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Orthodontic tooth movement with and without 
corticotomy – A study realized on animal model 
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CLINICAL STUDIES 

ABSTRACT
Orthodontic treatment of dento-maxillary anomalies is a common therapeutic intervention, with a growing num-
ber of pediatric and adult patients requiring it [1]. The raising understanding of the need for this treatment option 
has led to a shift in the addressability of various social groups, leading to an increase in adult patients' interest [2]. 
Orthodontic treatment in adult patient  is more dificult because the bone remodeling is hard to do and thereis not 
growing process.
Cortiotomy consists of milling the alveolar bone, the vestibular board, in order to create small labor in which the 
dental displacement following the application of orthodontic force will be faster. The corticotomy is performed in 
local anesthesia, with bone cutters, under continuous cooling with saline. Orthodontic treatment in adult patient 
is more difficult because the bone remodeling is hard to do and thereis not growing process [3]. Filho et al. said 
that the introduction of this technique of corticotomy makes it possible to solve complex cases while providing an 
alternative to the classical approach, eliminating a number of inventients, such as dental extractions [4].
Despite the many benefits it can bring when it is integrated into orthodontic therapy to correct various dento-max-
illary changes, the corticotomy is still regarded with some reluctance by orthodontists. Reitan et al. (2015) consider 
that the main reason is that the intervention is expensive and some consider it invasive [5]. In a similar study, Bos 
et al. (2005) points out that even for patients, the high costs of such an intervention can lead to its refusal, with the 
risk of obtaining results at the end of less satisfactory orthodontic treatment [1]. 
Dab et al. (2007) states that there is a direct link between the degree of dental displacement induced by the cor-
ticotomy and the type of dento-maxillary anomaly that needs to be corrected, but also the time of orthodontic 
treatment in which the surgery is performed [6]. Further experimental studies are also needed to understand in 
more detail the biological mechanisms and transformations that occur at the intervention level.
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InTRODuCTIOn 

The amplitude of the dental displacement, the 
technique used, the therapeutic objectives, and the 
patient’s compliance all determine the timeframe of 
an orthodontic treatment [7]. Orthodontic therapy, 
on the other hand, has a number of challenges that 
might also make some patients more unwilling to 
undertake it. According to studies, the most preva-

lent reason for such treatment refusal is the length 
of time required to complete it, which some patients 
believe to be excessive [3,4]. According to Kale et al., 
the typical orthodontic treatment length is two 
years, which is a period of time that patients, as well 
as their parents, feel to be unreasonable [8].

Various procedures have been performed over 
time to try to accelerate tooth movement. The de-
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gree of tooth displacement may vary depending on 
the local or systemic use of certain medications, ac-
cording to Kale et al. [8], a finding also supported by 
Tyrovola et al. (in their research) [9]. Many factors 
influence the degree of tooth displacement, includ-
ing root length and alveolar bone height . The ability 
of the teeth to move varies from individual to indi-
vidual [10]. 

Although animal studies have shown significant 
benefits additional research is needed to confirm 
and prove the effectiveness of such approaches in 
current medical practice. Physical stimuli [in the 
form of vibrations) were also used, which were 
more easily tolerated by patients than other proce-
dures due to their less invasive nature In addition, 
when the orthodontic force is combined with vibra-
tory stimulation, a higher degree of displacement is 
observed in laboratory animals [9].

A surgical approach, namely corticotomy, is one 
of the most well-known procedures when it comes 
to a more significant tooth displacement. Both clini-
cal and laboratory animal research have proven 
that this method is efficient [10] Selective alveolar 
decortication, surgically facilitated osteogenic or-
thodontics, or periodontal accelerated osteogenic 
orthodontics are all terms for a series of linear or 
punctiform perforations of the cortex around the 
teeth to be displaced [11]. The Wilcko brothers in-
troduced the concept of corticotomy with bone aug-
mentation in 2001, ensuring a favorable post-inter-
vention periodontal tissue evolution. Bone 
augmentation in the direction of tooth movement, 
they assume, corrects existing bone defects or re-
duces the development of new defects as a result of 
orthodontic tooth displacement [12].

The aim of this study was to compare the rate of 
tooth displacement associated with conventional or-
thodontic biomechanics to a contemporary corticot-
omy approach.

MATERIAl AnD METhODS

The research was conducted on a group of eight 
adult Beagle dogs of medium size at the Faculty of 
Veterinary Medicine in Bucharest. This breed’s dogs 
are medium-sized, well-proportioned, and have a 
curvy, graceful body line, a compact and strong 
trunk, and short, thick, and rough-haired fur. The 
eight dogs were separated into two groups: the con-
trol group, which received traditional orthodontic 
therapy, and the study group, which had a corticoto-
my. The study was approved by the Ethics Comittee 
of Faculty of Veterinary Medicine Bucharest.

The extraction of the second mandibular premo-
lars on both hemiarcades was performed under 
general anesthesia in the first phase of the experi-
ment in order to achieve the mesialization of the 
third premolars (Figures 1a and Figure 2a).

FIGuRE 1a. Intraoral image before extraction  

FIGuRE 2a. Intraoral image after extraction of the second 
premolar

Four weeks after the extraction of the second 
premolars, highlighted by the wound healing, a 
fixed device was mounted on the mandibular arch, 
with cemented bands on canine and the third pre-
molar, with a rectangular  0.19 X 0.25 stainless steel 
archwire, ligated with wire ligatures. For the hori-
zontal movement of the third premolar, a nickel-ti-
tanium closing spring was applied, by activating 
which the premolar will mesialize (Figure 3a). Clos-
ing springs were introduced in orthodontic medical 
practice in 1931, being used to initiate various den-
tal movements. They represent, orthodontic trigger-
ing elements in helical form.

FIGuRE 3a. The orthodontic appliance fixed on canine and 
third premolar

In the other 4 dogs, after the insertion of the 
fixed device, the corticotomy technique was ap-
plied. This consisted of the incision of a trapezoidal 
flap, under general anesthesia (Figure 4a). Then two 
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vertical incision lines were made, mesial and distal 
to the third premolar that had to be moved along the 
arch. Subsequently, the two vertical lines were 
joined with a horizontal initiation, made 2-3 mm 
above the apex (Figure 5a). The 1-2 mm thick corti-
cotomy incisions were made with a bone burr, un-
der saline irrigation, to avoid heating the bone cor-
tex. Finally, the flaps were repositioned and 
resorbable sutures were applied (Figure 6a). 

  

FIGuRE 4a. Full trapezoidal flap   

FIGuRE 5a. The corticotomy lines

FIGuRE 6a. The suture of  the flap

Following that, the degree of dental displace-
ment between the distal face of the third premolar 
and the mesial face of the canine was measured us-
ing an electronic subler, with measurements taken 
at the time of device application (T0), one week after 
corticotomy (T1), two weeks after corticotomy (T2), 
and four weeks after corticotomy (T3), in both the 
control and corticotomy groups.

RESulTS

The results of the measurements performed with 
the help of the electronic caliper showed significant 
differences in terms of the rate of tooth displace-
ment in the control group and in the experimental 
group. Thus, in one of the subjects in the control 
group, the values recorded were 34.49 mm at T0, 
33.95 mm at T1 (Figure 1b), 33.29 mm at T2 (Figure 
3b) and 33.10 mm at T4 (Figure 5b). On the other 
hand, the value measured in one of the dogs in the 
experimental group was 35.95 mm at T0, 35.30 mm 
at T1 (Figure 2b), 34.34 mm at T2 (Figure 4b) and 
33.52 mm (Figure 6b).

FIGuRE 1b. The distance canine-third premolar at T1 
(control group) 

FIGuRE 2b. The distance canine-third premolar at T1 
(experimental group)

FIGuRE 3b. The distance canine-third premolar at T2 
(control group) 
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FIGuRE 4b. The distance canine-third premolar at T1 
(experimental group)

 

FIGuRE 5b. The distance canine-third premolar at T4 
(control group)  

FIGuRE 6b. The distance canine-third premolar at T1 
(experimental group)

According to the data recorded in the weekly 
measurements (Table 1 and Table 2), in the experi-
mental group the lowest dental displacement was 
observed from T0 to T1: 0.65 mm, 0.54 mm, 0.40 mm 
and 0.75 mm. In the control group in one of the sub-
jects, the lowest value was registered from T1 to T2, 
respectively 0.05 mm.

When the orthodontic force was associated with 
the corticotomy intervention, dental displacement 
appeared in all subjects in that group, while in the 
first group in one of the study animals the distance 
between canine  and third premolar remained un-
changed, respectively 34.50 mm.

TABlE 1. Distance canine-third premolar measured in the 
control group at T0, T1, T2, T4

Time of 
measurements

Distance measured from C to PM3 (mm)
Animal  1 Animal 2 Animal 3 Animal 4

T0 34.49 34.50 36.05 36.08
T1 33.95 34.50 36.05 36.02
T2 33.29  34.50 36.03 36.02
T4 33.10  34.50 36.03 36.00

TABlE 2. Distance canine-third premolar measured in the 
study group at T0, T1, T2, T4

Time of 
measurements

Distance measured from C to PM3 (mm)
Animal 1 Animal 2 Animal 3 Animal 4

T0 35.95 36.10 35.00 35.90
T1 35.30 35.70 34.50 35.85
T2 34.34 35.10 33.85 35.70
T4 33.52 34.00 32.55 35.25

The degree of tooth displacement increased pro-
gressively from one week to the next in the case of 
subjects with corticotomy, according to the meas-
urements taken on the two groups. One of the sub-
jects in the control group had a change in the ca-
nine-third premolar distance from T0 to T1 (0.54 
mm) and from T1 to T2 (0.54 mm) (0.6 mm). The dis-
placement from T0 to T1 (0.06 mm) in another ani-
mal remained constant from T1 to T2, while the 
measured value at T4 was 0.02 mm lower. The most 
pronounced dental displacement was 2.45 mm at 
the second batch level, a significant difference from 
the first batch’s maximum value of 1.39 mm.

When analyzing the evolution of the dental dis-
placement rate between consecutive measurements, 
significant changes were observed in the experi-
mental group, where the notable values were ob-
tained in the range T2 - T4, respectively 1.1 mm, 1.3 
mm and 0.45 mm. In only one subject from the ex-
perimental group, the highest value was measured 
in the range T1 - T2, namely 0.96mm, a situation cor-
responding to the control group, where in 2 of the 
study animals the highest values were recorded in 
the same range T1 - T2, respectively 0.66 mm and 
0.02 mm.

At the level of the group where only orthodontic 
force was applied, the average displacement was 
0.37 mm, a value almost 5 times lower than that ob-
tained in the group with corticotomy: 1.90 mm.

DISCuSSIOnS 

The complexity of cases requiring a specialized 
therapeutic approach has increased as the address-
ability of patients to orthodontic treatments has in-
creased, resulting in the emergence of individual-
ized orthodontic devices and maneuvers best suited 
to the clinical context to finally achieve the desired 
result for both patients, but also a functional and bi-
ological outcome.
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The tooth’s first reaction to a stimulus is almost 
immediate (on the scale of fractions of a second) and 
represents the tooth’s movement inside the viscoe-
lastic matrix of the periodontal ligament [13]. De-
spite all of this progress in the field of orthodontics, 
the biggest disadvantage of orthodontic therapy, as 
stated by both patients and professionals, is the in-
creased time required to complete it [1,2].

Wilcko et al. suggested an alternative approach 
to a surgical technique of accelerating tooth move-
ment a decade ago. Despite the fact that corticotomy 
has been described in the literature for a long time, 
he believes that increased tooth displacement is 
caused by a phenomenon of local metabolic acceler-
ation in the area where the procedure is performed 
[12]. It has 3 stages, similar to the healing process of 
a normal fracture: the reactive phase, the repair 
phase, and the stage when bone remodeling occurs. 
However, compared to physiological repair process-
es, this acceleration would result in much faster 
healing [up to ten times faster) [13].

It begins a few days after the intervention, peaks 
at 4-8 weeks, and then turns toward a recovery peri-
od that lasts a few months [14]. This finding has 
caused a series of investigations in this area, with 
the aim of confirming that metabolic acceleration is 
the biological basis for rapid tooth movement [15]. 
These metabolic acceleration mechanisms have 
been proven in studies to lead to a decrease in bone 
mineral density, which can lead to transitory local 
osteopenia. This is why, during the bone remodeling 
process, when a mechanical force is applied to the 
dental structures through an orthodontic device, 
they will move more quickly [15,16].

Several experimental animal studies have been 
conducted over time to confirm the validity of this 
hypothesis. However, a number of similarities in 
bone support are required in terms of density, qual-
ity, resorption rate, and bone apposition in order to 
be comparable to studies in patients [17]. Human 
bone is shown to be similar to canine bone, accord-
ing to research [18]. Despite considerable differenc-
es in bone metabolic rate, which is faster in dogs, 
the canine model is preferred for studies of bone 
marrow structure [18]

Cho et al. conducted an experiment on two bea-
gle dogs that had their second premolars removed, 
and after four weeks, they performed a flap with 12 
perforations in the vestibular and lingual cortex, 
followed by a coil-spring traction force. After 8 
weeks, tooth displacement was nearly 4 times more 
in the maxillary area than in the control area, and 
about 2 times faster in the mandibular area [19].

Iino et al. conducted a similar study, but with a 
bigger experimental sample and a 16-week interval 
between the first and second interventions. The 
movement on the corticotomy side was double that 

of the control half after roughly 4 weeks, although it 
was observed that the movement was quicker in the 
first 2 weeks, after which the differences were insig-
nificant [20].

In another study on the same topic, Mostafa et al.  
performed corticotomy surgery in the same session 
as premolar extractions, using skeletal anchorage 
for distalization. A distalizing force was then ap-
plied for 5 weeks. In this study, too, the degree of 
displacement was almost double on the test side 
compared to the control side, but after the 4th week 
the differences were no longer significant [18].

The degree of tooth displacement was greater 
when the orthodontic force was associated with cor-
ticotomy in the current study, which was consistent 
with other similar research [21]. There was some 
tooth displacement on both sides during the first 
week of the research. This can be explained by the 
fact that experts believe localized accelerating phe-
nomena are caused by simple orthodontic move-
ment of the teeth [22]. The teeth on the side where 
the corticotomy was performed, on the other hand, 
moved nearly twice as much at the end of the first 
week. Cho et al. and Iino et al. made the same obser-
vation in their research [19,20]. During the four 
weeks of this research, the degree of tooth displace-
ment on the test side continued to increase, but on 
the side where only the extraction were performed, 
the variations between two successive measure-
ments were significantly smaller. This is because 
the local metabolic reaction rises in direct propor-
tion to the stimulus provided in that area, according 
to Dutra [23,24].

Corticotomy, according to the literature in this 
field, can considerably accelerate the rate of tooth 
displacement. Studies, on the other hand, say that 
they only have a 1-2 month window of activity fol-
lowing the intervention [25,26]. Given that the ca-
nine model’s rate of bone metabolism is 1.5 - 2 times 
quicker than humans’, we may estimate that the 
window in which the tooth can migrate faster in hu-
mans is 2 - 3 months [27]. However, a deeper under-
standing of this subject is needed.

Furthermore, it is necessary to analyze the possi-
ble consequences that may arise as a result of corti-
cotomy. Ferreira noticed that while following the 
traditional approach, the height of the alveolar ridge 
was reduced in some cases [28,29]. As a result, more 
research is needed in the field, to develop a surgical 
approach using improved procedures that elimi-
nate the need to remove the flaps [30].

COnCluSIOnS

1. Although there are morphological and structur-
al differences between periodontal and bone 
tissues of different species, dental movements 
on the experimental animal model are helpful 
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in evaluating the potential of orthodontic bio-
mechanics (bone metabolic rate is faster in dogs 
compared to human bone).

2. The Ni- Ti coil spring springs are frequently 
used in sagittal dental motions (mesial or distal), 
the movement induced by them is almost corpo-
real. (shape memory and superelasticity)

3. Corticotomy accelerates tooth movement by 
around 0.5 mm per month, as revealed in our 
study, but it is only recommended for adult pa-
tients since it is a surgical procedure that in-
volves cutting the vestibular bone plate and 
needs anesthesia.

4. Acceleration of orthodontic treatment by corti-
cotomy has indications in large-scale displace-
ments (intrusion, distalization) , but these meth-
od increases the costs of orthodontic treatment.

5. It is important to evaluate the advantages and 
disadvantages of each orthodontic intervention, 
because the alveolar bone and the supporting 
periodontium react differently to different or-
thodontic forces, and the cases in which cortico-
tomy is used must be carefully selected.
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