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ABSTRACT

The purpose of the present study was to investigate the
presence, location and severity of root resorption after orthodontic
buccal tipping movement using two magnitudes of force and
register root repair following two different periods of retention.
Fixed orthodontic appliances were inserted to the first premolars
of twenty four patients having maxillary crowding and seeking
orthodontic treatment.

In each patient, force of 20g was applied to the right side and
force of 50g.was applied to the left side. Active tooth movement
lasted for 4weeks and followed by retention periods 4 &l 8 weeks
for each magnitude of force. All the specimens were examined with
scanning electron microscopy. Three distinct types of resorption
defects were detected: small isolated lacunae, wide shallow
resorption bays, and deep lacunae. The number of each type of
resroption defect and the distribution over the length of the roots
varied with the magnitude of force. The pattern of repair was
partial, functional or anatomical depending on the type of
resorption defect and the retention period.

In conclusion, the force of 20g resulted in few and shallow
resorption lacunae mainly at the cervical and middle thirds of the
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buccal surface, while the force 50g resulted in deeper lacunae that
were detected on the buccal surface with the middle and apical
thirds of the lingual surface. Repair process started during active
tooth movement and the healing potential increased greatly in the
retention periods.

INTRODUCTION

Root resorption is an unavoidable pathologic consequence of orthodontic
tooth movement that results in permanent loss of tooth structure from the root
surface®?, The identification of factors that predispose a patient to root resorption has
been the focus of numerous studies®?. These factors include age, sex, systemic
condition, type of malocclusion, tooth structure and treatment factors such as
type of appliance, duration of treatment, type of tooth movement and orthodontic
force magnitude.

In order to move a tooth orthodontically, a force with an appropriate
magnitude is needed to initiate proper remodeling of tooth- supporting tissues.
Ideal tooth movement should occur with the blood capillary pressure of 7 to
269/ cm? ®, Too low and inconsistent forces will not start tissue reactions and
will, therefore, not be able to move the tooth. While too high forces are believed
to cause excessive root resorption®9,

Force magnitude greater than 100g results in a lag phase of approximately
21 days before tooth movement occurs®'®., Owman- Moll et al® found no
difference in tipping movements of human premolars with forces of 50 ¢cN and
100 cN. Iwasaki et al? found that continuous forces of 18g and 60g can be used
to retract maxillary canines with effective tooth movement and average
velocities 0.87 and 1.27mm/month respectively, without a lag phase and with
minimal unwanted linear or angular tooth movement. They concluded that higher
forces do not necessarily lead to faster tooth movements. The extent of root resorption
has never been identified and correlated to the amount of forces used.

Few investigations of the reparative potential of root resorption have been
published®*®, In orthodontic patients, the healing process of a resorption cavity
is believed to start when orthodontic force is discontinued or reduced to below a
certain level®®29.0n the other hand, it may be seen simultaneously with the
resorption process®>?-2%), However, despite years of dedicated research, little
light has been shed on the relation between low force magnitudes and the
topography of root resorption and repair.
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Consequently the aim of the present work was to investigate the effects of
two magnitudes of light force (20&50g.) on root resorption, and healing
following the cessation of the forces, using scanning electron microscope.

Materials and Methods:
Experimental design and orthodontic appliance:

Forty eight maxillary first premolars from 24 adolescent, aged 13-16 years
were used in this study. The patients were selected from Orthodontic clinic,
Faculty of Dentistry, Tanta University, they had bilateral maxillary crowding or
maxillary protrusion. Orthodontic treatment for these patients would include
bilateral first premolar extractions, and the extractions postponed for the purpose
of this study. The subjects were selected according to strict criteria, which
included normal growth and development of the dentition, no medical history
that would adversely affect the development of the teeth, and no history of
bruxism. The selected premolars must have undergone complete apexogenesis,
which was confirmed radiographically with a periapical radiograph. The selected
teeth must had no previous trauma, caries, periodontal disease, dental or
orthodontic treatment. All patients were fully informed about the procedures,
and their parents' written consent was obtained.

For each patient a fixed orthodontic appliance was inserted at the start of
the experiment (Fig.1. A,B). It consisted of molar bands on the maxillary first
molars, supplied with buccal tubes. A lingual arch with an anterior acrylic bite
block was soldered to the molar bands to minimize occlusal forces on the tested
teeth.

The first premolar was moved buccally with a sectional arch, 0.016" st.st.
with helix mesial to the buccal tube of the upper first molar, ligated to a bonded
0.018" twin bracket attached to the buccal surface of the test tooth.

The arch wire was activated by bending the wire mesial to the molar tube
to provide a horizontal and buccally directed force of 20g at the right side and
50g at the left side of the experimental teeth. The force was measured with a
strain gauge (Haldex, Halmstad, Sweden) calibrated to the nearest 1cN~1g. The
strain gauge was held perpendicular to the sectional arch just mesial to the
bracket to standardize the measuring procedure. The sectional arch was adjusted
until two consecutive measurements showed the same value after which it was
ligated to the bracket.

After 4 weeks of force application the right and left maxillary first
premolars were extracted from eight patients, then passive sectional arch wires
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(st.st. 017" X 022") were applied for retention in the remaining 16 patients. The
wires were adjusted to fit the bracket on the orthodontically moved teeth and left
for 4 weeks in 8 patients and for 8 weeks in 8 patients. Accordingly the collected
teeth were divided into 6 groups of 8 teeth each:

Group I: active movement with 20g force for 4 weeks.

Group Il active movement with 50g force for 4weeks.

Group I1I: retention period for 4 weeks after movement with 20g force.
Group IV: retention period for 4 weeks after movement with 50g force.
GroupV: retention period for 8 weeks after movement with 20g force.
GroupVI: retention period for 8 weeks after movement with 50g force.

Fig.1: Intra oral photos with active appliance in place. A, sectional arch used to apply
buccally directed force on the upper first premolar. Note premolars disengaged from
occlusal contact. B, occlusal view of the appliance.

Preparation for scanning electron microscopy:

At the end of the experimental period, the teeth were extracted, cleaned
and fixed in a solution containing 2.5% Formaldehyde freshly prepared from
Para-formaldehyde. The roots were separated from the crowns with diamond
discs under water spray just occlusal to the cemento- enamel junction.

The roots of group | and 11 were treated with 2% sodium hypochlorite for
30 minutes to remove the non mineralized organic components. After that all
roots were washed with distilled water, dehydrated in grades of ethanol baths
and dried in air. The specimens were mounted on aluminum stubs and coated
with gold in a high vacuum evaporator to thickness of 10 nm. The buccal and
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lingual surfaces were examined with SEM at 25KV at the Faculty of Science,
Alexandria University.

Registration of root resorption and repair:

All the resorption areas detected on the buccal and lingual surfaces of the
samples were digitally obtained, the number of each of three morphologically
distinct types of lacunae (small isolated, superficial bays and deep lacunae)@?
was registered.

By using the stereo imaging, the buccal and lingual surfaces were divided into
three equal regions along the long axis of the root apex (Fig.2). These regions were
labeled 11, 12, 13 for buccal cervical, middle and apical zones and 21, 22, 23 for
lingual cervical, middle and apical zones respectively. The regions 11 and 23 were
considered compression areas and regions 13 and 21 tension areas, while regions 12
and 22 had undergone a combination of compression and tension.

Repair was registered whenever lacunae revealed newly formed cementum, and
three distinct registrations were made; partial repair where part of the resorped cavity
was covered with new cementum, functional repair where the total surface of the re-
sorption cavity was covered with cementum without reestablishment of the original
root contour, anatomical repair, where the reparative cementum was laid down to such
extent that the original root contour was reestablished®.

23 13
22 12
21 11
|
Lingual Buccal

Fig.2: Diagrammatic representation of demarcation of regions in sample
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RESULTS
Root resorption findings:

Examination of the root surface registered resorptive areas on the cemen-
tum of all the teeth subjected to active tooth movement with great variation con-
cerning both occurrence and severity (Fig.3&4).

Fig.3: Histogram representing the mean of resorption areas per different root regions.

SL SB DL

Fig.4: Histogram representing the different types of resorption areas SL: small isolated lacuna,
SB: shallow resorption bay, DL: deep lacuna
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Group I: teeth subjected to 20g of force:

The amount of root resorption nevertheless the type of the lacunae was
significant at region 11 & 12 compared to other regions. The least amount of
resorption lacunae was detected at region 23. Regions 13, 21& 22 never show
resorption lacunae. This group showed the highest incidence of small isolated
lacunae along the root but rarely on region 13, while wide shallow resorption
bays involving only the cementum were less detected at the specified regions
(Fig 5&6).

Group 11 teeth subjected to 50g of force

Region 11 had the most significant amount of resorption, while regions 12 & 23
were almost equal. Regions13 showed the least frequency, while region 21 nev-
er show resorption lacunae. Although the apical third possessed many resorption
lacunae, the apical contour was not affected. Deep lacunae showed high inci-
dence in comparison to shallow bays and small lacunae, they commonly pos-
sessed undermined edges. Also deep resorption lacunae with or without dentin
involvement were invariably located in a field of already exciting shallow re-
sorption bays (Fig.7). Wide and deep resorption lacunae penetrating into dentin
were noticed at the buccal surface, the lacuna possessed areas of earlier repair

(Fig.8).

QY

25kV X S0

Fig.5: SEM of group | root showing: (A) wide shallow resorption bays at the cervical
and middle thirds (arrows), (B) high magnification of multiple smooth resorption lacunae
indicating active resorption.
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Fig.6: SEM of group I showing: (A) small isolated lacunae (arrows) in the middle third
of the root, (B) the lacunae are not deep with no detectable dentin involvement.
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Fig. 5: SEM of group Il root showing: (A) many deep lacunae (arrows) as well as wide
resorption areas (arrow heads) with preserved apical contour. (B) deep resorption lacuna
with undermined edges, (C) Deep resorption lacuna (arrow) in continuity with shallow
resorption bay possessing partial repair (arrow heads).
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Fig. 8: (A) Deep resorption area (arrow) at the middle third of group Il root, (B) area of
earlier repair (arrow head) at the floor of the lacunae.

Repair findings:

Examination of roots after retention periods revealed the commence of
reparative process in all teeth. The pattern of healing and cement deposition
either partial, functional or anatomical depended on the type of resorption
lacunae and the retention period.

Group Il & IV: retention period for 4 weeks after active movement with
20 or 50g:

The roots showed many areas of partial and functional repair. This
was evidenced by the presence of thin layer of cementum irregularly
distributed at the floor of shallow resorption bay (Fig.9). Deep isolated lacunae
showed cementum repair at the periphery with or without fiber insertion
(Fig. 10).

Group V& VI: retention period for 8 weeks after active movement with
20 or 50g:

Most of the resorption areas showed anatomical repair almost restoring the
outline of the root. The newly formed cementum showed many intrinsic fiber
bundles of various diameters arranged parallel to root surface (Fig.11). Deep
lacunae with dentin involvement possessed incomplete healing.
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25kV XSe

Fig.9: SEM showing: (A) partial repair (arrow) after 4 weeks retention period (B) irreg-
ular distribution of repair tissues at the floor of shallow resorption bay.
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Fig.10: SEM showing (A) mineralizing cementum at the periphery of deep isolated lacunae (arrows),
(B) fibers of varying diameters inserted into the periphery and floor of deep lacuna (arrow heads).
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Fig.11: SEM showing (A) functional (arrow head) and anatomical repair (arrow), (B)
high magnification of anatomical repair with intrinsic fiber cementum (arrow) close to
old extrinsic fiber cementum (arrowhead) .
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DISCUSSION

Root cementum is a fairly independent tissue and unlike bone, is not
involved in metabolic processes. Changes resemble those taking place in bone
can occur, as with osteoid, cementoid tends to decrease in thickness on the
compression side®2), [f the compression exist, root resorption progress even if
it was initially protected by noncalcified tissue.

It has been documented that root resorption is frequently proceeded by hy-
alinization of the periodontal ligament (PDL). As a side effect of the cellular
activity during removal of the hyalinization of PDL tissue, the cementoid layer
of the root is left with raw, unprotected surfaces in certain areas that can readily
attacked by resorptive cells. Root resorption then occurs around this cell- free
tissue, starting at the border of the hyalinized zone®@"?), Under light physiologic
compressive forces, no hyalinization of the PDL occurs®,

The two magnitudes of force used in the present study (20 & 50g) may be
regarded as light forces from a clinical standpoint which are sufficient for tooth
movement®? and low enough to reduce the potential of PDL hyalinization and
root resorption®, The force (20g) is below the level that often used in other
clinical situations and investigations in human beings while the force (50g) is
considered close to ideal®3132),

The experimental design of the present work induced active tooth
movement for 4 weeks for detection of root resorption and retention period for 8
weetks only thus the experimental period was not more 12 weeks for ethical
reason.

The study utilized SEM in order to record the surface area as well as the
depth of root resorption defects. During specimen preparation, the organic part
was dissolved, allowing alteration of the mineral component of the root surface
and the “foot prints” of cells on the mineralizes tissue to be observed.

The observations of the present study showed that root resorption might occur
even after application of a force 20g and with a force 50g. This is because root
resorption might be preceded by partial occlusion of blood vessels® or semihyalinized
area which considered a preliminary stage to full hyalinization.®®

With the application of the force 20g. region 12 was the most affected
region (which is considered an area of combined compression and tension)
followed by region 11 which is an areas of compression . This may be due to
the fact that PDL at the middle root third is generally narrower than at the
cervical and the apical thirds®®, beside that the cervical root third is covered by

—_—T

Volume 31 - June 2007 49



Egyptian
Orthodontic Journal

extrinsic fiber cementum into which many collagen bundles are inserted. This
condition might prevent over compression of the root surface, thus avoiding
major resorptive consequences at this root level®, This result was in agreement
with that obtained by Jimeneg and Arana® who used a comparable amount of
force 25g. buccally and 25g. lingnally for rotation of lower premolar. On the
other hand, Acar et al® found that resorption cavities were observed in the
apical, middle and cervical thirds in the buccal surface and tended to be widen
and extended in the middle and cervical region compared with the apical area.
This may be attributed to using 100g of force delivered by elastics warned 24
and 12 hours/day to deliver continuous and discontinuous force. The conflict
between their results and ours could be referred to different type of tooth
movement as well as the magnitude of force that varies greatly from the present
study. With application of 50g Of force, the distribution of resorption lacunae
differers from that of group I, Region 11 showed the highest frequency followed
by regions 12&23.

Although root resorption has been widely documented on the compressive
side921.38.39) - the present study revealed resorption lacunae on the tention sides.
This is supported by other authors reported resorption on the tension side, in
animals and humans®@®4%-42With an increase in stress, the metabolic changes
observed in the compression side did not differ from those in the tension side,
and the cellular changes were similar “®, the underlying mechanism is still
unknown.

Owman & Kurol®4) reported that root resorption was not sensitive to
force magnitude. Moreover Stenvik and Mjor®® found that an increased force
caused a decrease in the frequency of root resorption when premolars were
intruded with 35g. Of force if compared with 2509 of force. They attributed this
phenomenon to idiopathic variation, however they cautioned that the results
should not mislead clinicians into using heavy force.

The technique used in their study (selective serial histological sections)
might not be accurate enough, and many resorption craters might have been
missed. Also, selection criteria for the premolars were not strict, and external
factors that might predispose to root resorption were not excluded.

On the contrary, the premolars in our study were carefully selected
to exclude any external or systemic predisposition to resorption, and the
examination of roots using SEM allowed a more accurate evaluation of root
resorption with 3-D analysis and enhanced visual and perspective assessment of
the craters surfaces(®021-3),
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The pattern of resorption of group | appeared as superficial removal of the
root cementum with no dentin involvement in the form of wide shallow
resorption bays and small isolated lacuna, while that of group Il appeared as
deep resorption areas that may reach the dentin with minimum amount of small
isolated lacunae. Our results coincided with King and Fischlschweiger®® who
reported that light force produces insignificant root resorption, whereas
intermediate or heavy forces resulted in deep crater formation. This result agreed
with earlier findings in animals and humans®-49,

The small isolated lacunae of group | seems to be the effect of single cell
or even a “bite” corresponding to one ruffled border zone, while the wide
shallow lacunae could be a result of amoeboid movement of that cell that are not
capable of producing deep resorption defects. The increased force of group Il
was suggested to induce the differentiation of another cell type with different
resorptive potential. Moreover the number of small isolated lacunae was
diminished in group Il as these defects may fuse with wide resorption bays or
deep lacunae. The force used in group Il resulted in deep resorption lacunae with
undermining edges indicating the resistance of healthy cemntum to resorption @4,

Concerning the repair process, our results revealed that early repair with
varying degrees of extension was frequently registered after 4 weeks of force
discontinuation. The progress of healing showed almost the same frequency in
all parts of the root, since the tooth was kept in a steady position without
interference from relapse and occlusal forces, which allowed even healing
process.

Although the time for healing seems to be short in the present study
considering earlier reports dealing with retention periods of 16 weeks and 8 weeks
of relapse in animal®9 or 53 weeks in human,%) it was found that the
amount of repair increased with time. The partial repair which observed after 4
weeks, lining the resorption cavities became functionally repairing the lacunae
or anatomically restoring the original root contour.

These findings are in agreement with earlier investigation by Owman &
Kurol®?, they reported that the average number of resorption lacunae showing
repair increased three folds from 28% after 1 week to 75% after 8 weeks
assuming that, with time, all the open lacunae would be repaired.

Morphologically the repair process of shallow lacunae was observed
beginning at the bottom of the lacunae after 4 weeks of retention and gradually
cover the lacunae with reparative cementum after 8 weeks of retention. On the
other hand the repair of deeper lacunae start at the periphery and extended over
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the outer surface with fibers crossing the lacunae. These results coincided with
that of previous authors described the healing process as beginning from the
periphery®, the bottom®®, or in all directions®¥ two weeks after force removal.
Thus it would be expected that with higher force and deeper lacunae, the repair
process takes more time to fill the resorbed lacunea, and the collagen fibers need
more time to be oriented in bundle that restore the outline of the root surface.

Our results revealed also that the healing process started early during the
period of active tooth movement as evidenced by areas of earlier repair in deep
resorption lacune of group Il. This is in concomitant with the results of Maria®¥
who suggests that deep crater formation is not a continuous process that is
interrupted by deposition of cementum.

Conclusion:

1. Root resorption should be considered as unavoidable side effect during orthodontic
treatment, as minimal root resorption can occur even with low force
magnitude.

2. The force 20g. is considered optimum to produce orthodontic tooth
movement without overloading of the PDL tissues ,while the force 50g. is
still rather high.

3. Root resorption is very sensitive to force magnitude, as detected by different
patterns and extensions of resorption lacunae recorded with the two
magnitudes of force used.

4. Repair process starts during active tooth movement and the healing potential
increases greatly in the retention periods.

5. The pattern of healing varies according to the different types of resorption
lacunae which depend on the magnitude of force.

Recommendations:

1- Orthodontists should apply force as light as possible, and regularly check the
magnitude of force during treatment.

2- Healing time must be long enough to avoid the presence of unhealed
resorption areas, as periods of rest favorably affect cell proliferation, and
allow the resorption cavities to be repaired with secondary cementum.

3- Cautions must be exercised in treating patients with "high risk™ so treatment
can either be stopped or modified in consultation with the patient or parent.
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