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Abstract

Ozone therapy has emerged as a promising treatment modality in dentistry due to its antimicrobial and healing prop-
erties. This systematic review aimed to evaluate the recent clinical trials on ozone therapy in dentistry and its impact
on therapeutic outcomes. A comprehensive literature search was conducted across multiple databases, includ-

ing Web of Science, PubMed, and Scopus from January 2018 to December 2024, identifying studies that investigated
the use of ozone in dental applications. The findings demonstrated that ozone therapy is effective in improving peri-
odontal health, healing soft tissue after dental implant surgery, and reducing postoperative discomfort. The combina-
tion of scaling and root planing with gaseous ozone therapy showed superior periodontal response rates. The use

of ozone during endodontics procedures resulted in reduced post-treatment pain, while ozonated materials showed
promise in the management of dentinal hypersensitivity. However, it is not recommended in restorative dentistry due
to potential adverse effects on dentinal bond strength. The findings of this systematic review supported the integra-
tion of ozone therapy into dentistry as an adjunctive therapy. More research is needed to elucidate its mechanisms,
optimize application techniques, and evaluate long-term outcomes for patient safety and treatment effectiveness.
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Introduction
Ozone (Oj) is a triatomic molecule that has attracted
attention in various fields due to its strong oxidizing
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properties and effective antimicrobial effect [1, 2]. The
use of ozone in dentistry is particularly compelling, as
dental practices are continuously seeking innovative
solutions to improve oral health outcomes [3, 4]. Given
the increasing prevalence of dental diseases worldwide,
there is an urgent need to investigate adjunctive therapies
such as ozone for more effective treatment and preven-
tion strategies [5, 6].

Ozone has strong oxidizing properties that enable it to
effectively disrupt microbial cell walls, thereby reducing
microbial load and promoting tissue regeneration [2, 7].
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This distinguishes it from traditional antimicrobial agents
such as chlorhexidine, hydrogen peroxide and sodium
hypochlorite, which, while effective, have limitations in
spectrum of action and potential adverse effects [8—10].

Chlorhexidine, a widely used antiseptic in dentistry,
is known for its broad-spectrum antimicrobial activity.
However, it has been associated with side effects such
as tooth staining, altered taste perception, and poten-
tial cytotoxicity at higher concentrations [11, 12]. While
hydrogen peroxide is the most commonly used oxidant,
ozone is emerging as a viable alternative due to its dis-
tinct properties, including its ability to penetrate bio-
films and provide a broad-spectrum antimicrobial effect
(13, 14].

Sodium hypochlorite, commonly used as a root canal
irrigator, is effective in eliminating bacteria from root
canals but can be irritating to surrounding tissues and
has limited efficacy in certain biofilm scenarios [15-17].
In contrast, ozone therapy not only exhibits a broad spec-
trum of antimicrobial activity against bacteria, viruses,
and fungi, but also promotes soft tissue healing by
increasing oxygenation, increasing blood flow, and stimu-
lating fibroblast activity. This multifaceted action makes
ozone a compelling alternative or complement to tradi-
tional agents [18, 19].

Furthermore, the integration of ozone therapy into
standard clinical protocols represents a significant
advance in dental practice. Its application can be tailored
to different clinical scenarios, including periodontal ther-
apy, root canal therapy, and wound healing after surgi-
cal interventions [18, 20]. Ozone can be used in various
forms, including gaseous ozone, ozonated oils, and ozo-
nated water, allowing for versatile use in various clinical
settings [21, 22].

The antibacterial mechanism of ozone primarily
involves the oxidation of lipids, proteins, and nucleic
acids in bacterial cells, leading to cell lysis. Regard-
ing bleaching ability, the oxidative reactions induced by
ozone can effectively break down chromogenic com-
pounds in teeth, resulting in a rapid and efficient bleach-
ing effect [23].

The application of ozone in endodontics offers a prom-
ising adjunctive approach for improving disinfection
and promoting healing [24]. Research has indicated that
ozone can reduce bacterial counts in infected root canals,
assist in the disinfection of necrotic pulp tissue, and may
enhance the overall success rates of endodontic treat-
ments. Its use is considered a complementary adjunct to
traditional endodontic techniques, offering a promising
alternative for improving patient outcomes and promot-
ing faster healing [25].

A recent systematic review by Puleio et al. as high-
lighted that debris extrusion is a primary contributor to
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postoperative discomfort, particularly during non-sur-
gical endodontic retreatments. This review investigated
whether continuous rotating instruments extrude less
apical debris compared to reciprocating instruments,
concluding that there is no significant difference between
the two techniques. This finding revealed the need for
strategies that can mitigate the effects of debris extrusion
and enhance healing, which is where ozone therapy may
play a crucial role [26].

While some studies report positive results on pain
management and improvement, others have inconclusive
or conflicting results. Furthermore, many trials lack com-
prehensive analyses of the long-term effects and safety of
ozone therapy, leading to uncertainty about its clinical
application [13, 27].

This inconsistency represents a significant gap in
understanding the efficacy of ozone therapy and its role
in a wider range of dental treatments. Given the growing
interest in ozone therapy and its potential benefits, there
is an urgent need for a systematic review that critically
evaluates the current evidence base.

The aim of this systematic review was to comprehen-
sively assess the efficacy of ozone therapy in dentistry,
specifically focusing on its effects on healing, pain man-
agement, and overall therapeutic outcomes. By combin-
ing data from randomized controlled trials (RCTs), this
study sought to provide evidence-based insights that
could guide dentists in the use of ozone therapy.

Methods

Study design

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. The review
specifically targeted randomized controlled trials (RCTs)
that evaluated the efficacy of ozone therapy in dental
applications, with a particular focus on its impact on
healing outcomes and pain management. The primary
research question guiding this study was: “How effec-
tive is ozone therapy in improving healing processes and
managing pain in dental treatments, as evidenced by
clinical trial outcomes?” This question was designed to
direct the systematic search and analysis towards specific
clinical outcomes associated with ozone therapy.

Search strategy

A systematic search of the literature was performed using
multiple databases, including Web of Science, PubMed,
and Scopus, for studies published in English from 2018
to 2024. The search terms employed included “Ozone
therapy,” “Dentistry, “Dental applications,” “Healing
outcomes,” and “Pain management” These terms were
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Table 1 Search strategy in the considered databases

Database Search strategy and possible combination Number
of articles
retrieved

Web of Science  (TS=("Ozone Therapy” OR Ozone) AND TS =("Dental Therapy” OR Dentistry OR “Oral Health”) AND TS = (“Pain Manage- 150

ment”OR Healing OR “Therapeutic Outcomes”) AND TS = (“Clinical Trials" OR Efficacy))

PubMed

(("Ozone Therapy” OR Ozone) AND (“Dental Therapy” OR Dentistry OR "Oral Health”) AND (“Pain Management”OR Heal- 90

ing OR “Therapeutic Outcomes”) AND (“Clinical Trials" OR Efficacy))

Scopus

(TITLE-ABS-KEY(“Ozone Therapy” OR Ozone) AND TITLE-ABS-KEY(“Dental Therapy” OR Dentistry OR “Oral Health") 62

AND TITLE-ABS-KEY("Pain Management” OR Healing OR “Therapeutic Outcomes”) AND TITLE-ABS-KEY(“Clinical Trials"

OR Efficacy))

Table 2 Inclusion and exclusion criteria in the study

Inclusion criteria

Exclusion criteria

Randomized controlled trials (RCTs) published in peer-reviewed journals

Studies that investigate the use of ozone therapy in any form (gas, oil,
or water) in dental procedures

Studies reporting on at least one of the following outcomes: pain reduc-
tion, wound healing, infection control, or overall therapeutic effectiveness

Studies published from January 2018 to December 2024

Articles published in English or with available English translations

Case reports, case series, reviews, meta-analyses, and editorials

Studies that do not specifically focus on ozone therapy or where the ozone
therapy intervention is not clearly defined

Studies that do not report on pain management, healing outcomes,
or other relevant therapeutic outcomes

Studies published outside the specified date range (January 2018—
December 2024)

Articles not published in English or without available English translations

combined using Boolean operators (AND, OR) to ensure
a comprehensive retrieval of relevant literature (Table 1).

Inclusion and exclusion criteria
The inclusion and exclusion criteria in this review have
been described in Table 2

Data extraction

Data extraction was performed using a standardized
data extraction form. This form was designed to capture
essential study characteristics, such as authorship, year
of publication, sample size, methodological approach,
ozone therapy application, outcome measures, results,
and conclusions. Any discrepancies in data extraction
were resolved through discussion and consensus [28].

Quality assessment

The quality of the included studies was assessed using
the Critical Appraisal Skills Program (CASP) tool, which
consists of 10 questions that address key aspects of
study quality. These dimensions include the clarity of the
research question, appropriateness of the study design,
robustness of data collection methods, rigor of data anal-
ysis, and consideration of ethical issues (Table 3). For this
purpose, Checklist A adapted from CASP was used to
evaluate the quality of qualitative and quantitative stud-
ies. The questions were answered “yes’, “to some extent’,
“no’; and the authors assigned numbers to each answer as

Table 3 CASP questions to assess the quality of included studies

No. Question

Are the study objectives clearly stated?

Is the methodology of study suitable?

Is the study design considered correctly?

Is the research strategy designed correctly?

Have the inclusion criteria been chosen correctly?

Is the data extraction correctly chosen?

Is the study quality assessment tool considered correctly?
Is the synthesis of the data done correctly?

Is the interpretation of the data correctly done?

— O 00 N O U1 A W N —

o

Is the results report clearly stated?

» «

“yes =2, “partially=1", “no=0" Scoring was also used to
assess the quality of studies. For qualitative and system-
atic reviews, a total score of 20 was calculated for each
article and graded as high quality (score=20-16), mod-
erate quality (score =10-15), or low quality (score=1-9).
This grading system was employed to enhance methodo-
logical transparency and provide a clear framework for
understanding the reliability of the evidence [29].

Data synthesis
Due to expected heterogeneity among studies, data syn-
thesis was conducted qualitatively. A narrative synthesis
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was employed to highlight similarities and differences
in study findings, considering variations in study design,
outcome measures, and patient populations.

Interpretation of results

Results were interpreted within the context of existing
literature, emphasizing their clinical relevance and prac-
tical implications for dental practice. The strengths and
limitations of the included studies were critically dis-
cussed, and recommendations for future research were
articulated, specifically addressing identified gaps in the
current literature.

Reporting

The findings of this systematic review were reported in
alignment with PRISMA guidelines, ensuring compre-
hensive and transparent presentation of the review pro-
cess and outcomes (Tables 8 and 9 in Appendices 1 and
2) [30].

Results

Description of the included studies

After conducting a thorough search of the selected data-
bases following the methods outlined in the Methods
section, 11 articles were identified from a total of 302
related studies. The included studies consisted of inter-
ventional studies (RCTs). The PRISMA flow diagram is
presented in Fig. 1, and the characteristics of the studies
included in the review are detailed in Table 4.

Quality assessment of the intended studies

This study followed the CASP tool for assessing the qual-
ity of the considered studies. The studies included in this
study were interventional studies (m=11). In general,
the results of the qualitative assessment of these studies
revealed that 9 studies were of high quality and 2 studies
were of moderate quality (Table 5). The included studies
were from Italy, Spain, Saudi Arabia, Brazil, Portugal and
India. Most of the studies were related to Italy.

Findings of the included studies

The studies reviewed presented strong evidence sup-
porting the advantages of ozone therapy in several dental
applications, especially in treating periodontal disease,
managing dental implants, performing root canal proce-
dures, and alleviating tooth sensitivity. Key uses of ozone
in dentistry identified in these studies are outlined in
Table 6. Additionally, a summary of findings from each
study is provided in the following table, which includes
specific metrics such as reductions in clinical attachment
level (CAL), probing pocket depth (PPD), visual analog
scale (VAS) pain scores, and early healing scores (EHS)
(Table 7). This format offers a clearer understanding of
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the clinical effectiveness of ozone therapy. The quanti-
tative analysis of the outcomes from these clinical trials
indicates that ozone therapy positively influences various
dental treatment results, particularly in promoting heal-
ing and minimizing pain. Notable decreases in clinical
attachment levels, probing pocket depth, and pain scores
suggest that ozone therapy may effectively complement
various dental procedures, including periodontal treat-
ment and dental implant surgery.

The evaluation of the included studies revealed sig-
nificant improvements in periodontal parameters for
patients receiving scaling and root planing (SRP) com-
bined with gaseous ozone therapy compared to SRP
alone. At the 3-month follow-up, there were significant
reductions in CAL (p<0.0001), PPD (p<0.0001), and
bleeding on probing (BOP) (p<0.0001) for the ozone
therapy group [31]. Besides, in a crossover study, sites
irrigated with ozonated water showed better wound
healing outcomes than those irrigated with saline, with
significant differences in EHS on day 1. However, no sig-
nificant differences were observed on day 5, indicating
that while ozone treatment may enhance early healing, its
long-term effects require further investigation [43].

Moreover, a study involving patients with necrotic pulp
indicated that ultrasonic and sonic activation of ozone
during root canal treatment significantly decreased
post-treatment pain, as evidenced by lower VAS scores
in groups utilizing ozone therapy compared to the con-
trol group [33]. Besides, a split-mouth randomized con-
trolled trial showed that Ozonline® treatment resulted in
a significant reduction in bacterial counts in periodontal
pockets, with the notable eradication of specific patho-
gens like Tannerella forsythia and Tannerella denticola
[34, 44]. Furthermore, no significant differences in plaque
formation or gingival inflammation were observed
between groups using ozonated water mouthwash and
control mouthwash, with both groups exhibiting similar
increases in gingival crevice fluid volume [35].

The evaluation of the included studies also indicated
that ozone therapy significantly reduced postoperative
inflammation, as indicated by lower C-reactive protein
(CRP) levels and lower VAS scores for pain in patients
receiving ozone treatment compared to controls. The
use of ozonized sunflower oil combined with tea tree
oil showed no significant difference in tooth sensitivity
compared to potassium nitrate and sodium fluoride, indi-
cating comparable effectiveness in managing sensitivity
post-bleaching [45, 46].

Additionally, the studies showed participants experi-
enced less whitening sensitivity when ozone was applied
after hydrogen peroxide bleaching, suggesting that ozone
can mitigate discomfort associated with bleaching pro-
cedures. Additionally, ozonized oils/gels demonstrated
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Fig. 1 PRISMA flow diagram

potential as whitening agents for resin composites, show-
ing a moderate effect on color change without significant
adverse effects. Based on the studies, ozone treatment
effectively reduced bacterial counts from cariogenic
bacteria, but it adversely affected dentin bond strength,
highlighting the need for cautious application prior to
restorative procedures.

The studies demonstrated that in patients with gen-
eralized periodontitis, ozone therapy as an adjunct
treatment resulted in significant improvements in
clinical parameters, including reduced gingival index,
periodontal attachment loss, and mobility, alongside
favorable changes in subgingival flora. Overall, ozone
therapy revealed promise in enhancing healing and



Page 6 of 21

(2025) 25:433

Rezaeianjam et al. BMC Oral Health

JUaWILa.} €0 JO SAUWO0D
-1N0 [edIulD WiSl-Huo| syl
31eN|eAd 01 PapaadU S|
yoJeasal Jay1ing 1eyl s1sab
-bns g Aep uo pantasqo
SoUSI3YIP JULDYIUBIS B JO
2B| 931 I9ASMOH "uoh
-eyue|dwil [elusp Jse
pouad aAieladolsod a1e
-Ipawiwl 8yl Ul buijeay
9NSS[} YOS padueyua
JuswIeal) £0 Jeyl

aul[es [ew
-JOU YHM pa1ebiill sem
3PIS JDY10 Y3 3|Iym
‘UOIIN|OS Ja1eM €0 JO W
01 yum paiebulr Ajuop
-UBJ SBM 21IS 2UO 'shep

€ Ja1ye pue A1sbins usyye
Aj21eipauiw| ‘mef Jaddn
11941 JO S9PIS Y10q uo
(syueidwil [eauap) A1abins
[BJO JE|IWIS JUdMIIPUN

uoney
-ue|dwl [eyusp Jaje
Buljeay anssiy 1yos uo

uonn|os Ja1em (F0)
2U0ZO YaMm uopebill
[B20] JO 1232 3y}

(1DY) [euL

[eu3 [ed1ulD

P3]|0J1U0D PazZIUIOpUEl
J9A0-550.2 B 1syue|dw
[eIUSP YHM JUSW
-1e311 4330 BuUljeay Uo
uonebiu uonnjos

0T/l L pajeanal Apnis sy syuaned paynidal sy BuluIWIRIP 9y [BDIUI]D PIZILIOPURY  2UOZO SNOaNbe JO 1093 BIgelY IpneS  0Z0Z7 [z€] '|e 19 usalleyhs 14
RVETVTR=ETR
|eruopolad ul asuodsal
snnadelayl 8yl adueyud
Aew Adeiayl auozo 1eyy 3uole dys
BunsabbNs ‘suole dys  PaAddal g dnoio ajiym
plepuels 01 paeduwlod ‘AdeJay1 auozo sno
snuoponad Jo Juaw -9s5eb Yim paulquiod siiuopolad
-1e2J1 91 Ul SOWO0IN0  (dyS) Buluue|d 1001 pue  pazijessusb a19Ass 0}
[e21ul2 12139q pey Adelays Buljeds panledal y 91eJ2POW LYIM
2u0zo yum bujuueid  dnoio isdnolb omy oaul  syuaped uj sesuodsal
1004 pue Buljeds Jo UoeU  PIPIAIP AJLIOPUEI I9M Buijeay anssiy bul
-IQWOD 3Y1 1By} pa1edipul suedpined ‘snauopo  -lowoud ul Adessyy
Apnis syl (5000 d) -1ad pazijelsusb  [pyuopousd [edibins [eLI1 [BDIUID P3J|0UOD
W Yluow-¢ ay1 e 2I9A3S 01 91eISPOUI JO -Uou pJepuels 01 PSZIUWOPUEI B :JUsW
sdnoib omy ay1 usamiaq  sisoubelp e yim s13afgns  1ounfpe ue se Adesayy -1eai} [eruopouad Jo
si919ulesed [eyuoponad ul AU3eay 06 Ul pa1oNp 2U0z0 snoaseb Jo 1ueAnfpe ondasnue
SODUDIDYIP JUBDLIUDIS  -UOD SeM APNIS PAZILUO  SSDUAIIDDYS 943 JO (1DY) [euL  buisiwoid e se Adesayy
0z/81 pPaMOYs S3Nsay -puel aAndadsoid v UOoNEeN|eAS B [eDIUID paziuopuey 2U0z0 snoaseb ay | Aley zzoz [L€] Je 39 suodey |
jusWIsSsasse ‘ON
fyjlend  uoISN|pUOd pue s}|nsaYy Sspoya wiy 2d£} Apnis 9| A1unoy aeap Joyine isii4 Apnis

MaIAS] SIY1 Ul So1PN1S Papn|oul JO soiislieloeley ) { ajqelL



Page 7 of 21

(2025) 25:433

Rezaeianjam et al. BMC Oral Health

s1¥00d |eyuoponad ul
peo |ela1deq bupnpal Aq
S9WO2INO Juaed
ano0idwl Ued Juswiesl}
|9A0U SIY1 1eY) Bunssbbns
‘spruoponad d1uolyd
21935 0} 91LISPOW JO
Juswabeuew ayj ul
@2UIIUOZO JO AeDYjR 33
pajesisuowap Apnis siyl
Juelpenb 1ybu ayy 03
pasedwiod gauljuozo yum
pa3ealy Jueipenb

13| 9Y} Ul SIUNOD [eLId}
-DBQ Ul UodNPal JUedYIU

(Bbuljeds

DIUOSEIIN YIIM paleaiy
1ueipenb ybu 9yl wWoly
0L pue gauluozo Yim
pa3eal} Jueipenb

13| 941 WO SIS O 1)
SIS 07 JO |B10} B U0} '/
Aep uo ulebe pue auj|
-958q 1€ SIS Y} WOoJ)
p33123]|02 a1am sa|dules
[eD160]01qODIN SIAl
-uoponad djuoiyd jo
sisoubelp e yum (sieak
/¥ GG 9be ueaw ‘pjo
SieaA €/—7f 'Usiom

G pue usw g) syuaped
U3} Ul P31ONPUOD SeM
ApN1s paj|0J1uo0d PazIuOo

syuaiied ynpe uj spi
-uopollad diuoiyd jo
JuSWILal) BY3 U
2Ul|UOZ() JO SSaU
-9AI1D9D AU} JO

(@)

(1DY) [euL

[eu3 [ed1ulD

pa||011UOD ‘paziLIopuel
‘YInow-11|ds v :3seasip
[exuopouad Jo Jusw
-1ea1) Joy Adesayy

07/91  -DIse psmoys synsai ay] -pues yinow-|ds v UOIeN[RAD BY]  [BDIUI)D PazZILIOpURY 3U0Z0 JO 35N 3y | Aey 020z [#€] |2 19 PAY %
JUSWILaI} SUOZO OU 0}
pasedwod uled [eued
100J-350d 553 Ul
pa3|NSal JUsWieal) [eued
1001 9|buls e bunp
3U0Z0 JO UOIIeAIIDR
IUOS pU DJUOSeIYN 1By}
papnpuUod Apnis
slyL 'sdnoib yaw pue (SWA) 8|28
'011U0D ‘YN 2Y1 01 paled Bojeue |ensia e buisn
-wod sdnob yYS pue  S|eAJIUI DU} JUSIRYIP JuswW
VNd 2Y1 Ul PaAISSgO Sem XIS 1B PISSISSe SeM ~1B3J} [PURD 1001 1ISIA
S3I0DS S\ Ul 95B2U09p  [9A3] LOJUI0DSIp Juaned  -9|buls bulobispun
1uedLIUBIS A||edNsiiels v 'sdnoib aAy Jo auo 01 syuaned uj ured |eLy
'sdnoib ynd pue 'vs paubisse Ajwopuel |eued 3001-350d Jo [EDIUID PaZIWIOPUEI B
VAW YN Ul UI1SD  2I9M SIUBIIR 'SINIUOPO 9ouajeAaid syl uo :siipuoponad [edide pue
-Mmo| pue dnoib |01} -11ad |eoide pue Y191 sanbiuyday uon dind dp0109u yum
-U0D 93 Ul 153ybiy 21om paj001-3|buls urdind  -esyjdde auozo Jualay 1991 JO JUdW1eaI}
uted Joj $2102s SYA 18yl J10I23U Yum siuanned I JO S10343 Y3 JO (1DY) |eul  dnuopopua ul Adeisyy
0T/vlL PaMOYS SYNSaI 3y 801 PaPN|PUl ApNis Siy | uospedwod ay| D paziwopuey 3U0Z0 JO Uofen|eA] elpul  1Z0T [e€] "|p 19 PYUIS €
judWISsasse ‘ON
fjend  uoisn|puod pue s3nsay SPoYyId wiy 2df1 Apn1s 9 Anuno) aeap ioyine 1sii4 Apnis

(panunuod) ¢ ajqey



Page 8 of 21

(2025) 25:433

Rezaeianjam et al. BMC Oral Health

Kiabins

1ueidwi [eyuap Joye uted
$92NPaJ pue ‘uoiiew
-WBJul SNSSI} SAZIWIUIW
‘Buijesy punom anssiy
sa1e19]90e Adesayy
auozQ ‘dnoib Jayus Ul
POAIDSGO DIIM SIUIAD
9519Ape ON “(A[2An2adsal
'8LOFEOY pue
Sy'0F £0°€) dnoub jo
-U0d 3y} yum pasedwod
(L0'0 >d) 12yb1y Apuedyiu
-Bis a1om (81'0F L6'F)

1 Aep pue (€4 0F €2 Y)
£ Kep uo dnoib [prusw

(IHM) Xopu|

BuiiesH puNopA Y1 Yim
Buiieay punom anssiy Jo
JUSWISSISSE pUB JUSU
-ssasse ujed 1o (SYA)
3|eds bojeue [ensia e jo
95N ‘UoiPWIWRUI IO}
S|aA3| (dyD) uieiold
SAI12834-D) JO JUSW
-2INseaw papn|oul
SIUSWISSSSE [BDIUID
“(dnoub j013u0d) JUsW
-1e311 SUOZO A 10U
plp oym syusied g pue
(dnolb |eruswIadx3)
3U0ZO YNM paieal}
syuaned pg :sdnoib

OM} 01Ul PapIAIP

2I9M oym syuaied
Ayyjeay A||ed11ewalsAs

ISEINN

Juejdw [eIuap U3y
Buiiesy punom pue
‘ured ‘uonew
-wepul uo Adelaya

syuejdwil
|eausp Buipunouns
saNssiy uo Adesayy

-11adX2 9Y1 Ul SJIPUL 09 YIM PRIONPUOD SBM  3UOZO JO 1034J3 Y1 JO (1DY) [euL 2U0Z0 JO 10342 Y} JO
0z/81  buiesy anssp ueaw ay| Apnis [eo1uIp v UOMeN[RAD BY]  [BDIUI)D PazZILIOpURY uolen[eAs uy elpul 1707 [9€] ‘e 19 JRYMRYS 9
Y96 pue ‘z/
SIIAIBUID 10 ‘Y 7 1B UOI1RWIO) WY
uoeWIO) WYolq [eAIBUID -0iq [eAlbuIb gns el
gns pue -eidns UO 1092 SSISSE O} PAsN sem (j74d)
1UedYIUBIS OU peY JS1BM  X9pUl dU0z 93J4-anbeid
Pa1eUOZQ 'S9JBHNS  BY] "(YSeMUINOW Ja1em
Yoo |[e1e (6£61) paj|nsip-ajgnop buisn)
dnoib jonuod ayi pue dnoib jonuod e pue |euy [esulp
(L0'61) dnoib [prusw (Ysemyinow Jarem J9A0SS0ID PaJ|011U0D
-adxs oy usamiaq  pareuozo buisn) sdnoib siIIAIBuUIb pue paziwopuel e :uonew
S9102S UOISIDAUOD |eIUSWILISAXS OM) 01Ul uojeullo} anbed -wiepul jealbulb pue uol
X3pUl Z4d Ul 92UI941p PSPIAIP 249M OUYM  [BIIUI UO J331eM pPajeu -ewioy anbeid Ajiea uo
1uedUIUbIS Aj|DASIIR1S OU SIUSPNIS [BIUSP 74O -OZO JO 103443 Y3 JO (1D¥) [euL Ysemyinoul Jayem
0z/61 pamoys Apnis ay | pa3sisuod ajdwies ay | uoneneAj D paziwopuey pa1eU0Z0 JO Adedyy3 |izeig 1707 [S€] [P 13 IUODIN S
JudWISsasse ‘ON
fjend  uoisnpuod pue s3nsay SPoOYyId wiy 2df1 Apn1s 9 Anuno) aeap loyine 1sii4 Apnis

(panunuod) ¢ ajqey



Page 9 of 21

(2025) 25:433

Rezaeianjam et al. BMC Oral Health

Buiyoea|q Jaye
pappe sem uopedldde
2UO0ZO U3yM AJAIISUSS

Buiyoea|q ssa| yum paie
-120Sse alam apixolad
uabolIpAy 98¢ Buisn sjod
-o1o.d Buiyoeag (500 >d)
pasn [02010.d Hul

-U2e3|q ay3 o ssa|piebal
ANAIISUSS Bulydea|q
1910316 payiodas syuedpdn
-Jed sjeway ‘2J0WIBYLINS
(1000 >d) “O°H %8¢ Yum
Buiyoea|q Jaye s 09 1oy
pajjdde sem auozo usaym
AUAINISUDS Bulyde3|q 59|
padualadxa syuedpiyed
I9AIMOH (1000 >d) 5|0
-o1oid Buiyoes|q yioq bul
-MOJ|0} payiodal sem

0L 010 WOl (SYA) 9|eds
Hojeue |ensia e buisn bul
-U2e3|q Jaye pue 21043q
AUAIISUSS Y100}
paviodai syueddinied
“(USW Q7 PUB USUIOM

0¢ ‘y2ea of) sdnoib

OM] 01Ul PapIAIPp
A|wWopuel 3JaM Oym
(USW Qf PUB USUWIOM Of)
syuedipied gg BulAjoAul
[BLI} [BDIUID P3]|0JIUOD

Elilere}

Buisn usyy pue {oH

98¢ 10 (CO°H) 8€ ap!

-xo012d usaboipAy Ajuo
Buisn buiyoea|q Jaye
AlAnIsuss bul

(1DY) [euL

[BH] Po[|OUGD
POZIWOPURY Y :3U0ZO
INOYUAA pUE YU
Buiyoes|g spixoiad
uaboIpAH buimoyjo

0z/0T AUAIISUSS BuUIYDea|g  PSZILIOPURI B SBM SIU|  -UDB3|] JO UONEN|RAT  [DIUI|D) PIZIWOPURY AUAILISUSS Y100]  BIgeIY IPNeS #7207 [8€] '|e 18 ueSSeRH UIg 8
Buiyoes|q apixolad
usbolpAY Jo 10349 Y1 Uo
10949 Aue pey Jusw
-1e.1 J9Y1IaU ‘2J0WIaY)
-In4 “Butuanym Y1001 Aq
pasnpul ALAINSUSS
41001 bupnpal ul dnoib |10 9241 B3] YIM
|0J3U0D BY1 Ul SPLONY  PAUIGUOD |10 J9MOpUNS
WINIPOS PUB 91eJ1IU WNIS  PaJeuozo paAedal dnoib  splony winipos pue
-510d SB 9AIID9YD SB SeM  [RIUSWILIRAXS 31 S|Iym 91eJu winissejod
IO 9311 B3] Y1IM paulq ‘Spuon(} WNIpos pue Buisn dnoub jo1n
W02 |10 P3ZIUOZO 1eY) 91elu winissejod -Uod ay1 01 pased
papNPUOod ApNis ayl  PaAledal dnolb |0Uod  -Wod Bulydes|q idle |euy |ed
'sdnoub |011uod pue e} 3yl “(6¢=Uu) sdnoib AUAILISUSS UUSP -|UI|> pul|g-a|gnop pue
-Uawiladxa ay) usamiaq [IUSWIIRAXS OMI 03Ul BUIj[01IUOD Ul |10 9311 paziwopues :bulysealq
S|9AS| AUAIISUSS Ul papIAIP sluedidied yum B YUM PauIquiod [PIUSP Ul S1USbe Bul
9DUIaYIP JUBDYIUBIS B> P1ONPUOD SeM [elil [eD 10 JuIweads Jo -Z11ISU9S9P SE |10 9911
-115111S OU SEM 219Ul 1eYL  -IUID PUI|G-3|GNOP ‘PUIlg  SSSUDAIIIRYS 91 JO (1LDY) [euL 3] YUM |10 JISMOPUNS
0z/L1 pPaMOYs S3Nsal a3yl -9|gnNop ‘paziuopuel uolen|eny D paziwopuey paz1u0zo Jo A>edy)3 |Izelg €707 [£€] '|e 33 Japlauyds /
jusWIsSsasse ‘ON
fjend  uoisn|puod pue s3nsay SPoYyId wiy 2df1 Apn1s 9 Anuno) aeap ioyine 1sii4 Apnis

(panunuod) ¢ ajqey



Page 10 of 21

(2025) 25:433

Rezaeianjam et al. BMC Oral Health

SIENHIEEN
SAI1RI01S3I [eIUDP O} Joud
2U0z0 Jo 3sn ay) bul
-psebas pasiApe s| uojned
'910J2J3Y] "UOISaYpE Ul
-U3pP UO 193443 [PIUSWILISP
S} s21eJISUOWSP APN1S
SIY1 ‘ela12eq dJUSb0

-1ied 1suiebe A1anoe
[eu1eqgue buisiuiold
SMOYS SUOZO 3[IYM L0000
ueyl ssa| jo anjea-d e bui
-MOUYS S1INsal YAONY Yim
‘JUsaW1eaI] BUOZO AQg
pa10aye Ajpuedylubls sem
(sa.1r) yibuans puoq
3|ISUS30I0IUW UUSp
J9ASMOH TW/D4N

LvOl 019vOL woy
‘SYUNOD |ela10eq Ul uon
-dnpal Juedyiubis e uj

SANINED |
sseD yum pasedaud pue
sdnoib Inoj olul papIAIp

2I9M SIejOW UBWNY 07
‘(sa1r) yibuans puoq
3|ISUS10IDIU SS3SSR O]

"9Uab [PDIPAW BUOZO

Buisn (/6 pg) Jsrem

paziuozo pue (Jw/6r of)
seb au0zo 03 (Ipun|saeu

S92AWOUNDY pue ‘19sed

SN||IDeqO1DET ‘SNULIGOS

sn>20503dans ‘sueinu
sN220203dais) eLaldeq
|uabolIed INoJ JO UOoIs

-uadsns e buisodxa

yibuans

puog unuap Uo
109449 3SI9APE
3d|qissod sy jo uone
-N[eAS pue ed1deq
Buisned-sapied uo
dUOZO0 JO 109449 [el
-310BgNIUR 3Y) JO

(1DY) [euL

Apnis

OJUA U] Uy—y1buang

puog unuad uo 10843
[eIpnaid [enuiod

S1| pue ea12eg dlUabho
-lJe7) uo auozQ JO

07/8L P31nsal auozo Jo asn ay | PoAJOAUL APNIS SIY L UolleN|eAd 3Y|  [BDIUI]D PazZIWopueYy 1039}J3 |ela12egNUY |ebnuod 70t [0¥] e 19 so1ues 0l
2IN1DNAS
-0IDIW [WRUS Y1 IO
Buiydes|q yrool ybnoy: 020C
paule1qo 100D Y1 Bul  |dy 01 6107 Sunf Woly
-1094J8 INOYIM ANARISUDS eueled JO ANSISAIUN
1001 padnpai AjoAl 91B1G UIISIM Y3 JO
-D9JJ3 pue 3SN [BIIUID 10} dIUlD [eIuag ay3 e
1uabe Buziisuassp e se P312NPUOD Sem Apnis
[enualod pamoys (Q) 9y (g-0) 1uabe bul
3U0Z0 HujulRIUOD -Uoes|q pue Jusbe (tQ) auozo
|96 [PIusWILRdXD By | BuiziIsuasap paziuozo Buluieluod |96 ety
'sdnolb omi ay1 usamiag wdd gl e pasndnoib  HBuiznisuasap e buisn
PaAISSCO SBM 109443 Bul J3Y10 3Y1 3IYM (g-40)  3uswieas buiyoea|q
-4de3|q Ul 9oulayip uedl  1usbe Bujyoes|q pue bul Y1003 904j0-U| Jaye
-JIUBIS OU 4I9A9MOH “dNOIB  -ZIIISUSSIP 99.14-2U0ZO Ue 2IN1DNIISOIDIU Buiyoealg [pauag
g-0 9Y3 ul 1ey3 ueyy pasn dnolb auo :(Yoea [oUWeus pue ‘(S1) 92J0-U| pue AUAINSUSS
19yb1y Apuediubis sem 07) sdnoib omy oxul  AUAIISUSS Y1001 ‘(39) 4100] uo |95 buizius
dnoib g-40 ay3 ul PSPIAIP ‘Siejow paIy} 1099 bulyoes|q jo (1D¥) [BlL  -U3s3(Q Paseg-auozQ |ex
0T/ 1 AUAIISUSS Yl00]  A10j papnjpul Apnis ay | uofen|eAd ay| D paziwopuey  -Uswiiadx3 ue Jo 10943 |izeig €707 [6€] ‘e 19 1UBOISQ 6
JudWISsasse ‘ON
fjend  uoisnpuod pue s3nsay SPoOYyId wiy 2df1 Apn1s 9 Anuno) aeap loyine 1sii4 Apnis

(panunuod) ¢ ajqey



Page 11 of 21

(2025) 25:433

Rezaeianjam et al. BMC Oral Health

siyauoponad J1uoIyd pazi
-|eJ2uab JO sased Ul Jusw
-1ea11 aAdUN(pe ue se
p31eI9|0} ||aMm pue
2A123Y3 s Adesayy

2U0Z0 1By} UOISN|DUOD 3y}
1oddns |el1 ay3 Jo synsal
|1e12A0 3YL (10000 >d)
eJo}4 [eAIbuUIBgNs oYy Jo
Apnis aAlelenb ay1 ul
PaAISSCO OS[e sem
DURIRYIP 1UBdYIUBIS
(10000 >4) uoisaype |2
-|uld ul Juswanolduwi pue
xapul [eAibulb ur uon
-dnpais Juedylubis Ajjednsn
-B15 B paMOYs syuelpenb
P31e311-9U0Z0 Sy} ‘IUsW

(SYA)
9|eds Hojeue |ensia Aq

passasse sjuauanoidull
[BDIUID PUB ‘X3pUl
Ayjigow 3|1 'ssoj

-uoponad ‘xapul [eAlbulb
papN|oul PapIoal S3|qe
-LIeA [eD1ul]D siuelpenb
JNOJ 01Ul PIPIAIP SeM
yinow sjusned yoes
yoiym ut ‘ubisap
ynow-|ds e pasn
Apnis ay] “Apnis ay3 ul
P3]|0JUS 249M SILIUOPO
-uad pazijesausb yim

siuopoLad
paziesauab Yum
syuaned ul Adesayy
[EDIUBYDIW 0}
1uswadwiod e se
Adelay1 auozo jo
SSOUDAIIDAYD DY} JO

(1DY) [euL

Apnis |es1bo|
-0IQOJDIUW pUR [BJIUlD B
:siuoponad yum

07/L1  -1e311 JO SY29M INOJ ISy syuaned z¢ Jo k101 UoNeN|eAd 3YL  [eDIUllD) paziwopuery syuaned ul suozo uleds zzoz  [LY] e 19 euagd-zaliwey 1L
JudWISSISse ‘ON
Ayjenp  uoisnpuod pue synsay spoyla wiy adAy Apnis dML A1uno) i1es) Joyine 3sii4 Apnmis

(PanUNUOd) ¥ 3jqey



Rezaeianjam et al. BMC Oral Health

(2025) 25:433 Page 12 of 21

Table 5 Quality assessment of interventional studies applied from CASP (Checklist A)

No. References Question Score Max=20
1 2 3 4 5 6 7 8 9 10

1 Rapone et al. 2 1 2 1 2 2 2 2 2 18/20
2 Sghaireen et al. 2 2 2 1 2 2 1 2 1 2 17/20
3 Sinha etal. 1 1 1 1 2 2 1 1 2 2 14/20
4 Piva etal. 2 2 2 1 2 2 2 1 1 1 16/20
5 Nicolini et al. 2 2 2 2 2 2 2 1 2 2 1920
6 Shekhar et al. 2 2 1 2 2 2 2 2 1 2 18/20
7 Schneider et al. 2 2 2 1 2 1 2 1 2 2 17/20
8 Bin Hassan et al. 2 2 2 2 2 2 2 2 2 2 20/20
9 Detogni et al. 2 2 1 1 2 2 2 2 1 2 17/20
10 Santos et al. 2 2 2 2 2 1 1 2 2 18/20
11 Ramirez-Pena et al. 1 2 2 2 2 2 1 2 1 17/20

1- Aims of the study are clearly stated

2- Qualitative methodology is appropriate

3- Research design is appropriate to address the aims of the research

4- Recruitment strategy is appropriate to the aims of the research

5-The data is collected in a way that it addresses the research issue

6- The relationship between researcher and participants are adequately considered

7- Ethical issues have been taken into consideration

8-The data analysis is sufficiently rigorous

9-The findings are clearly stated

10- The value of the research is discussed

Scores: 0=No, 1=Partially, 2=Yes

Table 6 Some key applications of ozone in dentistry in the included studies [42]

Application

Description

Cavity Treatment
Root Canal Treatment
Periodontal Therapy

Antimicrobial Rinses

Wound Healing

Treatment of Oral Infections
Desensitizing Agent

Prevention of Odontogenic Infec-
tions

Enhancement of Dental Materials

Whitening Procedures

Ozone can be used to treat early carious lesions. It helps in remineralizing the enamel and can potentially halt
the progression of cavities by eliminating bacteria responsible for decay

Ozone can be employed during root canal procedures to disinfect the root canal system. Its gas or aqueous
forms can be used to eradicate bacteria and reduce the risk of reinfection

Ozone therapy may serve as an adjunct in the treatment of periodontal disease. It can help reduce bacterial
load in periodontal pockets, promote healing, and decrease inflammation

Ozone-infused water or gas can be used as an oral rinse to reduce oral bacterial load and improve overall

oral hygiene. This application can be particularly beneficial for patients with compromised immune systems
or those undergoing certain dental procedures

Ozone has been shown to promote faster healing of oral soft tissue wounds, such as after tooth extractions

or surgeries, by enhancing blood flow and reducing inflammation

Ozone can be used to treat various oral infections, including herpetic lesions and candidiasis, due to its broad-
spectrum antimicrobial properties

Ozone has been studied for its ability to reduce tooth sensitivity, acting on exposed dentin surfaces by occlud-
ing the tubules or through other mechanisms

Ozone therapy can be used to sterilize instruments and surfaces in the dental clinic, which helps in preventing
cross-contamination and the spread of infections

Ozone may be utilized in combination with dental materials to enhance their antimicrobial properties

and improve the longevity of restorations

Some dental practices integrate ozone therapy into professional teeth whitening treatments to enhance

the effectiveness and minimize potential side effects, such as sensitivity
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Table 7 Quantitative synthesis of the outcomes in the included studies

Study Reference Outcome Measure Ozone Treatment Group Results Control Group Results Statistical
Significance
(p-value)
Rapone et al. CAL (mm) Reduction from baseline (mean) Not reported <0.0001
PPD (mm) Reduction from baseline (mean) Not reported <0.0001
Bleeding on Probing (BOP) Significant improvement Not reported <0.0001

Sghaireen et al. Early Healing Score (EHS)

No significant difference on day 5

Significant improvement on day 1

Lower scores on day 1 Not reported

Not significant

Sinha et al. Pain Score (VAS) Lowest in PUA and SA groups Highest in control group P<0.001
Piva et al. Bacterial Load (CFU) 38% reduction in Fusobacterium Not reported Not reported
nucleatum
Nicolini et al. PFZ Index 19.07 (ozonated water) 19.79 (control) Not significant
Shekhar et al. CRP (mg/dL) 0.10 (ozonated water) 0.63 (control) p<0.001
Pain Score (VAS) 3.50+0.63 (day 7) 37.70+4.17 (day 7) p<0.001
Wound Healing Index (WHI) 4.23+043 (day 7) 3.07+045 (day 7) p<0.01

Schneider et al. Sensitivity Levels

No significant difference

No significant difference Not significant

Bin Hassan et al. VAS (Sensitivity) Less sensitivity with ozone Higher sensitivity without ozone  p<0.001
Detogni et al. VAS (Tooth Sensitivity) Lower sensitivity with ozone Higher sensitivity without ozone  Not reported
Santos et al. Bacterial Counts (CFU/mL) Reduction from 10A6 to 10/ 1 Not reported p<0.001
Microtensile Bond Strength (UTBS)  Significantly affected by ozone Not reported p<0.001
Ramirez-Pefa et al. Gingival Index Significant reduction Not reported p<0.0001
Clinical Attachment Level Significant improvement Not reported p<0.0001
Mobility Index Reduced by 70-86% Not reported p<0.0001
VAS (Overall Improvement) Clinically significant Not reported p<0.0001

treatment outcomes across various dental applications,
although some studies indicated the necessity of fur-
ther research to optimize its use and understand its
long-term effects [41].

Discussion

The systematic review of clinical trials evaluating the
efficacy of ozone therapy in dentistry reveals a promis-
ing adjunctive treatment modality across various dental
applications. The reviewed studies collectively highlight
the multifaceted benefits of ozone therapy, particularly in
the management of periodontal disease, root canal treat-
ment, dental implants, and sensitivity associated with
bleaching procedures.

Ozone therapy, a treatment method using ozone gas,
has attracted increasing attention in the field of dentistry
due to its potential applications in improving treatment
outcomes and results [33, 37, 40]. Ozone is a natural gas
composed of three oxygen atoms and has potent antimi-
crobial, anti-inflammatory, and wound healing proper-
ties. In recent years, ozone therapy has been investigated
for its effectiveness in various dental procedures, includ-
ing periodontal treatment [47].

In dentistry, both gaseous and solution forms of
ozone have been investigated for therapeutic applica-
tions [48, 49]. The unique properties of ozone enable it

to act effectively against a wide range of microbial path-
ogens, including bacteria, viruses, and fungi, making it
a valuable tool in the prevention and treatment of oral
diseases [50]. In the treatment of periodontal disease,
ozonated water is used in irrigation during periodontal
procedures to reduce bacterial load and heal inflamed
tissues. Ozone therapy can also be integrated into root
canal treatments [51].

The use of ozonated water in cleaning and disinfect-
ing root canals helps to eliminate bacteria and can
increase the success of root canal treatments. Addi-
tionally, ozone has been shown to promote healing at
oral surgical sites and wounds, stimulate tissue regen-
eration, and improve overall healing outcomes [52].
For topical treatments, ozonated oils and gels can be
applied to oral lesions or infected areas, providing sus-
tained release of ozone and facilitating healing while
maintaining antimicrobial efficacy [53].

The findings revealed the important role of ozone
therapy as a complementary approach in periodontal
treatment. The results demonstrated that when com-
bined with conventional methods such as SRP, ozone
therapy leads to significant improvements in clinical
parameters, including reductions in CAL and PPD.
These findings showed that ozone therapy may effec-
tively address the inflammatory processes underlying
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periodontal disease, thereby enhancing healing and
pain management.

As an adjunctive therapy, ozone has been investigated
for its potential benefits in the management of oral
diseases, particularly periodontal conditions. Perio-
dontal disease, characterized by inflammatory destruc-
tion of tooth-supporting structures, poses significant
challenges in clinical practice and requires effective
interventions for pain management and healing [54].
Traditional treatments, such as SRP, have long been
the cornerstone of periodontal treatment. However,
the integration of ozone therapy into these conven-
tional approaches may enhance clinical outcomes and
improve patient comfort. The antimicrobial properties
of ozone play a significant role in these treatment out-
comes [55].

By targeting pathogenic bacteria in the subgingival
environment, ozone therapy can help restore a balanced
microbial flora, which is essential for periodontal health.
Previous research supports the idea that the oxidative
properties of ozone can disrupt bacterial cell walls, lead-
ing to a reduction in microbial burden and inflammation
[56]. This is consistent with the extracted findings, where
significant improvements in periodontal parameters were
observed after treatment. Furthermore, the integration
of ozone therapy into standard periodontal protocols
may not only improve clinical outcomes but also improve
patient comfort during and after the procedure [57].
Reducing inflammation and pain associated with ozone
therapy can lead to a more positive patient experience
and encourage compliance with treatment recommenda-
tions and aftercare [58].

Moreover, the findings from the reviewed clinical tri-
als indicated the potential of ozone therapy to improve
early outcomes in dental patients, as demonstrated by
significant differences in EHS following the use of ozo-
nated water [59]. This initial increase in healing may
be attributed to the antimicrobial properties of ozone,
which can effectively reduce bacterial load and create a
more favorable environment for tissue regeneration [60].
However, the lack of sustained benefits in long-term
healing outcomes prompts cautious interpretation of
these results. While ozone therapy may provide an effec-
tive short-term solution, its long-term efficacy is not
clearly established, highlighting an important gap in the
current literature [61].

Recent clinical trials have showed the ability of ozone
to promote early healing, particularly through the use of
ozonated water during procedures such as dental surger-
ies and periodontal treatments [42, 47, 62]. The impor-
tance of EHS in assessing the effectiveness of therapeutic
interventions emphasizes the importance of timely heal-
ing in dental patients. However, while initial results
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appear promising, the question of the long-term effec-
tiveness of ozone therapy remains controversial [63].

The lack of significant differences in treatment out-
comes at later follow-up points suggests that the initial
benefits obtained through ozone application may dimin-
ish over time. This phenomenon raises important ques-
tions about the biological mechanisms underlying ozone
therapy and its role in chronic conditions frequently
encountered in dentistry [59]. It is essential to investigate
whether the transient benefits observed in initial heal-
ing can translate into sustained improvements in long-
term patient outcomes. Furthermore, the variability in
study designs, sample sizes, and follow-up durations in
the reviewed trials complicates the ability to draw defini-
tive conclusions about the overall effectiveness of ozone
therapy.

The findings also provided the potential of ozone ther-
apy as a valuable tool in dental practice, particularly in
the management of postoperative pain associated with
root canal treatments. The significant reduction in VAS
scores among patients receiving ozone therapy suggests
that it can increase patient comfort during recovery and
thus improve overall treatment outcomes [64].

Ozone has been investigated as an adjunct therapy in
various dental procedures, including endodontics and
restorative dentistry. Its antibacterial capabilities make
it an attractive option for root canal disinfection, poten-
tially reducing the risk of postoperative complications
[65]. However, while the analgesic effects of ozone ther-
apy are increasingly recognized, concerns have emerged
regarding its impact on the mechanical properties of
dental materials, particularly dentin bond strength [66].
While its antibacterial properties can effectively reduce
microbial load and promote healing, the negative impact
on dentin bond strength raises questions about the integ-
rity of restorative procedures following the use of ozone.
This trade-off emphasizes the necessity of a balanced and
careful approach when integrating ozone therapy into
clinical protocols [67].

The findings also demonstrated ozone therapy’s efficacy
in mitigating sensitivity associated with bleaching proce-
dures. Participants reported less discomfort when ozone
was applied following hydrogen peroxide treatments,
suggesting its potential as a valuable adjunct for improv-
ing patient experience during esthetic procedures [60].
However, the comparable effectiveness of ozonized oils
and gels to traditional sensitivity management agents like
potassium nitrate emphasizes the need for further inves-
tigation into the optimal formulations and application
protocols for achieving the best therapeutic outcomes.

Teeth whitening procedures have become increas-
ingly common in modern dentistry, with many patients
seeking brighter smiles through various bleaching
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techniques. However, a common side effect associated
with these procedures is tooth sensitivity, which can be
uncomfortable and prevent patients from pursuing or
completing whitening treatments [68]. Tooth sensitiv-
ity occurs when the protective layer of tooth enamel is
damaged, exposing the underlying dentin and pulp to
external stimuli that result in pain or discomfort during
or after bleaching [69].

Recent advances in dental treatments have led to
the discovery of ozone therapy as a potential adjunct
treatment to reduce sensitivity associated with tooth
bleaching. Ozone, a natural molecule, has strong anti-
microbial properties and is known for its ability to
enhance healing and reduce inflammation [25]. In the
field of dentistry, ozone therapy has been used for a
variety of applications, including caries management,
periodontal treatment, and even roots canal therapy. Its
potential role in reducing sensitivity during and after
bleaching procedures has attracted the attention of
dental professionals [70].

Variation in application techniques across the studies
demonstrated significant challenges in interpreting the
efficacy of ozone therapy. Different ozone concentrations,
delivery methods (e.g., gas versus ozonated water), and
treatment durations were observed, leading to inconsist-
ent results [71]. This variation not only complicates the
establishment of standardized protocols but also raises
questions about the reproducibility of results across dif-
ferent clinical settings. Besides, many of the evaluated
studies lacked long-term follow-up data, which is criti-
cal in assessing the persistence of ozone therapy effects.
Most studies reported results at relatively short intervals,
leaving a gap in knowledge about the longevity of the
observed benefits [72, 73].

In addition to these methodological concerns, practi-
cal challenges also arise when considering the integration
of ozone therapy into routine dental practice. The cost
implications of adopting ozone therapy, including the
purchase of necessary equipment and staff training, may
be a barrier for many dentists [74].

While ozone therapy has shown promise in terms of
enhancing treatment outcomes, the economic feasibil-
ity of its implementation needs to be fully evaluated. It
is essential for future studies to focus not only on clinical
efficacy, but also to assess cost-effectiveness and return
on investment for dental practices [75].

Additionally, practical challenges such as patient
acceptance and understanding of ozone therapy need to
be considered. Dentists may encounter resistance from
patients who are unfamiliar with ozone therapy or are
skeptical of its effectiveness. Therefore, effective commu-
nication strategies and educational initiatives are crucial
to inform patients about the benefits and safety of ozone
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therapy, thereby creating a more receptive environment
for its inclusion in dental treatment plans [76, 77].

The standardization of application techniques, long-
term follow-up studies, and comprehensive cost—ben-
efit analyses are essential steps toward establishing ozone
therapy as a mainstream treatment modality in dentistry.
By addressing these critical areas, the clinical relevance of
ozone therapy can be increased and patients can be bet-
ter served.

Strengths of the study

This systematic review included a wide range of clini-
cal trials, providing an overview of the current state of
research on ozone therapy in dentistry. This can help to
understand its effectiveness and applications. By focusing
on clinical trials, this study was based on evidence-based
research, which can help clinicians make informed deci-
sions about implementing ozone therapy in their prac-
tice. Furthermore, by highlighting the positive effects of
ozone therapy, this study may encourage further explo-
ration of innovative treatment approaches that could
improve patient care and outcomes.

Limitations of the study

Variations in ozone application techniques, concentra-
tions, and treatment duration across studies can make
generalization of findings challenging. Furthermore, dif-
ferent studies may have used different criteria to assess
treatment outcomes, complicating comparisons and
pooling of results. In addition, factors such as patient
demographics, underlying health conditions, and con-
comitant therapies may have influenced the results, mak-
ing it difficult to isolate the effects of ozone therapy.

Conclusion

This systematic review of clinical trials on ozone therapy in
dentistry revealed its effectiveness as a promising adjunc-
tive therapy in a wide range of dental applications. The
findings obtained from the evaluated studies consistently
demonstrated significant improvements in clinical param-
eters, including reductions in CAL, PPD, and pain scores,
particularly in periodontal disease management, root canal
treatments, and postoperative care. Ozone therapy was
found to improve early healing and reduce post-treatment
discomfort, indicating its potential to improve patient out-
comes. Considerable evidence from various studies has
been presented demonstrating the positive effects of ozone
therapy on healing and pain management. For example,
combining SRP with gaseous ozone therapy resulted in
significant improvements compared to standard treatment
alone. Similarly, its application in root canal procedures
significantly reduced post-treatment pain and inflamma-
tion, suggesting that ozone therapy could be essential for
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enhancing patient comfort and recovery. Despite promis-  gaction and Topic ltem Checklist item Reported
ing results, some studies have shown limitations and the # (Yes/No)
need for further research to establish long-term effects  Sojaction process 3 Specify the meth- Yes

and optimize treatment protocols involving ozone therapy.
While the antibacterial properties of ozone were evident,
caution is warranted due to its potential impact on den-
tin bond strength, which requires careful consideration in
restorative dentistry. Ozone therapy appears to be a valua-
ble tool in modern dentistry, offering advances in the treat-
ment and management of pain in a variety of modalities.
Continued research into its applications and mechanisms
is essential to fully understand its therapeutic potential and
ensure its safe integration into clinical practice.
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