Journal of Periodontal
& Implant Science

Research Article

J Periodontal Implant Sci 2011;41:176-184 « http://dx.doi.org/10.5051/jpis.2011.41.4.176

JPI

Dimensional change of the healed periosteum on
surgically created defects
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Purpose: The final goal of regenerative periodontal therapy is to restore the structure and function of the periodontium de-
stroyed or lost due to periodontitis. However, the role of periosteum in periodontal regeneration was relatively neglected while
bone repair in the skeleton occurs as a result of a significant contribution from the periosteum. The aim of this study is to un-
derstand the histological characteristics of periosteum and compare the native periosteum with the repaired periosteum after
elevating flap or after surgical intervention with flap elevation.

Methods: Buccal and lingual mucoperiosteal flaps were reflected to surgically create critical-size, “box-type” (4 mm width, 5
mm depth), one-wall, intrabony defects at the distal aspect of the 2nd and the mesial aspect of the 4th mandibular premolars
in the right and left jaw quadrants. Animals were sacrificed after 24 weeks.

Results: The results from this study are as follows: 1) thickness of periosteum showed difference as follows (P<0.05): control
group (0.45+0.22 mm)>flap-elevation group (0.36 +0.07 mm)> defect formation group (0.26 +0.03 mm), 2) thickness of gingi-
val tissue showed difference as follows (P<0.05): defect formation group (3.15+0.40 mm)>flap-elevation group (2.02+0.25 mm)
>control group (1.88 +0.27 mm), 3) higher cellular activity was observed in defect formation group and flap-elevation groups
than control group, 4) the number of blood vessles was higher in defect formation group than control group.

Conclusions: In conclusion, prolonged operation with increased surgical trauma seems to decrease the thickness of repaired
periosteum and increase the thickness of gingiva. More blood vessles and high cellular activity were observed in defect for-
mation group.

Keywords: Animal models, Periodontal guided tissue regeneration, Periosteum.

INTRODUCTION

Periodontitis is an infectious and common disease of the
periodontal tissue that requires proper treatment to prevent
alveolar bone loss or tooth loss. For decades, resective surgi-
cal therapy with or without osseous recontouring was regard-
ed as the standard of treatment. Recently, attention has moved
from resective surgeries to regenerative and reconstructive
therapies. The final goal of regenerative periodontal therapy

is to restore the structure and function of the periodontium
destroyed or lost due to periodontitis. This includes the for-
mation of a new connective tissue attachment, new cemen-
tum, and supporting bone [1]. However, the role of the peri-
osteum in periodontal regeneration has been relatively ne-
glected while bone repair in the skeleton occurs as a result of
a significant contribution from the periosteum [2-5].

The periosteum is a specialized fibrovascular membrane
covering all bone surfaces except for the surface of the joints.
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It is composed of an inner osteogenic layer and outer fibrous
layer. The inner osteogenic layer contains mesenchymal stem
cells (MSCs) that have the potential to differentiate into os-
teoblasts [6], chondroblasts [7-9], adipocytes [10], and myocytes
[12]. The outer fibrous layer of dense collagen positioned next
to the gingival connective tissue, contains fibroblasts and
MSCs. Between the inner osteogenic and outer fibrous lay-
ers, a fibrovascular component harbors fibroblasts, endothe-
lial progenitor cells to regenerate blood vessels, and nerves
[12,13].

The mucoperiosteal flap is widely used for access in proce-
dures such as flap surgery, mucogingival surgery, and regen-
erative periodontal treatment. In normal periodontium, the
blood supply to the bone comes from three different paths:
the periodontal ligaments, the connective tissue above the
periosteum, and within the bone [14]. When soft tissue flaps
are reflected, the blood supply from the soft tissue is removed,
leaving poorly vascularized cortical bone exposed and result-
ing in bone resorption [15-17]. To prevent crestal bone resorp-
tion caused from elevation of a mucoperiosteal flap, a flapless
implant surgical procedure was proposed as a predictable
protocol [14,18]. Studies reported that the preservation of the
periosteum maintained a better blood supply to the surgical
site and helped to optimize the healing of the periimplant
tissue, which implies the importance of the periosteum in
the bone healing mechanism [19,20].

There have been various kinds of trials for application of
the periosteum or periosteum-derived stem cells in periodon-
tal regeneration therapy. The periosteum is composed of fi-
broblasts and an extracellular matrix, which was demonstrat-
ed to have regenerative cell populations [21]. The regenera-
tive cells in the periosteum include chondroprogenitor and
osteoprogenitor cells, which can form cartilage and bone un-
der specific conditions. These cells play a crucial role in bone
regeneration and wound healing of surgical bone defects or
fractures. Also, the periosteum was shown to have the poten-
tial to stimulate bone formation when used as a graft materi-
al in animal and human studies [22-25]. A controlled clinical
study was performed using human cultured periosteum
sheets in combination with autologous platelet rich plasma
and hydroxyapatite granules for periodontal regeneration
therapy and significantly more favorable clinical improve-
ment was observed [26]. Also, periosteal stem cells were shown
to have the potential to regenerate osseous defects, especially
when combined with a biocompatible scaffold [27,28]. Given
these experimental results, the clinical application of cultured
periosteal cells to repair bone defects was considered possi-
ble. However, little is known about the detailed cellular struc-
ture of native periosteum and repaired periosteum or the os-
teogenic mechanism of cultured periosteal cells of human
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periosteum.

The aim of this study is to understand the histological char-
acteristics of alveolar periosteum and compare the dimen-
sional difference between native periosteum and repaired
periosteumn after elevating a flap or after surgical intervention
with flap elevation.

MATERIALS AND METHODS

Animal model

Nine male beagle dogs, with an approximate mean age of
15 months, and a weight of 15+1.2 kg, obtained from Samtako
Company (an experimental animal breeder), Osan, Korea, were
used. Upon receipt, a health examination of the animals was
performed. The animals were examined for any abnormali-
ties in posture or movement. Only healthy animals were in-
cluded in the study. The animals were acclimatized for 1 week
prior to experimentation. Animal selection and management,
surgery protocol, and periodontal defect preparation followed
a study protocol approved by the Institutional Animal Care
and Use Committee, Yonsei University, Seoul, Korea.

Study design

Nine animals were divided into 2 experimental groups
(group 1, flap only; group 2, defect formation) and 1 control
group (control, native periodontium) with a 24-week healing
period. While mucoperiosteal flaps were reflected and im-
mediately repositioned in the flap only group, a 4x5 mm box
type one-wall defect was formed and flaps were repositioned
in the defect formation group.

They were housed in stainless steel cages with a floor area
of 7,056 cm? and a height of 6o cm labeled with cards identi-
fying the study number, species/strain, sex, cage number, and
animal ID. The cages were housed in a room air-conditioned
with 10 to 20 air changes/hr. The temperature was 22+3°C
and the relative humidity 5o to 60%. The temperature and
humidity were monitored daily. A light/dark cycle of 12 hours
light/12 hours dark was applied.

The animals had ad libitum access to water and a pelleted
laboratory diet with the exception of one week immediately
postextraction and postsurgery when they were fed a canned
soft dog food diet.

Surgical protocol

Food was withheld the night preceding surgery. The surgi-
cal procedure was performed under general anesthesia in-
duced by intravenous injection of atropine (0.04 mg/kg;
Kwangmyung Pharmaceutical Industrial Co., Seoul, Korea)
and intramuscular injection of a combination of xylazine
(Rompun, Bayer Korea Ltd, Seoul, Korea) and ketamine (Keta-
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ra, Yuhan, Seoul, Korea) followed by inhalation anesthesia
(Gerolan, JW Pharmaceutical, Seoul, Korea). Routine dental
infiltration anesthesia was used at the surgical sites.

The mandibular 1st and 3rd premolars were extracted to
create an edentulous ridge prior to the experimental surgery
and the extraction sites were allowed to heal for 2 months.
The remaining dentition received oral prophylaxis in con-
junction with the extractions.

The experimental surgery for group 1 included elevation of
the buccal and lingual mucoperiosteal flaps to surgically cre-
ate critically-sized, “box-type” (4 mm width, 5 mm depth), one-
wall, intrabony defects at the distal aspect of the 2nd and the
mesial aspect of the 4th mandibular premolars in the right
and left jaw quadrants [29]. Following root planing, a reference
notch was made with a round bur on the root surface at the
base of the defect. The experimental surgery for group 2 in-
cluded only elevation of the buccal and lingual mucoperios-
teal flaps (Fig. 1).

The mucogingival flaps were advanced, adapted, and su-
tured using a resorbable suture material (Vicryl 5.0, Polyglac-
tin 910, Ethicon Inc., Somerville, NJ, USA).

Postsurgical care

Postsurgical care included intramuscular administration of
antibiotics (Cefazoline Sodium 20 mg/kg IV; Yuhan) and dai-
ly topical application of a 0.2% chlorhexidine solution (Hexa-
medin, Bukwang Pharm Co., Seoul, Korea) for infection con-
trol. Observations of the experimental sites with regard to
gingival health, suture line closure, edema, and evidence of
tissue necrosis or infection were made daily until suture re-
moval, and at least twice weekly thereafter.

Euthanasia

The animals were euthanized at week 24 postsurgery using
an overdose of pentobarbital (9o to 120 mg/kg IV). Block sec-
tions including the defect sites and surrounding alveolar bone
and mucosal tissues were collected. The block specimens were
rinsed in sterile saline and were immersed in 10% neutral

®)

Surgically created, critical-size, one-wall, intrabony, peri-
odontal defect at the distal aspect of the mandibular 2nd and the
mesial aspect of the mandibular 4th premolar teeth (A). Mucoperi-
osteal flaps are adapted and sutured for primary intention healing

(B).
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buffered formalin at a volume 10 times that of the block sec-
tion for 10 days.

Histological preparation

After rinsing in sterile water, the sections were decalcified
in 5% formic acid for 14 days, trimmed, dehydrated in a
graded ethanol series, and embedded in paraffin. Step-serial
sections, 5-um thick, were cut in a mesial-distal vertical plane,
at approximately 8o-pm intervals. The sections were stained
using hematoxylin-eosin stains. The four most central sec-
tions of each defect site selected based on the width of the
root canal were used for the histological and histometric
analysis.

Histological analysis

One experienced masked examiner performed the histo-
pathologic evaluation of the tissue specimens using incan-
descent microscopy (Multi-view microscope BH2, Olympus,
Tokyo, Japan) and a PC-based image analysis system (Image-
Pro Plus, Media Cybernetics, Silver Spring, MD, USA). Four
central sections stained with hematoxylin/eosin were evalu-
ated. The width of following parameters were measured at 1
mm, 2 mm, 3 mm and 4 mm from the foot surface and ana-
lyzed for the four central sections (Figs. 2 and 3):

1) The inner osteogenic layer: This layer contains more
cellular components and less fibrous tissue.

2) The outer fibrous layer: This layer contains fewer cellular
components and fibroblast and fibrous tissue outnum-
ber other cellular components.

3) The gingival tissue: It is composed of an epithelial layer
and connective tissue layer.

Statistical analysis
Summary statistics (mean+ SD) based on animal means for
the experimental treatments were calculated using the four

Root

Gingival thickness
CEJ
Outer fibrous layer

Inner osteogenic layer

Alveolar bone

Schematic illustration of the measurement parameters.
CEJ: cemento-enamel junction.
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central sections from each defect, with defects being aver-
aged for each site. Animal means were used to test for differ-
ences between experimental conditions using one-way anal-
ysis of variance and a post-hoc test. The level of significance
was set at 5%.

RESULTS

Clinical observation
Surgical healings were uneventful. Despite the extent and
size of the surgically involved areas, wound closure was suc-

Epi
Rt

cT

1mE| 3mm

\J v" 4mm

Vv PT
Tmm
AB ngmzigmélgm

Figure 3. Measurement of point of control and defect formation
group. Defect shape is illustrated by dotted line. Rt: root, Epi: epi-
thelium, CT: connective tissue, PT: periosteum, AB: alveolar bone
(H&E staining, x20).
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cessfully maintained throughout the experiment for all de-
fects. During this study, no sign of infection or clinical com-
plication was found.

Histological observation and measurement

There were no histologically observable pathological tissue
reactions at the time of necropsy (Fig. 3). The measurement of
gingival thickness and of the periosteum is shown in Table 1.

In the control group, the inner layer of the periosteum was
firmly anchored to bone through fiber insertion, which is
comprised of a direct continuation by the periosteal collagen
fibers (Figs. 4 and s5). Osteoblasts were arranged in a layer ad-
jacent to the bone surface and few activated osteoblasts were
observed. Most of the osteoblasts were elongated, and baso-
philic characteristics of the cytoplasm were low. The cells over
the osteoblast layer were small and spindle shaped osteogenic
progenitor cells, which are similar to fibroblasts. Over these
osteogenic progenitor cells, fibroblasts were layered in abun-
dance and a very few blood vessels were observed through-
out the periosteum (Figs. 3-5).

The outer layer of the periosteum, which is adjacent to the
gingival connective tissue, is comprised of numerous dense
collagen fibers, fibroblasts, and their progenitor cells. A few
capillaries were observed. The thickness of the outer fibrous
layer (0.21+0.05 mm) was similar to inner osteogenic layer

Table 1. Measurement of gingival thickness and periosteum of control group, flap only group and defect formation group in mm (mean

values and SD)

Gingival thickness QOuter fibrous layer Inner osteogenic layer Total thickness of periosteum
Control (n=9) 1.88+0.27 0.21+0.05 ]a) 0.23+0.07 ]a) 0.45+0.22 ]a)
Flap only group (n=9) 2.02+0.25 } ' al 0.18+0.07 ) al 0.18+0.07 ) al 0.36+0.07 ) a
Defect formation group (n=9) 3.15+040 0.14+0.04 ] 0.12+0.03 ] 0.26+0.03 ]

aStatistically significant difference (P<0.05).

Figure 4. Control group. The periosteum is divided into outer fi-
brous layer and inner osteogenic layer (H&E staining, x200).

Figure 5. Control group. Normal anatomy of periosteum divided
into outer fibrous layer and inner osteogenic layer is shown (H&E
staining, x400).
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Figure 6. Flap only group. The periosteum shows two distinctive
layers. A few numbers of capillaries were observed (H&E staining,
X 200).

Figure 8. Defect formation group. Relatively large blood vessels
were observed inside the periosteum (H&E staining, x200).

(0.23+0.05 mm). The cellular density of the inner layer was
several times higher than the outer layer.

In the flap only group, high cellular activity was observed
inside the periosteum (Figs. 6 and 7). Osteoblasts were more
cuboidal than in the control group and basophilic character-
istics of the cytoplasm were greater, which means there was
higher bone remodeling activity. In the outer layer, lots of fi-
broblasts and relatively dense collagen fibers were observed.
The overall periosteal tissue seemed to be recovering from
surgical trauma. Both the outer and inner layers were thin-
ner than in the control group, but gingival thickness was
greater than the control group even though there was no
statistically significant difference (Table 1, Figs. 6-8).

In the defect formation group, the thickness of the outer
and inner layers (0.14+0.04 mm, 0.12+0.05 mm each) was
decreased and a statistical difference from the control and
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Figure 7. Flap only group. Cuboidal osteoblasts were aligned along
the alveolar bone and osteoclasts was observed resorbing the alveo-
lar bone during the remodeling process (H&E staining, x400).

Figure 9. Defect formation group. Activated osteoblasts are aligned
along the alveolar bone and relatively large blood vessels are locat-
ed nearby (H&E staining, x400).

flap only group was noted (Table 1, Figs. 8 and ). The thick-
ness of the gingiva was the highest in the defect formation
group and the scar-like tissue formation inside the gingival
tissue was frequently observed. Numerous arterioles were
observed between the outer layer and inner layer. Unlike the
control group and flap only group, the activity of the osteo-
clasts was greatly increased and osteoblasts were observed
more along the outline of the alveolar bone, which implies a
high rate of bone remodeling and new bone formation (Figs.

9-11).
DISCUSSION

The periosteum is a specialized reactive layer composed of
connective tissue covering the cortical bone and is a well
vascularized osteogenic organ. Many studies have demon-
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Defect formation group

G) 0

Figure 10. Histological photos focused on important anatomy, e.g., blood vessels, Sharpey'’s fibers, and activated osteoblasts from the con-
trol, flap elevation, and one-wall groups. (A-C); Caplillaries magnified x100, (D-F); Sharpey’s fibers magnified x1000, (G-I); (H&E staining,

X 200).

© ©

Figure 11. Hihgher magnification of characteristic periodontal tis-
sues. (A) Inactivated and elongated osteoblast (B) Activated osteo-
blast (C) Osteoclast actively absorbing alveolar bone with ruffled
border (D) Fiber insertion into the alveolar bone (pristine group)
(H&E staining, x800).

strated the involvement of the periosteum in bone repair
and remodeling of the jaw bone [2-5]. However, the impor-
tance of the periosteum in periodontal regeneration has been
underappreciated so far. No potential conflict of interest rel-
evant to this article was reported. Even though the original
division of the periosteum into two anatomical layers was
made in 1966, only in 1986 osteogenic cells of the cambium
were clearly delineated from fibroblasts [30,31]. In periodon-
tal regeneration therapy, the focus of evaluating the potency
of regeneration was usually on the bone and cementum tis-
sues, not on the periosteum. To understand the role of the
periosteum in periodontal regeneration, it is assumed that
the histological and histomorphometric difference between
native periosteum and repaired periosteum after flap eleva-
tion or a surgical operation should be clarified first.

Many factors contribute to healing of periodontal defects.
These include the shape of the defect, host factors, regenera-
tive materials, and presence of growth factors and stem cells.
However, the periosteum can also be an important factor for
periodontal healing, which contributes as a source of stem
cells as well as blood supply. MSCs in the periosteum are
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Figure 12. Measurement of gingival thickness and periosteum of
the control group, flap only group, and defect formation group in
mm. ¥Statistically significant difference (P<0.05).

normally quiescent, but they are activated by injury, local in-
fection, hypoxia, and surgical trauma such as the manipula-
tion involved in releasing the periosteum [32]. There seem to
be certain differences of histology among native and repaired
periosteum according to the extent of surgical trauma applied,
i.e. mucoperiosteal flap elevation, and defect formation.

The results from this study show that elevation of a flap
significantly reduced the thickness of the periosteum both in
the outer and inner layers, and defect formation reduced the
thickness of the periosteum even more. Flap elevation seems
to be a direct cause of trauma, and the blood supply was se-
verely compromised resulting in the moderate degree of tis-
sue necrosis, which ultimately resulted a thinner width of re-
paired periosteumn. Also, the extended time consumed in the
additional operation and more traumatic procedures for de-
fect formation might have caused much more trauma to the
existing periosteum and resulted more necrosis of the peri-
osteal tissue. The mechanism of surgical trauma is mainly
based on the blood supply being interfered with. The eleva-
tion of the periosteum causes circulatory insufficiency through
Volkmann’s canals in the vascular plexus of the periosteum
and periodontal ligament, and it could cause hypoxia of the
periosteum and periodontal ligament [33]. Also, a series of
morphological changes in the vascular plexus occur in the
mucoperiosteal flap in the wound healing process after flap
surgery [34]. Active angiogenesis, induced by elevation of the
periosteum, increases blood flow and vascular permeability,
which facilitates tissue repair responses in the series of steps
of activation of osteoclasts, bone resorption, transition, and
layered bone formation [33,35]. Therefore, the defect forma-
tion group showed the highest number of blood vessels in
the periosteum and activated osteoblasts were dominantly
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observed along the alveolar bone (Fig. 10). The control group
showed the lowest number of blood vessels and few activat-
ed osteoblasts, which implies that the bone remodeling pro-
cess was relatively slow in the native periosteum compared
to the flap only group or defect formation group (Fig. 11).

The thickness of the gingival tissue was greater in the flap
only group than in the control group without statistical sig-
nificance, and the defect formation group showed the great-
est thickness of gingival tissue. It is assumed that the scar tis-
sue was formed during the wound healing process from the
surgical trauma and large amount of collagen fibers were
produced in quantity creating the thickest gingival tissue in
defect formation group followed by flap only group.

It is well known phenomenon that the osteogenic layer is
immediately destroyed when periosteum is stripped from
the adjacent bone surface, and blood supply over the under-
lying cortical bone is compromised. During this process, the
cellular components show different distribution and activity
degrees, and the total volume of periosteum changes accord-
ing to the extent of surgical intervention, i.e, mucoperiosteal
flap elevation or defect formation (Table 1, Fig. 12).

The conclusions from this study are as follows:

1) The thickness of periosteum showed differences as fol-
lows (P<o.05): The control group (0.45+0.22 mm) had
the greatest thickness followed by the flap only group
(0.36+0.07 mm) and defect formation group (0.26+0.03
mm).

2) Thickness of gingival tissue showed difference as follows
(P<o0.05): Defect formation group (3.15+0.40 mm) had
the greatest thickness followed by flap only group
(2.02+0.25 mm) and control group (1.88+0.27 mm).

3) Higher cellular activity was observed in the defect for-
mation group and flap only group than control group.

4) The number of blood vessels was higher in one-wall
group than pristine group.

In conclusion, prolonged operation with increased surgical
trauma seems to decrease the thickness of the repaired peri-
osteum and increase the thickness of gingiva. More blood
vessels and high cellular activity were observed in the defect
formation group.
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