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Introduction: The purpose of this study was to determine how the amount of surgical insult affects the quantity
and maturity of dentoalveolar bone around teeth that have been orthodontically moved.Methods: A split-mouth
design with 8 foxhound dogs was used to evaluate bone surrounding maxillary second premolars that were
protracted for 15 days and retained for 7 weeks. The maxillary first premolars were extracted, and the
interseptal bone was removed to within 1 mm of the second premolars; on the insult (lesser surgical insult)
side, buccal and lingual vertical grooves were made in the extraction socket to undermine the mesial root of
the second premolar; the insult1 (greater surgical insult) side was flapped and had modified corticotomies
extending to, but not through, the lingual cortex 1 mm distal to the distal root, and 3 to 5 mm apical to both
roots. Microcomputed tomography analyses were used to evaluate the material density, bone volume
fraction, and trabecular characteristics of surrounding bone. Hematoxylin and eosin sections were used to
determine osteoclast numbers, bone surface areas, and bone volumes.Results:After 7 weeks of consolidation,
there was significantly (P\0.05) less bone on the insult1 side; it was less dense and less mature than the bone
on the insult side. Relative to the control bone, bone on the insult1 side was significantly less dense but showed
no differences in bone volume. Preliminary histologic evaluations indicated increased numbers of osteoclasts
and greater bone surface areas on the insult1 side than the insult side, but no differences in bone volume.
Conclusions: Increased surgical insults produce less dense and less mature bone but have no effect on
bone volume at 9 weeks after surgery. (Am J Orthod Dentofacial Orthop 2014;145:S92-9)

Studies evaluating orthodontic treatment duration
indicate that the average patient requires 23.5
to 28.6 months to complete treatment.1,2

Altering the biology of bone to enhance tooth
movement is appealing because it could dramatically
improve treatment efficiency. In addition to fewer
appointments, more efficient treatment might prevent
the patient from experiencing negative sequelae
secondary to orthodontic treatment, such as external
apical root resorption3 and enamel decalcification.4

Conventional tooth movement is a biologic
rate-limiting process that depends on the ability of the
periodontal ligament to respond to the strains induced
by orthodontic forces and mediate the repair of bone.5

Under normal conditions, cells of the periodontal
ligament secrete osteoprotegerin to inhibit osteoclast
formation and maintain the integrity of the periodontal
ligament.6 Upon force application, the bone becomes
strained, cell membranes disrupt, and a biochemical
cascade of events occurs, stimulating osteoclastogenesis
and bone formation. As the bone adapts to the strain by
simultaneous resorption and formation, tooth move-
ment occurs. Based on the clinical research, force levels
of 60 to 300 g produce average tooth movement rates of
approximately 1 mm per month in humans.7-13

Tooth movements can be accelerated by altering
bone biology. After a noxious stimulus (ie, bone injury
or operation), acceleration of most ongoing normal
hard-tissue and soft-tissue processes occurs, including
increased bone metabolism, turnover, and modeling.
This complex reaction, known as the regional accelera-
tory phenomenon, initiates the healing process of the
injured tissue, resulting in a temporary decrease in
regional bone density and an increase in remodeling.14

The use of corticotomies to produce the regional
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acceleratory phenomenon and facilitate orthodontic
treatment dates back to the late 1950s,15 but corticoto-
mies were not used clinically to enhance treatment
outcomes until the late 1980s and early 1990s.16-18

Wilcko et al19 popularized this approach to accelerate
orthodontic tooth movement rates. Since then, corticot-
omies have been used to facilitate the intrusion,20-22

distalization,23 and extrusion24 of teeth.
Experimental studies have demonstrated positive

effects of corticotomies on tooth movements. Cho
et al25 reported 2 to 4 times greater experimental than
control tooth movements in beagle dogs. Others have
shown greater experimental tooth movements as early
as the first week but not after the fourth week.26,27

Longitudinal models have demonstrated that
experimental tooth movements in the mandibles of
dogs peak after the third week, when they were
moving 85% faster than the control teeth.28 These
studies indicate that there is a relatively small window
of opportunity to take advantage of the regional
acceleratory phenomenon.

Importantly, the effects of the regional acceleratory
phenomenon on tooth movements are not all or
nothing. Sanjideh et al28 demonstrated that an addi-
tional corticotomy procedure, initiated 4 weeks after
the first surgical insult, produced significantly greater
tooth movements than 1 initial corticotomy. Increased
amounts of injury around multirooted teeth also cause
increased tooth movements, with the maxillary second
premolars protracted 1.8 and 2.9 mm on the limited
and extensive surgical insult sides, respectively.29

Although increased surgical insults are related to
increased tooth movements, it remains unknown how
different amounts of surgical insult affect the bone
around treated teeth. The purpose of this study was to
evaluate the dentoalveolar bone subjected to heavy
orthodontic forces and differing amounts of surgical
insult. The null hypothesis was that there are no
differences in the quantity andmaturity of dentoalveolar
bone between 2 treatments producing differing
amounts of surgical insult.

MATERIAL AND METHODS

Eight skeletally mature (1-2 years of age) male
foxhound dogs, weighing 25 to 30 kg, were used for
this study. The surgical and orthodontic procedures
were fully described by Cohen et al,29 who evaluated
their tooth movements. Before the surgeries, the maxil-
lary right and left first premolars were extracted. The
extraction sites were extended distally to within 1 mm
of the second premolars (to simulate the width of human
interseptal bone). The maxillary quadrants were
randomly assigned to 1 of 2 groups, insult or

insult1, signifying the level of insult to the alveolar
bone surrounding the second premolar.

On the insult side, the investigators undermined the
interseptal bone mesial to the second premolars by mak-
ing vertical grooves in the extraction socket along the
buccal and lingual sides, extending the cuts obliquely
toward the base of the interseptal bone to weaken its
resistance and stimulate the regional acceleratory phe-
nomenon (Fig 1). On the insult1 side, a full-thickness
gingival flap was raised, and the buccal plate between
the second premolar and the canine was removed, along
with any possible interference to translation of the tooth
and bony segment. A vertical osteotomy extending to,
but not through, the lingual cortex was performed 1
mm distal to the second premolar. The vertical osteot-
omy and extraction sites were then connected by a
horizontal corticotomy 1 to 2 mm deep and 3 to 5 mm
apical to the second premolar (Fig 1).

Immediately after surgery, custom orthodontic appli-
ances, consisting of bands soldered to a hyrax screw
(opened to allow protraction of the maxillary second pre-
molar upon activation), were cemented in place.
Protraction of the maxillary second premolars was initi-
ated at a rate of .5 mm per day (2 closing turns of the
hyrax screw) for 15 days. After protraction, the second
premolars were retained by the appliance over a 7-week
consolidation period, after which the experimental ani-
mals were sacrificed. The maxillas were then sectioned
and removed from the skulls and stored in 70% ethanol.

Insult, insult1, and control bone specimens were
harvested from each dog. Seven regions of interest
were evaluated on the insult and insult1 sides, including
the (1) mesial trabecular, (2) interradicular trabecular, (3)
distal trabecular, (4) buccal cortical, and (5) lingual
cortical bones, as well as the cortical (bundle) bone along
the (6) mesial and (7) distal root surfaces of the mesial
root (Fig 2). An eighth region of interest, located in the
interradicular trabecular bone of the maxillary third pre-
molar, served as the untreated control bone.

Bone quantity was based on the material density (the
amount of bone mass per unit of volume, minus any
voids) and the percent of bone volume (ratio of the
number of bone voxels to the total number of voxels
in a specific region of interest). Bone maturity was
measured based on trabecular number, trabecular
thickness, and trabecular separation.

The heights of the specimens from the most occlusal
aspect of the experimental crown to within 5 mm of
bone apical to the root apices were approximately 30
mm. The specimens were trimmed to fit in 30-mm-
diameter tubes, using foam to stabilize their positions;
70% ethanol was poured over the specimens, and the
tubes were covered with Parafilm (Pechiney Plastic
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