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Abstract: Periodontitis is a chronic inflammatory disease that leads to the
destruction of the supporting structures of teeth, primarily due to bacterial
infection and immune response. The ligature-induced periodontitis (LIP) model
is commonly used to replicate this condition in experimental settings, facilitating
the study of inflammation and bone loss as well as testing therapeutic strategies.
In this study, we aimed to establish an experimental ligature-induced
periodontitis model in mice and evaluate the extent of alveolar bone loss over a
10-day period and discuss advantages and limitations. Eight 10-week-old
pathogen-free C57BL/6 male mice were divided into two groups: an
experimental group (n=4) with ligature placement and a control group (n=4)
without ligature. Under sedation, a silk suture (6-0) ligature was placed around
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- the maxillary second molar (M2) of the experimental group to induce bacterial
EH‘ accumulation, gingival inflammation, and bone resorption over 10 days. Bone
resorption was confirmed through microscopic analysis. The experimental group

demonstrated a significant increase in alveolar bone loss compared to the control
group. The average distance from the cemento-enamel junction (CEJ) to the
alveolar bone crest (ABC) was greater in the ligature group, while no bone loss
was observed in the control group (P <0.05). These results demonstrated a clear
correlation between the experimental conditions and outcomes, highlighting the
murine periodontitis model as a valuable tool for studying inflammatory
conditions. These findings offer insights into bone loss mechanisms and may aid
in developing targeted therapies for bone resorption in periodontitis.
Keywords: Periodontal disease, periodontitis, ligature, murine model, bone loss,
inflammation.
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INTRODUCTION This process is driven by interactions between

Periodontal disease (PD) is an inflammatory
condition that leads to significant patient morbidity and
carries an important public health burden. It is
characterized by gingival inflammation (Gingivitis) and
the loss of both soft tissue attachment and bone support
around the affected teeth (Periodontitis) [1].

The prevalence of periodontal disease begins in
late adolescence, reaches its highest levels around the
age of 55, and remains elevated into old age. Severe
periodontitis ranks as the sixth most common condition
worldwide, affecting approximately 10% of the adult
population. If left untreated, periodontitis causes the
gradual destruction of the structures supporting the teeth,
ultimately leading to tooth loss, which negatively
impacts oral function and overall quality of life [1, 2].

the oral microbiota and the host’s innate immune system.
PD is also linked to other systemic inflammatory
diseases, such as diabetes, cardiovascular disease, and
arthritis. Evidence indicates that the microbial
component of PD is mediated by the dental biofilm. The
biofilm is a structured, complex community of
microorganisms that can exist in both symbiotic
(healthy) and dysbiotic (destructive) states. Normally,
the oral biofilm helps protect the host by preventing the
establishment of pathogenic bacteria and maintaining
optimal gingival tissue structure and function through
regulation of the immune response. Disruptions in the
balance between commensal organisms in the oral cavity
and the host immune system can lead to tissue
homeostasis alterations, resulting in dysbiosis and the
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development of clinical and radiographic features of PD
[1,3].

Different factors involved in the pathogenesis
of periodontitis, such as the interaction of polymicrobial
synergy, dysbiosis, chronic inflammation, and genetic
susceptibility, have made finding an ideal animal model
for periodontitis particularly challenging. However,
various researchers have successfully simulated the
impact of these factors on periodontal disease
progression by breaking the process down into distinct
phases. These phases include biofilm formation,
bacterial colonization and invasion of periodontal
tissues, triggering an imbalanced immune response from
the host, and subsequent degradation of soft tissues along
with alveolar bone resorption [3, 4].

Murine models offer several advantages,
including a well-characterized microbiome and immune
system, access to numerous genetically modified strains,
and a wide availability of reagents for studying newly
discovered molecules. However, challenges such as the
small size of their oral cavity require highly trained
operators and a large number of animals. Despite these
challenges, mouse models have been highly valuable in
exploring biological hypotheses related to disease
pathogenesis, host-microbe interactions, and potential
treatments, as they are capable of partially replicating the
clinical, molecular, and histological aspects of human
periodontitis. Additionally, mice used in these models
are cost-effective, easy to manage, have short
reproductive  cycles, and consistently develop
reproducible periodontal inflammation [5].

Although increased osteoclastogenesis is
recognized as a critical factor in alveolar bone
destruction associated with periodontitis, the exact
mechanisms driving this process remain poorly
understood. The ligature-induced periodontitis (LIP)
model has been extensively employed to investigate the
molecular and cellular pathways underlying bone
destruction in this disease. In this model, the increased
bacterial load resulting from the accumulation of oral
commensal bacteria around silk sutures is the primary
cause of periodontitis, leading to significant alveolar
bone loss. Initially developed in rats and dogs, the LIP
model has since been successfully adapted to mice,
overcoming technical challenges and benefiting from the
availability of a wide array of genetically engineered
strains and disease models. This has made mice a
valuable tool in advancing our understanding of the
pathogenesis of periodontitis [5, 6].

The LIP model is a reliable approach for
triggering rapid and predictable alveolar bone loss in
mice within a matter of days. The technique involves
positioning silk, nylon or nickel-titanium ligatures
around the molars of the upper or lower jaw while the
animal is under anesthesia. These ligatures encourage
bacterial buildup, leading to periodontal inflammation

and subsequent bone degradation. Observable
differences in alveolar bone loss between control and
ligated mice begin as early as day 5, with progressively
larger discrepancies seen by days 10 and 15 [7].

Although this model has been widely employed
in mice studies, the extremely small size of their oral
cavity and the tiny interproximal spaces between the
molars pose a technical challenge for proper ligature
placement [8]. The aim of this study is to establish an
experimental ligature-induced periodontitis model in
mice and to evaluate the extent of alveolar bone loss over
a 10-day period, as well as discuss the advantages and
limitations of the model.

MATERIALS AND METHODS

Experimental Model of Ligature-Induced
Periodontitis

Eight 10-week-old pathogen-free  male
C57BL/6 mice, weighing 20-25 g, with no clinical signs
of active periodontal disease, were used for this study.
The mice were housed under ad libitum light/dark cycles
in the temporary animal facility. The mice were
randomly divided into two groups: an experimental
group with ligature placement (n=4) and a control group
without ligature (n=4).

Anesthesia Protocol and Ligature Placement

To induce experimental periodontitis, the mice
were anesthetized via intraperitoneal administration of a
mixture of ketamine (100 mg/kg) and xylazine (10
mg/kg), ensuring rapid and reliable sedation for the
duration of the procedure. A sterile 6-0 silk suture was
carefully placed around the maxillary second molar (M2)
of the experimental group under a stereomicroscope at
8x magnification (Image 1). This ligature was designed
to promote bacterial accumulation, dysbiosis, gingival
inflammation, and subsequent bone resorption. The
control group did not receive any ligature.

Postoperative Care and Monitoring

Following the procedure, the mice were
monitored until full recovery from anesthesia, which was
confirmed by the return of the righting reflex and
ambulatory behavior. The mice were inspected daily for
any signs of distress or complications, and food and
water were provided ad libitum throughout the 10-day
experimental period.

Tissue Collection and Bone Loss Evaluation

After 10 days, all mice were euthanized by
cervical dislocation according to the approved protocols
of the Institutional Animal Care and Use Committee
(FMM/CEI-FMM/014/2023-1). The maxillary jaws
were dissected, and the soft tissues were carefully
removed using mechanical means and treated with 30%
hydrogen peroxide for 16 hours to completely clear any
remaining soft tissue. The jaws were then stained with
3% methylene blue for 30 minutes to enhance the
visibility of the alveolar bone.
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Image 1: A ligature composed of silk suture material (6-0) was placed around the maxillary second molar (M2) to induce
bacterial accumulation and dysbiosis, resulting in gingival inflammation and bone resorption after 10 days. The ligature was
observed under a microscope at 8x magnification

Bone Loss Quantification

Bone loss was quantified by measuring the
linear distance between the cemento-enamel junction
(CEJ) and the alveolar bone crest (ABC) at three points
on each molar, both buccally and palatally. Measurement
and images were obtained using a millimeter scale ruler
under a stereomicroscope StemiDV4 (Zeiss) with a
camera AxioCamERc5s (Zeiss) and the Blue Zen
software (Zeiss). Image analysis was performed using
ImageJ software to ensure accuracy in the quantification
of bone loss.

Statistical Analysis

The statistical analysis of bone loss was
performed using GraphPad Prism 8.0.1 software. An
unpaired two-tailed Student’s t-test (parametric) was
used to compare bone loss between the ligature and
control groups. Asterisk indicates statistical significance
(P <0.05).

REsSuULTS AND DISCUSSION

Throughout the 10-day experimental period, all
mice in both the control and ligature groups showed no
signs of distress or complications. The experimental
group with ligatures exhibited noticeable gingival
inflammation by day 5, which continued to progress until
the end of the study. In contrast, the control group

without ligatures showed no visible signs of
inflammation or tissue damage.

Microscopic evaluation of the maxillary molars

Microscopic evaluation of the maxillary molars
using a stereoscope confirmed the clinical observations
of bone resorption. In the control group, the alveolar
bone remained intact, with minimal changes in height
relative to the CEJ. In contrast, the ligature group showed
clear signs of alveolar bone loss, with the bone crest
significantly receded from the CEJ. Representative
images of the stained maxillary bones are shown in
(Image 2), where the extent of bone loss is clearly visible
in the ligature group.

Bone Loss and quantification

The bone loss was quantified by measuring the
linear distance between the cemento-enamel junction
(CEJ) and the alveolar bone crest (ABC) at three points
for each molar. Mice in the ligature group demonstrated
significant alveolar bone loss compared to the control
group. On average, the distance from the CEJ to the ABC
in the ligature group in the control group was 0.406 mm
+ 0.05 (SD) compared to 0.211 mm +0.23 (SD) (P <
0.05, unpaired two-tailed Student’s t-test). These
findings confirm the effectiveness of the ligature-
induced periodontitis model in promoting rapid alveolar
bone degradation (Image 2 and 3).

Image 2: Fig. A presents a palatal view (32x) of the murine maxilla without the experimental ligature, where the alveolar bone

crest is at a normal level relative to the cemento-enamel junction, marked by lines. Fig. B, in contrast, shows a palatal view of

the murine maxilla 10 days after the placement of an experimental ligature, with a clear reduction in alveolar bone height and
horizontal bone loss relative to the cemento-enamel junction, as indicated by the lines
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The results demonstrated a statistically
significant increase in bone resorption in the ligature
group (P < 0.05), confirming the impact of the ligature
on periodontal destruction (Image 3).
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Image 3: Quantification of bone loss. CEJ, cemento-
enamel junction. ABC, alveolar bone crest. mm,
millimeters, Statistical significance set at « P <0.05

In this study, we utilized eight pathogen-free
10-week-old male C57BL/6 murine models, none of
which exhibited clinical signs of active periodontal
disease at baseline. The mice were housed in a temporary
animal facility under ad libitum light/dark cycles to
ensure appropriate acclimation before experimentation.
The study design involved two groups: an experimental
group (n = 4) subjected to ligature placement and a
control group (n = 4) without ligature.

The combination of ketamine (100 mg/kg) and
xylazine (10 mg/kg) provided rapid and reliable
anesthesia, allowing us to perform the ligature placement
without complications. This standardized protocol
ensured that all subjects in both groups underwent the
same preparation and handling, minimizing variability
due to external factors [9, 10].

Increase in the cemento-enamel junction to
alveolar bone crest (CEJ-ABC) distance was observed.
These findings underscore the temporal relationship
between osteoclast activity and bone loss in the murine
ligature model of periodontal disease, providing valuable
insights into the dynamic process of bone remodeling in
response to periodontal stress. These results are
consistent with previous studies, such as those by Kittaka
[11], further emphasizing the complex mechanisms
involved in periodontal bone changes.

In this study, we were able to observe the onset
and development of periodontitis within a 10-day period,
confirming the rapid progression of this disease in our
model. We employed the well-established ligature-
induced periodontitis (LIP) model, which has been

extensively documented in previous research. While
other studies have introduced variables such as
lipopolysaccharide (LPS) injections or used alternative
materials besides silk, we deliberately chose not to
include any additives or different ligature materials [14].
Silk was selected for its well-known capacity to be
readily colonized by periodontopathogen bacteria,
facilitating the rapid onset of inflammation and
destruction of supporting tissues. This accelerated
progression contrasts with the slower development of
periodontitis observed in humans [14, 15].

The rapid progression of periodontitis observed
in murine models, compared to humans, can be explained
by key differences in immune responses and the
composition of the oral microbiota. In mice, the immune
system typically mounts a faster and more intense
inflammatory response to bacterial accumulation,
leading to more immediate tissue destruction and bone
loss. Furthermore, the oral microbiota in mice may be
more predisposed to support the growth of
periodontopathogen bacteria, facilitating the swift
development of periodontal disease. In humans, by
contrast, periodontitis tends to progress more slowly due
to the complex interplay of host immune responses,
environmental factors, and lifestyle habits, which often
result in a more gradual immune reaction. Additionally,
the shorter lifespan and quicker metabolic rate of mice
contribute to the condensed timeline of disease
progression, making them an ideal model for studying
the acute phases and early events of periodontitis over a
relatively short experimental period [16].

The LIP model in mice is widely employed to
investigate the mechanisms underlying periodontal
disease. However, the progression of disease in mice
may not fully mirror the pathophysiology of human adult
periodontitis. While the LIP model successfully induces
inflammation and bone loss by promoting plaque
accumulation around ligated teeth, human periodontitis
is a chronic condition that evolves over years, driven by
a complex interplay between bacterial infection, host
immune responses, and environmental factors.
Furthermore, there are significant anatomical differences
between murine and human periodontal tissues,
variations in immune responses, and the shorter lifespan
of mice, which all limit the extrapolation of findings
from murine models to human periodontitis.
Consequently, caution is needed when interpreting data
from these models, and complementary studies are
essential to fully understand the disease mechanisms in
humans [5, 19].

Although murine models simulate key aspects
of periodontal inflammation and bone loss, notable
differences in immune response pathways such as
cytokine and chemokine signaling and oral microbiota
composition highlight the challenges of using these
models for human disease. Additionally, the more acute
disease progression in mice contrasts with the prolonged
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and complex course of human periodontitis, which
involves ongoing tissue destruction and immune
dysregulation. Anatomical differences, particularly in
the structure of the periodontal ligament and the capacity
for alveolar bone regeneration, further complicate the
direct translation of murine data to human periodontitis
[18-20].

The induction of periodontitis in murine models
holds significant importance for advancing our
understanding of periodontal disease and its associated
inflammatory processes. By successfully establishing a
reliable and reproducible model, we are able to closely
mimic the pathological features of human periodontitis,
such as alveolar bone loss [17-19]. In the LIP model,
bone loss occurs rapidly and predominantly in a
horizontal manner. This contrasts with the bone loss
observed in humans with periodontitis, which can
progress more slowly and present both horizontal and
vertical patterns.

The differences in the rate and pattern of bone
resorption between the two species highlight the
variability in periodontal disease progression and the
importance of considering these factors when translating
experimental findings from animal models to human
clinical settings. This allows for detailed exploration of
the molecular and cellular mechanisms driving the
disease, offering critical insights into potential
therapeutic targets for periodontitis [7].

Moreover, this murine model of inflammation
extends beyond periodontal research. Chronic
inflammation, as seen in periodontitis, is a hallmark of
numerous systemic diseases, including cardiovascular
disease, diabetes, and autoimmune disorders. The LIP
model provides a controlled environment in which the
inflammatory response can be studied and modulated. By
targeting the pathways involved in the inflammation and
bone resorption observed in periodontitis, researchers
can explore novel therapeutic strategies that may have
broader applications for other diseases characterized by
similar inflammatory mechanisms. In this way, the
murine model of periodontitis can serve as a platform for
testing anti-inflammatory drugs, biologics, or other
interventions aimed at reducing tissue destruction and
improving disease outcomes, not only in periodontal
disease but in other inflammatory conditions as well [19,
20].

CONCLUSION

This murine model of periodontitis is a valuable
tool for conducting experiments involving inflammatory
conditions within a short time frame. The results support
the relevance of this model to provide valuable insights
into the underlying mechanisms of bone loss and could
contribute to the development of targeted therapeutic
strategies for conditions involving bone resorption in
periodontitis.
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