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Abstract

Orthodontic treatment has, as any other medical intervention, in addition to its benefits, side effects, some of them being perceived as
unavoidable. The aim of this case series was to microscopically evaluate the changes of the tooth surface in relation to fixed orthodontic
treatment. A case series study was implemented by the usage of four extracted first maxillary premolars, from patients with previous
orthodontic treatment, of 12 and 23 months. Analysis was performed using the high precision stereomicroscope (Axiovert, Carl Zeiss,
Germany), at magnifications from 10× to 50×. The tooth surface corresponding to the bracket bonding area registered numerous disorderly
grooves and cracks, with various directions and depths, and was flattened, having lower convexity compared to teeth surfaces where
brackets were not bonded. Root resorption lacunae were more frequently observed in teeth under orthodontic treatment, these having
various depths, and sizes considerably larger than those observed in teeth without orthodontic treatment. Following orthodontic treatment,
teeth exhibit changes that can be perceived as being directly linked to this medical intervention. These teeth changes usually have low or
moderate severity, which can be influenced at some degree by the clinical conduct of the orthodontic treatment. The stereomicroscope
proved to be a high sensitivity tool for the analysis of morphological changes of teeth in relation to the fixed orthodontic treatment.
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 Introduction
Orthodontic treatment, due to its positive health
effects and also associated esthetic benefits, has currently
an increased use. Even so, as in any other treatment, in
addition to benefits, side effects may occur, these being
perceived sometimes as being unavoidable [1, 2]. Among
others, morphological changes of the tooth surface are
encountered, related part to specific treatment factors,
and part to patient’s particularities. These are localized
both on the crown or root of the tooth, different etiological
factors being implied.
Morphological changes of the surface of the tooth
crown where orthodontic brackets are bonded are at most
importance, considering their impact on the esthetic
appearance. Bonding and debonding the brackets
associates inherent morphological changes, which
sometimes negatively influences the esthetic treatment
outcome, this being frequently a primary treatment
objective from patient’s point of view [3, 4]. These
alterations may be enhanced by patients’ behavioral risk
factors as improper oral hygiene maintenance, which
promotes development of caries lesion, which implies also
additional morphological changes of tooth surface [5].
Usually, patients related factors have a greater impact on
the severity of the alterations, as compared to treatment
related factors. Considering that most frequently brackets
are bonded on the buccal tooth surfaces, and also
acknowledging these alterations’ negative impact on dentofacial esthetics, numerous researches aiming to identify
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the techniques and materials that minimize them as
much as possible, as well as assessing the best treatment
conduct to prevent them, were implemented.
Morphological changes of the root of the tooth are
usually integrated to root resorption, condition that is
perceived as being encountered, with different severity
degrees, to all orthodontic treated patients. Its etiology
also relates to treatment and patient’s factors. Increased
root apices displacement, higher or continues orthodontic
forces, increased duration of the orthodontic treatment,
teeth extractions in orthodontic purposes are the main
treatment related risk factors for a more increase degree
of the severity of root resorption. Even so, high severity
root resorption is seen as mainly being encountered in
relation to a rather unknown and difficult to identify
patient related risk factor, usually named “individual
susceptibility”. Several studies confirmed that predisposition to root resorption exists and is enhanced by the
orthodontic treatment, these results mainly being based
upon depicting higher incidence of severe root resorption
in patients with signs of this alteration prior to orthodontic therapy. Other patient related risk factors, as
systemic conditions (allergies, asthma, diabetes, metabolic
diseases) and oral particularities (density of alveolar bone,
type of dental anomaly, abnormal root morphology, hypodontia) were linked to higher severity of this condition
[6, 7].
In order to properly address these side effects of
orthodontic treatment, both preventively and therapeutically,
knowledge of their manifestation is mandatory. The
ISSN (on-line) 2066–8279
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usually used assessment methods (i.e., by clinical and
radiological means) have their limitations in depicting
low severity alterations, as well as some of their main
features.
The aim of this case series was to asses by microscopic
and radiological means in conjunction, the changes of
tooth surface related to fixed orthodontic treatment, by
usage of extracted teeth with prior orthodontic treatment.
 Materials and Methods
A case series study was implemented on extracted
teeth, from patients with previous orthodontic treatment.
Usage of these teeth was possible by identifying, in the
Department of Orthodontics and Dento-Facial Orthopedics
of the Faculty of Dentistry, “Carol Davila” University of
Medicine and Pharmacy, Bucharest, Romania, of two
cases with fixed orthodontic appliances, on which was
considered appropriate to change the treatment plan,
with the assessment of the need to extract the maxillary
first premolars for orthodontic purposes. Prior to teeth
extraction, in all cases, explanations were brought to
patients and their legal guardians and informed consent
was obtained for this study, namely the patients agreed
to give the extracted teeth in order to be microscopically
analyzed.
Therefore, seven extracted teeth were analyzed: four
first maxillary premolars with previous orthodontic treatment of 12 and 23 months, in which self-cured acrylic
resins were used as bracket bonding material (as the study
group), and three teeth with other clinical situations (i.e.,
one included wisdom tooth, two newly erupted maxillary
first premolars extracted for orthodontic purposes).
Tooth surface was analyzed considering two significant
areas, regarding the orthodontic treatment context.
Therefore, there were analyzed the tooth crowns, considering the changes that appear as a result of the bracket
bonding, and also the tooth roots, as localization of the
root resorption process, condition that is perceived as
being unavoidable during orthodontic treatment. Mainly
microscopic analysis was performed, this being used
comparatively with the radiological examination, for the
root resorption analysis.
The microscopic analysis was performed using the
high precision stereomicroscope (Axiovert, Carl Zeiss,
Germany). This type of optical microscope was considered
appropriate, taking into account the convexity of the
tooth surfaces, as favoring a lower image distortion.
Progressive magnifications were used (of 10× to 50×), in
order to acknowledge surface characteristics. For sample
stabilization, teeth were placed into a putty holder. The
crown of the teeth was analyzed to depict changes of
the surface corresponding to the bracket bonding area.
Therefore, both buccal and lingual surfaces of the teeth
crown, for all teeth with or without orthodontic treatment,
were analyzed. The tooth roots were analyzed in the
apical part, as site where root resorption is usually
encountered with the highest severity, but also to the
lateral sides of the roots. Mainly root resorption signs
were targeted, that corresponds to the microscopic aspect
of root surface with higher rugosity and tooth substance
loss corresponding to the aspect of lacunae of root
resorption. Additionally, periapical radiographs were

made for all extracted teeth, in order to assess root
resorption severity by the method that is generally used
during clinical practice. This analysis is mainly based
upon evaluating the contour line of the tooth root, as
presenting or not irregularities or a blunted shape.
Microscopic evaluation of these teeth, by usage of
lower magnifications, up to 5×, was previously reported
and discussed, in the manuscript referred being presented
more information regarding the patients and coordinates
of the orthodontic treatment, the teeth extraction and
preparation [8].
 Results
Microscopic analysis revealed surface particularities
that can be considered specific to the orthodontic
treatment, as a direct effect of bracket bonding, or as
indirect effect of orthodontic forces and tooth movement.
The tooth surface corresponding to the bracket bonding
area (middle third of the buccal surface of the tooth
crown) had a different microscopic aspect compared to
the lingual crown surface of the same tooth, or the ones
of the teeth from the control group. The bracket bonding
area registered numerous disorderly grooves and cracks,
with various directions, that were superficial, but with
various depths (Figure 1). This microscopic aspect probably
is related to the removal of the bracket and the remained
bonding material with burs, this aspect persisting despite
of tooth surface polishing that was done. The lingual
surface of the same teeth registered a more uniform
microscopic aspect of the surface. Surface grooves were
also encountered in some of the teeth, but fewer and
more superficial compared to the buccal aspect. They
are probably integrated to the occlusal contacts during
oral functions. Buccal surfaces of the teeth without prior
orthodontic treatment had a uniform microscopic aspect,
without grooves (Figure 2). Also, on a comparative view,
the surface where the bracket was bonded was the flattest,
with lower convexity compared to the lingual surfaces
or the buccal one where brackets were not bonded. This
aspect may be linked to hard tissue loss during clinical
procedures of bracket bonding and removal.
Root resorption lacunae were observed in both groups,
with and without orthodontic treatment, but with differences regarding their frequency and size. In teeth with
previous orthodontic treatment, root resorption lacunae
were observed more frequently, in size at about tens of
μm diameter (Figure 3). Root resorption lacunae were
observed also in the recently erupted premolars, but with
a reduced frequency and reduced size, having usually a
diameter less than 5 μm (Figure 4). Also, lacunae of root
resorption for the previous orthodontic treated teeth had
shown more frequently higher variability regarding their
depth and localization – in both root apices and lateral
sides of the tooth root (Figure 5).
Periapical radiographs of the teeth revealed an aspect
slightly suggestive for root resorption process for some
of the teeth with prior orthodontic treatment. In these, a
slightly irregular contour of the apical part of the root
was noticed, indicating a decreased root resorption
severity. In one tooth, in one root, a more severe
alteration was observed, with a blunted aspect of the
root apex. Even so, most probably the signs of root
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resorption are probably more obvious when radiographs
are made of extracted teeth, compared to in vivo radiographs, due to eliminating the overlapping of the adjacent
oral structure.
The teeth without orthodontic treatment presented a
regular linear contour of the root. The recently erupted
premolars presented the characteristic image of erupting
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teeth, with wide-open apex. Therefore, there was considered that radiological signs of decreased severity root
resorption were encountered only in the study group,
namely in the teeth with previous orthodontic treatment,
and were not encountered in the control group, namely
teeth without prior orthodontic treatment.

Figure 1 – Microscopic aspect of the enamel corresponding to the bracket bonding area.

Figure 2 – Microscopic aspect of the enamel of the buccal surface, in teeth without orthodontic treatment.

Figure 3 – Root resorption lacunae in teeth under orthodontic treatment, with lacunae of various diameter (e.g., diameter
of 99 μm, respectively 64 μm).
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Figure 4 – Root resorption lacunae in teeth without orthodontic treatment, with lacunae diameter usually less than 5 μm.

Figure 5 – Root apices in teeth under orthodontic treatment, with lacunae of various diameter (e.g., diameter of 140 μm,
respectively 65 μm).

 Discussion
Based upon study results, considering the methodological limitations, there is suggested that teeth with
orthodontic treatment register changes that can be
related to the characteristics of the medical intervention
applied. In the tooth crown, the bracket bonding area
registers sequelae of the clinical procedures of bonding
and debonding the brackets. In the root, there can be
seen root resorption lacunae, linked to tooth movement.
These may be considered as unavoidable side effects,
but being acceptable due to their relative decreased
severity, balanced by the benefits of the orthodontic
treatment. Usually medical interventions, beside their
positive effects, that represent the major rationale for
implementing them, associate unavoidable side effects.
Considering that, the most important part may be the
magnitude or severity of the negative conditions associated, that must be put in balance with the positive effects
related to implementing a specific medical intervention.
Even so, the negative side effect must be well known in
order to adequate conduct the treatment (i.e., to minimize
as much as possible their frequency and severity), and
also acknowledging them may be the starting point for
researches that aim finding a pathway to prevent or
properly address them.
Changes identified in the middle third of tooth crown

of the teeth with previous orthodontic treatment consisted
of disorderly grooves and cracks, with various directions,
that were superficial and had various depths. These can
be linked to the clinical procedures of bracket bonding
and debonding, especially when acrylic materials are
used, as in case of this study. The high frequency of
cracks and fissures in the teeth with fixed orthodontic
treatment is confirmed by several studies. Ryf et al., by
the usage of a three-dimensional laser scanner, identify
that breakouts after debonding were detectable in 27%
of teeth, with a mean depth of 44.9 μm [9]. Vertical
fissures of the enamel are relatively frequent in general
population, being not entirely linked to the orthodontic
treatment. However, horizontal fissures and cracks
observed in teeth with previous orthodontic treatment
are mainly linked to the removal of the bracket and the
remained bonding material. Higher incidence of enamel
fissures was observed when clinical procedures that aimed
debonding the fixed appliances are done improperly [10].
Therefore, the high irregularity of the enamel surface,
with high-density grooves with various directions, is
probably directly linked to the usage of orthodontic
bracket, and indicates the need of performing a rigorous
polishing in order to obtain a final situation as similar as
possible to the natural one. The impact of their presence
is unclear, but probably due to higher surface rugosity
plaque, accumulation may be favored, as well as changes
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of the optical perception of the teeth. Even so, grooves
were also encountered on the lingual surfaces of the upper
premolars, fewer as number. The latter are probably
related to the occlusal contacts and mastication, this aspect
being important to be further studied in order to link
them as occlusal effects for the lingual technique. The
surface where the bracket was bonded appeared flattest
compared to the one of the teeth without orthodontic
treatment. This may be explicable by the enamel loss
due to bracket debonding, removal of bonding material
and polishing procedures [9]. These clinical procedures
associate limited volume loss, but their presence probably
affects the properties and geometry of the enamel surface.
Additionally, as proved by Tüfekçi et al., enamel loss is
dependent upon the presence of white spot lesions and
clinical procedures used for bracket removal, as being
higher for burs than for disks [11]. Regarding this study,
in respect to the previous, the patients from this study
presented moderate level of plaque control and removal
of bonding materials was done with burs, both favoring
greater enamel loss, that probably relates to the flatten
of the surface that was observed. Microscopic evaluation
gives different details about changes particularities upon
the magnification used. As presented in a previous manuscript, lower magnifications, up to 5×, give information
on general description of the defect, as clear demarcation
area of the bracket bonding area, that register different
color and an increased rugosity [8]. Higher magnifications, of 10× to 50×, give more detailed information on
the surface characteristics, as presenting a high number
of groves with various directions and being more flatten.
Usage of various magnifications is beneficial in order to
understand the nature of the changes of tooth surface
after orthodontic treatment, which is directly linked to
the manner of addressing them.
The root of the teeth with previous orthodontic
treatment showed signs of root resorption, as lacunae,
with frequency and size superior to the ones of those found
in teeth without orthodontic treatment. This confirms that
root resorption, even if has an increased severity during
orthodontic treatment, it is not a specific condition of it.
Root resorption lacunae are also found in teeth with
conditions as periapical or periodontal lesions [12]. In
this study, root resorption lacunae were even observed in
healthy erupting teeth, suggesting that at some decreased
severity level these may be considered even normal, taking
into account also the high reparatory properties of the
tooth cementum. Even so, concerns were raised upon
orthodontic root resorption considering higher frequency
of the cases with severe alterations, as unexpected
phenomena that considerably affect treatment outcome.
Sreeja et al. found that microscopic signs of root
resorption, as root resorption craters, appear shortly
after the action of light orthodontic forces [13]. Even
more, resorption severity it is influenced by the amount
of tooth movement and the particularities of the
orthodontic treatment applied. Weiland demonstrated,
by a split mouth study, using for assessment a confocal
laser scanning microscope, that usage of superelastic
wires, compared to stainless steel wires, favors occurrence
of root resorption lacunae with similar depth but higher
perimeter, area and volume (at about 140% greater)
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[14]. In this study, there was a considerable difference
between the sizes of root resorption lacunae in teeth
with and without orthodontic treatment, which may be
explicable by the long duration of previous orthodontic
treatment in this case series above one year. Between
radiological and microbiological assessment was not an
obvious link, as regard to root resorption diagnosis.
Even if by the microscopic evaluation root resorption
was clearly diagnosed by detection of the root resorption
lacunae, with high frequency and increased size, by
radiological examination only in some of the cases an
irregular contour of the root apex was identified as a
suggestive sign of this condition. Considering that, and
also the high repair capacity of the cementum it is
possible that resorption lacunae to be part of a transitory
process during the orthodontic treatment. Additionally,
decreased microscopic magnifications may be more
appropriate for assessing the localization of most severe
alterations integrated to root resorption process [8].
Imagining techniques, as the microscopic ones, brought
great knowledge to the medical field [15–18]. They are
used for diagnostic purposes, but limitations are encountered sometimes for their in vivo use. Changes of the
surface of the teeth crown can be evaluated in vivo by
microscopy, even by using the devices developed especially
for clinical use in dentistry. Root resorption analysis
by microscopy is limited due to access impediments,
therefore, microscopic analysis of rare cases as these
presented in this study may bring valuable information.
The limitations of this study are mainly in relation to
the decreased number of teeth analyzed, not allowing
generalization. Even so, analyzing teeth under a long
previous orthodontic treatment (above one year) is difficult
to accomplish, in this study being possible as an exceptional condition, namely identifying two cases in which,
due to treatment plan reassessment was decided to extract
the first maxillary premolars, which were analyzed.
 Conclusions
Teeth with previous fixed orthodontic treatment exhibit
changes that can be perceived as being directly linked to
the medical intervention applied. The bracket bonding
area presents numerous grooves with various directions
and appears to be more flattened, therefore being necessary
to select best clinical alternatives to remove the bracket
and bonding material, followed by adequate polishing
procedures. The tooth root surface exhibits root resorption
lacunae with increased frequency, size and various depths.
These teeth changes usually have low or moderate severity,
which can be influenced at some degree by the clinical
conduct of the orthodontic treatment. The stereomicroscope
proved to be a high sensitivity tool for the analysis of
morphological changes of teeth in relation to the fixed
orthodontic treatment.
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