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Gingival and bone healing patterns with ridge preservation in beagle dogs
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The aim of this study was to evaluate the clinical and histologic findings of bone and gingival healing patterns with ridge preservation.
The mandibular third premolars were extracted from beagle dogs and the dogs were euthanized after 12 weeks. The ridge preservation
was performed and the animals were divided into 3 groups, including 1) Control: extraction; 2) surederm group: extraction+acellular
dermal matrix (Surederm); 3) collatape group: extraction+collagen membrane (Collatape). Changes in the keratinized gingiva and
bone volume of the extraction sockets were measured. In the surederm and collatape group, the decrease in keratinization was small
and statistically insignificant. The surederm group had significantly greater dimensions of buccal gingiva as compared to the control
and collatape groups at 4 weeks. The surederm group had greater dimensions of buccal gingiva as compared to the control group at 8
weeks. Histological observation showed that in the surederm group, a dark red-colored osteoid seam was observed around the alveolar
bone. Osteoid seams were observed directly below and to the side of the socket. In the collatape group, a connective tissue band was
observed at the site of contact with the alveolar bone. Both experimental groups had more alveolar bone volume than the control.
The alveolar bone volume in the surederm group was significantly greater than that of the collatape group. The results suggest that the
acellular dermal matrix results in better healing patterns than other methods.
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Introduction

sorption. Giorgio et al. [3] also concluded that it couldn’
t completely prevent the buccal alveolar ridge absorption.

The alveolar ridge begins to absorb on healing process

Furthermore, although the bone grafting materials in the

after tooth extraction. After extraction, about 40%–60%

extraction socket can effectively save the volume, it didn’t

of the alveolar bone is reduced in 6-month. Especially the

promote the formation of new bone, but delayed the bone

buccal alveolar ridge exhibits more absorption compared

healing reaction [4,5]. As the alveolar bone was absorbed,

to the lingual side [1,2]. Even if the use of ridge preserva-

the amount and width of the gingiva, especially keratin-

tion, it could not completely stop the alveolar ridge ab-

ized gingiva, decreases. Therefore, when a certain period of
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time passed after tooth extraction, there were decreasing

beagle dogs (age: 12-16 months; weight: 10-12 kg) were

not only the width and height of the alveolar bone, but also

used in this study. To make the same oral environment

the reduction of the upper soft tissue width, especially the

before the experiment, we performed scaling and plaque

keratinized gingiva. In this situation, the amount of keratin-

removal. Thereafter, oral gel containing chlorhexidine was

ized gingiva as well as the amount and height of the alveo-

used for 2 weeks to maintain healthy periodontal status. In

lar bone are insufficient when the implant is planned at the

beagle dogs, bilateral mandibular third premolars were ex-

site. And also even if the implant was successfully placed in

tracted and randomly divided into 3 groups: 1) The control

the alveolar bone, it is difficult to control the oral hygiene

group extracted only the mandibular third premolar; 2) The

and may affect the long-term maintenance of the implant.

surederm group extracted the mandibular third premolar

After tooth extraction, when immediately apply the ridge

and treated the socket with acellular dermal matrix (Sure-

preservation surgery, because of the lack of mucosa, it is

derm; Hans Biomed, Seoul, Korea); 3) The collatape group

difficult to suture to cover the materials and the membrane,

extracted the mandibular third premolar and treated the

resulting in the membrane exposure during healing. In or-

socket with collagen membrane (Collatape; Integra Life-

der to solve this problem, the free gingival graft is planned

sciences Corp., Plainsboro, NJ, USA).

to achieve full coverage of gingiva [6]. However, for free
gingival graft, a secondary surgical site is required and

Surgical procedure

there is a limit to the amount to be obtained. Recently, it
has been reported that acellular dermal matrix (Alloderm;

Beagle dogs were anesthetized with 10 mg/kg ketamine

LifeCell Co., The Woodlands, TX, USA) can play as a role in

(Yuhan corp., Seoul, Korea) before the surgery. Atrau-

increase of the attached gingiva and as an resorbable mem-

matic extraction was performed on the mandibular third

brane [7-19]. It has been reported in several clinical cases

premolar of the beagle dog, and washed three times with

that the ridge preservation with the using of acellular der-

saline solution. In the control group was extracted and was

mal matrix as a membrane to cover the bone graft materials

sutured with 3-0 silk (Mersilk; Ethicon Ltd., Edinburgh,

or to the augment of already absorbed ridge [16,20].

UK). In surederm group, after extraction, 2-3 mm circular

However, there are no well-documented histologic re-

internal bevel incision and full-thickness flap elevation was

ports on the healing patterns of gingival tissues and healing

done, and then extraction socket was covered with acellu-

changes in alveolar ridge. There are many ridge preserva-

lar dermal matrix (Surederm). And all materials were com-

tion techniques after extraction. Many studies have focused

pletely covered with flap. And interrupted suture was done

on the preservation of the alveolar bone in the extraction

with 3-0 silk. In the collatape group, after extraction, the

socket, and few studies have report for the preservation

surrounding area was adjusted with the same as the sure-

and healing patterns of soft tissue on top of the alveolar

derm group, and then extraction socket was covered with

bone. Therefore, the purpose of this study is to evaluate

collagen membrane (Collatape) and interrupted suture was

clinical and histologic findings of gingival changes and how

done with 3-0 silk. The suture was removed after 10 days.

it affects healing pattern after tooth extraction when per-

After the surgeries, the beagle dogs were given antibiot-

formed the ridge preservation with acellular dermal matrix

ics (Amoxapen Cap, 20 mg/kg amoxicillin; Chong Kun

and collagen membrane.

Dang Pharmaceutical Corp., Seoul, Korea) twice daily for 7
days. Anti-inflammatory and analgesic drugs 5 mg/kg firo-

Materials and Methods

coxib (Previcox 227 mg; Merial Ltd., Duluth, GA, USA) was

Animal

s mouth was irrigated with 0.12% chlorhexidine gluconate

administered orally once a day for 7 days. The beagle dog’
solution (Hexamedine; Bukwang, Seoul, Korea). The beagle

The animal ethics committee of Chonnam National Uni-

dogs were kept in kennels and on concrete runs at the uni-

versity was approved (CNU IACUC-YB-2017-21). Ten male

versity’s field laboratory with free access to water and feed
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of moistened balanced dog’s chow.

neutral formalin (Sigma Aldrich) solution for 2 weeks, and

A daily inspection of the wounds for clinical signs of

the tissue specimens were dehydrated with increasing

complications. The beagle dogs were sacrificed 12 weeks

ethanol concentration. When dehydration was completed,

after the surgery applying an overdose of Thiopental (SK

the tissues were perfused with increasing the resin ratio

Chemicals Co., Ltd., Gunpo, Korea).

with a mixture of ethanol and Technovit 7200 resin (Heraeus Kulzer, Wehrheim, Germany). After the infiltration,
the tissues were embedding which UV embedding system

Gingival examination

(KULZER EXAKT 520; Exakt GmbH, Norderstedt, GermaThe width of gingiva was measured in millimeters by a

ny), and resin cured for one day. At the end of the curing,

periodontal probe (Williams probe; Hu-friedy, Chicago, IL,

the specimens were attached to the slide by the Adhesive

USA) in the buccal side and the alveolar crest (buccolingual

press system with the section of the part to be obtained by

direction) at 2, 4, 6, 8 weeks after the surgery and sacrifice

the EXAKT diamond cutting system (EXAKT 300 CP; Ap-

(12 weeks postoperatively). The gingival width in the al-

paratebau GmbH, Norderstedt, Germany). The thickness of

veolar crest was the distance from the lingual to the buccal

the final tissue sections was polished to 40±5 μm using the

alveolar ridge. The gingival width in the buccal side was

EXAKT grinding system (KULZER EXAKT 400CS; EXAKT,

the distance from the buccal alveolar ridge to the mucogin-

Norderstedt, Germany). These tissues were stained for

gival junction (Fig. 1).

Goldner’s trichrome.
The preserved amount of alveolar bone after extrac-

Histological examination

tion was measured by using a tissue sample slide of the
undecalcified sample. The photographs taken at ×40/

Twelve weeks after the surgery, the animals were eu-

×100 magnification under the optical microscope were

thanized with anesthetic overdose and mandible were

converted into jpeg files and the amount of alveolar bone

removed in block, being immediately immersed in buffered

regeneration was measured by Caseviewer (Version 2.0; 3D

10% formalin (Junsei Chemical Co., Tokyo, Japan) for 48

Histech, Budapest, Hungary). The histologic measurements

hours. The tissue specimens were fixed in the buffered

were obtained by using 3 Histech company’s Pannoramic
250 Flash III (No.3 Öv Street Budapest, Hungary) and digital
images were obtained by Caseviewer. Bone volume measurement was based on blood vessels to the lingual and
buccal alveolar ridge area.

a

Statistical analysis

c
b

Data were presented as mean and standard deviation (SD).
The changes in gingival width were analyzed by IBM SPSS
d

Statistics for Windows, Version 21.0 (IBM Co., Armonk, NY,
USA). Changes in gingiva and bone volume between groups
were compared using Mann-Whitney U-test followed by
Kruskal-wallis test. A paired t-test was utilized to analyze
time effect within groups. The p -values of ＜0.05 was considered as statistically significant.

Fig. 1. The gingival measurements of the buccal side and the alveolar crest. (a) Lingual alveolar ridge; (b, c) buccal alveolar ridge; (d)
mucogingival junction; (a, b) width of gingiva at alveolar crest; (c, d )
width of gingiva at buccal side.
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group at 4 weeks (p ＜0.05). The both experimental groups

Results

showed significant differences compared to the control
group at 6, 12 weeks (p ＜0.05). The surederm group was

Clinical evaluations

greater compared to the control group at 8 weeks (p ＜0.05).
During the experimental period, all the experimental

Within the group, experiment groups increased with

sites was healed uneventfully and no infection was ob-

time, but the differences were not significant. The control

served. No other complications were observed.

group was more reduced at 4 weeks and then decreased

Clinical observations showed that the width of gingiva

slightly over time. The surederm group increased to 4

at alveolar crest in each group decreased over time. There

weeks and then slightly decreased over time after 6 weeks.

was no statistical difference in each group at 2 weeks (Fig.

But it was not statistically significant. The collatape group

2). There was statistically different in the control group and

appeared to increase slightly at 6 weeks, but tended to de-

experimental groups at 4, 8, 12 weeks, respectively (Fig.

crease. However, it was not statistically significant.

2, p ＜0.05). The gingiva width of the surederm group was
significantly higher than the control group at 6 weeks.

Histological evaluations

Within the group, the collatape group was significantly
reduced at 4, 6, 8, 12 weeks compared to 2 weeks. The

All groups were healed uneventfully after 12 weeks (Fig.

surederm group also showed decreased over time, but the

4). All barrier membranes were not exposed during the

difference was not significant. In the control group was

healing period. Fig. 5 showed a histological image of the

much reduced at 4 weeks and then little more over time.

control group. The extraction socket healed without in-

The surederm group and the collatape group tended to

tervention of epithelium basement membrane involved in

decrease more over time. However, it was not statistically

keratinized epithelial and dermal layer were developed well

significant.

(Fig. 5A). No periosteal membrane was observed in alveolar

Gingival changes on buccal aspects showed a slight in-

bone in contact with dermis (Fig. 5B). The upper and mid-

crease over time. The collatape group was statistical signifi-

dle parts of the socket were not shaped like a socket and

cantly smaller dimension compared with the control group

a new bone was observed (Fig. 5B, C). On the lower and

at 2 weeks (Fig. 3, p ＜0.05). The surederm group showed

lower parts of the socket, spaces were observed in the sup-

greater compared with the control group and the collatape

porting bone of the alveolar bone containing blood vessels
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Fig. 2. The measurement of the gingiva at alveolar crest. *p <0.05.
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Fig. 3. The measurement of the gingiva at buccal side. *p <0.05.
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Fig. 4. The histological images for
extraction socket after premolar extraction of the beagle dogs (Goldner’s
trichrome; ×40).

a

b

c

d

e

f

a
b
c

e

d

Fig. 5. The histological images for
extraction socket after premolar extraction of the beagle dogs in control
group (Goldner’s trichrome; left: ×40;
right: ×100).

f

(Fig. 5D, E). Adipose tissue cells in the bone marrow were

seam stained with a purplish red-colored purple dye was

located around nerve fiber bundles and blood vessels (Fig.

observed around the alveolar bone (Fig. 7B, C). Many oste-

5E, F).

oid seams were observed in the peripheral alveolar bone,

Fig. 6 shows a histological image of the surederm group.

just below the socket, laterally and downwardly. Between

A well-healed keratinized epithelium and new bone depos-

the two latters, there was a fatty tissue in the bone marrow

its below the dermis were observed (Fig. 6A, B). Below it,

(Fig. 7D-F).

a dark red-colored osteoid seam was observed around the

The measured mean±SD alveolar bone volume was

alveolar bone (Fig. 6B, C). Osteoid seams were observed

25.36±2.73 mm2 in the control group, 42.66±1.52 mm2 in

directly below and to the side and below the socket. There

the surederm group, and 36.5±3.16 mm2 in the collatape

was a fatty tissue between them (Fig. 6D-F).

group. Both experimental groups showed more alveolar

Fig. 7 shows a histological image of the collatape group.

bone volume than the control group. The statistically sig-

There was a fragment of the alveolar bone in the dermis

nificant difference was observed between experimental

tissue healed without epithelial involvement, and a new

groups and the control group (Fig. 8, p ＜0.05). Amount of

bone formation was observed downward (Fig. 7A, B). A

alveolar bone volume in the surederm group had lager than

connective tissue band was observed at the site of contact

the collatape group. The difference between the surederm

with the alveolar bone under the dermis, and an osteoid

group and the collatape group was statistically significant
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Fig. 6. The histological images for
surederm treated alveolar socket after
premolar extraction of the beagle dogs
(Goldner’s trichrome; left: ×40; right:
×100).
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Fig. 7. The histological images for
collatape treated alveolar socket after
premolar extraction of the beagle dogs
(Goldner’s trichrome; left: ×40; right:
×100).

(Fig. 8, p ＜0.05).

Discussion

60

Bone volume

50

*
*

implants was associated with more plaque accumulation,
tissue inflammation, mucosal recession as well as loss of
attachment [21]. John et al. [22] studied ridge preservation
with freeze-dried bone allograft and a collagen membrane
compared to extraction alone. Collagen membrane group
obtained a gingival thickness of 2.6 mm, while gingival
thickness of the extraction socket without any treatment
was 2.1 mm. On the buccal aspect, the change of soft tissue thickness was significantly different between the control group and ridge preservation groups. After extraction,
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The lack of adequate keratinized mucosa around dental
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Fig. 8. The amount of alveolar bone after extraction was measured by
using a tissue sample slide of the undecalcified sample (p <0.05). Control: n=6, Surederm: n=7, Collatape: n=7. *p <0.05.
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blood clots were formed in the alveolar bone, and tissues

trol group. The surederm group showed that well-healed

were formed in the order of granulation, provisional ma-

keratinized epithelium and new bone deposits below the

trix, and woven bone. The mineralization was in progress

dermis were observed. A dark red-colored osteoid seam

around woven bone, and mature with a lamellar bone.

was observed around the alveolar bone. Lekovic et al. [23]

Bone resorption was progressed in the lateral alveolar bone

used an occlusive membrane for preventing soft tissue and

by the osteoclast, and bone resorption occurred more in

epithelial migration into the healing socket. A secondary

the buccal crestal region than in the lingual bone with ab-

benefit to the use of an occlusive membrane was that there

sorption of the bundle bone.

appeared to be less external ridge resorption in the early

In one study, the mandibular pre-molars were extracted.

healing phase, although the exact mechanism of this effect

After 8 weeks, one bone defect was surgically created bilat-

remains unclear. Barone et al. [24] reported soft tissue and

erally and the GBR was performed. The control group was

hard tissue changes in bone graft and membrane cover af-

treated with the bio-absorbable membrane of glycolide and

ter extraction. Comparison of clinical variables at 4 months

lactide copolymer, and the experimental group was treated

showed that the width of keratinized gingiva was observed

with acellular dermal matrix membrane [17]. The clinical

in the grafted sites when compared to non-grafted sites.

comparison between the measurements of both groups

In the non-grafted group, horizontal bone resorption was

showed an increase in the thickness of keratinized tis-

significantly higher for those sites which had buccal bone

sue and a reduction in the width of keratinized tissue over

thickness of 1 mm when compared to sites which had a

time. In comparison between the groups, the change in the

buccal bone thickness of 3 mm.

amount and width of keratinized gingiva increased in the

In this study, clinical observations showed that the width

buccal side and decreased in the lingual side in the acellular

of gingiva at alveolar crest in each group decreased over

dermal matrix membrane group than in the bio-absorbable

time. There was no statistical difference in each group at 2

membrane group at 16 weeks. Therefore, it was suggested

weeks. There was statistically different in the control group

that ridge preservation and soft tissue transplantation are

and experimental groups at 4, 8, 12 weeks, respectively.

necessary for the preservation of thickness and amount of

The gingival width of the surederm group was significantly

soft tissue.

higher than the control group at 6 weeks.

However, many studies have focused on the preservation

Within the group, the collatape group decreased signifi-

of the alveolar bone in the extraction socket, and studies

cantly over other weeks compared to 2 weeks. The sure-

have been rare for the preservation and healing patterns

derm group also showed decreased over time, but the dif-

of soft tissue on top of the alveolar bone. The quality and

ference was not significant. In the control group was much

amount of bone is also important in implant treatment,

reduced at four weeks and then decreased slightly more

but the amount and width of keratinized gingiva is more

over time. The surederm group and the collatape group

important to maintain long-term survival and success rate

tended to decrease over time. However, it was not statis-

of implants. Thus, in this study, after removing teeth from

tically significant. Changes in gingiva on buccal aspects

beagle dogs, collagen membrane and acellular dermal ma-

showed a slight increase over time. The collatape group

trix were applied to the upper part of the extraction sock-

was statistical significantly smaller dimension compared

ets, and the healing patterns were observed in the gingiva

with the control group at 2 weeks. The surederm group

and alveolar bone.

showed greater compared with the control group and

In this study, all groups were healed uneventfully. In the

the collatape group at 4 weeks. The experimental groups

histological results of this study, after 12 weeks, the ex-

showed statistical significantly compared with the control

traction sockets healed without intervention of epithelium

group at 6, 12 weeks. The surederm group was greater

basement membrane involved in keratinized epithelial

compared with the control group at 8 weeks. Within the

and dermal layer were developed well. The experimental

group, experiment groups increased with time, but the dif-

groups showed more new bone formation than the con-

ference was not significant. The control group was much
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reduced in the four weeks and then decreased slightly over

of epithelial and soft tissue into the extraction socket, and

time. The surederm group was increased at four weeks,

preserved blood clots in the extraction socket, that did not

although decreasing slightly over time from 6 weeks. But it

interfere with healing of bone tissue [27,28]. Barone et al.

was not statistically significant. The collatape group showed

[29] investigated 40 patients receiving treatment at the hos-

a little increase at 6 weeks, tended to decrease, but it was

pital for one year. Histological evaluation of the cells after

not statistically significant. This results also showed that the

extraction-alone sites showed large marrow spaces filled

amount of gingiva was increased in comparison with those

with large numbers of adipocytes with only scarce inflam-

using soft tissue or membrane in the extraction socket, es-

matory cells. A lamellar bone was also present within the

pecially in the surederm group than in the collatape group.

bone marrow. Protection of a blood clot in the defect and

When the acellular dermal matrix was applied to the top of

exclusion of gingival connective tissue and provides covert

the extraction socket, it was well matched to the surround-

space for osteoblasts in bone to migrate, which is critical to

ing soft tissue to prevent epithelial or soft tissue penetra-

success [30]. The results showed that the collagen sponge

tion into the extraction socket. It was presumed that it was

prevents soft tissue from infiltrating into the lower region

absorbed slowly relative to the collagen membrane and

[31]. In the histological results of this study, all groups were

helped to form keratinized gingiva. Acellular dermal matrix

healed uneventfully after 12 weeks. The extraction socket

has a three-dimensional dermal structure. By removing

healed without intervention of epithelium basement mem-

the elements that cause the immune response, the dermis

brane involved in keratinized epithelial and dermal layer

without immunologic response provides a framework for

were developed well. In the control group, no periosteal

the inflow of fibroblasts, the generation of nerves, and the

membrane was observed in alveolar bone in contact with

regeneration of blood vessels. In addition, formation of the

dermis. The upper and middle parts of the socket were not

epithelial layer due to the entry of keratinocytes and intro-

shaped like a socket and a new bone was observed. In the

duction of fibroblasts make it easy to engraft into the self-

study of Barone et al. [29], lamellar bone was also present

dermal layer since the basement membrane structure is

within the bone marrow. Similar to our histological results,

preserve.

the extraction socket showed a typical trabecular bone

Heinemann et al. [25] reported that there was a signifi-

pattern, and many adipocytes were filled with less inflam-

cant difference in bone level changes in the group using

matory cells. In the surederm and the collatape groups, the

Bio-Oss Collagen compared with extraction socket group.

connective tissue band was observed at the site of contact

Another study showed that ridge loss was similar regard-

with the alveolar bone under the dermis, and an osteoid

less of bone graft, and thicker buccal plate was associated

seam stained with a purplish red-colored purple dye was

with less ridge loss in the vertical dimension, in addition

observed around the alveolar bone. Many osteoid seams

no significant difference in the percentage of new bone

were observed in the peripheral alveolar bone, just below

formation [26]. In this study, a collagen membrane and

the socket, laterally and downwardly. Between the two lat-

acellular dermal matrix were applied to the top of the ex-

ters, there was a fatty tissue in the bone marrow.

traction socket. The bone graft was not applied because

In summary, clinically, the soft tissue changes were de-

it could affect healing of extraction sockets or changes in

creased in the alveolar crest in all groups, and in the buccal

bone volume. Both experimental groups showed more al-

side, the control group was decreased and the experimen-

veolar bone volume than the control group. The statistically

tal groups were increased. Histological by the area of the

significant difference was observed between experimental

extraction socket, experimental groups were significantly

groups and the control group. This study also showed more

greater than the control group. Thus, the socket was cov-

bone volume in the acellular dermal matrix group. Similar

ered with soft tissue, this study showed not only increased

to other studies, acellular dermal matrix had shown bet-

the amount and width of gingiva, but also helped maintain

ter results because it rapidly bound to the soft tissue at the

the volume of the lower bone tissue. However, it did not

top of the extraction socket rapidly, prevented intrusion

promote bone healing. In the future, it will be necessary
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to increase the amount and width of gingiva during ridge
preservation and to develop the methods of promoting
healing of bone tissue including bone graft containing
growth factors.
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