CLINICAL

Alveolar Ridge Preservation Using Allografts and Dense
Polytetrafluoroethylene Membranes With Open Membrane
Technique in Unhealthy Extraction Socket
We evaluated the effectiveness of the open membrane technique using a high-density polytetrafluoroethylene (dPTFE) membrane with
freeze-dried bone allografts in damaged sockets for alveolar ridge preservation (ARP). This retrospective study included 26 sites from 20
patients who had received ARP for the placement of dental implants. ARP was conducted using dPTFE membrane with allografts on the
day of extraction without primary closure. When the membrane was removed after 4 weeks, the newly formed reddish tissue at the
grafted site was checked (first outcome, clinical evaluation). Four months after membrane removal, a core biopsy was performed from the
center of the grafted site before implant placement (second outcome, histomorphometric evaluation). Radiographic measurements of
alveolar bone changes between implant prosthesis delivery and the 1-year follow-up were obtained (third outcome, radiographic
evaluation). A total of 23 sites from 18 patients had no complications during the follow-up period. Three sites from two patients were
excluded because of early membrane removal. Newly formed reddish tissue was found at 15 sites, and partially formed tissue was found at
8 sites. Although we were unable to harvest bone core from all sites, histomorphometric analysis in 11 patients indicated that the mean
area of new bone was 28.48% 6 6.60%, that of the remaining graft particle was 27.68% 6 9.18%, and that of fibrous tissue was 43.84% 6
6.98%. The mean loss of marginal bone was 0.13 6 0.06 mm at the mesial area and 0.15 6 0.06 mm at the distal area, as assessed using
radiographic evaluations. The results of this nonrandomized study suggest that this technique may be an appropriate procedure for ARP.
Further studies with a control group and more subjectives can be designed based on this study.
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INTRODUCTION

T

ooth extractions are accompanied by modeling and
remodeling along the height and width of the alveolar
bone.1 Therefore, adequate site development after
extraction and before implant placement is necessary
for esthetics and long-term success in dental implants.1–3
Among the many site development methods, alveolar ridge
preservation (ARP) is considered to be the most efficient. ARP
reduces the need for additional bone graft surgery and
prevents alveolar bone resorption.4,5 ARP means site development in unhealthy extraction sockets.
The extraction defect sounding (EDS) classification was
designed to provide treatment options. Sites were divided into
4 types based on the number of affected walls, biotype, and
expected soft-tissue healing.6 EDS-1 indicates an undamaged
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socket with 4 intact bony walls and a thick biotype. EDS-2 is
characterized by a mild degree of crestal bone damage or
interproximal tissue loss of 2 mm with 1 damaged socket wall.
Alveolar bone crests are 3–5 mm away from the expected
cervical margin of the final prosthesis. EDS-3 indicates a
moderately compromised site with 1 or 2 damaged socket
walls. In these cases, the crest is 6–8 mm away from the margin
of the future restoration. EDS-4 indicates a severely compromised site with 2 or more reduced socket walls. The alveolar
crest is located more than 8 mm away from the restorative
cervical margin. We evaluated ARPs conducted on EDS-2, -3, or
-4 sites (damaged sockets). The extraction sockets had 1 or 2
wall defects. None of the sites were classified as EDS-1 (pristine).
Nonresorbable membranes and other resorbable membranes have been shown to lead to good results in ARP.7,8
However, earlier exposure may lead to infection and negative
consequences.9,10 High-density polytetrafluoroethylene (dPTFE)
membranes have smaller pore sizes and help to address these
issues. The small pore size (0.2 lm to 0.4 lm) reduces the
chance of bacterial contamination and leads to less bacterial
accumulation. Therefore, dPTFE membranes are not easily
infected in the oral environment.10,11 dPTFE membranes are
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Alveolar Ridge Preservation With Open Membrane Technique

TABLE 1
Patient population and site distribution
Patient

Age

Site*

M
M
M
F
M
M
M
M
M
M
M
M
M
F
M
M
M
M
F
M

68
70
52
56
58
67
63
67
71
65
67
72
68
45
54
67
64
69
65
73
Mean (SD) ¼
64.05 (7.3) years

15
14
26
23, 24
37
45, 46
36, 37
24
27
33
33, 34
47
36
15, 16
37
25
47
47
36, 37
23
Total 26 sites

Socket
Walls
3
3
2
3
3
3
2
2
2
3
3
2
3
3
2
2
3
3
3
2

*FDI tooth numbers.

advantageous to keep the width of attached gingiva, as they do
not require flap advancement for primary closure.10,12,13
Many types of grafting material and membranes have been
tested for use in ARP.14,15 However, the use of dPTFE
membranes in humans has still not been extensively researched, especially in unhealthy extraction sockets. In this
retrospective study, we evaluated the effectiveness of ARP
using dPTFE membrane with an open membrane technique in
unhealthy extraction sites with 2 or 3 walls by clinical,
histomorphometric, and radiographic assessments.

MATERIALS

AND

METHODS

Patient population
We studied 26 sites from 20 patients (17 men and 3 women)
who had received ARP for implant placement at the
Department of Periodontology in Veterans Health Service
(VHS) Medical Center between January 2011 and December
2013. The mean age of the patients was 64.05 years (range, 52–
73 years; Table 1). The institutional review board of VHS Medical
Center reviewed and approved the protocol for this nonrandomized study (BOHUN 2016-05-002).
The inclusion criteria were (1) extraction sites planned for
implant placement and (2) EDS-2, -3, or -4 classification with 1
or more damaged socket walls.6 The exclusion criteria were (1)
sites that did not meet all inclusion criteria; (2) patients with
systemic or localized disease (uncontrolled diabetes, hypertension, or coagulopathy); (3) patients with a history contraindicated for dental implant placement, such as bisphosphonate
drug use, use of chemotherapeutic or immunosuppressive
agents, and autoimmune disease; and (4) patients with heavy
smoking habits (more than 10 cigarettes per day; Figure 1).
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FIGURE 1. Flow chart of screening and evaluation process.

Surgical procedure and time table
Before surgery, scaling and oral hygienic care were performed in
all patients. One vertical incision at the mesial or distal adjacent
tooth was made using a No. 15 blade. Another incision around
the extracted tooth was gently produced for the minimal
elevation of the flaps. The flaps were elevated gently, and the
tooth was extracted carefully. Extraction socket debridement
was performed using a surgical curette. The socket walls were
counted based on the adjacent alveolar bone.16
Extraction sockets were filled with allografts (ICB Cortical,
Rocky Mountain Tissue Bank, Aurora, Colo) and covered with
dPTFE (Cytoplast GBR200, Osteogenics, Lubbock, Tex) membranes. The flap was repositioned and sutured. Primary closure
was intentionally not performed.
After ARP surgery, the patients received a dressing every
week and performed chlorohexidine gargling for 1 minute
twice per day for the prevention of secondary infection. After a
4-week healing period, the membrane was removed without
flap elevation.17,18 Four months after removal of the membrane, 1 of 3 kinds of standard internal connection implants
was placed in the socket (Table 2). Temporary and final
prostheses were delivered by prosthodontists (Figure 2).
Clinical evaluation
The presence of newly formed reddish tissue under the
membrane was confirmed upon membrane removal. In
TABLE 2
Distribution of placed dental implants*
Company (Type)

Surface

Amount

Biohorizons (tapered
internal)
Camlog (root line)

RBM with no machined
neck
SLA with 0.4-mm machined
neck
SLA with no machined neck

7

Osstem (TS III)

2
14

*RBM indicates resorbable blast media; SLA, sandblasted with large-grit
and acid etched.
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Gender
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addition, we checked for abnormal healing and other
complications.
Histomorphometric evaluation
A trephine bur (Trephine Bur Kit Xit, Dentium, Seoul, Korea)
with a 2.7-mm inner diameter was used to harvest bone from
the central part of the preexisting socket during the implant
placement surgery. This was the location of implant placement.

These core specimens were fixed using 10% formalin,
decalcified using 5% formic acid, and embedded in paraffin.
The specimens were cut into 4- to 6-lm-thick sections
longitudinally along the major axis. Slides were stained using
hematoxylin and eosin. Areas of new bone, residual bone graft,
and fibrous tissue were measured and calculated using an
imaging program (Image-pro Plus 7, Media Cybernetics, Rockville, Md).
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FIGURE 2. Case of a representative patient (No. 13). (a) Preoperation view. (b) After extraction. (c) Flap reflection and debridement. (d) Open
membrane technique with high-density polytetrafluoroethylene membrane after bone graft. (e) Two weeks after alveolar ridge
preservation (ARP). (f) Eight weeks after ARP, also 4 weeks after membrane removal. (g) Before reentery surgery (4 months after ARP). (h)
Flap elevation for placement of implant. (i) Fixture installation. (j) View of implantation without additional bone graft. (k) Connection of
healing abutment. (l) Prosthesis delivery.

Alveolar Ridge Preservation With Open Membrane Technique

Radiographic evaluation
Final prostheses were delivered after the proper healing period.
Introral radiographs were obtained at the time of final
restoration delivery (baseline). All patients had a regular
follow-up at least 1 year after setting of final restorations. To
evaluate marginal bone stability, intraoral radiographs were
obtained 1 year after prosthesis delivery to measure marginal
bone level changes (Figure 3). Intraoral radiographs were
obtained using a long-cone paralleling technique and a film
holder (XCP-DS FIT, Dentsply, Waltham, Mass). Distances on
each side were calculated using the digital caliper of a
radiographic viewer (mViewer, Marotech, Seoul, Korea).

the membranes were removed without flap elevation. Newly
formed reddish tissues were found at 15 sites.
Histological evaluation
We studied samples from 11 patients (10 men and 1 woman)
with a mean age of 61.8 years (range, 53–68 years). After 16
weeks (mean, 17.6 6 2.1 weeks), the grafted sites had healed
uneventfully. At this time, the bone cores were harvested. The
other 7 patients in the study did not undergo biopsies. Three of
the 7 patients did not undergo bone core harvest at the time of
surgery, and the remaining 4 patients refused to agree to the
biopsy. Histomorphometric analyses indicate that the mean
area of new bone was 28.48% 6 6.60%, that of the remaining
graft particle was 27.68% 6 9.18%, and that of fibrous tissue
was 43.84% 6 6.98% (Figures 4 and 5).

RESULTS

Clinical evaluation
All subjects received an ARP using a dPTFE membrane and
freeze-dried bone allografts (FDBA) without primary closure.
Twenty-three sites from 18 patients healed uneventfully. In 3
sites from 2 patients, membranes were removed in 2 weeks
because of membrane loosening. Four weeks after ARP surgery,

Radiographic evaluation
Final prostheses were delivered 6.6 6 2.7 months after implant
placement. To evaluate marginal bone stability, we obtained
radiographic images at least 1 year after the start of implant
function. The reference point used was the level of the implantabutment junction (IAJ). We measured the distance between
the IAJ and the top of the crestal bone. The mean loss of

FIGURE 4. Specimens from representative patient (No. 1). (a) Section of biopsy (patient No. 1; hematoxylin and eosin [H&E]; original
magnification, 340). (b) Higher magnification of the same sample (H&E; original magnification, 3100; NB indicates new bone; RG, residual
graft particles; FT, fibrous tissue). (c) Higher magnification of the same sample (H&E; original magnification, 3200).
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FIGURE 3. Radiographic assessment. (a) Radiographs at the time of prosthesis delivery. (b) Radiographs after 1-year follow-up (white spot
lines on both sides of the implant indicate the mesial and distal bone level; white line indicates implant-abument junction).
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FIGURE 5. Histomorphometric assessment.

DISCUSSION

This study was conducted using the open membrane technique
with dPTFE membrane and FDBA in unhealthy sockets. There
are only a few studies regarding the use of ARP with dPTFE
membrane under these conditions (2 or 3 wall defects).17,19 In
addition, we conducted a regular follow-up after the prosthesis
was loaded. Therefore, marginal bone remodeling was assessed
at least 1 year after the setting of the restoration. Average
marginal bone loss was proposed as a success criteria.20
However, the increased distance from the IAJ to the crestal
bone due to platform switching can reduce marginal bone
loss.21 Our results (mean, 0.14 mm) were similar to those of
another study using a similar protocol, wherein a baseline at
the time of final restoration was obtained.22 During the followup period (up to 2 years), 23 implants from 18 patients had a
100% survival rate. New bone area (28.4%), as assessed using
histomorphometric analysis, was similar to that observed in a
previous study (31.9%) of socket preservation using a
combination of FDBA and collagen membrane for 4 months.23
There have been many research efforts to find the proper
materials for use in ARP. However, there is still no definitive
consensus on the appropriate material.24–26 Although more
cross-comparison studies are required, FDBA, which was used
in this study, has led to better new bone formation than other
bone grafting materials.27,28 The 4-month healing period after
bone graft is supported by a previous study.29
Expanded polytetrafluoroethylene (ePTFE) has been the
gold standard when performing bone regeneration procedures.
However, resorbable membranes are currently used in most
cases, as they have advantages (no need of membrane removal,
cost-effectiveness, decreasing patient morbidity, etc) compared
with ePTFE that seem to lead to good ARP outcomes.23,30,31
dPTFE membranes may have advantages in protecting
open wound sites, such as extraction sockets, with different
characteristics (high density, low porosity, etc) than other
barriers. Both ePTFE and resorbable membranes require the
complete closure of the overlying soft tissue. In addition,
exposure to resorbable membranes is known to have adverse
effects on bone maturation and the outcome of bone graft
surgery.32 In contrast, dPTFE is well suited for ARP. Primary
closure is not a prerequisite for using dPTFE in extraction
sockets. Thus, the use of dPTFE allows for the easy treatment of

CONCLUSION

The combination of FDBA and dPTFE membrane with an open
membrane technique may be one modality for ARP on
unhealthy sockets prior to placement of dental implants.
Further studies with a control group and more subjectives
can be designed based on this study.

ABBREVIATIONS
ARP: alveolar ridge preservation
dPTFE: high-density polytetrafluoroethylene
EDS: extraction defect sounding
ePTFE: expanded polytetrafluoroethylene
FDBA: freeze-dried bone allografts
IAJ: implant-abutment junction
VHS: Veterans Health Service
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