea tree oil, Melaleuca alternifolia oil, essential oils, phytotherapy, systematic review, randomized controlled trials, anti-infective agents, human trial
1 INTRODUCTION
Tea tree oil is the essential oil derived from the M. alternifolia (Maiden & Betche) Cheel plant, an Australian native plant endemic to north-eastern New South Wales and Southern Queensland (Carson et al., 2006; Montreal Process Implementation Group for Australia and National Forest Inventory Steering Committee, 2019). While the whole above-ground structure is harvested and turned into biomass, only the leaves contribute to the constituents in tea tree oil, which are extracted by steam distillation. The resulting essential oil has a unique and distinct medicinal, camphoraceous odor (Rhind, 2020). The oil of M. alternifolia (Maiden & Betche) Cheel contains more than 100 components. For the purpose of assessing the quality of manufactured tea tree oil, the International Organization for Standardization has defined minimum and maximum concentrations for 15 of these components, with the primary active constituent being terpinen-4-ol, comprising 35%–48% of tea tree oil (International Organization for Standardization, 2017).
While tea tree oil may be manufactured from other species of the Melaleuca genus, M. alternifolia (Maiden & Betche) Cheel accounts for nearly 100% of tea tree oil manufactured worldwide and is therefore the most common form of tea tree oil available for purchase. Tea tree oil may be purchased over the counter or online as pure essential oil (100%), retailing for around $2-5 USD per 10 ml, or diluted to 5%–15% in a carrier oil. The majority of tea tree oil production occurs in Australia, although China, South Africa, Zimbabwe and Kenya also produce tea tree oil for commercial sale (Thomas and Deshmukh, 2019). In 2021, Australia account for 81% of the global production for steam-distilled, ISO4730:2017 compliant tea tree oil. Tea tree oil is used in healthcare/household, cosmetic, pharmaceutical, and aromatherapy products. Given the antimicrobial, anti-inflammatory and analgesic properties of tea tree oil and relative safety for topical use, tea tree oil is increasingly being used in cosmetic and pharmaceutical products (e.g., shampoos, soaps and liquid body wash, mouth washes, as well as over-the-counter treatments for cold sores, acne, burns, bites, lice, and fungal nail infections) (Thomas and Deshmukh, 2019; Rhind, 2020).
First Nations Australians have a long oral history of using the tea tree plant for medicinal purposes, of which they still practice today (Carson et al., 2006). The earliest written record of its use by First Nations Australians was the Bundjalung people of northern New South Wales who use it to treat wounds, burns, insect bites and upper respiratory infections (Braun et al., 2005; Carson et al., 2006). Arthur Penfold described the medicinal value of tea tree essential oil in 1925 (Carson et al., 2006), although the first official Australian report of its use in western medicine was in a 1930 article published in the Medical Journal of Australia (MJA) where it was described as having ‘impressive wound healing and antiseptic qualities’ (Murray, 1992; Braun et al., 2005). According to the European Medical Agency (EMA) monograph, tea tree oil has a well-established use as a traditional herbal medicinal product for 1) the treatment of small superficial wounds and insect bites, 2) the treatment of small boils (furuncles and mild acne), 3) relief of itching and irritation in cases of mild athlete’s foot, and 4) symptomatic treatment of minor inflammation of the oral mucosa, based upon its’ long-standing use for these indications (European Medical Agency, 2012). Similarly, the World Health Organization (1999) monograph on tea tree oil states the primary evidence-based therapeutic indications include symptomatic treatment of common skin disorders (e.g., acne, tinea pedis, furunculosis, and onychomycosis), as well as vaginitis (World Health Organization, 1999). However, the use of tea tree oil for oral inflammatory conditions including gingivitis, stomatitis, and tonsillitis, is described as folk medicine due to a lack of experimental or clinical data (World Health Organization, 1999). Further, due to a lack of safety data, the use of tea tree oil is contraindicated in those with hypersensitivity to the active substance or colophony, those pregnant, lactating, or trying to conceive, or aged < 12 years (International Organization for Standardization, 2017). While tea tree oil is considered safe for topical application at concentrations < 15% (Tisserand and Young, 2014), application via oral, ocular, otic or inhalation routes is not recommended (International Organization for Standardization, 2017).
Studies have reported positive benefits of tea tree oil against a range of bacteria, fungi and protozoa (Carson et al., 2006; Deyno et al., 2019). In vitro evidence has demonstrated tea tree oil to have broad spectrum antimicrobial activity, as well as anti-fungal and anti-viral actions, and to increase peripheral blood flow (Carson et al., 2006; Rhind, 2020). Tea tree oil has been proposed to alter the integrity and permeability of the cell wall of the bacteria, inhibit cell respiration, and alter the ability to of cells to maintain homeostatic conditions, inhibiting functions related to cell growth and replication (Carson et al., 2006).
Despite having an established historical and traditional use for selected therapeutic indications, supported by in vitro data, clinical human trials investigating the efficacy and safety of tea tree oil are required to permit evidence-based treatment advice. Previous systematic reviews have been limited to demodectic conditions and periodontitis (Casarin et al., 2018; Lam et al., 2020; Savla et al., 2020). Further, in 2000 Ernst and Huntley reviewed randomized clinical trials on topically applied tea tree oil for dermatological conditions (Ernst and Huntley, 2000). To date no comprehensive systematic review on the efficacy and safety of tea tree oil for human therapeutic use has been conducted. The aim of this review, therefore, was to critically appraise evidence from human trials (i.e., randomized control trials; RCTs) testing the therapeutic efficacy and/or safety of tea tree oil on any outcome(s) related to human health.
2 MATERIALS AND METHODS
The protocol for this review was registered prospectively with the International Prospective Register of Systematic Reviews (PROSPERO) CRD42021285168. The research was funded by AgriFutures Australia (Grant No. PRJ-012616). Reporting of this systematic review is in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Page et al., 2021).
2.1 Eligibility criteria
We included randomized controlled trials (RCTs) testing the effect of tea tree oil on any health-related outcome in human participants. Participants of any age, gender and health status were included. Interventions included tea tree oil from the species M. alternifolia present in any dilution and within any type of carrier (e.g., gels, creams, salves). We excluded interventions testing tea tree oil within a product containing other active ingredients known to have the same anticipated effect(s) as tea tree oil, e.g., an herbal shampoo with other essential oils, as the effect of tea tree oil was not studied in isolation. We also excluded interventions using tea tree oil in combination with other therapies unless these therapies were present in both intervention and comparison groups (i.e., co-interventions). Comparison groups eligible for inclusion were inactive controls (i.e., placebo, no treatment, wait list, usual or standard care) or an active control testing the same product without tea tree oil added or testing some variation of the tea tree oil intervention (e.g., different concentration, form, or dosage). Eligible studies measured the effect of tea tree oil on outcomes related to human health or disease including mortality, physiological (clinical) measures, quality of life and functional capacity, and safety outcomes such as toxicity or adverse reactions. Both self-reported and objectively measured outcomes were included. We included all types of RCTs, i.e., parallel, cluster, factorial, cross-over, as well as “split-body” and “split-mouth” designs where different treatments were applied to separate parts of the body or mouth, respectively, provided allocation was randomized, e.g., treatments allocated at random to right and left hands. Furthermore, we limited publication type to peer reviewed journal articles and included articles published in languages in which the review authors were fluent (i.e., English, German and Russian) which enabled an accurate translation of the text to be obtained within available resources.
2.2 Information sources, searches, and selection
Electronic databases PubMed, Scopus, and the Cochrane Central Register of Controlled Trials (CENTRAL) were searched on 12 August 2022 using pre-defined search strategies (see Supplementary Material). No limit regarding the publication date was applied. Titles and abstracts of all records from electronic database searches were exported to Endnote X9 (Clarivate Analytics). Additional records were sourced by examining references from 1) reference lists of included studies, 2) reference lists of relevant reviews, and 3) reference lists of industry white papers (Down Under Enterprises, 2016a; Down Under Enterprises, 2016b; Down Under Enterprises, 2017a; Down Under Enterprises, 2017b). All records identified were exported or entered manually into Microsoft Excel version 16 to permit recording and analysis of eligibility assessments. One author screened all identified records by title and abstract against eligibility criteria. For eligible abstracts, the full-text article was located and downloaded. Full-text articles were then assessed against eligibility criteria by two authors (LK and RL) with any discrepancies in judgements discussed and, where required, the opinion of a third author sought.
2.3 Data extraction and synthesis
One author (LK) extracted the following data from all included articles first author, year of publication, trial registration (if applicable), study design, country, study setting, participant characteristics, eligibility criteria, details of the intervention including tea tree oil source and dose(s), details of comparison group(s) including product name(s), brand(s) and manufacturer(s), outcome measures including their methods and timepoints of assessment, main findings (efficacy) and safety, funding source(s) and any potential conflicts of interest. Where one or more data items required for extraction were missing from the article text, an attempt was made to contact the corresponding author(s) for these data. Data were verified by another author (RL).
2.4 Risk of bias
Risk of bias within included studies was assessed using the Cochrane risk-of-bias 1.0 tool for assessing risk of bias in randomized trials (RoB 1.0) (Higgins et al., 2011). The RoB 1.0 tool comprises six domains of bias, i.e., selection bias, performance bias, detection bias, attrition bias, reporting bias, and other sources of other bias. Selection bias occurs when participants are allocated treatments using a non-random (or quasi-random) sequence, e.g., alternating allocation based on hospital admission. This may also allow personnel allocating treatments to foresee assignment and result in biased allocations. Performance bias may occur when participants know which treatment they have been allocated and systematically change their behavior as a result or when personnel are aware of participants’ allocations and systematically change their delivery of the intervention(s). Detection bias may arise if those assessing the outcome(s) measured in the study are unblinded, as this may alter how these outcome(s) are assessed. Attrition bias occurs when participants drop-out from the study creating missing data, particularly where numbers or reasons for drop-out are imbalanced between treatment arms. Reporting bias arises from the selective reporting of study outcomes, e.g., five outcomes were reportedly measured in the study, but the results of only three outcomes are reported. Two authors (LK and RL) independently assessed each of the included studies against these domains and, for each study, provided a rating (i.e., low, unclear, or high risk of bias) for each domain. Any disagreements were discussed, and judgement of a third independent author sought if required. Assessments for performance and detection bias were based on primary outcomes measured (or all outcomes if no primary outcomes were defined) and were further divided according to the nature of outcomes measured (i.e., objective, or subjective). Risk of bias assessments were tabulated and summarized thematically under each main topic (e.g., dentistry or dermatology). Where information in the full-text article text was inadequate to permit a decision on eligibility or risk of bias, or where data items required for extraction were missing, an attempt was made to contact the corresponding author(s) for this information.
3 RESULTS
Figure 1 presents the PRISMA flow diagram for study inclusion and exclusion. Of the total 974 records screened by title and/or abstract, 76 full-text articles were retrieved and assessed for eligibility. Thirty were excluded, primarily due to use of a study design other than a RCT, resulting in 46 full-text articles being included in this review (Figure 1).
[image: Figure 1]FIGURE 1 | PRISMA flow diagram for study identification, screening, and inclusion.
3.1 Characteristics of included trials
Five fields of medicine categorized 45 of the 46 included studies, i.e., dermatology, dentistry, infectious disease, ophthalmology, and podiatry. The remaining study tested the effect of tea tree oil on anxiety and sleep disturbance in patients receiving chemotherapy (Ozkaraman et al., 2018). Eighteen studies were published in the field of dentistry addressing control of microbial plaque [n = 12; (Groppo et al., 2002; Saxer et al., 2003; Soukoulis and Hirsch, 2004; Prabhakar et al., 2009; Chandrdas et al., 2014; Rahman et al., 2014; Salvatori et al., 2017; Casarin et al., 2019; Bharadwaj et al., 2020; Kamath et al., 2020; Reddy et al., 2020; Ripari et al., 2020)], periodontitis [n = 3; (Elgendy et al., 2013; Raut and Sethi, 2016; Taalab et al., 2021)], denture stomatitis [n = 1; (Catalán et al., 2008)], oral halitosis [n = 1; (Srikumar et al., 2022)], or prevention of patient-clinician cross-contamination during dental procedures [n = 1; (Shetty et al., 2013)]. Nine studies were published in the field of dermatology addressing acne vulgaris [n = 3; (Bassett et al., 1990; Enshaieh et al., 2007; Najafi-Taher et al., 2022)], seborrheic dermatitis [n = 1; (Beheshti Roy et al., 2014)], inflammatory skin disease [n = 1; (Beikert et al., 2013)], wound healing [n = 2; (Rothenberger et al., 2016; Cho and Choi, 2017)], skin photo-aging [n = 1; (Hugo Infante et al., 2023)], or dandruff [n = 1; (Satchell et al., 2002a)]. Nine studies were published in the field of infectious disease addressing hand disinfection [n = 3; (Gnatta et al., 2013; Gnatta et al., 2021; Youn et al., 2021)], MRSA decolonization [n = 4; (Caelli et al., 2000; Dryden et al., 2004; Blackwood et al., 2013; Lee et al., 2014)] or prevention of MRSA colonization [n = 1; (Blackwood et al., 2013)], molluscum contagiosum [n = 1; (Markum and Baillie, 2012)], or oral Candida infection [n = 1; (Maghu et al., 2016)]. Six studies were published in the field of ophthalmology addressing Demodex infestation [n = 4; (Koo et al., 2012; Karakurt and Zeytun, 2018; Wong et al., 2019; Craig et al., 2022)], dry eye post cataract surgery [n = 1; (Mohammadpour et al., 2020)], or meibomian gland dysfunction [n = 1; (Zarei-Ghanavati et al., 2021)]. Three studies were published in the field of podiatry addressing onychomycosis [n = 1; (Buck et al., 1994)], or tinea pedis [n = 2; (Tong et al., 1992; Satchell et al., 2002b)]. Tables 1–6 summarize the characteristics of included studies i.e., country, setting, sample size and demographic profile, interventions, comparisons, and outcome measures, as well as results for efficacy and safety, according to the health problem studied e.g. denture stomatitis or MRSA decolonization.
TABLE 1 | Characteristics of included studies—Dentistry.
[image: Table 1]TABLE 2 | Characteristics of included studies—Dermatology.
[image: Table 2]TABLE 3 | Characteristics of included studies—Infectious disease.
[image: Table 3]TABLE 4 | Characteristics of included studies—Ophthalmology.
[image: Table 4]TABLE 5 | Characteristics of included studies—Podiatry.
[image: Table 5]TABLE 6 | Characteristics of included studies—Other.
[image: Table 6]3.2 Dentistry
Eighteen trials were published from 2002 to 2022 and were conducted in Australia (Soukoulis and Hirsch, 2004), Brazil (Casarin et al., 2019), Chile (Catalán et al., 2008), Egypt (Elgendy et al., 2013; Taalab et al., 2021), India (Groppo et al., 2002; Prabhakar et al., 2009; Shetty et al., 2013; Chandrdas et al., 2014; Raut and Sethi, 2016; Bharadwaj et al., 2020; Kamath et al., 2020; Reddy et al., 2020; Srikumar et al., 2022), Italy (Salvatori et al., 2017; Ripari et al., 2020), Switzerland (Saxer et al., 2003), or United Arab Emirates (Rahman et al., 2014), within a primary, secondary or tertiary education setting or within a hospital or outpatient clinic setting.
3.2.1 Oral hygiene practices
Oral hygiene practices focus on the use of tooth brushing, interdental aides, and mouthwashes to limit the accumulation of microbial plaque. Twelve trials tested the efficacy of tea tree oil for control of microbial plaque on the tooth surface (Groppo et al., 2002; Saxer et al., 2003; Soukoulis and Hirsch, 2004; Prabhakar et al., 2009; Chandrdas et al., 2014; Rahman et al., 2014; Salvatori et al., 2017; Casarin et al., 2019; Bharadwaj et al., 2020; Kamath et al., 2020; Reddy et al., 2020; Ripari et al., 2020). Outcomes assessed in these trials included plaque indices or scores (Saxer et al., 2003; Soukoulis and Hirsch, 2004; Rahman et al., 2014; Salvatori et al., 2017; Casarin et al., 2019; Bharadwaj et al., 2020; Reddy et al., 2020; Ripari et al., 2020), gingival indices (Soukoulis and Hirsch, 2004; Salvatori et al., 2017; Bharadwaj et al., 2020; Kamath et al., 2020; Reddy et al., 2020; Ripari et al., 2020), bleeding indices or scores (Saxer et al., 2003; Soukoulis and Hirsch, 2004; Rahman et al., 2014; Salvatori et al., 2017; Ripari et al., 2020), salivary Streptococcus mutans (S. mutans) count (Groppo et al., 2002; Prabhakar et al., 2009; Chandrdas et al., 2014; Kamath et al., 2020) or, in one study, salivary Lactobacillus count (Prabhakar et al., 2009). Only one study measured gingival crevicular fluid as a biomarker of gingival inflammation (Casarin et al., 2019), while two measured dental discoloration (Salvatori et al., 2017; Ripari et al., 2020), and another measured probing pocket depth (Ripari et al., 2020). Ten trials tested a tea tree oil-based mouthwash for controlling microbial plaque (Saxer et al., 2003; Rahman et al., 2014; Salvatori et al., 2017; Casarin et al., 2019; Bharadwaj et al., 2020; Kamath et al., 2020; Reddy et al., 2020; Ripari et al., 2020) and/or salivary microorganisms (Groppo et al., 2002; Prabhakar et al., 2009; Kamath et al., 2020). Of these, two tested Tebodont® (Saxer et al., 2003; Rahman et al., 2014), while others were either formulated for research containing 0.2%–0.5% tea tree oil or, in one study, the tea tree oil was diluted by participants themselves (Ripari et al., 2020).
Three trials tested a tea tree oil-based mouthwash in children aged between 8 and 15 years (Prabhakar et al., 2009; Kamath et al., 2020; Reddy et al., 2020). Kamath et al. (2020), compared the efficacy of a 0.5% tea tree oil mouthwash with three other mouthwashes (one based on aloe vera and peppermint oil, a chlorhexidine mouthwash and a placebo, i.e., distilled water) in 152 subjects aged 8–14 years (Kamath et al., 2020). After 4 weeks, dental plaque, gingival inflammation, and S. mutans count significantly decreased with twice daily use of the tea tree oil, aloe vera, and chlorhexidine-based mouthwashes compared with placebo (p < 0.001). No differences were observed in these parameters between the tea tree oil, aloe vera and chlorhexidine mouthwashes (Kamath et al., 2020). Prabhakar et al. (2009), also tested a 0.2% tea tree oil mouthwash on S. mutans and Lactobacillus counts in 36 children aged 9–11 years (Prabhakar et al., 2009). The tea tree oil mouthwash reduced both S. mutans and Lactobacillus counts after 7 days of using the mouthwash twice daily after meals. Counts of these micro-organisms remained significantly lower than baseline after 14 days (i.e., 7 days after ceasing use of tea tree oil mouthwash). These results however, were not compared to the placebo group, for which, the authors reported no data (Prabhakar et al., 2009). Lastly, Reddy et al. (2020), compared the effects of a 0.2% tea tree oil mouthwash with a chlorhexidine mouthwash or placebo (not defined) on plaque and gingival indices in children (Reddy et al., 2020). After 15 days, both dental plaque and gingival inflammation decreased with use of both tea tree oil and chlorhexidine mouthwashes (Reddy et al., 2020). Compared with chlorhexidine, the tea tree oil mouthwash was more effective in reducing gingival inflammation (mean difference −0.30 [−0.47, −0.13], based on re-analysis of data (see Tables 1–6). Compared with placebo, the tea tree oil mouthwash was more effective at reducing dental plaque.
Adverse effects were only assessed in two of these trials (Prabhakar et al., 2009; Reddy et al., 2020). Children using a 0.2% tea tree oil mouthwash reported unpleasant taste, burning sensation, bad breath and nausea, although these effects were more frequently reported with use of a garlic mouthwash (Prabhakar et al., 2009). In the other trial, 1/30 children reported taste changes and burning sensation with use of a 0.2% tea tree oil mouthwash (Reddy et al., 2020).
Seven trials tested tea tree oil-based mouthwashes in adults 18 years of age or older (Groppo et al., 2002; Saxer et al., 2003; Rahman et al., 2014; Salvatori et al., 2017; Casarin et al., 2019; Bharadwaj et al., 2020; Ripari et al., 2020). Bharadwaj et al. (2020), compared twice daily rinses with a tea tree oil-based mouthwash, to Freshclor (a chlorine dioxide-based mouthwash) or Guard-OR (a chlorhexidine-based mouthwash) for 3 weeks in 60 adults aged 18–25 years (Bharadwaj et al., 2020). All mouthwashes reduced both dental plaque accumulation and gingival inflammation after 3 weeks. However, tea tree oil was more effective in reducing dental plaque accumulation than Freshchlor, but less effective in reducing gingival inflammation compared with Guard-OR. Casarin et al. (2019), compared twice daily rinses with a mouthwash containing 0.3% tea tree oil nanoparticles or with Periogard® (a chlorhexidine gluconate-based mouthwash) in 60 adult subjects. Participants using Periogard® had less dental plaque after 4 days than those using the tea tree oil mouthwash on both biofilm free and biofilm covered surfaces (both p < 0.05). However, as this parameter was not measured at baseline, it is not possible to know whether those in the Periogard® group had less dental plaque at baseline. No significant difference was observed in gingival crevicular volume between the two groups. Groppo et al. (2002), tested the anti-microbial effect against S. mutans of a 0.2% tea tree oil mouthwash, compared with a 2.5% garlic mouthwash or 0.12% chlorhexidine mouthwash in 30 adults aged 18–35 years (Groppo et al., 2002). After 1 week of rinsing with their allocated mouthwash, salivary S. mutans count significantly decreased within all groups. Use of either the TTO or garlic mouthwashes resulted in significantly lower S. mutans in the 2 weeks after ceasing mouth rinsing (Groppo et al., 2002). Rahman et al. (2014), compared twice daily rinses with Tebodont® (a tea tree oil-based mouthwash) with a 0.05% cetylpyridinium chloride mouthwash (Aquafresh®), a 0.12% chlorhexidine mouthwash (Oro-Clense®), or a placebo (colored water) (Rahman et al., 2014). After 5 days using their allocated mouthwash, Tebodont® reduced dental plaque, although this reduction was not significantly different to placebo. Oro-Clense® was more effective at reducing plaque compared with Tebodont® (p = 0.019). Gingival bleeding was found to decrease to a similar extent with all mouthwashes (including placebo). Salvatori et al. (2017), also tested Tebodont®, comparing this to a 0.12% chlorhexidine mouthwash, an essential oil mouthwash (without tea tree oil) and a placebo mouthwash (i.e., red food dye in water) in 16 participants aged 21–37 years (Salvatori et al., 2017). Participants used their allocated mouthwash for 2 weeks—frequency of use was not reported. No significant differences were observed between groups in dental plaque, bleeding, or gingival inflammation after 2 weeks (Salvatori et al., 2017). Saxer et al. (2003), was the third study to test Tebodont®, comparing this to a placebo mouthwash without TTO provided by the same manufacturer in 30 subjects aged 18–65 years (Saxer et al., 2003). Participants rinsed three times daily with their allocated mouthwash for 12 weeks. No differences were observed in plaque or bleeding indices between groups after 12 weeks Ripari et al. (2020), compared a tea tree oil mouthwash used 1–3 times daily with a 0.12% chlorhexidine mouthwash used twice daily, for 14 days in 42 subjects aged 18–60 years (Ripari et al., 2020). Participants diluted the tea tree oil mouthwash themselves and were instructed to use a total of 9 drops per day, hence the variable mouthwash frequency for this group. The TTO mouthwash produced significantly greater reductions in both gingival inflammation and probing depth compared with the chlorhexidine mouthwash (p < 0.001). However, both mouthwashes reduced dental plaque and gingival bleeding to a similar extent (Ripari et al., 2020).
Adverse effects of tea tree oil mouthwashes in adult participants were assessed in all but one study (Bharadwaj et al., 2020), while a further study reported no participants to have experienced a “serious adverse events or side effects” (Casarin et al., 2019). Of the remaining studies, the following adverse effects were reported: burning sensation (Groppo et al., 2002; Rahman et al., 2014), bitter taste (Rahman et al., 2014), altered taste perception (Salvatori et al., 2017), nausea (Ripari et al., 2020), and minor changes to the oral mucosa (Saxer et al., 2003). Both burning sensation and bitter taste were also reported by intervention groups using a mouthwash not based on tea tree oil (Groppo et al., 2002; Rahman et al., 2014), and burning sensation was reportedly more intense with a garlic-based mouthwash than with the tea tree oil mouthwash tested (Groppo et al., 2002). While 4/22 participants using a tea tree oil mouthwash reported nausea, 2/22 participants in this group were pregnant (Ripari et al., 2020).
Rather than targeting salivary micro-organisms, Chandrdas et al. (2014), tested a tea tree oil solution for sanitizing toothbrushes in 210 subjects aged 18–25 years (Chandrdas et al., 2014). Participants brushed their teeth with a sterile toothbrush twice daily for 2 weeks, after which toothbrushes were either treated with a UV toothbrush sanitizing device or immersed for 12 h in one of the following sanitizing solutions: 0.2% tea tree oil solution, 3% fresh garlic solution, 0.2% chlorhexidine solution, 0.05% cetylpyridinium chloride solution, or distilled water. All treatments significantly reduced the count of S. mutans after 2 weeks, including the distilled water. However, any between group comparisons were compromised by the significant difference in S. mutans counts observed between groups at baseline (p < 0.001) (Chandrdas et al., 2014). Finally, Soukoulis et al., 2004, tested a 2.5% tea tree oil gel which was used as a toothpaste to brush gingival tissue in 58 adult subjects with moderate to severe gingivitis (Soukoulis and Hirsch, 2004). Twice daily brushing with a 2.5% tea tree oil gel was compared with Perioguard® and a placebo gel (same vehicle gel as tea tree oil gel, without tea tree oil), for 8 weeks (Soukoulis and Hirsch, 2004). No differences were found between the gels in gingival inflammation or staining score. During the trial no adverse reactions to the tea tree oil gel were reported (Soukoulis and Hirsch, 2004).
3.2.2 Periodontitis
Three studies tested the application of a tea tree oil-based gel to the periodontium as a treatment for periodontitis (Elgendy et al., 2013; Raut and Sethi, 2016; Taalab et al., 2021). Two trials tested a 5% tea tree oil-based gel applied to the periodontal pocket in addition to scale and root planing (SRP) and compared this to SRP alone (Elgendy et al., 2013; Taalab et al., 2021). Elgendy et al. (2013), found the 5% tea tree oil-based gel + SRP was superior to SRP alone for reducing gingival inflammation, probing pocket depth and clinical attachment loss among 40 subjects aged 30–60 years (Elgendy et al., 2013). Similarly, Taalab et al. (2021), found application of a 5% tea tree oil gel, adjunctive to SRP, significantly reduced clinical attachment level, gingival inflammation, bleeding on probing and level of matrix metalloproteinase-8 in the gingival crevicular fluid (a biomarker of local periodontal disease), after 6 months in 30 subjects aged 25–50 years (Taalab et al., 2021). Raut and Sethi (2016), compared three gel treatments (i.e., 5% tea tree oil gel, a Co-Q10 gel, or a placebo gel) within each patient by using a ‘split mouth’ study design (Raut and Sethi, 2016). Here, three sites in the periodontium affected by periodontitis were identified for each patient and one of the treatment gels was randomly applied to each of these three affected sites, such that each patient received all three treatment gels. All participants also received SRP as a co-intervention. Dental plaque and gingival inflammation decreased within all groups, although probing pocket depth and clinical attachment level decreased only within the tea tree oil and Co-Q10 groups. Adverse effects only assessed in one study (Taalab et al., 2021), where no participants reported an adverse reaction, and some (number not provided) reported an unpleasant taste from the tea tree oil gel applied.
3.2.3 Denture stomatitis
Catalán et al. (2008), compared a Coe-Comfort tissue conditioner with added tea tree oil to the same Coe-Comfort tissue conditioner alone or with the anti-fungal medicine Nystatin added, on growth inhibition of Candida albicans on the palate mucosa (Catalán et al., 2008). Both tea tree oil and Nystatin significantly reduced C. albicans count after 12 days, compared with Coe-Comfort alone. Palatal inflammation also significantly decreased with both tea tree oil and Nystatin, compared with Coe-Comfort alone. Adverse events were not assessed.
3.2.4 Halitosis
Srikumar et al. (2022), compared a tea tree oil based mouthwash to a chlorhexidine mouthwash (Maxxio®) and placebo mouthwash, for treatment for oral halitosis (Srikumar et al., 2022). Halitosis was measured subjectively by full mouth organoleptic scoring and objectively by presence of Volatile Sulfur Compounds (VSCs). Further, presence of Solobacterium moorei (S. moorei) bacteria on the tongue has been positively correlated with oral halitosis. In this study, researchers found 100% of participants diagnosed with oral halitosis (n = 120) had S. moorei bacteria in their saliva and on the posterior tongue surface, compared with 17% and 24%, respectively, of participants who did not have oral halitosis (n = 40). Participants with halitosis (n = 120) rinsed daily with 30 ml of their allocated mouthwash for 1 week. A significantly greater reduction in S. moorei count in saliva and on tongue was found for the tea tree oil and chlorhexidine mouthwashes, compared with the placebo group—which showed no change in S. moorei counts. Both organoleptic score and VSCs also significantly decreased with the tea tree oil and chlorhexidine mouthwashes relative to placebo—which showed no change in these parameters after 1 week. Researchers noted no adverse effects of the mouthwashes (Srikumar et al., 2022).
3.2.5 Patient-clinician cross-contamination
Shetty et al. (2013), compared a tea tree oil mouthwash (Emoform®—same manufacturer as Tebodont®) to a chlorhexidine mouthwash (Rexidine®) or distilled water, for reducing the bacterial count of dental aerosol (i.e., in patients’ breath) released during ultrasonic tooth scaling (Shetty et al., 2013). The purpose was to investigate prophylactic mouthwashes that may be used to limit patient-to-clinician cross infection during such procedures. Emoform® was more effective in reducing the total Colony Forming Units per milliliter (CFU/ml) in dental aerosol compared with distilled water (p < 0.001). However, Rexidine® was found to be more effective than Emoform® for this parameter (p < 0.001). Safety of the mouthwashes was not assessed.
3.2.6 Risk of bias
All domains were assessed as low risk or unclear risk (Table 7), except for two studies assessed as high risk for “other bias” (Ripari et al., 2020; Srikumar et al., 2022). These two trials were assessed as high risk due to conflicting data within published article and between trial registry and published article (Srikumar et al., 2022), or participants diluting their own tea tree oil mouthwash without an assessment of compliance (Ripari et al., 2020). Selection bias due to use of a non-random or quasi-random allocation sequence was assessed as low risk in 11 of the 18 dentistry studies; the remainder assessed as unclear risk as the method for randomizing participants was not defined (Saxer et al., 2003; Soukoulis and Hirsch, 2004; Catalán et al., 2008; Prabhakar et al., 2009; Chandrdas et al., 2014; Salvatori et al., 2017; Kamath et al., 2020). Selection bias arising from inadequate concealment was assessed as low risk in nine of 18 studies; the remainder as unclear risk largely due to providing no information on methods used for allocation concealment (Groppo et al., 2002; Saxer et al., 2003; Soukoulis and Hirsch, 2004; Catalán et al., 2008; Prabhakar et al., 2009; Elgendy et al., 2013; Shetty et al., 2013; Chandrdas et al., 2014; Ripari et al., 2020). Five of ten studies measuring objective outcomes (Groppo et al., 2002; Prabhakar et al., 2009; Elgendy et al., 2013; Taalab et al., 2021; Srikumar et al., 2022), and eight of 13 studies measuring subjective outcomes (Saxer et al., 2003; Elgendy et al., 2013; Rahman et al., 2014; Salvatori et al., 2017; Reddy et al., 2020; Ripari et al., 2020; Taalab et al., 2021; Srikumar et al., 2022), were assessed as unclear risk for performance bias due to 1) lack of information on blinding, or 2) potential breaking of blinding and this potentially influencing participant and/or personnel behavior with regards to the intervention(s), e.g., it was plausible that participants could detect TTO and this may have influenced their behavior on-trial. All studies measuring objective outcomes were assessed as low risk for detection bias, as were seven of 13 studies measuring subjective outcomes (Table 7). The remainder were assessed as unclear risk, due to lack of information on outcome assessor blinding. Studies assessed as low risk for attrition bias (8/18) either clearly reported attrition within results text or flow diagram, reported that all participants completed the study, or were of short enough duration that attrition was highly unlikely, e.g., conducted all assessments before and after an ultrasonic tooth scaling procedure (Shetty et al., 2013). Only three studies had been registered on a public trial registry platform (Casarin et al., 2019; Taalab et al., 2021; Srikumar et al., 2022), and were therefore assessed as having low risk for reporting bias; all other trials were assessed as unclear risk for this domain. Finally, 2 out of 18 studies were assessed as high risk for other bias due to concerns about the study design, and the data validity. Another 9 of the 18 studies were assessed as unclear risk for other bias due to insufficient reporting of study design, or methodology.
TABLE 7 | Risk of bias assessment of the included studies—Dentistry.
[image: Table 7]3.3 Dermatology
Trials conducted in the field of dermatology were published 1990 to 2022, and conducted in Australia (Bassett et al., 1990; Satchell et al., 2002a), Germany (Beikert et al., 2013; Rothenberger et al., 2016), Iran (Enshaieh et al., 2007; Beheshti Roy et al., 2014; Najafi-Taher et al., 2022), Brazil (Hugo Infante et al., 2023), or Korea (Cho and Choi, 2017), either within a hospital, an outpatient setting or a community setting.
3.3.1 Acne vulgaris
Three trials tested the effect of tea tree oil-based gels containing 5%–6% tea tree oil on acne lesion counts and acne severity in subjects with mild to moderate acne vulgaris (Bassett et al., 1990; Enshaieh et al., 2007; Najafi-Taher et al., 2022). Bassett et al. (1990), compared a 5% tea tree oil gel to a 5% benzoyl peroxide lotion in 124 subjects aged 12–35 years. Both treatments significantly reduced the number of inflamed and non-inflamed acne lesions. The benzoyl peroxide lotion was more effective in reducing the number of inflamed lesions after 1, 2 and 3 months, although resulted in a greater degree of facial skin scaling and pruritus compared to the tea tree oil gel. Enshaieh et al. (2007), compared twice daily application of a 5% tea tree oil gel to a placebo carbomer gel for 45 days, in 60 subjects aged 15–25 years (Enshaieh et al., 2007). Reductions in both total lesion count and acne severity were significantly greater in subjects applying the tea tree oil gel compared with placebo (p < 0.001). Finally, Najai-Taher et al. (2022), compared once daily application of a 6% tea tree oil nano-emulsion gel with 0.1% adapalene to a commercial gel containing only 0.1% adapalene, over 12 weeks, in 100 subjects aged 15–40 years. Reductions observed in acne severity and in counts of inflammatory, non-inflammatory and total lesions were all significantly greater in subjects applying the tea tree oil + adapalene gel compared with adapalene only gel (p < 0.001).
Safety was measured in all three studies. Application of a 5% tea tree oil gel resulted in minimal pruritis (3/30), burning sensation (1/30), and minimal scaling (1/30), although similar numbers of subjects applying a placebo gel reported these events (Enshaieh et al., 2007). However, Basset et al. (1990), found subjects using a 5% tea tree oil gel reported less adverse effects (e.g., dryness, stinging and burning), than those using the benzoyl peroxide lotion (27/61 vs. 50/63, p < 0.001). Najafi-Taher et al. (2022) found a higher proportion of subjects using a 6% tea tree oil + adapalene gel reported irritation after 4 weeks use, compared with an adapalene only gel (43% vs.17%, p = 0.005), although, after 12 weeks, there was no difference between groups in irritation.
3.3.2 Wound healing
Two trials tested tea tree oil for improving outcomes related to wound healing (i.e., blood flow, hemoglobin oxygenation and concentration, and skin surface temperature in the case of burns) (Rothenberger et al., 2016; Cho and Choi, 2017). Cho and Choi (2017), compared Burnshield® foam wound dressings containing tea tree oil with Burn Cool Spray® or running tap water, in 94 adult subjects (Cho and Choi, 2017). Subjects presenting to hospital emergency with a burn wound(s) within 3 hours of the incident were allocated one of the afore-mentioned treatments for 20 min. Running tap water was significantly more effective than Burnshield® and Burn Cool Spray® for reducing skin surface temperature. Safety was not assessed. Rothenberger et al. (2016), tested a saline solution with or without 5% tea tree oil on skin perfusion dynamics in 20 healthy subjects aged 23–38 years (Rothenberger et al., 2016). Blood flow was significantly higher in fingers immersed in the saline with tea tree oil solution, compared with saline alone. No difference was found in hemoglobin concentration or oxygenation. Subjects did not report any adverse reactions.
3.3.3 Seborrheic dermatitis
Beheshti Roy et al. (2014), compared application of a 5% tea tree oil gel to a placebo (vehicle gel) three times daily to facial areas affected with seborrheic dermatitis in 54 subjects aged 18–45 years (Beheshti Roy et al., 2014). Clinical signs of erythema, scaling, itching, and greasy crusts were all significantly lower in subjects applying the tea tree oil gel compared with placebo gel after 4 weeks. No subject reported allergic irritation or inflammation.
3.3.4 Skin inflammation
Beikert et al. (2013), tested the anti-inflammatory effect of a cooling ointment (100% Unguentum leniens) to which 5% tea tree oil was added, in 40 subjects aged 19–58 years (Beikert et al., 2013). One side of the subjects’ upper back was subject to UV-B irradiation to induce a local inflammatory response, while the other side was not. Using Fin Chambers®, the tea tree oil ointment was applied within one chamber and placed on the radiated skin and within another chamber placed on the non-radiated skin. In the other empty chambers, six different plant extracts, 1% hydrocortisone acetate, or 0.1% betamethasone valerate, each in the same vehicle ointment 100% Unguentum leniens, were applied, as well as the vehicle ointment alone. Local inflammation, measured by degree of skin erythema, did not significantly differ between the treatments 48 h post-irradiation. Skin areas where the tea tree oil ointment had been applied to non-irradiated skin showed increased skin erythema suggesting mild irritation. No serious side effects or contact dermatitis occurred in subjects during the trial.
3.3.5 Skin photodamage
Hugo Infante et al. (2023), compared the effect of an oil-in-water emulsion (vehicle formula) to this same vehicle formula with either 2% pure tea tree oil or 2% tea tree oil in nano-emulsion form added, on skin photoaging (Hugo Infante et al., 2023). No significant changes were observed in hydration or sebum levels between groups. Compared with controls, the tea tree oil nano-emulsion resulted in improvements to the stratum granulosum, including a significant increase in keratinocyte area, while the pure tea tree oil significantly increased the average epidermis thickness and papillary depth. Further, collagen density and observed collagen networks significantly increased in both tea tree oil intervention groups, compared with the control vehicle formula (Table 1). Safety was not assessed (Hugo Infante et al., 2023).
3.3.6 Dandruff
Satchell et al. (2002a), compared daily hair washing with a 5% tea tree oil shampoo or a placebo shampoo (i.e., same shampoo without tea tree oil) for treatment of dandruff in 126 subjects aged 16 and older (Satchell et al., 2002a). Reduction in both the area of scalp involved and severity of dandruff was significantly greater in subjects washing their hair with the tea tree oil shampoo compared with placebo. Adverse events reported by subjects using the tea tree oil shampoo (3/63) included mild stinging in eyes, mild burning of scalp, and mild itching of scalp. Those in the placebo group (8/62) reported pruritus, conjunctivitis, and urticaria.
3.3.7 Risk of bias
Table 8 Selection bias due to use of a non-random or quasi-random allocation sequence was assessed as low risk in four of the nine trials conducted in the field of dermatology as a computer-generated sequence was used (Enshaieh et al., 2007; Cho and Choi, 2017; Hugo Infante et al., 2023; Najafi-Taher et al., 2022). The remainder provided insufficient information to assess this domain and were assessed as unclear risk. All nine dermatology trials were assessed as having an unclear risk of selection bias arising from inadequate concealment, as methods to conceal allocation sequences were not described. Primary outcomes in four of the nine trials were measured objectively (Beikert et al., 2013; Rothenberger et al., 2016; Cho and Choi, 2017; Hugo Infante et al., 2023). One of these trials was assessed as high risk, as personnel applying treatments also assessed the primary outcome and were not blinded to allocation (Cho and Choi, 2017). All four were assessed as low risk for detection bias as it was highly unlikely that the objective outcomes were affected by any lack of blinding and in one trial the assessor was blinded (Beheshti Roy et al., 2014). Five studies had subjectively assessed primary outcomes (Bassett et al., 1990; Satchell et al., 2002a; Enshaieh et al., 2007; Najafi-Taher et al., 2022). Three of these were assessed as high risk for performance bias as it is likely that blinding was broken through detection of tea tree oil odor (or lack thereof), and those receiving placebo may have altered their behavior as a result of unblinding (Satchell et al., 2002a; Enshaieh et al., 2007; Beheshti Roy et al., 2014). Intervention compliance was also not assessed in these studies. All subjective outcomes were assessed as low risk for detection bias. Attrition bias was mostly assessed as low risk, although one study was assessed as high risk given that twice the number of participants allocated to placebo dropped out and the reason provided (i.e., lost to follow-up “due to personal reasons”) is inadequate to eliminate a risk of bias (Beheshti Roy et al., 2014). Only one study had been registered on a public trial registry platform and was therefore assessed as low risk for reporting bias (Najafi-Taher et al., 2022), the remainder were assessed as unclear risk. Four trials were assessed as unclear risk for other bias as the source of tea tree oil used was not defined (Satchell et al., 2002a; Beikert et al., 2013; Rothenberger et al., 2016; Najafi-Taher et al., 2022).
TABLE 8 | Risk of bias assessment of the included studies—Dermatology.
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Infectious diseases and/or infection control were addressed in nine trials published 2000 to 2021, conducted in Australia (Caelli et al., 2000), Brazil (Gnatta et al., 2013; Gnatta et al., 2021), Hong Kong (Lee et al., 2014), India (Maghu et al., 2016), Korea (Youn et al., 2021), Northern Ireland (Blackwood et al., 2013), United Kingdom (Dryden et al., 2004), or the United States (Markum and Baillie, 2012) within the hospital, outpatient, residential aged care, or community setting.
3.4.1 Methicillin-resistant Staphylococcus aureus (MRSA) infection
Four trials tested the effect of topically applied tea tree oil-based products for the prevention of MRSA colonization (Blackwood et al., 2013), or eradication of MRSA bacteria from the body (Caelli et al., 2000; Dryden et al., 2004; Lee et al., 2014), in hospital care settings.
Blackwood et al. (2013), compared Novobac® 5% tea tree oil body wash with standard care (i.e., Johnson’s Baby Softwash®) for preventing colonization with MRSA in 391 patients across two hospital intensive care units (Blackwood et al., 2013). Subjects received daily full bed baths with their allocated body wash until detection of ICU-acquired MRSA, discharge from ICU, or death. Compared with standard care, there was no reduction in the incidence of ICU-acquired MRSA infection (p = 0.50). A limitation to this study was that subjects using the Novobac® 5% tea tree oil had a longer admission, longer duration of ventilation, greater number of days with devices in place, and a higher percentage of these patients were nursed adjacent to a patient infected with MRSA. However, in a multiple regression analysis including the strongest independent predictors of MRSA colonization, there remained no statistically significant difference between treatment group (tea tree oil or standard care) and incident MRSA colonization (Blackwood et al., 2013). Caelli et al. (2000), compared a standard care topical regimen for MRSA decolonization to a tea tree oil topical regimen in patients infected or colonized with MRSA (Caelli et al., 2000). MRSA decolonization was achieved in 5/15 patients who received the tea tree oil regimen and 2/15 patients who received standard care, after a minimum 3 day treatment. However, patients in the tea tree oil group had, on average, a longer length of stay, and thus, longer duration of treatment. In a similar, yet larger, study, Dryden et al. (2004), also compared a standard care regimen to a tea tree oil topical regimen (10% tea tree oil cream applied to nostrils, skin lesions, wounds, and ulcers as well as a 5% tea tree oil body wash) for MRSA decolonization (Dryden et al., 2004). Fourteen days post-treatment, a similar proportion of patients achieved MRSA decolonization (tea tree oil regimen 46/110 versus standard care regimen 56/114, p = 0.0286). The 10% tea tree oil cream which was applied to the nostrils three times daily, was however, found to be less effective at clearing MRSA from nasal passages when compared with Bactroban® nasal ointment. Lastly, Lee et al. (2014), tested a topical tea tree oil solution (i.e., 10% tea tree oil with paraffin oil) for healing and decolonizing wounds infected with MRSA (Lee et al., 2014). All subjects received standard wound care, i.e., daily wound cleaning with 0.9% saline solution followed by application of a wound dressing for 4 weeks. Subjects allocated to receive the tea tree oil solution had this applied after cleaning the wound with the saline solution. CFU/ml of MRSA were found to be significantly lower in the wounds of patients who had the 10% tea tree oil solution applied to their wound at weeks 1, 2, 3 and week 4 (post-intervention). At these same timepoints, wound healing (based on wound size, exudate, and type of wound tissue) was significantly better with the tea tree oil solution compared with saline alone. Adverse events were measured in all four studies. No adverse events were reported by subjects receiving a tea tree oil topical regimen (10% tea tree oil cream and 5% tea tree oil body wash) (Dryden et al., 2004), or a topical 10% tea tree oil wound preparation (Lee et al., 2014). In the other two trials, using a tea tree oil body wash, no adverse events were reported in one trial (Caelli et al., 2000), while in the other, two subjects reported a rash which later were both found to be unrelated to the tea tree oil body wash used (Blackwood et al., 2013). However, subjects (numbers not stated) reported mild swelling of the nasal mucosa and acute burning upon application of the 4% tea tree oil nasal ointment (Caelli et al., 2000).
3.4.2 Infection control (i.e., hand disinfection)
Three trials tested the effect of tea tree oil soaps (Gnatta et al., 2013; Gnatta et al., 2021), or a tea tree oil-based hand disinfectant (Youn et al., 2021) on microbial counts on the skin surface of hands. Youn et al. (2021), compared a tea tree oil-based hand disinfectant to a standard alcohol-based hand sanitizer, a benzalkonium chloride-based hand sanitizer and a no treatment control in 112 subjects aged 18–60 years (Youn et al., 2021). Skin surface log10 microbial count decreased in all groups, except in the no treatment control group. The greatest reduction was with use of the tea tree oil-based hand disinfectant, which achieved a significantly greater reduction compared with the alcohol-based hand sanitizer, the benzalkonium chloride-based hand sanitizer and no treatment (all p < 0.05). In two similar studies, Gnatta et al. (2013) and Gnatta et al. (2021), tested a tea tree oil hand soap for reducing the concentration of Escherichia coli K12 on the hand surface (Gnatta et al., 2013; Gnatta et al., 2021). Both studies enrolled 15 participants from a hospital workplace setting and used a cross-over design to compare a tea tree oil soap (0.2%–0.3% tea tree oil) to either Rioderm®, Soft Soap, or Soft Soap with 60% propan-2-ol hand rinse (in the 2013 study) (Gnatta et al., 2013), or to Rioderm®, Riohex®, and Soft Soap (in the 2021 study) (Gnatta et al., 2021). In the 2013, trial the tea tree oil soap (Doctornatu® liquid soap), used to wash hands after E. coli K12 contamination, reduced the CFU/mL count E. coli K12 to a similar extent as Soft Soap and was inferior to Soft Soap with 60% propan-2-ol (p = 0.001). In the 2021 trial, the tea tree oil soap (2% tea tree oil) used significantly reduced E. coli K12 compared with chlorhexidine (p = 0.006), and with Soft Soap (p < 0.001), although no difference was found between tea tree oil soap and Rioderm®. Adverse events were not assessed in these three trials (Gnatta et al., 2013; Gnatta et al., 2021; Youn et al., 2021).
3.4.3 Molluscum contagiosum
Markum and Baillie (2012), compared a topical formulation containing tea tree oil organically bound to iodine in a high selenium canola oil to the same vehicle oil with tea tree oil or with organically bound iodine (i.e., tea tree oil + iodine vs. tea tree oil alone vs. iodine alone), for the treatment of molluscum contagiosum lesions in 53 children (Markum and Baillie, 2012). A significantly greater number of children resolved > 90% of their lesions with the tea tree oil + iodine formulation (16/19), compared with tea tree oil alone (3/18) or iodine alone (1/16), after 30 days (both p < 0.01). Adverse events included redness at lesion site reported by one subject each in the tea tree oil + iodine and tea tree oil alone groups and by two subjects in the iodine alone group. A warm sensation on application was also reported in groups receiving tea tree oil i.e., tea tree oil + iodine (3/19) and tea tree oil (4/18).
3.4.4 Oral candida infection
Maghu et al. (2016), compared a 0.25% tea tree oil mouthwash to an anti-fungal (clotrimazole) topical ointment or a standard care regime for the treatment of oral Candida infection in 36 subjects aged 20–60 years (Maghu et al., 2016). Clinician- assessed signs of erythema, inflammation, and fungal hyphae (highly diagnostic of infection with Candida), decreased in all groups, although larger reductions were seen in the tea tree oil mouthwash and clotrimazole ointment groups, compared with standard care (note: no statistical comparisons were performed). Adverse effects were not reported by any subjects using the tea tree oil mouthwash.
3.4.5 Risk of bias
All domains were mostly assessed as low or unclear risk of bias (Table 9). Two trials were assessed as high risk for selection bias, due to the use of an allocation sequence that could have been predicted by those allocating interventions (Gnatta et al., 2013; Gnatta et al., 2021). High risk of detection bias was also found in one trial using subjectively assessed outcomes, as any attempt at blinding outcome assessors was likely broken due to the different treatment modalities used (Maghu et al., 2016). Only three trials had published their trial protocol on a public register (Markum and Baillie, 2012; Blackwood et al., 2013; Youn et al., 2021), and were thus assessed as having low risk of reporting bias. Three trials were assessed as having unclear risk of performance bias, as it was not reported whether personnel applying tea tree oil products were blinded and, this may have influenced doses used on subjects (Caelli et al., 2000; Dryden et al., 2004; Lee et al., 2014). Finally, six of the nine infectious disease studies were assessed as having an unclear risk of selection bias due to insufficient information on how a random sequence was generated (Caelli et al., 2000; Markum and Baillie, 2012; Gnatta et al., 2013; Lee et al., 2014; Maghu et al., 2016; Gnatta et al., 2021).
TABLE 9 | Risk of bias assessment of the included studies—Infectious Disease.
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Six trials were published in the field of ophthalmology from 2012 to 2021, and were conducted in Australia (Wong et al., 2019), Canada (Craig et al., 2022), Iran (Mohammadpour et al., 2020; Zarei-Ghanavati et al., 2021), Korea (Koo et al., 2012), or Turkey (Karakurt and Zeytun, 2018), within the hospital or outpatient clinic setting.
3.5.1 Demodex infestation
Three studies tested tea tree oil-based eyelid wipes, washes or scrubs for control of Demodex mites in subjects with diagnosed demodectic blepharitis (Karakurt and Zeytun, 2018), ocular surface discomfort (Koo et al., 2012), or in generally healthy adults (Wong et al., 2019).
Karakurt and Zeytun (2018), compared twice daily eyelid washes with Blefaroshampoo® (with 7.5% tea tree oil) with Blepharitis Shampoo (without tea tree oil) in 135 adult subjects (Karakurt and Zeytun, 2018). Koo et al. (2012), compared twice daily eyelid scrubs with 10% tea tree oil diluted in mineral oil to a saline eyelid scrub in 281 adult subjects (Koo et al., 2012). In addition to these twice daily eyelid scrubs performed at home, weekly eyelid scrubs were also performed within a clinic with 50% tea tree oil diluted in mineral oil (used in tea tree oil group) or with saline (for saline control group). Wong et al. (2019), compared BlephaDex™ eyelid wipes (containing tea tree oil) to a no treatment control in only 20 subjects aged 45 years and older (Wong et al., 2019). Subjects were randomly allocated BlephaDex™ eyelid wipes to use on their right or left eye in this within-group trial, while the contralateral eye received no treatment. In all three trials, interventions were 1 month in duration and all measured Demodex mite count at baseline and after 1 month. In two trials, use of tea tree oil significantly reduced Demodex mite count to a greater extent than saline or no treatment (Koo et al., 2012; Wong et al., 2019). Karakurt and Zeytun (2018), also found a larger reduction in Demodex mite count in those using Blefaroshampoo (with tea tree oil), compared with those using Blepharitis Shampoo (without tea tree oil), although no between group comparison was performed. Two of these trials measured patient-assessed ocular symptoms at baseline and after 1 month (Koo et al., 2012; Karakurt and Zeytun, 2018). Koo et al. (2012) found a greater reduction in patient-reported ocular discomfort after 1 month with twice daily eyelid scrubs with 10% tea tree oil diluted in mineral oil, compared with saline eyelid scrubs, but only among subjects who performed tea tree oil eyelid scrubs at home > 10 times per week (i.e., had good compliance with the intervention). Karakurt and Zeytun (2018) found patient-reported ocular symptoms including itching, burning, feeling of a foreign body in the eye, eye redness, and cylindrical dandruff all significantly decreased with use of the Blefaroshampoo (with tea tree oil), while those subjects using the Blepharitis Shampoo (without tea tree oil) had similar symptom scores after 4 weeks.
To provide data on the tolerability of different tea tree oil-based eyelid wipe products, Craig et al. (2022), compared four commercial tea tree oil-based eyelid wipes (i.e., Oust™ Demodex®, I-Lid’n Lash® Plus, Blephadex™ and Eye Cleanse™) to a saline solution (i.e., Sensitive Eyes® Plus Saline Solution), in terms of tear film break up time, as well as ocular discomfort and redness (Craig et al., 2022). Ten-minutes after application, Eye Cleanse™ lid cleansing wipes was the only product to significantly decrease tear film break up time. Eye Cleanse™ wipes also increased ocular redness (both bulbar and limbal) and corneal and conjunctival staining—a measure of damage to ocular surfaces. I-Lid’n Lash® Plus also caused a significant, yet smaller, increase in bulbar ocular redness. Patient-assessed ocular discomfort remained significantly higher than baseline for a median 195 s after applying Eye Cleanse™, 150 s after I-Lid’n Lash® Plus, 120 s after Oust™, and 60 s after Blephadex™ (Craig et al., 2022). Median time after which participants could comfortably open their eyes was one second for the saline solution, compared with 3 s for Oust™, 5 s for Blephadex™, 6 s for I-Lid’n Lash® Plus (p < 0.05), and 30 s for EyeCleanse™ (p < 0.001) (Craig et al., 2022). Only EyeCleanse™ significantly increased lid wiper epitheliopathy, although all cases were resolved within 24 h and no other adverse events were recorded.
3.5.2 Dry eye post cataract surgery
Mohammadpour et al. (2020), compared a tea tree oil-based eyelid shampoo (Eyesol®, with 5% tea tree oil), with and without an additional 5% tea tree oil added, for treating dry eye post phacoemulsification cataract surgery (Mohammadpour et al., 2020). After 1 month, subjects Eyesol® with 5% additional TTO shampoo had significantly lower Demodex counts, improved tear osmolarity and break-up time and less ocular discomfort, compared with Eyesol® shampoo alone. Safety not assessed.
3.5.3 Meibomian gland dysfunction
Zarei-Ghanavati et al. (2021), also tested the tea tree oil-based eyelid shampoo Eyesol® and compared this to Johnson’s baby shampoo for treating meibomian gland dysfunction (Zarei-Ghanavati et al., 2021). In this within-patient RCT, Eyesol® was randomly allocated to either the right or left eye, with Johnson’s baby shampoo used on the contralateral eye. Compared with Johnson’s baby shampoo, improvement in patient-assessed severity of dry eye was significantly greater in those using Eyesol® and clinician-assessed signs of meibomian gland expressibility, plugging, capping, foamy tear, telangiectasia and tear break-up time also significantly improved with Eyesol®, after 3 months of daily eyelid washing. All other outcomes assessed showed no significant difference between groups (Table 4).
Adverse events were measured in three of the five ophthalmology trials (Koo et al., 2012; Wong et al., 2019; Zarei-Ghanavati et al., 2021). Ocular irritation was the main side effect of tea tree oil use reported by 5/106 subjects using a tea tree oil-based mineral oil solution (Koo et al., 2012) and 21/40 subjects using tea tree oil-based Eyesol® shampoo (compared with 12/40 reporting this symptom from use of baby shampoo) (Zarei-Ghanavati et al., 2021). Further, 1/20 subjects using Blephadex™ eyelid wipes reported slight discomfort upon initial use which later resolved (Wong et al., 2019).
3.5.4 Risk of bias
All domains were mostly assessed as low or unclear risk of bias (Table 10). Two trials measuring patient-reported ocular symptoms were assessed as high risk for detection bias as any attempt at blinding was likely broken due to the distinct odor of tea tree oil in the eyelid products used (Koo et al., 2012; Karakurt and Zeytun, 2018). The study by Koo et al. (2012) was also assessed as having high risk for attrition bias with 43.1% (160/281) attrition after only 1 month. Attrition was also twice as high in the tea tree oil intervention group with no reasons for drop-out reported.
TABLE 10 | Risk of bias assessment of the included studies—Ophthalmology.
[image: Table 10]3.6 Podiatry
Three trials were published in the field of podiatry from 1992 to 2002, and conducted in Australia (Tong et al., 1992; Satchell et al., 2002b) or the United States (Buck et al., 1994), within hospital or community outpatient clinics.
3.6.1 Tinea pedis
Both Australian trials tested tea tree oil for the treatment of tinea pedis (Athlete’s foot), compared with a placebo (i.e., vehicle solution) (Tong et al., 1992; Satchell et al., 2002b), or with Tinaderm® (Tong et al., 1992). Satchell et al. (2002b), compared a solution containing tea tree oil (either 50% or 25% concentration) to a placebo solution (vehicle solution), applied topically for 4 weeks in 137 subjects aged 17–83 years (Satchell et al., 2002b). After 4 weeks, a higher proportion of subjects treated with either the 50% or 25% tea tree oil solution had a negative mycological culture, compared with subjects receiving the vehicle solution (23/36 or 18/33 versus 14/45, p < 0.01) (Satchell et al., 2002b). In a separate trial, Tong et al. (1992), compared a sorbolene cream with 10% tea tree oil to a placebo vehicle cream (i.e., 100% sorbolene cream) applied topically for 4 weeks in 121 subjects aged 16–65 years. After 4 weeks, there was no significant difference in the number of patients achieving a negative mycological culture (p = 0.393) (Tong et al., 1992). When compared to Tinaderm®, a higher proportion of subjects applying Tinaderm® had a negative mycological culture, compared with tea tree oil (p < 0.001). In both trials, clinical signs, and symptoms of tinea pedis (i.e., scaling, inflammation, burning and itching) improved in a greater proportion of subjects using tea tree oil, compared with placebo (Tong et al., 1992; Satchell et al., 2002b). Adverse events were assessed in both trials (Tong et al., 1992; Satchell et al., 2002b). Three of the 69 subjects treated with a 50% tea tree oil solution and one treated with a 25% tea tree oil solution developed moderate to severe dermatitis which improved upon ceasing treatment (Satchell et al., 2002b). One subject applying Tinaderm® developed mild erythema (Tong et al., 1992).
3.6.2 Onychomycosis
Buck et al. (1994), tested twice daily topical application of 100% tea tree oil, compared with a 1% clotrimazole antifungal solution, for 6 months for the treatment of onychomycosis—a fungal toenail infection (Buck et al., 1994). Tea tree oil was found to be as effective as the clotrimazole solution based on negative fungal culture at 6 months (i.e., post-intervention). The toenail assessed as having the greatest fungal involvement at baseline showed “full” or “partial” resolution in a similar proportion of patients in tea tree oil and clotrimazole groups. Further, after 9 months (i.e., 3 months post-intervention), a similar proportion of patients reported that their toenail appearance and symptoms had either improved or completely resolved. Adverse events (i.e., erythema, irritation, and edema) were experienced by 5/64 using 100% tea tree oil compared with 3/53 using the clotrimazole solution.
3.6.3 Risk of bias
All domains were mostly assessed as low or unclear risk of bias (Table 11). Unclear risk was assigned for absence of information on methods for randomizing participants to intervention groups, and the lack of publicly available trial protocols either in a published manuscript or on a trial registry platform. Two trials were assessed as high risk for detection bias for patient-reported symptoms, given the likely breaking of blinding due to the distinct odor of tea tree oil (Tong et al., 1992; Buck et al., 1994).
TABLE 11 | Risk of bias assessment of the included studies—Podiatry.
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3.7.1 Anxiety and sleep quality
Ozkaraman et al. (2018), tested the effect of Lavender essential oil, in comparison to tea tree oil or no treatment, on anxiety and sleep quality in 70 patients undergoing weekly chemotherapy (Ozkaraman et al., 2018). Three drops of a commercially available tea tree oil (source not defined) were placed on a piece of cotton and positioned on the patient’s neck during their chemotherapy session. Patients were also instructed to smell their allocated oil at home every evening at 9 p.m. for 5 min for 1 month. Lavender essential oil significantly decreased trait anxiety (e.g., being a steady person, not worrying too much over something that doesn’t matter), while no change was observed with tea tree oil. No difference was found between groups in the change in state anxiety scores (e.g., being tense or worried). Tea tree oil was found to be as effective as lavender essential oil in improving sleep quality, although baseline scores for sleep quality were higher in the tea tree oil group (Ozkaraman et al., 2018). Safety was not assessed.
3.7.2 Risk of bias
Table 12 Given the distinct smell of lavender and tea tree and the use of a no treatment control, it would not have been possible to blind participants to treatment allocation (Ozkaraman et al., 2018). Thus, performance and detection bias were assessed as high risk for the two primary patient-reported outcomes assessed: State-Trait Anxiety Inventory and Pittsburgh Sleep Quality Index. Attrition bias and reporting bias were both assessed as unclear risk as there was no information on attrition and the trial protocol was not made publicly available. Finally, other bias was assessed as unclear risk given the tea tree oil used was not described.
TABLE 12 | Risk of bias assessment of the included studies—Other.
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4.1 Summary of key findings
This review aimed to critically appraise evidence from randomized control trials examining the therapeutic efficacy and safety of tea tree oil on outcomes related to human health. The search yielded 46 eligible studies spanning the fields of dentistry, dermatology, infectious disease, ophthalmology, podiatry, as well as anxiety and sleep quality—a substantial expansion in research since the 2000 review by Ernst & Huntley which identified only four trials (Ernst and Huntley, 2000).
4.1.1 Dentistry
Mouthwashes containing 0.2%–0.5% tea tree oil may be more effective in reducing dental plaque accumulation than a placebo mouthwash (Kamath et al., 2020; Reddy et al., 2020), or a 0.1% chlorine dioxide mouthwash (Bharadwaj et al., 2020), but not in comparison to a 0.12% chlorhexidine mouthwash (Casarin et al., 2019; Kamath et al., 2020). Evidence on the effects of tea tree oil mouthwashes on gingival inflammation and gingival bleeding is conflicting, and further studies are needed to confirm observed antimicrobial effects of tea tree oil mouthwashes on salivary S. mutans (Prabhakar et al., 2009; Kamath et al., 2020). Side effects of tea tree oil mouthwashes were minor with burning sensation most frequently reported, although this was also reported with other mouthwashes tested. Adjunctive therapy with a 5% tea tree oil gel delivered locally to the periodontium may improve SRP treatment outcomes in patients with periodontitis (Elgendy et al., 2013; Raut and Sethi, 2016; Taalab et al., 2021). We found insufficient evidence for the use of tea tree oil in treating C. albicans induced denture stomatitis, oral C. albicans infection, or in prevention of patient-clinician cross-contamination (Catalán et al., 2008; Shetty et al., 2013; Maghu et al., 2016).
4.1.2 Dermatology
For the treatment of acne, a 5% tea tree oil-based topical gel may be effective in reducing the number of lesions and severity of acne, in comparison to a placebo (Enshaieh et al., 2007). However, tea tree oil was less effective for reducing the number of inflamed lesions compared with topical benzoyl peroxide (i.e., standard care) (Bassett et al., 1990). A combination of a tea tree oil nano-emulsion with adapalene in a topical gel shows potential as a novel treatment option for reducing lesion counts and severity of acne (Najafi-Taher et al., 2022). Clinical signs and symptoms of seborrheic dermatitis might be improved with a 5% tea tree oil topical gel, although findings are based on one small poor-quality trial (Beheshti Roy et al., 2014). Available evidence does not support the use of a tea tree oil dressing for treating burn wounds, with running tap water being more effective in cooling burns (Cho and Choi, 2017). Topical application of a 5% tea tree oil ointment was also found to be ineffective for reducing skin erythema in a UVB radiation model (Beikert et al., 2013). Topical application of tea tree oil in the concentrations used in these trials can result in mild reactions, such as burning sensation or itching upon application.
4.1.3 Infectious diseases
While daily bed baths with a 5% tea tree oil body wash did not prevent patient colonization with MRSA (Blackwood et al., 2013), a topical tea tree oil-based regime showed similar efficacy to a routine topical regimen for MRSA decolonization in patients already colonized with MRSA bacteria (Caelli et al., 2000; Dryden et al., 2004). One smaller trial found 10% tea tree oil in paraffin oil applied to wounds colonized with MRSA improved wound healing and reduced MRSA bacterial counts (Lee et al., 2014). Adverse effects in MRSA trials were limited to mild swelling of the nasal mucosa and acute burning upon application of a 4% tea tree oil nasal ointment. Treating molluscum contagiosum lesions in young children may also be possible with topical application of 75% tea tree oil with iodine, with adverse events limited to mild redness at lesion site and warm sensation on application (Markum and Baillie, 2012).
4.1.4 Ophthalmology
Tea tree oil-based eyelid wipes or scrubs aid reduction of ocular Demodex mite counts when compared with saline or no treatment (Koo et al., 2012; Wong et al., 2019). This finding is consistent with the review by Lam et al. (2020), who reported tea tree oil showed efficacy in controlling Demodex mite populations. Use of wipes may be safer, as ocular irritation can occur with tea tree oil eyelid scrubs (Koo et al., 2012). There is substantial difference however in the tolerability of commercially available eyelid cleansers (Craig et al., 2022). Further, more evidence is required to confirm efficacy and safety of tea tree oil-based eyelid shampoos for treating dry eye and meibomian gland dysfunction (Mohammadpour et al., 2020; Zarei-Ghanavati et al., 2021).
4.1.5 Podiatry
Dermatophyte fungi causing tinea pedis may effectively be treated with tea tree oil applied topically in either 25% or 50% concentration, although moderate to severe dermatitis may present as a side effect and efficacy of this treatment has not been compared with standard care (Satchell et al., 2002b).
4.1.6 Other
Finally, there was insufficient evidence to advise use of tea tree oil for improving anxiety or quality of sleep, with lavender essential oil being potentially more efficacious for reducing anxiety, at least during chemotherapy (Ozkaraman et al., 2018).
4.2 Alignment with existing systematic reviews
Several systematic reviews on tea tree oil have been conducted previously. About 20 years ago, Ernst and Huntley identified only four randomized controlled trials addressing acne, tinea pedis or onychomycosis (Ernst and Huntley, 2000). Since then, a further three systematic reviews have been published, although all focus on specific therapeutic indications only (Casarin et al., 2018; Lam et al., 2020; Savla et al., 2020). Savla et al. (2020), included six RCTs examining efficacy of tea tree oil for Demodex blepharitis with a total of 562 participants (Savla et al., 2020). While they found lower number of mites compared to the control interventions, they concluded that there was uncertainty whether 5%–50% tea tree oil was effective for treating Demodex blepharitis (Savla et al., 2020). With the lack of long-term studies, they also concluded that lower concentrations may be preferred to reduce potential side effects such as skin irritation. Lam et al. (2020), compared current pharmaceutical treatments for human demodicosis, and examined 95 studies, including trials on tea tree oil (Lam et al., 2020). They concluded that tea tree oil was the most effective, followed by metronidazole, ivermectin and permethrin, and the authors recommended tea tree oil as a first-line therapy. In our opinion, this recommendation is not supported by existing evidence. While the results for treating Demodex are promising, the lack of high-quality evidence, and the concerns around safety, especially with higher concentrations of tea tree oil, need to be considered, and further research is needed before such recommendations can be made. Casarin et al. (2018), included 25 studies addressing periodontal disease, however only six of those were clinical trials, whereas the present systematic review found 15 RCTs addressing periodontal disease prevention and treatment (Casarin et al., 2018). Casarin et al., 2018, suggested that tea tree oil has potential anti-inflammatory and antimicrobial properties, although we found that existing evidence for anti-inflammatory outcomes (i.e., gingival inflammation) is conflicting, and further trials are needed to confirm antimicrobial effects.
4.3 Limitations
This review has several limitations, the most important concerning the source and quality of tea tree oils. Only 24 of the 43 included studies stated the brand of tea tree oil or tea tree oil product that was used for the intervention. The remainder only stated that M. alternifolia was used or, in four trials (Soukoulis and Hirsch, 2004; Maghu et al., 2016; Karakurt and Zeytun, 2018; Ozkaraman et al., 2018), it was only stated that “tea tree oil” was used. Few stated the chemical composition of the tea tree oil used or the storage conditions. While tea tree oil is stable for more than 12 months under optimal conditions, exposure to oxygen, heat and light can cause rapid degradation of tea tree oil (AgriFutures Australia, 2021). Oxidized tea tree oil leads to a decrease in α-terpinene and γ-terpinene, and an increase in p-cymene and peroxide, which are main drivers of sensitization, and skin irritation (Hammer et al., 2006). Further to this, a recent study identified that nearly 50% of commercial tea tree oil samples showed signs of adulteration (Bejar, 2017). Adulterated tea tree oil is prepared by blending fractions of cheaper oils as well as adding synthetic analogues of terpinen-4-ol, and without detailed information about the product, the brand, and the composition of the tea tree oil product investigated, results of the trials included in this review cannot be attributed to M. alternifolia essential oil with certainty. Adulterated tea tree oil may also cause adverse reactions that would otherwise not occur with pure tea tree oil essential oil, leading to potentially erroneous safety profiles.
A general limitation to clinical research investigating tea tree oil is the difficulty in blinding of participants and personnel due to the strong unique aroma of tea tree oil. It is well understood that tea tree oil has a strong odor and taste, which can easily be distinguished by trial participants. While many trials claimed that participants were blinded, it is unclear whether the blinding was successful, and no data were collected to ascertain blinding in most studies. Researchers have previously been able to successfully blind participants by use of deception, i.e., falsely advising patients that the aroma of their treatment had been changed to prevent detection of tea tree oil (Carson et al., 2008). In addition, most trials did not assess compliance/adherence with the trial interventions, or, adverse events, including in very recent trials, highlighting the importance of comprehensive evaluation of efficacy and safety outcomes. Concerningly, some trials did not state the doses or frequency at which the tea tree oil interventions were used.
Another limitation to consolidating evidence from trials investigating tea tree oil is the heterogeneity of tea tree oil-based product formulations. Variations in formulations can result in huge differences in product efficacy, for example a sorbolene base for tea tree oil used for acne was shown to inhibit its efficacy (personal communication), and acne products may require an alternative carrier. In the last decade, many novel formulations have been developed for drug delivery, and it is essential to understand the limitations and benefits of delivery systems to design appropriate tea tree oil products with improved effectiveness and safety, adequate stability, and shelf-life. As such, it is recommended that all new tea tree oil formulations are rigorously tested in-vitro, in-vivo, and in clinical trials prior to release onto the market. Finally, researchers must adhere to standard research design and reporting guidelines, as well as register their trials prospectively in national/international trial databases for transparency.
4.4 Safety issues
The question of the safety of tea tree oil has been a controversial topic for decades. Issues have been raised around its ability to cause dermal irritation and its potential as an allergic sensitizer. Several studies have been conducted, and while tea tree oil was ranked twenty-third on the list of most frequent allergens reported in Australia (Toholka et al., 2015), studies in North America and Europe found relatively low allergenicity rates to tea tree oil (de Groot and Schmidt, 2016). It is however accepted, that most allergic reactions occur with aged/oxidized tea tree oil due to the degradation of its components. In addition, case reports have linked tea tree oil with gynecomastia in young boys (Henley et al., 2007), although recent studies refuted these findings and found that it was implausible for tea tree oil to cause endocrine disruptions (Hawkins et al., 2020; Hawkins et al., 2021). Lastly, a recent report by Lee et al. (2020), found that 17% of adverse events due to exposure to essential oils were caused by tea tree oil (Lee et al., 2020). According to US data from the National Electronic Injury Surveillance System (NEISS) from 2010 to 2020 (https://www.cpsc.gov/Research--Statistics/NEISS-Injury-Data), most injuries associated with tea tree oil were due to ingestion in toddlers and children, with an overall low hospitalization rate, and no deaths. The large number of incidents (nearly 350 in 2017), however, warrants better consumer protection, such as mandatory child-proof safety caps on tea tree oil bottles.
5 CONCLUSION
This systematic review provides the first comprehensive appraisal of human trials testing the therapeutic efficacy and safety of tea tree oil. Therapeutic indications for which tea tree oil has been tested span multiple fields of medicine including dentistry, dermatology, infectious disease, ophthalmology, and podiatry.
In contrast to the well-established traditional uses of tea tree plant, no trials were identified for the treatment of minor wounds, furuncles, or insect bites of tea tree oil. Such analgesic and antipruritic properties of tea tree oil are not well documented, and further research into the modes of action are warranted. One recent trial was located on the treatment of vaginitis, suggesting tea tree oil pessaries were an effective treatment for vaginitis, although this trial was excluded on the basis of study design (Durić et al., 2021). While tea tree leaves have traditionally been used for treating coughs and colds, no clinical trials testing tea tree oil for these indications were found, and the safety of tea tree oil for inhalation is poorly understood.
Reliability of the evidence from many of these trials suffered from inadequate reporting, particularly reporting of the source and quality of tea tree oils used on patients. Future investment in rigorous human clinical trials is warranted to clarify potential benefits of tea tree oil for treatment of acne, molluscum contagiosum lesions, microbial causes of tooth decay, periodontal disease, and oral fungal conditions, infections caused by antibiotic-resistant bacteria, and ocular conditions caused by Demodex mite infestation. In future trials, emphasis should focus on comparing tea tree oil to current standard care as well as an appropriate placebo. Novel formulations should also be considered to enhance localized delivery of active components of tea tree oil. Further, it is critical to assess safety of tea tree oil treatments to better understand the risks to patients and consumers of these products.
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