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Effect of fluoride on root resorption following heavy and light orthodontic

force application for 4 weeks and 12 weeks of retention

Ersan I. Karadeniza; Carmen Gonzalesb; Tamer Turkc; Devrim Iscid; Aynur M. Sahin-Saglame;
Huseyin Alkisf; Selma Elekdag-Turkd; M. Ali Darendelilerg

ABSTRACT
Objective: To evaluate the null hypothesis that fluoride intake via drinking water has no effect on ortho-
dontic root resorption in humans after orthodontic force application for 4 weeks and 12 weeks of retention.
Materials and Methods: Forty-eight patients who required maxillary premolar extractions as part
of their orthodontic treatment were selected from two cities in Turkey. These cities had a high and
low fluoride concentration in public water of $2 pm and #0.05 pm, respectively. The patients were
randomly separated into four groups of 12 each: group 1HH, high fluoride ($2 ppm) and heavy
force (225 g); group 2LH, low fluoride (#0.05 ppm) and heavy force; group 3HL, high fluoride and
light force (25 g); and group 4LL, low fluoride and light force. Light or heavy buccal tipping force
was applied on the upper first premolars for 28 days. At day 28, the left premolars were extracted
(positive control side); the right premolars (experimental side) were extracted after 12 weeks of
retention. The samples were analyzed with microcomputed tomography.
Results: On the positive control side, under heavy force application, the high fluoride groups
exhibited less root resorption (P 5 .015). On the experimental side, it was found that fluoride
reduced the total volume of root resorption craters; however, this effect was not statistically
significant (P 5 .237). Moreover, the results revealed that under heavy force application
experimental teeth exhibited more root resorption than positive control groups.
Conclusion: The null hypothesis could not be rejected. High fluoride intake from public water did
not have a beneficial effect on the severity of root resorption after a 4-week orthodontic force
application and 12 weeks of passive retention. (Angle Orthod. 2013;83:418–424.)
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INTRODUCTION

Although orthodontically induced inflammatory root
resorption is an inevitable pathologic consequence of
orthodontic treatment, it is not an irreversible phenom-
enon. It has been suggested that small, shallow
resorption lacunae may be completely repaired by
deposition of new functional and nonfunctional cemen-
tum followed by reestablishment of a new periodontal
ligament.1,2 In the literature, it has been demonstrated
that the repair of root resorption takes place in the
central3,4 and peripheral2,5 parts of the resorption
lacunae; therefore, healing seems to occur in all
directions. Moreover, in the same active resorption
lacunae, it has been shown that fibroblast-like cells,
which are indicators of the reparative process, seem to
invade the resorption zone from the circumference,
while active resorption by multinucleated odontoclast-
like cells takes place in the central part.5 The histologic
structure of this reparative cementum was demonstrat-
ed as a mixture of cellular and acellular cementum.4
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After the recognition of its beneficial effects against
caries prevention, fluoride became one of the most
popular chemical agents in modern dentistry. In
mineralized tissues, fluoride reacts by the hydroxyl
group of calcium hydroxyapatite (Ca5[PO4]3OH) crys-
tals and forms calcium fluorapatite (Ca5[PO4]3F)
crystal,6 which is less soluble7 and therefore can be
considered more resistant to demineralization. In the
human body, fluoride is almost entirely stored in
calcified tissues, including dental hard tissues such
as cementum, dentin, and enamel.6 In several studies,
it has been shown that the concentration of fluoride in
cementum is highest among the calcified tissues,8–10

and the amount of accumulated fluoride in cementum
increases by age.11,12

It has been shown that fluoride stimulates the
formation of new bone, primarily via an increase in
osteoblast number in vitro13 and in vivo.14 It is also
believed that sodium fluoride directly inhibits osteo-
clastic activity by preventing calcium ion release and
directly suppresses osteoclast acidity.15 Previously, it
was reported that the cells involved in the repair
process of cementum were similar to the cells involved
in bone metabolism.4 Therefore, we hypothesize that
fluoride may have a beneficial effect on root resorption
12 weeks after orthodontic force has ceased.

The aim of this investigation was to quantitatively
evaluate whether high and low levels of fluoride intake
via drinking water affects orthodontic root resorption
repair in human subjects when heavy and light
orthodontic forces are applied for 4 weeks and
12 weeks of retention.

MATERIALS AND METHODS

Forty-eight patients who required first premolar
extractions as part of their orthodontic treatment and
who had previously met strict patient selection criteria16

were selected from two cities in Turkey that had a
fluoride concentration of 0.05 ppm (low fluoride) and
2 ppm (high fluoride), respectively, in public water.
Ethical approval was given by the Medical Faculty
Ethics Committee of the Ondokuz Mayis University,
Turkey and SSWAHS, NSW, Australia. All subjects
and their guardians consented to participate in this
study after receiving verbal and written explanations of
the procedures.

Patients were randomly divided into four groups
of 12 each according to their systemic fluoride
intake via public water and the magnitude of force
applied on upper first premolars. Maxillary first
premolars were exposed to heavy (225 g) or light
(25 g) buccal tipping orthodontic force for 4 weeks.
The four groups were as follows: group 1HH, high
fluoride and heavy force; group 2LH, low fluoride

and heavy force; group 3HL, high fluoride and light
force; and group 4LL, low fluoride and light force
(Figure 1).

Speed brackets 0.022-in slot (Strite Industries,
Cambridge, Ontario, Canada) were bonded on the
buccal surfaces of the maxillary first permanent molars
and first premolars. In groups 3HL and 4LL, 25 g of
buccally directed force was induced by a 0.016-in beta-
titanium-molybdenum alloy cantilever spring (Remati-
tan, Dentaurum, Ispringen, Germany) (Figure 2A). In
group 2HH and group 4LH, 225g of buccally directed
force was produced by a 0.017-in 3 0.025-in beta-
titanium-molybdenum alloy cantilever spring (Beta III
Titanium, 3M Unitek, Monrovia, Calif) (Figure 2B).
Force magnitude was measured with a strain gauge
(Dentaurum). Light-cured band cement (Transbond
Plus, 3M Unitek) was bonded on the occlusal surfaces
of the mandibular first permanent molars to minimize
occlusal trauma to the maxillary first premolars during
the experiment (Figure 2C).

After 4 weeks of force application, the cantilever
springs were removed in all the groups and the upper
left first premolars were extracted as the positive
control side. Maxillary right premolars (experimental
side) underwent 12 weeks of retention with a passive
0.0175-in multistranded steel wire bonded on the
palatal surface of the maxillary first, second premolars,
and first molar (Figure 2D). After 12 weeks of
retention, maxillary right premolars were extracted.

To assess cementum repair, volumetric changes of
the resorption craters were scanned with a high-
resolution X-ray microcomputed tomography (micro-
CT) system (SkyScan 1172, Aartselaar, Belgium)
above the cementoenamel junction to the root apex
at 16.78 mm magnification and a resolution of 11.45 mm
pixel size. The X-ray tube was operated at 60 kV and
165 mA.

Figure 1. Study design.
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After image acquisition, the raw data were pro-
cessed with Nrecon software (version 1.4.2, Aartsel-
laar, Belgium). Resorption craters were identified and
isolated on three-dimensional (3D) reconstructions
created by VG Studio Max software (version 1.2,
Volume Graphics, GmbH, Heidelberg, Germany)
(Figure 3A). The volume of the isolated crater images
was quantified by Convex Hull 2D software (Chull 2D,
University of Sydney, Sydney, Australia). In general, a

convex hull creates a surface closure that is a local
minimum in terms of its surface area. This effectively
creates a flat closure that approximates the original
tooth surface to a greater or lesser extent depending
on the curvature of the tooth surface at the crater. A
minor limitation associated with this volume estimation
software is how the convex hull algorithm closes the
craters. When a tooth surface is convex, flat closure
will be more likely to underestimate crater volume. The

Figure 2. Intraoral images of the appliance. (A) Occlusal view, light force. (B) Occlusal view, heavy force. (C) Lateral view showing the band

cement to avoid occlusal interferences. (D) Retention wire bonded on the upper first premolars and first molar (experimental side); the maxillary

left premolar has been extracted after 4 weeks of force application (positive control side).

Figure 3. Microcomputed tomography analysis. (A) Identification and isolation of the crater. (B) Convex Hull two-dimensional software. This

software draws a line connecting the edges of the resorption crater creating a subvolume for each axial slice. The total crater volume is calculated

by summing the subvolumes of each closed cross section.
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converse is also true: the software will overestimate
volume in areas of concavity. This small error is
mitigated, however, because this method of crater
volume measurement is based on direct imaging of the
tooth as a 3D object. Hence, the error in volume
estimate is considered negligible (Figure 3B).

Statistical Analysis

All statistical analyses were undertaken with the
Statistical Package for Social Sciences software (SPSS
for Windows, version 16, SPSS, Chicago, Ill). Univar-
iate analysis of variance and pairwise comparisons
between the groups were performed. The results were
depicted by using box plots. Bonferroni adjustments
were made for multiple comparisons. Statistical signif-
icance was set at the P # .05 level. All measurements
were done by the same blinded researcher.

RESULTS

On the positive control side (maxillary left premolars)
under heavy force application, the high fluoride group
exhibited less root resorption than the low fluoride
group (P 5 .015) (Figure 4A, Table 1). However,
under light force application there was no statistical
difference between the high fluoride group and the low
fluoride group (P 5.742) (Figure 4A).

On the experimental side, root resorption continued
after 12 weeks of passive retention and orthodontic
force ceased. Interestingly, after 4 weeks of heavy
force (225 g) application and 12 weeks of retention it
was found that fluoride tended to reduce the volume of
root resorption craters; however, this effect was not
statistically significant (P 5 .237) (Figure 4B). The
comparison between control and experimental sides is
shown in Figure 4C. The results revealed that under
heavy force application experimental teeth exhibited
more root resorption than teeth in the positive control
groups.

DISCUSSION

This investigation aimed to quantify how fluoride
intake via drinking water affects the amount of root
resorption under light (25 g) and heavy (225 g) force
application for 4 weeks and after 12 weeks of
retention. In brief, our results showed that fluoride
reduced root resorption 4 weeks after force induction;
however, after a retention period of 12 weeks the
tendency toward decreased root resorption was not
statistically significant.

The effect of fluoride on orthodontic root resorption
was studied previously.16,17–19 Foo et al.17 postulated
that fluoride reduced the average amount of root
resorption in rats. However, this effect was not

statistically significant (P 5 .112). On the other hand,
Gonzales et al.18 reported that not only fluoride
exposure from drinking water but also the duration of
this exposure has a significant effect on root resorp-
tion. Lim et al.19 reported that rats exposed to 100 ppm
fluoridated water exhibited a significant decrease in the
depth and length of the root resorption lesions. In this
study, we found that under heavy force application
fluoride had a significant effect on reducing root
resorption (Figure 4A). A decrease in the average rate
of root resorption under light force application was also
observed, but this effect was not statistically significant
(P 5 .742).

Rygh20 suggested that if the application of force is
absent or is below a certain level repair will commence
in the resorption sites with the deposition of cemen-
tum. Schwartz21 stated that the minimum level of force
that causes root resorption is between 7 g/cm2 and
26 g/cm2. According to the root surface area calcula-
tion in this study, 8 g/cm2 and 70 g/cm2 of force were
applied in light and heavy force groups, respectively.
Therefore, as expected, we observed less root
resorption in the light force groups compared with the
heavy force groups.

Brudvik and Rygh1,5 demonstrated that root resorp-
tion continues until the hyalinized periodontal ligament
is completely removed regardless of force termination.

A recent study by Cheng et al.22 investigated root
resorption repair 4 weeks and 8 weeks after the
application of light and heavy forces showed a clear
trend that root resorption continued for another 4 weeks
after orthodontic force ceased. Moreover, they noted
that the reparative processes were different between
light and heavy orthodontic force application and
resorptive activity was more pronounced after the
application of heavy forces. It was previously shown
that the resorptive process increased to peak 4 weeks
after the force termination and slowed down to steady
phase after 5, 6, 7, and 8 weeks of retention2;
therefore, we selected 12 weeks of retention as the
experimental time. The results of the present study
showed that even after 12 weeks of retention the
volumes of root resorption craters in the experimental
side of the heavy force groups were larger than those
in the positive control group (Figure 4B). On the other
hand, less root resorption was observed in the
experimental light force groups compared with the
positive control groups (Figure 4C, Table 1). Our
findings demonstrate that root resorption continues
despite the cessation of orthodontic force, and this
resorptive activity is more distinct under heavy force
application as it was shown to cause larger and more
persistent hyalinization in the periodontal ligament.23

Histologically, the physical properties of cementum
are similar to those of bone,6 and the cells involved in
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Figure 4. (A) Root resorption after 4 weeks of force application (positive control side). (B) Root resorption after 12 weeks of retention

(experimental side). (C) Comparison between positive control and experimental sides in each group.
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the repair process of cementum were suggested to be
similar to the cells involved in bone metabolism.4 It has
been shown that fluoride reduced the number of the
osteoclasts in bone.24 Additionally, it has been dem-
onstrated that fluoride decreases the number of
resorption lacunae made by individual clast cells,25

the resorbed area per clastic cells,16,19,25 and the depth
of the clastic cell demineralization pit.16,19,26 In the
present study, high fluoride groups exhibited a
decreased amount of root resorption after the applica-
tion of light and heavy forces for 4 weeks. (Figure 4A)
However, after a retention period of 12 weeks, root
resorption was more distinct in the high fluoride groups
as the difference between the control and experimental
sides in the high fluoride groups is less than in the low
fluoride groups (Figure 4C). One possible explanation
might be the possibility of a reduction in the osteoclast
population and activation that might reduce bone
remodeling, leading to an increase in the hyalinization
zone, which might amplify the resorptive processes.17

This approach could explain why the experimental side
of the high fluoride groups underwent a more
pronounced resorptive activity during the retention
period, especially under heavy force application.

Individual susceptibility or resistance to root resorp-
tion seems to be a significant factor affecting the results
of this study (Table 1). Although strict selection criteria
were followed during patient selection, some specific
factors, such as genetics, individual susceptibility, or
resistance to root resorption, cannot be controlled or
predicted by practitioners. A significant contribution of
individual response to orthodontic force activation was
also noted in several previous studies.21,22

Although the high spatial resolution provided by
micro-CT allows the identification and measurement of
the volume of the root resorption lesions with high
accuracy, micro-CT scan does not allow researchers
to distinguish between normal and repaired cemen-
tum. Therefore, the amount of repaired cementum in
resorption craters could not be calculated. This can
only be investigated histologically or with nano-
computed tomography technology. However, with

these methods the number of histologic sections is
usually limited to a small number per tissue sample,
and it is not possible to obtain a fully 3D volumetric
evaluation of repaired cementum. In this study, it might
be assumed that the intraindividual differences in the
volume of the resorption craters between the positive
control and experimental groups were estimates of the
amount of reparative cementum. However, this needs
to be confirmed histologically.

Further investigation is still required to elucidate
whether fluoride will have a similar effect in patients
undergoing a complete duration of orthodontic treatment.

CONCLUSION

N The null hypothesis could not be rejected. Although
patients with a high fluoride intake exhibited signifi-
cantly less root resorption after 4 weeks of heavy
force application, this effect was not statistically
significant 12 weeks after passive retention and
orthodontic force ceased.

N Therefore, high fluoride intake from public water was
not found to have a beneficial effect on the severity of
root resorption after heavy and light orthodontic force
application for 4 weeks and 12 weeks of retention.
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