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Original  Article

ABSTRACT
Purpose: Various surgical techniques are described in the literature to manage gingival recession defects but the histopathologic evidence 
to support the current available techniques, is scarce. Recently periosteal pedicle graft (PPG) has proven to be an effective treatment option to 
treat gingival recession defects (GRD) with results comparable to subepithelial connective tissue graft (SCTG). 

Objective: The present histopathological study was done to evaluate the healing pattern of periosteal pedicle autogenous graft along with 
coronally advanced flap in the treatment of gingival recession defects.

Materials and Methods: The present study was performed on 10 sites in 5 rabbits. Two sites were selected in each animal and gingival 
recession defects were surgically created and then treated using periosteal pedicle pedicle graft along with coronally advanced flap procedure. 
Healing pattern was assessed histopathologically at pre-defined intervals till 6 months.  

Results: On the 7th day of healing, dilated blood vessels with inflammatory cells were seen, while rudimentary rete-pegs appeared on 14th 
day. Between 3 months to 6 months, advanced histological repair with connective tissue organization with initiation of junctional epithelium, 
cementum and bone formation were observed.

Conclusion: Gingival recession defects treated with PPG had evidences of regeneration of cementum, bone and periodontal ligament fibers 
with new connective tissue attachment.
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INTRODUCTION

Gingival recession is defined as the displacement of the 
marginal tissue apical to the cement–enamel junction,[1] 
which may result in problems such as impaired esthetics, 
plaque accumulation, root caries, dentin hypersensitivity, 
and gingivitis.[2] The etiology of gingival recession defects 
is multifactorial, and numerous surgical procedures have 
been described in the literature for the treatment of gingival 
recession defects[3,4] with variable success rates.[3,5]

Periosteal pedicle graft (PPG) was an innovative technique 
first described in 1999 and has shown promising treatment 
outcomes when used to manage gingival recession 
defects.[6] The technique has shown results, which are 
comparable with those of the subepithelial connective 
tissue graft (SCTG) in terms of root coverage. Recent studies 
have rated PPG better than connective tissue graft owing 

to its immense regenerative potential and better patient 
satisfaction.[7]

The long‑term success of root coverage procedures has 
often been questioned due to the lack of histopathological 
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RESULTS

On the 7th day, basal cells and prickle cells were seen with 
plump fibroblasts in the oral epithelium of the flap without 
rete pegs. The connective tissue in the healing wound 
consisted of engorged blood vessels, dilated capillaries, 
and active osteoblasts. Fibroblasts, osteoblasts, supporting 
vasculature, and laying of osteoid material were seen in the 
tissue away from the graft [Figure 2a and b].

On the 14th day, cellular organization and initiation of wound 
maturation by the appearance of rudimentary rete pegs at 
the interface of epithelium and the connective tissue were 
clearly evident. Collagen fibers and ground substance were 
also seen in the connective tissue.

At the end of 1 month, oral epithelium had almost reached 
normal structure with basal cell layer, prickle cell layer, and 
rete pegs that had further extended into the connective 
tissue. Junctional epithelium appeared for the first time at this 
stage. The interface between graft and flap showed organized 
granulation tissue with bundles of matured collagen fibers 
and fibroblast cells [Figure 3a-d].

After 3 months, the length of epithelium and soft tissue 
thickness increased to 3 mm, and the sulcular epithelial lining 
appeared more stratified and organized with proliferation and 
further elongation of rete pegs [Flow Chart 1]. A progressive 
increase in the amount of connective tissue fibers was also 
seen. The surface epithelium along with junctional epithelium 
appeared to be in close approximation to the tooth surface. 

evidence explaining regeneration at the site of treated 
gingival recession defects.[5,8] Therefore, this study was 
conducted to evaluate the healing of PPG when used to treat 
gingival recession defects.

The study is based on the hypothesis that healing by new 
attachment and regeneration might happen at the denuded 
root and PPG interface owing to the inherent regenerative 
capacity of the periosteum.

MATERIALS AND METHODS

This study was performed at an animal house and approved 
by the ethical community [Ragistration no SO2/PO/Re2001/
CPCSEA and 18/1/2017]. The surgical team consisted of two 
periodontal surgeons with more than 10 years’ experience 
and a veterinary surgeon who assisted in the presurgical 
preparation and postsurgical maintenance of the animals.

A total of 10 sites in five rabbits  (R1, R2, R3, R4, and 
R5) were used for this study. Two sites were selected 
in each animal: the left mandibular central incisor and 
the right mandibular incisor. On the day of surgery, the 
gingival recession defect was surgically created in all the 
animals [Figure 1a-c], which was then treated after 30 days 
using a PPG along with a coronally advanced flap procedure 
[Figure 1d-f]. To assess the pattern of healing, specimens 
were taken from animals R1, R2, R3, R4, and R5 after 7 days, 
14 days, 1 month, 3 months, and 6 months, respectively, 
as shown as follows:

Figure 1: External bevel incision given for the defect creation (a), notch at CEJ (b and c), harvested periosteal pedicle graft (d), periosteal pedicle graft placed 
over the gingival recession defect (e), and periosteal pedicle covered with coronally advanced flap (f)
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A 2 mm thick layer of newly formed cementum and bone 
was evident [Figure 4].

After 6  months, more amount of mature bone with an 
increase in the thickness of the sulcular epithelium was 
evident. A well‑organized and matured junctional epithelium 
of 0.5 mm in length was also attached to the tooth surface at 
the cementoenamel junction. The surface epithelium regained 
its normal shape, thickness, and appearance with well‑formed 
rete pegs. The connective tissue appeared to be well organized 
with dense matured collagen fibers throughout [Figure 5a-f].

DISCUSSION

Various techniques have been described in the literature to 
treat the gingival recession defect (GRDs),[2,7‑11] but scientific 
evidence on the healing pattern of treated GRDs is scarce. 
The use of periosteum as a pedicle graft in the treatment 
of gingival recession defects is a recent technique, which 

utilizes the immense potential of periosteum to revascularize 
and regenerate[2] This study is a pioneer study evaluating the 
healing pattern of GRDs treated with PPG in experimental 
animals. The healing pattern of PPG was observed till 
6 months in five experimental rabbits. Several studies have 
used rabbits to evaluate the healing pattern in oral wounds. 
Similarities between human and rabbit periodontal tissue 
anatomy and physiology made it possible to assess the 
healing pattern in treated gingival recession defects.[9‑12]

Histopathological specimen of the 7th  day showed that 
inflammatory cells invaded the graft, length of oral epithelium 
was 2 mm, and no rete pegs were seen. A few dilated blood 
vessels with blood clot embedded in the graft were also noted. 
Guiha et al.[12] and Staffileno and Levy[13] reported the same 
results. On the 14th day, the epithelium itself had increased 
in thickness and rete pegs of epithelium started to appear. 
Connective tissue revealed a decrease in the number of 
inflammatory cells and an associated increase in fibroblasts, 
and a few cementoblasts were also seen, but no signs of new 
bone formation were observed. In addition, granulation tissue 
was observed as an interface between graft and flap and 
blood clot disappeared within the blood vessels. Junctional 
epithelium had not yet formed. Staffileno and Levy[13] also 
reported similar findings in the 14th‑day specimen in their 
histological and clinical study of mucosal transplants in dogs.

After one month of healing, our results revealed that 
the thickness of the oral epithelium had increased and 

Figure  4: 3‑month histopathological analysis of the biopsy specimen 
showing epithelium, which has regained its normal shape, thickness, and 
appearance

Figure 2:  (a and b) 7th‑day histopathological analysis of the biopsy specimen 
showing engorged blood vessels (magnification 10x)
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Flow Chart 1: Time line for sacrifice and sample collection

Figure 3:  1‑month histopathological analysis of the biopsy specimen showing 
demarcation zone between graft and periosteum (a), well‑organized bundles 
of collagen fibers  (b), increased thickness of surface epithelium (c), and 
collagen fibers penetrating the graft (d)
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approached the normal structure. Rete pegs had further 
extended into the connective tissue and the junctional 
epithelium, notably appeared for the first time at this stage. 
A fibrous connective tissue attachment from the apical extent 
of the junctional epithelium was also seen. These findings 
were also observed in the study conducted by Richardson 
et  al.[14] and Guiha et  al.[12] An important finding was new 
bone formation at the interface of graft and tooth root. 
This finding was in accordance with Al‑Hezaimi et al.[15] in 
which contralateral gingival recession defects were surgically 
treated with SCTG  +  platelet rich plasm  (test group) or 
SCGT (control group) and the evidence of bone formation in 
the area of the root was noticed after 45 days.

After 3 months of healing period, the length of epithelium 
and soft tissue thickness increased to 3 mm, the sulcular 
epithelium lining appeared more stratified and organized with 
proliferation and elongation of rete pegs, and an increase in 
number of well‑organized collagen fiber bundles in connective 
tissue was seen. A 2 mm thick layer of newly formed cementum 
was observed coronal to the notch and newly formed bone 
increased to 1 mm compared with the previous specimen of 
1 month. These findings were in agreement with Casati MZ 
et  al.[16] who did a histometric study to assess the healing 
pattern of gingival recession defects with guided tissue 
regeneration and coronally positioned flaps. The healing 
pattern at 6 months was fairly similar to that seen till 3 months 
except for the fact that an increase in the thickness of the 
sulcular epithelium, a well‑organized and mature junctional 
epithelium of length 0.5 mm, was noticed. Lewis C. Cummings 
et al.[17] also reported similar findings in their study.

In addition to the above findings, the authors of this research 
paper also tried to correlate the clinical studies, which 
utilized PPG for the treatment of gingival recession defect 
and the histopathological findings of this study. The majority 
of the clinical studies attributed the immense success of PPG 
to the inherent regenerative and vascular properties of the 
periosteum.[18,19] Better healing and esthetic results were 
mainly attributed to the ample vascular supply associated 
with PPG, due to the release of vascular endothelial growth 
factor  (VEGF) in addition to immediate post‑inflammatory 
vasodilation[8,12,20] Studies on SCTG healing have revealed 
that neovascularization in SCTG‑treated cases was only 
due to vasodilation, which follows the surgical trauma.[12] 
PPG seems to promote more effective neovascularization 
compared with SCTG due to the combined effect of VEGF 
and vasodilatation in cases treated with PPG. Previous clinical 
studies have suggested that the long‑term success of GRDs 
treated with PPG was supposedly due to the presence of 
stem cells, osteoblasts, fibroblasts, and their progenitor 
cells in the layers of periosteum, which contributed to the 
new attachment between the graft and the denuded root 
surface.[21‑23] The findings of our study clearly confirmed 
the presence of these cells during the healing of PPG. 
The presence of these cells might be responsible for the 
firm reattachment of the connective tissue fibers with the 
denuded root surface. On further analysis, it was interesting 
to observe that the cells with the potential to regenerate 
cementum and periodontal ligament  (i.e.,  cementoblasts 
and fibroblasts) were the first to populate the root surface 
followed by osteoblast and their progenitor cells, which 
were immediately behind the fibroblasts and populate the 

Figure 5: 6‑month histopathological analysis of the biopsy specimen showing well‑stabilized gingival epithelium (a), osteoblast  (b), fibroblast  (c), the 
junctional epithelium (d), and new bone tissue, cementum, and the thick layer of collagen fibers (e and f)
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defect. So, the presumption that PPG places proper cells in 
the proper position for the regeneration of gingival recession 
defects was objectively confirmed at the end of this study.[24]

To summarize, the present study could act as a baseline study, 
which explains the histopathological mechanism behind the 
immense clinical success of PPG.

Limitations
Though our manuscript replicated the PPG technique in 
animals, it is worth mentioning that an actual histological 
study in humans taking into account etiological factors such 
as trauma from occlusion will produce stronger evidence.
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