
Histologic effects of intentional-socket-assisted 
orthodontic movement in rabbits

Objective: This study aimed to evaluate the effect of an intentionally created socket 
on bone remodeling with orthodontic tooth movement in rabbits. Methods: 
Eighteen male rabbits weighing 3.8 - 4.25 kg were used. An 8-mm deep and 2-mm 
wide socket was drilled in the bone 1 mm mesial to the right mandibular first 
premolar. The left first premolar was extracted to serve as an extraction socket. 
A traction force of 100 cN was applied to the right first premolar and left second 
premolar. Sections were obtained at the middle third of the moving tooth for 
both the drilled and extraction sockets and evaluated with hematoxylin and eosin 
staining and immunohistochemical analyses. The amount of tooth movement and 
tartrate-resistant acid phosphatase (TRAP)-positive cell count were compared 
between the 2 groups using the Mann-Whitney U test. Results: At week 2, the 
distance of tooth movement was significantly higher in the intentional socket 
group (p < 0.05) than in the extraction socket group. The number of TRAP-
positive cells decreased in week 2 but increased in week 3 (p < 0.05). However, 
there were no significant differences between the groups. Furthermore, results of 
transforming growth factor (TGF)-β staining revealed no significant differences. 
Conclusions: The intentional socket group showed greater distance of tooth 
movement than did the extraction socket group at week 2. Osteoclast counts and 
results of immunohistochemical analyses suggested elevated bone remodeling 
in both the groups. Thus, osteotomy may be an effective modality for enhancing 
tooth movement in orthodontic treatment.
[Korean J Orthod 2012;42(4):207-217]
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INTRODUCTION

  Conventional orthodontic treatment is a time-consu-
ming process, due to which many patients refrain from 
seeking treatment. Tooth movement occurs by application 
of the mechanical force to teeth, which triggers a series of 
biological reactions such as bone remodeling and changes 
in the dental and periodontal tissues.1

  Previously, various methods such as local administration 
of chemicals, physical or mechanical stimulation of 
the alveolar bone, and surgery have been used to assist 
tooth movement.2-9 However, chemicals are difficult to 
deli  ver and contain within the target area, whereas it is 
difficult to adequately sustain physical stimulation to the 
dentoalveolar bone. On the other hand, recent case reports 
have indicated that minor surgeries such as cor ti cotomy or 
osteotomy may offer some degree of suc cess.10-12

  Wilcko et al.8,9 implied that accelerated tooth movement 
was due to the regional acceleratory phenomenon indu-
ced by bony tissue damage and not by movement of 
independent bone blocks. In addition, Sebaoun et al.13 

reported that selective alveolar decortications induced a 
rapid and increased localized turnover of alveolar spongiosa, 
which are the prerequisites for rapid tooth movement.
  Several studies have been carried out to evaluate the 
tissue response to alveolar surgery-assisted tooth move-
ment.14-17 Ren et al.16 performed interseptal osteotomy 
and reported a higher rate of tooth movement on the 
oste o tomy site than on the extraction socket on the con-
tralateral side. Several corticotomy designs have been 
reported to achieve different tooth movements.8,9,18 How-
ever, no studies have compared the histological effects of 
intentional sockets with those of extraction sockets.
  Therefore, the null hypothesis of this study was that there 
are no significant differences in tooth movement and bone 
remodeling between intentional and extraction sockets. 
This study aimed to histologically evaluate the ef fects of 
intentional sockets on bone remodeling using biological 
markers and to compare the tooth movement between 
intentional and extraction sockets in rabbits.

Figure 1. Study design and device. A, Buccal view; B, occlusal view of a schematic drawing. Right, drilled socket; left, 
extraction socket. The drilled socket was created mesial to the first premolar on the right side while the left first premolar 
was extracted. Clinical photos of rabbit mandible showing the occlusal view and the buccal views of the intentional and 
extraction sockets (C, D, and E, respectively).
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MATERIALS AND METHODS

  Eighteen male New Zealand white rabbits (2 for unde-
calcified specimens and 16 for decalcified specimens) 
weighing 3.8 - 4.25 kg were housed in individual cages 
under controlled light and temperature. The rabbits were 
fed soft food to prevent damage to the experimental 
de vice. Approval for this study was obtained from the 
institutional review board of the Catholic University of 
Korea, Catholic Clinical Research Coordinating Center.
  The left first premolars (P1s) were extracted. Then, 2-mm 
wide and 8-mm deep sockets, which was comparable to 
the dimensions of the extraction sockets, were created 
using a 1-mm round bur in the bone mesial to the right 
P1s on the other side (Figure 1).
  A ligature wire was tied around each of the right P1s, the 
left second premolars (P2), and anterior teeth. Traction 
force of 100 cN was applied by connecting the anterior 
teeth to the premolars with nickel-titanium (NiTi) closed 

coil springs (Jin Sung Corp., Seoul, Korea) on each side, 
following the method of a previous study.19

Tissue preparation

For undecalcified specimens
  Two rabbits received intramuscular injections of 60 mg/
kg of intense fluorescent tetracycline (Sigma, St. Louis, 
MO, USA) after the apparatus was placed. Calcein (10 
mg/kg; Sigma) and Alizarin red (10 mg/kg; Sigma) for 
green and red fluorescence, respectively, and 60 mg/kg 
tetracycline were injected at 1, 2, and 3 weeks respectively. 
At the fourth week, the rabbits were sacrificed by injection 
with an overdose of sodium phenobarbital. Then, speci-
mens consisting of the socket area and posterior teeth 
were obtained, fixed in 10% formaldehyde, washed, and 
embedded in Osteo-Bed resin. The embedded blocks 
were trimmed and sectioned using an Exakt machine 
(BS-3000N; Exakt, Norderstedt, Germany) and ground 

Figure 2. Schematic drawing shows the method of measuring the amount of tooth movement. A, In the extraction 
socket group, the distance between the distal surface of 2nd premolar and the mesial surface of the 1st molar was 
measured. B, In the intentional socket group, the distance between the distal surface of 1st premolar and the mesial 
surface of 2nd premolar was measured.
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with sandpaper to achieve 40- to 50-μm-thick sections to 
reveal the specimens. They were examined by fluorescence 
microscopy.

Decalcified specimens
  Four rabbits were sacrificed every week by an overdose 
of sodium phenobarbital. Specimens were fixed in 10% 
formaldehyde for 24 hours at 4°C, decalcified in 10% 
ethylenediamine tetraacetic acid (EDTA-2Na, pH 7.4), 
embedded in paraffin, and sectioned to mesiodistally 
4-μm-thick slices. The sections were then stained with 
hematoxylin and eosin (H&E) staining.

  The sites between the mesial root of P1 and the inten-
tional socket and between the P2 and the extraction socket 
were examined.

Measuring the distance of tooth movement
  The amount of tooth movement was measured at 
the level of the alveolar crest of the interdental bone. 
The measurements were obtained using images of the 
decalcified transverse sections (TS) at 40× magnification 
using Adobe Photoshop CS2 (Adobe Systems Inc., San 
Jose, CA, USA). The distances between the distal surface 
of P1 and the mesial surface of P2 in the intentional socket 

Figure 3. Representative histological features of the intentional socket site in an undecalcified section. The extraction 
(Ext.) socket group (A, ×40) shows newly formed bone (NB) and host bone after 2 weeks. B, Fluorescent microscope 
photo of A. At week 2, the intentional socket group (C, ×40) shows new bone under fluorescence microscopy (D, ×100) 
and active osteoblasts (E, ×100).  
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group and between the distal surface of P2 and the mesial 
surface of the first molar (M1) in the extraction socket 
group were measured (Figure 2). However, the initial 
measurements of the distance between the roots were not 
reported. These missing measurements cast some doubts 
on the amount of tooth movement at week 1. Moreover, the 
records at each week were obtained from different samples.

TRAP-positive cell count
  Tartrate-resistant acidic phosphatase (TRAP) staining 
was performed to verify the presence of osteoclasts, accor-
ding to the protocols described in a previous report.20 

Tissue sections were treated with a mixture of acetate 
buffer and 24 mg of red violet salt (Sigma) at 37°C for 
15 minutes. Specimens were stained with hematoxylin 
contrast staining. TRAP-positive cells were counted on 
light microscope images of the region of interest, which 
extended vertically along the root and horizontally from 
the mesial root of the moving tooth to the wall of the 
intentional or extraction socket.

Immunohistochemistry
  The sections were deparaffinized with xylene, hydrated, 
and the antigen was retrieved using pepsin at 37°C for 
10 minutes. After bench-cooling, the sections were 
washed with tris-buffered saline-tween buffer (TBST 
0.1% Tween-20) and rinsed with 3% H2O2 for 10 minutes. 
Rat monoclonal antibodies against proliferating cell nu-
clear antigen (PCNA) and transforming growth factor-β 
(TGF-β) were added to the sections at 1:200 and 1:700 
dilutions, respectively, and incubated for 90 minutes at 
room temperature. After washing with TBST, sections 
were treated by enhancer reagent (HK 518-50K; BioGenex, 
Fremont, CA, USA) for 20 minutes at room temperature, 
and washed with TBST buffer. Then they were treated by 
polymer-horseradish peroxidase (HRP) (BioGenex) for 30 
minutes at room temperature to allow direct binding of the 
secondary antigens to HRP. After washing in TBST buffer, 
the specimens were stained with 3,3-diamine-benzidine 
(DAB) chromogen (BioGenex) at room temperature. The 
slides were counterstained with Mayer’s hematoxylin and 
mounted on Canada balsam for microscopic examination.
  The immunostained sections were semi-quantitatively 
evaluated on the alveolar bone surface and neighboring 
marrow spaces by using methods previously described 
with modifications.21 The specimens were scored on the 
basis of the number of positive cells as 0% (0), < 10% (1), 
10 - 39% (2), 40 - 70% (3), or > 70% (4). The intensity 
of the staining was scored as weak (1), moderate (2), 
or strong (3). For each sample, the values of these 2 
parameters (percentage of positive cells and staining 
intensity) were multiplied and then averaged, resulting 
in scores ranging from 0 to 12. Then the samples were 
classified into 4 categories: – (score 0 - 1), + (score 2 - 3), 

++ (score 4 - 8), and +++ (score 9 - 12).

Statistical analysis
  Statistical analysis was performed using SPSS for Win-
dows version 14.0 (SPSS Inc., Chicago, IL, USA). Data 
were found to follow a normal distribution, when assessed 
by the Shapiro-Wilk test. The Mann-Whitney U test was 
used to assess differences in the tooth movement and the 
TRAP-positive cell count between the intentional and 
extraction socket groups and between different time points 
within each group. Statistical significance was determined 
at p < 0.05.

RESULTS

Evaluation of undecalcified sections
  New bone formation was seldom found in the extraction 
socket group at week 1. At week 2, the inflammatory res-
ponse had subsided and active new bone formation was 
detected around the extraction socket with high osteo -
blastic activity (Figure 3A and 3B). At weeks 3 and 4, 
a considerable amount of new bone had formed in the 
extraction socket, which was not replaced by lamellar bone.
  In the intentional socket group, bone remodeling had 
al ready begun at week 1. New bone formation was more 
pronounced at week 2, but no significant difference was 
found between the 2 groups. Bone remodeling continued 
at weeks 3 and 4. The intentional socket was replaced 
by new bone and condensed fibrous tissue. Osteoblastic 
activity decreased compared with that in week 2 (Figure 
3C, 3D and 3E).

Figure 4. Comparison of tooth movement between the 
extraction and intentional socket groups. The intentional 
socket group showed significantly higher amount of 
movement in week 2 (p < 0.05).
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Evaluation of decalcified sections 

Tooth movement 
  The intentional socket group showed more tooth 

movement than the extraction socket group at weeks 1 
(1.2 ± 0.5 mm vs. 0.8 ± 0.2 mm), 2 (1.7 ± 0.7 mm vs. 0.9 
± 0.7 mm), 3 (1.6 ± 0.9 mm vs. 1.3 ± 0.8 mm), and 4 (2.1 
± 0.4 mm vs. 1.4 ± 0.4 mm). However, the difference was 

Figure 5. Microphotograph of the periodontium with H&E staining. A, C, E, Extraction socket at weeks 1, 2, and 4, 
respectively; B, D, F, intentional socket at weeks 1, 2, and 4. PDL, Periodontal ligament; Alv, alveolar bone. Note the 
enlarged PDL space in B, D, and F, and the increased number of osteoclasts on some resorbed bone surfaces, especially 
at week 1 in the intentional socket (B), which might have caused the enlarged PDL space by its increased activity. Root 
resorption can be noticed in E. The figure suggests elevated alveolar bone resorption in both groups from week 1 - 4, 
particularly in the intentional socket group.
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significant only at week 2 (p < 0.05; Figure 4).

H&E staining
  Microscopic examination of H&E-stained specimens 
revealed more pronounced alveolar bone resorption in 
the intentional socket group from weeks 1 - 4. Periodontal 
ligament space was enlarged (Figure 5B, 5D, and 5F). The 
number of osteoclasts increased on some surfaces where 
alveolar bone was resorbed (Figure 5B). At week 4, root 
resorption was noticed in the extraction socket group 
(Figure 5E).

TRAP-positive cell count
  TRAP-positive osteoclasts and preosteoclasts were found 
on resorbed alveolar bone surface on the compression 
side, as a straight band in the extraction socket group 
(Figure 6A, 6C, and 6E) or grouped together in the 
intentional socket group (Figure 6B, 6D, and 6F). There 
were no significant differences in the number of TRAP-
positive cells/area between groups. However, significant 
intra-group differences existed between successive 
measurements in both the groups (Table 1).

Immunohistochemistry
  PCNA staining demonstrated no change in both the 
groups at week 1. At week 3, the extraction socket group 
showed a linear pattern on the resorbed root surface, but 
the intentional socket group showed few stained cells 

coronal to the alveolar bone. At week 4, the stained cells 
were slightly more distinctive where the root surface was 
in contact with the alveolar crest. Staining was slightly 
more intense along the resorbed areas. TGF-β staining 
revealed no difference between the 2 groups (Table 2).

DISCUSSION

  In order to achieve efficient tooth movement, it is im-
portant to understand the sequence of biological responses 
by periodontal ligament (PDL) and alveolar bone when 
induced by a stimulus from application of the mechanical 
force. Therefore, our histological study aimed to examine 
the underlying cellular response to an intentional and 
extraction sockets in rabbits.
  Rabbits were selected in this study due to the similarity 
between the edentulous space posterior to their anterior 
teeth and the atrophied alveolar ridge. Park et al.22 

performed corticotomy on the occlusal surface of the 
edentulous alveolar ridge region to avoid root damage. A 
force of 100 cN was applied to the premolars, similar to 
previous studies where 100 - 120 cN was applied to rabbit 
molars.19,23,24 The force was applied for 4 weeks because 
rabbits’ bone metabolism is 3 times faster than that of 
human beings. Thus, in terms of the bone turnover rates 
in rabbits, 4 weeks would correspond to 3 months in 
humans.25

  In accordance with the results of previous studies, micro-
scopic examination demonstrated more early alve olar 

Figure 5. Continued.
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bone resorption in the intentional socket group than in 
the extraction socket group.4,13,16,17 In addition, previous 

radiographic studies have shown an increased amount of 
tooth movement assisted by alveolar surgery in dogs.4,16 

Figure 6. Microphotograph of periodontal tissues with tartrate-resistant acid phosphatase (TRAP) staining. A, C, and 
E, Extraction socket group; B, D, and F, intentional socket group. A and B are week 2 specimens, while C, D, E, and F 
are week 3 specimens. TRAP-positive cells can be observed on the compression side along the resorbed surface of the 
alveolar bone. The intentional socket group shows several clusters of TRAP-positive cells, while the extraction socket 
group forms a straight band. There were no significant differences in the TRAP-positive cells/area between the 2 groups.
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However, the position of the film and identification of 
the reference points might contribute to higher measure-
ment errors; therefore, we measured the amount of tooth 
displacement by analyzing tissue specimens under a 
microscope. In our study, we found higher tooth dis-
place ment in the intentional socket group than in the 
extraction socket group, but this was found only at week 
2. This result seemed unusual, as there was more tooth 
movement in week 2 than in week 3; however, this might 
be because each measurement was obtained from a dif-
ferent sample. Moreover, since there were no initial re-
cords of the distance between the roots, it was not possible 
to determine the amount of tooth movement at week 1. 
Considering these limitations, it might be stated that the 
intentional socket was as effective as the natural socket 
regardless of the lack of precursor cells.
  Generally, apart from lamellar bone, extraction sites 
exhibit a trabecular bone pattern with large marrow 
spaces filled with large numbers of adipocytes with scarce 
inflammatory cells.26 Fibroblasts and osteoblasts in the 
PDL initially form bone and connective tissue within the 
area of the socket. Then, they are replaced by cells from 
adjacent tissue.27 Similarly, after extraction, the socket 
is filled by bone formed by fibroblasts and osteoblasts 
from the remaining PDL. However, the intentional socket 

follows bone defect healing, in which the defect is highly 
vascularized and filled with bone marrow and few newly 
formed single bone trabeculae. Cells responsible for bone 
remodeling are derived from adjacent bone tissue. This 
is a plausible explanation for the relatively slower bone 
healing process observed in extraction sockets. It may 
sug gest intense and prolonged RAP in the intentional 
socket group, which may have influenced the rate of tooth 
movement.
  Iino et al.4 displayed an increase in the TRAP-positive 
cells 1 week after the corticotomy, and then the count 
decreased in the second and fourth weeks. In that study, 
the control group showed an increased number of TRAP-
positive cells in the second week, while Sebaoun et al.13 
demonstrated an increase in the number of TRAP-positive 
cells 3 weeks after cortical injury. The incon sistency 
in these TRAP staining results across studies could be 
due to differences in the specimen or duration of the 
experiments.
  In contrast, our results showed that TRAP-positive 
osteo clasts and preosteoclasts increased in both groups 
by the end of the first week, followed by a decrease in the 
TRAP-positive cells in both groups in week 2. This may be 
because the P1 had moved into the area of the intentional 
socket by week 2 (1.7 mm). Similar time-dependent 
osteoclast formation was noted in the surgery group of 
Iglesias-Linares et al.28 study. They linked this change to 
the level of receptor activator of the nuclear factor kappa-B 
ligand (RANKL).
  At week 3, TRAP-positive cells showed an increase, which 
may have occurred due to the presence of newly formed 
bone around the intentional socket. This might, in turn, 
explain the decrease in tooth movement at week 3. The 
number of TRAP-positive cells decreased again at week 
4, indicating considerable resorption of the newly formed 
bone, facilitating increased tooth movement (Figure 3, 
Table 1).
  Since TGF-β may act as a bone-coupling factor linking 
bone resorption to bone formation,29 the insignificant 
difference in the increased TGF-β staining between both 

Table 2. Comparison of PCNA and TGF-b expressions after 
tooth movement between the intentional and extraction 
socket groups

Period
PCNA TGF-b

Control Experiment Control Experiment

Week 1 − − + +

Week 2 + − + ++

Week 3 + + + +

Week 4 ++ ++ − −

−, Score 0 - 1; +, score 2 - 3; ++, score 4 - 8.
PCNA, proliferating cell nuclear antigen; TGF, transforming 
growth factor.

Table 1. Comparison of the TRAP-positive cell count between the intentional and extraction socket groups and between 
successive weeks 

Week Comparisons between 
successive weeks (p-value)

1 2 3 4 1 - 2 2 - 3 3 - 4

Intentional socket (n = 4) 40.25 ± 20.42 13.25 ± 10.21 50.5 ± 7.33 26.25 ± 13.96 0.083 0.021 0.029

Extraction socket (n = 4) 31.75 ± 9.64 17.75 ± 5.56 40.25 ± 8.54 24 ± 9.09 0.043 0.021 0.043

Comparison between groups (p-value) 0.564 0.386 0.149 0.564

Values are presented as mean ± standard deviation.
Analyzed by Mann-Whitney U test, unit: × 106/mm2.
TRAP, tartrate-resistant acid phosphatase . 
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groups in our study confirms the occurrence of bone 
remo deling in both groups. Moreover, osteoclast activity 
as measured by PCNA staining increased gradually in both 
groups. Furthermore, Wang et al.17 reported that at the 
third week of their study period, the corticotomy-assisted 
tooth movement group showed replacement of the missing 
alveolar bone with multicellular tissue, and that there was 
an abundance of PCNA- and TGF-β1-positive cells.
  Our results showed that there were no significant dif-
ferences between the intentional and extraction socket 
groups. In both groups, alveolar bone resorption was 
induced and osteoclasts were recruited with no significant 
differences in the number of TRAP-positive cells or TGF- 
β staining between the groups at each time point. 
  Evaluation of tooth movement without extraction as a 
control group might show significant differences. There-
fore, in this study, the comparison was performed between 
the intentional and extraction socket groups. Further 
studies including a non-extraction group might provide 
more insights in this area, and additional studies on 
the long-term evaluation of corticotomy-assisted tooth 
movement are recommended.

CONCLUSION

  The intentional socket group showed a larger amount of 
tooth movement than that of the extraction socket group 
only at week 2. The osteoclast count and the immuno-
localization of bone markers suggest increased alveolar 
bone turnover in the region surrounding the roots in both 
groups. Thus, the null hypothesis was not rejected and 
it was suggested that osteotomy could be as effective as 
extraction socket in terms of enhancing tooth movement.
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