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Abstract
Background: Although widely used in periodontal research, rodents are naturally re-
sistant to periodontitis. Conventional models, such as ligature-induced periodontitis, 
often fail to sustain defects due to spontaneous tissue regeneration after ligature 
removal. To address this, we refined a rat ligature-induced model of experimental 
periodontitis to better mimic the chronic, progressive nature of human periodontitis.
Methods: As a first step, following a split-mouth design, we compared the effective-
ness of 3/0 silk thread and 0.008-inch orthodontic wire as ligature materials. Ligatures 
were applied around the left mandibular first molar for 6, 10, and 14 days. Periodontal 
pocket irrigation was performed every second day using a suspension of P. gingivalis, P. 
intermedia, and S. gordonii. As a second step, we evaluated whether silk-ligature alone, 
without human periopathogens, would be sufficient to induce a stable and progres-
sive periodontal lesion. For that purpose, a silk ligature was removed on day 14, and 
the bone defect dynamics were monitored at 14-, 21-, and 28-days post-removal using 
micro-CT.
Results: Both wire and silk ligatures, in combination with bacterial irrigation, effec-
tively induced rapid interproximal alveolar bone loss. However, silk ligature only, 
without periodontopathogen colonization, resulted in significantly lower bone loss 
(1.076 ± 0.22 mm vs. 2.012 ± 0.374 mm; p = 0.003) and the induced alveolar bone de-
fects gradually resolved again over time.
Conclusions: The proposed rat model of periodontitis is well characterized and repli-
cates human disease by sustaining colonization with viable periopathogens, leading to 
progressive disease with alveolar bone loss. The suggested model is straightforward, 
easy to establish and can be used reliably in preclinical studies.
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1  |  INTRODUC TION

The prevalence of periodontal disease remains consistently high 
across all age groups and continues to rise worldwide. It is esti-
mated to affect approximately 62% of all adults.1–3 The progres-
sion of periodontitis is driven by genetic and systemic factors, 
dentition, lifestyle, and the interaction between microbial bio-
film, particularly Porphyromonas gingivalis, and the host immune 
response.4 A significant challenge in studying systemic conditions 
affecting the development and progression of periodontitis is the 
absence of a representative animal model of periodontitis.5,6 
Laboratory rodent models of periodontitis are the most widely 
used due to financial constraints, husbandry issues, and ethical 
considerations associated with the use of larger mammals such 
as dogs and non-human primates, which are more representa-
tive models.5 Common laboratory rodents, such as mice and 
rats, are typically resistant to spontaneous periodontitis and 
less likely to develop the disease without external stimuli.5,7 The 
various rodent models that have been introduced for experimen-
tal periodontitis include bacterial irrigation (infection/gavage), 
periodontal inoculation and chemically- and ligature-induced 
periodontitis.8 The latter has been shown to induce rapid al-
veolar bone loss (ABL)—a key clinical indicator of periodontitis 
progression—through a combination of mechanical trauma and 
biofilm accumulation, thereby serving as a burst model of peri-
odontal breakdown.9 However, ligature placement alone does not 
replicate the pathogenesis of chronic periodontitis observed in 
humans and is therefore unsuitable for studying the effects of 
systemic diseases on immune response and bone metabolism in 
the periodontium, as laboratory rodents lack key human perio-
pathogens. Based on the current understanding of periodontitis 
etiology, which follows the polymicrobial synergy and dysbiosis 
model, keystone pathogens such as P. gingivalis are essential and 
can enhance the virulence of the entire microbial community by 
interacting with supplementary pathogens, ultimately driving 
periodontitits progression.10 Many studies performed in rodents 
have reported rapid bone regeneration, which occurs within 
4–9 days after ligature removal.11,12 In mice, complete healing oc-
curred within 7 days without any treatment.13 The administration 
of a bacterial suspension through oral gavage alone is not highly 
effective, as it requires more than 8 weeks to induce only minor 
ABL and necessitates the use of periodontitis-susceptible geneti-
cally modified animals.8,14–16

The present study aimed to optimize a well-established 
ligature-induced periodontitis model in rats by developing a 
reproducible, practical, and straightforward approach for in-
ducing advanced periodontitis through the incorporation of vi-
able human periopathogens. To achieve this, we employed the 
ligature-induced model to initiate ABL and gingival injury, fol-
lowed by targeted irrigation of the periodontal pockets with 
viable periopathogens to ensure effective microbial coloniza-
tion, thereby promoting sustained bone loss even after ligature 
removal.

2  |  METHODS

2.1  |  Sample size calculation

The sample size was determined using a sample size calculator,17 
based on the ABL data reported by Bueno et al18 A sample size of 
three per group was determined to be sufficient for detecting a sig-
nificant difference in ABL with 80% power and a Type I error rate 
(α) of 5%. To account for potential animal loss following recovery 
from ketamine/xylazine anesthesia, an attrition rate of 10% was 
applied.19

2.2  |  Animals

Animal experiments were approved by the Animal Ethics Committee 
and Animal Research Authority of the University of Sydney (No. 
2024/2444) and conducted in compliance with the NSW animal 
welfare legislation and the Australian Code for the Care and Use 
of Animals for Scientific Purposes and were treated according to 
the ARRIVE guidelines.20 Forty-two 20-week-old female Sprague–
Dawley rats were used for this study (Ozgene, Perth, WA, Australia). 
A detailed distribution of animals across groups and the experiments 
performed is presented in Table 1, while the sequence of events is 
described later in this report. The rats were housed 3–4/cage with a 
12-h light/dark cycle with chow and water available ad libitum. Room 
temperature was maintained at 21(±1)°C.

2.3  |  Bacteria

All the bacteria were cultured in a liquid medium containing brain 
heart infusion (BHI) broth (Cat. 110493, Merck Life Science, 
Bayswater, VIC, Australia), supplemented with 5 g/L yeast ex-
tract (Cat. Y1625, Sigma-Aldrich, Scoresby, VIC, Australia) and 5% 
defibrinated sheep blood (Cat. SB100, Serum Australis Pty Ltd., 
Australia) or Columbia blood agar (Cat. CM0331B, Oxoid Ltd., 
Hants, UK) supplemented with 5 g/L yeast extract and 5% defibri-
nated sheep blood.

Anaerobic conditions for P. gingivalis W83 (Cat. BAA-308, ATCC, 
USA) and P. intermedia VPI 4197 (Cat. 25611, ATCC, USA) were es-
tablished using Anaerocult system (Cat. 1.32369; Cat. 1.14226; Cat. 
1.32371, Millipore, Darmstadt, Germany), with incubation at 37°C 
for 48 h in broth or 7–9 days on agar until visible growth was ob-
served. S. gordonii (Cat. 35405, ATCC, USA) was cultured under aer-
obic conditions at 37°C for 24 h in 10% CO2.

2.4  |  Testing of bacterial viability in broth under 
long-term storage

Colonies of P. gingivalis and P. intermedia were cultured on blood 
agar under anaerobic conditions for 7–9 days, using the Anaerocult 
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system. After incubation, the bags containing the agar plates were 
opened inside an anaerobic chamber (Bugbox, Baker, Sanford, 
MA, United States) maintained with 10% CO2, 5% H2, and 85% 
N2. Bacterial colonies inside the anaerobic chamber were picked 
and resuspended in BHI broth supplemented with 5 g/L yeast ex-
tract, with or without the addition of 10 g/L sodium carboxym-
ethyl cellulose (CMC, Cat. 9004-32-4, Sigma-Aldrich, Bayswater, 
VIC, Australia). The suspension was then filtered through a 70 μm 
cell strainer (Cat. 833945070, Sarstedt, Germany). S. gordonii sus-
pension was prepared using the same method but under aerobic 
conditions.

The total viable bacterial concentration in the suspension was 
determined by measuring absorbance at OD 600 nm. The OD was 
set to 1.5 for P. gingivalis and P. intermedia, and 0.6 for S. gordonii, 
corresponding to 1 × 1010–1011 viable cells/mL. After preparing the 
bacterial suspension in the BHI broth with or without CMC, the sus-
pension was loaded into a 1 mL insulin syringe (Cat. SS10M2913KA, 
Terumo, USA), by removing the syringe plunger and carefully dis-
pensing the liquid into the barrel. This method was necessary due to 
the high viscosity of the liquid, which made it impossible to draw the 
suspension directly into the syringe. Photos of the syringes loaded 
with bacterial suspension are shown in Figure  S1L. Syringes with 
bacterial suspension were stored at +4°C in a light-proof box. At 
0, 3, 24, 48 h, 8 and 14 days after suspension preparation, 20 μL of 
bacterial suspension in broth, with or without CMC, was cultured 
on blood agar.

2.5  |  Ligature placement

Each animal was anesthetized with an intraperitoneal injection of 
ketamine (75 mg/kg) (Ketamav 100, Mavlab, Australia) and xylazine 
(3 mg/kg) (Xylazil-20, Ilium, Australia). Eye lubricant was applied, and 
the rat was positioned on the table with a mouth gag (Cat. T2000, 
iM3, Australia) (Figure S1K). For the wire ligature, a stainless-steel 
orthodontic ligature wire (d = 0.008 inches, ORMCO, Glendora, CA, 
USA) was used, and for the silk ligature, a 3/0 silk suture (Look Silk 
Sutures, Cat. X786B, Westwood, MA, USA) was used. Local infil-
tration anesthesia was administered on the facial aspect of the 
mandibular first left molar with 3% Mepivacaine (Scandonest 3%, 
Septodont, USA).

The silk suture was placed as follows. The gingival papilla was 
retracted on both the lingual and buccal sides using a Gracey 
curette (Figure  S1A), a pre-bent ligature wire (Figure  S1B) was 
passed through the interdental space from the lingual side on 
both sides to create a loop, and the silk thread was inserted 
(Figures  S1C–F). The wire was threaded through the interden-
tal space and positioned around the first molar, where a ligature 
was placed (Figures S1G–J). For the wire ligature placement after 
gingival retraction, a pre-banded wire was threaded through 
the interdental space between the first and second molars 
(Figures S1A–D) and twisted around the first molar using a nee-
dle holder.

After the successful placement of the ligature, ketamine/xyla-
zine anesthesia was reversed with a subcutaneous injection of ati-
pamezole 1 mg/kg (Atipamezole, Ilium, Australia). For the first 3 days 
after ligature placement, rats were provided with chow pellets bro-
ken into small pieces and napa nectar gel (Cat. NC9479557, Se Lab 
Group Inc., NC, USA) to reduce any pain associated with mastication 
following the ligature placement.

2.6  |  Periodontal pocket irrigation

The suspension for periodontal pocket irrigation was prepared by 
mixing bacterial suspensions of P. gingivalis and P. intermedia at OD 
1.5 and S. gordonii at OD 0.6 in the BHI broth with 10 g/L CMC 
in equal volumes under anaerobic conditions. The prepared sus-
pension was then stored in syringes at +4°C in a light-proof box 
for up to 14 days until use. For periodontal pocket irrigation, rats 
were anesthetized with isoflurane. Once anesthetized, they were 
placed on their backs, and the mouth was opened using a rodent 
wire mouth gag (Cat. D1032, iM3, Australia). The cheek was re-
tracted with a spatula, and access to the pharynx from the oral cav-
ity was blocked with a cotton stick to prevent excess absorption 
of the suspension and prevent the risk of aspiration (Figure S1M). 
Periodontal pocket irrigation was performed by inserting the tip of 
the needle between the ligature and the first molar, irrigating the 
gingival sulcus from both the vestibular and lingual surfaces. For 
each periodontal pocket irrigation, 80–100 μL of the suspension 
was used. After completing the bacterial irrigation procedures, the 
remaining bacterial suspension from the syringe was seeded onto 

TA B L E  1  The experimental groups of animals.

Group Timeline and number of animals per time point (n)

Determination of the optimal material and time for the periodontal bone lesion formation

Wire ligature 6 days, n = 3 10 days, n = 3 14 days, n = 4

Silk ligature 6 days, n = 3 10 days, n = 3 14 days, n = 4

Investigation of the stability of alveolar bone defects following ligature removal and the persistence of periopathogenic bacterial microflora in 
induced periodontal lesions

Control 14 days, n = 3 21 days, n = 3 28 days, n = 5

Bacterial suspension 14 days, n = 3 21 days, n = 3 28 days, n = 5
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blood agar and incubated under anaerobic and aerobic conditions 
to assess bacterial viability.

2.7  |  Bacterial PCR

The isolated single colony was resuspended in 200 μL of nuclease-
free water and heated on a heat block at 100°C for 10 min. The 
sample was then cooled and centrifuged at 12 000 g to remove cell 
debris. The reaction volume was set to 25 μL and was prepared ac-
cording to the manufacturer's instruction for GoTaq® Colorless 
Master Mix (Cat.M7132, Promega, USA).

The following primer pair sequences were used in this study:

P. gingivalis (fimA) F: 5′-ATCTGAACGAACTGCGAC-3′,
R: 5′GTTCTGTCCTCGTTGTCTT-3′;
P. intermedia (16sRNA) F: 5′-GTCCACATATGGCATCTG-3′,
R: 5′-ATACGTTGCGTGCACTCA-3′;

The PCR reaction consisted of 30 amplification cycles and was 
performed according to the manufacturer's guidelines. PCR prod-
ucts were analyzed by electrophoresis on a 1.0% agarose gel (GelRed 
Agarose LE, Cat.41029-50G, Biotium, USA), in TAE buffer (Cat.161–
0743, Bio-Rad, USA). A DNA marker 100 bp DNA ladder (Cat.G210A, 
Promega, Madisom, WI, USA) was used. The gels were then visual-
ized using a ChemiDoc MP Imaging System (Bio-Rad, USA).

2.8  |  Histomorphometry analysis using 
micro-computed tomography

The isolated mandible was scanned using a micro-computed tomog-
raphy (micro-CT) system (MiLabs U-CT, Netherlands) with the fol-
lowing settings: ultra-focus, accurate mode, total rotation of 360°; 
step size of 0.25°; source settings of 50 kV and 240 μA; and expo-
sure time of 75 ms per step. Images were reconstructed as three-
dimensional images at 10–12 μm voxel size with Imalytics Preclinical 
software version 2.1 (Gremse-IT, Germany).21

ABL was evaluated as the distance from cemento-enamel junc-
tion to alveolar bone crest, using a perpendicular line drawn from the 
cemento-enamel junction with the highest score recorded at five dif-
ferent sites (Site 1—mesial, Site 2—buccal surface, Site 3—interproxi-
mal, Site 4—lingual, and Site 5—bifurcation) as shown in Figure S1P,Q. 
Measurements were taken around the left first mandibular molar (li-
gated site) as well as around the right first mandibular molar (control 
molar) of the same animal, where no intervention occurred.

For bone microarchitectural parameters, regions of interest (ROIs) 
were confined to trabecular bone areas. ROIs in the mandible were 
selected from two regions on both the left (ligated first molar) and right 
(first molar without a ligature) sides. The first ROI was located in the 
trabecular bone area of the interradicular septum of the first molar, fol-
lowing the method adapted from Lee et al. (Figure S1R).22 The second 
ROI was acquired from the mandibular body, positioned below the first 

molar and separated manually by a straight line drawn between the 
mesial and distal roots (Figure S1R), as suggested by Lee et al22 The fol-
lowing parameters were measured within the defined ROIs using the 
‘bone statistics’ function: bone volume fraction, bone mineral density, 
trabecular thickness, and trabecular separation.

2.9  |  Determination of the optimal material and 
time for the periodontal bone lesion formation

Twenty-week-old female SD rats were randomly assigned to two 
groups: wire ligature (n = 10) and silk ligature (n = 10). On day 0, liga-
tures were placed around the first left mandibular molar as previ-
ously described. Starting from day 1, periodontal pocket irrigation 
with bacterial suspension was performed every other day in all rats. 
During each irrigation, ligature stability and retention were assessed, 
with ligature loss leading to exclusion and pre-terminal euthanasia.

On days 6 and 10 (n = 3/group) and day 14 (n = 4/group), rats were 
euthanized via CO2 exposure. Mandibles were extracted, and ligature 
retention and position were evaluated (Figure S1N). The ligatures were 
then placed in 0.2 mL bacterial broth. Within 15 min of sample collec-
tion, 0.1 mL was plated on blood agar and incubated under aerobic and 
anaerobic conditions. The samples of mandibles were stored at −30°C 
for further micro-CT examination. The sequence of events is shown in 
Figure 1A.

2.10  |  Investigation of the stability of alveolar 
bone defects following ligature removal and the 
persistence of periopathogenic bacterial microflora in 
induced periodontal lesions

Twenty-four-week-old female SD rats (n = 22) had a silk ligature 
placed around the first left mandibular molar. They were then ran-
domly assigned to two groups: a control group (n = 11), which re-
ceived periodontal pocket irrigation with the BHI broth containing 
5% yeast extract and 10 g/L CMC, and a test group (n = 11), which 
received irrigation with the same broth containing human periodon-
tal pathogenic bacteria.

For the next 14 days, periodontal pocket irrigation was per-
formed every second day. On day 14, the rats were anesthetized 
with isoflurane, the ligature was removed, and micro-CT imaging 
was conducted to assess ABL caused by the ligature. Post-ligature 
removal, periodontal pocket irrigation continued every second day 
for the next 7 days and was performed once more on day 24.

Rats were euthanized via CO2 exposure on days 28, 35 (n = 3/
group), and 42 (n = 5/group), corresponding to the 14th, 21st, and 
28th days after ligature removal. Periodontal pocket curettage ma-
terial was collected in 0.15 mL of bacterial broth. Within 15 min of 
collection, 0.15 mL of each sample was plated on blood agar and 
incubated under anaerobic conditions. Mandibular samples were 
stored at −30°C for further micro-CT analysis. The sequence of 
events is shown in Figure 1B.
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2.11  |  Statistics

GraphPad PRISM 8.0.1 (Dotmatics) was used for statistical data 
analysis. All the results are presented as mean ± standard deviation 
unless stated otherwise. A one-way ANOVA followed by Tukey's 
multiple comparison test was used to analyze data within a single 
group across different time points. A multiple t test was performed 
to assess statistical significance and p-value of <0.05 was consid-
ered significant.

3  |  RESULTS

3.1  |  Experimental periodontitis did not 
compromise animal well-being

Animal well-being remained unaffected throughout the 
intensive monitoring period, as evidenced by stable body weight 
measurements (Figures S3A and S4A). No animals were prematurely 

euthanized due to ligature loss, as the ligatures remained securely 
in place throughout the entire observation period until the rats 
reached the scientific endpoint (Figure S1N). Only one rat did not 
recover after ketamine/xylazine anesthesia, which was accounted 
for in the attrition rate.

3.2  |  Periopathogens remain viable under 
long-term storage in suspension for periodontal 
pocket irrigation

P. gingivalis, P. intermedia, and S. gordonii in the bacterial suspension for 
periodontal pocket irrigation remained viable when prepared under 
anaerobic conditions and stored at +4°C for up to 14 days. The addi-
tion of 10 g/L CMC to the BHI broth, supplemented with 5 g/L yeast 
extract, did not affect bacterial viability (Figure S2A–C). Additionally, 
even when exposed to oxygen, these bacteria remained viable, as 
confirmed by seeding the remaining bacterial suspension onto agar 
after the periodontal pocket irrigation procedure (Figure S1O).

F I G U R E  1  Flowchart illustrating the experimental design. (A) Two groups of rats (n = 10 per group) received either silk or wire 
ligatures, Following ligature placement, periodontal pocket irrigation with a bacterial suspension containing P. gingivalis, P. intermedia, 
and S. gordonii was performed every other day. Rats were euthanized on days 6 (n = 3/group), 10 (n = 3/group, and 14 (n = 4/group). 
(B) Two groups of rats (n = 11/group) received a silk ligature for 14 days. Following ligature placement, periodontal pocket irrigation 
with a bacterial suspension containing P. gingivalis, P. intermedia, and S. gordonii was performed every second day in group 2 (bacterial 
suspension), In group 1 (control), irrigation was performed with both. The ligature was removed on the 14th day, and micro-CT was 
conducted to assess alveolar bone loss. Afterwards, rats were observed for 14 (n = 3/group), 21 (n = 3/group), and 28 (n = 5/group) days to 
monitor changes in alveolar bone loss.

 25762095, 2025, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/am

e2.70078 by N
ational H

ealth A
nd M

edical R
esearch C

ouncil, W
iley O

nline L
ibrary on [09/02/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



2258  |    SKRYPNYK et al.

3.3  |  Both silk and wire ligatures effectively induce 
ABL, which progresses over time and supports the 
survival of periopathogens

ABL occurs on the 6th day after silk or wire ligature placement, spe-
cifically in the interradicular alveolar bone beneath the bifurcation, 

as confirmed by linear and volumetric measurements (Figures 2A,D 
and 3A,B). However, bone volume fraction revealed significant ABL 
only in the silk ligature group on the 6th day. On the 10th day, the 
ABL on the buccal and interproximal surfaces showed a tendency 
to increase, with significant ABL observed in the silk ligature group 
at the buccal surface and bifurcation site (Figures 2A-D and 3A,B).

F I G U R E  2  Silk and wire ligatures induce alveolar bone defects in a time-dependent manner over 6, 10, and 14 days. (A) Representative 
3D reconstructions and sagittal tomographic sections were obtained from micro-CT scans of control rat molars and at 6, 10, and 14 days 
following the placement of either silk or wire ligatures. (B–D) Alveolar bone loss on the buccal (B), interproximal (C) surfaces, and bifurcation 
(D) was assessed following the placement of wire and silk ligatures at different time points (solid line) in comparison to control molar 
measurements (dashed line). Statistical significance was determined using a one-way ANOVA to evaluate the effect of ligation duration on 
alveolar bone loss and a Student's t test to compare differences between the two groups under varying conditions. Data are presented as 
mean ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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F I G U R E  3  Wire and silk ligatures alter trabecular bone microarchitectural parameters of the interradicular septum in a time-dependent 
manner and promote bacterial colonization of periodontal pockets by human periopathogens. (A) Representative tomograms in the coronal 
plane obtained from micro-CT scans illustrate changes in the interradicular septum of the first mandibular molar induced by wire and silk 
ligatures of control rat molars and at 6, 10, and 14 days after the ligature placement. (B–E) Changes in bone volume fraction (B), bone mineral 
density (C), trabecular thickness (D), and trabecular separation (E) of the interradicular septum of the ligated first left molar (solid line) were 
assessed in comparison to control molar (dashed line) using micro-CT analysis in rats on the 6th, 10th and 14th day after wire of silk ligature 
placement. (F) Representative images of viable bacteria cultured under anaerobic conditions for 9 days from silk and wire ligature samples 
removed on the 14th day after ligature placement. (G) Summary of viable bacterial strains of P. gingivalis and P. intermedia identified by PCR 
analysis of colonies grown on blood agar after 9 days of anaerobic cultivation in animals with silk or wire ligatures at the indicated time points. 
Statistical significance was determined using a one-way ANOVA to evaluate the effect of ligation duration on alveolar bone loss and a Student's 
t-test to compare differences between the two groups under varying conditions. Data are presented as mean ± SD. *p < 0.05, **p < 0.01.
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The highest ABL was observed on the 14th day in the wire and silk 
groups in the buccal (0.618 ± 0.04 mm vs. 0.635 ± 0.115 mm) and inter-
proximal surfaces (1.06 ± 0.19 mm vs. 1.25 ± 0.148 mm) (Figure 2A-C). 
In contrast, ABL at the bifurcation site remained stable, with no sig-
nificant changes compared to the 6th or 10th day (Figures 2A,D and 
3A,B). The silk ligature group exhibited greater and more predictable 
levels of ABL on the buccal and interproximal surfaces, as well as at 
the bifurcation site, which are characteristic patterns for periodonti-
tis. In contrast, the ABL on the lingual and mesial surfaces remained 
unchanged in both groups across all time points (Figure  S3B,C). 
Interradicular septum trabecular bone experienced a loss in mineral 
density and changes in the bone microarchitectural parameters, fur-
ther confirming the activation of bone resorption (Figure  3C–E). In 
contrast, the microarchitectural parameters of trabecular bone in the 
mandibular body remained unaffected in both groups across all the 
observation time points (Figure S3D–G).

Culturing bacteria retained on the ligatures revealed the pres-
ence of viable anaerobic, black-pigmented bacteria growing on 
blood agar, which were identified by PCR as P. gingivalis and P. inter-
media (Figure 3F). P. gingivalis was detected in both groups at all time 
points, whereas P. intermedia colonies appeared only after the 10th 
day, predominantly in the silk ligature group (Figure 3G).

Both materials induced sufficient ABL; however, silk ligatures 
resulted in more predictable ABL, particularly in the interproximal 
area, which is typical for periodontitis. Additionally, silk showed bet-
ter bacterial retention. The optimal period for establishing a bone 
defect was determined to be 14 days, with silk selected as the best 
ligature material.

3.4  |  The presence of viable periopathogens is 
essential for sustaining progressive ABL following 
ligature removal

Periodontal pocket irrigation with a suspension of P. gingivalis, P. 
intermedia, and S. gordonii resulted in a progressive increase in 
ABL over the observation period, with significantly greater ABL 
observed on day 28 after ligature removal at the interproximal 
surface (1.076 ± 0.22 mm vs. 2.012 ± 0.374 mm; p = 0.003) and bi-
furcation site (0.484 ± 0.185 mm vs. 0.818 ± 0.202 mm; p = 0.04) 
(Figure 4A,C,D). In contrast, the extent of ABL on the buccal surface 
did not differ between the two groups or across the observation 
time points (Figure 4B). At the same time, the ABL was unaffected 
on the mesial and lingual surfaces (Figure S4B,C). These linear meas-
urements were further supported by a gradual decrease in inter-
radicular septum bone volume fraction, change in mineral density, 
and the microarchitectural parameters, related to the chronicity of 
inflammation over the observation period (Figure 5A–E). In contrast, 
the aforementioned parameters of the mandibular body remained 
unchanged (Figure S4D–G). The culturing of curettage samples re-
vealed the presence of viable P. gingivalis and P. intermedia in the 
test group, whereas these periodontopathogens were not detected 
in the control group (Figure 5F,G).

4  |  DISCUSSION

This study established and characterized a simple and effective rat 
model of experimental periodontitis that does not compromise ani-
mal well-being. The model utilizes a 14-day silk ligature placement 
to rapidly induce a periodontal defect and create favorable condi-
tions for human periodontopathogen colonization. The presence of 
viable pathogens was found to be essential for sustaining disease 
progression rather than allowing regeneration to occur after the me-
chanical factor (ligature) was removed. Moreover, we introduced and 
validated methods for bacterial suspension preparation and a highly 
reproducible technique for ligature placement, making this model 
standardized and easy to replicate.

One of the challenges in implementing this model was the tech-
nical difficulty of ligature placement. We were unable to place the 
silk ligature directly through the interdental space using forceps due 
to tight interproximal contacts between the teeth, as reported in 
prior works.23,24 To overcome this problem, some researchers have 
performed interproximal area separation, which we found imprac-
tical due to limited reproducibility, and possible dentin or pulp ex-
posure, which negatively affects animal welfare, increasing biofilm 
accumulation, and potentially resulting in the exclusion of animals 
from the study.25,26 Instead, we developed an alternative, reliable 
method for ligature placement that overcomes these challenges, as 
detailed in the Methods section.

We posit that extending the ligation period beyond 14 days is 
unnecessary, as both wire and silk ligatures tend to loosen after 
10–14 days due to extensive alveolar bone resorption, resulting 
in loss of tight attachment to the tooth (Figure S1N). While the 
ligature may remain in place beyond this period, we argue that 
it can only function effectively as a reservoir for bacterial colo-
nization when it maintains close contact with the gingiva. From 
a clinical perspective, ligature placement in localized periodon-
titis models simulates mechanical factors such as overhanging 
restorations, poorly fitted prosthetic constructions or improper 
interdental contacts, which promote food impaction and serve 
as sites for increased bacterial biofilm formation—conditions that 
typically involve close contact with the tooth and surrounding 
periodontal tissues. The removal of the ligature corresponds to 
the clinical resolution of these factors, such as the restoration of 
proper interdental contact or the replacement of an overhanging 
restorations or prosthetic constructions.27 In a mouse model of 
experimental periodontitis induced by silk ligatures, the inflam-
matory response initiates around day 4, peaks by day 8, and con-
tinues to intensify up to day 14 of ligation.28 Maintaining a loose 
ligature beyond the initial period is not meaningful, as 14 days 
are sufficient for the formation of a biofilm, which will continue 
to sustain inflammation within the periodontium. Moreover, in 
our model, the ligature serves to rapidly induce a gingival wound 
that facilitates the colonization of periopathogens and leads to 
progressive ABL, in contrast to the oral gavage model where 
bacterial colonization may occur but does not typically result in 
intensive ABL in rodents.14
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Meanwhile, another study on rats has reported a significantly 
lower ABL in the interproximal area after 24 and 35 days of differ-
ent ligature types, including various metal wires and silk ligatures, 
but without human periopathogen exposure.29 In contrast, our 
findings demonstrated greater ABL after just 14 days of ligation 
combined with bacterial irrigation, highlighting the critical role 
of human periodontopathogens in ABL, which was confirmed 
by linear, volumetric and bone parameter measurements by 

micro-CT, which is as informative as histological measurements.18 
We showed that the ABL in rats with viable periodontal patho-
gens does not heal but instead progresses over time after ligature 
removal. This contrasts with other models that produced either 
regeneration or stabilization of the ABL following ligature re-
moval,12,13,24,25 and underscores the critical role of viable human 
periodontopathogens in disease progression, rather than attribut-
ing disease solely to the direct mechanical trauma caused by the 

F I G U R E  4  The presence of human periodontal pathogens accelerates alveolar bone loss following silk ligature removal and inhibits 
bone regeneration during the 14, 21, and 28-day observation period. (A) Representative 3D reconstructions and sagittal plane tomograms 
were obtained from micro-CT scans of rats on the 14th, 21st, and 28th days after ligature removal. These scans were conducted for rats 
with periodontal pocket irrigation performed with either broth (control) or bacterial suspension. (B–D) Alveolar bone loss on the buccal (B), 
interproximal (C) surfaces, and bifurcation (D) was assessed after the removal of the ligature and on the 14th, 21st and 28th day (solid line) 
in comparison to control molar measurements (dashed line). Statistical significance was determined using a one-way ANOVA to evaluate 
the effect of ligation duration on alveolar bone loss and a Student's t-test to compare differences between the two groups under varying 
conditions. Data are presented as mean ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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F I G U R E  5  The presence of viable human periopathogens in periodontal pockets impedes bone defect healing. (A) Representative 
tomograms in the coronal plane obtained from micro-CT scans illustrate changes, such as reactive sclerosis, related to chronicity of 
inflammation, in the interradicular septum of the first mandibular molar induced by silk ligatures on the 14th, 21st, and 28th days of 
observation after ligature removal. (B–E) Changes in bone volume fraction (B), bone mineral density (C), trabecular thickness (D), and 
trabecular separation (E) of the interradicular septum of the ligated first left molar (solid line) were assessed in comparison to control molar 
(dashed line) using micro-CT analysis in rats on the 14th, 21st and 28th days after the ligature removal. (F) Representative images of viable 
bacteria cultured from curettage material under anaerobic conditions for 9 days, obtained from control and bacterial suspension samples 
collected from rats on the 28th day of observation after ligature removal. (G) Summary of viable P. gingivalis and P. intermedia bacterial 
strains identified by PCR analysis of colonies grown on blood agar after 9 days of anaerobic cultivation in animals that underwent periodontal 
pocket irrigation with broth (control group) or bacterial suspension at the indicated time points (days after ligature removal). Statistical 
significance was determined using a one-way ANOVA to evaluate the effect of ligation duration on alveolar bone loss and a Student's t-test 
to compare differences between the two groups under varying conditions. Data are presented as mean ± SD. *p < 0.05, **p < 0.01.
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ligature and endogenous biofilm accumulation, as highlighted by 
de Molon et al14,25

In the proposed model, periodontitis is considered established 
after ligature removal on the 14th day, as this eliminates the me-
chanical pressure exerted by the ligature, which may otherwise 
contribute to periodontal destruction. Both wire and silk produce 
comparable outcomes in terms of ABL and are good substrates 
for colonization by bacteria, as reported previously.30 However, 
in our study, silk ligatures showed superior periopathogen col-
onization and induced significantly greater ABL in a split-mouth 
design. Therefore, silk was selected as the preferred material for 
ligature placement. Our model does not require prior suppression 
of the rats' oral endogenous microflora through antibiotic admin-
istration to establish colonization of periodontal pockets with 
human periopathogens.31–33 This approach also minimizes the po-
tential impact of antibiotics on the reproducibility of the model. 
Among all known human bacteria associated with periodontitis, 
P. gingivalis was chosen as it is a key pathogenic species involved 
in the initiation and progression of the disease. It possesses mul-
tiple virulence factors and can alter the endogenous microflora, 
contributing to dysbiosis and disease progression, as discussed 
elsewhere.10,34 S. gordonii, as an ‘accessory pathogen’, is essen-
tial for facilitating the colonization of P. gingivalis because, on its 
own, the latter fails to establish itself in periodontal pockets.35,36 
Moreover, the combined presence of S. gordonii and P. gingivalis in 
animal models has been shown to lead to a significantly greater 
ABL than either organism alone through multiple molecular mech-
anisms, which have been discussed elsewhere.10,34,37 P. intermedia 
is a periodontopathogen associated with severe periodontitis and 
necrotizing forms of periodontal disease, particularly in patients 
with systemic chronic conditions such as diabetes, respiratory 
and cardiovascular diseases.38 It utilizes a heme uptake system, in 
which the heme-binding lipoprotein HmuY plays a dominant role, 
facilitating heme acquisition and enhancing the virulence of P. gin-
givalis, as well as other mechanisms which have been discussed 
elsewhere.38,39 Laboratory rodents do not naturally harbor human 
periopathogens, as demonstrated in our control group. Therefore, 
the exogenous introduction of these pathogens is essential to rep-
licate the pathogenesis of human periodontitis in a rat model, as 
ligature placement alone is insufficient to reproduce the complex 
disease observed in humans.

We demonstrated the persistence of viable P. gingivalis and P. in-
termedia in the periodontal pockets of rats. In previous studies, their 
presence was confirmed using PCR, which does not indicate bacte-
rial viability.14,33 We also demonstrated that bacteria in the microbial 
suspension for periodontal pocket irrigation remained viable for up 
to 14 days, ensuring consistency in bacterial concentration during 
each irrigation and reducing the time required for daily suspension 
preparation.

The limitations of this study include a relatively small sam-
ple size and the inability to fully replicate the complex microbial 
environment characteristic of human periodontitis, highlighting 
the need for future validation in larger cohorts. Additionally, the 

specific mechanisms underlying chronic, progressive ABL fol-
lowing the colonization of rat periodontal pockets with human 
periopathogens remain unclear. Further research is warranted to 
elucidate the inflammatory pathways involved in the pathogene-
sis of periodontitis. It is yet to be determined whether this occurs 
due to shifts in the native rat microbiota toward a more patho-
genic state mediated by P. gingivalis and P. intermedia or through 
their direct influence. Later observation time points, such as 6 
and 8 weeks, could be included to better evaluate the dynamics of 
defect progression over time. A potential source of measurement 
bias in this study arises from the use of the split-mouth design. 
Although this approach is widely accepted in dental research, the 
untreated contralateral site may not adequately represent a true 
control.40 Localized periodontitis on one side of the jaw can induce 
systemic inflammation, which may in turn affect ABL and peri-
odontal status on the opposite side. To mitigate this potential bias, 
the inclusion of a separate control group comprising completely 
untreated animals is recommended, allowing for a more reliable 
baseline comparison. Another potential source of bias relates to 
the lack of hormonal monitoring, as the study used female rats, and 
fluctuations in estrogen levels are known to influence periodontal 
inflammation and bone metabolism. This effect is particularly rel-
evant in older or ovariectomised animals.41 However, in our study, 
we used young, skeletally mature female rats, which are known 
to exhibit regular estrous cycles and stable hormone levels.42 
Therefore, while we acknowledge this as a theoretical limitation, 
we believe that the absence of estrous cycle monitoring is unlikely 
to have significantly impacted the outcomes of our study. Future 
studies should address these limitations.

5  |  CONCLUSION

The proposed model successfully induced an initial alveolar bone de-
fect by combining silk ligature-induced periodontitis, which mechani-
cally triggered rapid ABL while promoting biofilm accumulation and 
the retention of exogenous human periodontopathogens. The per-
sistence of viable periodontopathogens was essential for sustained 
disease progression, enabling the investigation of their pathogenic 
mechanisms, interactions with the immune system, and microbial 
dynamics within periodontal pockets. This model may serve as a 
platform for evaluating host modulation or regenerative therapies in 
established periodontitis.
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