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Although root caries can be present in young indi-
viduals, prevalence increases with increasing age.

Root caries is a problem among the dentate elderly
(Banting et al, 1980). The development of soft tissue
recession due to age, traumatic toothbrushing habits,
periodontal disease or periodontal treatment will un-
avoidably result in a higher number of tooth surfaces
at risk for the development of root caries. Periodontal-
ly compromised patients, specifically, may be prone to

developing root surface caries (Reiker et al, 1999).
Root surface caries development is also associated
with the quality of the microflora, the quantity of den-
tal plaque, the diet, the amount and composition of the
saliva, and the fluoride exposure (Ravald et al, 1986).
Root surface caries progresses relatively slowly and
the lesions are usually shallow (Fejerskov et al, 1991).
Demineralisation is approximately twice as rapid on
root surface compared with enamel. The critical pH for
demineralisation of enamel is 5.5 and for dentin 6.2
to 6.4. Cementum and dentin contain a considerably
lower volume percentage of mineral and smaller hy-
droxyapatite crystallites. This in part is responsible for
the demineralisation process occuring at a higher pH
(Hoppenbrouwers et al, 1987). 

Prevention, and in some cases a chemotherapeutic
approach aiming at decreasing the development or
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progression of root caries, is preferred to restoration of
root caries. This is due to difficulties encountered in
restoring root surfaces that, at times, are inaccessible,
bending around line angles of teeth and difficult to iso-
late from moisture. It is generally accepted that fluo-
ride ions, one of the cornerstones of prevention, pro-
mote remineralisation of tooth substances and reduce
the rate of demineralisation. Several in vitro studies
have reported a remineralising effect of topically ap-
plied fluorides on root surface caries (Hoppenbrouw-
ers et al, 1987; Derand et al, 1989; Featherstone,
1999). On the basis of demineralisation and reminer-
alisation studies, it has been shown that more fluoride
is needed for remineralisation of roots than for enam-
el (Herkströter et al, 1991). Clinical observations sug-
gest that carious lesions can be arrested at any stage
of lesion development, i.e. even at the cavitation stage
if plaque-free conditions are introduced and main-
tained (Nyvad and Fejerskov, 1986) and additional flu-
oride may be expected to increase tissue resistance to
further acid attacks (Shu et al, 1998). Several human
studies have shown fewer root carious lesions in adults
benefiting from fluoridated water supplies (Brustman
1986; Burt et al, 1986; Hunt et al, 1989; Locker et al,
1989). Methods of topical fluoride delivery have been
developed such as mouthwashes, varnishes, gels or
their combinations, all of which have served the pur-
pose of increasing the fluoride concentration at the
oral surfaces or in saliva.

Although there is no doubt that fluoride is effective
in reducing caries, most of the studies conducted in-
volved children or young adolescents. Few have been
conducted in adults focusing on root caries develop-
ment. The present review was undertaken in order to
evaluate in a systematic manner what is known so far
with respect to the effect of specific fluoride treat-
ments on the root caries activity in adults. 

MATERIALS AND METHODS

Focused question

In healthy adult subjects with exposed root surfaces,
what is the effect of specific fluoride treatments with
regard to root caries incidence and/or activity?

Eligibility criteria

• Randomised controlled trials (RCT), controlled clini-
cal trials and (uncontrolled) longitudinal studies.

• Studies of at least 3 months duration.

• Studies investigating activity and/or incidence of
root caries.

• Studies including systemically healthy adults with
exposed root surfaces.

Comparisons were made against the root caries status
before the initiation of the additional fluoride applica-
tion regimen and between groups in controlled stud-
ies.

Only papers written in the English language were ac-
cepted. Case reports, letters and historical reviews
were not included in the search.

Search strategy

Two sources of evidence were selected in search of ap-
propriate papers for this study purpose: the National
Library of Medicine, Washington DC (MEDLINE -
PubMed) and the specialist trials register of the
Cochrane Oral Health Group.

This search was performed in a way that attempted
to be inclusive for any study that evaluated the effect
of adjunctive use of fluoride next to normal oral hy-
giene procedures on root caries activity in studies of
at least 3 months duration. The comprehensive
search in a systematic review process ensures inclu-
sion of all suitable papers that address the review
question. The databases were searched up to and in-
cluding April 2005 using the following terms for the
search strategy.

MEDLINE search
• (Intervention) Fluorides [MeSH] / all subheadings

OR fluoride OR fluorid*.
• (Outcome) Root caries [MeSH] / all subheadings

OR root caries incidence OR root caries activity.

Cochrane Library search
• Fluorides [MeSH] OR fluoride OR fluorid* OR fluo-

rides.
and
• Root caries [MeSH] OR root caries OR root caries

incidence OR caries activity.

Screening and selection

The papers were screened independently by two 
reviewers (MH and SP). At first they were screened by
title and abstract. As a second step, full text papers
were screened and selected when they fulfilled the 
eligibility criteria for inclusion. Papers without abstracts
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of which the title suggested that they were related to
the objectives of this review were selected to screen
the full text.

Any disagreements between the two reviewers were
resolved by discussion.

For full-text screening the following criteria were taken
into consideration:
• study of ≥ 3 months duration;
• randomised controlled trial, controlled clinical trial

or (uncontrolled) longitudinal study;
• parameters mentioned: root caries, fluoride inter-

vention;
• healthy subjects ≥ 18 years.

Additionally, information concerning the methodologi-
cal study quality assessment was extracted based up-
on the following aspects:
• method of randomisation;
• blindness of examiners;
• completeness of follow-up.

Factors that were recorded to be able to investigate
heterogeneity of outcome across studies were:
• fluoride intervention;
• mean age/range;
• number of subjects;
• evaluation period;
• assessment parameters;
• oral hygiene status.

RESULTS

Search results

In April 2005 the MEDLINE - PubMed search resulted
in 279 papers, the Cochrane search resulted in 74 
papers. Out of these five were duplicates, leaving 348
papers for further review.

After screening the titles and abstracts, nine papers
were selected for full-text reading, and these papers
were read by the three authors. Three papers were ex-
cluded either because they reported results based on
the same study population presented in other articles
(Bánóczy and Nemes, 1991; Lynch et al, 2000) or be-
cause chlorhexidine rinse was combined with fluoride
treatment (Powel et al, 1999). The remaining papers
(n = 6) that fulfilled the selection criteria were read by
the three authors and were processed for data extrac-
tion.

Outcome

The selected studies are summarised in Tables 1,  2.
Table 1 provides a short summary of the study de-

sign and certain descriptive aspects of the patient pop-
ulation. The evaluation period varied from 5 to 48
months and the number of subjects involved from 15
to 466. A variety of parameters was used for the caries
activity description. More specifically, Baysan et al
(2001) measured the hardness of each lesion by the
level of penetration by a sharp probe at a constant of
pressure, lesion area and cavitation. Wallace et al
(1993) used the number of decayed missing and filled
surfaces (DMFS). Ravald and Birkhed (1992), Emilson
et al (1993) and Paraskevas et al (2004) made a dis-
tinction between active and inactive lesions and
Nemes et al (1992) used the root caries index (modi-
fied method of Katz, 1984). Due to these differences
in root caries assessment, comparisons between the
studies were not possible.

Methodological study quality assessment 

All but one of the six selected papers were conducted
as randomised controlled clinical trials and utilised a
parallel design combined with unsupervised tooth-
brushing. Four papers (Nemes et al, 1992; Wallace et
al, 1993; Baysan et al, 2001; Paraskevas et al, 2004)
used a double-blind design; one was operator-blind
(Ravald and Birkhed et al, 1992). For the uncontrolled
study by Emilson et al (1993), information regarding
blindness was not relevant. In four of the six studies,
the results were based on a decreasing number of pa-
tients (drop-outs). Two studies reported no drop-outs.
In the studies with drop-outs, reasons for drop-outs
were adequately explained and the analysis of the re-
sults was performed based on the number of subjects
completing the study.

The highest level of evidence was presented in the
two papers using a double-blind controlled ran-
domised clinical trial (Wallace et al, 1993; Baysan et
al, 2001). These assessed the effect of an increased
level of fluoride compared with normal daily oral care.
In Tables 1 and 2 these studies are identified as evi-
dence level I. Baysan et al (2001) compared the abili-
ty of a ‘high’ and ‘low’ concentration NaF dentifrice to
reverse primary root caries lesions (PRCLs). The evi-
dence from this study suggests that root caries lesions
can be converted from active into inactive lesions by
the use of fluoride dentifrice, and that the dentifrice
containing 5000 ppm F- (n = 104) is significantly more
effective than the one with 1100 ppm F- (n = 84).

Vol 5, No 2, 2007 147

Heijnsbroek et al



C
opyrig

h
t

b
y

N

o
tfor

Q
u

i
n

te
ssence

N
ot

for
Publication

Heijnsbroek et al

148 Oral Health & Preventive Dentistry

S
tu

dy
ty

pe

Le
ve

l I

Le
ve

l I

Le
ve

l I
I

Le
ve

l I
II

Le
ve

l I
II

Le
ve

l I
V

Ev
al

ua
tio

n
pe

rio
d

6
 m

on
th

s

4
8

 m
on

th
s

24
 m

on
th

s

5
 m

on
th

s

24
 m

on
th

s

1
2

 m
on

th
s

Au
th

or

B
ay

sa
n 

et
 a

l, 
2

0
01

W
al

la
ce

 e
t a

l,
1

9
9

3

R
av

al
d 

&
B

irk
he

d,
 1

9
9

2

N
em

es
 e

t a
l,

1
9

9
2

 

Pa
ra

sk
ev

as
 e

t
al

, 2
0

0
4

Em
ils

on
 e

t a
l,

1
9

9
3

N
um

be
r 

of
 

su
bj

ec
ts

 
(b

as
e-

en
d)

A:
 n

 =
 1

07
(b

) -
10

4
(e

)
B

: n
 =

 9
4

(b
) -

8
4

(e
)

A:
 n

 =
 2

2
5

(b
) -

17
1

(e
)

B
: n

 =
 1

8
8

(b
) -

14
8

(e
)

A:
 n

 =
 3

6

B
: n

 =
 3

3

C
: n

 =
 3

2

A:
 n

=
2

0

B
: n

=
24

A:
 n

=
 4

0
(b

) -
3

8
(e

)
B

: n
=

 4
0

(b
) -

3
3

(e
)

n=
1

5
77

0
 e

xp
os

ed
ro

ot
  s

ur
fa

ce
s

Ty
pe

 o
f s

ub
je

ct
s

H
ea

lth
y 

ad
ul

ts
,

27
–

9
0

 y
r 

(m
ea

n 
57

)
≥

1
 ro

ot
 c

ar
ie

s 
le

si
on

 
≥

10
 u

nc
ro

w
ne

d
te

et
h

w
ith

ou
t a

dv
an

ce
d

pe
rio

do
nt

iti
s

Ad
ul

ts
 ≥

6
0

 y
r

no
n-

in
st

itu
tio

na
lis

ed
≥

1
5

 te
et

h

H
ea

lth
y 

(?
) p

er
io

do
n-

tit
is

 p
at

ie
nt

s
(4

2
 o

f 9
9

 h
av

e 
m

ed
-

ic
at

io
n/

di
se

as
e/

al
le

rg
y)

H
ea

lth
y 

ad
ul

ts

Ad
ul

t p
er

io
do

nt
iti

s
pa

tie
nt

s 
(3

0
–

6
5

 y
r)

he
al

th
y

≥
3

 te
et

h/
qu

ad
ra

nt

H
ea

lth
y 

ad
ul

ts
,

1
1

/1
5

 p
er

io
do

nt
iti

s
pa

tie
nt

s
≥

2
 a

ct
iv

e 
ro

ot
ca

rie
s 

le
si

on
s

≥
1

 in
ac

tiv
e 

ro
ot

ca
rie

s 
le

si
on

s
≥

1
 s

ou
nd

 ro
ot

 
su

rf
ac

e

S
tu

dy
 d

es
ig

n

Pa
ra

lle
l 

Pa
ra

lle
l

U
ns

up
er

vi
se

d

Pa
ra

lle
l

U
ns

up
er

vi
se

d 
br

us
h-

in
g 

w
ith

 F
 d

en
tif

ric
e

1
–

3
 ti

m
es

/d
ay

Pa
ra

lle
l

U
ns

up
er

vi
se

d 
br

us
hi

ng
 

Pa
ra

lle
l

Pr
os

pe
ct

iv
e

O
ra

l h
yg

ie
ne

 in
st

ru
c-

tio
n 

3
-7

 ti
m

es
 in

 th
e

fir
st

 3
 m

on
th

s
U

nc
on

tr
ol

le
d 

st
ud

y

M
ea

su
re

m
en

t l
ev

el

H
ar

dn
es

s 
(s

of
t/

le
at

h-
er

y/
ha

rd
)

Le
si

on
 a

re
a 

(m
m

2
)

C
av

ita
tio

n 
(+

 if
 d

is
ta

nc
e

ro
ot

 s
ur

fa
ce

 to
 le

si
on

su
rf

ac
e 

> 
0

.5
m

m
)

In
cr

em
en

ta
l D

M
FS

 
N

ew
 le

si
on

s
R

ev
er

se
d 

le
si

on
s

Ac
tiv

e 
/i

na
ct

iv
e 

ca
rie

s
H

ix
 &

 O
’L

ea
ry

,
1

97
6

/N
yv

ad
 &

 F
ej

er
-

sk
ov

, 1
9

8
6

H
ix

 &
 O

’L
ea

ry
 d

ef
in

iti
on

R
oo

t c
ar

ie
s 

in
de

x

Ac
tiv

e/
in

ac
tiv

e/
re

-
st

or
ed

 (N
yv

ad
 &

 F
ej

er
-

sk
ov

, 1
9

8
6

)

Ac
tiv

e/
in

ac
tiv

e 
ca

rie
s

H
ix

 &
 O

’L
ea

ry
,

1
97

6
/N

yv
ad

 &
 F

ej
er

-
sk

ov
, 1

9
8

6
 

D
ro

p-
ou

ts

1
3

, r
ea

so
ns

 
ex

pl
ai

ne
d

ex
pl

ai
ne

d
1

37
 (2

3
%

), 
re

a-
so

ns
 e

xp
la

in
ed

,
no

 e
ff

ec
t  

on
 

ba
la

nc
e

3
4

, r
ea

so
ns

 
ex

pl
ai

ne
d

N
o

9
, r

ea
so

ns
 e

x-
pl

ai
ne

d 
an

d 
ac

co
un

te
d 

fo
r

N
o

Fl
uo

rid
e 

 in
te

rv
en

tio
n

A:
 P

re
vi

de
nt

 5
0

0
0

 p
lu

s 
de

nt
i-

fr
ic

e 
(5

0
0

0
 p

pm
 F

-)
B

: W
in

te
rf

re
sh

 g
el

 d
en

tif
ric

e
(1

10
0

 p
pm

 F
-)

A.
 P

la
ce

bo
 m

ou
th

w
as

h

B
. A

C
T 

(0
.0

5
%

 F
-) 

da
ily

A:
 D

ur
ap

ha
t v

ar
ni

sh
 a

pp
lie

d
3

–
4

 ti
m

es
/y

r 
at

 m
ai

nt
en

an
ce

vi
si

t
B

: S
nF

2
ge

l 3
–

4
 ti

m
es

/y
r 

at
m

ai
nt

en
an

ce
 v

is
it

C
: m

ou
th

w
as

h 
0

.0
5

%
 N

aF
on

ce
/d

ay

A:
 N

aF
 d

en
tif

ric
e 

+
 m

ou
th

-
w

as
h

B
: A

m
F/

S
nF

2
de

nt
ifr

ic
e 

+
m

ou
th

w
as

h

A:
 N

aF
 d

en
tif

ric
e 

an
d 

m
ou

th
-

w
as

h
B

: A
m

F/
S

nF
2

de
nt

ifr
ic

e 
+

m
ou

th
w

as
h

D
ur

ap
ha

t v
ar

ni
sh

 a
pp

lie
d

6
–

10
 ti

m
es

 (m
ea

n 
7

), 
an

d
da

ily
 0

.7
5

m
g.

 
N

aF
 lo

ze
ng

es
 c

on
ta

in
in

g 
Xy

li-
to

l (
n=

1
3

) o
r 

0
.0

5
%

 N
aF

m
ou

th
w

as
h 

2
 ti

m
es

/d
ay

(n
=

2
) n

ex
t t

o 
0

.1
5

%
 N

aF
/1

0
%

Xy
lit

ol
 c

on
ta

in
in

g 
to

ot
hp

as
te

Ta
bl

e 
1

  S
el

ec
te

d 
st

ud
ie

s:
 fo

llo
w

-u
p 

ti
m

e,
 p

at
ie

nt
 c

ha
ra

ct
er

is
ti

cs
 a

nd
 f

lu
or

id
e 

in
te

rv
en

ti
on



C
opyrig

h
t

b
y

N

o
tfor

Q
u

i
n

te
ssence

N
ot

for
Publication

Vol 5, No 2, 2007 149

Heijnsbroek et al

S
tu

dy
 

ty
pe

Le
ve

l I

Le
ve

l I

Le
ve

l I
I

Le
ve

l I
II 

Le
ve

l I
II

Le
ve

l I
V

Au
th

or

B
ay

sa
n 

et
 

al
, 2

0
01

W
al

la
ce

 e
t a

l,
1

9
9

3

R
av

al
d 

&
B

irk
he

d,
 1

9
9

2

N
em

es
 e

t a
l,

1
9

9
2

 

Pa
ra

sk
ev

as
 e

t
al

, 2
0

0
4

Em
ils

on
 e

t a
l,

1
9

9
3

In
ci

de
nc

e 
ro

ot
ca

rie
s

A:
 1

.2
3

 (0
.9

6
)

B
: 1

.3
9

 (0
.6

9
)

A:
 In

cr
em

en
ta

l
D

M
FS

 0
.9

1
 (2

.9
9

),
ne

w
 le

si
on

s 
1

.9
9

(2
.6

5
)

B
: I

nc
re

m
en

ta
l

D
M

FS
 0

.2
6

 (2
.7

2
),

ne
w

 le
si

on
s 

1
.7

2
(2

.4
2

)

A:
 3

.1
 (0

.7
5

) 

B
: 2

.3
 (0

.8
2

)

C
: 2

.0
 (0

.6
0

)

A:
 m

ea
n 

R
C

I 
de

cr
ea

se
 1

0
.0

%
B

: m
ea

n 
R

C
I 

de
cr

ea
se

 4
7.

4
%

#
 o

f n
ew

 c
ar

ie
s 

le
si

on
s 

pe
r 

pa
tie

nt
A:

 8
.2

 (8
.8

)

B
: 8

.5
 (7

.9
)

B
as

el
in

e

A:
 0

 h
ar

d,
 1

24
 

le
at

he
ry

, 1
 s

of
t

B
: 0

 h
ar

d,
 1

16
 

le
at

he
ry

, 1
 s

of
t

A:
 e

xp
. 4

6
.1

 (1
8

.2
);

de
c.

1
.3

 (2
.3

); 
fil

le
d 

2
.3

(3
.5

)

B
: e

xp
. 4

8
.4

 
(1

8
.1

); 
de

c.
2

.1
 

(3
.5

); 
fil

le
d 

1
.9

 (3
.0

)

A+
B

+
C

: 2
6

6
 

ac
tiv

e/
16

9
 

in
ac

tiv
e 

le
si

on

A:
 1

0
.2

3
 (9

.4
5

)

B
: 1

9
.3

2
 (2

4
.0

5
)

A:
 a

ct
iv

e 
1

.9
 (2

.2
); 

in
ac

tiv
e 

0
.9

 (1
.2

)
B

: a
ct

iv
e 

2
.1

 (3
.0

); 
in

ac
tiv

e 
0

.6
 (1

.6
)

5
0

2
 s

ou
nd

 s
ur

fa
ce

s
6

9
 in

ac
tiv

e 
le

si
on

s
9

9
 a

ct
iv

e 
le

si
on

s
10

0
 fi

lle
d 

ro
ot

 s
ur

fa
ce

s

En
d

A:
 6

5
 h

ar
d,

 5
9

 
le

at
he

ry
, 1

 s
of

t 
B

: 3
0

 h
ar

d,
 8

6
 

le
at

he
ry

, 1
 s

of
t

A:
 n

ew
 1

.9
9

 (2
.6

5
); 

re
ve

rs
ed

 1
.1

1
 

(1
.7

4
); 

in
cr

ea
se

d 
D

M
FS

 0
.9

1
 (2

.9
9

)
B

: n
ew

 1
.7

2
 (2

.4
2

); 
re

ve
rs

ed
 1

.5
3

 
(2

.0
3

); 
in

cr
ea

se
d 

D
M

FS
 0

.2
6

 (2
.7

2
)

A:
 1

st
yr

 5
6

, 2
nd

yr
 

47
 n

ew
 D

FS
B

: 1
st

yr
 4

0
, 2

nd
yr

 
37

 n
ew

 D
FS

C
: 1

st
yr

 4
9

, 2
nd

yr
 

17
 n

ew
 D

FS
A+

B
+

C
: 

61
 a

ct
iv

e/
27

4
 

in
ac

tiv
e 

le
si

on
s

A:
 9

.1
8

 (1
1

.3
3

)

B
: 1

0
.7

3
 (1

3
.4

6
)

A:
 a

ct
iv

e 
2

.2
 (2

.4
); 

in
ac

tiv
e 

0
.3

 (0
.5

5
)

B
: a

ct
iv

e 
1

.8
 (2

.1
); 

in
ac

tiv
e 

0
.8

 (1
.8

)

4
3

5
 s

ou
nd

 s
ur

fa
ce

s
1

24
 in

ac
tiv

e 
le

si
on

s
4

6
 a

ct
iv

e 
le

si
on

s
16

5
 fi

lle
d 

ro
ot

 
su

rf
ac

es

R
em

ar
ks

5
2

%
 o

f l
es

io
ns

 in
 g

ro
up

 A
 h

ad
 b

ec
om

e 
ha

rd
 a

ft
er

 6
 m

on
th

s,
 2

5
.6

%
 

of
 th

e 
le

si
on

s 
in

 g
ro

up
 B

. D
iff

er
en

ce
 is

 s
ta

tis
tic

al
ly

 s
ig

ni
fic

an
t.

Le
si

on
 a

re
a:

 n
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

.
C

av
ita

tio
n:

 n
on

-c
av

ita
te

d 
le

si
on

s 
at

 b
as

el
in

e 
w

er
e 

si
gn

ifi
ca

nt
ly

 m
or

e 
lik

el
y 

to
 b

ec
om

e 
ha

rd
 in

 b
ot

h 
gr

ou
ps

.

B
as

el
in

e:
 #

 o
f f

ill
ed

 s
ur

fa
ce

s 
si

gn
ifi

ca
nt

ly
 la

rg
er

 in
 c

on
tr

ol
 g

ro
up

 th
an

 g
ro

up
 B

an
d 

#
 d

ec
ay

ed
 s

ur
fa

ce
s 

si
gn

ifi
ca

nt
ly

 la
rg

er
 in

 F
-ri

ns
e 

gr
ou

p 
th

an
 in

 g
ro

up
 A

.
#

 O
f n

ew
 le

si
on

s 
in

 g
el

 g
ro

up
 s

ig
ni

fic
an

tly
 s

m
al

le
r 

th
an

 c
on

tr
ol

 g
ro

up
.

Fl
uo

rid
e 

rin
se

 s
ig

ni
fic

an
tly

 m
or

e 
re

ve
rs

ed
 le

si
on

s 
th

an
 p

la
ce

bo
.

#
 O

f f
ill

ed
 s

ur
fa

ce
s 

si
gn

ifi
ca

nt
ly

 la
rg

er
 in

 c
on

tr
ol

 g
ro

up
 th

an
 fl

uo
rid

e 
rin

se
gr

ou
p.

N
o 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t d

iff
er

en
ce

 a
m

on
g 

flu
or

id
e 

gr
ou

ps
.

R
C

I (
ne

w
 D

FS
) g

en
er

al
ly

 d
ec

re
as

ed
 d

ur
in

g 
2

nd
 y

r 
co

m
pa

re
d 

to
 1

st
 y

r 
an

d 
m

os
t

ob
vi

ou
s 

in
 N

aF
 g

ro
up

, b
ut

 n
ot

 s
ig

ni
fic

an
t d

iff
er

en
ce

 fr
om

 o
th

er
 g

ro
up

s.
N

um
be

r 
of

 a
ct

iv
e/

in
ac

tiv
e 

le
si

on
s 

no
t a

va
ila

bl
e 

pe
r 

tr
ea

tm
en

t g
ro

up
.

R
C

I v
al

ue
s:

 n
o 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t d

iff
er

en
ce

 b
et

w
ee

n 
gr

ou
ps

 a
t b

as
el

in
e

an
d 

fin
al

 e
xa

m
in

at
io

n.

N
o 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t d

iff
er

en
ce

 b
et

w
ee

n 
gr

ou
ps

.

Pr
op

or
tio

n 
of

 le
si

on
s 

re
m

ai
ni

ng
 a

ct
iv

e:
 3

1
-3

5
%

 o
n 

m
es

ia
l/

di
st

al
/b

uc
ca

l/
lin

gu
al

 s
ur

fa
ce

s.
 A

ct
iv

e 
le

si
on

s 
w

hi
ch

 b
ec

am
e 

in
ac

tiv
e:

 5
4

%
 o

n 
bu

cc
al

 
su

rf
ac

es
, 4

2
%

 o
n 

lin
gu

al
 s

ur
fa

ce
s,

 2
7

%
 o

n 
m

es
ia

l a
nd

 8
%

 o
n 

di
st

al
 s

ur
fa

ce
s.

M
os

t o
f t

he
 a

ct
iv

e 
le

si
on

s 
fil

le
d 

du
rin

g 
th

e 
ye

ar
 w

er
e 

lo
ca

te
d 

on
 d

is
ta

l, 
fe

w
es

t
on

 b
uc

ca
l s

ur
fa

ce
s.

Ta
bl

e 
2

  S
el

ec
te

d 
st

ud
ie

s,
 r

es
ul

ts
 r

eg
ar

di
ng

 r
oo

t 
ca

ri
es

 (S
D

/S
E

 in
 p

ar
en

th
es

is
)



C
opyrig

h
t

b
y

N

o
tfor

Q
u

i
n

te
ssence

N
ot

for
Publication

In the study by Wallace et al (1993), the effect of a
48-month preventive dental programme on the inci-
dence of root caries in an urban, geriatric, non-institu-
tionalised (> 60 years) population was investigated.
One group (n = 171) used a placebo mouthwash and
the other (n = 148) used a fluoridated mouthwash ACT
0.05% F- daily. After 48 months the root caries inci-
dence in the fluoride rinse group (0.26) was signifi-
cantly lower than in the placebo group (0.91). Also the
number of reversed (inactive) lesions in the fluoride-
rinse group (1.53 ± 2.03) was significantly greater than
in the placebo group (1.11 ± 1.74).

The studies by Baysan et al (2001) and Wallace 
et al (1993) indicate that the increased application 
of fluoride in the form of a dentifrice or mouthwash
has a positive effect on the root caries incidence/ 
severity.

The second level of evidence is described in a paper
by Ravald and Birkhed (1992) who performed a single-
blind controlled clinical trial comparing three treat-
ments (see Tables 1 and 2, evidence level II). In this
study, a group of periodontitis patients under mainte-
nance treatment were subjected to one of three fluo-
ride programmes during a 2-year period: A) profes-
sional Duraphat application, 3–4 times per year (n =
36); or B) professional application, 3–4 times per year
of a 0.4% stannous fluoride (SnF2) gel (n = 33); or C)
daily mouthrinsing with a 0.05% sodium fluoride (NaF)
solution (n = 32). The results show that professionally
applied fluoride 3–4 times per year does not seem to
have an effect on the root caries incidence. Daily NaF-
rinse showed a tendency toward a higher reduction of
root caries incidence in the second year, but the dif-
ference compared with F-varnish and F-gel was not
statistically significant.

The third level of evidence is two double-blind ran-
domised controlled clinical trials comparing different
forms of fluoride (Nemes et al 1992; Paraskevas et al,
2004) (see Tables 1 and 2, evidence level III). The
study by Paraskevas et al (2004) had the longest eval-
uation period of 24 months, compared with 5 months
in the study by Nemes et al (1992). In the 5-month
study, the decrease in mean RCI values was 47.7% in
the AmF/SnF2 group (n = 24) and 10% in the NaF
group (n = 20) respectively. These changes were not
statistically significant. Paraskevas et al (2004) used
a population consisting of periodontitis patients with
appointments four times per year for maintenance
care. These patients were randomly divided in a test
group using AmF/SnF2 dentifrice and mouthwash 
(n = 33) and the control group using NaF containing
dentifrice and mouthwash (n = 38). At 24 months no
statistically significant differences were noted be-

tween groups in terms of active or inactive root 
surface lesions or with respect to incidence of new 
lesions.

Inconclusive evidence (evidence level IV) was rep-
resented by the study of Emilson et al (1993) in an un-
controlled clinical trial with a limited number of sub-
jects (n = 15) and a mixture of treatments. At the 12-
month examination the number of active lesions had
decreased from 99 to 46, whereas the number of in-
active lesions had increased from 69 to 124.

DISCUSSION

Systematically reviewing the literature in order to find
the best available evidence is the basis of making de-
cisions suitable for clinical application. To date there
is no universally accepted management strategy with
a chemical approach to manage root caries. What 
evidence do we have that fluoride prevents and/or 
arrests root caries? The purpose of this review was to
evaluate the effect of an additional fluoride treatment
with regard to root caries activity in patients with ex-
posed root surfaces. Five out of the six identified pa-
pers were randomised controlled clinical trials involv-
ing fluoride intervention and root caries incidence.

The results of the three studies with the highest lev-
el of evidence (types I and II) suggest that the treat-
ment and prevention of root caries should involve an
extra fluoride regimen in addition to regular daily fluo-
ride dentifrice use. The delivery of extra fluoride in a
mouthwash has been shown to be effective in pre-
venting (16% less) and reversing (38% more inactive)
root caries lesions (Wallace et al, 1993).

The selected studies showed a high degree of het-
erogeneity concerning the study design and popula-
tion, the sort of intervention, but also the way of mea-
suring the outcome. In three studies (Ravald and
Birkhed, 1992; Emilson et al, 1993; Paraskevas et al,
2004) root caries was defined as active or inactive ac-
cording to the definitions of Nyvad and Fejerskov
(1986). Nemes et al (1992) presented data regarding
root caries as the root caries status, described using
the root caries index (Katz, 1984). Wallace et al (1993)
presented numbers of DMFS and Baysan et al (2001)
described root caries by looking at lesion hardness as
measured with standardised pressure, lesion area and
cavitation. Such discrepancies in caries definitions,
and also the methods of reporting them, have been
previously noted by Beck (1990), who reviewed the epi-
demiological studies reporting on prevalence and in-
cidence of root caries. The authors underline that com-
parisons of prevalence or incidence data among stud-
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ies are hampered by the lack of standardisation of 
diagnostic criteria and reporting requirements for
study methods and prevalence (or incidence) rates.

With regard to the study populations, great variation
existed. The study population in the study by Wallace
et al (1993) consisted of a group of non-institution-
alised elderly, mixing periodontitis and non-periodon-
titis patients. Baysan et al (2001) also mixed peri-
odontitis and non-periodontitis patients. The study of
Nemes et al (1992) involved healthy adults but no fur-
ther information was given with respect to their peri-
odontal status. On the other hand, Ravald and Birkhed
(1992), Emilson et al (1993) and Paraskevas et al
(2004) used only periodontitis patients in mainte-
nance care. It is well known that periodontitis patients
are clearly at risk because they develop recessions as
a result of periodontal treatment. Since periodontitis
patients clearly belong to a higher risk category (de-
velopment of more recessions), data reporting on
these populations may not be extrapolated to other (at
lower risk) populations. Ravald and Hamp (1981) re-
ported that 65% of the periodontitis patients devel-
oped one new root caries lesion over a period of 4
years. In the study by Paraskevas et al (2004), this was
91% over a period of 2 years. Both studies seemed to
agree upon the fact that the additional fluoride inter-
ventions increased the number of inactive lesions and
that no differences existed between NaF and
AmF/SnF2. 

Individuals with higher root caries prevalence
showed longer oral sugar clearance time than did pa-
tients with lower root caries prevalence (Risheim et al,
1992). In clinical studies in patients with periodontal
disease (Hix and O’Leary, 1976; Ravald et al, 1986)
and in the elderly (Fure and Zickert, 1990; Faine et al
1992), significant correlations have been found be-
tween prevalence of root surface caries and the fre-
quency of intake of food containing sugars or other
easily fermentable carbohydrates. Prevention of root
surface caries should therefore include dietary rec-
ommendations.

CONCLUSIONS

The exposure of root surfaces by gingival recession is
a prerequisite for root caries development but is not a
causal factor. The simultaneous presence of known
risk factors implies an increased risk for development
of root surface caries. Although studies on the rem-
ineralisation of root surface caries are sparse, it
seems that root surface lesions are partially able to
remineralise through the use of fluorides (Bánóczy and

Nemes, 1991). The two studies with the highest level
of evidence suggested that increasing the regular 
daily oral delivery of the amount of fluoride has a 
beneficial effect on the reduction of root caries 
incidence and activity. 

In conclusion, active root caries may be converted
to inactive by additional fluoride therapy.
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