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Clinical and histological 
evaluation of a flapless socket
preservation procedure: 
A prospective single cohort study

Abstract

O b j e c t i v e

The objective of this study was to evaluate the dimensional changes to hard
and soft tissue after a flapless ridge preservation procedure in the posterior
area of the jaw.

M a t e r i a l s  a n d  m e t h o d s

Patients requiring tooth extraction and subsequent implant restoration were
considered eligible for the study. Cortico-cancellous porcine bone and a re-
sorbable collagen membrane were used to graft fresh extraction sockets, and
sutures were used to stabilize the membrane. Four months after the ridge
preservation procedure, all of the sites were re-entered, bone cores were har-
vested for histological and analysis, and implants were placed. The width of
keratinized gingiva, the thickness of the buccal bone wall, and the horizontal
and vertical bone dimensional variation were measured at baseline and after
four months.

R e s u l t s

Thirty-seven patients were enrolled in the study. After four months, the
amount of vertical bone loss was 0.2 ± 0.7  mm for mesial sites,
1.1 ± 0.9 mm for buccal sites, 0.2 ± 0.8 mm for distal sites and 0.9 ± 0.9 mm
for palatal/lingual sites. The thickness of the buccal bone wall was found to
be correlated to the horizontal bone loss. The keratinized gingiva showed a
mean increase in the occlusal direction of 1.8 ± 0.7 mm. Newly formed bone
could be observed around the grafting material in the histological analysis,
even though residual grafted particles were still present. 

C o n c l u s i o n

In this study, we observed that the flapless ridge preservation procedure
was effective in maintaining an adequate bone architecture, which allows
implant placement; moreover, this procedure improved the amount of ker-
atinized tissue. The exposure of the resorbable collagen membrane to the
oral cavity did not jeopardize the healing process or the quality of the newly
formed bone.
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Introduction

The treatment of extraction sockets is a daily
challenge in clinical practice. Several changes to
the bone dimensions occur after tooth extrac-
tion, since the alveolar bone is a tooth-depen-
dent tissue.1 Bone modeling and remodeling are
unavoidable during healing of an extraction
socket.2–4 A number of studies have pointed out
that most of the resorption occurred during the
first three months, although dimensional
changes have been observed up to one year after
a tooth extraction.5–7

The changes to the alveolar ridge after tooth
extraction showed the greatest amount of bone
loss in the horizontal dimension and a concomi-
tant loss of vertical ridge height, which has been
reported to be more evident at the buccal level.5, 8, 9

The morphological changes at the extraction
sites resulted in narrow and short edentulous
alveolar ridges; moreover, the alveolar crest mar-
gin tended to shift lingually/palatally according
to a specific pattern. Some clinical data has indi-
cated that the alveolar crest tends to move two-
thirds lingually/palatally from the original buccal
edge; thus, the amount of resorption at the mid-
facial point doubled the bone loss at the distal
and mesial points.8

A recent consensus report assessed that it is
important to distinguish between the various
procedures used to preserve the alveolar ridge.3

Ridge preservation techniques include all proce-
dures that preserve the ridge volume within the
soft- and hard-tissue envelope existing at the
time of extraction.3 A ridge preservation proce-
dure is recommended in the following circum-
stances: when implant placement is not possible
at the time of tooth extraction, when the patient
is not available for immediate implant place-
ment, when primary stability of the implant can-
not be guaranteed, and when treating adoles-
cent patients.3 The use of various techniques and
biomaterials has been proposed over time; how-
ever, no significant differences have been shown
between the various biomaterials, although col-
lagen alone has been proved to be unable to
counteract tissue changes after tooth
extraction.5, 4, 10–12 

An ideal grafting biomaterial should be re-
sorbable, in order to allow replacement with new
bone while balancing the speed of resorption and
the volumetric stability. The use of a grafting ma-
terial with a high resorption rate results in the
complete disappearance of the biomaterial after

a few months. This has been observed for cal-
cium sulfate after three months and for a poly-
lactide-polyglycolide acid sponge after six
months.13 Nevertheless, high resorption of the
biomaterial is not always desirable, especially in
anatomical sites where vertical and horizontal
volumetric shrinkage are expected. The use of
collagenated cortico-cancellous porcine bone
has shown positive results in socket preserva-
tion procedures after three months.14, 15 In fact,
histological and histomorphometric analyses
gave positive results in terms of newly formed
bone, absence of inflammatory cells and signs of
active resorption of the grafted particles,14 sug-
gesting that collagenated cortico-cancellous
porcine bone could be suitable for ridge preser-
vation procedures. 

A full-thickness flap elevation during tooth
extraction may have accounted for slightly more
pronounced bone remodeling compared with a
flapless extraction, owing to the interruption of
the blood vessels.9, 16, 17 Soft-tissue primary clo-
sure was originally considered necessary for
proper incorporation of the graft.2, 9, 18, 19 The
early exposure of the membrane to the oral cavity
was thought to jeopardize the effectiveness of
tissue augmentation;16, 20 these findings pointed
out the importance of achieving full closure and
primary healing when the socket is grafted and
covered with a membrane.2

Experimental models have reported less pro-
nounced bone remodeling when a flapless ap-
proach was used for socket preservation,21 but
there is still no consensus on the effect of the el-
evation of a full-thickness flap. However, one
study found no significant difference between
the flapless and flapped approach.22 A recent
study observed the effects of a full-thickness
flap elevation on the regenerative process of
socket preservation procedures.14 The compari-
son between the flapped and the flapless proce-
dures showed no significant differences in the
histological and histomorphometric analysis, in
terms of newly formed bone, residual graft and
marrow space rates, suggesting that the expo-
sure of the collagen membrane did not jeopard-
ize the regenerative process.14

The aim of the current study was to evaluate
the clinical outcomes of a ridge preservation
technique with a flapless approach in the poste-
rior area of the jaw. Dimensional changes to the
hard and soft tissue at fresh extraction sites
treated with the use of cortico-cancellous
porcine bone and a resorbable collagen mem-
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brane were evaluated over the observation 
period. Bone cores were also harvested at the
time of implant placement for histological
analysis.

Materials & methods

S t u d y  p o p u l a t i o n  a n d  d e s i g n

Patients were recruited from the consultation
clinic at the Istituto Stomatologico Toscano, Ver-
silia general hospital, University of Pisa, Lido di
Camaiore, Italy, from January 2013 to January
2014. The study was approved by the ethics
committee of the Versilia general hospital ac-
cording to the principles outlined in the Declara-
tion of Helsinki on clinical research involving hu-
man subjects. All of the patients received a thor-
ough explanation of the study and completed a
written informed consent form prior to being en-
rolled in the trial. 

Forty patients requiring extraction of at least
one premolar or one molar and a subsequent im-
plant-supported restoration who were 18 years
old or older and able to sign an informed consent
form were eligible for inclusion in this trial. One
patient showed complete loss of the buccal bone
plate immediately after the extraction and two
patients did not return for the follow-up exami-
nations. Consequently, these patients were ex-
cluded, and 37 patients were included in the
study. The patients enrolled in the study had a
mean age of 40.5 ± 13.5 and an age range of be-
tween 20 and 61. 

The exclusion criteria were:
– history of systemic disease that would 

contraindicate oral surgical treatment
– long-term nonsteroidal anti-inflammatory

drug therapy 
– intravenous and oral bisphosphonate therapy
– lack of the occluding teeth
– absence of adjacent teeth
– complete loss of a bone wall
– surgical sites in the esthetic area
– uncontrolled periodontal disease
– unwillingness to return for the follow-up 

examination
– smoking of more than ten cigarettes per day—

subjects who smoked fewer than ten ciga-
rettes per day were requested to stop smoking
before and after surgery; however, their com-
pliance could not be monitored.

Patients who were included in the study were ac-
curately evaluated by examining clinical aspects
and periapical and panoramic radiographs.
Moreover, data were collected for each patient,
including age, sex, smoking habits, and indica-
tions for tooth extraction based on both clinical
and radiographic examinations, tooth location
and the presence or absence of adjacent teeth.

After the consent form had been signed, all of
the patients underwent at least one session of
scaling and root planing prior to the extraction
procedures in order to provide a more favorable
oral environment for wound healing. All of the
patients underwent the tooth extraction and the
ridge preservation procedure at baseline. Four
months after tooth extraction, all of the sites
were re-entered, bone biopsies were taken and
implants were placed. 

S u r g i c a l  t r e a t m e n t

All of the patients received antibiotic therapy (2 g
amoxicillin or 600 mg clindamycin, if allergic to
penicillin) 1 h before the surgery and continued to
take the antibiotic postoperatively (1  g amoxi-
cillin or 300 mg clindamycin) b.i.d. for four days.
All of the patients rinsed for 1 min with a 0.2%
chlorhexidine mouthwash prior to the surgery
(as well as b.i.d. for the following three weeks)
and were treated under local anesthesia using li-
docaine with 1:50,000 epinephrine. All of the
surgical procedures were performed by two sur-
geons (AB, FA), who received training during a
one-week session before beginning the study.
The training included calibration for the surgical
and follow-up procedures, as well as the han-
dling of any complications. All of the patients
were treated with the same surgical technique
and periotomes were used around every tooth
treated. Moreover, ultrasound bone surgery
(PIEZOSURGERY, mectron, Italy) was performed
where necessary in order to avoid buccolingual
movements of the tooth, thus preventing dam-
age to or a full fracture of the buccal bone wall. 

The extraction sockets were thoroughly
curetted and irrigated with a sterile saline solu-
tion. Cortico-cancellous porcine bone (mp3, Os-
teoBiol, Tecnoss Dental, Pianezza, Italy) was
lightly condensed inside the socket and a re-
sorbable collagen membrane (Evolution, Osteo-
Biol, Tecnoss Dental) was placed over it in order
to cover the socket completely. The membrane,
which was left exposed to the oral cavity, was
stabilized with 4-0 silk sutures, and soft-tissue



Volume 2 | Issue 1/2016 25Journal of
Oral Science & Rehabilitation

F l a p l e s s  s o c k e t  p r e s e r v a t i o n  p r o c e d u r e

healing was by secondary intention, since no flap
was raised (Figs. 1–8). All of the patients were in-
structed to continue the antibiotic therapy, and
550  mg naproxen sodium tablets were pre-
scribed as an anti-inflammatory (b.i.d. as neces-
sary). Removable prostheses, if present, were
not used for at least three weeks and then ad-
justed before reuse. 

The surgical re-entry was performed four
months after the first-stage surgery. Bone biop-
sies were collected and implants (BL CT, Intra-
Lock, Boca Raton, Fla., U.S.) were placed (Fig. 9).
Of the implants placed, 61% had a diameter of
5 mm and 39% of 4 mm. Adjunctive augmenta-
tion procedures at the time of implant placement
were necessary in 7% of the experimental sites. 

Figs. 1 & 2 Fig. 1

Preoperative radiograph. 
Tooth #25 was to be extracted
because of nontreatable root
decay.

Fig. 2

Example of the probe used for
the clinical measurements.

Fig. 3

Resin stent positioned on the
experimental site in order to
standardize the clinical
measurements.

Fig. 4

Occlusal view of the
experimental site showing the
preoperative situation.

Fig. 5

Post-extraction socket.

Fig. 6

Cortico-cancellous porcine
bone grafted inside the socket.

Fig. 7

Sutures used to stabilize the
graft and the collagen
membrane.

Fig. 8

Occlusal view of the
experimental site four months
after the ridge preservation
procedure. 

Figs. 3 & 4

Figs. 5 & 6

Figs. 7 & 8
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Three months after placement, the implants were
uncovered and manually tested for stability
(Fig. 10). At this time, impressions were taken us-
ing a polyvinyl siloxane impression material (Flex-
itime, Heraeus Kulzer, Hanau, Germany) and cus-
tomized resin impression trays. Final ceramic
restorations were made and seated, and all of the
patients were enrolled in an oral hygiene program,
with a recall visit every three months (Figs. 11 & 12).

C l i n i c a l  p a r a m e t e r s

Several clinical parameters were measured at
each time of examination, including at baseline
and four months after the ridge preservation
procedure. The clinical parameters taken into
consideration in the present study were

– width of keratinized gingiva, measured at the
midfacial point of the buccal aspect using a
Williams periodontal probe (at baseline, the
measure corresponded to the distance be-
tween the mucogingival junction and the gin-
gival margin; at the four-month examination,
it was the distance between the mucogingival
junction and the highest part of the edentu-
lous crest)

– thickness of the buccal bone, measured im-
mediately after tooth extraction using a surgi-
cal caliper

– vertical bone changes, registered with a surgi-
cal stent positioned on the adjacent teeth and
measured with a Williams periodontal probe
soon after the tooth extraction and at the time
of implant placement (four months after the
first-stage surgery)

– horizontal bone changes, measured with a
Williams periodontal probe soon after the
tooth extraction and after four months.

H i s t o l o g i c a l  a n a l y s i s

Bone biopsies were collected during the second-
stage surgery. The bone cores were immediately
stored in a 10% buffered formalin solution and
sent to the Department of Medical and Oral Sci-
ences and Biotechnologies, “Gabriele d’Annun-
zio” University of Chieti–Pescara, Chieti, Italy.
The samples were then processed to obtain thin-
ground sections, using the Precise 1 Automated
System (Assing, Rome, Italy). The specimens
were dehydrated in a graded series of ethanol
rinses and embedded in a glycol methacrylate
resin (Technovit 7200 VLC, Heraeus Kulzer,
Wehrheim, Germany). After polymerization, the
specimens were sectioned along the longitudinal
axis with a high-precision diamond disc at ap-
proximately 150 μm and ground down to approx-
imately 30 μm. Three slides were obtained from
each specimen, stained with acid fuchsin and

Fig. 9

Implant placement.

Fig. 10 

Implant uncovering.

Fig. 11 

Radiographs three months
after implant placement.

Fig. 12 

Final prosthesis.

Figs. 9 & 10

Figs. 11 & 12
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Table 1

Demographic data.

Table 2

Dimensional changes four
months after the ridge
preservation procedure.

toluidine blue, and examined in transmitted and
polarized light using a transmitted light micro-
scope (Leitz Laborlux, Leitz, Wetzlar, Germany).
One well-trained examiner (GI), who was not in-
volved in the surgical treatment, evaluated the
histological results. 

S t a t i s t i c a l  a n a l y s i s

Descriptive statistical analysis was performed
on all of the data collected, with SPSS software
(Version 6.1.2; SPSS, Chicago, Ill., U.S.). Pearson’s
chi-squared test was performed for categorical
data. The p-value for significance was set at
0.05. All of the measurements in the text and ta-
bles are given as medians and interquartile
ranges (the difference between the 75th and 25th

percentiles). 

Results

A single-tooth extraction with a flapless ridge
preservation procedure was performed for each
of the 37 patients enrolled in the study, with a 
total of 25 molars and 12 premolars that needed

to be extracted owing to fracture (42%), non-
treatable endodontic lesions (14%) and severe
root decay (44%). All of the surgical procedures
performed in this study were successful and no
complications were observed during the healing
period (Table 1). 

At baseline, the mean width of keratinized
gingiva was 2.8 ± 0.9 mm (range of 1.0–5.0 mm).
After four months, it was 4.6 ± 0.8 mm, showing
an increase of 1.8 ± 0.7 mm, which was statisti-
cally significant (p = 0.0001).

The thickness of the buccal bone was meas-
ured at baseline and ranged from 1.0 to 3.0 mm,
with a mean of 2.1 ± 0.7 mm (Table 1). The mean
width of the alveolar crest at baseline was
9.2  ±  1.3  mm, and after four months, it was
7.6 ± 1.2 mm; therefore, the mean width of the
alveolar crest showed a decrease of 1.6 ± 0.5 mm
(p < 0.0001). The comparison between the thick-
ness of the buccal bone wall and the width of the
alveolar crest indicated that the correlation be-
tween the two values was statistically signifi-
cant (Table 2).

Four months after the ridge preservation pro-
cedure, the vertical bone loss was 0.2 ± 0.7 mm
for mesial sites, 1.1 ± 0.9 mm for buccal sites,

Age (years) 40.5 ± 13.5
(20 ←→ 61)

Males 15

Females 22

Experimental sites 37

Molars 25

Premolars 12

Mean buccal bone thickness at baseline (mm) 2.1 ± 0.7
(1 ←→ 3)

Table 1

Clinical parameters Site Baseline (mm) 4 months (mm) Difference (mm) P-value (baseline vs. 4 months)

 Mesial 11.4 ± 1.1 11.6 ± 1.3 -0.2 ± 0.7 0.0367
       (10 ←→ 14) (10 ←→ 15) (-2 ←→ +1)

 Buccal 12.8 ± 1.2 13.9 ± 1.1 -1.1 ± 0.9 0.000000145 
       (10 ←→ 15) (11 ←→ 16) (-3 ←→ +1) (1.45 × 10-7)

  Distal 11.2 ± 1.1 11.5 ± 1.1 -0.2 ± 0.8 0.071
       (10 ←→ 15) (10 ←→ 14) (-2 ←→ +1)

Lingual/ 2.0 ± 1.4 12.9 ± 1.4 -0.9 ± 0.9 0.00000843 
 palatal (9 ←→ 14) (10 ←→ 15) (-3 ←→ +1) (8.43 × 10-6)

       9.2 ± 1.3 7.6 ± 1.2 -1.6 ± 0.5 < 0.0001
       (7 ←→ 12) (5 ←→ 10) (-3 ←→ -1) (4.5 × 10-20)

       2.8 ± 0.9 4.6 ± 0.8 1.8 ± 0.7 < 0.0001
       (1 ←→ 5) (3 ←→ 6) (1 ←→ 4) (5.7 × 10-17)

Vertical 
bone changes

Horizontal bone
changes

Width of keratinized 
gingiva

Table 2
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0.2 ± 0.8 mm for distal sites and 0.9 ± 0.9 mm for
palatal/lingual sites. The dimensional changes
were statistically significant for all of the sites
(Table 2).

The histological analysis performed on the
retrieved bone cores found that the granules of
grafted bone were still present, even though new
trabecular bone could be observed in all of the
specimens. Osteocytic lacunae could be seen on
the particles’ surfaces, and newly formed bone
was observed inside some of the resorption ar-
eas of the biomaterial. Vascular growth close to
the newly formed bone was also evident, and no
inflammatory cells or foreign body reaction
around the biomaterial granules was observed
(Fig. 13).

Discussion

Ridge preservation techniques have been pro-
posed in order to reduce the bone volume shrink-
age that follows a tooth extraction, since several
studies have reported resorption of both vertical
and horizontal dimensions.1, 6, 7, 23 The use of var-
ious biomaterials and techniques has been pro-
posed over time, but there is still no evidence to
indicate the best choice. In the present study, 37
single-tooth extractions and the subsequent
flapless ridge preservation procedures were per-
formed. Cortico-cancellous porcine bone and a
resorbable collagen membrane were used in all
of the cases, and several clinical parameters

were measured at the tooth extraction and after
four months, including width of keratinized gin-
giva, thickness of the buccal bone wall, and
changes to the vertical and horizontal dimen-
sions. 

A minimally invasive tooth extraction tech-
nique, with preservation of the socket walls dur-
ing the surgery, helps to maintain the architec-
ture of the alveolar crest,1, 4 even if bone remodel-
ing is not completely avoidable.9 A flapless
surgical technique was chosen in our study be-
cause, even though some studies have not re-
ported any significant differences between a
flapped and a flapless surgical technique,5, 24 Van
der Weijden et al. assert that the elevation of a
full-thickness flap is believed to compromise the
blood supply, limiting the future regenerative po-
tential.23 Furthermore, the use of a flapless tech-
nique has been demonstrated to be less trau-
matic for both hard tissue—avoiding interruption
of the blood flow—and soft tissue—preserving
the keratinized gingiva.25, 15, 26 The exposure of
the collagen membrane and the soft-tissue clo-
sure by secondary intention seemed not to jeop-
ardize the bone healing, and 100% of the ridge
preservation procedures were successful. The
width of the keratinized gingiva gained
1.8 ± 0.7 mm after four months. These results
correspond to those of other studies that used a
similar surgical protocol.14

The evaluation of the clinical parameters in
this study confirmed the efficacy of this surgical
procedure in counteracting the soft- and hard-

Fig. 13

Newly formed bone around
the grafting material. No
inflammatory cells or foreign
body reaction was observed. 
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tissue shrinkage after a tooth extraction: both
the vertical and horizontal dimensions showed a
minimal decrease. In particular, the vertical di-
mension lost 0.2±0.7  mm at the mesial sites,
1.1 ± 0.9 mm at the buccal sites, 0.2 ± 0.8 mm at
the distal sites and 0.9±0.9mm at the
palatal/lingual sites after four months. These re-
sults are in keeping with those reported in a re-
cent systematic review that compared the out-
comes after tooth extractions with and without
ridge preservation procedures.27 In the case of
the ridge preservation procedures, the vertical
bone changes ranged from a gain of 1.3 ± 2.0 mm
to a loss of 0.62 ± 0.51 mm, with follow-up times
ranging from three to nine months.27

In the current study, the ridge preservation
procedures in all of the experimental sites were
successful, and implants were placed after four
months, with further augmentation procedures
being necessary only in 7% of the cases at the
time of implant placement. Moreover, bone
cores were harvested for the histological analy-
sis at the time of implant placement. Corroborat-
ing the findings of other studies,28, 29 this study
found that the cortico-cancellous porcine bone
was effective in maintaining the architecture of
post-extraction sockets and demonstrated signs
of active resorption at the same time. Iezzi et al.
examined the use of various biomaterials and
performed histological and histomorphometric
analyses after six months.28 Among the different
grafting materials, cortico-cancellous porcine
bone gave rise to a rim of osteoblasts with signs
of active bone matrix deposition; in some areas,
bone apposition was observed directly on the
particles’ surfaces.28 Similarly, the biomaterial
used in this study showed a great percentage of
newly formed bone. No inflammatory cells or
foreign body reaction was observed in the bone
samples, but new bone tissue and blood vessel
growth. Active resorption signs were evident,
since osteocytic lacunae were observed at the
surface of the biomaterial granules. As found by
another study,29 collagenated porcine bone was
demonstrated to be resorbable, showing active
resorption signs on the surface of the particles. 

Another study investigated the effect of the
exposure of the resorbable membrane to the oral
cavity on bone healing, comparing a flapped and
a flapless approach.14 The percentages of newly
formed bone, residual graft particles and mar-
row spaces were similar for the two groups, sug-
gesting that the exposure of the collagen mem-
brane had no detrimental effect on the regenera-

tive process.14 Similarly, in our study, the second-
ary intention healing seemed not to affect the
bone quality, as seen in the bone cores. The find-
ings of this study support the hypothesis that
secondary intention healing and exposure of the
collagen membrane do not jeopardize bone re-
generation, but improve the amount of kera-
tinized gingiva. The ridge preservation technique
was demonstrated to be effective in maintaining
an adequate bone architecture, allowing the
subsequent implant placement without adjunc-
tive augmentation procedures in the majority of
the cases 

Further studies are necessary to evaluate the
influence of early exposure of the membrane on
the formation of new bone and on the integration
of the grafting material over time. Furthermore, a
longer follow-up period could be useful in order
to monitor the success of the biomaterial and the
quality of the newly formed bone. 

Conclusion

Within the limits of this prospective cohort study,
ridge preservation showed adequate regeneration
of the bone and stability of the facial soft-tissue
level. The flapless ridge preservation procedure
maintained the horizontal and vertical bone di-
mensions, improving the amount of keratinized
tissue. The exposure of the resorbable collagen
membrane to the oral cavity seemed not to jeop-
ardize the healing process or the quality of the
newly formed bone. 
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