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Although periodontal disease is one of the most common (oral) diseases in dogs, an

effective treatment approach to periodontitis lacks. The aim of this study was to evaluate

the safety and efficacy of a regenerative, bio-absorbable implant biomaterial made of

medical-grade porcine gelatin, which is cross-linked by transglutaminase into a porous

scaffold for the treatment of periodontitis in dogs in a clinical setting. Nine client-owned

dogs were included in this multicenter, prospective interventional clinical study. A split-

mouth design was used to treat any teeth with periodontitis; teeth on one side of

the mouth were treated with open periodontal therapy alone (control teeth) and teeth

on the other side were treated with open periodontal therapy and the tested implant

(teeth treated with the implant). A recheck under general anesthesia was performed 3

months after the initial treatment and included periodontal probing, dental radiographs,

and/or cone-beam computed tomography (CBCT) of the teeth included in the study.

This revealed a reduction of the probing depth (PD) at all teeth, but in teeth treated with

the implant, a statistically significant improvement (average 2.0mm) over control teeth

(average 1.0mm) was diagnosed. Similarly, alveolar bone height was increased at most

of the teeth, but in teeth treated with the implant, a statistically significant improvement

(average 1.26mm palatally and 1.51mm buccally) over control teeth (average 0.58mm

palatally and 0.7mm buccally) was observed for the buccal site. Open periodontal

therapy alone improves clinical parameters and alveolar bone height in dogs with

periodontitis, which is further significantly improved by the addition of the implant used.

Keywords: dog, periodontitis, regenerative treatment, gelatin tissue scaffold, split-mouth design

INTRODUCTION

Periodontal disease has long been considered one of the most common (oral) diseases of dogs
with a significant welfare impact (1). However, an effective regenerative treatment approach to
its advanced form–periodontitis–is still lacking (2–4). The hallmark of periodontitis is attachment
loss, where gingiva, periodontal ligament, cementum, and bone are affected due to the chronic
inflammatory process associated with the shift in the oral microbiome and several other risk factors
(3). Treatment of periodontitis is currently aimed at (mostly mechanical) infection control and the
creation of an environment amenable to repair or, at best, partial regeneration of the lost complex
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periodontal tissues (2, 4). The degree of regeneration depends
on the type of the cells/tissues that first repopulate the area
of lost periodontium tissues; therefore, regenerative procedures
mostly involve the use of a barrier to prevent repopulation
by gingival epithelial cells, which are the fastest to repopulate
the healing pocket. Repopulation of the treated pocket with
epithelium results in repair by a long junctional epithelium
instead of regeneration with bone, cementum, and periodontal
ligament (2, 4).

Treatment planning in periodontitis cases has to take into
consideration several factors (client-, patient-, and environment-
related), with the pattern of alveolar bone loss that plays a
significant role when applying regenerative treatment techniques.
Infrabony pockets (i.e., periodontal pockets with a base apical
to the alveolar margin occurring in conjunction with vertical
bone loss) with more bony walls surrounding them have greater
potential for the regeneration of lost periodontal tissues as
compared to infrabony pockets with less bony walls, and different
therapeutic approaches will be applied in these cases than in the
treatment of suprabony pockets (i.e., periodontal pockets with a
base coronal to the alveolarmargin occurring in conjunction with
horizontal bone loss) (5, 6).

The classic approach to periodontal tissue regeneration
is guided tissue regeneration that employs the use of a
physical barrier (barrier membrane with or without a
particulate graft) between the prepared root surface and
the gingival tissues that mechanically prevents apical migration
of the epithelium. This technique is currently indicated
for the treatment of stage 2 furcation lesions and selected
two- or three-walled infrabony pockets, while suprabony
pockets are generally considered poor candidates for guided
tissue regeneration. More recent approaches, however, are
based on tissue engineering with biologic mediators that
manipulate signaling molecules, scaffolds, and/or cells and
the exact indications for these procedures have yet to be
determined (2, 4).

The aim of this study was to evaluate the safety and
efficacy of a regenerative, bio-absorbable implant biomaterial
made of medical-grade porcine gelatin, which is cross-linked by
transglutaminase into a porous scaffold (ReGumTM, BioChange
Ltd, Yokneam, Israel) (referred to in the text as “the implant”)
for the treatment of periodontitis in dogs in a clinical setting.
The implant (in a liquid form) has recently been successfully
used for the management of urethral sphincter mechanism
incompetence in client-owned dogs (7). Gelatin is produced
from collagen by a denaturation process in which most of
its cellular binding sites are preserved. These sites hold an
important role in signal transduction cell activity regulation
(8–10), promoting its ability to serve as a tissue scaffold. Its’
biocompatibility, adhesiveness, mechanical properties, and low
immunogenicity make gelatin an ideal biomaterial to use as
an implant for tissue regeneration (11–13). The crosslinking of
gelatin polymer with transglutaminase leads to the formation of
a stable matrix. The porous structure of the implant presents a
high surface area with an abundance of cellular binding sites,
allowing migration of surrounding cells and stimulation of tissue
growth (14, 15).

MATERIALS AND METHODS

This multicenter, prospective interventional clinical study
included 9 client-owned dogs. Eight of the dogs had
mesaticephalic heads and one was brachycephalic. All dogs
were considered systemically healthy based on anamnesis, pre-
anesthetic clinical examination, and results of complete blood
count and blood biochemistry. To be included in the study,
the dogs must not have been treated with nonsteroidal anti-
inflammatory medication, corticosteroids, and/or antibiotics 3
months prior, and an informed consent form was obtained from
all clients.

Initially (T0) and at the 3-month recheck (T90), all dogs
were evaluated under general anesthesia following established
routine and standardized protocols. The detailed oral and dental
examination included full-mouth periodontal probing (using
UNC 15 probe, Integra Miltex, Tuttlingen, Germany) and
dental charting and was performed according to the American
Veterinary Dental College (AVDC) guidelines for dogs. Clinical
findings were supported by full-mouth dental radiographic
examination using the size 2 and 4 imaging plates (Progeny,
Midmark, USA or Sopix, Acteon, England) and/or cone-beam
computed tomography (CBCT) (NewTom, 5G XL, Bologna,
Italy) (cases by JG). Intraoral dental radiography was exposed
in the same projections and positions both at T0 and at T90.
The interpretation of dental radiographs included assessment
of the alveolar bone (quality, height, and the edge at the inter-
radicular and inter-dental spaces), periodontal ligament space
width, and regularity. CBCT diagnostic imaging was performed
at T0 and T90 that evaluated 18 teeth (9 treated with the
implant and 9 control teeth), pertaining to 7 dogs. Scans were
analyzed with the use of NNT viewer, software provided by
the manufacturer (version: 10.1; QR SRL, Verona, Italy). At
both times, the volumetric assessment of dentition was set up
for the same high-resolution mode (10 × 10 cm with 0.15mm
layers). Both readings were made in the same orientations of axes
and locations measuring alveolar bone height with the use of
maximummagnification. To evaluate the effect of the treatments
on the alveolar bone, the distance between the alveolar bone level
(ABL) and cementoenamel junction (CEJ) was measured.

Regional nerve blocks were performed as clinically indicated,
and all teeth were scaled supra and subgingivally with an
ultrasonic scaler (iM3 42–12, Sydney, Australia or Newtron
P5 BLED, Acteon, England). Teeth with perio-endo lesions,
severely mobile teeth, and/or teeth with any other pathology were
extracted as clinically indicated.

A split-mouth design was used to treat any teeth with
advanced periodontitis (PD2 to early PD4); teeth on one side of
the mouth were treated with open periodontal therapy (standard
of care) (control teeth) and teeth on the other side were treated
with open periodontal therapy and the implant (teeth treated
with implant). Randomization was achieved by a coin toss (teeth
of the right side of the mouth received the implant when the
coin fell with the number up). At all the treated teeth, an
initial sulcular incision was performed, followed by one or two
vertical releasing incisions to enable reflection of a full-thickness
mucoperiosteal flap (6) as clinically indicated. Root planing was
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performed with a curette (#1/2 Gracey Curette, Integra, Miltex,
Tuttlingen, Germany). On the control side, the flap was replaced
to its original position and sutured with poliglecaprone 25, 5–
0 (Monosyn, Braun, Hessen, Germany or Monocryl, Johnson
& Johnson, New Jersey, USA) in a simple interrupted manner
immediately upon completion of the root planing, while at the
teeth treated with an implant, the implant was placed in the defect
before the flap was replaced to its original position and sutured
in the same manner as on the control side. Before placement,
the sterile implant was cut to size and soaked in sterile Ringer’s
lactate solution (Fresenius Kabi, Graz, Austria) for 30 s as per
the instructions of the manufacturer, prolonging the standard
procedure for about 2min per tooth treated with the implant.

Due to the length of the procedures, all dogs received
perioperative antibiotic therapy with ampicillin (Ampicillin TZF,
Polfa Tarchomin, Poland or Ampicillin Stada, STAD Nordic,
Denmark) 20 mg/kg IV at induction and none of the dogs
received post-operative antibiotic therapy. All dogs were treated
with a non-steroidal anti-inflammatory medication (meloxicam
(Metacam, Boehringer Ingelheim, Germany) 0.2 mg/kg upon
induction and continued with 0.1 mg/kg/24 hours perorally for
4 days). All dogs were sent home with a topical chlorhexidine
gluconate of 0.12% oral rinse (Paroex, Sunstar, Etoy, Switzerland)
to be used twice daily for 2 weeks. All animals were offered soft
food later the same day of the procedure. Soft food was given
until the first recheck 2 weeks after the procedure. To control
for any difference in oral home care, the clients were instructed
not to brush their dog’s teeth until the recheck. Diet was not
standardized, but the clients were asked not to change the diet
(apart from softening it in the first 2 weeks) during the study.

A recheck under general anesthesia was performed 3 months
(T90) after the initial treatment (time was determined based
on what is usually recommended for treatment rechecks) and
included periodontal probing, dental radiographs, and/or CBCT

of the teeth, which are also included in the study. All dogs were
evaluated, treated, and rechecked by the same examiner (JG 8
dogs or PS 1 dog).

For statistical evaluation, the probing depth (PD) data were
analyzed for 11 pairs of teeth, and the CBCT bone measurements
on the buccal and palatal/lingual side were analyzed for 9 pairs
of teeth (control teeth vs. teeth treated with implant). The
relatively small sample size prevented assumptions about data
distribution, therefore, a non-parametric Wilcoxon signed-rank
test was employed. The paired t-tests with normality assumptions
were used to compare the means of the two groups. The data
were analyzed using the SPSS version 28.0 program. A significant
difference was considered when p < 0.05.

RESULTS

Nine dogs and 22 teeth were included in the study. The mean
age of the dogs was 8 years and 11 months and the mean
bodyweight was 16.3 kg. Among the treated 22 teeth, 16 teeth
were three-rooted, 4 two-rooted, and 2 single-rooted (canine
teeth). Two teeth were located in the mandible and 20 in the
maxilla. All procedures were uneventful and all periodontal
probing andCBCTmeasurements before (T0) and 3months after
the treatment (T90) are presented in Tables 1, 2.

Clinically, the assessment of the treated teeth revealed
completely healed flaps at all the teeth. At T90, gingival
bleeding index (GBI) remained unchanged or was improved
when compared with T0 for most of the treated teeth. PD at
T90 as compared to T0 was reduced by an average of 1.0 (0–
4) mm at the teeth treated with open periodontal therapy alone
and by 2.0 (0–4) mm at the teeth treated with open periodontal
therapy and the implant. PD at the teeth was treated with open
periodontal therapy and the implant was improved significantly
more as compared to the control teeth treated with open

TABLE 1 | Clinical parameters of the treated teeth at the presentation (T0) and 3-month recheck (T90).

Patient number Tooth treated with implant Control tooth

Tooth Gingival bleeding Probing Furcation Tooth Gingival bleeding Probing Furcation

number Index depth [mm] involvement number index depth [mm] involvement

T0 T90 T0 T90 T0 T90 T0 T90 T0 T90 T0 T90

1 108 2 1 4 2 1 1 208 1 0 3 2 1 1

2 108 1 1 5 5 2 2 208 1 1 4 4 2 2

3 207 2 1 6 5 2 2 107 2 1 6 5 2 2

4 209 2 0 8 4 2 2 109 1 0 8 4 2 0

5 108 2 1 5 3 1 0 208 1 1 3 5 1 1

109 1 2 5 3 1 1 209 1 1 4 4 1 1

6 208 2 1 5 3 3 3 108 2 1 5 4 3 3

204 1 0 8 6 N/A N/A 104 1 0 6 5 N/A N/A

7 108 2 1 4 2 2 2 208 2 1 4 2 2 2

8 108 2 1 8 5 3 3 208 2 1 6 3 2 2

9 308 3 2 5 3 2 2 408 3 2 4 4 2 2

N/A, not applicable for a single-rooted tooth.
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TABLE 2 | Cone-beam computed tomography (CBCT) measurements of the distance between alveolar bone level (ABL) and cementoenamel junction (CEJ) of the treated

teeth at the presentation (T0) and 3-month recheck (T90).

Patient number Tooth treated with implant Control tooth

Tooth number ABL-CEJ distance [mm] Tooth number ABL-CEJ distance [mm]

T0b T90b T0p T90p T0b T90b T0p T90p

1 108 5.4 3.5 3.3 2.5 208 3.7 2.6 2.6 3.1

2 108 3.9 4.0 5.3 3.8 208 5.5 5.4 4.1 3.6

4 209 5.8 3.9 1.8 0 109 6.2 5.2 2.3 1.7

5 108 3.6 2.7 1.7 1.6 208 2.2 2.2 2.4 2.0

109 5.3 5.0 3.0 2.4 209 5.3 5.0 2.6 2.6

6 208 7.0 6.0 5.6 4.6 108 5.1 4.4 5.7 4.8

204 9.0 7.9 9.0 7.4 104 7.6 7.5 6.9 4.6

7 108 6.8 2.6 4.1 3.4 208 7.3 5.1 5.1 4.4

8 108 5.0 2.6 8.2 5.0 208 5.3 4.5 3.0 2.7

b, buccal, p, palatal/lingual.

periodontal therapy alone (Figures 1A,B and Table 1). Furcation
involvement mainly remained at the same stage (Table 1).

Radiographically treated areas presented increased alveolar
bone height at most of the teeth, which was also confirmed with
CBCT in 7 dogs (Figures 1C,D, 2, and Table 2). Alveolar bone
height at T90 as compared to T0 was increased by an average
of 0.7 (0–0.2) mm buccally and 0.58 (−0.5–2.3) mm palatally at
the teeth treated with open periodontal therapy alone and 1.51
(−0.1–4.2) mm buccally and 1.26 (0.1–3.2) mm palatally at the
teeth treated with open periodontal therapy and the implant.
Buccal alveolar bone height at the teeth treated with open
periodontal therapy and the implant was improved significantly
more as compared to the teeth treated with open periodontal
therapy alone (Figures 1C,D, 2, and Table 2).

DISCUSSION

The results of this study show that open periodontal therapy
alone improves selected clinical parameters and bone height
at 3 months post-treatment in dogs with naturally occurring
periodontitis. These parameters can be further significantly
improved by the addition of the regenerative, bio-absorbable
implant biomaterial made of medical-grade porcine gelatin used
in our study. Importantly, the implant used in our study is also
safe; no side effects of the treatment were observed immediately
or 3 months after the treatment in any of the dogs included
in this study. The implant also proved to be easy to handle in
a clinical setting (flexible one component implant with a long
shelf-life that enables final shaping at the point of care), and the
procedures were not significantly prolonged as compared to open
periodontal therapy alone.

Most of the research in periodontal tissue regeneration
is experimental/pre-clinical and only rarely dogs with
naturally occurring periodontitis are included (2). Studies
using experimentally induced periodontitis are generally well-
controlled with detailed clinical, imaging, histological, and even

molecular evaluation of the outcome of the treatments and
hence reveal promising approaches for periodontal regeneration
(16–21). However, experimentally induced periodontitis may
represent different microbial and inflammatory dynamics
as compared to naturally occurring diseases, and therefore,
limitations to directly extrapolate the data to the clinical setting
need to be considered.

On the other hand, several techniques using a combination
of bone graft and membranes (22, 23) have been described to
successfully treat advanced naturally occurring periodontitis in
dogs as indicated by marked PD reduction and radiographically
evident alveolar bone gain, but the lack of control
treatment/comparison to (open) periodontal therapy alone
limits the interpretation about the amount of the efficacy of the
material(s) alone.

In a very recent study similar to ours by Kornsuthisopon
et al. (24), laboratory-housed dogs with pre-existing periodontitis
(PD 3–5mm) were included in the split-mouth design study
evaluating the efficacy of the treatment with autologous platelet-
rich fibrin (PRF) combined with open periodontal therapy in
comparison to open periodontal therapy alone. Similar to our
study, the authors found a trend (statistically non-significant)
of decreased PD in teeth treated with open periodontal therapy
alone, while the addition of PRF resulted in a significant
improvement of PD 14, 21, and 56 days after the treatment.
Similar to our findings, a trend of decreased GBI was observed
for all the teeth. However, the radiographic analysis revealed no
significant impact of PRF treatment on the alveolar bone gain at
56 days, which is contrary to our findings, but the follow-up time
in our study was longer (90 days). In general, veterinary studies
with longer follow-up times are indicated to better evaluate the
long-term benefits of surgical periodontal procedures (25).

Similarly, improved periodontal indices (i.e., gingivitis index,
gingival crevicular fluid, PD, and attachment loss) 6 and 12
weeks post-periodontal therapy were also found in one of
the first clinical trials using a split-mouth design, where the
authors reported that the improvement was significantly better
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FIGURE 1 | Part (A) demonstrates the non-parametric distribution of probing depth; Wilcoxon signed ranks test; p = 0.026. Part (B) presents the mean differences of

probing depth between the groups; paired t-test with normality assumption; p = 0.024. Part (C) demonstrates the non-parametric distribution of alveolar bone height;

Wilcoxon signed ranks test; p = 0.017 for buccal and p = 0.093 for palatal. Part (D) presents the mean differences in alveolar bone height between the groups; paired

t-test with normality assumption p = 0.009 for buccal and p = 0.097 for palatal.

if a doxycycline polymer filling was used in addition to closed
periodontal therapy alone (26). The reported mean reduction in
PD 3 months post-treatment was 1.04mm at the teeth receiving
doxycycline polymer and 0.62mm on the control side (26),
which is about half as much improvement as observed in our
study. Another randomized controlled clinical study evaluated
the effect of a clindamycin hydrochloride gel as an addition to
closed periodontal therapy to treat periodontitis in two groups of
client-owned dogs (27). The authors reported significant clinical
benefit (i.e., improved PD, GBI) of clindamycin hydrochloride
gel 3 months after the treatment, with clindamycin-treated
dogs showing a mean reduction in PD of 0.7mm, when
compared with 0.1mm in control dogs (27). Contrary to Zetner
and Rothmueller’s and Johnston et al. studies, a more recent
randomized, blinded, controlled clinical study found no clinically
relevant benefit of adding either doxycycline or clindamycin
gel application to closed periodontal therapy 12 weeks after the
treatment. The authors still confirmed that all three types of the
treatments result in improvement of periodontal indices (i.e.,
GBI, plaque and calculus index, and PD), which was the greatest
for the most severely affected teeth (PD 5–5.5mm) (28). Ideally,

however, pockets deeper than 4–5mm would be approached
by an open periodontal therapy to allow visualization of the
defect for an appropriate treatment (6). With dogs assigned
to different treatment groups, it is also impossible to control
for inter-individual response to the treatment, which is better
addressed in studies using a split-mouth design. Additionally,
none of these studies evaluated alveolar bone gain. In summary,
the implant used in our study results in better periodontitis
control (as measured by PD and alveolar bone gain) at 3
months post-treatment as compared to locally delivered either
doxycycline or clindamycin gels and also eliminates the use of
an antibiotic. While local and/or systemic use of antibiotics may
be indicated in the treatment of specific cases of periodontitis,
antibiotic use should ideally be avoided to minimize the risk of
bacterial resistance to anti-microbials (29). Moreover, infectious
agents other than bacteria are likely involved in the development
and progression of periodontitis (30) as are other factors (e.g.,
nutrition, stress, chewing habits, oral care, host response, genetic
factors, and age) (3).

The two biggest limitations of our study are the lack of
histological examination of the treated areas (24) and no baseline
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FIGURE 2 | Cone-beam computed tomography (CBCT) and radiographic findings at T0 and T90 in dog 8.

control (without treatment), but such criteria would be unethical
in a clinical setting. Despite marked improvement in clinical and
imaging indices of periodontitis, without histological analysis, it
remains unclear if the implant used in this study truly enabled the
regeneration of periodontal tissues or the implant use resulted
just in an enhanced repair (2). However, even if the use of
the implant used in our study does not result in regeneration,
its use relieves the symptoms, improves periodontal health
to a greater extent than open periodontal therapy alone, and
can therefore be recommended in the treatment of naturally
occurring periodontitis in dogs. Moreover, even better results
could be expected, if oral home care with daily tooth brushing
(31) was instituted once the soft tissues healed, although for the
easier control in this study oral home care was omitted.

CONCLUSION

Based on the data of this study, open periodontal therapy alone
improves clinical parameters and alveolar bone height in dogs
with periodontitis, which is further significantly improved by the
addition of the regenerative, bio-absorbable implant biomaterial
made of medical-grade porcine gelatin as used in our study.
Therefore, the use of this implant can be recommended in
addition to open periodontal therapy in dogs with advanced
periodontitis, considering the careful selection of the patients
and teeth that will truly benefit from the treatment. This implant
is not only effective and safe but also easy to handle and with
a long shelf-life. Further studies that include larger cohorts of
clinical patients with longer follow-up times are encouraged
to better understand the clinical performance of the implant
long term.
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