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Abstract

INTRODUCTION. The review aimed to evaluate the therapeutic efficacy of holy basil (ocimum sanctum) in
managing oral submucous fibrosis (OSMF), focusing on its impact on clinical symptoms such as burning sen-
sation, mouth opening, tongue protrusion, cheek flexibility, blanching, and fibrosis.

MATERIALS AND METHODS. A comprehensive search was conducted across PubMed-Medline, Scopus,
Embase, Cochrane Library and Google Scholar from the earliest available date upto 5" April, 2025. Studies
included were randomized controlled trials (RCTs) and observational studies involving patients diagnosed
with OSMF, assessing the efficacy of holy basil in any formulation (such as extract or oil) on clinical symptoms.
Both Two reviewers independently performed data extraction and quality assessment using the Cochrane
RoB 2.0 and ROBINS-I tools. Where appropriate, a metaanalysis (MA) was performed, where summarized raw
mean (MRAW) standardized mean differences (SMDs) were calculated.

RESULTS. A total of 7 studies met the inclusion criteria, comprising 5 observational and 2 experimental
studies conducted in India between 2017 and 2023. The MA demonstrated significant improvements in
maximal mouth opening with MRAW = 36.14 mm; 95% confidence interval [CI]: 22.3-49.98) and reduction
in burning sensation (SMD = 2.6; 95% CI: 1.94-3.25) in patients receiving holy basil-based treatments. Sub-
stantial heterogeneity was noted for mouth opening outcomes (12 = 96%), whereas the results for burning
sensation were relatively consistent across studies (1> < 50%). Secondary outcomes, such as cheek flexibility,
were reported in only one study, restricting broader generalization.

CONCLUSIONS. The findings suggest that Holy Basil, administered in various formulations, shows promising
potential in improving key clinical symptoms such as maximal mouth opening, burning sensation, and tongue
protrusion.
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Pesiome

BBELOEHME. Lienbto 0630pa Ob110 OLEHUTb TEPaneBTUYECKyio 3P EKTUBHOCTL CBATOrO 6a3unuka (Ocimum
sanctum) B ne4yeHnn opanbHOro cyomMykosHoro ¢pubposa (OSMF), ¢ akLeHTOM Ha ero BAUsiHME Ha KJIMHUYe-
CKME CMMMNTOMbI, BKJIOHAS OLLYLLEHNE XOKEHUS!, OTKPbIBAHWE PTa, BblABMXEHNE A3blKa, NOABUXHOCTD LUEK,
6,1e0HOCTb CM3ncTon n prnbpos.

MATEPUWABI N METO/bI. Beina npoBeaeHa BCECTOPOHHASA MOMCKOBas cTpaterns B 6azax PubMed-Medline,
Scopus, Embase, Cochrane Library n Google Scholar ¢ camoro paHHero oocTynHoro nepuoga ao 5 anpens
2025 r. Bknoyanucb paHAOMU3VPOBaHHbIE KOHTpoNupyeMmble ncneitaHns (PKU) n HabniogatensHble uccne-
[0BaHWS C NauneHTamu, AnarHoctupoBaHHbiMu ¢ OSMF, oueHumBaiowme addeKTUBHOCTb CBATOro 6a3nnm-
ka B nobon dopme (3KCTPaKT, MACO U T.A4.) HA KIMHUYECKME CUMMTOMbI. JlBa HE3AaBUCUMbIX peLEeH3eHTa
npoBoAMnN cOOP AaHHLIX U OLEHKY Ka4ecTBa UCCneaoBaHuii ¢ UCNosb3oBaHNEeM MHCTPyMeHToB Cochrane
RoB 2.0 1 ROBINS-I. Mpn BO3MOXHOCTM NpoBoaunca meTta-aHanma (MA), roe paccynteiBanncb CyMMapHbie
Cbipble cpegHue 3HadeHns (MRAW) n ctaHaapTM3MpoBaHHbIE PA3HOCTM cpeaHux (SMD).

PE3YJIbTATbI. Bcero 7 nccnenoBaHuii COOTBETCTBOBANM KPUTEPUSIM BKITIOHEHUS: 5 HabnoaaTenbHbIX 1 2 3KC-
nepMMeHTabHbIX UCCNEeA0BaHMS, NpoBeAeHHbIX B UHAnKW B nepunog ¢ 2017 no 2023 rr. MeTa-aHanu3 nokasan
3HAYNTESIbHOE Yy4LIEHNE MaKCUManbHOro oTkpbiBaHua pta (MRAW = 36,14 mm; 95% OW: 22,3-49,98) 1 cHU-
XeHune oLyueHns xokeHusa (SMD = 2,6; 95% AOW: 1,94-3,25) y naunmeHToB, NOy4aBLUNX 1e4EeHNE HA OCHOBE
ceaToro 6asunnuka. 11 nokasaresiei OTKPbIBAHMS pTa 0TMeYasnach 3Ha4YnTEIbHasA reTeporeHHocCTsb (12 = 96%),
TOorga Kak pe3dynbraThbl MO OLWYLLEeHUIO XXXKeHUnda OblNIN OTHOCUTEJIbHO COrflacoBaHbl Mexay nccrenoBaHnamm
(2 < 50%). BTopoCTeneHHbIe NCXoAbl, TAKME Kak MOABVXHOCTb LeK, Obinn NpeacTasieHbl TOSIbKO B OAHOM UC-
cnepgoBaHUK, 4TO OrpaHn4mBaeT BOSMOXHOCTb LIJI/IpOKOI7I reHepanmnsauunn.

BbIBObI. MonyyeHHble faHHbIE CBUAETENBLCTBYIOT O TOM, YTO CBATOW 6a3UNKMK B pa3inyHbix GopmMax npume-
HEeHn4d 06na,u,aeT nepcnekTnBHbIM NOTEHLUMANOM ANnga ynydleHna Kno4eBblX KIIMHNYECKMX CMMNTOMOB, TaKUX
KakK MakCMasbHOE OTKPbIBaHUE PTa, OLLYLLLEHME XOKEHNS U BbIABMXKEHNE A3bIKA.

KnwoueBble cnoBa: opasibHblii CybMyKO3HbIN drnbpo3, ocimum sanctum, NPoOTMBOBOCHANUTESNbHLIE CPEea-
CTBa, TpaBsiHbIe NpenapaTtsl, puToTepanus

UHdopmauuma o ctaTtbe: noctynuna — 15.08.2025; ucnpasneHa — 17.09.2025; npuHata — 24.09.2025
KoH®AUKT nHtepecos: ABTOPbI cO0OLLAOT 06 OTCYTCTBUN KOHMIMKTA UHTEPECOB.
BnaropgapHocTu: drHaHCUPOBAHME 1 NHANBMAYaASIbHbIE 61arofapHOCTY A5 AeKNapUPOBaHUS OTCYTCTBYIOT.

Ana uutuposBanua: Ixetxnus A., Coxm X.K., Kykpepxa B.1., loHyryHTna Kamma N.K., Anakns A., Hacbam ®.A.,
Xanuwm L., Arpasan P., Makkap P.C. 3ddekTMBHOCTb Tynacu B Ie4eHUr 0panbHOro cybmMyko3Horo ¢pubposa:
cucTeMaTmyieckuii 063op n meta-aHanus. SHagoaoHTus Today. 2025;23(4):547-559. https://doi.org/10.36377/
ET-0129

INTRODUCTION

Oral submucous fibrosis (OSMF) is a chronic, morbid
disease characterized by its insidious onset and poten-
tial for malignant transformation. The World Health Or-
ganization (WHO) estimates that approximately 3-10%
of OSMF patients may eventually progress to develop
oral cancer [1]. This alarming statistic underscores the
need for effective management strategies.

The pathogenesis of OSMF is complex, involving
multiple factors, including genetic predisposition, en-

dHdodoHmus
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vironmental factors, and chronic inflammation [2]. Cur-
rent treatment options, including surgical interventions
and pharmacological therapies, have shown limited
success and are often associated with significant side
effects [3; 4]. Furthermore, many surgical approaches
have been fruitful in treating moderate to severe ca-
ses, but have a major drawback of being invasive pro-
cedures with outcomes heavily dependent on patient
compliance to follow oral physiotherapy post-surgery.
Consequently, post-surgical relapses are common in
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OSMF patients [5; 6]. On the other hand, drug therapy
primarily focuses on alleviating symptoms, but has its
own set of limitations [7; 8].

The limitations of current treatment options have
led researchers to explore alternative therapies, in-
cluding herbal extracts [2; 9; 10]. Various clinical stu-
dies have been conducted, revealing significant poten-
tial of herbal extracts in treating OSMF, owing to their
antioxidant and anti-inflammatory properties, along
with added advantages of minimal side effects and
cost-effectiveness [11-13]. As OSMF is mainly seen in
Indian and South-East Asian populations, primarily in
individuals with lower socio-economic status, afford-
ability of herbal medicines has further intrigued re-
searchers [14-17]. Several herbal extracts, including
lycopene, curcumin, aloe vera, salvia miltiorrhiza, and
spirulina, have been studied for their potential roles in
treating OSMF [8; 18-23]. However, heterogeneous
scientific evidence, varying herbal formulations, and
unproven long-term efficacy have led to the continua-
tion of the quest for the most suitable treatment.

Tulsi or the Holy Basil (HoB), widely known as the
“Queen of herbs” or “Elixir of life”, has gained traction
in recent years [24; 25]. This HoB is known for its wide
array of medicinal benefits, including anti-inflammatory,
anti-pyretic, analgesic, antioxidant, immune modulation,
anticarcinogenic, anticoagulant, and antidiabetic pro-
perties [26; 27]. These spectrum of properties of HoB
prompted researchers to conduct numerous trials as-
sessing its therapeutic efficacy in comparison with oth-
er interventions in the management of OSMF [28-32].
However, these trials have provided inconsistent results,
and therefore, there seems to be a conflict regarding
the effectiveness of HoB in treating OSMF. The potential
HoB portrays in treating a complex disease like OSMF,
owing to its remarkable medicinal properties, makes it
stand out from other herbal extracts studied in the past.
Therefore, to address the existing knowledge gap, a sys-
tematic review is necessary to synthesize and evaluate
the available data on HoB’s efficacy in treating OSMF. The
findings of this review aim to evaluate the role of HoB in
alleviating the clinical symptoms of OSMF and to support
the development of future trials, treatment guidelines,
and policies, thereby assisting clinicians in translating
research evidence into improved patient care.

Table 1. Definitions for key terminologies
Ta6nuua 1. Onpeaenenns KnoYeBbiX TEPMUHOB
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MATERIALS AND METHODS

A pre-defined protocol for this review was regis-
tered in the PROSPERO database (PROSPERO ID:
CRD420251004886). This review abided with the PRISMA
(Preferred Reporting ltems for Systematic Reviews and
Meta-analysis) guidelines as depicted in Supplemen-
tary Table 1.

Eligibility criteria

PICOS (P - population, | — intervention, C — Compar-
ator, O — Outcome, S — Study) framework comprised of:

Population [P] — Patients with OSMF;

Intervention [I] — Tulsi extract, oil (occimum sanctum
or tenuiflorum or HoB);

Comparators [C] — may or may not be included;

Outcome [O] - changes in the clinical symptoms;

Study Design [S] - randomized controlled trials
(RCT’s) and observational studies.

Scientific literature was excluded from this review if
it had incomplete data, lacked full-text availability, pre-
sented non-comparable outcomes, involved malignant
lesions, or was classified as a review article, pilot study,
case report, or case series.

Information Sources and Search Strategy

A thorough scientific literature search was conduc-
ted via several databases: PubMed-Medline, Scopus,
Embase, Cochrane Library and Google Scholar from
the inception up to 5th April, 2025. Search key words
used for this review included Medical Subject Headings
terms (MeSH), keywords, other free-text terms, trun-
cations. These keywords were coupled with boolean
operators (AND, OR) to search for specific articles.

Detailed search strategy used for PubMed-Medline
included - (“holy basil leaf extract”[Supplementary
Concept] OR “holy basil leaf extract”[All Fields] OR
(“basil extract”[Supplementary Concept] OR “basil
extract”[All Fields]) OR (“ocimum sanctum”’[MeSH
Terms] OR (“ocimum”[All Fields] AND “sanctum”[All
Fields]) OR “ocimum sanctum”[All Fields]) OR (“holy
basil leaf extract”[Supplementary Concept] OR “holy
basil leaf extract”[All Fields] OR “tulsi”[All Fields])) AND
(“oral submucous fibrosis”[MeSH Terms] OR (“oral”[All
Fields] AND “submucous”[All Fields] AND “fibrosis”[All
Fields]) OR “oral submucous fibrosis”[All Fields]).

Terms

Definition

Oral submucous

Defined by WHO Collaborating Centre for Oral Cancerin 2020 as “A chronic, insidious disease that affects

Fibrosis (OSMF) the oral mucosa, initially resulting in loss of fibroelasticity of the lamina propria and as the disease advances,
results in fibrosis of the lamina propria and the submucosa of the oral cavity along with epithelial atrophy”
Phytotherapy Defined by WHO as “the medical discipline that allows the correct use, for preventive or curative purposes,

of medicinal plants and their derivatives (phytotherapics or phytomedicaments), in relation to the
pharmacological properties of their chemical constituents”

Herbal Medicine

Defined by National Cancer Institute (NIH) as “A type of medicine that uses roots, stems, leaves, flowers, or
seeds of plants to improve health, prevent disease, and treatillness”

Efficacy

Defined by Boyd et al. 2014 as “the ability of an intervention to produce the desired beneficial effect”

Severity of OSMF

Described by Siddiqui et. al 2021 as “The severity of Oral Submucous Fibrosis (OSMF) is assessed by
evaluating the extent of fibrosis, limited mouth opening, and associated symptoms like burning sensation and
difficulty eating, with more advanced stages showing significant stiffness and trismus”
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Table 2. Study characteristics of the included studies
Tabnuua 2. XapakTepuCTUKN BKITIOYEHHBIX B UCCedoBaHue paboT
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. Trial Age Overall _ measured Inter- .
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Department of
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2017 [39] OSMF tional study . Dental College Y 9 '9 y
trial . sensation
and Hospital
. Assessment of utility of .| Non-Ran- Departmgn't of Mouth . Other
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(40] fibrosis tional study trial Dental College sensation daily treatment
and Hospital
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[41] ndia mucous 'brosus when used tional study Contro ed Surgery, Dental| mentioned powder + therapy urning daily of dose
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[42] India OSMF . College and )
trial ; acetonide nolone tongue
Hospital ) )
acetonide |protrusion
To assess and compare the
efficacy of topical Tulsi paste
) in the reduction of burning . Non- Ran- Departme_:n_t of . Mouth
Biswas Karnataka, |sensation andimprovement Prospective domized Oral medicine Range: 60 gm of opening Twice
etal. 2022 Indi B h . observa- I 3 months| and Radiology, 18 and 60 Isi - Burni ’ - i
[44] ndia in mogt openingamong | . -oo study Contro ed Dental College above tulsi paste urning daily
the patients with Groups A, trial and Hospital sensation
B and C OSMF (Lai DR clas- P
sification)
To assess the effectiveness Non- Ran- Department of Mouth Two
Dalai . ; . Prospective ) Public Health . 1gmtulsi | 1gmaloe )
Odisha, of tulsi and aloe vera in the domized . Range: opening, to three
etal. 2023 ) observa- 4 months| Dentistry, Den- 30 powder + vera+ ) - ;
India treatment of oral submu- | ,. Controlled 20-55years . . Burning times
[45] X ) tional study . tal College and glycerin glycerin A )
cous fibrosis (OSMF) trial X sensation daily
Hospital
To compare the efficacy of Department of Moqth
. . Rand- S . opening,
Thomas Karnataka Ocimum Sanctum (Tulsi) Experimen-| omized Oral medicine Range: Tulsi Oxitard Burnin Cheek Twice
etal. 2023 .| with Oxitard in the treat- P 3 months| and Radiology, ge: 90 tablets ng o )
India . ' tal study | Controlled 20-60years tablets |sensation,|flexibility| daily
[43] ment of clinically diag- . Dental College 500 mg
) trial . tongue
nosed OSMF patients and Hospital )
protrusion

0SS



The search strategy keywords were modified appro-
priately for different databases as depicted in the Sup-
plementary Table 2.

Selection Process

All studies identified through the search strategy
were independently and blindly assessed by two au-
thors (HS and PK), following an initial title screening that
excluded irrelevant studies. Subsequently, abstracts of
all the relevant articles were screened based on the es-
tablished inclusion criteria. This preliminary screening
was conducted using Rayyan, an online systematic re-
view software. Consequently, full text of all the probably
eligible studies underwent further screening based on
the inclusion criteria. The study selection process was
depicted via the PRISMA flow diagram which included
number of studies identified, screened, eligibility as-
sessment, studies involved in the final review, as well as
reasons for exclusion at each stage.

Data Collection

The two independent reviewers (HS and PK) further
extracted data from the included studies comprehen-
sively and documented it in a tabular form. The table
included study characteristics such as authors, year of
publication, sample size, patient demographics, inter-
vention, form of administration, follow-up and key out-
come measures. Disagreements at any stage between
the two reviewers were resolved through discussion and
consensus with a third reviewer.

Data Items
Definitions of certain key terminologies used in the pre-
sent review have been presented in the Table 1 [1; 33-36].

Outcome Measurements

The present systematic review (SR) was designed to
address the research question by investigating the ther-
apeutic efficacy of the HoB in managing OSMF, with a
specific focus on its effect on the clinical symptoms. The
primary outcomes of interest were threefold: firstly, the
reduction in burning sensation (BS), as measured using
the visual analogue scale (VAS); secondly, the increase in
maximum mouth opening (MO), quantified by the inter-
incisal distance in millimetres; and thirdly, improvement
in tongue protrusion, assessed by measuring the move-
ment beyond the incisor tips in millimetres. In addition to
these primary outcomes, the review also explored few
secondary outcomes, including improvements in cheek
flexibility, as well as reductions in blanching and fibrosis.

Quality assessment

The quality assessment for this review was performed
independently by two reviewers using the respective
standard quality evaluation method and was corrobora-
ted by the third reviewer. RCTs were assessed using the
Cochrane risk of Bias 2.0 (RoB 2.0) [37] tool, meanwhile
the non-randomized studies were assessed employing
the ROBINS-I tool [38]. In both the tools the risk of bias was
assessed within the RCTs and non-randomized studies,
where different domains were categorized into “low risk”
[ROBINS-I, RoB2.0], “some concerns” [RoB 2.0], “mode-
rate” [ROBINS-I] and “high risk” [ROBINS-I, RoB2.0].
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Data Synthesis and Analysis

All the data were summarized in a tabular form in
excel worksheets, which included the evaluation of
various primary outcomes i.e., burning sensation (BS),
mouth opening (MO), tongue protrusion (TP) and se-
condary outcomes like cheek flexibility, blanching, fi-
brosis and clinical staging. Studies were categorized
into two groups: Group 1 evaluated maximal mouth
opening (MO) and burning sensation (BS) in RCTs
(n = 2), while Group 2 assessed the same outcomes
in observational studies. Primary outcome variables
from each study were combined for continuous data
using a random effects model. The values and results
of each study were represented separately. The basis
of MA was the difference in means and SD of denti-
frice on MO and BS. The data for the primary outcome
was presented in the form of summarized raw mean
(MRAW) as standardized mean differences (SMD) (95%
confidence interval [Cl]). Heterogeneity was tested by
Chi-square test and 12 statistic. A Chi-squared test re-
sulting in p < 0.1 was considered to indicate significant
statistical heterogeneity. The analysis was performed
using software (Review Manager, version 4.2 for Win-
dows, The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark).

RESULTS

Study Selection

The initial database search yielded 126 studies, of
which 47 were identified as duplicates and subsequent-
ly removed. The remaining 79 studies underwent prima-
ry screening, during which 69 were excluded based on
title and abstract evaluation. The remaining 10 studies
were assessed for full-text to determine their eligibility
based on the inclusion criteria. Following this assess-
ment, three studies were excluded due to unsuitable
study design or outcome measures. Ultimately, seven
studies met the inclusion criteria and were included in
this SR for comprehensive analysis.

Study Characteristics

In the seven studies [36-42] that were published
from the year 2017 to 2023, five were observational and
two were experimental studies. These studies were
conducted in different regions of India; including Uttar
Pradesh (n = 1), Odisha (n = 1), Telangana (n = 1), Ma-
harashtra (n = 2), Karnataka (n = 2) with varying sample
sizes ranging from 20 to 124. Four studies had a com-
parative analysis in assessing the efficacy of tulsi with
various other interventions involving only antioxidant
therapy, curcumin, aloe vera and OxitardTM tablets.
Majority of the studies (n = 4) used a formulation with
only Tulsi as the active ingredient, however, three stud-
ies used tulsi in combination with turmeric (n = 2) and
triamcinolone acetonide (n = 1). Various formulations
including paste, gel or tablet forms were employed to
dispense the interventional agent (Tulsi). The majority
of the studies focused on primary outcomes, primarily
assessing maximal MO and BS, followed by tongue pro-
trusion. Only one study [43] evaluated cheek fiexibility in
addition to the other primary outcomes.
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Intervention Characteristics

Table 3 shows the intervention and control charac-
teristics of the studies included in this review. MO, BS,
and post- treatment value were extracted for the inclu-
ded studies. Studies utilized interventions with varied
formulations, including gel, paste and powder forms.

Identification of new studies via databases and registers

Records identified from
IS Databases (n = 126):
© Scopus (n=7) Records removed before
£ Embase (n = 52) - screening:
?, Cochrane (n=19) Duplicate records (n = 47)
° Pubmed (n=4)
Google Scholar (n = 44)
Records screened (n =79) I_,IRecords excluded (n = 69)
o I
g Reports sought for retrieval N Reports not retrieved
2 (n=10) (n=0)
= v
Reports assessed Reports excluded (n = 3)
for eligibility »  Studydesign (n=2)
(n=10) Inclusion criteria (n=1)
—
2 New studies included
2 in review
£ (n=7)

Fig. 1. Depicts PRISMA flow chart showing
the study selection process

Puc. 1. Cxema PRISMA, oTpaxatoLias npouecc
otbopa uccnenoBaHuii

META ANALYSIS

Maximal Mouth opening (Group 1)

All together 2 studies were analysed in Group | ana-
lysis, with a total of 60 subjects. As per the analysis per-
formed using random effects model with inverse varian-
ce method, the summarized raw means (MRAW) was
36.14 with a 95% confidence interval (Cl) of 22.3-49.98.
A significant heterogeneity was observed (p < 0.01),
pointing to inconsistent effects in magnitude and/or di-
rection. The |12 value denotes that 96% of the variability
among studies arose from heterogeneity rather than
random chance.

Maximal Mouth opening (Group II)

Group Il analysis included two studies, each com-
prising 60 participants in both the experimental and
control cohorts. There was no statistically significant
difference seen between the two groups. The pooled
SMD was 6.14, with a 95% CI ranging from -72.61 to
84.89. However, substantial heterogeneity was ob-
served (p < 0.01), indicating considerable variability in
effect size and/or direction across studies. The |2 value
of 99% suggests that nearly all variability is due to he-
terogeneity rather than random chance.

Burning Sensation (Group I)

All together 2 studies were analyzed in Group |
analysis, with a total of 60 subjects. As per the analy-
sis performed using random effects model with inverse
variance method, the MRAW was 2.6 with a 95% con-
fidence interval of 1.94-3.25. No significant heteroge-
neity was observed, suggesting that the effect sizes
across studies were consistent in both magnitude and
direction.

Experimental Mean Mean
Study Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Madhulatha G. et al. [Group 1] 2017 32.25 8.2400 20 31.4% 32.25[28.64; 35.86]
Deepti Biswas et al. (A) [Group I] 2022 42.51 5.4100 20 33.5% 42.51[40.14;44.88]
Deepti Biswas et al. (B) [Group 1] 2022 33.55 1.5200 20 35.1% 33.55[32.88;34.22] :
Total (95% Cl) 60 100.0% 36.14 [22.30;49.98] —~——
Prediction interval [-41.71; 114.00]
Heterogeneity: Tau?= 27.7576; Chi2=51.94, df = 2 (P < 0.01); 1= 96% (') 5'0 ] (I)o

Fig. 2. Pooled estimate of maximal mouth opening in subjects of group |
Puc. 2. O6beanHeHHasa OLeHKa MakCMManbHOro OTKPbIBAHUA PTa'y y4aCTHUKOB rpynnbi |

Experimental Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
[
Dalai et al. 2023 28.34 23400 15 28.41 24700 15 50.3% -0.03[-0.74;0.69]
Thomas et al. 2023 38.47 3.4100 45 3.33 2.0600 45 49.7% 12.37[10.48;14.26]
Total (95% Cl) 60 60 100.0% 6.14[-72.61;84.89] ;
I

Heterogeneity: Tau? = 76.2935; Chi? = 144.35, df = 1 (P < 0.01); I2=99%
Test for overall effect: t, =0.99 (P = 0.50)

I 1
-50 0 50

Fig. 3. Pooled estimate of maximal mouth opening in participants of group Il
Puc. 3. O6beamHeHHasa OLeHKa MakCUManbHOro OTKPbIBAHNS PTa 'y y4aCTHUKOB rpynnbi I
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Table 3. Characteristics of intervention and control group

Tabnuua 3. XapakTepucTykn rpynrbl BMELIaTeIbCTBa M KOHTPOJIbHOW rpynnbl

Intervention characteristics Control group
Age
Study ID | of partici- Number Number
pants Type of partici- Mean (SD) Duration p-value Type of partici- Mean (SD) Duration p-value
pants pants

'\gfgr‘ggﬁg‘"" Range: Tulsi paste o  |MO(Post)-3225+8.24| Twice | MO=<0.05(S) B B B B B
[:'39] 20-50years (500 gm) BS(Post) - 2.05+2.14 daily BS=<0.05(S)

Virani et al. Range: Tulsi + 30 MO (Post) - 23.66+6.45| Five times | MO=<0.05(S) _ _ _ _ _

2018 [40] | 18-48years | Turmeric gel BS(Post) - 0.20+£0.76 daily BS=<0.05(S)

Oral antioxi-

Aty | hot jsmthenoyrl oo -gaa0:ate) FOU Iwo->00s009 | O | g, MORosy -3400:262 T uo->0050is
) mentioned g BS(Post) - 3.10+1.29 . BS=>0.05(NS) BS(Post) —4.00+1.25 ) BS=>0.05(NS)
[41] powder + 1 gm daily therapy daily

Tulsi powder
5mg tulsi + 5 mg of
Rizvi et Mean age: | 5m gtriamci- MO (Post) - 28.2+4.43 Twice MO=>0.05(NS) | curcumin + MO (Post) - 28.9+3.58 Twice MO=<0.05(S)
212010 [42]| 40.4 il Il 30 BS(Post) ~2.9+0.923 | ¢ BS=<0.05(S) |5mg triam- 30 BS(Post)-2+1.08 | [ BS=<0.05(S)
: Y i TP(Post) - 27.4+4.8 Y| TP=<0.05(S) | cinolone TP (Post) - 27.8+3.63 Y | TP=<0.05(S)
acetonide
Group A:
MO (Post) - 42.51+£5.41
BS(Post) - 2.75+1.16

Biswaset | o ge: | 60 gm oftulsi Group B: Twice | MO=<0.05(S)

al. 2022 148 ohd above aste 60 MO(Post) -33.55=1.52) 1, BS=<0.05(S) a - - - -
[44] P BS (Post) - 2.60+ 1.10 y :

Group C:
MO (Post) — 26.05+2.27
BS(Post) - 2.75+0.91
1 gm tulsi Two to 1gm aloe Twoto

Dalai et al. Range: gwder+ 15 MO (Post) - 28.34+£2.34 three MO=>0.05(NS) %era+ 15 MO (Post) —28.41£2.47| three |MO=>0.05(NS)

2023 [45] |20-55years P ) BS(Post) - 2.32+1.28 |,. .| BS=>0.05(NS) ) BS(Post) -2.40£1.32 | times |BS=>0.05(NS)

glycerin times daily glycerin daily

Thomas MO (Post) — 38.47+3.41 MO=<0.05(S) MO (Post) — 41.58+4.98 MO=<0.05(S)

ctal 2023 Range: Tulsitablets 45 BS(Post) - 1.77+1.41 Twice BS=<0.05(S) Oxitard 45 BS(Post) - 3.33+2.06 | Twice BS=<0.05(S)
[43] 20-60years 500 mg TP(Post) —39.19+5.17 daily TP=<0.05(S) tablets TP(Post) —42.40+4.82 daily TP=<0.05(S)

CF(Post) —22.93+3.69 CF=<0.05(S) CF(Post) - 26.00+4.11 CF=<0.05(S)

Note: MO: Mouth opening; BS: Burning sensation. p values less than 0.05 are considered statistically significant (denoted as “(S)”) and those greater than 0.05 are not statistically
significant (denoted as “(NS)”)
lMpumeyarHne: MO: OTkpbiBaHue pTa; BS: OwyuieHne xxeHuns. 3HavyeHns p meHblle 0,05 cuntaloTcs CTaTUCTUYECKU 3HAYNMMbIMU (0O03Ha4YeHbI Kak «(S)»), a 3HavyeHus 6onblue 0,05 -
CTaTUCTMYECKU HE3HAYMMBbIMU (0603HAYEHbI Kak «(NS)»)..
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Experimental Mean Mean
Study Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Madhulatha G. et al. [Group 1] 2017 2.05 2.1400 20 12.2% 2.05[1.11;2.99] —_—
Deepti Biswas et al. (A) [Group 1] 2022 2.75 1.1600 20 41.6% 2.75[2.24; 3.26] —
Deepti Biswas et al. (B) [Group 1] 2022 2.60 1.1000 20 46.2% 2.60[2.12;3.08] —_—
Total (95% Cl) 60 100.0% 2.60[1.94; 3.25] ‘
Prediction interval [0.47;4.72]
Heterogeneity: Tau? = 0; Chi2 = 1.65, df =2 (P < 0.44); 2= 0% I I I I
1 2 3 4
Fig. 4. Pooled estimate of burning sensation in subjects of group |
Puc. 4. O6beamHeHHas OLEeHKa OLLYLLEHWUS XKEHUS Y Y4aCTHUKOB rpynnbi |
Experimental Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Dalai et al. 2023 28.34 23400 15 28.41 24700 15 50.3% -0.03[-0.74;0.69] .
Thomas et al. 2023 38.47 3.4100 45 3.33 2.0600 45 49.7% 12.37[10.48;14.26]
Total (95% Cl) 60 60 100.0% 6.14[-72.61;84.89]
Heterogeneity: Tau? = 76.2935; Chi?=144.35, df =1 (P < 0.01); I2=99% f I |

Test for overall effect: t, = 0.99 (P = 0.50) -50 0 50

Fig. 5. Pooled estimate of burning sensation in subjects of group Il
Puc. 5. O6beaMHEHHAs OLLEHKA OLLYLLEHUS XOKEHUS Y YY4aCTHUKOB rpynnbi I

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%
[ Low risk []Some concerns [ High risk

Fig. 6. Shows the graph for risk of bias among RCTs included in this review
Puc. 6. Npaduk, nokasblBaOLLNA PUCK cucTeMaTyeckom owmnodkm cpeam PKN, BKIIOYEHHbIX B AaHHbI 0630p

Bias due to confounding

Bias due to selection of participants
Bias in classification of interventions

Bias due to deviations from intended interventions

Bias due to missing data

Bias in measurement of the outcomes

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%
[ Low risk [IModerate risk [l Serious risk

Fig. 7. Shows the graph for risk of bias among non-RCTs included in this review

Puc. 7. Ipaduk, nokasbiBaOLLMA PUCK CUCTEMATUYECKON OLWNOKM cpean nccneposanuin 6e3 PK, BKIIOYEHHbIX
B AlaHHbIN 0630p
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Burning Sensation (Group Il)

In total, two studies were included in the Group Il
analysis, comprising 60 participants each in the ex-
perimental and control cohorts. The results showed
no statistically significant difference between the two
groups, with a pooled SMD of 6.14 and a 95% confi-
dence interval ranging from -72.61 to 84.89. The test
for overall effect yielded an insignificant result. Howe-
ver, significant heterogeneity was detected (p < 0.01),
indicating considerable variability in the magnitude
and/or direction of effects across studies. The I value
of 99% suggests that this variability is largely due to
heterogeneity rather than random variation.

Quality Assessment

Risk of bias in RCTs

The analysis of both the RCTs found that, one
study [42] portrayed high risk of bias owing to incom-
plete documentation of the randomization process, lack
of assignment and blinding process details. The other
RCT [43] mentioned the details of randomization pro-
cess (lottery method), as well as allocation of the par-
ticipants was concealed.

Risk of Bias in Non-RCTs

The risk of bias was rated as high in two studies —
Biswas et al. [44] and Dalai et al. [45] compared to the
three non-RCTs. This higher bias was attributed to in-
adequate control of confounding factors, incomplete
data reporting, and deviations from the pre-specified
treatment protocols. All non-RCTs were rated as having
some concerns, primarily because none of the studies
clearly reported whether any deviations occurred from
the planned treatment regimen.

DISCUSSION

The objective of the present systematic review
was to assess the efficacy of the HoB in improving the
clinical symptoms in patients with OSMF by analy-
zing clinical. Findings from the seven studies demon-
strated mixed effects of HoB on the clinical symptoms
associated with OSMF. Some [39; 40; 43; 44] showed
promising potential for HoB in alleviating the clinical
symptoms, primarily with respect to MO and BS, while
others [41; 42; 45] reported insignificant effects.
Therefore, the limited number of studies and the he-
terogeneity among them necessitate a meticulous
understanding of these results.

Out of 126 initially screened studies, seven fulfilled
the inclusion criteria, comprising two randomized
controlled trials (RCTs) and five observational stu-
dies. The interventions utilized HoB either in its pure
form [39; 43-45] or in combination with other agents
such as curcumin [40; 41] or triamcinolone aceto-
nide [42]. While these combinations may enhance the-
rapeutic efficacy through synergistic mechanisms, they
also introduce confounding effects, making it challeng-
ing to isolate HoB’s specific contribution. Conversely,
studies that used HoB in its pure form dispensed it in
various formulations- ranging from paste to tablet and
different dosage, which may have impacted its bioavai-
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lability and therapeutic effect. Thomas et al. [43] admi-
nistered 500mg of HoB tablets and observed promi-
sing results in improving the clinical symptoms such as
MO, BS, TP (tongue protusion) and CF (cheek flexibility).
This could be attributed to the systemic effects HoB, as
OSMF - previously classified under premalignant con-
dition — affects the generalized state of the body. Sys-
temic administration of HoB might exert more potent
medicinal effects compared to topical application.

On the other hand, Dalai et al., Biswas et al., Ma-
dhulatha et al. [39; 44; 45] dispensed HoB in paste form
at doses of 1 gm, 60 gm, 500 gm, respectively. Among
these studies, one [45] reported insignificant results,
while the other two [39; 44] found significant outcomes.
These findings highlight the importance of a compara-
tor group and appropriate dosage for topical adminis-
tration to achieve favorable results. Dalai et al. [45] used
a considerably lower dose compared to the other two
studies [39; 44], which may have reduced the effective-
ness of HoB. Additionally, the absence of a comparator
group in the latter two studies might have introduced
bias in achieving the desired outcomes.

Of the seven included studies, four studies [39; 42-44]
employed standard twice-daily application of the in-
tervention. Three studies [39; 43;44] demonstrated
significant reductions in clinical symptoms, while one
study [42] showed significant results with respect to re-
duction in BS but not in reduction in MO. significant im-
provement in BS but not MO. This discrepancy could be
attributed to the lower dosage in combination therapy
used by Rizvi D et al. study [42], which combined HoB
with triamcinolone acetonide and used a significantly
lower dose of HoB (5 mg) compared to the other three
studies (500 g, 60 g, and 500 g) [39; 43; 44].

In contrast, three studies [40; 41; 45] prescribed
more frequent applications—more than twice daily.
Among these, only one study [40], which provided clear
instructions for five daily applications, yielded statisti-
cally significant results. However, this study used acom-
bination therapy (HoB combined with turmeric), which
may have contributed to the positive outcome and intro-
duced bias regarding attribution of benefits. The other
two studies [41; 45], which vaguely prescribed ranges
such as four to five times or two to three times daily,
reported insignificant results. The negative outcomes
could be attributed to unclear instructions regarding
application frequency.

The meta-analysis focused on MO and BS as prima-
ry outcomes due to their reliability and reproducibility in
assessing OSMF severity. Only studies that employed
pure forms of HoB were included; thus, four out of seven
studies were analyzed. The meta-analysis revealed that
HoB showed potential in improving these clinical symp-
toms among OSMF patients. Specifically, summarized
raw means indicated a positive effect with a mean dif-
ference of 36.14 and a 95% confidence interval ranging
from 22.3 to 49.98. Despite these promising results,
significant heterogeneity was noted among the studies
(2 = 96%), suggesting that variability was primarily due
to differences in study designs and interventions rather
than random chance.
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The reduction in BS appeared more consistent
across studies compared to MO outcomes. Virani et al.
study [40] which used Tulsi-turmeric gel, demonstrated
the most substantial improvement in BS scores - in-
dicating a potential synergistic effect between these
agents. However, other studies reported less pro-
nounced or statistically insignificant changes com-
pared to control therapies. This variability underscores
the need for standardized formulations and protocols to
better assess Tulsi’s efficacy.

Several factors may account for the observed varia-
bility in outcomes: herbal compounds often suffer from
poor lipid solubility and low systemic absorption — limi-
ting their efficacy in vivo despite promising in vitro
activity; curcumin’s inclusion may have enhanced bio-
availability through its known absorption-enhancing
properties [46; 47]; combining Tulsi with agents like
curcumin or triamcinolone may amplify anti-inflamma-
tory effects while complicating attribution of therapeu-
tic benefits; variability in disease severity, duration, and
patient demographics likely influenced treatment re-
sponses; differences in application methods (e.g., topi-
cal vs oral), dosages, and treatment durations further
contributed to inconsistent outcomes.

This systematic review’s strengths include a thor-
ough search strategy, stringent adherence to eligibi-
lity criteria, objective appraisal methods, and analyti-
cal techniques such as meta-analysis. However, certain
limitations exist: variability in study designs complicates
definitive conclusions about HoB’s efficacy; methodo-
logical flaws such as improper randomization pro-
cesses and inadequate blinding may introduce biases;
significant heterogeneity among measured outcomes
limits the overall validity of meta-analysis findings.

Future research should address these gaps by
conducting large-scale RCTs with robust randomiza-
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