
187

ORIGINAL ARTICLE
J Korean Dent Sci. 2024;17(4):187-200

https://doi.org/10.5856/JKDS.2024.17.4.187
eISSN 2713-7651
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Purpose: This study aimed to develop an animal model suitable for coronectomy research. Materials and Methods: Eigh-
teen Sprague-Dawley rats were divided into six groups: incisor control (InC), incisor flap (InF), incisor non-flap (InNF), molar 
control (MC), molar flap (MF), and molar non-flap (MNF). Coronectomy was not performed in the control groups (InC and 
MC). In the incisor (In) groups, coronectomy was performed on the mandibular incisors, with flap elevation in the InF group 
and without flap elevation in the InNF group. In the molar (M) groups, coronectomy was performed on the maxillary first 
molar, with flap elevation in the MF group and without flap elevation in the MNF group. The incisor groups were sacrificed on 
day 7, and the molar groups on days 7 and 14. Clinical healing, tooth movement, and histological and immunohistochemical 
analyses were performed. Results: InF and InNF groups showed tooth eruption similar to or the same as that before coronec-
tomy, whereas the MF and MNF groups’ roots moved slowly. In InF and InNF groups, the pulp at the maturation zone was 
mineralized, but apical pulp vitality was maintained. MF and MNF groups showed bacterial infection and inflammation on day 
7, with mineralization on day 14; however, apical pulp vitality was maintained. The MF group showed varied healing patterns, 
whereas the MNF group had consistent results across individuals. Conclusion: Both incisors and molars are meaningful mod-
els for coronectomy. However, for consistent experimental results, coronectomy without flap elevation on the maxillary first 
molar is recommended. [J Korean Dent Sci. 2024;17(4):187-200]

Key Words: Animal model; Coronectomy; Osteoclastogenesis; Bone remodeling

Corresponding Author: Wonse Park,  https://orcid.org/0000-0002-2081-1156
Department of Advanced General Dentistry, College of Dentistry, Yonsei university, 50-1, Yonsei-ro, Seodaemun-gu, Seoul, 03722, Korea
TEL : +82-2-2228-8985, FAX : +82-2-2227-8906, E-mail : wonse@yuhs.ac
†Contributed equally to this work as first authors.
Received: August 7, 2024; Revised: September 2, 2024; Accepted: September 24, 2024

Copyright © 2024 by Korean Academy of Dental Science
cc  This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Korean Dental Science

https://orcid.org/0000-0002-2081-1156
https://orcid.org/0000-0002-0924-9633
https://orcid.org/0000-0001-5514-187X
https://orcid.org/0000-0003-0578-7829


188

Introduction

The mandibular third molar is the most commonly 
encountered impacted tooth in clinical practice. Ow-
ing to caries, pericoronitis, adjacent tooth decay, alve-
olar bone loss, and the potential for cysts or tumors, it 
is frequently subjected to extraction1. Several compli-
cations can occur during the extraction of mandibular 
third molars. According to one study, damage to the 
inferior alveolar nerve (IAN) occurs at a frequency of 
0.4% to 8%2. One study reported that 19% of patients 
who underwent surgical extraction of impacted third 
molars experience IAN damage3. A treatment method 
that can reduce the risk of nerve damage is coronec-
tomy, which involves removing only the crown while 
leaving the roots close to the nerve4. If there are no 
significant complications, the remaining roots can be 
maintained or extracted after confirming that they 
have moved and separated from the mandibular canal. 
Coronectomy was first introduced by Ecuyer and De-
bien in 1984 to reduce the risk of damage to the IAN 
and lingual nerves. Since then, various studies have 
reported that it is an effective alternative treatment for 
the prevention of IAN injuries. Renton et al.3 reported 
that coronectomy does not increase the risk of dry 
socket or infection, and is effective in reducing IAN 
damage. Leung and Cheung2 found that coronectomy 
resulted in lower incidences of pain and dry sockets, 
although the infection rate was similar to that of total 
excision. Hatano et al.5 reported that coronectomy 
can reduce the risk of IAN injury in high-risk patients 
evaluated using dental computed tomography (CT). 
Similarly, Cilasun et al.6 also found that coronectomy 
could lower the complication rate in high-risk patients, 
as assessed using CT.

Coronectomy has not been recognized as a new 
medical technology in Korea because of the lack of 
sufficient research data to evaluate its safety and effica-
cy7. To evaluate the safety and efficacy of coronectomy, 
studies investigating the biological responses and 
mechanisms of the pulp and surrounding tissues in 

animal models are necessary. However, such research is 
still lacking and an appropriate animal model is yet to 
be established.

The incisors and molars of rats exhibit different de-
velopmental patterns. Incisors continuously erupt and 
can be divided into secretory and maturation zones 
based on the length of the tooth8. In contrast, molars 
stop erupting when their roots are fully formed9,10. 
Therefore, coronectomy is expected to exhibit different 
patterns in these teeth. Analysis of the tissue responses 
to coronectomy in these different types of teeth could 
provide valuable information.

This study aimed to develop an animal model that 
can be effectively used in future coronectomy exper-
iments by comparing clinical healing patterns, mea-
suring tooth movement, and conducting histological 
and immunohistochemical analyses of the molars and 
incisors in rats using various methods. The hypothesis 
of this study is that rat incisors, with their continuous 
apical tooth formation, are expected to serve as a mod-
el for coronectomy in immature human roots, while 
molars, which stop tooth formation after root apex de-
velopment, could replicate mature root characteristics 
as a coronectomy animal model.

Materials and Methods

1. Study design
Eighteen 12-week-old female Sprague-Dawley rats 

(average weight, 290 g) were used in this study. Rats 
were randomly divided into six groups based on the 
location and method of coronectomy (Fig. 1A): 1) 
Incisor Control Group (InC), 2) Incisor Flap Group 
(InF), 3) Incisor Non-Flap Group (InNF), 4) Molar 
Control Group (MC), 5) Molar Flap Group (MF), 
and 6) Molar Non-Flap Group (MNF). The protocol 
was approved by the Institutional Animal Care and 
Use Committee of Yonsei Medical Center, Seoul, 
Korea, and the animals were selected, managed, and 
operated in accordance with their guidelines (AICUC 
2020-0278). The animals were housed in a room with 
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a 12-hour light-dark cycle, maintained at a temperature 
of 20°C±5°C and humidity of 50%±10%, with access 
to standard food and water.

2. Study protocol (Fig. 1, Fig. 2)
All experiments were conducted after administering 

an intraperitoneal injection of a combination of Zo-
letil® (tiletamine and zolazepam, 50 mg/ml, 0.6 ml/kg 

body mass; Virbac lab., Carros, France) and Rompun® 
(zylazine, 23.32 mg/ml, 0.4 ml/kg body mass; Bayer, 
Leverkusen, Germany). In the InF group, a crevicular 
incision was made in the mandibular incisors using a 
#12 blade. The flap was elevated with a periosteal eleva-
tor and coronectomy was performed on both mandib-
ular incisors up to the buccal alveolar crest height using 
a 016 carbide f issure bur (Komet, Brasseler, Lemgo, 

Development of an Animal Model for Coronectomy

Fig. 1. Procedures of coronectomy in the incisor and molar groups. (A) Photograph of applied coronectomy. (B) Photographs 
7 and 14 days after coronectomy.
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Germany). The remaining roots were covered with 
buccal and lingual flaps and sutured with 6-0 absorb-
able surgical sutures (Monosyn, Braun, Germany). In 
the InNF group, coronectomy was performed on the 
right mandibular incisor up to the level of the mesial 
interdental papillary tip using a diamond disk (Komet, 
Brasseler, Lemgo, Germany) and a carbide bur, with 
the left mandibular incisor serving as the InC. For 
the MF group, horizontal incisions were made on the 
mesial side of the left maxillary first molar using blades 
#12 and #15, followed by a crevicular incision around 
the entire first molar and the mesial half of the second 
molar. The flap was elevated with a periosteal elevator 
and coronectomy was performed up to the buccal 
and lingual alveolar crest heights using a 016 carbide 
fissure bur. The remaining roots were covered with an 
extended buccal flap and sutured using 6-0 absorbable 
surgical sutures. In the MNF group, coronectomy was 
performed on the left maxillary first molar up to the 
gingival margin height using a 016 carbide fissure bur, 
with the right maxillary first molar serving as the MC. 
Rats in the incisor groups were sacrificed on day 7, and 
those in the molar groups were sacrif iced on days 7 

and 14. Sacrifice was performed by intraperitoneal ad-
ministration of a combination of zoletil and rompun 
under general anesthesia, followed by perfusion with 
10% formalin. Maxillary and mandibular specimens 
were extracted and fixed in 10% formalin.

3. Measurement of tooth movement
For all groups, impressions were taken using polyvi-

nylsiloxane impression material (Aquasil Ultra XLV, 
Dentsply DeTrey GmbH, Konstanz, Germany) after 
coronectomy and just before sacrifice. The impressions 
were scanned using an Identica hybrid 3D dental laser 
scanner (MEDIT T510, Seoul, Korea) and the amount 
of tooth movement between the two periods was mea-
sured using 3-matic software (Materialise, Leuven, Bel-
gium). The amount of tooth migration was measured 
by calculating the straight-line distance using scan data 
provided in standard tessellation language (STL) file 
format, which was used to create 3-dimensional mod-
els. The measurement was obtained by subtracting 
the distance before the procedure from the distance 
after the procedure. In the InC and InNF groups, the 
reference point was from the labial gingival margin to 
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the middle of the incisal edge. In the InF group, the 
reference point was from the labial alveolar crest to the 
middle of the incisal edge. For the molar groups, tooth 
movement was measured by determining the distance 
from the defined plane to the cusps or bottom of the 
pulp chamber. The plane was defined by three points: 
the mesial cusps of the left and right maxillary second 
molars, and the mesial cusp of the right maxillary third 
molar. The distance to the mesial cusp of the f irst 
molar was measured in the MC group. In the MF and 
MNF groups, the distance to the bottom of the pulp 
chamber of the remaining root was measured to deter-
mine the amount of tooth movement. One rat in the 
MF group was excluded on day 14 because the gingiva 
covered the pulp chamber.

4. Histological observation
All the samples were decalcified with EDTA, dehy-

drated, and embedded in paraffin. For both molar and 
incisor groups, a sagittal section that showed the entire 

root canal from the crown to the apex was selected and 
cut into continuous 3 μm thick sections. The sections 
were stained with hematoxylin and eosin and subject-
ed to immunohistochemistry (IHC). The pulp was 
examined for signs of mineralization, inflammation, 
and necrosis. Additionally, the periodontal ligament 
and the presence of inflammatory cells or alveolar 
bone resorption at the root apex were assessed. In the 
incisor groups, the first and second mandibular molars 
were used as a reference line to divide the incisors into 
secretory and maturation zones (Fig. 3). For the molar 
groups, the regions of interest were set at the root apex 
and cervical third of the mesial root canal. These re-
gions were observed under high magnification.

All histologically stained slides were scanned using 
the Aperio AT2 image-capturing device (Leica Biosys-
tems, Wetzlar, Germany) and evaluated using Images-
cope software 12.3 (Aperio Technologies, Vista, CA, 
USA). Stained slides were assessed by a single researcher.

Development of an Animal Model for Coronectomy

Fig. 3. Diagram showing sagittal views of the maxillary molar and mandibular incisor. (A) Schematic diagram of rat’s 
hemi-maxillary molar. (B) Schematic diagram of rat’s hemi-mandibular incisors. MAT: maturation; SEC: Secretion.

A

B

J Korean Dent Sci 2024;17(4):187-200



192

5. Immunohistochemical analysis
For all groups, primary antibodies against the recep-

tor activator of NF-kappa B ligand (RANKL, Novus 
Biologicals, Centennial, CO, USA) and osteoprotegerin 
(OPG, Abcam, Cambridge, UK) were used. Following 
the manufacturer’s recommendations, secondary anti-
bodies were used for IHC. Visualization was performed 
using diaminobenzidine (DAB), and counterstaining 
was performed using hematoxylin. The expression levels 
of RANKL and OPG were determined in mandibular 
incisors and maxillary first molars. Three random sec-
tions were selected to calculate average IHC staining 
intensity. The same regions of interest observed during 
histological analysis were magnif ied 200 times, and 
measurements were performed using the IHC profiler 
plugin of ImageJ software (version 1.53, National Insti-
tutes of Health, Bethesda, MD, USA).

6. Statistical analysis
Statistical analysis was performed using SPSS (ver-

sion 23.0; IBM Corp., Armonk, NY, USA) with a 
significance level of 95%. One-way ANOVA was used 
to compare tooth movement and the expression levels 
of RANKL and OPG among the three incisor groups, 
three molar groups on day 7, and three molar groups 
on day 14. Post-hoc analysis was conducted using 
Tukey’s test. An independent t-test was performed 
to compare the MC, MF, and MNF group results on 
days 7 and 14.

Results

1. Clinical observation
In the InF group, the teeth erupted to a degree simi-

lar to that before coronectomy. In the InNF group, the 
teeth erupted to the same extent as in the InC group, 
with no notable postoperative complications observed. 
In the MNF group, no significant clinical differences 
were observed between day 7 and 14 marks, and no 
postoperative complications, such as gingival and mu-
cosal swelling, redness, or abscesses, were noted. The 

MF group exhibited varied healing patterns among 
individuals. Among the three rats sacrificed on day 7, 
one had partially covered and partially exposed resid-
ual roots in the gingiva, the other had buccal gingival 
recession with some alveolar bone exposure, and the 
third had delayed healing with alveolar bone exposure 
at the mesial site of the first molar due to flap tearing. 
Among the three rats sacrif iced on day 14, two had 
palatal root coverage but buccal gingival recession with 
root exposure and one had the gingiva completely cov-
ering the roots. No other signs of gingival or mucosal 
swelling, redness, or abscesses were observed in any of 
the subjects.

2. Amount of tooth movement
The amount of tooth movement in the InC group 

was 0.01±01 mm, and the amount of tooth movement 
in the InF and InNF groups was 4.80±0.60 mm and 
2.31±0.11 mm, respectively, demonstrating statisti-
cally signif icant differences among the three groups 
(P<0.001). Post-hoc analysis revealed significant dif-
ferences between InC, InF, and InN groups. For day 7 
molar groups, the amount of tooth movement in the 
MC group was 0.01±0.01 mm, while that in the MF 
and MNF groups was 0.17±0.01 mm and 0.17±0.07 
mm, respectively, also showing statistically significant 
differences among the groups (P=0.006). Post-hoc 
analysis indicated significant differences between the 
day 7 MC and both the MF and MNF groups. On 
day 14, the MC group showed tooth movement of 
0.01±0.01 mm, whereas the MF and MNF groups 
showed movements of 0.21±0.01 mm and 0.21±0.06 
mm, respectively, again demonstrating statistically sig-
nificant differences among the three groups (P<0.001). 
Post-hoc analysis revealed signif icant differences 
between the day 14 MC and both the MF and MNF 
groups (Fig. 4).

3. Histological observation
In the InC group, the pulp displayed orderly ar-

ranged odontoblasts and normal periodontal tissue. 
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In InF and InNF groups, some parts of the pulp in 
the maturation zone were mineralized and infected 
with bacteria, and the odontoblasts were irregularly 
arranged. The InF group showed more extensive 
mineralization in the maturation zone pulp than in 
the InNF group. The secretory zone maintained its vi-
tality, and no signs of periodontal ligament elongation 
or new bone formation were observed at the root apex 
(Fig. 5). After coronectomy, the MC group displayed 
viable pulp tissue with uniformly arranged odonto-
blasts in the pulp chamber and root canal, and normal 
periodontal tissue was observed at the root apex. In 
contrast, on day 7, MF and MNF groups showed 
bacterial infection and inflammatory infiltration in 
the coronal pulp, with signs of pulp degeneration and 
fibrosis starting to appear (Fig. 6). Fibroblasts began 
to appear, and odontoblasts were irregularly arranged 
or difficult to identify, although no mineralized areas 
were observed. On day 14, both the MF and MNF 
groups exhibited mineralization and necrosis in the 
coronal pulp, with a similar bacterial presence in both 
groups. Vitality of the apical pulp was maintained in 

all groups. In the MNF group, the periodontal liga-
ment at the root apex was wider than that observed in 
the MC group. Osteoclasts were also observed in both 
MF and MNF groups.

4. Expression of RANKL and OPG
In Fig. 7, positive expression of RANKL and OPG 

is indicated by a brownish-yellow color. Comparing 
the expression levels among the InC, InF, and InNF 
groups, OPG showed statistically significant differenc-
es (P<0.001). Post-hoc analysis revealed that the InF 
group had signif icant differences compared to both 
the InC and InNF groups. For the day 7 molar groups, 
the expression levels of RANKL in the MC, MF, and 
MNF groups showed statistically significant differenc-
es (P=0.003). Post-hoc analysis indicated that the day 
7 MC group showed significant differences compared 
to both the day 7 MF and day 7 MNF groups. A com-
parison of the OPG values of day 7 MF and day 14 
MF groups revealed statistically significant differences 
(P=0.034).

Fig. 4. The amount of tooth movement. (A) The tooth movement distance in the incisor groups. (B) The tooth movement dis-
tance in the molar groups. InC: incisor control; InF: incisor flap; InNF: incisor non-flap; MC: molar control; MF: molar Flap; MNF: 
molar non-flap. *: P<0.05; **: P<0.01.

A B
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Fig. 6. Sagittal section of rat maxillary first molar in the molar groups. AF: apical foramen; P: pulp; C: cementum; PDL: peri-
odontal ligament; AB: alveolar bone. 
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Fig. 5. Longitudinal section of rat mandibular incisor in the incisor groups. Enamel and dentin in purple and pink, respec-
tively. MAT: maturation; SEC: Secretion.
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Discussion

This study aimed to develop an animal model for 
coronectomy by performing various procedures in 
rats. Small-animal models are more cost-effective than 
large-animal models and are suitable for high through-

put testing11. Although the bacterial flora in rat root 
canals is slightly different from that in humans, the 
ratios of aerobic to anaerobic bacteria are similar12. 
The periodontal structure of rat molars is anatomically 
similar to that of humans; therefore, rat molars have 
been used as a pathological animal model13. Since third 

Fig. 7. Immunohistochemistry (IHC) staining of RANKL and OPG in the incisor and molar groups. (A) IHC staining of the man-
dibular incisor in the incisor groups. (B) The positive expression of RANKL and OPG on the apex in incisor groups. (C) IHC 
staining of maxillary first molar at day 7 in the molar groups. (D) The positive expression of RANKL on the apex in the molar 
groups. (E) IHC staining of maxillary first molar at day 14 in the molar groups. (F) The positive expression of OPG on the apex 
in the incisor and molar groups. P: pulp; AB: alveolar bone; C: cementum; PDL: periodontal ligament; InC: incisor control; InF: 
incisor flap; InNF: incisor non-flap; MC: molar control; MF: molar Flap; MNF: molar non-flap. *: P<0.05; **: P<0.01.

A B

C D

E F
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molar extraction or coronectomy is mainly performed 
in adults, this study applied coronectomy to fully de-
veloped teeth in 12-week-old mature rats to investigate 
its effects. 

After coronectomy, different movement patterns 
were observed in the incisors and molars of the rats. In 
this study, the mandibular incisors continued root for-
mation, erupting significantly within 7 days to a level 
similar to or the same as preoperatively. Therefore, the 
experiment was conducted up to day 7. This continu-
ous tooth formation results from an ongoing supply 
of mesenchymal and epithelial stem cells in the cervical 
loop of the incisors14,15. Although there was a differ-
ence in the movement of incisors in the InF and InNF 
groups, this was likely due to the difference in the sur-
gical sites. This is because the teeth in the InNF group 
stopped growing once they erupted to a level similar 
to that of the InC group due to occlusal interference. 
In rare cases, coronectomy is performed on immature 
human teeth. Immature teeth develop continuously, 
have good regenerative capacity, and feature an open 
apex similar to rodent incisors16,17. This characteristic 
makes tooth movement easier in immature teeth than 
mature ones. Existing literature reports that immature 
teeth move more and exhibit less root resorption than 
mature teeth when subjected to orthodontic tooth 
movement18. 

Unlike rat incisors, which erupt continuously after 
root formation, most teeth, including rat molars, grad-
ually close their root canals and seal their pulp cham-
bers as they mature and erupt into the oral cavity19. In 
the present study, we observed that the remaining roots 
of the molars moved slowly. Additionally, tissue reac-
tions such as partial pulp necrosis and inflammation at 
the exposed pulp sites were noted. Rats, with 30 days 
of life approximating 2.5 years in humans, exhibit fast-
er biological processes20. In interpreting the results of 
day 7 and day 14, we considered the significantly faster 
metabolic rate and accelerated growth of rats com-
pared to humans as critical factors. Similar to previous 
clinical studies that reported that most root migrations 

occurred within 6 ‒ 12 months post-coronectomy21, 
this study also observed tooth movement within the 
experimental period. These findings suggested that ex-
perimental coronectomy is feasible in animal models.

To compare the MF and the MNF groups, which are 
most clinically similar to third molar extraction, as ani-
mal models for coronectomy. The MF group displayed 
healing patterns similar to those of actual clinical cor-
onectomy. However, despite extending the buccal flap 
sufficiently to cover the remaining roots, most sub-
jects exhibited exposure of the roots or alveolar bone 
post-surgery. The high variability in healing among 
individuals suggests that the MF group may not be an 
ideal animal model. Additionally, in the MF group, the 
coronectomy was performed closer to the root apex 
than in the MNF group, resulting in a narrow root ca-
nal diameter at the cut surface, making pulp treatment 
difficult and creating unfavorable conditions for addi-
tional experiments, such as the placement of physical 
barriers. In contrast, although the MNF group differed 
in clinical presentation, the experimental results, 
including tooth movement and histological obser-
vations, were similar to those of the MF group. The 
MNF group showed consistent healing patterns across 
all individuals, making it more suitable for application 
in various additional experimental conditions, such as 
pulp treatment or installation of physical barriers.

This study observed the histological symptoms that 
may accompany coronectomy. After coronectomy, the 
remaining roots may migrate or become exposed, po-
tentially leading to postoperative complications, such 
as wounds, infections, and pulpitis22. In this study, 
although some inflammation and mineralization were 
observed at the maturation zone of the incisors and in 
the pulp of the molars, the vitality of the root apex was 
maintained. Liu and Peng23 reported similar results, 
showing that when the pulp of rat molars was exposed, 
numerous inflammatory cells appeared in the apical 
tissues from day 7 and alveolar bone resorption became 
more prominent. In the MF group and MNF group, 
despite the apex pulp maintaining vitality, bacterial 
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infection and inflammation were observed in the cor-
onal pulp as early as day 7, with the severity increasing 
by day 14. This finding suggests that the coronal pulp 
is vulnerable to bacterial invasion and inflammatory 
processes post-coronectomy. The progression of these 
issues could potentially compromise long-term healing 
outcomes and lead to pulp necrosis. Additionally, in 
this study, the InNF group showed relatively lower 
levels of inflammation and mineralization at the matu-
ration zone than those of the InF group. This suggests 
that the pulp may have normalized as the remnant 
roots in the InNF group began to erupt and wear 
down before being sacrificed after coronectomy.

To study the cytokines involved in controlling tooth 
eruption, research is being conducted on the signal 
transduction pathways RANKL and OPG24,25. Tooth 
eruption involves the activity of osteoblasts and osteo-
clasts, with repeated bone formation and resorption to 
form roots, leading to bone remodeling. These factors 
are known to influence root migration24,26-29. RANKL, 
a member of the tumor necrosis factor (TNF) super-
family, is primarily expressed in osteoblasts and affects 
bone remodeling. RANKL interacts with its receptor 
RANK to activate and differentiate into osteoclast 
lineage cells, leading to resorption induced by ma-
ture osteoclasts30-32. RANKL activity is inhibited by 
the decoy receptor OPG; thus, the balance between 
RANKL and OPG regulates osteoclast differentiation 
and determines the rate of bone resorption33,34. When 
bacteria invade the root canal, the immune response 
is activated, leading to RANKL production, which 
can result in differences in RANKL expression be-
tween the control and experimental groups at the root 
apex34,35. Higher RANKL expression is observed in in-
flamed tissues with cellular infiltration, such as in peri-
apical periodontitis, than in healthy periapical tissue22. 
IHC staining in this study showed that coronectomy 
partially induced RANKL, with higher expression 
observed in the MF and MNF groups than in the MC. 
Although new bone formation was anticipated in the 
alveolar bone as tooth migration progressed coronally, 

no distinct new bone formation was observed.
In this study, we established an animal model for 

coronectomy by applying the procedure to the incisors 
and molars of rats, followed by clinical observation and 
histological analysis to confirm the usefulness of the 
model for up to 7 or 14 days. When comparing tooth 
movement, histological results of the alveolar bone 
and periodontal tissue, and markers involved in bone 
remodeling, it appears that coronectomy of the maxil-
lary first molar is the most suitable method for animal 
models. Among the groups, the MNF group showed 
patterns similar to those of the MF group, with con-
sistent healing patterns across all individuals. Despite 
some differences from the actual clinical situation, the 
MNF group is more suitable for experimental coronec-
tomy as it allows for various experimental conditions, 
such as pulp treatment and installation of physical 
barriers.

Rat incisors and immature human teeth exhibit both 
similarities and differences. In immature human teeth, 
root formation occurs after crown formation, whereas 
in rat incisors, the eruption occurs from the root to the 
crown. During the pre-eruption and eruption phases 
in immature human teeth, odontoblasts are active 
in the roots and ameloblasts are active in the crown. 
In contrast, rat incisors contain both odontoblasts 
and ameloblasts during the secretory and maturation 
zones. There are some limitations in using rat incisors 
as experimental models to reproduce immature human 
teeth. However, because of fundamental similarities 
in tooth development mechanisms, rat incisors can 
still be meaningfully used as a model for studying im-
mature teeth, provided the advantages and limitations 
are carefully considered when interpreting the exper-
imental results. Considering the results of this study, 
the InF group appears to be the most appropriate 
coronectomy model among the incisor groups. This is 
due to its high clinical similarity, clear reference point 
for the alveolar crest through gingival incision, ease 
of tracking tooth eruption over a longer period than 
in the InNF group, and histological similarities in the 
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secretory zone between the InC and InNF groups.
Coronectomy may involve factors other than contin-

uous eruption and bone remodeling markers in the in-
cisors. Therefore, it is necessary to compare the mecha-
nisms of coronectomy between rat incisors and molars 
in future studies. This study is limited by the difficulty 
in replicating clinical conditions, such as horizontally 
impacted molars and ankylosis, in the animal model. 
Another limitation of this study is the small number 
of experimental subjects and the lack of additional 
treatments following coronectomy. Overall, while the 
MNF group appears to be a suitable experimental cor-
onectomy model, there is insufficient evidence for its 
clinical usefulness, safety, and efficacy. Consequently, 
further studies on pulp treatment and physical barriers 
are required. Although the animal model used in this 
study does not fully replicate all clinical conditions, 
it serves as an important preliminary step for future 
coronectomy research. We anticipate that follow-up 
studies will further evaluate the model’s long-term 
stability and efficacy, paving the way for more accurate 
clinical applications.

Conclusion

Both incisors and molars are meaningful models for 
coronectomy; however, to conduct experimental cor-
onectomy under consistent conditions, it seems most 
appropriate to proceed without opening a flap on the 
maxillary first molar. Since coronectomy is influenced 
by various cells and cytokines, modifying conditions 
such as treating the exposed pulp or introducing phys-
ical barriers will likely alter tissue responses and marker 
expression. Therefore, the animal model proposed in 
this study would be useful in establishing a biological 
basis for ensuring the safety and efficacy of coronectomy.

Conflict of Interest

No potential conflict of interest relevant to this arti-
cle was reported.

Acknowledgement

This work was supported by the National Research 
Foundation of Korea (NRF) grant funded by the Ko-
rean Government (NRF 2020R1I1A1A01071713).

References

	 1.	 Al-Khateeb TH, Bataineh AB. Pathology associated 
with impacted mandibular third molars in a group of 
Jordanians. J Oral Maxillofac Surg. 2006;64:1598-602.

	 2.	 Leung YY, Cheung LK. Safety of coronectomy versus 
excision of wisdom teeth: a randomized controlled tri-
al. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2009;108:821-7.

	 3.	 Renton T, Hankins M, Sproate C, McGurk M. A ran-
domised controlled clinical trial to compare the inci-
dence of injury to the inferior alveolar nerve as a result 
of coronectomy and removal of mandibular third mo-
lars. Br J Oral Maxillofac Surg. 2005;43:7-12.

	 4.	 Pogrel MA, Lee JS, Muff DF. Coronectomy: a tech-
nique to protect the inferior alveolar nerve. J Oral Max-
illofac Surg. 2004;62:1447-52.

	 5.	 Hatano Y, Kurita K, Kuroiwa Y, Yuasa H, Ariji E. Clin-
ical evaluations of coronectomy (intentional partial 
odontectomy) for mandibular third molars using den-
tal computed tomography: a case-control study. J Oral 
Maxillofac Surg. 2009;67:1806-14.

	 6.	 Cilasun U, Yildirim T, Guzeldemir E, Pektas ZO. Cor-
onectomy in patients with high risk of inferior alveo-
lar nerve injury diagnosed by computed tomography. J 
Oral Maxillofac Surg. 2011;69:1557-61.

	 7.	 Lee SH, Jang SY. Coronectomy of impacted mandib-
ular third molar. Available from URL: https://oldkm-
base.medric.or.kr/Main.aspx?d=KMBASE&i=90001
20120010400001&m=VIEW (Accessed on December 
11, 2024).

	 8.	 Suzuki M, Bartlett JD. Rodent Dental Fluorosis Model: 
Extraction of Enamel Organ from Rat Incisors. Meth-
ods Mol Biol. 2019;1922:335-40.

	 9.	 He M, Wang P, Li B, Wang Y, Wang X, Bai D, Guo 

Hyunna Ahn, Jisun Huh, Seoyeon Jung, Wonse Park

J Korean Dent Sci 2024;17(4):187-200



199

Y. Rodent incisor and molar dental follicles show dis-
tinct characteristics in tooth eruption. Arch Oral Biol. 
2021;126:105117.

10.	 Ohshima H, Nakasone N, Hashimoto E, Sakai H, Na-
kakura-Ohshima K, Harada H. The eternal tooth germ 
is formed at the apical end of continuously growing 
teeth. Arch Oral Biol. 2005;50:153-7.

11.	 Mukherjee P, Roy S, Ghosh D, Nandi SK. Role of ani-
mal models in biomedical research: a review. Lab Anim 
Res. 2022;38:18.

12.	 Tani-Ishii N, Wang CY, Tanner A, Stashenko P. Chang-
es in root canal microbiota during the development 
of rat periapical lesions. Oral Microbiol Immunol. 
1994;9:129-35.

13.	 Oz HS, Puleo DA. Animal models for periodontal dis-
ease. J Biomed Biotechnol. 2011;2011:754857.

14.	 Naveau A, Zhang B, Meng B, Sutherland MT, Pro-
chazkova M, Wen T, Marangoni P, Jones KB, Cox 
TC, Ganss B, Jheon AH, Klein OD. Isl1 Controls Pat-
terning and Mineralization of Enamel in the Contin-
uously Renewing Mouse Incisor. J Bone Miner Res. 
2017;32:2219-31.

15.	 Jheon AH, Seidel K, Biehs B, Klein OD. From mole-
cules to mastication: the development and evolution of 
teeth. Wiley Interdiscip Rev Dev Biol. 2013;2:165-82.

16.	 Li L, Kwon HJ, Harada H, Ohshima H, Cho SW, Jung 
HS. Expression patterns of ABCG2, Bmi-1, Oct-3/4, 
and Yap in the developing mouse incisor. Gene Expr 
Patterns. 2011;11:163-70.

17.	 Xi J, He S, Wei C, Shen W, Liu J, Li K, Zhang Y, Yue 
J, Yang Z. Negative effects of retinoic acid on stem cell 
niche of mouse incisor. Stem Cell Res. 2016;17:489-97.

18.	 Li X, Xu J, Yin Y, Liu T, Chang L, He S, Chen S. 
Notch signaling inhibition protects against root resorp-
tion in experimental immature tooth movement in rats. 
Am J Orthod Dentofacial Orthop. 2021;159:426-34.e5.

19.	 Yu T, Klein OD. Molecular and cellular mechanisms of 
tooth development, homeostasis and repair. Develop-
ment. 2020;147:dev184754.

20.	 Andreollo NA, Santos EF, Araújo MR, Lopes LR. 
Rat’s age versus human’s age: what is the relationship? 

Arq Bras Cir Dig. 2012;25:49-51.
21.	 Leung YY, Cheung KY. Root migration pattern after 

third molar coronectomy: a long-term analysis. Int J 
Oral Maxillofac Surg. 2018;47:802-8.

22.	 Dalle Carbonare M, Zavattini A, Duncan M, Williams 
M, Moody A. Injury to the inferior alveolar and lingual 
nerves in successful and failed coronectomies: systemat-
ic review. Br J Oral Maxillofac Surg. 2017;55:892-8.

23.	 Liu L, Peng B. The expression of macrophage migra-
tion inhibitory factor is correlated with receptor activa-
tor of nuclear factor kappa B ligand in induced rat peri-
apical lesions. J Endod. 2013;39:984-9.

24.	 Brodetska L, Natrus L, Lisakovska O, Kaniura O, Ia-
kovenko L, Skrypnyk I, Flis P. The regulatory role of 
the RANKL/RANK/OPG signaling pathway in the 
mechanisms of tooth eruption in patients with impact-
ed teeth. BMC Oral Health. 2020;20:261.

25.	 Yoda S, Suda N, Kitahara Y, Komori T, Ohyama K. De-
layed tooth eruption and suppressed osteoclast number 
in the eruption pathway of heterozygous Runx2/Cbfa1 
knockout mice. Arch Oral Biol. 2004;49:435-42.

26.	 Wise GE, King GJ. Mechanisms of tooth erup-
tion and orthodontic tooth movement. J Dent Res. 
2008;87:414-34.

27.	 Shokouhi B, Thavaraj S, Sproat C, Kwok J, Beneng K, 
Patel V. Coronectomy root retrievals: a review of 92 
cases. Oral Surg Oral Med Oral Pathol Oral Radiol. 
2019;127:200-9.

28.	 Wise GE, Frazier-Bowers S, D’Souza RN. Cellular, mo-
lecular, and genetic determinants of tooth eruption. 
Crit Rev Oral Biol Med. 2002;13:323-34.

29.	 Boyce BF, Xing L. Functions of RANKL/RANK/
OPG in bone modeling and remodeling. Arch Biochem 
Biophys. 2008;473:139-46.

30.	 Hadjidakis DJ, Androulakis, II. Bone remodeling. Ann 
N Y Acad Sci. 2006;1092:385-96.

31.	 Weitzmann MN, Cenci S, Rifas L, Haug J, Dipersio J, 
Pacifici R. T cell activation induces human osteoclast 
formation via receptor activator of nuclear factor kap-
paB ligand-dependent and -independent mechanisms. J 
Bone Miner Res. 2001;16:328-37.

Development of an Animal Model for Coronectomy

J Korean Dent Sci 2024;17(4):187-200



200

32.	 Silva MJ, Kajiya M, AlShwaimi E, Sasaki H, Hong J, 
Ok P, Rezende TBM, Pagonis TC, White RR, Pas-
ter BJ, Stashenko P, Kawai T. Bacteria-reactive im-
mune response may induce RANKL-expressing T 
cells in the mouse periapical bone loss lesion. J Endod. 
2012;38:346-50.

33.	 Nishida D, Arai A, Zhao L, Yang M, Nakamichi Y, 
Horibe K, Hosoya A, Kobayashi Y, Udagawa N, Mizo-
guchi T. RANKL/OPG ratio regulates odontoclasto-
genesis in damaged dental pulp. Sci Rep. 2021;11:4575.

34.	 Nagy V, Penninger JM. The RANKL-RANK Story. 
Gerontology. 2015;61:534-42.

35.	 Kawashima N, Suzuki N, Yang G, Ohi C, Okuhara S, 
Nakano-Kawanishi H, Suda H. Kinetics of RANKL, 
RANK and OPG expressions in experimentally in-
duced rat periapical lesions. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2007;103:707-11.

Hyunna Ahn, Jisun Huh, Seoyeon Jung, Wonse Park

J Korean Dent Sci 2024;17(4):187-200




