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Efficacy of Vascularized Periosteal Membranes in
Providing Soft Tissue Closure at Grafted 

Human Maxillary Extraction Sites 
Ronaldo B. Santana, DDS, MScD, DSc1/Carolina M. L. de Mattos, DDS2

Purpose: Soft tissue closure is mandatory for optimal healing of extraction sites treated via guided
bone regeneration. The objective of this study was to evaluate the efficacy of a flap design based on
the extension of palatal tissues to obtain and maintain soft tissue coverage over grafted extraction
sockets. Materials and Methods: Adult patients (n = 22) with at least two teeth indicated for extrac-
tion were treated. After atraumatic extraction, control sockets were filled with a composite graft (1:1)
containing demineralized freeze-dried bone allografts and Bio-Oss. Experimental sockets were treated
identically, except that an Atrisorb absorbable barrier membrane was also placed over the graft mater-
ial before flap closure, which was obtained, in all sockets, by the coronal extension of a vascularized
pedicle dissected from the periosteal aspect of the palate. Results: Primary tension-free wound clo-
sure was achieved at all treated sites. Exfoliation of the graft material during healing was not observed
in either treatment group. High levels of soft tissue closure were maintained throughout the study
period for both treatment groups, and membrane exposure was observed in only 7% of treated sites.
Conclusion: On the basis of this study it appears that the reported technique was an adequate method
of achieving and maintaining complete soft tissue coverage and promoting healing by primary inten-
tion in grafted extraction sockets in humans. INT J ORAL MAXILLOFAC IMPLANTS 2009;24:81–87
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More than 20 million teeth are extracted in the
United States every year, resulting in edentulism

in more than 40% of the American population over
the age of 60 years.1 Resorption of alveolar bone is a
common complication of tooth extraction.2 Local and
systemic factors, such as disuse, atrophy, and pressure
from denture wearing, may increase bone resorp-
tion.2,3 Quantitative analysis of the alveolar bone
response following tooth extraction revealed that

significant bone loss occurs both apicocoronally and
buccopalatally in extraction sites.4,5 Importantly, the
residual ridge dimensions buccopalatally were
smaller than 3.5 mm in all studied patients.4,5 There-
fore, significant ridge defects developed, and the
amount of residual bone was not sufficient for the
placement of conventional endosseous implants.

Localized ridge deficiencies in the anterior regions
of the mouth can pose important clinical and
esthetic challenges during the restorative phase of
treatment.6–8 Several techniques have been
described in the literature for the surgical manage-
ment of such conditions, including “inlay” and “onlay”
grafts of masticatory mucosa from the palate7,8; sev-
eral “pouch” procedures or “tunnel” preparations for
grafting or implantation of autogenous (bone or
connective tissue), allogeneic (bone), or alloplastic
materials7,8; guided bone regeneration (GBR)4,5; and
some special flap procedures,9–14 designed to be
used alone or in combination with other techniques.
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Soft tissue closure, undisturbed healing, and
preservation of membranes completely covered by
the gingival tissues appear to be mandatory for opti-
mal healing of extraction sites treated via guided
bone regeneration.15–18 Unfortunately, clinical stud-
ies evaluating GBR procedures for socket preserva-
tion after tooth extraction4,5,9,19,20 or during place-
ment of immediate implants in extraction sockets
treated with GBR procedures16,21–25 have shown
alarming rates of membrane exposure. Early mem-
brane exposure has been shown to inhibit bone
regeneration in GBR sites.26,27 Therefore, technical
refinements in soft tissue manipulation to enhance
soft tissue closure in conjunction with GBR proce-
dures are still necessary.

The objective of this study was to evaluate the
efficacy of a flap design, based on the extension of
palatal tissues, to obtain and maintain soft tissue
coverage over grafted extraction sockets with or
without the use of an absorbable barrier membrane.

MATERIALS AND METHODS

Study Population and Experimental Design
Adult patients with at least two teeth indicated for
extraction for periodontal or prosthetic reasons were
treated. Smokers, patients with immunosuppressive
systemic diseases (ie, cancer, acquired immunodefi-
ciency syndrome, diabetes), and patients with gen-
eral contraindications for oral surgery were not
included in the present study. Informed consent was
obtained from all patients after they were fully
informed about the character, purpose, and proce-
dures of the study. The study was conducted in
accordance with the guidelines of the Helsinki Decla-
ration of 1975, as modified in 2000, and was
approved by the institutional review board.

Surgical Procedure
Intrasulcular incisions were performed circumferen-
tially in experimental teeth with no. 15C surgical
blades after adequate local anesthesia was obtained
by means of regional blocks, followed by papillary
intraseptal and palatal infiltration. Teeth were care-
fully luxated and extracted atramautically. No frac-
tures of the cortical plates occurred during the
extraction procedures. The sockets were carefully
curetted and irrigated with sterile saline solution.
Sockets were then completely filled with a 1:1 mix-
ture of decalcified freeze-dried bone allograft mater-
ial (DFDBA) (Pacific Coast Tissue Bank, Los Angeles,
CA) and an anorganic bovine bone mineral (Bio-Oss,
Geistlich, Wolhusen, Switzerland)(Fig 2d). A total of 28
extraction sites received this treatment and served as
the control group. An equal number of extraction
sockets from the experimental group were treated in
the same way as the controls, but after graft insertion
they were also completely covered with an
absorbable barrier membrane (Atrisorb, Atrix Labs,
Fort Collins, CO) according to the principles of GBR.
Closure of the extraction socket was obtained via the
coronal extension of vascularized palatal periosteal
membranes (Figs 2c and 2e). Distribution of teeth
according to treatment regimen is shown in Table 1.

Vascularized Periosteal Membrane Technique
A mesiodistal incision is performed at the midcrest or
slightly (2 to 4 mm) buccal to the ridge crest (Fig 1a).
Two secondary parallel perpendicular incisions are
created and connected to the primary incision. This
incision extends 10 to 15 mm apically. A full-thickness
palatal flap is then elevated (Fig 1b). In the most
apical location of the periosteal aspect of the flap, a
tertiary linear horizontal incision is performed
perpendicular to the surface of the flap (Fig 1c). This
tertiary incision connects both of the secondary

Table 1 Distribution of Teeth According to 
Treatment Regimen and Frequency of Complications

Site location* Complications

Patient Experimental Control Experimental Control

1 24 15 _ _
2 16, 17 16, 17 _ _
3 11 22 _ _
4 12 11 _ _
5 21, 22 11, 22 _ _
6 23 22 _ _
7 12, 13 21, 11 _ _
8 23 25 _ _
9 12, 13 14, 15 _ _
10 17 26 _ FN
11 11 21 _ _
12 25 14 _ _
13 16 26 FN, ME FN
14 12 23 _ _
15 14, 15 21, 23 _ _
16 17 27 ME _
17 14 15 _ _
18 14 25 _ _
19 11, 12 21, 22 _ _
20 21 14 _ _
21 12 22 _ _
22 14 24 _ _

*Sites listed according to FDI tooth numbers. 
ME = membrane exposure; FN = flap necrosis; – = no complications
noted.
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incisions, ie, the lateral borders of the flap, and
extends to a depth that is approximately half the
thickness of the palatal flap tissue. The blade is then
positioned parallel to the flap surface, and the palatal
flap is split in half (Fig 1d). This sharp dissection is
performed in the incisal direction, to 3 or 4 mm apical
to the most coronal border of the flap. When the split
periosteal extension is separated from the original
palatal flap, it maintains a pedicle via the aforemen-
tioned 3- to 4-mm nonsplit coronal border of the
palatal flap. Consequently, the periosteal aspect can
extend coronally, maintaining its vascularization via
the pedicle. This extension constitutes the coronally
positioned split-thickness palatal flap. The periosteal
margin of the palatal flap is then adapted below the
buccal flap/pouch tissue and above any grafted
material, if present (Fig 1e). The wound margins are
carefully joined together with single interrupted
sutures (Fig 1f ). Identical surgical flap procedures
were performed in both the experimental and con-
trol groups (Fig 2).

Bone Measurements
At the time of the surgery, just prior to graft place-
ment, direct measurements of the width of the bone
crest (BCW) were made from the crest of the buccal

bony wall to the crest of the palatal bony wall with the
use of a calibrated periodontal probe at a point corre-
sponding to half the mesiodistal socket diameter. Six
months after tooth extraction, full-thickness buccal
and palatal flaps were elevated to expose the alveolar
crest, and the measurements were repeated. All mea-
surements were rounded to the nearest 0.5 mm.

Perioperative and Postoperative Care 
Provisional restorations were checked and adjusted
to eliminate contact with the surgical area. Sutures
were removed after 10 days, the wound was carefully
cleaned with sterile gauze soaked in saline, and the
field was then evaluated. The patient was prescribed
a 0.12% chlorhexidine solution, twice daily, for chem-
ical bacterial plaque control and was instructed to
use a routine plaque control regimen, except in the
operated area. Analgesics and antibiotics were pre-
scribed according to individual needs. Weekly main-
tenance visits were scheduled for the first month,
and biweekly visits continued in the second and
third postoperative months. The patients were
instructed to refrain from mechanical oral hygiene at
home in the operated area during the first month fol-
lowing surgery; during this time professional care
was provided weekly for this purpose.

Fig 1 Schematic drawing of the vascularized periosteal membrane (VPM) technique. (a) Primary incision. (b) Periosteal reflection.
(c to e) Dissection of the VPM. (f) Periosteal extension and wound closure.
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Data Collection and Statistical Analyses
Soft tissue coverage was evaluated dichotomously at
the time of surgery and again 6 months after surgery.
Intergroup comparisons of the total frequencies of
distributions of postsurgical complications were
analyzed via the chi-square test. Intergroup compar-
isons of the bone crest width were analyzed via the
Mann-Whitney test. Statistical significance was
declared if the results were either at or above the
95% probability (P < .05).

RESULTS

Twenty-two patients (14 men, eight women), 26 to 63
years old with a mean age of 42 ± 8 years, were
treated. Primary tension-free wound closure was
achieved at all treated sites. Exfoliation of graft mater-
ial during healing was neither observed nor reported
by the patients in either treatment group. No signs of
erythema, edema, swelling, or suppuration were
noticed in the soft tissues of the experimental group.
Soft tissue healing at sites treated with the
absorbable membrane did not appear to be different
from that at the control sites, suggesting that the
material was well tolerated by the gingival tissues.

Postsurgical complications were minimal for both
treatment modalities tested (Table 1). Differences in
the total frequencies of distributions of postsurgical
complications between the groups were not statisti-
cally significant (�2 test, P = .2879). Partial necrosis of
the palatal flap was observed at two sites (one exper-
imental and one control). These were minimal and
closed spontaneously by granulations emanating
from the wound margins in 1 to 2 weeks. Partial
necrosis of the palatal donor site was observed at
two control sites and one experimental site. Palatal
necroses were small (less than 5 mm in diameter)
and healed uneventfully by secondary intention
within 2 weeks. Membrane exposure was observed
in two of 28 sites (7.14%). Exposed parts of the mem-
branes were cut away, and the resulting exposed
membrane margins seemed to disappear concur-
rently with healing of the soft tissues. No signs of
infection or suppuration were observed in exposed
membrane sites.

Baseline measurements of the ridge dimensions
(BCW) revealed a mean of 7.9 ± 0.9 mm for the con-
trol sites and 8.2 ± 0.8 mm for the experimental sites
(P = .736). Repeated measurements obtained 6
months after tooth extraction showed that the
experimental and control groups performed equally

Fig 2 Surgical procedures in a treated patient. 

Fig 2a Initial view. Fig 2b Atraumatic flapless tooth extrac-
tion. 

Fig 2c Dissected vascularized periosteal
membrane. 

Fig 2d Periosteal extension over grafted
extraction sockets. 

Fig 2e Wound closure. Fig 2f Final healing at 6 months.
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well. Mean BCW in the controls was 6.9 ± 0.7 mm,
and in the experimental sites it was 7.5 ± 0.8 mm.
This small difference did not reach statistical signifi-
cance (P = .237).

DISCUSSION

Soft tissue closure appears to be mandatory for opti-
mal healing of extraction sites treated via GBR.15–18

Early membrane exposure has been shown to inhibit
bone regeneration at treated sites.26,27 This article
describes a technique for the management of extrac-
tion socket grafts based on extension of the palatal
soft tissues. The results of the present study showed
that both techniques were effective in obtaining and
maintaining soft tissue closure over grafted extrac-
tion sockets. The presence of a barrier membrane did
not increase the incidence of soft tissue dehiscence,
and high levels of soft tissue closure were main-
tained throughout the study period. Membrane
exposure was observed in only 7% of the experimen-
tal sites. This result compares favorably with previous
reports evaluating GBR procedures for socket preser-
vation after tooth extraction,4,5,10,19,20,28–37 with
authors reporting membrane exposure rates
between 13% and 30%. Moreover, previous reports
of immediate implants in extraction sockets treated
with GBR procedures also revealed a very high rate
of membrane exposure ranging from 39% to
73%.16,21–25 In view of the reported variations in fre-
quencies of barrier exposure following GBR proce-
dures reported in the literature, as well as findings of
reduced bone regeneration in cases of early mem-
brane exposure,26,27 the results of the present study
suggest that the reported technique holds promise
in optimizing the clinical results of GBR protocols.

Several surgical techniques have been designed
to achieve primary closure of extraction sites, includ-
ing coronally advanced buccal flaps,21 rotated flaps
from proximal buccal areas,38,39 free autogenous
epithelialized40,41 and connective tissue grafts,42,43

and extension of palatal tissues.9–12 Most of these
flaps or pedicled grafts require dissections in multi-
ple planes to maintain satisfactory vascularization to
the pedicle; this limits their applicability to areas of
very thick palatal tissues. The technique described in
the present report is simpler. The dissection is per-
formed in a single plane, leading to maximum incor-
poration of palatal thickness at the pedicle. The
reported rate of soft tissue complications, ie, palatal
necrosis, for other split-thickness flap designs used
for extraction socket preservation varies between
16% and 22%,10,19,44 and graft exfoliation has been a
frequent finding. The present study demonstrated a

frequency of necrosis of the flap plus the donor area
of 8.6% and no graft exfoliation during healing. The
flap procedures described here are versatile and
have been used clinically by the authors since 1995
for horizontal and vertical augmentation of the alve-
olar ridge, protection of grafts during ridge augmen-
tation, socket preservation, primary coverage and
protection of barrier membranes employed for GBR,
and primary coverage of immediate endosseous
implant sites; the technique has also been used as a
grafting procedure to create or augment the kera-
tinized tissue area around dental implants. Taken
together, these findings suggest that the present sur-
gical protocol performed well and may also be an
attractive alternative for socket preservation after
tooth extraction.

No signs of erythema, edema, swelling, or suppu-
ration were noticed in the soft tissues of the experi-
mental group. Soft tissue healing at sites treated with
the absorbable membrane did not appear to be dif-
ferent from that observed at the control sites. More-
over, in the few areas where the membranes were
exposed during healing, the exposed parts of the
membrane margins appeared to disappear concur-
rently with healing of the soft tissues. No signs of
infection or suppuration were observed in exposed
membrane sites, suggesting that the material was
well tolerated by the gingival tissues. These findings
are in accordance with previous animal experiments,
which had demonstrated excellent tissue response
and biocompatibility of the test barrier material.45

The barrier membrane tested has been widely used
for periodontal applications46-49; however, evidence
for its usefulness in GBR is scarce and has focused on
the treatment of dehiscence and fenestration bone
defects associated with immediate implant place-
ment.50 The findings of the present study demon-
strated that this material may also be suitable for
alveolar ridge preservation in conjunction with com-
posite bone grafting. Possible negative influences of
early membrane exposure and/or flap necrosis dur-
ing healing could not be ideally assessed in the pre-
sent report because of the low prevalence of such
events and the lack of paired, complication-free con-
trols. Additional evaluations with increased sample
size are currently in progress to further investigate
this issue.

Of particular interest was the adequate clinical
response in the control sites. Similar to what was
noticed in the experimental sites, no signs of ery-
thema, edema, swelling, or suppuration were noticed
in the soft tissues of controls, and exfoliation of graft
material did not occur during healing. Interestingly,
direct measurements of BCW revealed virtually iden-
tical results for the control and experimental groups.
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Therefore, in the present sample, the vascularized
periosteal membrane performed as well as a syn-
thetic barrier membrane in maintaining the alveolar
crest width.

Within the limitations of the present study, it was
concluded that the vascularized periosteal membrane
was an adequate choice for achieving and maintain-
ing complete soft tissue coverage and healing by
primary intention of grafted extraction sockets in
humans. The procedures allowed for optimal levels
of complete coverage of absorbable membranes
during healing; however, the use of an absorbable
membrane provided no additional clinical benefits.
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