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Role of periosteum in alveolar 
bone regeneration comparing 
with collagen membrane in a buccal 
dehiscence model of dogs
Zhigui Ma 1,3, Ke Guo 2,3, Lu Chen 1, Xinwei Chen 1, Duohong Zou 1* & Chi Yang 1*

To investigate the role of periosteum on the treatment of buccal dehiscence defects comparing with 
collagen membrane in canine model. Bilateral dehiscence-type defects at the buccal side on the 
distal root of the lower 3rd/4th premolars were created in six beagle dogs with a total of 24 defects 
and assigned into three groups: Group A: blood clot in an untreated defect; Group B: deproteinized 
bovine bone material (DBBM) covered with an absorbable membrane; Group C: DBBM covered with 
the periosteum. The structural parameters for trabecular architecture and vertical bone regeneration 
were evaluated. Histological and histomorphometric evaluation were carried out to observe new 
bone formation and mineralization in the graft site. Immunohistochemical analysis was performed to 
identify the expression of osteopontin (OPN) and osteocalcin (OCN) at postoperative 3 months. Group 
C achieved greater vertical alveolar bone gain than that of group A and group B. The periosteum-
covered group showed significantly greater new bone formation and accelerated mineralization. 
The greater immunolabeling for OPN and OCN was observed in group C than in group A. Periosteal 
coverage has explicit advantages over collagen membranes for the quality and quantity of new bone 
regeneration in dehiscence defects repairing.

The use of barrier membranes to facilitate new connective tissue attachment and enhance the osteogenic capa-
bility after bone grafting procedure has received wide acceptance. Several researches have manifested favorable 
healing results of the guided tissue regeneration (GTR) with barrier membranes for the treatment of periodontal 
 defects1–3. These membranes used to prevent the rapid growth of connective tissue from migration to bone defects 
and to maintain space for the regeneration of alveolar bone and periodontal  ligaments4. The periosteum has been 
considered a structure with remarkable regenerative capacity, which comprises of two layers. Osteoblast-like cells 
are located in the inner layer, which could facilitate bone formation and bone repairing without immunological 
 reactions5. However, the periosteum is fairly difficult to obtain and has limited source on the body with injury on 
the second donor site. To avoid these disadvantages, collagen membranes have been explored in clinical practice.

Collagen membranes are absorbable barriers, which can elicit tissue reactions and surgery related complica-
tions as well as reduce patient discomfort for their biodegradable nature. Other clinical advantages of collagen 
membranes include excellent handling properties, clot formation and stabilization, hemostatic function, facili-
tating wound stabilization and healing, and the ability to recruit fibroblasts in vitro6,7. The application of this 
collagen membrane after surgical extraction of mesioangular or horizontally impacted wisdom teeth has stimu-
lated bone regeneration and prevented periodontal  defects8. Some authors also found that this type membrane 
could promote the attachment and proliferation of human periodontal ligament (PDL) fibroblasts and human 
osteoblast-like cells in vitro4. Although collagen membranes showed positive results and was widely used as 
bone graft scaffolds, the drawbacks including disease transmission, increased cost, host immune reactivity, fast 
biodegradation and limited osteogenic capability should not be  neglected9.

As periosteum could be harvested in situ during GTR procedures, periosteal harnessing should be consid-
ered for the achievement of better therapeutic effects. Some researchers have investigated the healing ability of 
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the critical-size bone defects in dogs with or without the preservation of periosteum. They found periosteum 
alone seems to be enough to permit spontaneous healing in mandibular defects. Spontaneous bone formation 
was limited in the case of periosteum  absence10. Even some researches have focused on artificial periosteum 
from the perspective of structural and functional periosteal regeneration to repair the bone  defect11. As a vital 
component of normal bone tissue, the periosteum could act as a barrier membrane during bone graft procedure 
and achieve favorable  outcomes12.

To our knowledge, no comparative histomorphometric study regarding the resorbable collagen membrane 
and periosteum covering the grafts on a denuded root surface has been reported. The aim of this study was to 
histomorphometrically compare the role of commercially available collagen membrane (Bio-Gide®, Geistlich Bio-
mateirals AG) and the periosteum on regeneration of surgically created buccal bony dehiscence defects in canine.

Material and methods
Animals. Six healthy male beagle dogs, aged 18–20 months (weighed 8.5–9.5 kg) were used and this study 
was approved by the institutional review committee of Shanghai Jiao Tong University School of Medicine (No. 
HKDL [2017] 368). The study was conducted in accordance with ARRIVE (Animal Research: Reporting In Vivo 
Experiments) guidelines for preclinical animal studies and the Guidelines laid down by the National Institute of 
Health (NIH) in the USA regarding the care and use of animals for experimental procedures. The animals were 
adapted to a 12-h light/12-h dark cycle for 1 weeks before the surgery. The dogs had free access to food and water 
in the entire experiment.

Surgical management. The experimental study was performed in two surgical phases. All the animals 
were anesthetized with 1.25% Sodium pentobarbital (0.4  ml/kg, IV) in the surgery. Buccal dehiscence type 
defects were created in the first phase. Six beagle dogs received dehiscence defects on the distal root of the 
mandibular 3rd, and 4th premolars (P3–P4) bilaterally (n = 4 defects per animal, n = 24 in total). Briefly, a full 
thickness mucoperiosteal flap was reflected, and standardized buccal dehiscence-type defects (6 mm in height 
from the cemento-enamel junction and 5 mm and 2 mm in width at the top and bottom, respectively) in each 
side of the lower jaw were created as described  previously13,14. Root surfaces were denuded of periodontal liga-
ment using a curette and then a mucoperiosteal flap was repositioned (Fig. S1, Supporting Information). After 
a 1-month healing period, this model could resemble buccal dehiscence defects confirmed by cone beam com-
puted tomography (CBCT) (Fig. 1A–C and Fig.S2, Supporting Information). A total of 12 sides (each side con-
tains the adjacent P3 and P4 of the lower jaw) were randomly assigned into the following treatment groups, 
including four sides each: Group A: blood clot in an untreated defect (n = 8, blank, n = 8); Group B: depro-
teinized bovine bone mineral with granule size of 0.25–1  mm and a volume of 0.25  ml per defect (DBBM, 
Bio-Oss, Geistlich Biomateirals AG, Wolhuser, Switzerland) was applied to bone regeneration, covered with a 
collagen barrier (n = 8,positive control, n = 8); Group C: the same amount of DBBM with the periosteum cover-
age (n = 8)15. In the second surgery, a horizontal incision was first performed at the mucogingival junction from 
the second premolar to the first molar without vertical releasing incisions for the group A. The mucoperiosteal 
flap was reflected coronally till near the gingival margin and then repositioned and sutured, only leaving blood 

Figure 1.  Repairing of buccal dehiscence defects in dogs. (A) Surgically created a buccal dehiscence model. 
(B) Reconstructed 3-D tomogram of dehiscence defect at postoperative 1 month. (C) subperiosteal placement 
of DBBM on the denuded root surface. (D) Blood clot filled in an untreated defect. (E) Bio-Gide collagen 
membrane coverage of the grafts. (F) Periosteum coverage of the grafts.
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clot in the defect area (Fig. S3, Supporting Information). Untreated defects served as the control group. For the 
group B, the operative approach was the same as group A, and Bio-Gide membrane were placed over the defect 
which was filled with DBBM (Fig. 1D, S4, Supporting Information). For the group C, care was taken not to cut 
the periosteum when a horizontal incision at the mucogingival junction was performed according to our previ-
ous clinical  report16. To adequate exposure of the periosteum, a partial thickness flap separating the periosteum 
from the overlying mucosal layer was reflected coronally to the cervical portion and apically to the mental 
region (5 mm below the initial incision) using surgical scissors. This dissection was carefully performed to avoid 
laceration of the periosteum. The mental nerve and blood vessels should be protected with great cautions. Then 
the periosteum was incised at the base and then reflected coronally using a small periosteal elevator. Eventually, 
the semi-free periosteum layer as a nature barrier membrane was harvested with the similar dimension to the 
collagen membrane (Fig. 1E). The periosteum was repositioned and sutured after bone grafting with DBBM 
(Fig. 1F). Finally, the mucosal flap was repositioned and securely sutured (Fig. S5, Supporting Information). 
Penicillin (30,000 u/kg) was administered every day for 1 week and all animals were fed soft food with a plaque 
control regimen during the whole period of the experiment.

Sequential fluorescent labeling. To evaluate the new bone formation and mineralization with time, the 
animals were injected intramuscularly with tetracycline (25 mg/kg, TE; Sigma, USA), alizarin red (30 mg/kg, AL; 
Sigma) and calcein (20 mg/kg, CA; Sigma) at postoperative 3, 6 and 9 weeks, respectively. The outcomes were 
analyzed as the reported  methods8. Half of the samples were fixed for nondecalcified sectioning, dehydrated 
using ascending concentration of alcohols from 75 to 100%, infiltrated and embedded along the buccolingual 
plane in methyl methacrylate (MMA). Three serial buccolingual sections, with a thickness of 150 µm, were taken 
along the longitudinal direction of the teeth by a diamond-coated internal-hole saw microtome (Leica SP 1600, 
Milan, Italy), Each section was grounded and polished to a final thickness of 50–70 µm for fluorescent labeling 
observation a confocal laser scanning microscope (Leisa TCS, Germany). Sequential fluorochrome labeling for 
the newly formed mineralized bone was calculated according to the previous  report17. The number of pixels 
labeled with yellow (TE), red (AL), and green (CA) in each image was measured as a percentage of the miner-
alization area, respectively, using an image analysis system (Image-Pro Plus software, Media Cybernetic, USA).

CBCT and micro-CT evaluation. CBCT (Imaging Sciences International, Hatfield, PA, USA) was taken 
immediately and 1  month after operation for dehiscence creation in this study. Vertical alveolar bone loss 
(VABL) was defined as the distance between the crest of the alveolar bone and the cement-enamel junction in 
the long axis direction of distal root of P3 or P4 along the largest buccal-lingual section, which reflected effective 
periodontal bone support around the teeth.

To observe the internal structure of bone, micro-CT was performed for all animals that were sacrificed at 
3 months post implantation. Blocks in the lower premolar regions, including bone, teeth and surrounding soft 
tissue, were harvested and fixed in 4% paraformaldehyde (PFA). The fixed samples were scanned using an ani-
mal Micro-CT scanner (mCT-80, Scanco Medical, Switzerland) to observe the newly formed bone at the buccal 
defects. The parameters of the micro-CT were set at 70 kV, 114 mA, 700 ms of integration time, a resolution of 
2048 × 2048 pixels and an isotropic voxel size of 18 μm. The volume of interest was selected as the dehiscence 
defect and extended for a total of 500 slices. Bone volume to total volume ratio (BV/TV), trabecular number 
(Tb. N.) and bone mineral density (BMD) were  analyzed18.

Because micro-CT can be cut freely and view from different perspectives, VABL was measured as the above 
method mentioned.

Histological and histomorphometric observations. After fluorescence microscopy, the undecalcified 
sections were stained with Van Gieson’s picro-fuchsin. The percentages of newly formed bone and the residual 
bone substitutes were quantified at low magnification from three randomly selected sections from each speci-
men using image analysis system (Image-Pro-Plus, Media Cybernetic, USA). The other half of the blocks was 
decalcified with 10% of ethylenediaminetetraacetic acid (EDTA-2Na, pH  7.4) at 37 ℃ for 9 months and dehy-
drated in ethyl alcohol with gradually increasing concentrations from 70 to 100%. After embedding in paraffin, 
serial sagittal cross sections were made to a thickness of 4–5 µm. Three slices were chosen from each specimen. 
The first slice was from the long axis of distal part of teeth in a buccolingual direction and the rest were obtained 
0.5 mm mesial and distal from the initial section. Sections were stained with hematoxylin and eosin (H–E) and 
images were captured by a light microscope for the observation of bone regeneration.

Immunohistochemistry. For the detection of the bone remodeling proteins expression in the defect area, 
immunohistochemical analysis was performed using antibodies for osteopontin (OPN), and osteocalcin (OCN). 
The sections were treated with 3%  H2O2 in methanol for 30 min and blocked endogenous peroxidase. And then 
these sections were incubated in Tris-buffered saline (TBS). Primary antibodies contained OPN (Rabbit; 1:100 
dilution; Novus Biologicals, USA) and OCN (Rat; 1:100 dilution; Abcam, USA) were applied to the sections at 4 
°C overnight. After three times washes with PBS, the slices were incubated for 30 min with biotiny-conjugated 
secondary antibody anti-rabbit or anti-rat IgG (Boster Bio Co. Ltd., Shanghai, China), and incubated with a 
preformed streptavidin biotin complex for 30 min. Staining was carried out by 3-3’-diaminobenzidine substrate 
(DAKO, Cambridge, UK), and the specimens were then counterstained with hematoxylin.

Protein expression levels were assessed by the mean optical density (MOD). Both the area and the integrated 
optical density (IOD) of positive stains were quantified with Image J software. MOD was calculated as follows: 
MOD = IOD/observed  area19,20. The mean value was calculated and used as the final value.
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Statistical analysis. SPSS v.17.0 software (SPSS, Chicago, IL, USA) was used for statistical analysis. All the 
data are presented as mean ± standard deviation (SD). The differences among groups A, B and C were analyzed 
by analysis of variance. According to the data distribution and equal variance assumption test, Student–New-
man–Keuls (SNK) post hoc or Friedman’s test followed by Wilcoxon test for multiple comparisons were per-
formed. All comparisons were conducted at the 0.05 level of significance.

Results
All dogs recovered uneventfully with slight swelling within 1 week after surgery. No signs of wound inflamma-
tion or dehiscence were observed. In the Bio-Gide group, one dehiscence site did not show discernible sections 
and was excluded for histological observation.

CBCT and micro-CT measurements. Combined with observation on CBCT and micro-CT, no statisti-
cally significant difference was found among three groups at initial or 1 month after defect creation. During the 
whole experiment period, there was also no obvious change found in the group A, which further confirmed 
the reliability for dehiscence defect model. Vertical augmentation of new bone in labial alveolar bone was suc-
cessfully achieved in each treatment group and the periosteum had an advantage over the Bio-Gide membrane 
(Fig. 2A,B and Fig. S2, Supporting Information).

The micro-CT analysis showed that the bone volume/total volume (BV/TV) ratio was gradually increased 
from group A (37.28 ± 4.61%), group B (53.15 ± 8.75%) to group C (79.12 ± 5.73%) (P < 0.05). The trabecular 
number (Tb. N) showed the similar pattern as the BV/TV ratio. Additionally, the value of bone mineral density 
(BMD) in group C (0.74 ± 0.05 g/cc) was significantly higher than that in group B (0.41 ± 0.04 g/cc) (P < 0.05). 
All together, these results suggested that the periosteum could promote much more bone regeneration than 
Bio-Gide(P < 0.05) (Fig. 2C).

Figure 2.  Micro-CT evaluation of buccal dehiscence repairing. (A) Representative sagittal images of buccal 
dehiscence defects 3 months after GTR procedure. (B) The schematic diagram of micro-CT assessments 
showing vertical alveolar bone loss (VABL) measured from the coronal aspect of new bone to the cement-
enamel junction (CEJ) of the distal root of P3 or P4. (C) The histomorphometric analysis of bone volume/total 
volume (BV/TV), trabecular number (Tb. N) and bone mineral density (BMD). (*P < 0.05; **P < 0.01).
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Fluorochrome labeling analysis. Newly formed mineralized bone at three time points were evaluated 
by calculating different fluorescent labeling area. The tetracycline labeling percentage (yellow) was 1.45 ± 0.21%, 
2.45 ± 0.35%, 3.67 ± 0.28% for the group A, group B and group C, respectively, with statistical significance 
(P < 0.05). The value of Alizarin red labeling percentage (red) in groups B and C was significantly higher than 
that in group A (P < 0.05). The percentage of the calcein labeling (green) had similar pattern as the tetracycline 
(P < 0.05) (Fig. 3). These data indicated that when the periosteum was applied to alveolar augmentation, new 
bone formation and mineralization was greater than that of the resorbable collagen membrane throughout the 
entire experimental period.

Histological and histomorphometric evaluation. Based on the staining by Van Gieson method, the 
newly formed bone tissue was stained into red and showed a woven, trabecular appearance (Fig. 4A). A small 

Figure 3.  New bone formation and mineralization was determined histomorphometrically by tetracycline (TE), 
calcein (CA) and alizarin red (AL)- labeling analysis. (A) Confocal laser microscope images for the control, 
bio-Gide and periosteum groups, respectively. (B) The graph shows the percentage of each fluorochrome area 
for different groups. (*P < 0.05; **P < 0.01). The percentages of three fluorescent labeling in groups B and C 
were significantly higher than that in group A, and there were significant differences between the group B and 
group C in the percentage of TE and CA labeling (P < 0.05), which indicated that more newly formed bone was 
observed in the periosteum group.

Figure 4.  Histological analysis of the non-decalcified specimens. (A) Van Gieson’s staining of the specimens 
in each group. The new bone was stained into red. The periosteum-covered group showed only limited residual 
DBBM encapsulated by fibrous tissue in the grafted area and higher new bone area than the other two groups. 
A small amount of new bone with much more DBBM remnants was observed in the Bio-Gide membrane-
covered group, (B) Percentage of new bone area and residual DBBM area were assessed by histomorphometric 
measurement. The periosteum group showed significant higher new bone area and lower residual DBMM area 
than the Bio-Gide group, which demonstrated that the periosteum evidently accelerated the formation of new 
bone (*P < 0.05; **P < 0.01).
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amount of new bone extended from the bottom region of the defect was observed in the negative control group. 
Cementum and periodontal ligament were limited only in the apical portion of the defect. No ankylosis was 
observed. In group B, residual bone grafts were surrounded partly by the newly formed bone in the grafted 
region. Cementum-like tissue was formed on the apical root surface and appeared as a thin layer. In addition, 
periodontal ligaments were reestablished between the new formed cementum-like tissue and alveolar bone. In 
group C, considerable new alveolar bone occupied the periodontal defect area with some residual bone substi-
tutes. Cementum-like tissue was relatively thick with a layered structure. PDL-like tissue formation was acceler-
ated. Group C demonstrated the best outcome in vertical alveolar bone augmentation, followed by group B, and 
then group A. Furthermore, newly formed bone was greater in the apical regions of the specimens in comparison 
with the coronal regions. Overall, the percentages of new bone area at 3 months were 47.34 ± 5.24% in group C, 
31.56 ± 1.44% in group B and 9.42 ± 1.45% in group A, with significant difference (P < 0.05). The percentages of 
remnant substitutes area were 40.64 ± 4.76% in group B, and 25.78 + 5.67% in group C, and the difference was 
statistically significant (Fig. 4B).

On histological analysis at 3 months after implantation, in the control group, without particulate grafts, the 
coronal portion healed with a long junctional epithelium and connective tissue attachment. Cementum-like 
tissue formation along the root surface was evident in the group B and C. Furthermore, blood vessels were 
distributed in the interface between the root surface and new alveolar bone in two grafted groups. In group B, a 
small amount of inflammatory cell infiltration with limited newly formed bone was observed in the defect region. 
However, significantly more new bone co-existed with the mature lamellar bone was seen in augmented area in 
group C when compared to the other two groups (Fig. 5A). In addition, Sharpey’s fibers inserting into both the 
new alveolar bone and cementum-like tissue suggested that functionally oriented periodontal ligament tissue 
was favorably re-established in periosteum-applied group.

Immunoreactivity of OPN and OCN appeared as a brownish color that was confined to the extracellular 
matrix and cytosolic compartments of osteoblasts and fibroblasts, which exhibited morphologies consistent with 
synthesis activity. The amount of OPN expression was greater in group C than in group B (MOD value: 0.29 ± 0.05 
vs 0.41 ± 0.04, respectively, P < 0.05). Similarly, the expression of OCN in the group C was higher compared to 
the group B (MOD value: 0.39 ± 0.02 vs 0.56 ± 0.07, respectively, P < 0.05, Fig. 5).

Discussion
This study investigated the role of periosteum and collagen membrane on bone regeneration of dehiscence-type 
defects model in beagle dogs. It was demonstrated that periosteum has explicit advantages for graft volume 
maintenance and tissue regeneration, comparing with collagen membrane as illustrated in Fig. 1.

Micro-CT imaging is considered the gold standard for bone morphology and micro-architecture. But it is a 
challenge for large animals to take micro-CT scanning in vivo multiple times over the course of the experimental 
period, thus CBCT that was widely applied in clinic was taken immediately and 1 month after post-creation in 
this study, respectively. The results of CBCT scans showed successful dehiscence creation in a canine model. 
Further, Micro CT demonstrated vertical augmentation of new bone in labial alveolar defect was successfully 
achieved in each treatment group, and the periosteum group was prior to the Bio-Gide membrane group.

Histologic evaluation of specimen obtained from periosteal group showed more new bone growth in this 
study, which were in conformity with previous animal experiments evaluating the contributions of perios-
teum to bone  formation21,22. This is mainly attributed to inherent membrane properties. It is demonstrated that 
the periosteum has remarkable bone-regenerative capacity, serving as a source of osteoprogenitor cells in the 
cambium layer inside. The outer fibrous layer is highly vascularized and shows a microvascular network includ-
ing endothelial pericytes with the capacity to differentiate into a large number of diverse cell types, containing 
 osteoblasts23. The biophysical and chemical environment of periosteum-derived cells egressing from the inner 
layer of periosteum into the critical-sized defect modulates bone osteogenesis and  healing24. The periosteal 
membrane is regarded as essential for successful bone remodeling and formation to bridge a massive defect in 
a long  bone25. The osseous structures and vascular circumstances in the mandible are similar to those in the 
long  bone26. Moreover, it seems more important for the mandible, in which the generable blood supply is less 
anastomotic and diffuse than that in the  maxilla27.

OPN protein that is distributed throughout the entire mineralized matrix is an important indicator for pri-
mary bone formation assessment. Concerning the immunohistochemical results, the periosteum group exhibited 
a greater number of OPN-positive osteoblasts. Much stronger immunolabeling for OCN, a bone formation bio-
marker for osteoblasts during the later stage of bone remodeling, was observed at 3 months post-implantation. 
These findings showed intense activity of alveolar bone formation, suggesting that the periosteum can accelerate 
the bone repairing processes.

The periosteum was considered as a "membrane" or boundary template for GTR. Therefore, several clinical 
procedures have been developed to utilize the bone-regenerative capability of the periosteum. Some studies have 
shown that a split-thickness flap and lateral replacement of the periosteum can be used as a barrier to stimulate 
bone formation in periradicular  surgery28. Similarly, in the present study, periosteal harnessing provides primary 
tension-free flap closure via splitting of the mucosa, which should be viewed as a key step for the achievement 
of better outcomes in bone augmentation procedures.

The collagen membrane is traditionally considered as a physical barrier in GTR, which can prevent the unde-
sirable invasion of surrounding connective tissues into the bone graft area and provide a stable environment for 
bone growth during  healing29. Early removal of barrier membranes could lead to less bone formation or insuf-
ficient bone  filling30. It is suggested that membranes should last for 3–9 months for GTR. Bio-Gide might undergo 
fast degradation in 4–8 weeks which could result in loss of structural integrity and a chronic inflammatory infil-
trating around the  membrane31. Long lasting membranes are still under investigation to fulfill this goal. However, 
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Figure 5.  The results of H–E and immunohistochemical staining. (A) Decalcified H–E staining indicating the 
defect mostly occupied by the fibrous connective tissue in group A. a small amount of osteoid and immature 
woven bone in group B and newly formed osteoid bone fused with lamellar bone in group C. Representative 
immunohistochemical reactivity for OPN and OCN at 3 months post-GTR and more intense OPN and OCN 
staining was observed in group C than in the group B. (B) Immunohistochemical analysis (mean optical density, 
MOD value) of OPN and OCN in group B and group C. The amount of OPN and OCN expression was greater 
in group C than in group B (*P < 0.05). Red arrow shows the defect part on the root surface. Yellow arrows 
indicate the osteoblasts. M residual materials.
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the autogenous periosteum has particular advantage, as this barrier membrane is biocompatible, easy to harvest 
and manipulate. Further, vascular supply is also ensured due to in-situ periosteal coverage. Thus, the autogenous 
vascularized periosteum could be considered an effective alternation to the existing barrier membranes. In 
addition, previous research have demonstrated that bone grafts, used as space maintainer, in association with 
collage membranes not only provide compensation for the lack of stiffness of the membranes, but also lead to 
an increase in bone formation at the recipient site in comparison with using membrane  alone32. Thus, DBBM 
was used in two grafted groups in the present study to support the membrane preserving its original position.

The results of the specimens for both membrane-covered groups exhibited much more new bone was regener-
ated in the apical regions as compared with the coronal regions at 12-week follow-up. One explanation is that the 
membranes in this study could not help maintain enough spatial stability and therefore lead to graft materials 
collapse. What is worse, a downward sloping contour of the mandibular alveolus could not help to prevent bone 
grafting from displacement, which may lead to insufficient bone regeneration at the coronal aspect. However, 
supracrestal bone regeneration is essential for the dehiscence treatment. Lack of enough space maintenance 
ability would result in the reduction of new bone  formation17. In the present study, concerning views men-
tioned above, stable space environment may serve for the advantages of periosteal for graft volume maintenance 
and tissue regeneration, which may provide a new prospective to reconsider the core factor contribute tissue 
regeneration for repairing buccal dehiscence-type defects. The prospect of this membrane may decrease micro 
movement and improve its stabilization, thus enhanced its protective effects in the sub-membranous augmented 
area and eventually facilitated bone regeneration at the desired position, which needs further investigation. GTR 
membranes should be fabricated with great precision to facilitate structural and functional tissue regeneration. 
In the future, with computer-aided design (CAD) and 3-D printing technology, the regenerative membrane with 
more personalized designing could be used to manage irregular periodontal defects.

There are still several limitations in this study. The present defect model could not completely represent the 
real clinical situation. So far, it remains unconfirmed whether periosteum loss with dehiscence in the clinical, 
and only human histology can get reliable information. In addition, based on the present results, the underlying 
mechanisms of the periosteum on bone regeneration need to be clarified in future studies. Addition to above, 
although multiple comparison was selected before, we did not calibrate it so as not to miss any meaningful results.

Conclusion
Our results demonstrated that significant bone regeneration can be achieved with the applied of periosteum to 
cover the grafts than the bioresorbable membrane, indicating the potential for this material to support better 
therapeutic effects during regenerative procedures for dehiscence. The underlying mechanisms of bone regenera-
tion provided by periosteum is needed to be investigated in the future studies.

Data availability
All data generated or analyzed during this study are included in this published article (and its supplementary 
information files).

Received: 27 July 2022; Accepted: 24 January 2023

References
 1. Sheikh, Z. et al. Collagen based barrier membranes for periodontal guided bone regeneration applications. Odontology 105, 1–12. 

https:// doi. org/ 10. 1007/ s10266- 016- 0267-0 (2017).
 2. Kasaj, A. et al. In vitro evaluation of various bioabsorbable and nonresorbable barrier membranes for guided tissue regeneration. 

Head Face Med. 4, 22. https:// doi. org/ 10. 1186/ 1746- 160x-4- 22 (2008).
 3. Wang, H. L. & Carroll, W. J. Using absorbable collagen membranes for guided tissue regeneration, guided bone regeneration, and 

to treat gingival recession. Compend. Contin. Educ. Dent. (Jamesburg, N.J. : 1995) 21, 399–402 (2000) (404, 406 passim; quiz 414).
 4. Rothamel, D. et al. Biocompatibility of various collagen membranes in cultures of human PDL fibroblasts and human osteoblast-

like cells. Clin. Oral Implant Res. 15, 443–449. https:// doi. org/ 10. 1111/j. 1600- 0501. 2004. 01039.x (2004).
 5. Chen, C. C. et al. In vitro and in vivo studies of hydrophilic electrospun PLA95/β-TCP membranes for guided tissue regeneration 

(GTR) applications. Nanomaterials (Basel) https:// doi. org/ 10. 3390/ nano9 040599 (2019).
 6. Zahedi, S., Bozon, C. & Brunel, G. A 2-year clinical evaluation of a diphenylphosphorylazide-cross-linked collagen membrane for 

the treatment of buccal gingival recession. J. Periodontol. 69, 975–981. https:// doi. org/ 10. 1902/ jop. 1998. 69.9. 975 (1998).
 7. Burstein, F. D., Ariyan, S., Chicarilli, Z. & Canalis, R. F. The effect of periosteal preservation on osteogenesis in a canine rib autograft 

model: Tetracycline fluorescence incident photometry. J. Craniofac. Surg. 5, 161–171. https:// doi. org/ 10. 1097/ 00001 665- 19940 
7000- 00005 (1994).

 8. Ge, J. et al. Comparison of different grafting materials for treatment of bone defect distal to the molar in canine. Clin. Implant 
Dent. Relat. Res. 20, 444–454. https:// doi. org/ 10. 1111/ cid. 12603 (2018).

 9. Lu, S. et al. A novel silk fibroin nanofibrous membrane for guided bone regeneration: A study in rat calvarial defects. Am. J. Translat. 
Res. 7, 2244–2253 (2015).

 10. Lemperle, S. M., Calhoun, C. J., Curran, R. W. & Holmes, R. E. Bony healing of large cranial and mandibular defects protected from 
soft-tissue interposition: A comparative study of spontaneous bone regeneration, osteoconduction, and cancellous autografting 
in dogs. Plast. Reconstr. Surg. 101, 660–672. https:// doi. org/ 10. 1097/ 00006 534- 19980 3000- 00013 (1998).

 11. Wu, L. et al. Hierarchical micro/nanofibrous membranes of sustained releasing VEGF for periosteal regeneration. Biomaterials 
227, 119555. https:// doi. org/ 10. 1016/j. bioma teria ls. 2019. 119555 (2020).

 12. Dds, F. V., Dds, A. D. A. & Pontón, J. Clinical, tomographic, and histological assessment of periosteal guided bone regeneration 
with cortical perforations in advanced human critical size defects. Clin. Implant Dent. Relat. Res. 14, 112–120 (2012).

 13. Ma, Z. et al. Timing of force application on buccal tooth movement into bone-grafted alveolar defects: A pilot study in dogs. Am. 
J. Orthod. Dentofac. Orthoped. 159, e123–e134. https:// doi. org/ 10. 1016/j. ajodo. 2020. 09. 010 (2021).

 14. Pereira, F. P. et al. Deproteinized bovine bone mineral or autologous bone at dehiscence type defects at implants installed immedi-
ately into extraction sockets: An experimental study in dogs. Clin. Implant Dent. Relat. Res. 18, 507–516. https:// doi. org/ 10. 1111/ 
cid. 12328 (2016).

https://doi.org/10.1007/s10266-016-0267-0
https://doi.org/10.1186/1746-160x-4-22
https://doi.org/10.1111/j.1600-0501.2004.01039.x
https://doi.org/10.3390/nano9040599
https://doi.org/10.1902/jop.1998.69.9.975
https://doi.org/10.1097/00001665-199407000-00005
https://doi.org/10.1097/00001665-199407000-00005
https://doi.org/10.1111/cid.12603
https://doi.org/10.1097/00006534-199803000-00013
https://doi.org/10.1016/j.biomaterials.2019.119555
https://doi.org/10.1016/j.ajodo.2020.09.010
https://doi.org/10.1111/cid.12328
https://doi.org/10.1111/cid.12328


9

Vol.:(0123456789)

Scientific Reports |         (2023) 13:2505  | https://doi.org/10.1038/s41598-023-28779-7

www.nature.com/scientificreports/

 15. Murphy, K. G., Wilcko, M. T., Wilcko, W. M. & Ferguson, D. J. Periodontal accelerated osteogenic orthodontics: A description of 
the surgical technique. J. Oral Maxillofac. Surg. 67, 2160–2166. https:// doi. org/ 10. 1016/j. joms. 2009. 04. 124 (2009).

 16. Ma, Z. G. et al. A novel surgical technique for augmented corticotomy-assisted orthodontics: bone grafting with periosteum. J. 
Oral Maxillofac. Surg. 74, 170–180. https:// doi. org/ 10. 1016/j. joms. 2015. 06. 147 (2016).

 17. Li, X. et al. Guided bone regeneration using chitosan-collagen membranes in dog dehiscence-type defect model. J. Oral Maxillofac. 
Surg. 72(304), e301-314. https:// doi. org/ 10. 1016/j. joms. 2013. 09. 042 (2014).

 18. Xie, Q. et al. Characterization of human ethmoid sinus mucosa derived mesenchymal stem cells (hESMSCs) and the application 
of hESMSCs cell sheets in bone regeneration. Biomaterials 66, 67–82. https:// doi. org/ 10. 1016/j. bioma teria ls. 2015. 07. 013 (2015).

 19. Lu, J., Duan, Y., Zhang, M., Wu, M. & Wang, Y. Expression of Wnt3a, Wnt10b, β-catenin and DKK1 in periodontium during 
orthodontic tooth movement in rats. Acta Odontol. Scand. 74, 217–223. https:// doi. org/ 10. 3109/ 00016 357. 2015. 10900 11 (2016).

 20. Uddströmer, L. & Ritsilä, V. Healing of membranous and long bone defects. An experimental study in growing rabbits. Scand. J. 
Plast. Reconstruct. Surg. 13, 281–287. https:// doi. org/ 10. 3109/ 02844 31790 90130 71 (1979).

 21. Breitbart, A. S. et al. Tissue engineered bone repair of calvarial defects using cultured periosteal cells. Plast. Reconstruct. Surg. 101, 
567–574 (1998) (discussion 575–566).

 22. Uddstromer, L. & Ritsila, V. Healing of membranous and long bone defects. An experimental study in growing rabbits. Scand. J. 
Plast. Reconstruct. Surg. 13, 281–287 (1979).

 23. Reilly, T. M., Seldes, R., Luchetti, W. & Brighton, C. T. Similarities in the phenotypic expression of pericytes and bone cells. Clin. 
Orthopaed. Relat. Res. 346, 95–103 (1998).

 24. Evans, S. F., Chang, H. & Knothe Tate, M. L. Elucidating multiscale periosteal mechanobiology: A key to unlocking the smart 
properties and regenerative capacity of the periosteum?. Tissue Eng. Part B Rev. 19, 147–159. https:// doi. org/ 10. 1089/ ten. TEB. 
2012. 0216 (2013).

 25. Knothe, U. R. & Springfield, D. S. A novel surgical procedure for bridging of massive bone defects. World J. Surg. Oncol. 3, 7. https:// 
doi. org/ 10. 1186/ 1477- 7819-3-7 (2005).

 26. Chanavaz, M. Anatomy and histophysiology of the periosteum: Quantification of the periosteal blood supply to the adjacent bone 
with 85Sr and gamma spectrometry. J. Oral Implantol. 21, 214–219 (1995).

 27. Gordh, M., Alberius, P., Lindberg, L. & Johnell, O. Bone graft incorporation after cortical perforations of the host bed. Otolaryngol. 
Head Neck Surg. 117, 664–670. https:// doi. org/ 10. 1016/ s0194- 59989 770050-0 (1997).

 28. Tobon-Arroyave, S. I., Dominguez-Mejia, J. S. & Florez-Moreno, G. A. Periosteal grafts as barriers in periradicular surgery: Report 
of two cases. Int. Endod. J. 37, 632–642. https:// doi. org/ 10. 1111/j. 1365- 2591. 2004. 00855.x (2004).

 29. Donos, N., Kostopoulos, L. & Karring, T. Augmentation of the rat jaw with autogeneic cortico-cancellous bone grafts and guided 
tissue regeneration. Clin. Oral Implant Res. 13, 192–202 (2002).

 30. Becker, W. et al. The use of e-PTFE barrier membranes for bone promotion around titanium implants placed into extraction 
sockets: A prospective multicenter study. Int. J. Oral Maxillofac. Implants 9, 31–40 (1994).

 31. Kodama, T., Minabe, M., Hori, T. & Watanabe, Y. The effect of various concentrations of collagen barrier on periodontal wound 
healing. J. Periodontol. 60, 205–210. https:// doi. org/ 10. 1902/ jop. 1989. 60.4. 205 (1989).

 32. Hockers, T., Abensur, D., Valentini, P., Legrand, R. & Hammerle, C. H. The combined use of bioresorbable membranes and xeno-
grafts or autografts in the treatment of bone defects around implants. A study in beagle dogs. Clin. Oral Implants Res. 10, 487–498 
(1999).

Acknowledgements
This study was supported by the National Natural Science Foundation of China [81800932, 82071134, 81870785], 
and Clinical Research Project of Multi-Disciplinary Team, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong 
University School of Medicine [201913].

Author contributions
Z.M. and K.G. contributed to experiment performance, data collection and manuscript drafting; L.C. and X.C. 
contributed to experiment performance; C.Y. and D.Z. contributed to experiment designing, instruction and 
article revision.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 28779-7.

Correspondence and requests for materials should be addressed to D.Z. or C.Y.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1016/j.joms.2009.04.124
https://doi.org/10.1016/j.joms.2015.06.147
https://doi.org/10.1016/j.joms.2013.09.042
https://doi.org/10.1016/j.biomaterials.2015.07.013
https://doi.org/10.3109/00016357.2015.1090011
https://doi.org/10.3109/02844317909013071
https://doi.org/10.1089/ten.TEB.2012.0216
https://doi.org/10.1089/ten.TEB.2012.0216
https://doi.org/10.1186/1477-7819-3-7
https://doi.org/10.1186/1477-7819-3-7
https://doi.org/10.1016/s0194-59989770050-0
https://doi.org/10.1111/j.1365-2591.2004.00855.x
https://doi.org/10.1902/jop.1989.60.4.205
https://doi.org/10.1038/s41598-023-28779-7
https://doi.org/10.1038/s41598-023-28779-7
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Role of periosteum in alveolar bone regeneration comparing with collagen membrane in a buccal dehiscence model of dogs
	Material and methods
	Animals. 
	Surgical management. 
	Sequential fluorescent labeling. 
	CBCT and micro-CT evaluation. 
	Histological and histomorphometric observations. 
	Immunohistochemistry. 
	Statistical analysis. 

	Results
	CBCT and micro-CT measurements. 
	Fluorochrome labeling analysis. 
	Histological and histomorphometric evaluation. 

	Discussion
	Conclusion
	References
	Acknowledgements


