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Abstract
Objective: To assess the effect of an ozone delivery system, combined with the daily use of a remineralising
patient kit, on the clinical severity of non-cavitated leathery primary root carious lesions (PRCL’s), in an
older population group. Design: A total of 89 subjects, (age range 60-82, mean + SD, 70.8 + 6 years), each
with two leathery PRCL’s, were recruited. The two lesions in each subject were randomly assigned for
treatment with ozone or air, in a double-blind design, in a general dental practice. Subjects were recalled
at three, six, 12 and 18 months. Lesions were clinically recorded at each visit as soft, leathery or hard,
scored with a validated root caries severity index. Results: There were no observed adverse events. After
three months, in the ozone-treated group, 61 PRCL’s (69%) had become hard and none had deteriorated,
whilst in the control group, four PRCL’s (4%) had become worse (p<0.01). At the six-month recall, in the
ozone group, seven PRCL’s (8%) remained leathery, the remaining 82 (92%) PRCL’s had become hard,
whilst in the control group, 10 PRCL’s had become worse (11%) and one had become hard (p<0.01). At
12 and 18 months, 87 Subjects attended. In the ozone group at 12 months, two PRCL’s remained leathery,
compared to 85 (98%) that had hardened, whilst in the control group 21 (24%) of the PRCL’s had progressed
from leathery to soft, i.e. became worse, 65 PRCL’s (75%) were still leathery, and one remained hard
(p<0.01). At 18 months, 87 (100%) of ozone-treated PRCL’s had arrested, whilst in the control group, 32
lesions (37%) of the PRCL’s had worsened from leathery to soft (p<0.01), 54 (62%) PRCL’s remained
leathery and only one of the control PRCL’s had reversed (p<0.01). Conclusions: Leathery non-cavitated
primary root caries can be arrested non-operatively with ozone and remineralising products. This treatment
regime is an effective alternative to conventional “drilling and filling”.
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Introduction
Elderly populations and root caries
The demographic profile of developed countries
has moved from a young to an older population.
This ageing is associated with better nutrition,
increased standards of living, and advances in
medical and pharmacological management of
disease.
In a 1996 study, 2,280 subjects who were 60
years old or over from three different areas of the
UK were examined clinically to assess their dental

health and needs. Root caries was found to be
common and there was an age-related increase in
risk of the disease1. In a national survey of adult
dental health conducted in the Republic of Ireland
in 1989/1990, a total of 1,527 subjects aged 25
and older were examined for root caries. It was
suggested that the prevalence of root caries was
highest in older age groups, residents of nonfluoridated communities, and those earning low
incomes. As tooth loss masked the potential
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prevalence of root caries and as more people are
retaining their natural teeth into middle and old
age, the incidence of primary root surface caries
(PRCL’S) was thought likely to increase2.
Ageing individuals tend to have gum tissue
recession, and the associated exposed root surfaces
are more susceptible to caries 3,4. A survey
conducted in the United Kingdom in 1988 by
Downer5 found prevalence in the 55-64 year old
group with a mean of 0.7 teeth having root caries,
and 1.2 having had restorations placed in their
roots. The prevalence of PRCL’s was reported to
be over 80% in elderly institutionalised people6,7.
Hand et al.8 reported that 1.8 in 100 susceptible
exposed root surfaces in adults over age 65 years
became carious annually. Saliva contains a number
of important minerals such as phosphate, calcium
and fluoride that could aid PRCL remineralisation
in the right environment, and acts as an important
buffer for oral acids9-11. As salivary flow decreases,
for example in the pharmacological management
of disease, there may be an increase in the incidence
of decay. The micro flora of PRCL’s has been
shown to contain large numbers of acidogenic and
aciduric microorganisms, which correlate with the
severity of root caries12-19.
The detection of root caries
More accurate detection systems need to be
developed for the detection of PRCL’s19-21. Root
carious lesions are classified as soft, leathery or
hard, based on differences in the degree and pattern
of mineralisation. Nyvad and Fejerskov22 suggested
that soft lesions showed extensive demineralisation
with no evidence of an intact mineralised surface
layer, whilst hard lesions appeared to have a
generally uniform distribution of mineral
throughout the lesion, and leathery lesions had a
broad range of histological appearances. These
authors22 concluded that soft and leathery lesions
were active, whilst hard lesions were arrested. Soft
lesions are the most severe type of root carious
lesions according to a validated clinical severity
index and contain more micro-organisms 12,23.
Research suggests that soft and leathery lesions
can remineralise and may become hard3,12,23,24.
Remineralised lesions acquire a smooth and hard
surface and remain unchanged over many years
The management of root caries
The term ‘root caries’ was used by Hazen et al.25
and the term primary root carious lesion (PRCL)
was proposed by Lynch in 198620,23. A PRCL is
defined as an area on the surface of the tooth, at or
apical to the cemento-enamel junction, that has
undergone a carious process. .

Restorative management of root caries is a
challenge in view of the difficulties of visibility,
moisture control, access to carious lesions,
proximity of the pulp, proximity to the gingival
margin, and the high organic content of the dentine.
Many restorative materials on roots of teeth are
associated with problems such as microleakage26
and marginal adaptation27 necessitating frequent
restorative replacement28.
Previous studies have shown that root caries
prevalence increases with age6,29,30 from about one
in nine root surfaces at risk for under-30’s, to
approximately two in three for the over 60’s4.
Attachment loss and exposure of root surfaces to
the oral environment are accepted to be nearly
universal prerequisites to the development of root
caries31-33.
Papas et al.34 emphasised the high involvement
of posterior teeth with root caries The microbial
colonisation of PRCL’s has been extensively
investigated. Attention has focused on the causative
micro-organisms in the aetiology of root
caries12,23,35-37. These studies showed the importance
of the acid-producing group of bacteria in PRCL’s.
Further studies linked salivary and plaque
conditions38,39. It is now recognised that the most
advantageous treatment for root caries is
remineralisation40. The use of pharmaceutical
agents41,42 and fluoride-containing dentifrices may
provide some protection for high caries risk
patients Various pharmaceutical agents have been
used, such as fluoride43-46, and chlorhexidine or
chlorhexidine in combination with thymol47.
Keltjens et al.48 concluded that high-risk patients
with dentures supported by natural teeth with high
salivary mutans streptococci, root and enamel
caries would benefit both from fluoride and
chlorhexidine therapy. Root coverage by
removable partial dentures correlates with root
caries prevalence49
Recent publications conclude that ozone should
be considered as an alternative pharmaceutical
management strategy 19,50-54 rather than the
traditional drill and fill approach. Ozone (a pale
blue-coloured gas, chemical formula O3) plays an
important role as a natural constituent in the higher
layer of the earth’s atmosphere. It has been used
for many years in medicine, and within recent years
in dentistry. A device that has a CE mark, know as
the HealOzone (CurOzone, USA and KaVo GmbH
& Co, Germany) has been available commercially
in Europe for more than two years. Ozone is a very
powerful antimicrobial agent. Recently, Baysan et
al.51,52 reported that ozone application either for 10
or 20 seconds was effective to kill the great
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majority of microorganisms in PRCL’s (>99%
microbial killing after 10 seconds ozone
application).
O 3 is naturally produced by the photodissociation of molecular O2 into activated oxygen
atoms, which then react with further oxygen
molecules. This transient radical anion rapidly
becomes protonated, generating HO3, which, in
turn, decomposes to hydroxyl radical. Further
reactions convert O3 to an even more powerful
oxidant, the hydroxyl radical (OH-)
In view of its powerful oxidising properties, O3
can attack many biomolecules such as the cysteine,
methionine and the histidine residues of proteins.
The effects of ozone on cell structures, metabolism
and microorganisms is well-documented in
published papers 19,55-59 in both dentistry and
medicine. Research has shown that ozone disrupts
the cell walls of microorganisms within seconds,
leading to immediate functional cessation. This
effect within a very short time is of great clinical
significance, as the potential for microbial
resistance to this treatment modality is
insignificant. Baysan et al.19,51 have published
reductions from log10 6.0 to log10 0.46 colonyforming units after just 20 seconds of ozone.
Studies have shown that just 10 seconds of ozone
treatment is sufficient to produce reversal of
PRCL’s19,50-54.
Aim
The aim of this study was to assess the effect of an
ozone delivery system, combined with the daily
use of a remineralising patient kit, on the clinical
severity of non-cavitated leathery PRCL’s, in an
older population group.
Method
After ethics committee approval, all participants
were recruited from consecutive subjects
presenting with two leathery non-cavitated PRCL’s
at UKSmiles Dental Practice, Berkshire, UK. Each
subject had given their informed consent for both
dental examinations and ozone treatment to be
undertaken. A total of 89 subjects, all over 60 (age
range 60–82, mean + SD, 70.8 + 6 years) with two
leathery lesions each (178 PRCL’s in total were
entered into the study). All lesions entered fulfilled
the criteria of the middle severity lesion group in
the Perceived Treatment Need Index12,23. Lesions
were randomly assigned into two groups; Group
1; treated with ozone, or Group 2; no ozone for
the control PRCL’s.
All subjects were prescribed a course of oral
hygiene instruction by a member of the practice
hygiene team followed by scaling and polishing

with non-fluoride-containing paste at baseline only.
Professional instruction was given on brushing, the
use of floss and interdental brushes. Each subject
was advised not to consume fermentable
carbohydrates between meals. They were informed
of the relationship between caries incidence, and
increased frequency of consumption of fermentable
carbohydrates.
Lesions were examined using a visual/tactile
method at baseline. Each PRCL was classified
subjectively in terms hardness and severity12,23.
Leathery lesions were selected which were deemed
to require drilling and filling. All subjects were
offered a pharmacological treatment as an
alternative to the traditional drilling and filling
method, and informed consent obtained. All
subjects accepted the pharmaceutical approach to
manage their PRCL’s rather than the traditional
drill and fill method.
The lesions were assigned into two groups by a
dentist, using a computer generated random table;
Group 1 lesions were treated with 40 seconds of
ozone, and Group 2 lesions were left as controls.
Following initial oral hygiene instruction, subjects
were given ozone or air treatment. The treatment
method was explained and demonstrated. Two
dentists were involved in this study; the first
assessed the PRCL’s and the second dentist
assigned them to Group 1 or 2 with a computergenerated random table. The first dentist then
carried out the treatment for 40 seconds, applied
the mineral wash, dispensed the remineralising
products, and instructed the subjects. A doubleblind system was employed, and the ozone
treatment was applied by a different operator than
the one recording the clinical criteria used to define
the severity of the lesions.
The ozone delivery system, HealOzone
(CurOzone USA and KaVo, Germany) was
employed. The HealOzone is a device that takes
in air and produces ozone gas. The ozone is then
delivered via a hose into a disposable sterile cup
at a concentration of 2,100 ppm ± 10%. The ozone
gas is refreshed in this disposable cup at a rate of
615 cc/minute changing the volume of gas inside
the cup over 300 times every second. The cup
forms a seal around the lesion being treated so that
ozone cannot leak into the oral cavity.
The HealOzone unit was fitted with a modified
control integrated electronic chip. The HealOzone
unit’s display and sound were exactly the same
when delivering ozone or air. In this way the dentist
treating the subjects was unaware which tooth had
been treated with ozone, and which tooth was used
as the control lesion. The second dentist recorded
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if the PRCL was treated or untreated. If the lesion
was assigned to Group 1 and ozone treated, the
HealOzone was switched to produce ozone. If
assigned as a control, the HealOzone was switched
to produce air only. Otherwise, the HealOzone unit
functioned as normal so that the first dentist was
unaware if the PRCL’s were treated or untreated.
After treatment (lasting 40 seconds) a
professionally-applied remineralising solution
containing xylitol, fluoride, calcium, phosphate and
zinc (HealOzone remineralising solution) was
applied to the lesion.
Instructions were given to each subject to use
the re-mineralising tooth paste twice each day, and
the mineral mouth wash on two separate occasions
each day, and to use the remineralising spray,
sprayed into the mouth four times a day after
breakfast, lunch, dinner and supper. Standard soft
toothbrushes were dispensed, and subjects were
advised to use a new toothbrush every month.
Subjects were recalled at three, six, 12, and 18
months. At each appointment, the lesions were retreated to the original treatment protocol, again
employing two dentists. The subjects were given
further supplies of the remineralising products and
new toothbrush supplies were dispensed.
The reproducibility of the data was tested at the
12-month recall. One week after assessment by the
first dentist, 15 subjects (30 PRCL’s) were recalled
and examined by a third dentist. There was a good
agreement in the classifications of hardness and
severity of PRCL’s (kappa = 0.80). Twenty subjects
with 40 PRCL’s were also re-assessed 24 hours
later, at the final 18-month recall visit, by the usual
dentist who had used the same criteria throughout
the study period. Two lesions that were marked as
soft were re-assigned to leathery on the second visit
(kappa = 0.95).
Data sets were collected at each recall and the
codes were only broken at the end of the 18 month

period. Statistical analyses using chi square
statistics was carried out on these collected data
sets.
Results
Eighty-nine subjects started this study at baseline.
At 18 months, 87 subjects had completed the study.
Two subjects had moved out of the practice area,
and were not available for the 12 or 18 month reassessment visits. There were no observed or
reported adverse events at any of the treatment
sessions or afterwards (Table 1).
After three months, in the ozone-treated group,
61 PRCL’s (69%) had become hard and none had
become worse, whilst in the control group, four
PRCL’s (4%) had become worse (p<0.01). At the
six month recall, in the ozone group, seven PRCL’s
(8%) remained leathery, the remaining 82 (92%)
PRCL’s had become hard, whilst in the control
group, 10 PRCL’s had become worse (11%) and
one had become hard (p<0.01). At 12 and 18
months, 87 subjects attended. In the ozone group
at 12 months, two PRCL’s remained leathery,
compared to 85 (98%) that had hardened, whilst
in the control group 21 (24%) of the PRCL’s had
progressed from leathery to soft, i.e. became worse,
65 PRCL’s (75%) were still leathery, and one
remained hard (p<0.01). At 18 months, 87 (100%)
of ozone-treated PRCL’s had reversed, whilst in
the control group, 32 lesions (37%) of the PRCL’s
had worsened from leathery to soft (p<0.01), 54
(62%) PRCL’s remained leathery and only one of
the control PRCL’s had reversed (p<0.01).
Discussion
Statistics show that the proportion of elderly people
is rapidly increasing in all developed countries. The
conventional approach of drill and fill, or tissue
amputation, to treat a carious lesion is problematic
in view of the difficulties of visibility, moisture
control, access to the carious lesion, proximity of

Table 1. Data sets (numbers of lesions in the first column and percentages in the second column) at
baseline, 3, 6, 12 and 18 months
Group 1
Soft
Leathery
Hard
Group 2
Soft
Leathery
Hard

Ozone-treated
Baseline
0
89
0

0
100
0

Control Group
Baseline
0
89
0

0
100
0

2 subjects had dropped out at 12 months
6 months
12 months

3 months
0
28
61

0
31
69

0
8
92

0
2
85

0
2
98

2 subjects had dropped out at 12 months
6 months
12 months

3 months
4
85
0

0
7
82

4
96
0

10
78
1
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88
1

21
65
1

24
75
1

18 months
0
0
87

0
0
100

18 months
32
54
1

37
62
1
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the pulp and proximity to the gingival margin. The
high organic content of the dentine leads to
potential problems with bonding restorative
materials to achieve a long-lasting seal. Many
elderly subjects have medical conditions that make
dental treatment a challenge, such as sudden
muscle spasms and movement. This study aimed
to assess the effect of a novel ozone delivery
system, combined with the daily use of a
remineralising patient kit, on the clinical severity
of non-cavitated leathery PRCL’s, in an older
population group, which if successful would be a
preferable treatment option to “drilling and filling”.
The restoration of root caries poses a number of
problems, in particular visibility and isolation from
saliva, gingival secretion and haemorrhage.
Restorative materials60 used to restore PRCL’s have
required frequent replacement. Preventive
treatment regimes for PRCL’s may be considered
to have a better long-term prognosis than
restorative treatment options61
Clinical observations suggest that carious lesions
can be arrested at any stage of lesion development
i.e. even at the cavitation stage, if plaque-free
conditions are maintained 62 . In this respect,
Bradshaw et al.63 reported that mutans streptococci
become increasingly sensitive to fluoride ions as
the pH falls. It is possible that the routine topical
application of fluoride ions could to some extent
inhibit the metabolism of such cariogenic
organisms. The remineralisation observed in
clinically-arrested lesions and the conversion of
clinically-active to -inactive lesions supports the
non-restorative management of root carious lesions
using dentifrices containing fluoride (fluoride
congruent to 0.1% w/w) for a period of 18
months62. Papas et al.64 reported the efficacy of a
dentifrice containing 1,150 ppm sodium fluoride
with soluble calcium and phosphate salts. Keltjens
et al.48 concluded that high-risk patients with
dentures supported by natural teeth with high
salivary mutans streptococci, root and enamel
caries would benefit both from fluoride and
chlorhexidine therapy. However no study has
approached a reversal rate of 100% with any of
these preventative regimes.
This study has shown that dentistry has the ability
to reverse lesions with just 40 seconds of ozone
treatment. At 18 months, 100% reversal and
remineralisation had been achieved. The studies
by Baysan19, Baysan et al.50-52 and this study draw
together important strands of research and
publications on fluoride, oral health and hygiene,
and the microbiology of caries. It is possible to
eliminate the ‘protected’ niche environment of
aciduric and acidogenic microorganisms, and

oxidise the bacterial by-products that are
responsible for the perpetuation of the acidic
ecological niche. Of the 87 non-ozone-treated
PRCL’s, only a single lesion (1%) showed reversal,
despite improved oral hygiene instruction and care,
regular brushing and the use of a remineralising
dentifrice, spray and mouth-rinse. These measures
alone cannot produce predictable caries reversal.
This study has shown that over time, leathery
PRCL’s can gradually become worse, becoming
soft. The requirement for intervention is a
necessity, and these lesions should not just be
observed and left, especially in this caries risk
population, who had presented with two active
caries lesions and who resided in an area with no
water fluoridation.. This new technology has the
potential to have a dramatic effect on the
improvement of the dental health of our ageing
populations. There is not a single study to show
that once a lesion had remineralised, it is ever
involved in the active carious process again. This
study used a validated set of clinical detection
criteria12,17-19,23,50-52 for PRCL’s and hard root caries
lesions are arrested12,19,23.
O3 has the unique feature of decomposing to a
harmless, non-toxic and environmentally safe
material (oxygen). O3 has been used in medicine
for many years. The first O 3 generator was
developed by Werner von Siemens in Germany as
early as 1857, and 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 first published medical applications of
O3. To date, O3 therapy has been a recognised
treatment modality in 16 nations. Research by
Baysan showed that the HealOzone system has no
potential to leak into the oral cavity19 due to the
unique ozone delivery system. No side effects have
ever been documented in either the dental research
centres or the numerous dental practices in the UK
and Europe that use this technology, and it can be
considered to be completely safe. Important
features of the HealOzone for use in ozone
treatment are that it is entirely self-contained,
requiring only a power source; it uses air (no cost);
each treatment is of low cost; is very fast (40
seconds, compared to 25 minutes for an average
filling); and no injections or tissue destruction is
involved.
Recent surveys of adults aged more than 65 years
in the UK revealed that all were vulnerable to root
caries 65 . The proportions of people with
restorations on root surfaces ascribable to root
caries rose steadily with 35% of 55-64 year olds,
and 43% of those aged 65 and above in 199866. It
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is important to remember that in 1968, only 21%
of people aged 65-74 had any teeth compared to
66% in 1998. Such data illustrate the need to
provide an increasing dentate elderly population
with a simple, effective means of preventing and
reversing root caries. The purpose of this study was
to build on recent research 19,51,52, and further
investigate this treatment regime for the
management of root caries.
Filling materials fail at alarming rates. Costs can
be measured in terms of pain, discomfort, and in
financial terms such as lost productivity. In
England and Wales, restorations carried out in the
NHS dentistry cost a total of £1.25 billion in 2001.
This does not include private treatment, which is
currently estimated to be 50% of dentists’ income.
The total costs of all dental treatment in England
and Wales probably exceeded £3.26 billion in 2001.
Most of these fees are ascribable to fillings, root
fillings, dentures, crowns and bridges. Published
reports suggest 50% of restorative items are
replacements for previous restorations, and about
half of these restorations are being replaced due to
secondary caries. If only 50% of all fillings could
be avoided with the use of ozone, enormous sums
of money could be saved. The cycle of filling
preparation and subsequent replacement eventually
may eventually lead to more complex restorative
care requirements with increasing cost
implications, such as the progression from a simple
cavity, to a multi-surface one, to the fracture of
the crown requiring root canal treatment, followed
by restoration with a crown and core.
In the United States, dental treatment is estimated
to cost $52 billion per year, and half of this cost
may be associated with restorative treatment and
the cost of missed workdays and lost production
due to oral disease. Despite advances in clinical
and laboratory research, approximately 50% of the
US population over the age of 65 shows evidence
of root caries66 In all countries, from the advanced
to poor and developing countries, there is a huge
potential for a cost-effective way to prevent and
reverse caries. In the ageing population, and those
with reduced manual dexterity, a preventative and
early intervention strategy needs to be found. In
this respect, the use of ozone should be also
considered for medically compromised patients,
domiciliary care patients and homebound elderly
people. The equipment required is limited and
essentially portable compared to that required for
conventional drill and fill. Therefore elderly
patients who have limited access to the dental
services can benefit from this treatment. In many
poor, developing and highly populated countries,

equipment, dental supplies, and dental services are
inadequate due to high costs and lack of dentally
trained personnel.
The benefits of ozone treatment can represent one
of the major prevention strategies for these highrisk population groups. The processes involved
have been shown to be multi-factorial.
Traditionally, clinicians have detected root caries
by visual-tactile or visual methods, which disclose
cavitation, but fail to reflect the dynamic process
of carious lesions. Increased understanding of the
process of carious lesions and new management
strategies in reversing the clinical severity of
PRCL’s can radically alter traditional drilling and
filling of lesions and shift the emphasis to a
pharmaceutical approach to the management of
root caries using ozone.
Conclusion
The restorative management of PRCL’s has
become challenging, especially for the high
percentage of the elderly population and
particularly for those people in special care units
that are experiencing reduced financial support
from health services. There is a major requirement
for an improved management strategy for root
caries.. Emilson et al.67 reported that it was possible
to convert active root caries to inactive lesions by
an intensive prophylactic program. The
pharmaceutical approach for the management of
root caries in elderly people should therefore be
considered.
This study showed that regular ozone application
for 40 seconds and the use of remineralising
products, arrested leathery non cavitated primary
root caries in a general dental practice population,
without the need for dental tissue removal. The
use of ozone may supply the key to predictable
caries arrest and reversal.
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