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INTRODUCTION

To allow for exfoliation and eruption of the suc-
cessional teeth, the deciduous tooth undergoes
root resorption1. Mineralized dental tissues are

resorbed by cells termed odontoclasts, which are simi-
lar to osteoclasts in histological features.2 As a result of
this process, eroded surfaces can be observed on the
root.3,4 Resorption of hard tissues, which occurs prior to
exfoliation, sometimes alternates with another process
involving cementum apposition in the same area.

Cement-like tissue forms to compensate for the
resorbed tissue.5 This tissue is more eosinophilic and
more cellular than cementum.6 The orientation of root
resorption differs according to whether the tooth has
one or more roots. Deciduous molars are succeeded by
permanent premolars, so that the tooth germs of the
latter are located between the diverging roots of the
deciduous molars. For this reason, root resorption
begins on the apical third of the radicular aspect facing
the interradicular septum.

Between the onset of shedding of deciduous teeth
and eruption of all permanent teeth, there is a transi-
tion period, termed mixed dentition, during which both
types of dentition co-exist. Detection and prognosis of
anomalous positioning of teeth is possible during this
time. At this stage, preserving the deciduous teeth is
strongly recommended in order to prevent premature
loss of space. Orthodontic treatments aim to correcting
dental arch, occlusal and intermaxillary anomalies, and
to eliminating functional interferences.7 These ortho-
dontic treatments are interceptive and are currently
initiated at a very early age, when the child is still at the
mixed dentition stage.

One of the complications of orthodontic treatments
applied to permanent teeth is the occurrence of areas
of root resorption.8 For that reason, the caliber of the
orthodontic wires must be in accordance with the force
the movement required, in order to diminish risk of
root resorption. Thus, it is essential to control the force
and follow-up closely on the compromised teeth.
Although physiological root resorption at shedding has
been investigated thoroughly, there are no reports to
date on root resorption in deciduous teeth as a possible
outcome of orthodontic treatment.

A great number of issues related to physiological
resorption in animals have been clarified since Hesse,9

Kronfeld10 and Hardnt.11 In 1961, Zerosi3 described
areas of resorption and apposition of cement-like tissue
during shedding, and more recently Sasaki et al,4 Sahara
et al.,5 Wo et al.2, and other authors contributed data on
the histological characteristics of resorption and shed-
ding.
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Application of orthodontic forces causes a change in
the spatial relationship between the deciduous and suc-
cessional teeth, which may result in the emergence of
resorption areas at different sites from those typically
associated with physiological resorption. Deciduous
teeth subjected to orthodontic forces also undergo
physiological root resorption; the magnitude of the lat-
ter depends on chronological age, dental age, and the
tooth involved. Molars subjected to the orthodontic
forces are often extracted with the aims to obtaining
space in the dental arch.

In view of the above, the aim of this work was to
study the histological features and location of root
resorption in deciduous molars subjected to orthodon-
tic forces, and establishes comparison with untreated
molars.

MATERIALS AND METHODS
The study was performed on nineteen deciduous (first
and second) molars of children aged 7 to 11 years
treated with light orthodontic forces, and five decidu-
ous (first and second) molars of children aged 7 to 10
years, who had not received orthodontic treatment.

All tooth extractions were performed for therapeu-
tic purposes. Surgeries were planned and parents gave
informed consent. The teeth were fixed in formalin,
decalcified in 15% EDTA and embedded in paraffin.
Mesio-distally oriented sections were obtained and
stained with hematoxylin-eosin.

Histological studies were performed on the inter-

radicular tooth surface of all treated and control
molars. The following histomorphometric parameters
were determined according to accepted stereological
principles: 12- 14

Percentage of root surface presenting resorption,
differentiating repaired from non-repaired resorption.
Root surface was defined as the distance between the
most apical point covered with cementum on the
mesial aspect of the root facing the septum and the
most apical point covered with cement on the distal
aspect (Figure 1A).

• Surface presenting repaired and non-repaired resorp-
tion, measured in mm. Comparison was established
between treated molars and untreated age-matched
controls (8 and 10 years of age).

• Width of repaired area, measured on segment CD
between the deepest point of the innermost reversal
line and the root surface (Figure 1B).

• Volume of resorted and repair tissue, considering the
innermost rest line as the inner limit and the repair
tissue surface as the outer limit. Treated and
untreated age-matched control specimens (8 and 10
years of age) were compared (Figure 1C).

• Volume of repair tissue to extent of repaired root sur-
face ratio (V/S).

RESULTS 
The histological studies showed that both orthodonti-
cally treated and control molars presented resorption
areas on the inner surface of the root. In the control
molars, the resorption areas were mainly located in the
apical third of the root, whereas treated samples not
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Figure 1. (A) Schematic drawing of a deciduous tooth showing the
surface of resorption measured from point A, the most apical point
covered with cementum on the mesial aspect of the root, to point
B, the most apical point on the distal aspect. B) Diagram depicting
repaired resorption. Segment CD shows the maximum depth of
resorption (C) Schematic drawing of non-repaired resorption with
odontoclasts on the surface.

Figure 2. (A) Microphotograph of a deciduous tooth subjected to
light orthodontic forces, evidencing deep areas of repaired resorp-
tion. (B) Reversal lines are visible at higher magnification.

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/29/4/283/1745542/jcpd_29_4_e680862m

316j4975.pdf by Bharati Vidyapeeth D
ental C

ollege & H
ospital user on 25 June 2022



Root resorption in deciduous teeth after applying orthodontic forces

The Journal of Clinical Pediatric Dentistry Volume 29, Number 4/2005 285

only presented areas of resorption in the apical third
but also in the middle and cervical thirds.

Resorption areas in treated molars were found to be
eroded, with and without odontoclasts on the surface,
either totally or partly repaired presenting a large num-
ber of rest lines and containing cells in some cases (Fig-
ures 2 A and B). Resorption areas located at the apical
third of the root in control molars were shallow and
presented odontoclasts on the surface (Figure 3A).
Some areas had healed and presented few rest lines
(Figure 3B)

Control molars exhibited non-repaired resorption
on 46.9% of the surface and repaired resorption on
45.6%; the corresponding percentages for treated
molars were 35.5% and 50.5% respectively.

Analysis of specimens corresponding to 8-year-old
subjects showed repaired resorption on 63.2% of total
surface of treated molars and on only 38.15% of con-
trol molars. Conversely, molars extracted from 10-year-
old patients presented repaired resorption on 40.85%
of root surface of treated molars and on 50.6% of con-
trols (Figure 4A).

Total surface presenting repaired resorption was
7.8mm2 in the case of treated molars extracted from 8
year olds and 5.35mm2 in age-matched controls. Repair
tissue volume was 1.20 mm3 ± 0.35 mm3 in treated
molars and 0.43mm3 ± 0.12mm3 in controls.

As regards molars extracted from 10-year-olds, total
surface presenting repaired resorption was 4.5mm2 in
molars subjected to orthodontic forces, and 5.9mm2 in
control molars. Volume of repair tissue in this same age
group was 0.45mm3 ± 0.21mm3 in treated molars and

0.49mm3 ± 0.28mm3 in controls.
Repair tissue volume was greater in deciduous

molars subjected to light orthodontic forces than in
controls, and was also higher in molars extracted from
8 year-olds than in those corresponding to 10 year-old
patients (Figure 4B).

The volume/surface ratio was higher in treated than
in untreated molars in both age groups: 0.15 versus 0.08
in molars extracted from 8-year-olds and 0.11 versus
0.07 in those corresponding to 10 year-olds.

Depth of repaired resorption areas was greater in
treated than in untreated molars, ranging between
0.02mm and 0.88mm and between 0.01mm and 0.21mm
respectively.

DISCUSSION
Our results show that repaired root resorption is a fre-
quent finding in deciduous teeth subjected to light
orthodontic forces, and the most outstanding feature is
the marked depth it reaches. Because the location of
these sites differs from that typically associated with
physiological resorption prior to shedding, the occur-
rence of these resorption areas may be attributed to the
orthodontic forces.

Although there are a great number of investigations
on root alterations found in teeth subjected to ortho-
dontic treatment, these investigations were done on
permanent teeth.As regards deciduous teeth, a number
of authors have studied resorption associated with
shedding. As early as 1932, Kronfeld10 and later Henry

Figure 3. (A) Microphotograph of a control deciduous tooth evi-
dencing shallow repaired resorption. (B) Microphotograph of a
control deciduous tooth showing non-repaired resorption with
odontoclasts on the surface.

Figure 4.  (A) This graph shows the percentage of root surface evi-
dencing signs of repaired resorption in the different age groups, as
compared to control molars of 8 and 10 year old patients. (B) This
graph shows the volume of repair root tissue after root resorption
in the internal aspects of the m olar root of children treated with
light orthodontic forces.
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and Weinmann
15

described root resorption and demon-
strated the capacity of the body to compensate for
resorption by means of bone or cementum deposition.
Later studies described the features of these resorption
areas differentiating between deep and linear resorp-
tion areas; the former penetrate deeply into the hard
structures and contain several odontoclasts, and the lat-
ter are devoid of grooves and present odontoclasts
aligned in a single row.3 The surface of resorption areas
as well as the tissue contained within were described,
and the process of root resorption in deciduous teeth
was classified into three phases: 1) active root resorp-
tion, 2) the resting phase and 3) root repair by cellular
cementum formation.4 Odontoclasts, the cells responsi-
ble for resorption, were described by a number of
authors including Sasaki et al.,16 Matsuda,17 Gotz et al.,18

and Sahara et al.19 Later studies found that repair tissue
was different from cementum and bone, and was
termed bone-like or cement-like tissue.5, 20

Our results showed resorption areas on deciduous
teeth subjected to orthodontic forces to be deeper than
those observed on control molars and than those
described in the literature. Resorption in the experi-
mental group was found compensated for by apposi-
tion of bone-like tissue. The experimental group also
exhibited a larger number of rest lines in the repair tis-
sue, indicating the occurrence of resorption, deposition,
and rest phases. This finding, added to the marked
depth, shows that resorption took place over a consid-
erable length of time. It can be thought that the ortho-
dontic forces caused a substantial initial loss of dental
tissue followed by apposition of repair tissue, which in
turn underwent a succession of resorption and deposi-
tion phases. The variation among patients observed in
this study can be attributed to differences in frequency
of use of the appliance, musculature and habits.

The location of these resorption areas must also be
taken into consideration, since in addition to apical
resorption typically associated with shedding, the
treated molars exhibited resorption in the middle and
cervical third of the root.

Interestingly, orthodontically treated molars
extracted from 8-year-old patients presented a marked
increase in repair tissue as compared to age-matched
controls.

Our results have clinical implications, since radi-
ographic follow-up of these patients is uncommon, and
in view of the characteristics and depth of resorption,
root fracture is a potential risk. Extraction of fractured
root remnants can cause damage to the successional
premolars, and avoiding extraction can result in the
remnants becoming encapsulated by cement. We there-
fore recommend radiographic follow-up to monitor
orthodontic treatment of deciduous teeth closely and
allow for timely adjustments in the treatment plan in
order to minimize future fracture risk.
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