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Introduction: In orthodontics, adding restorative materials on occlusal or lingual surfaces is a common method
to create a mini-biteplane to increase patients' vertical dimension temporarily to facilitate several treatment
procedures. However, this method transmits excessive occlusal forces through the periodontal ligament and
causes trauma. In this prospective randomized clinical trial, we measured and compared quantitatively the
volumes of root resorption after 4 weeks of occlusal trauma.Methods: Forty-eight maxillary and mandibular first
premolars of 12 patients (6 girls, 6 boys) comprised the sample for this study. One side of each patient was
randomly selected as the control. On the contralateral side, a light-cured glass ionomer cement (Transbond
Plus Light Cure Band Adhesive; 3M Unitek, Monrovia, Calif) was bonded onto the occlusal surface of the
mandibular first premolar so that the cement was in contact with the maxillary first premolar. After 4 weeks,
both first premolars were extracted. Each sample was imaged using a microcomputed tomography system
(1172; SkyScan, Aartselaar, Belgium) and analyzed with specially designed software for volumetric
measurements of resorption craters. Furthermore, pain was evaluated with a visual analog scale for 7 days.
Results: There were significant differences in the amounts of root resorption between the control and the exper-
imentally traumatized teeth. No significant difference among the buccal, lingual, mesial, and distal surfaces was
found in either jaw. Furthermore, no significant difference existed in the amount of root resorption among the cer-
vical, middle, and apical thirds of both jaws. There was no correlation between age, sex, volume of the root
resorption craters, and pain. Conclusions: Restorative buildups, used to increase the vertical dimension by
2 mm for 4 weeks, caused root resorption along the sides of the teeth during the active bite-increase period.
(Am J Orthod Dentofacial Orthop 2014;145:617-25)

It has been documented that external root resorption
can result from excessive occlusal force when there is
severe occlusal trauma.1-3 This occurs after the

periodontium has lost its capacity to contain the force,

resulting in alveolar bone loss and in some cases root
resorption.2 Premature contact in centric occlusion and
lateral excursive movements are common etiologies of
occlusal trauma. Bruxing activity as a result of premature
contact can exacerbate the root resorption process.1 It
has also been suggested that excessive fremitus from
occlusal trauma could be attributed to the resorption
of the root apex after the adaptive capacity of the perio-
dontium is exceeded.1

The severity and type of trauma are also important
factors related to root resorption. Intrusive trauma was
defined as one of the most serious types of trauma
related to root resorption and can lead to severe root
resorption and ankylosis.4 It was demonstrated that after
intrusive trauma, external resorption was encountered in
54.8% of the teeth, and all teeth with closed root apices
lost their vitality.5

In orthodontics, adding restorative materials on the
occlusal or lingual surfaces is a common method to
create a mini-biteplane to increase patients' vertical
dimensions temporarily to facilitate several treatment
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procedures. However, this method transmits excessive
occlusal forces through the periodontal ligament and
causes trauma. Unlike intrusion mechanics, force vectors
cannot be easily controlled by orthodontists with these
types of mini-biteplanes; therefore, their effect might
be more deleterious than intrusive mechanics.

To date, the effect of trauma caused by orthodontic
occlusal buildups on root resorption has not been inves-
tigated.

The aim this study was to evaluate the amount of
root resorption after 4 weeks of occlusal trauma on the
maxillary and mandibular premolars caused by restor-
ative buildups. The null hypothesis was that there is no
difference in the extent of root resorption between the
control and experimental teeth.

MATERIAL AND METHODS

Forty-eight maxillary and mandibular first premolars
of 12 patients (6 girls, 6 boys; average chronologic age,
14.756 2.09 years) who required bilateral extractions as
part of their orthodontic treatment comprised the sam-
ple for this study. Ethics approval was obtained from the
human ethics committee at the University of Bulent Ece-
vit in Zonguldak, Turkey (2009/06). The study protocol
was explained to all patients and their parents. Written
and verbal informed consent was obtained from the pa-
tients and their parents or guardians. The selection
criteria for this study were (1) no previous reported or
observed dental treatment to the teeth to be extracted,
(2) no previous reported or observed trauma to the teeth
to be extracted, (3) no previous reported or observed or-
thodontic treatment involving the teeth to be extracted,
(4) no past or present signs or symptoms of periodontal
disease, (5) no past or present signs or symptoms of
bruxism, (6) no significant medical history that would
affect the dentition, (7) no physical abnormality in the
anatomy of the craniofacial or dentoalveolar complex,
and (8) completed apexification.

Before the study, routine orthodontic records
(extraoral and intraoral photographs, orthopantomogra-
phy, lateral cephalometricfilms, orthodontic plaster casts,
and periapical radiographs of the maxillary and mandib-
ular first premolars) were collected from all patients.

One side of each patient was randomly selected as the
control. On the contralateral side, a light-cured glass
ionomer cement (Transbond Plus Light Cure Band Adhe-
sive; 3M Unitek, Monrovia, Calif) was bonded onto the
occlusal surface of the mandibular first premolar so
that the cement was in contact with the maxillary first
premolar. The thickness of this cement was adjusted to
2 mm between the buccal cusp tips of both first premo-
lars (Fig 1). After 4 weeks, all first premolars were

extracted. Extractions were performed to prevent any
forceps contact to the cervical cementum. Immediately
after extraction, the teeth were sterilized and stored in
individual containers containing sterilized deionized
water (Milli Q; Millipore, Bedford, Mass) that was suffi-
cient to immerse the entire tooth at an ambient room
temperature of 23�C 6 1�C until due for testing. All
samples were scanned with a desktop x-ray microtomo-
graph (1172; SkyScan, Aartselaar, Belgium) at the
Australian Center for Microscopy and Microanalysis. All
samples were scanned from the cementoenamel junction
to the root apex with a resolution of 17.2 mm and a rota-
tion step of 0.3�. The x-ray beams were generated at a
voltage of 60 kV and 150 mA. After scanning, all radio-
graphs were saved as 16-bit tagged image file format
(TIFF) files. NRecon software (version 1.4.2; SkyScan)
was used to transform these shadow images into a 3-
dimensional cone-beam reconstruction algorithm. VG
Studio Max software (version 1.2.1; Volume Graphics,
Heidelberg, Germany) was used to visualize the samples
and isolate the root resorption craters (Fig 2). Each root
resorption lesion was classified according to its vertical
(cervical, medial, and apical) and axial (buccal, lingual,
mesial, distal) locations. Isolated crater images were pro-
cessed with 2-dimensional software (Chull 2D; Univer-
sity of Sydney, Sydney, NSW, Australia), and the total
volume of each root resorption crater was calculated.
All measurements were made by the same blinded
researcher (F.C.). During the first 7 days of the experi-
mental period, the patients were also given a form to re-
cord their pain on a visual analog scale.

Statistical analysis

The Wilcoxon signed rank test was used for the com-
parison of root resorption values between the trauma
and control groups, and between the maxilla and the
mandible (P\0.05). The Friedman (P\0.05) and Wil-
coxon (P\0.0083) tests were applied to determine the
significant differences among the root surfaces and the
vertical thirds. The Pearson correlation coefficient was
used to evaluate possible correlations between age,
sex, volume of the root resorption craters, and pain.

RESULTS

The mean volumes of resorption per tooth in the con-
trol group were 11.881 3 10�3 mm3 and 7.3 3 10�3

mm3 on the maxillary and mandibular premolar roots,
respectively. The experimental sides of the maxillary
and mandibular premolars had 81.230 3 10�3 mm3

and 93.017 3 10�3 mm3 of root resorption on average,
respectively (Fig 3, Table I). The mean differences
between the experimental and control groups were
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