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CONFIDENTIALITY STATEMENT 
 
 
Information in this document contains trade secrets (Curozone Inc, USA) and commercial 
information that are privileged or confidential and may not be disclosed unless such disclosure 
is required by Federal or State law or regulations.  Subject to the foregoing, this information may 
be disclosed only to those persons involved in the clinical study who have a need to know; all 
such persons must be instructed not to further disseminate this information to others.  
 
Access to this document must be restricted to the following: 
 

• The Principal Investigator for whom this document was prepared. 

• Co-investigators and subordinates who participate under the direct authority and supervision 
of the Principal Investigator. 

• Members of the Institutional Review Board (IRB) or Ethics Committee (EC) of the Principal 
Investigator's institution. 

• Members of other reviewing committees at the Principal Investigator’s institution who may 
have to also review and approve the clinical study (i.e. Departmental Committee, 
Department of Pediatrics Committee on Human Investigation (or equivalent), etc.). 

• Representatives of the United States Food and Drug Administration (FDA). 

• Representatives of Competent Authorities and other regulatory agencies in the countries 
where the study is to be conducted. 

• Representatives of Regulatory Specialists, Contract Research Organization formerly known 
as Holland and Associates). 

• Representatives of RKS Consultancy, Contract Research Organization 

• Employees of CurOzone USA, Inc. 
 
Any individual, group, or institution obtaining confidential information of CurOzone USA, Inc. as 
a result of participation in this clinical study shall maintain, to the best of their ability, the 
proprietary nature of confidential and technical information.  Persons with authorized access to 
this document shall not photocopy, reproduce by any means, nor reveal the contents of this 
document to any other person without the prior consent of CurOzone USA, Inc. 
 
These restrictions on disclosures, will apply equally to all future information supplied to you, 
which is indicated as privileged or confidential. 
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1.0 INTRODUCTION 
This proposed study is designed to assess the influence of Ozone from a novel 

Ozone-generating device (HeaIOzone™, CurOzone, USA) on primary fissure carious 

lesions (PFCLs) in permanent or deciduous in-vivo following in-vitro studies. 

 

The study will be randomised, double blind and two compartments clinical trial.  At 

baseline, medical and dental histories will be recorded.  Full clinical examination will be 

done to fit the fissure caries to clinical scores of Ekstrand (1995) and readings from the 

Diagnodent will be used in conjunction.  Patients will be given dentifrice containing 

1,100 ppm of fluoride (a standard amount of fluoride) to use during the study.   

 

The study will last for a period of four (4) months with initially 100 subjects (400 PFCLs 

in both groups).  Both adult and juvenile subjects (> 2 years of age) will be included.  

Information will be collected just before treatment, at treatment, and at a follow-up 

assessment taken at 1 month.  Medical and dental histories will be recorded.  The 

information collected will support the introduction of the new ozone treatment 

procedure and the HealOzone™ unit ozone delivery device for use in dental patients 

throughout the world. 

 

Group 1:  PFCL on the tooth will recorded and left untreated (no ozone).  The tooth will 

be washed, isolated and then disinfected.  It will be sprayed by reductant only.  The 

caries will be observed for the study period.  

 

Group 2: PFCL on the tooth will be recorded, and allocated to a Clinical Severity Index 

(CSI, J Holmes and E Lynch, 2002). The lesion will then be treated by 10, 20, 30 or 40 

seconds of ozone.  The tooth will be then it will be sprayed by a reductant to dissipate 

any remaining ozone.  The sample will be taken from it using the conventional 

methods.   

 

Statistical Analysis:  Sample size was calculated to identify the odds ratio at the 

magnitude of 3, with 80% power of the test, if the null hypothesis is true.  The primary 

outcome variable will be the reduction of the incidence of decay, by the reduction of 
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DIAGNOdent measurement (KaVo, Germany) using paired T test at a significance 

level of 5%. 

 

The study will be carried out at Adentec & UKSmiles, Wokingham, Berkshire.  The 

principal investigator will be Prof. Edward Lynch (Professor of Restorative Dentistry 

and Gerodontology), Department of Restorative Dentistry, Queen's University, Belfast.  

The clinical examiner (sub-investigator) will Dr Julian Holmes, BDS, Ph.D. student, 

QUB and UKSmiles. 

 

As the study data may be used to support a submission to the U.S. FDA to gain 

market approval for the HealOzone device, the clinical study will be conducted in 

accordance with applicable FDA Investigational New Drug (IND), UK Medical Device 

Agency and European and International regulations governing clinical studies with 

investigational products.  The clinical study is to be in compliance with requirements 

regarding: 

• FDA, Investigational New Drug (IND) Requirements 

• FDA ICH Guideline for Good Clinical Practice (GCP). 

• Guide to Medical Device Regulation, EN 540: Clinical Investigation of Medical 
Devices for Human Subjects and the Declaration of Helsinki 

• International Organization for Standardization ISO/DIS 14155 Clinical Investigation 
of Medical Devices. 

• UK Medical Device Agency (MDA) regulations 

• Institutional Review Boards (IRBs) 

• Ethical Review Committees/Ethics Committees (EC) 

• Protection of Human Subjects (Informed Consent) 

• FDA Financial Disclosure Requirements 

• Drug and Device Labeling, as applicable 

• Any other applicable regulations 
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2.0 OBJECTIVE 

To investigate the safety and efficacy of an investigational ozone treatment regime for 

primary fissure caries lesions (PFCLs) in reducing DIAGNOdent values, and hence the 

number of known viable cariogenic bacteria present within the lesion. 

 
Hypothesis:  Ozone can be used to reverse the clinical severity of PFCLs by an activity 

as an effective as a microbicidal agent against known pathogenic microflora present in 

the PFCLs. 

 

3.0 BACKGROUND AND RATIONALE 

Reference Investigator’s Brochure document. 

4.0 RISK/BENEFIT ANALYSIS

 

 4.1 Classification 

In Europe, the device is classified as a “Class II a” device from Annex II, Rule 2.  

As such, the device is considered a low-risk device.  This category includes all 

non-invasive devices intended for channeling or storing blood, body liquids or 

tissues, liquids or gases for the purpose of eventual infusion, administration or 

introduction into the body.  These devices may be indirectly invasive.  They 

channel or store substances that will be eventually delivered into the body.  

These include the delivery of anaesthetic gases and oxygen. 

 
The study will be conducted in accordance with regulations governing the 

conduct of an investigational device study consistent with classification of the 

HealOzone ozone delivery device as a medical device in the United Kingdom. 

 
4.2 Benefits 

No benefits from the study will be guaranteed.  This study will provide important 

knowledge regarding the value of the ozone delivery device and the ozone 

treatment regimen for treating on primary fissure carious lesions (PFCLs).  A 
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possible benefit is that subjects from both study groups will have their lesions 

treated conventionally.  In the future, dental patients may benefit from 

information gained as a result of this clinical trial. 

 
4.3 Risks 

 
Risks - Ozone Exposure, Available Data 

Ozone is known as a harmful gas but it is one of nature’s most powerful 

oxidants.  When applied in small amount and for a short time, it is proven that 

ozone is a useful gas.  The level of ozone to be used is high, up to 2,100 ppm + 

10%, and will be applied to the decay on the fissure carries for a period of only 

10 to 40 seconds.  The potential risks of Ozone exposure have been considered 

and are believed to have been alleviated in the design of the ozone delivery 

device. 

• The device operates by suction only, the pathway for ozone being under 

negative pressure, meaning ozone should not leak out.  In the event of a 

breach of the closed system, only air should leak in – no ozone should leak 

out. 

• The tight fitting design of the delivery device made by the cup and tooth 

should contain the ozone treatment. 

• If an incomplete seal occurs or the system integrity is breached, a flow 

sensor will shut down the ozone generator. 

• Even if a tiny amount of ozone were to escape from around the cup, this 

should be immediately be “sucked” up in the suction tube.  High speed 

aspiration will be used adjacent to the cup at all times. 

Note:  CurOzone USA, Inc. the HeaIOzone manufacturer, recommends 

concurrent use of a high speed aspiration system, as commonly found in 

most dental offices, in addition to use of the suction system provided by the 

HealOzone™ ozone delivery system to minimize exposure of ambient and 

residual ozone. 
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In principle, the potential toxicity of ozone should not prevent its use as a 

therapeutic agent.  At the correct dose, ozone can be useful as a therapeutic 

agent. 

Risks - Ozone Exposure, Unavailable Data / Established Exposure Limits 

While the potential risks of ozone exposure have been considered and are felt 

to be mitigated in the design of the delivery device, this study does involve an 

investigational device and may have risks, which are currently unforeseen. 

While the probability of ozone exposure is low, 100% capture of ozone 

delivered is not assured and certain risks do exist.  Ozone exposure may occur 

due to the following: 

• While a hydrophobic filter is provided to stop liquid from entering the ozone 

destructor, moisture reaching the ozone destructor media could potentially 

damage the ozone destructor allowing ozone exposure. 

While the amount of ozone exposure is expected to be minimal due to brief 10 

second exposure, no test data is available which presents the amount of actual 

ozone levels that may be experienced should one, or more, of these events 

occur. 

 
Medical literature does address the potential of adverse events in the event of 

ozone exposure beyond FDA and EU recommended levels.  Pulmonary edema, 

chronic respiratory disease, decreased lung function, inflammatory reactions, 

and eye irritation are common findings at higher levels of exposure. 

 
The United States National Institute of Health (NIH) reports that an Immediately 

Dangerous to Life or Health Concentration (IDLH) of 5 ppm for a 30 minute 

exposure based on acute inhalation toxicity data in humans (Deichmann and 

Gerarde 1969, Kleinfeld et al. 1957).  It is also reported that, on the basis of 

animal data, exposure at 50 ppm for 60 minutes would probably be fatal to 

humans (King 1963).  Medical literature that addresses the consequences and 

adverse vents of very brief, short-term exposure to various ozone levels is not 

available. 
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Risks - Reductant
The reductant used at the end of the ozone treatment period is also 

investigational.  The formulation (Appendix 1) has not been used before and the 

toxicity and stability are unknown.  The ingredients are all currently used in 

existing oral dental preparations, and are thus expected to be safe and 

effective. 

 
The solution, which is intended to be used, as a reducing agent for any possible 

residual ozone following treatment, has not had it’s reducing capacity evaluated.  

It is the sponsor’s opinion that the use of a reducing agent may not be needed 

to assure safety of the procedure.  The use of this reducing agent is intended to 

be an additional assurance of safety. 

 
The sponsor commits to assure that the formulation acts in an adequate 

reducing capacity.  Chemistry studies have been initiated to determine the 

effectiveness of the reductant.  Stability studies will also be initiated, to 

determine a suitable expiration date. 

Risks- New Findings 
Subjects will be informed of any new findings regarding any of the risks 

presented that may affect their willingness to continue to participate in the 

clinical study. 

4.4 Alternatives 

Alternative treatment for this condition is the conventional dental method of 

“drilling and filling” PFCLs. 
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5.0 STUDY DESIGN

5.1 Study Scope 

One hundred (100) subjects will be screened and enrolled at the centre at 

UKSmiles in Wokingham where up to 400 lesions will be studied. 

5.2 Study Outline and Time 

At baseline, medical and dental histories will be recorded.  Full clinical 

examination will be done to fit the fissure caries to clinical scores of the modified 

Ekstrand (1995) CSI and readings from the Diagnodent will be used in 

conjunction.  Patients will be given dentifrice containing 1,100 ppm of fluoride (a 

standard amount of fluoride) to use during the study. 

 
Group 1:  PFCL on the tooth will recorded and left untreated (no ozone).  The 

tooth will be washed, isolated and then disinfected.  It will be sprayed by 

reductant only.  The caries will be observed for the study period.  

 

Group 2: PFCL on the tooth will be recorded, and allocated to a Clinical Severity 

Index, known as the CSI (J Holmes and E Lynch, 2002). Ozone will be applied 

from the special hand piece of investigational HeaIOzone® ozone delivery 

system for a period of 10, 20, 30 or 40 seconds of ozone to the primary fissure 

carious lesion inside a sealing cup, which will be carefully placed to 'seal' 

against the tooth and cover all the PFCL.  At the end of this period, the cup will 

be removed, and the lesion sprayed with the reductants to dissipate all the 

Ozone prior to removing the cup.   

The duration of the overall study is expected to be approximately one month. 

The proposed study initiation time period is the August / September 2002 with 

an anticipated completion date at December 2002. 

5.3 Target Population 



UKSmiles  Final Version 1.1  July 2002 
 
   

 C O N F I D E N T I A L     
8 

Adult and juvenile subjects who have fissure carious lesions in any of the 

permanent or deciduous dentition other than the wisdom teeth and meet all of 

the inclusion/exclusion criteria will be entered into the study. 

Patient Selection Criteria 

The following are criteria for inclusion of subjects in this clinical study: 

1. Male or female > 2 years of age. 

2. Must have fissure carious lesions in any of the permanent or deciduous 
dentition, other than the wisdom teeth, on at least 2 teeth, which are 
accessible for the diagnostic procedure. 

3. The two lesions must be identical in the clinical severity index (5-7th 
category) or in the Diagnodent readings (equal or over 25). 

4. Must be considered reliable for attendance throughout treatment. 

5. Must be available for the duration of the study. 

6. Written subject Informed Consent (IC) for this protocol has been obtained 
prior to study enrollment.  Each subject must sign and date the Informed 
Consent form prior to their participation.  A parent or guardian must provide 
consent for juvenile subjects. 

Patient Exclusion Criteria 

The following are criteria for exclusion of subjects in this clinical study: 

1. Fissure carious lesions not meeting the previous criteria. 

2. Presence of advanced periodontal disease (purulent exudate, tooth mobility 
and/or extensive bone loss). 

3. Participation in another dental study during the previous month. 

4. Any condition that in the opinion of the investigator would preclude 
participation by the subject (such as cross infection control risk).  The 
investigator will carefully document the reasons for such exclusions.  

If the subject expressed the wish not to participate in the study, they will not be 

required to give a reason. 
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5.4 Goals (Primary Outcomes) 

The primary goal will be a significant reduction in the pathogenic bacteria 

present in the PFCLs after treatment by Ozone, as shown by the DIAGNOdent 

and CSI.   
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6.0 DEVICE DESCRIPTION

6.1 Proprietary and Generic Name of Device 
HealOzone™ - investigational ozone delivery system, components and 

accessories manufactured by Micro Motors, Inc. (Santa Ana, CA., USA) for 

CurOzone USA, Inc. (Tonawanda, NY, USA).  The ozone delivery system is 

also identified as the Model TEC3 ozone delivery system.  Units to be provided 

for this clinical study are a fourth generation ozone delivery system (Version 4). 

6.2 Intended Use 
The intended use is the delivery of ozone in a safe and efficacious manner in 

the treatment of dental primary fissure caries. 

6.3 Principle of Operation 

The investigational HealOzone™ ozone delivery system is a portable apparatus 

for the treatment of dental caries.  It includes a source of oxidizing gas and a 

dental handpiece for delivering the gas to the target tooth.  A removable, single 

use silicone cup which is attached to the handpiece is provided for receiving the 

gas and exposing a selected area of the tooth to the gas.  The tightly fitting cup 

includes a resilient edge for sealing the edge of the cup against the selected 

area on the tooth during ozone application and purging. 

 
For a variable time period of 10 to 40 seconds Ozone will be applied to the 

primary fissure carious lesion inside a cup, which will be carefully placed to 

"seal" against the tooth and cover all the PRCLs.  A 10 second purging period 

follows.  After purging, the reductant is applied to the tooth for 5 seconds to 

dissipate all the ozone prior to removing the cup.  While this reductant is also 

investigational, the reductant is essentially equivalent to a standard dental 

mouth rinse and contains agents currently known and in use in dentrifices and 

mouth rinses (Appendix 1). 
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The HealOzone unit then uses a suction method to remove any possible 

remaining ozone by passing the gas through manganese to dissipate any 

possible remaining ozone.  

 
6.4 Device Description 

A description of HealOzone™ ozone delivery system is provided below.  

Version 4 units are to be used. 

 
General functions and attributes: 

The HealOzone consists of a main console and a handpiece (Figure 1).  The 

console is based in a polyurethane enclosure.  Below is a list of the devices that 

make up the console: 

• Ozone generator to generate ozone to the subject at a factory set 

concentration of 2,100 ppm + 10%. 

• Medical grade switching power supply. 

• Vacuum pump to suction air at a factory preset rate of 615 cc/minute 

through the generator to supply ozone to the treatment site.  The same 

vacuum pump is used to purge the system of ozone after treatment.  This 

flow rate is also factory preset and not adjustable by the user. 

• Flow sensor that turns on the ozone generator once a predetermined 

minimum flow rate is achieved at the handpiece. 

• Backlit LCD display to relay programmed information to the user. 

• Peristaltic pump to deliver a liquid reducing agent to the patient after 

application of ozone. 

• Reductant bottle (8 fl oz) to hold reducing agent (also investigational). 

• Desiccant to dry the air before entering the ozone generator. 

• Ozone destructor to dissipate the ozone connected in line with the vacuum 

pump.  

• Hydrophobic filter to stop liquid from entering the ozone destructor during 

suction. 

The handpiece (Figure 2) is the means by which ozone is applied to the patient.  

The disposable sealing cup attaches to the head with an easy slip on fitting.  
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This cup seals to a tooth to promote flow through the ozone generator and 

contain the ozone during treatment.  Where necessary, the components are 

made from ozone compatible, high temperature materials, as the handpiece will 

be autoclaved for sterilization.  A push button is located on the body of the 

handpiece.  This is used to supply a signal to the console to select and start a 

treatment.  The handpiece attaches to the console via a 6-foot flexible hose that 

detaches from the handpiece and the enclosure.  This hose attaches in such a 

manner that there is only one possible way to attach the hose, eliminating the 

possibility of attaching the handpiece incorrectly. 

 
Appearance: 

The general appearance of the console and the handpiece is designed to 

compliment each other through the use of materials and colour accents. The 

console has the following general attributes: 

• A modern aesthetically pleasing appearance. 

• Base colour is to be an off white with purple accents. 

• Actual envelope dimensions of the enclosure is approx. 14.5” high x 10.5” 

deep x 10” wide. 

• Side compartment (Figure 3) that holds the reductant bottle, desiccant, filter 

and the peristaltic pump. A hinged door that swings out of the way covers 

the compartment. 

• Handpiece holder molded into the enclosure. 

• Handpiece connector located at the front and recessed into the enclosure.  

• A front panel membrane switch and polycarbonate label with embossed 

“dome” style push buttons. (Figure 4). 

 
The handpiece has a standard contra angle shape to allow easy access to all 

treatment sites.  The main body is stainless steel with a purple, anodized rear 

cover.  The button is made from purple silicone and activates a “dome” style 

push button.  Approximate length of the handpiece is 5 in/127mm. 

 
Ergonomics/User Interface: 
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Both the console and the handpiece have specific features to make the 

HealOzone easy to use and maintain.  The main interface to the console is the 

front faceplate.  The user will operate the console via a sealed membrane 

switch that contains easy to read buttons.  The console has a holder to hold the 

handpiece when not in use.  An accessory door will be held closed with a 

magnet and be easily opened and allow full access to the serviceable 

accessories.  If the door is opened, it will remain open on its own. 

 
The handpiece has a contra-angle for easy access into all areas of the mouth.  

It is light and easy to manipulate.  The button on handpiece is easy to depress 

with a medium “click”.  

 
Patient’s needs: 

Certain design features were incorporated to address patient needs.  All 

materials that will contact the patient are sterilisable and non-toxic.  Acceptable 

levels of sound and vibration are to be quantified so that the unit will operate in 

a comfortable range.  The handpiece, as it can contact the patient directly, does 

not have any sharp edges and can be sterilized by gravity autoclave. 
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Figure 1: HealOzone Prototype (4th Generation) 
 
 

 
 

Figure 2: Handpiece 
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Figure 3: Accessory Compartment 
 
 

 
 

Figure 4: Faceplate 
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Power source: 

The units will operate only on 220V.  Internally, the devices operate under DC 

voltage.  The units are supplied with both UK and European power cords. 

 
Serviceability/maintenance requirements and consumables: 

A number of components are designed to be consumable and serviced by the 

user.  A qualified technician can only service other components that may need 

service or repair.  The user shall be able to service or replace the following 

items. 

• Sealing cup on handpiece 

• Hydrophobic filter 

• Desiccant 

• Investigational Reductant 

• Reductant pump tubing set 

• Fuses 

 
A qualified technician will be needed to service the following.  This service can 

either be performed in the field or at the factory. 

• Ozone destructor media 

• Hose and fittings 

• Internal devices such as pumps, electronics and generators 

• Flow rates (software adjustable) 

 
All other repairs to the unit shall be performed at the factory. 

 
6.5 Safety Features: 

Certain safety features have been incorporated to protect the patient and the 

users from any possible hazards.  By design, with the Version 4 clinical units, 

the user should not be able to accidentally expose the patient to ozone.  

Because the Version 4 device operates with suction only, the pathway for ozone 

is under negative pressure, meaning ozone cannot leak out and only air can 
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leak in.  Should an incomplete seal occur during treatment, the flow sensor will 

shut down the ozone generator.  

Earlier Version 1 – Version 3 test units operated using both pressure delivery of 

ozone and vacuum removal of ozone which operated independently of each 

other.  The modification to a vacuum only system in the Version 4 units was 

instituted to enhance patient safety and minimize patient exposure to ozone. 

 
High quality workmanship will be employed in the production and assembly of 

the units.  All materials must have minimum flammability ratings to pass CE 

certification.  The main enclosure will be EMI shielded and able to pass EMI 

testing per CE certification.  The software shall have check features to ensure 

the proper application of ozone.  Other design features to ensure safe operation 

include one-way attachable hoses and tamperproof screws.  General safety is 

to be tested by a third party source for the purposes of passing CE certification 

requirements. 

 
Note, proper safety precautions must be exercised when using the units.  The 

general warnings are as follows.  Additional safety precautions are presented in 

the Instructions For Use provided in Section 6 of the Investigator’s Brochure: 

• Connect the handpiece to the unit before turning the unit on. 

• Do not operate the unit without the handpiece attached and the cup sealed 

against the patients tooth to be treated. 

• Do not open the rear panel. 

• Do not get the unit wet.  Avoid spilling liquid onto the unit. 

• Make sure all hoses are attached to the bottles prior to operating the unit. 

 
6.6 Sterilization 

The handpiece and disposable sealing cup are provided non-sterile and must 

be sterilized prior to use.  Both may be sterilized by means of gravity autoclave.  

The parameters for sterilization are provided in the Instructions For Use, which 

are provided in Section 6 of the Investigator’s Brochure. 
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6.7 Regulatory Compliance: 

The HealOzone is designed to pass the following international regulatory 

standards and requirements. 

• EN60601-1, Medical Electrical Equipment, General Requirements for Safety 

• EN60601-1-1, Safety Requirements for Medical Electrical Systems 

• EN60601-1-2, Electromagnetic Compatibility 

• EN 60601-1-4, Programmable Electrical Medical Systems (software 

validation) 

• EN1441 Risk Analysis 

• Biocompatibility 

• Sterility assurance (handpiece and hose only) 

• UL standards: UL 2601 

• CSA standards: CSA 22.2 No. 601 

• Part 15 of the U.S. Federal Communications Commission (FCC) 

 
Testing to comply with these requirements is ongoing.  CurOzone USA, Inc. 

certifies that clinical HealOzone ozone delivery system commercial models will 

only be used within the context of the clinical study. 

6.8 Warnings / Contraindications 
6.8.1 The handpiece and hose assembly must be cleaned and sterilized 

prior to each use (refer to Instructions For Use provided in section 

6 of the Investigator’s Brochure). 

6.8.2 Disposable sealing cups are provided non-sterile and are intended 

for single use only.  Discard after each use.  Replacement sealing 

cups must be sterilized prior to each use (refer to Instructions For 

Use provided in section 6 of the Investigator’s Brochure). 

6.8.3 Do not allow moisture to reach the ozone destructor media.  This 

potentially could damage the destructor allowing ozone exposure. 

6.8.4 Do not use the HealOzone system in the presence of flammable 

anesthetics, mixtures of air and oxygen, or in the presence of 

nitrous oxide. 
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7.0 METHODOLOGY

The investigator will determine and document whether the subject meets the selection 

criteria previously presented prior to enrollment into the study.  The investigator will 

also obtain Informed Consent (IC) from each patient prior to enrolling the patient in the 

study.  

The investigator will screen potential subjects, use the investigational HealOzone™ 

ozone delivery system only with qualified subjects, and collect required study data as 

presented in this Study Protocol. 

Upon the subject’s granting of Informed Consent by signing and dating the Informed 

Consent (IC) form, the following procedures will be scheduled with the subject: 

 7.1 Enrollment Visit / Pre-Treatment Procedures (Baseline) 

A screening form to assess the current state of health and the presence or 

absence of inclusion/exclusion criteria for participation in the study will be 

completed by the examining dentist before the subject is accepted into the 

study. 

 
7.2 Treatment Phase 

 
Group 1:  Group 1:  Prior to clinical assessments the Diagnodent 

measurements will be carried out.  Subsequently, clinical criteria used to detect 

PFCLs will be performed.  Lesions of clinical severity index value of 1-4 or 

DIAGNOdent readings over 20 will be chosen.  After cleaning with the KaVo 

ProphyFlex (Sodium Bicarbonate slurry mixed with compressed air tooth 

cleaner) the tooth surface will be dried with sterile cotton-wool rolls. The lesion 

then will be sprayed using plain water then the reductant will be sprayed from 

the special hand piece of HealOzone® inside a cup, which will be carefully 

placed to 'seal' against the tooth and cover all the PFCLs. 
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Group 2:  Clinical assessments and the Diagnodent measurements will be 

carried out.  After cleaning with the KaVo ProphyFlex (Sodium Bicarbonate 

slurry mixed with compressed air tooth cleaner) the tooth surface will be dried 

with sterile cotton-wool rolls.  Ozone will be applied from the special hand piece 

of HealOzone® for a period of 10 to 40 seconds to the primary fissure carious 

lesion inside a cup, which will be carefully placed to 'seal' against the tooth and 

cover all the PFCL.  At the end of this period, the cup will be sprayed internally 

with reductants to dissipate all the Ozone prior to removing the cup. 

 
Patients in all the above groups will receive preventive advice including 

extensive oral hygiene and dietary advice, together with that concerning the use 

of a standard dentifrice containing 1,100 ppm fluoride. 
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7.3 Measurements 

Ekstrand (1995) Macroscopic Classification of Caries 

 
The aim of this classification was to use a scoring method for macroscopical 

features of fissure caries in teeth and to correlate this scoring system with the 

true extent of the lesion into the tooth structure.  In this study, a good correlation 

was found between the macroscopic scoring (clinical severity index) and 

histological extent into the dentine. (rs = 0.74).  The histologic classification in 

conjunction with the macroscopical observations made it possible to 

demonstrate a clear relation between the external degree of caries progression 

and the internal enamel and dentine reactions. 

 
Table 1:  Clinical Severity Index for Primary Fissure Caries Lesions 

     (PFCL), Ekstrand 1995. 
 
Score Surface Description 
0 Normal enamel translucency maintained after 5s of air drying 
1 An opacity becomes visible after 5s air drying  
2 An enamel opacity is visible without air drying 
3 An enamel opacity is visible without air drying + localized 

surface destruction 
4 Discoloration with or without localized surface destruction 
5 Surface breakdown in opaque enamel 
6 Surface breakdown in discoloured opaque enamel 
7 Enamel cavity reaching into dentine 
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For this study, a modified Clinical Severity Index will be used. 

 
 

Assessed Treatment Needs 
Index  Tx (sec) 

1 Lesion requiring drilling and filling (define this as deemed to have infected dentine where clinical infected demineralisation of the 

underlying dentine is deemed to be present) 

40 seconds 

with O3

2 Lesion possibly requiring drilling and filling (defined as possibly deemed to have infected dentine where clinical infected demineralisation 

of the underlying dentine is possibly considered to be present) 

30 seconds 

with O3

3 Lesion requiring a pharmaceutical approach but not drilling and filling (defined as deemed to have infected demineralised dentine which is 

reversing and getting smaller. This scenario is where clinical remineralisation of the underlying dentine is considered to be in the process of 

remineralising the demineralised dentine but is not yet complete) 

20 seconds 

with O3

4 Lesion arrested (defined as deemed to have had infected dentine which reversed and where clinical remineralisation of the underlying 

dentine is considered to be complete, with no infection remaining in the dentine 

10 seconds 

with O3

 

Table 2 Clinical Severity Index (Holmes, J & Lynch, E, 2002) 
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Diagnodent: 

KaVo DIAGNOdent®, (KaVo, Germany.) is used.  The diagnostic approach of this 

laser fluorescence system is based on the caries-induced changes, which lead to 

increase the fluorescence at specific excitation wavelengths.  The intensity of the 

fluorescence depends upon the wavelength of the light as well as the structure and 

condition of hard tissues.  Red light, with a wavelength of 655 nm, is transported to 

the angulated tip within a central fibber.  Around this central fibre, additional fibres 

are concentrically arranged light, whilst ambient light is eliminated by a filter.  A 

photodiode measures the amount of fluorescent light passing through the filter.  A 

digital display shows both a real time value and a maximum.  Lesions with cut-off 

values of 20 will be used in this study since that reading indicates a lesion reaching 

the dentine.  

 
Lussi et al., (1999) in an in-vitro study aimed to: (i) assess the validity of a new 

laser fluorescence device the DIAGNOdent (and compare the values with those 

of a fixed - frequency electrical device), (ii) to determine the optimum cut-off 

points of the new device for different stages of caries process and (iii) to assess 

the reproducibility of the new laser device. ECM and laser fluorescence was 

used on 105 dry and moist teeth. These teeth were examined histologically to 

determine the sensitivity and specificity. The values obtained for the laser 

device ranged from 0.72-0.87 (specificity), 0.76-0.87 (sensitivity). Those for the 

ECM ranged from 0.64-0.78 (specificity) and 0.87-0.92 (sensitivity). This study 

concluded that the new laser device had a higher diagnostic validity than the 

ECM and may be a valuable tool in longitudinal monitoring of caries. 

 
7.4 One Month Assessment 

At the 1-month follow-up assessment, a general assessment of the filling in each 

target tooth will be performed.  Clinical assessments will be conducted according 

to the modified USPHS criteria (Table 2).  Should the evaluation indicate a 

worsening condition, an intervention will occur and conventional treatment (drilling, 

filling) will be repeated.  
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7.5 Data 

The information and data required for this study is indicated on the attached Case 

Report Forms.  A Study Procedures Chart reference is provided (refer to Section 

9.0) to assist the investigator with the requested information and/or procedures 

and which provides the time interval for the required information 
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Table 2: Modified US Public Health Service (USPHS) criteria rating    

               system for evaluating restorations 
 

Category and Score 
(acceptable/unacceptable) 

 Criteria 

Colour  0 
1 
2 
 
 
3 

Very good colour match  
Good colour 
Mismatch in colour, shade or translucency but 
within normal range of adjacent tooth structure 
Obvious mismatch outside of normal range 
Gross match 

Margin Discoloration       0 
1 
2 
3 

No discoloration evident 
Slight staining; can be polished away 
Obvious staining; cannot be polished away 
Gross staining 

Anatomic Form  0 
 
1 
2 
 
3 

Restoration is continuous with existing anatomic 
form 
Slight under or over contour restoration 
Restoration is under-contoured, dentine or base 
exposed 
Restoration is missing 

Marginal Adaptation  0 
 
1 
 
 
2 

No visible evidence of a crevice along the margin 
into which the explorer will penetrate 
Visible evidence of a crevice along the margin 
into which the explorer will penetrate of "catch" 
Crevice at margin; enamel exposed 
Restoration is mobile, fractured, or missing 

Surface Roughness         0 
1 
2 
3 

Smooth surface 
Slightly rough 
Rough; cannot be furnished 
Surface deeply pitted; irregular grooves 

Secondary Caries 0 
1 

No caries of evidence with the margin 
Evidence of caries at the margin of the 
restoration 

 
. 
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8.0 METHODS OF DATA ANALYSIS

8.1 Methods 

During the course of the clinical study, the Principal Investigator will provide the 

clinical data and related subject information to the Manufacturer, CurOzone 

USA, Inc., for entry into a database, processing and analysis. 

8.2 Safety 

Safety will be evaluated by monitoring the occurrence of any adverse effects.  

8.3 Efficacy 

When treated by ozone for 10 seconds, the primary outcome variable between 

Groups 1 and 2 is a significant reduction in the number of cultivable cariogenic 

bacteria from the carious lesion. 

8.4 Statistical Analysis 

Hypothesis:  Ozone can be used to reverse the clinical severity of PFCLs by an 

activity as an effective as a microbicidal agent against known pathogenic 

microflora present in the PFCLs.  Sample size was calculated to identify odds 

ratio at the magnitude of 3.5, with 80% power of the test, if the null hypothesis is 

true. 

The primary outcome variable will be the reduction in the DIAGNOdent value 

and hence demonstrate remineralisation of the carious lesion in Groups 1 and 

2.  The group sizes of 100 (allowing for the possible predicted loss of less than 

20% of the lesions) will detect a difference between Groups 1 and 2 with a 

significance level of 5%. 

8.5 Censoring 
A subject may withdraw from the study at any time at his/her own request.  The 

subject may also be excluded from the study at the request of the Principal 
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Investigator.  Reason for subject withdrawal or exclusion must be documented 

on the appropriate Case Report Form (CRF). 

 
Subjects can be temporarily classified as lost to follow-up, if the investigator is 

unable to contact the patient for that particular assessment period.  However, at 

each follow-up, efforts will be made to contact the patient.  If a subject 

terminates his/her participation in the study prematurely, the exclusion date and 

reason will be recorded in his/her Report Form. 

 
A subject may be excluded from the primary analysis and the appropriate form 

completed for any of following reasons: 

1. The subject fails to report to the clinical facility for the final examination 
2. The subject elects to terminate participation in the study 
3. The subject does not follow instructions 
4. The subject moves out of the study area and is unable to attend for 

examination 
5. The address of the subject is not available following relocation 
 

Censored subjects, and subjects temporarily classified as lost to follow-up, are 

always included in any statistical analysis, with the last known date of follow-up 

used as the censoring date.  It is noted that all subjects enrolled must be 

included in a report of the study results.  If warranted, subjects may be treated 

as a subgroup of the main study population; however, they may not be 

completely excluded from the statistical analysis. 
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9.0 RECORDS AND REPORTS

9.1 Patient Confidentiality 

UKSmiles, Queen’s University and CurOzone USA, Inc. shall make every effort to 

protect the confidentiality of subjects participating in this clinical study.  In addition, 

the Principal Investigator is responsible for maintaining confidentiality throughout 

the clinical investigation. 

 
Due to the Sponsor’s obligation to protect the identity of subjects enrolled in the 

study, patient names will not be recorded on study materials.  Rather, each 

patient’s initials (first, middle, last) will be recorded.  As required by FDA and 

European regulations, the subject’s name and signature will be executed on the 

subject Informed Consent (IC) form.  Subject IC forms will be reviewed by the 

Sponsor for completeness and compliance to US federal regulations; however, will 

not be retrieved from Principal Investigator’s study files and records.  Additionally, 

the patient’s enrollment number, as documented on the subjects’ data sheets 

maintained by the Principal Investigator will be recorded to ensure that the data is 

reviewed accurately. 
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9.2 Regulatory Requirements 

The clinical study will be conducted in accordance with the appropriate regulatory 

requirements and guidelines for clinical studies involving human subjects.  Since 

UKSmiles’ study involves a drug (ozone), and as the data from this study may be 

collated as part of a larger European wide study is intended to support the 

submission of an NDA in the United States, the study will also be conducted in 

compliance with U.S. FDA Investigational New Drug (IND) regulations in addition 

to meeting the applicable European and united Kingdom Medical device Agency 

(MDA) regulations governing the conduct of an investigational medical device 

study.  The following must be observed to comply with the sponsor's policy for 

conduct and monitoring of clinical investigations; they also represent sound 

research practice: 

9.2.1 Institutional Review Board (IRB) and/or Ethics Committee (EC)  
Approval 
Institutional Review Board and/or Ethics Committee approval shall be 

obtained and maintained for this clinical protocol.  The study will be in 

compliance with the requirements of any IRB or EC having jurisdiction 

over clinical research with the drug (ozone) and investigational 

HealOzone ozone delivery device at the study sites. 

 
The clinical study shall not start at a given institution until approval of the 

IRB or EC has been received.  The patient Informed Consent (IC) form 

will be reviewed and approved by each medical center’s IRB or EC.  The 

IRB’s letter or the EC’s letter of approval for the study and the subject IC 

will be sent to the Sponsor prior to initiation of the study. 

9.2.2 Protection of Human Subjects / Subject Informed Consent 

Patients shall be adequately informed of their commitment in this clinical 

study to allow access to medical records and to comply with applicable 

follow-up assessments at the time intervals required.  The Investigator 

must furnish the Sponsor with a copy of the consent form to be used in 

this study at his/her institution prior to the commencement of the study. 



UKSmiles  Final Version 1.1  July 2002 
 
   

 C O N F I D E N T I A L     
30 

 

All subjects must have signed and dated Informed Consent Forms prior to 

study enrollment indicating their willingness to participate in the clinical 

study.  It is the responsibility of the Investigator to obtain that consent.  

Each subject will be given verbal and written information regarding the 

nature and duration of the study.  This will take place under conditions 

where subjects have adequate time to consider the benefits, risks, and 

requirements associated with his/her participation in the study. 

 
Whenever a juvenile is able to provide a consent, the minor’s consent must 

be obtained in addition to the consent of the minor’s legal guardian. 

 
Each subject will be given verbal and written information regarding the 

nature and duration of the study.  This will take place under conditions 

where subjects have adequate time to consider the benefits, risks, and 

requirements associated with his/her participation in the study. 

 
Informed Consent forms will be maintained at the study sites, and may be 

subject to review by the local IRB or EC and the Sponsor.  IC forms should 

be kept for at least two years, or longer, based on local IRB or EC 

guidelines. 

9.2.3 Competent Authority Notification/Approval 

Competent Authority notification and/or approval will be obtained prior to 

initiation of the clinical study in a country where Competent Authority 

notification and/or approval is indicated or required. 

9.3 Data / Source Documentation / Case Report Forms (CRFs) 

Data for each visit will be recorded on Source Documentation, which should be 

maintained by the Principal Investigator, along with other study records, in a 

secured room.  Information from this Source Documentation is to be provided to 

the Study Sponsor as indicated under the Methodology portion of this Study 

Protocol.   
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Case Report Forms (CRFs) for individual subjects will be provided by UKSmiles.  

The Principal Investigator is responsible for ensuring that all information provided 

is filled out completely and accurately, (one set for each patient enrolled) and 

signed by the Principal Investigator to certify completeness and accuracy of the 

information provided (stamped signatures are not acceptable). 

9.4 Protocol Deviations / Discrepancies 

Any change or deviation from the Investigational Plan undertaken to protect the life 

or physical well-being of a subject in an emergency shall be reported to the Prof E 

Lynch & CurOzone USA, Inc. any appointed clinical monitor(s) and the Institutional 

Review Board or Ethics Committee no later than forty-eight (48) hours following 

the emergency. 

 
Any non-emergency changes or deviations to the protocol may be made only by 

written agreement between the Sponsor (UKSmiles), the Principal Investigator, 

and if pertinent, the Institutional Review Board (IRB) or the Ethics Committee (EC).  

Protocol deviations must be fully documented and explained on the Protocol 

Deviations / Discrepancies Report form.  

9.5 Accountability / Storage and Use 

Only the Principal Investigator and other co-investigators may utilize the drug 

(ozone) and investigational HealOzone device for purposes of this study.  All 

accessories, supplies, and study related materials provided by the Sponsor to the 

clinical sites must be kept in a secure location to prevent accidental or inadvertent 

use by unauthorized personnel. 

 
9.6 Adverse Event Reporting 

Any undesirable clinical occurrence in a patient whether it is considered to be 

ozone related or not and all complications, including deaths, occurring during the 

treatment and follow-up assessment periods must be analyzed and recorded by 

the investigator on the appropriate Case Report Form.  Date and cause should be 

noted.  In reporting adverse effects and complications, the investigator will attempt 
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to evaluate the relationship of all complications or deaths to the drug (ozone) or the 

procedure for treating the fissure carious lesions. 

 
In the event of any complications, the investigator, will take proper therapeutic and 

follow-up measures.  In the event of death, copies of all autopsy reports and/or 

death summaries must be included with the Case Report Forms.   

9.7 Severe / Unanticipated Adverse Event  

Records are reviewed by the Principal Investigator for any severe or unanticipated 

adverse effects.  An adverse event may be mild, moderate or severe and are 

usually unexpected.  If, as a result of an adverse event during the clinical 

investigation, a patient has to be hospitalized, or their hospitalization is unduly 

prolonged because of potential disability or danger to life or because an 

intervention has been necessitated or the event is terminal, the adverse event is 

regarded as severe.  An unanticipated adverse effect would include those 

complications not expected or occurring in greater incidence than expected.  

Those found shall be evaluated and the results reported to the Prof E Lynch & 

CurOzone USA. 

 
In the event of a subject death during the course of the study, copies of all autopsy 

reports and/or death summaries must be included with the Case Report Forms. 

 
Should a severe adverse effect or an unanticipated adverse effect occur, Prof E 

Lynch and CurOzone USA, Inc., are to be notified by telephone within 24 hours (1 

working day) and in writing within 72 hours (3 working days). Any subject death, 

unexpected or serious adverse experience will be reported promptly by telephone 

to Prof E Lynch and CurOzone USA, Inc. even though the experience may not 

appear to be attributable to the treatment with the drug (ozone) or to use of the 

investigational HealOzone device. 

 
The Principal Investigator must prepare a complete written report describing the 

serious and/or unexpected experience within 72 hours (3 working days) of the 

occurrence. 
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Prof E Lynch and CurOzone USA, Inc., shall notify study Investigators, IRBs, EC’s, 

the Competent Authority having jurisdiction where the study is being conducted, 

and the FDA in a written Safety Report of any adverse experience associated with 

use of the drug (ozone) that is both serious and unexpected.  Such notification 

shall be made as soon as possible and in no event later than 10 working days after 

the Sponsor’s initial receipt of the information. 

9.8 Subject Withdrawal / Discontinuation 

Subjects will have completed the study if the follow-up assessment protocol has 

been completed as specified in the study protocol.  Possible reasons for early 

withdrawal include: 

• The subject chooses to withdraw from the study. 

• The subject has an adverse event or experience with their treatment such 
that withdrawal is in the best interest of the subject. 

 
The investigator will make every attempt to follow the patient at each required 

assessment period.  If a patient cannot be reached for follow-up visit, the 

investigator will document the efforts made to contact the patient.  Subjects may 

withdraw from the clinical study without penalty or loss of benefits to which they 

are otherwise entitled. 

9.9 Withdrawal of Institutional Review Board (IRB) / Ethics Committee Approval 

Investigators will report to Prof E Lynch and CurOzone USA, Inc. immediately if, 

for any reason, their Institutional Review Board or Ethics Committee withdraws 

approval to conduct the clinical study.  The report will include a complete 

description of the reason approval was withdrawn. 

9.10 Study Extension 

With written agreement from Prof E Lynch and UKSmiles, this study may be 

extended beyond the stated number of subjects if the effects on the various signs, 

measurements, and/or variables taken as a whole are well established.  The 

institution’s Institutional Review Board (IRB) or Ethics Committee and any 

applicable regulatory agency (i.e., competent authority) having jurisdiction must 

also approve an extension of the protocol prior to adding subjects. 
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9.11 Study Conclusion/Termination 

The Sponsor reserves the right to suspend or discontinue this clinical study at any 

time.  Prof E Lynch and Curozone Inc, USA will be notified in writing upon study 

conclusion or termination of the study.  At the conclusion of the study, reports and 

materials should be returned to the monitor upon receipt of this notice. 

 
If the Sponsor and/or the Investigator should discover conditions arising during the 

study that indicate the study should be terminated, an appropriate schedule for 

termination will be instituted.  If the Investigator terminates the study, an 

explanatory letter will be provided to Prof E Lynch and CurOzone USA, Inc., and 

the center’s IRB or EC. 

9.12 Progress Report / Presentation of Results 

A progress report with request for re-evaluation and approval from the center’s 

Institutional Review Board (IRB) or Ethics Committee (EC) will be submitted by the 

Principal Investigator to the IRB or EC at intervals required by the IRB or EC, and 

not less than annually.  A copy of the report will be provided to the Study Sponsor.  

After completion or termination of the study at each participating clinical center, the 

Principal Investigator at each site will submit a final report to the IRB or EC and the 

Sponsor.  This report should include:  number of subjects enrolled and evaluated, 

number of patients who discontinued from the study, deviations from the study 

protocol, and the study results. 

9.13 Sponsor Final Report 

A final report of the clinical investigation shall be prepared by the Study Sponsor.  

The final report shall include a description of the methodology and design, data 

analysis together with a critical evaluation, a clinical appraisal signed by the 

sponsor and clinical investigator(s), together with statistical analysis, as 

appropriate.  The final report shall take into account all data from each study 

center and for all enrolled subjects.  This report shall be reviewed by all clinical 

investigators. 

9.14 Disclosure of Data 
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All information obtained during the conduct of this study will be regarded as 

confidential and written permission from CurOzone USA , Inc. is required prior to 

disclosing any information relative to the study.  Manuscripts prepared for 

publication will be submitted to CurOzone USA , Inc. for review and comments 

prior to submission to the publisher.  This condition should not be construed as a 

means of restricting publication, but is intended solely to assure mutual 

concurrence regarding data, evaluations, and conclusions and to provide an 

opportunity to share with the Investigator any new and/or unpublished information 

of which he/she may be unaware. 

9.15 Study Monitoring and Study Audits 

Monitoring Site Visits provide Prof E Lynch and Curozone Inc, USA with the 

opportunity to evaluate the progress of the study, verify the accuracy and 

completeness of information provided, assure that all protocol requirements, FDA 

regulations and Principal investigator obligations are being fulfilled and resolve any 

inconsistencies in the study records. 

 
The Principal investigator of each site will allow the Prof E Lynch and Curozone 

Inc, USA to periodically review, at mutually convenient times during the study, and 

after the study has been completed, the records maintained for each study 

subject. 
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10.0 STUDY PROCEDURES
 
 

Patient recruitment 
⇓ 

Baseline 
⇓ 

Diagnodent measurements 

Clinical indices. Randomisation into group one or two. 

Each subject will be assigned to the two groups in 2 visits. 
⇓                                                                         ⇓ 

Group 1                                                              Group 2 

Tooth cleaned ,isolated and disinfected           Tooth cleaned ,isolated and disinfected 

⇓                                                                                     ⇓ 

Ozone not applied on the PFCL                         Ozone applied for 10s on the PFCL 

⇓                                                                                     ⇓ 

Water and reductant sprayed in the cup             Water and reductant sprayed in the cup 

⇓                                                                                          ⇓ 

2 Month assessment of treatment                                    2 Month assessment of treatment 

 CSI & USPHS criteria                                                            CSI & USPHS criteria 

and evaluation for any  adverse events                         and evaluation for any adverse events 
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TABLE 3:  Study Procedures Table 

 

Initial Group 1 no O3 treatment Group 2   03 treatment
   
 DIAGNOdent reading DIAGNOdent reading 
 Clinical assessments (CSI evaluation) Clinical assessments (CSI evaluation) 
   
Treatment Reductant Ozone 10s + Reductant 
   
1 Month 
Assessment  

General assessment of 
A; treatment (CSI evaluation & USPHS criteria) 
B; Adverse Events 
 

General assessment of 
A; treatment (CSI evaluation & USPHS criteria) 
B; Adverse Events 
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12.   APPENDICES 

Appendix 1: Active Ingredients of the Reductant 
Appendix 2: Potential Therapeutic Applications of Ozone 
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APPENDIX 1 
 

Active ingredients in the investigational reductant are as follows: 

Ingredient      %wt/wt  Grade 
Deionized Water   98.09996 
Sodium Benzoate     0.50000    NF 
Methylparaben     0.06000    NF 
Sodium Fluoride     0.24000   USP 
Xylitol       1.00000        USP or NF 
FD&C Blue # 1     0.00004   FDC 
Citric Acid      0.10000 
 
 

The reductant, described in Sections 4.3 and 6.4, to be used is also experimental.  

The formulation has not been used before and the toxicity and stability are unknown.  

The ingredients are all currently used in existing oral dental preparations, and are thus 

expected to be safe and effective. 

 

The solution, which is intended to be used, as a reducing agent for any possible 

residual ozone following treatment, has not had it’s reducing capacity evaluated.  It is 

Curozone’s opinion that the use of a reducing agent may not be needed to assure 

safety of the procedure.  The use of this reducing agent is intended to be an additional 

assurance of safety. 

 

Curozone commits to assure that the formulation acts in an adequate reducing 

capacity.  Chemistry studies have been initiated to determine the effectiveness of the 

reductant.  Stability studies will also be initiated, to determine a suitable expiration 

date. 
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Abstract 
Ozone (a pale blue-coloured gas) plays an important role as a natural constituent in the higher 

layer of the Earth’s atmosphere.  There is growing evidence that ozone can be employed as a 

useful therapeutic agent in both dentistry and medicine.  This review provides horizons for the 

future clinical applications of ozone, with special reference to its biological chemistry.  

Consumer demands for this novel agent may increase with an increasing level of awareness 

of its therapeutic capacity.   
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1.  Introduction 
To date, many studies concerning the clinical evaluation of ozone (O3) have, unfortunately, 

been based on assessments of its harmful effects rather than demonstrating any therapeutic 

benefits that it may offer.1-4  In the Earth’s biosphere, the role of O3 is controversial.  Indeed, it 

is one of nature’s most powerful oxidants and is reactive towards many biomolecules.5  This 

‘reactive oxygen species’ (ROS) can be produced either by ultra-violet rays of the sun, or 

artificially with an ozone generator.  In the former case, O3 is the major constituent of the 

atmosphere responsible for shielding off ultra-violet light from the sun and oxidising pollutants 

in the air.  O3 can also be usefully employed by man for purposes of water purification and 

sewage treatment.   

 

O3 was first suggested as a disinfectant for drinking water in the 19th Century in view of its 

powerful ability to inactivate micro-organisms.6 Indeed, many researchers have emphasised 

that the utilisation of this oxidant over limited time periods can effectively disinfect water 

supplies.7-9 It acts rapidly and in lower concentrations when compared to chlorine, and has no 

side effects such as taste and odour which are characteristic of other disinfecting agents.10 

However, high levels of O3 were found to be insufficient for disinfection in view of the limited 

solubility of this gas in water and adverse toxicological problems arising from the employment 

of such high concentrations.11-13 O3 is an agent that disinfects by destroying, neutralising or 

inhibiting the growth of pathogenic micro-organisms, and has been found to be an effective 

alternative biocidal agent to chlorine.14  The treatment of drinking water with ozone has been 

shown to be more efficient against spores of Bacillus subtilis, a 0.35 mg/l concentration giving 

rise to the reduction of at least 5 log values in populations of approximately 1x106 cells/ml of 

Escherichia coli, Vibrio cholerae, Salmonella typhi, Yersinia enterocolitica, Pseudomonas 

aeruginosa, Aeromonas hydrophila, Listeria monocytogenes and Staphylococcus aureus when 

compared with 0.50 mg/l chlorine (with the exception of Vibrio cholerae).  Both disinfectants 

were probably consumed during the treatment period.12 Indeed, Broadwater et al., 7 agreed 

with Morris13 and indicated that O3 is an effective bactericide against both vegetative cells, and 

the B. megaterium and B. cereus spores of E. Coli ATCC 9677.  However, on consideration of 

the level of organic components present in water, they suggested that this ROS can be applied 

at higher dosages (0.5-10 mg/l) and for longer contact periods (2-10 min.) for practical 

applications since, having a potent oxidising activity, ozone is consumed by such agents, a 

phenomenon that prevents full utilisation of the applied dose as a disinfectant.13   
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Historically, O3 has been the agent of choice for the disinfection of public water supplies rather 

than chlorine in the United States of America.  The reason for the preferential application of O3 

here is primarily to remove iron and manganese ion colourations, and to avoid adverse tastes 

and odours.9 However, one major disadvantage is that O3 is stable only for a short period of 

time and decomposes to form molecular oxygen which is utilised for sustenance by aquatic 

life, 13 and hence it disappears very quickly from the system.15 Consequently, it is impossible to 

maintain a residual level of this ROS in a water distribution system.  However, Burleson et al., 

15 found the application of a simultaneous treatment of O3 with sonication to be more effective 

in a bactericidal treatment process designed for the disinfection of waste-water.  Sonication 

reduced or altered oxidisable organic material as measured by biological oxygen demand and 

chemical oxygen demand determinations, and therefore the O3 demand of the secondary 

effluent was also reduced.11 This may also enhance the O3-mediated inactivation of micro-

organisms by ozone via dissipation of particulate organic material and clusters of bacteria, a 

process facilitating their exposure to the oxidant.14 With pre-treated water, ozone can kill 

bacteria by rapidly rupturing their cell membranes (within 2 seconds).  Chlorine, on the other 

hand, simply diffuses into the cell and requires 30 min. to achieve bactericidal effects.  The 

rate of lysis is dependent upon the ozone level: higher ozone concentrations are used for 

highly contaminated systems, whereas lower concentrations are used for maintenance.  

Following O3-mediated lysis of the micro-organisms, the cytoplasmic constituents are oxidised 

by this agent, which is then removed by UV irradiation at a wavelength of 254 nm.15 O3 has 

also been employed commercially to remove trace organic contaminants from water.   

 

Humans are continually exposed to O3 during their daily lives, a phenomenon that may raise 

some doubts about the deleterious health effects of this ROS.  Occupational exposure to O3 

can involve electric arc welding, mercury vapour lamps, laser printers, some office 

photocopying equipment, X-ray generators and other high voltage electrical equipment, water 

purification processes and the employment of this oxidant for bleaching purposes.16-18 Brauer 

and Brook19 measured personal exposures to O3 (personal monitoring conducted with a nitrite-

coated filter passive O3 sampler) in two groups of 25 healthy people.  Although ozone levels 

were low (<35 ppb; 24-hr. average) during both summer sampling periods, these values 

exhibited a strong dependence upon collocated UV absorption O3 readings.  It was estimated 

that personal measurements differing by more than 35% were associated with true differences 

in exposure which, in turn, were associated with the fraction of time spent outdoors.  

Furthermore, lung function parameters were measured with a body plethysmograph and 

subjective sensation and physiological responses of 40 subjects exposed to an equivalent 
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distribution of elevated and low O3 concentrations for irritations of the eyes and/or airways 

respectively.  Subjects were pre-assessed as O3 risk groups and one control group (senior 

citizens, juvenile asthmatics, forestry workers, athletes and clerks) and examined for a period 

of 8 days both in the morning and in the afternoon, with average O3 concentrations ranging 

from 0.001 to 0.100 parts-per-million (ppm).  The results demonstrated no relevant O3-induced 

effects for the group with the lowest ventilation rate (senior citizens), and only marginal 

reductions of respiratory flows and volumes for athletes.  Forestry workers and clerks had a 

significantly higher airway resistance on O3 ventilation days, although these subjects were 

exposed to the lowest O3 concentrations of all participating groups.  Thus, on days with 

moderately elevated levels of O3 in the environment, it is speculated that this ROS exerts a 

minor influence on pulmonary responses when expressed relative to that of other constituents 

of the air in selected locations (e.g., outdoor forestry or indoor domestic environments).  Such 

constituents could be reaction products of O3 with motor tool exhausts in the case of forestry 

workers, or components originating from O3 deposition on the surfaces of indoor locations.20   

 

Bocci21 emphasised that the potential toxicity of O3 should not preclude its employment for 

medical purposes.  Indeed, carefully selected dose levels of this agent are of potential 

therapeutic value in the management of circulatory disorders, viral diseases and cancer.  

However, Gliner et al., 22 investigated the effects of increasing concentrations of O3 [0.00, 0.25, 

0.50 and 0.75 parts-per-million (ppm)] on sustained visual and auditory attention tasks 

(vigilance performance).  Spectral and discriminant function analyses were performed on the 

EEG signals collected during the study.  EEG signals were categorised between different O3 

levels, at rest, during each task performance and between task and non-task performance 

under ambient air conditions.  Results showed that O3 at concentrations as high as 0.75 ppm 

did not alter the performance of visual and auditory tasks.  Notwithstanding, a deficit in 

performance beyond that of the normal vigilance decline was observed during exposure to 

0.75 ppm O3.  When the rate of EEG signals to non-signals was increased, false positive 

responses did not alter the performance of either visual or auditory tasks. 

 

The aim of this review is to (1) outline possible mechanisms of action of O3 with special 

reference to its biological chemistry, (2) elucidate the therapeutic advantages of O3 in selected 

clinical conditions, and (3) delineate its potential applications for the 21st century.  A further 

major objective of this communication is to examine whether the clinical applications of O3 

therapy warrant further investigation.   
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2.  History of ozone 

Ozone was first discovered and named by C. F. Schonbein in 1840.  The utilisation of O3 in 

industrial environments has an impressive history.  The American Indian, for whom fishing was 

a central industry, recognised a correlation between a successful catch of fish and a strong 

odour released by the action of lightning following an electric storm.  Similarly, the ancient 

Greeks also noticed this odour which they termed as ‘ozein’.  These subjects preferentially 

fished subsequent to electric storms, a custom, which prevails today.  Since the upper layer of 

lake water is enriched with dioxygen these phenomena are explicable by an elevated level of 

ozone generation in this biosphere.  It should be noted that ozone in lake water arises as a 

consequence of air diffusion in its upper layer rather than as a product arising from chemical 

reactions therein.  

 

3.  Chemistry of ozone 
O3 is produced by the photodissociation (i.e., bond cleavage induced by light energy) of 

molecular O2 into activated oxygen atoms, which then react with further oxygen molecules 

(equations 1 and 2).   

 O2  
(solar energy / uv)

 2O   (1) 

O2 + O                    O3    (2) 

The two oxygen-oxygen bonds in the O3 molecule are of equal length and intermediate in 

nature between those of oxygen-oxygen single and double bonds.23 O3 decomposition 

(liberating O2) is an exothermic reaction, but in the absence of catalysts and ultraviolet light, 

the rate of this reaction is very slow, even at temperatures as high as 250°C.  Its 

decomposition is caused by solar ultraviolet radiation in the range 240-300 nm via the reaction 

depicted in equation 3.   

                                    O3                  3/2 O2 ∆H  = -142 kJ mol-1 (3) 

The reaction of water-soluble electron donors with ozone appears to produce the ozone 

radical anion, a facile process for reductants with sufficient redox potentials (equation 4).24  

This transient radical anion rapidly becomes protonated, generating HO3
& which, in turn, 

decomposes to hydroxyl radical (equation 5).   

          X:  +  O3          X+ + O3
&ø  (4) 

          O3
&ø  + H+           HO3

&        &OH  +  O2 (5) 

Reactions 4 and 5, convert O3 to an even more powerful oxidant, the hydroxyl radical (&OH).  

Of course, &OH radical is an extremely reactive species that can contribute to tissue injury20, 
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and O3 is known to promote free radical generation both in-vivo and ex-vivo.23, 25-32  Since the 

reduction potential of the O3/O3
&ø couple is ca. +1.6 volt,33 electron transfer reactions of ozone 

with thiols and catechol-like compounds, as well as many other biological electron donors, are 

thermodynamically feasible.   

 

In view of its powerful oxidising properties, O3 can attack many biomolecules such as the 

cysteine, methionine and the histidine residues of proteins.  Tyrosine residues in proteins can 

be cross-linked subsequent to the O3-mediated oxidation of their phenolic-OH groups, yielding 

O,O’-dityrosine, the oxygen-oxygen bond acting as a cross-linking unit.  Oxidation of 

polyunsaturated fatty acids (PUFAs) by O3 can lead to lipid peroxidation, a reaction system 

proceeding via the prior generation of ozonides.  There is also evidence that O3 produces &OH 

radical in aqueous solution, extremely reactive species that contribute to tissue injury.20  

Indeed, O3 is known to promote free radical generation both in-vivo and ex-vivo.23, 24-32  The 

physiologically-relevant oxidising actions of O3 towards biomolecules can be examined in 

simple model experiments.  Exposure of methyl linoleate to 0.35 ppm O3 in microimpingers 

causes lipid peroxidation, a process monitored by peroxide formation (measured 

iodimetrically), the development of absorption at 223 nm (ascribable to isomeric conjugated 

hydroperoxydienes) or the production of thiobarbituric acid-reactive substances (TBARS). The 

rate of development of conjugated hydroperoxydienes during the induction period is directly 

proportional to the square root of the concentration of gas-phase O3.25  As expected, the 

addition of α-tocopherol at a level similar to that in biomembranes gives rise to a pronounced 

lengthening of the induction period observed before peroxidation ensues.32  O3-induced 

oxidation of polyunsaturated fatty acids leads to the production of aldehydes,34 species which 

have been employed as biomarkers for ozonylation.35,36  Ozonylation products derived from 

unsaturated fatty acids and cholesterol can be isolated from the lungs of rats exposed to O3, a 

phenomenon attributable to reaction of the oxidant with pulmonary lipidic companents.36

 

The deleterious biological effects of ozone depend upon the dynamic equilibrium between the 

ozone concentration, duration of exposure and the nature and level of extra- and intracellular 

antioxidants.  However, during limited periods of exposure, low concentrations of ozone can 

be restrained against causing damage to the cell membrane where it exerts its non-specific 

action via induction of the lipid peroxidation cascade.  The reaction of ozone with lipids is a 

classical ozonolysis of carbon-carbon double bonds, and recently, stoichiometric analysis of 

the products that serve as indicators of ozonolysis, and the labeling of products with 18O from 
18O-labeled ozone, revealed that hydrogen peroxide and aldehydes were important mediators 
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of the modifications in the lung and extrapulmonary tissues when ozone is inhaled.37-40  The 

above controversy has overshadowed reports of the reaction of ozone with amino acids41-44 

and proteins.45-47  The majority of studies conducted have been employed with pure lipids or 

pure proteins.  Banerjee and Mudd48 studied the reaction of ozone with glycophorin inserted in 

a phospholipid vesicle, the asymmetric orientation of this protein allowing a determination of 

whether ozone oxidatively modified externally exposed amino acids in model membranes or 

whether this oxidant also reacted with amino acids located in the inside of the vesicle.  They 

found ozone to be capable of preferentially oxidising the first methionine residue located in the 

vesicle outside of the model membrane and that residues within the vesicle were protected.  

Therefore, it appears that membrane lipids protect amino acids from oxidation by ozone, i.e., 

the highly polar and charged ozone molecule may not penetrate beyond the unsaturated fatty 

acids present in the apolar regions of membranes.   

 

4.  Physiological effects of ozone exposure 
O3 is so reactive that it cannot penetrate far into the air-tissue boundary before it reacts with 

biomolecules.  Therefore, the principle targets for the reaction of ozone probably lie in the fluid 

layer covering the internal surface of the lung.  The lung lining fluid is a patchy and highly 

dynamic material of variable thickness consisting of lipids, proteins and antioxidants such as 

ascorbate, gluathione and uric acid,48 and the rapid oxidation of organic biomolecules by O3 is, 

of course, directly responsible for its deleterious toxicological properties.  Proteins exposed to 

low concentrations of this oxidant display the characteristics of denatured macromolecules, 

and the type of reaction that occurs is indicative of oxidative denaturation involving ionisation 

of phenolic hydroxyl groups and the uncoupling of polypeptide hydrogen-bonded linkages.  

Lester et al.,49 studied the reactions of O3 with plasma proteins in 8 rabbits and concluded that 

ozone reacted with rabbit tissue proteins, generating antigenic species, the antibodies formed 

reacting with ozonised egg albumin.  They suggested that the reaction of O3 with endogenous 

proteins may be responsible for the ability of this gas to irritate tissues during repeated 

exposures.  However, low concentrations (1 ppm for a period of 4 hr) have been shown not to 

exert a demonstrable pulmonary oedema.  Histologically, the lungs of mice killed immediately 

after termination of exposure to O3 showed moderately enlarged blood vessels and their 

capillaries contained a conspicuous number of leukocytes with no observable oedema.  

Lagerwerff et al.,50 found that there was no change in vital capacity after exposure to levels as 

high as 0.5 ppm for 3 hr.  However, it is possible that breathing the gas through a mouthpiece 

delivers a higher concentration to the lungs than that obtained via breathing from the 
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atmosphere of a controlled environment.  Hence, in view of the lack of control measurements, 

satisfactory conclusions cannot be drawn from the above findings.   

 

Plopper et al.,51 performed a morphometric evaluation of quantifiable alterations in the lungs of 

rats on exposure to 3 ppm O3 for a period of 4.0 hr.  Exposure to O3 was found to alter two 

components: squamous epithelium and endothelium of the air-blood barrier.  The increases in 

mean thickness of the epithelial and endothelial portions were significantly different, and the 

lesions consisted primarily of intracellular oedema.  However, granular pneumonocytes 

appeared to be highly resistant to increases in volume.  While the increase in the interstitial 

portion of the barrier was not a consistent result, this component did not respond during a 12 

hr. recovery period.  The endothelial and epithelial swelling were more peripheral within the 

acinus than was the loss of epithelium, and the variability of the septal interstitial mean 

thickness was related to the primary distribution which was adjacent to large airways and 

vessels.  Additionally, Upper et al.,52 exposed human red blood cell (RBC) membranes to low 

levels of O3 and oxidative damage to proteins and unsaturated lipids present was monitored.  

These researchers found that O3-induced oxidative damage to proteins caused significant 

decreases in thiol group content, the fluorescence of protein tryptophan residues, and the 

activity of membrane-bound acetylcholinesterase.  Oxidative damage to lipids gave rise to 

changes in some of the unsaturated fatty acids (UFAs) in the lipid fraction of these RBC 

membranes.  Significant amounts of hexanal, heptanal, and nonanal were formed from the 

ozonylation of UFAs.  There was no decrease in the level of RBC membrane oleate, indicating 

that the above volatiles predominantly arise from the oxidative consumption of PUFAs.  As 

expected, the extent of product appearance was found to be a more sensitive measure of 

ozonylation than substrate disappearance.  These results imply that both proteins and 

unsaturated lipids undergo simultaneous and competitive ozonylation in human RBC 

membranes when O3 was the limited reactant in the membrane. Subsequently, Belianin and 

Shmelev53 suggested that ozonylsed sorbent haemocarboperfusions were an effective therapy 

for progressive pulmonary tuberculosis combined with hepatitis.  Indeed, ozone was found to 

activate electrochemical blood oxidation on the sorbent membrane and produce a direct 

therapeutic effect on hepatocytes.  Intriguingly, O3 can upregulate antioxidant enzymes and 

hence, paradoxically, may offer a defence against oxidative stress associated with many 

clinical conditions.   

 

The influence of O3 on cerebral metabolism was studied under hypoxic conditions and, 

interestingly, tissue metabolism could be activated by administration of this oxidant.54  A total 
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of 30 mature rabbits inhaled 3% (v/v) oxygen in 97% (v/v) nitrogen (pO2 17-19 mm Hg) by 

spontaneous respiration through a tracheostomy cannula and were divided into three different 

groups which involved treatment with oxygen, treatment with O3 and an appropriate control.  In 

the oxygen group, pure oxygen was administered through an A-V shunt, previously performed 

on femoral artery and vein with an oxygenator, i.e., Nichidai style (counter-current-exchange 

method).  Similarly, the O3 treatment group also received this ROS with the oxygenator via an 

A-V shunt (a dose level of 1.5% (v/v) was achieved by the application of an ozoniser which 

separated O3 from oxygen).  Control rabbits inhaled only anoxic gases without ozone 

administration.  In each group, the survival time as well as ATP, ADP, AMP and lactate levels 

in the brain were examined.  Following administration of O3, the survival time was significantly 

prolonged when compared to the control group.  These results indicated that the oxidising 

effect of O3 could be beneficial and maintain energy charges in brain tissue during hypoxia.  

Furthermore, O3 might activate energy metabolism in animal tissues.55   
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5.  Clinical applications of ozone 
O3 has the unique feature of decomposing to a harmless, non-toxic and environmentally safe 

material (oxygen).  Interestingly, O3 has been utilised to treat patients with inflammatory bowel 

disorders, (specifically ulcerative colitis, Crohn’s disease and chronic bacterial diarrhoea).  The 

first ozone generator was developed by Werner von Sidemen’s in Germany as early as 1857, 

and found the first report of it being used therapeutically was for the purpose of purifying blood 

by C. Lender in 1870.  In 1885, Dr. Charles J. Kenworthy published "Ozone" regarding its 

medical applications.  To date, O3 therapy has been a recognised modality in sixteen nations.   

 

Historically, ozone was first administered by application to external body surfaces to determine 

its effects on a variety of lesions.  Nowadays, there are several different types of ozone 

generators utilised for the purpose of clinical applications: (1) the production of O3 from O2 in a 

narrow frequency bandwidth of ultraviolet light, (2) corona discharge involving a tube with a hot 

cathode surrounded by a screen anode, and (3) method described by the term ‘cold plasma’ 

which involves a device constructed from two glass rods filled with an inert, noble gas excited 

by high voltage.  In this latter method, the voltage jumps between the rods, forming an 

electrostatic plasma field, which converts O2 to O3.  The original cold plasma generator, 

invented by Nikola Tesla in the 1920s, is still in use today.   

 

The four primary methods of administering medical ozone are: 

• Autohaemotherapy, of which there are two classes.  Major therapy involves the removal of 

approximately 200 ml of blood from a patient, adding O3 and O2 to it and infusing the mixture 

back into the individual.  Heparin is required as an anticoagulant to prevent the blood from 

clotting.  Minor autohaemotherapy involves the process of withdrawing only 5-10 ml of blood 

from patients.   

• Rectal insufflation, in which ozone and oxygen are administered as a rectal enema.  The 

O2/O3 mixture is then absorbed through the larger intestine.   

• O3 “bagging” which involves having an airtight bag placed around the area to be treated.  A 

mixture of O3 and O2 is pumped into the bag and absorbed through the skin.  

• O3 is also utilised externally in the form of ozonylated olive or sunflower oils.  In this respect, 

medical treatment with ozone appears to be safe, therapeutically beneficial and cost-effective.   

 

 

Autohaemotherapy 
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Autohaemotherapy involves the treatment of up to 200 ml of pre-isolated human blood with a 

gaseous mixture of oxygen and O3 and has been used since 1950 in central Europe.56  Many 

unrelated diseases such as acute and chronic viral diseases,57-59 neoplasia,60 vascular 

disorders such as obstructive arteriopathies, venous insufficiency and vascular degenerative 

diseases,57 ulcers and cutaneous infections59 have been treated with ozone.  There are 

several mechanisms of autohaemotherapy by which ozonised blood can improve the 

circulation and oxygenation of hypoxic tissues.  However, it is not yet clear whether the 

increased amount of 2,3-diphosphoglycerate observed remains at higher levels than normal 

for the remaining cell life-span either after autohaemotherapy,56 or after insufflation of O3 into 

the colon.61  CD4 cell count, and interleukin-2, gamma-interferon, beta-2-microglobulin, 

neopterin and p24 antigen activities were found to be unaffected by the application of O3 

during the treatment of 10 patients with HIV infection.  In addition, O3 had no significant effect 

on haematologic, biochemical or clinical toxicity.  It should be noted that erythrocytes are 

probably O3’s major target cells on consideration of their area of 70 mm2 in 100 ml of blood. O3 

exerts its oxidising actions in a matter of seconds, and can generate reactive species which 

are firstly quenched by antioxidant compounds in plasma.62  Secondly, cell membrane 

phospholipids, glycolipids and glycoproteins,61 and thirdly, intracellular components such as 

enzymes and DNA (after exhausting the reserve of intracellular reduced glutathione) can be 

inactivated.  Another aspect is the improved rheology of erythrocytes at the capillary level 

related to their flexibility and charge modification.  A micro-release of adenosine triphosphate 

(ATP) in the ischaemic environment may cause a local vasodilatation, and hence blood flow 

can be improved.63   

 

Major autohaemotherapy was employed in the treatment of acute chronic viral diseases 

(herpes, hepatitis) and neoplasia by activating the induction mechanism of the phagocytic and 

bactericidal functions of leukocytes, with a concomitant enhancement of immunoglobulin 

production.  In this context, autohaemotherapy is a promising treatment based on the use of 

inducers to elicit the endogenous production of cytokines.  The advantages are lack of toxicity 

and a resulting equilibrated stimulation of cytokines, the latter being a phenomenon 

accompanied by improved oxygenation and metabolism.63  Paulesu et al.64 studied the action 

of O3 as a potential inducer of tumour necrosis factor (TNF-alpha) in human blood and Ficoll-

purified blood mononuclear cells (PBMC).  All samples were exposed to O3 concentrations 

ranging from 2.2 to 108 mg/ml and tested for TNF activity, whilst some PBMC cultures were 

analysed for their capacity to synthesise DNA.  The applied O3 concentration was found to be 

critical in terms of TNF production and cell mitogenesis.  Furthermore, in blood a high ozone 
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concentration was found to be more effective than it was in PBMC.  Subsequently, in one of 

their series of experiments regarding the biological effects of O3 in human blood, these 

researchers have also found that there was a significant release of transforming growth factor 

beta (TGF-beta 1) in volunteers’ blood following exposure to O3 concentrations ranging from 

22 to 126 mg/ml (obtained via the utilisation of autohaemotherapy).  In comparison to TGF-

beta 1, TGF-beta 2 production was not influenced by O3 exposure.  It appeared that blood, in 

the presence of heparin and 5mM Ca2+, allowed a consistent production of tumour necrosis 

factor a (TNF alpha) and the release of a low and non-hazardous level of haemolysis.  These 

data supported the notion that autohaemotherapy may promise a valuable therapeutic 

approach to achieve immunoregulatory effects.65,66  Indeed, Bocci et al.67 found that 

autohaemotherapy had a therapeutic value in viral diseases and neoplasms since O3 acted as 

a mild inducer of cytokines.  They studied the influence of increasing levels of O3 exposure on 

human blood and attempted to correlate the production of cytokines with the depletion of 

reduced erythrocyte glutathione (GSH) and haemolysis.  Erythrocytes were found to be a 

useful marker of ozone’s oxidative activity since they constitute the bulk of blood cells and 

represent the main target of O3-mediated oxidative damage.  Transient exposure (30 sec.) of 

human blood to 78 mg/ml O3 showed no depression in the production of cytokines even 

though there was a slight increase in haemolysis and a small decrease in intracellular GSH.  It 

should be noted that either a constant (up to 30 sec.) O3 exposure, or a high O3 concentration 

(108 mg/ml) markedly reduced GSH levels and depressed cytokine production.68  

 

The effects of autohaemotherapy on the human hair cycle in 42 subjects suffering from 

adrogenetic alopecia were studied by Riva Sanseverino et al.,69 The microscopic observation 

of hairs (trichogram) was carried out before and after autohaemotherapy according to a 

European Scientific Protocol (O3 dosage 2500-3000 micrograms for each treatment, one cycle 

consisting of 16 treatments), and the investigators concluded that there was a marked 

improvement in the hair cycle.   

 

Recently, Cooke et al.,70 revealed that a therapy involving the combination of heating, 

ozonylation and exposure to ultraviolet light (H-O-U) may exert a therapeutic effect in the 

treatment of Raynaud’s syndrome.  Four patients with severe Raynaud’s syndrome for the 

duration of more than five years and presenting with more than five daily attacks were selected 

for this study.  Patients were treated daily, or on alternate days, for a 2-3 week period by the 

re-injection of citrated, autologous blood pre-treated with heat, ozone and ultraviolet light.  A 
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reduction or abolition of Raynaud’s attacks for at least three months was observed following 

this treatment.   

 

Rectal insufflation 
Ozmen et al.,71 studied the peritoneal cavities of 240 rats following faecal-capsule 

implantation.  Ozonylated saline proved to be an effective irrigating solution for reducing 

abscess formation in survivors when compared to normal saline solution, and saline-

cephalothin irrigation in the treatment of faecal peritonitis.  Subsequently, Romero Valdes et 

al.,72 reported that the least uncomfortable, more harmless and more economically feasible 

manner of O3 administration was rectal insufflation in the treatment of 72 non-diabetic patients 

with obliterant atherosclerosis, rather than the endovenous and intramuscular methods of 

employing O3 and conventional medical treatment (control group).  Daily doses of O3 ranging 

from 2.7 to 30 mg were employed in the treatment of intractable diarrhoea associated with 

AIDS.  Carpendale et al.,73 claimed that rectal insufflation was simple, safe and effective.  

Since O3 administration by rectal insufflation can infiltrate the parenchyma of the liver to 

inactivate the Hepatitis B virus,73 it should be noted that the ability of this oxidant to inactivate 

HIV or any enveloped virus in the wall of the colon is feasible.   

 

Rodriqueuz et al.,74 recently performed rectal insufflation on a daily basis to patients suffering 

from senile dementia (vascular, degenerative or mixed aetiology).  An improvement was 

obtained according to psychometric tests and Hamilton tests and parameters such as the 

Hachinsky scale and Katz index.  Since no side-effects were observed, this class of O3 

therapy was recommended for the treatment of senile dementia.   

 

Ionozone Therapy 
Ionozone therapy was first utilised in Germany.  It has been found to have a bactericidal effect, 

particularly on staphylococcal, streptococcal and protean infections, and has been employed 

in the treatment of open wounds, together with ulcers such as varicose, diabetic and pressure 

sores.  An ionozone apparatus was designed to generate steam which is then ionised via 

passage over a mercury vapour arc (producing a mixture of ionised water, ozone and 

oxygen).74-77  The physiological effects observed can be considered as a sedatory action on 

sensory nerve endings, and/or a stimulation of superficial blood flow.  However, a bactericidal 

effect was observed in conjunction with the use of antibiotics.  Following three years of 

treatment, Dolphin and Walker76 indicated that over 75% of lesions were completely healed 

and the condition of the skin was found to have no transparent appearance that can often be 
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seen within the short period of healing.  A preliminary investigation was designed to determine 

the effect of Ionozone therapy for treating skin lesions in elderly people in a geriatric unit.81  

Pressure sores were defined as an area of tissue necrosis with underlying ulceration of the 

skin, a consequence of ischaemia related to the sustained pressure and ulceration of the 

lower leg regarding venous pressure. 17 out of 23 patients showed a rapid improvement and 

were discharged mobile, although 6 were referred to other units.  Of the 11 surviving patients 

with ulcers, ten healed rapidly and were discharged (one was referred to another unit).  It 

should also be noted that no member of staff or patient complained of any adverse symptoms 

when the Ionozone apparatus was employed. 

 

A Bioozon U type apparatus (produced by B. Prochazka GmbH, Reutlingen, Germany) was 

employed to test the effects of an O3/O2 mixture in rats.78  Rats poisoned with cadmium 

acetate during 12 weeks, at a dose of 50 mg/dm3 (administered in drinking water), were 

treated with an O3/O2 mixture as an intraperitoneal injection during the last 10 days of the 

experiment at a daily dose of 1 ml of an O3 concentration of 40 mg/ml.  Two control groups 

included animals treated with this mixture except cadmium ion, and rats poisoned with this 

metal ion without the subsequent O3/O2 treatment.  Liver and cardiac muscle were examined 

using transmission electron microscopy.  Morphological traits of a protective effect of the 

administered mixture against cadmium-poisoning (expressed as less destructive changes 

within the endoplasmic reticulum, basal cytoplasm and lysosome of the hepatocytes) were 

observed in both organs.   

 

Furthermore, O3 therapy has been carried out on the forehead of 16 male test persons 

suffering from acne vulgaris on 7 consecutive days with the employment of Vapozone 9 which 

is an instrument in normal commercial usage.  Surface lipids on the unchanged skin (casual 

level), and 2.0 hr. after defatting the skin (replacement sum), were directly extracted and 

analysed by means of thin layer chromatography.  As expected, a decrease in the content of 

free fatty acids was induced by this therapy.79   

 

Medical ozone is a mixture of O2 and O3, which can be employed for several therapeutic 

applications.  In a recent study, 50 patients were treated by the employment of intradiscal O3 

inflitration as an alternative to surgery in the treatment of lumbar sciatic pain supported by an 

intradiscal hernia.80  Following local anaesthesia, 12 ml of a mixture of O2 and O3, the former 

at a concentration of 20-30 mg/ml, was injected into the disk with 18-20 G needles under 

computer tomography (CT) or fluoroscopic guidance.  This treatment was repeated two or 
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three more times at intervals of 3, 15 or 30 days. Following each treatment, CT examinations 

were conducted and these revealed 82% positive results (36% excellent, 46% good), whilst 

there were no major changes between pre- and post-treatment CT in the remaining (18% of) 

cases.  However, clinical examinations gave 68% positive results (40% excellent, 28% good) 

and 32% negative results (10% of patients underwent surgery and 22 were taken under 

medical and physical treatment). In view of its ease of execution and non-invasiveness, O3 

therapy was found to permit the successful out-patient treatment of lumbar sciatic pain. 

Moreover, the lack of major complications and the promising results obtained compared 

favourably with those obtained from other methods such as chemonucleolysis, percutaneous 

automated discectomy, microsurgery and conventional surgery.  Hence, O3 therapy can be 

considered a useful treatment for lumbar sciatic pain, and can, in principle, offer a valid 

alternative to surgery in many cases. 
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Potential applications of ozone treatment in dentistry 
O3 is approximately 10 times more soluble in water than O2.  Mixed into aqua bidestillata 

(pyrogen-free) water, the half-life of O3 is nine to ten hours (at pH 7 and 20°C), and at 0°C this 

value is doubled.  Ozonated water was found to be effective in dental surgery where it is 

reported to promote hemostasis, enhance local oxygen supply and inhibit bacterial 

proliferation. Therefore, ozone can be applied during dental surgery, or following tooth 

extraction processes.81, 82   

 

Recently, a denture cleaner using O3 bubbles (O3 concentration approximately 10 ppm) was 

considered as clinically appropriate in view of its strong disinfecting and deodorising power, 

and high biological safety.83  The effectiveness of this cleaner against Candida albicans was 

investigated and levels of this microbe were found to decrease to about 1/10 of their initial 

value after 30 min., and to 1/103 after a 60 min. period of exposure.   

 

Potential applications of ozone to the treatment of dental caries 
In view of the projected increase in the size of an ageing dentate population in most 

industrialised countries, the concept of dental caries has prompted an increasing interest in 

the nature and frequency of oral health problems in this age cohort.  Elderly people retain 

more teeth than they did in past generations, a phenomenon ascribable to an increased public 

awareness of oral hygiene, a better knowledge of the prevention and treatment of oral 

diseases, and a greater utilisation of dental services.   

 

With time, root surfaces are exposed to the oral environment as a consequence of periodontal 

diseases, mechanical injury, surgical treatment, or a combination of all these factors.  Exposed 

root surfaces are then more susceptible to caries, which can rapidly develop with only a small 

deterioration in the level of oral hygiene, slight dietary changes, or the use of medications 

causing xerostomia.  Such modifications have given rise to an increased incidence of root 

caries amongst elderly patients.84   

 

Recent investigations conducted by the authors have demonstrated that exposure of carious 

dentine specimens to O3 exposure produced by a novel O3-generating device (Orozone Ltd., 

Ipswich, UK) [0.052% (v/v) in air delivered at a rate of 13.33 ml.s-1] for periods of either 10 or 

20 s substantially reduced the levels of pathogenic micro-organisms in these samples.86,87  

Indeed, the number of colony units were reduced to < 1% of their control (untreated) values at 

both dose levels applied (Table 1) and these data indicate that O3 successfully penetrates into 
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the lesion and kills the great majority of micro-organisms therein, presumably via a mechanism 

involving the rupture of their membranes.   

 

The efficacy of ozone specifically on Streptococcus mutans and Streptococcus sobrinus was 

then evaluated. In this study, 40 sterile saliva-coated glass beads were randomly divided into 

two groups for each micro-organism.  One glass bead was put into each bijou bottle with 3 ml 

of Todd-Hewitt broth.  S. mutans and S. sobrinus were inoculated anaerobically overnight.  

Each glass bead was then washed with 2 ml of PBS.  Immediately, 10 s of ozone gas was 

applied to each glass bead in the test groups.  There was a significant (p < 0.0001) reduction 

(mean ± SE) in ozone-treated samples for S. mutans (log10 1.01 ± 0.27) and S. sobrinus (log10 

1.09 ± 0.36) compared with the control samples (log10 3.93 ± 0.07) and (log10 4.61 ± 0.13) 

respectively.  Ozone gas application for a period of 10 s was also capable of reducing the 

numbers of S. mutans and S. sobrinus on saliva-coated glass beads in vitro.   

 

Saliva-coated glass beads were used to demonstrate the efficacy of ozone was tested 

specifically on S. mutans and S. sobrinus with the bacteria adherent to a solid surface as in 

the oral environment.  The use of PBS eliminated the affect of reductants present in culture 

media.  Results in test groups obtained from saliva-coated glass beads showed a greater 

reduction compared with the carious dentine samples following ozone application.  It can be 

speculated that in PRCLs, ozone clearly interacted with the abundant organic material in the 

lesions, which may reduce the anti-microbial effect of ozone.  However, there were less 

organic materials from some salivary proteins on the glass beads than in PRCLs.   

 

The authors have also recently performed a multicomponent evaluation of O3-mediated 

oxidative consumption of salivary and PRCL biomolecules using high resolution proton (1H) 

nuclear magnetic resonance (NMR) spectroscopy.88  The results acquired from these 

investigations revealed that treatment with O3 gave rise to 1) the oxidative decarboxylation of 

the electron-donor pyruvate to acetate and CO2, 2) oxidation of the volatile sulphur compound 

precursor methionine to its corresponding sulphoxide, and 3) the oxidative consumption of 

polyunsaturated fatty acids, a reaction presumably giving rise to the generation of fatty acid 

ozonides which, in turn, degrade to a variety of secondary oxidation products.  Moreover, 

evidence for the O3-induced oxidation of 3-D-hydroxybutyrate was also obtained.  The figure 

shows typical 600 MHz 1H NMR spectra acquired on human salivary supernatants prior and 

subsequent to O3 exposure.  Clearly, the technique provides much useful analytical data 
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regarding the fate of O3 in human PRCLs and saliva, information which may be of relevance to 

its potential therapeutic actions in-vivo.   

 

CONCLUSIONS 
In principle, the potential toxicological actions of O3 should not prevent its use as a therapeutic 

agent.  Indeed, at the correct dose, O3 can be a useful therapeutic agent.  The modern 

development of O3’s application to Medicine began in the 1950s in Europe and gradually 

spread throughout this continent and then to Australia, Israel, Cuba, Brazil and Columbia.  In 

World War I, O3 was used medically to treat wounds and other infections.  Over 5,000 

physicians world-wide routinely use O3 in their medical practice.  Research concerning the 

anti-microbial efficacy of ozone has continued over the last twenty years and has conclusively 

shown the ability of both gaseous and dissolved ozone to extinguish a wide range of bacteria, 

bacterial spores and viruses.89-91  However, although the oxidative modification of essential 

biomolecules are primarily responsible for the biocidal actions of ozone, cellular DNA may also 

be damaged when concentrations of this oxidant at levels greater than those permitted by the 

European Union are employed.   

 

We believe that O3 deserves a place in the management of health and disease, and an 

increased awareness of the molecular mechanisms underlying the therapeutic and 

toxicological properties should establish suitable applications and dosage limitations regarding 

its future clinical use.  Indeed, various therapeutic regimens have successfully been tested ex-

vivo and in-vivo.  However, further clinical investigations are warranted to determine O3’s 

efficacy and tolerance in human beings.  
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Table 1. Mean ± standard error (s.e.) log10 colony forming units (cfu) of total micro-organisms 

before and after ozone application [0.052% (v/v) in air delivered at a rate of 13.33 ml.s-1].   

Control 

Samples 

5.91 ± 

0.15 

6.18 ± 

0.21 

Dose 0.069 ml 

(10 s) 

0.138 

ml (20 

s) 

Ozonated 
Samples 

3.57 ± 

0.37 

3.77 ± 

0.42 
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FIGURE LEGENDS 
Figure 1. (a) and (b), High-field (low frequency) regions of 600 MHz 1H NMR spectra of a 

human salivary supernatant specimen acquired prior and subsequent, respectively, to 

treatment with O3 at a dose level of 0.052% (v/v) in air delivered at a rate of 13.33 ml.s-1.  (c) 

and (d), corresponding low-field (high frequency) regions of the spectra shown in (a) and (b) 

respectively.  Typical spectra are shown.  Abbreviations: A, acetate-CH3 ; Ala, alanine-CH3 ; 

Bu, 3-D-hydroxybutyrate-CH3 ; Cn, creatinine and creatine-N-CH3 ; Form, formate-H ; Gly, 

glycine-CH2 ; His, histidine imidazole ring protons ; Lac-CH3 and -CH, lactate-CH3 and -CH 

group protons respectively ; MeOH, methanol-CH3 ; Phe, phenylalanine aromatic ring protons ; 

Prop-CH3 and -CH, propionate-CH3 and -CH group protons respectively ; Pyr, pyruvate-CH3 ; 

Suc, succinate-CH2's ; -NHCOCH3, acetamido methyl group protons of N-acetylsugars located 

in the molecularly-mobile branching carbohydrate side-chains of 'acute-phase' glycoproteins 

(i.e. salivary mucins), together with sharper 1H resonances ascribable to low-molecular-mass 

N-acetylglucosamine- and N-acetylneuraminate-containing saccharide fragments which 

presumably arise from the actions of bacterial-derived hyaluronidase and neuraminidase 

respectively ; N(CH3)3, choline head-groups of choline, betaine, carnitine and 

phosphatidylcholines ; FA-CH3, -(CH2)n-, -CH2CH2CO-, -CH=CH-CH2, CH=CH-CH2-CH=CH-, -

CH=CH-, fatty acid methyl, bulk methylene chain, _-CH2, mono-allylic-CH2, _-CH2, bis-allylic-

CH2 and vinylic group protons respectively; TSP, sodium 3-trimethylsilyl [2,2,3,3 - 2H4] 

propionate, internal chemical shift reference.   

 

Figure 2. (a) and (b), Complete 600 MHz 1H NMR spectra of post-neutralised HClO4 extracts 

of two separate active primary root carious lesion specimens, and (c) and (d), corresponding 

600 MHz spectra acquired on the samples giving rise to those displayed in (a) and (b) above 

following their exposure to O3 at a dose level of 0.052% (v/v) in air delivered at a rate of 13.33 

ml.s-1.  Typical spectra are shown.  Abbreviations: as Figure 1, with Cit representing citrate-

CH2CO2
-, Met, methionine-S-CH3 and Met-SO-CH3 methionine sulphoxide-SO-CH3.   


