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ABSTRACT
The aim of this pilot study was to evaluate the impact of the 
association of free gingival graft (FGG) or collagen-matrix 
xenograft (CMX) to deproteinized bovine bone graft (DBBG) 
on the preservation of post-extraction sockets with facial-wall 
defects. Sixteen patients who presented a maxillary tooth with 
a facial bone defect and indication of extraction were selected. 
After the surgical procedure, all the post-extraction sockets 
were filled with DBBG and covered with a collagen membrane. 
The cervical part of the socket was then sealed with either FGG 
or CMX. Clinical and tomographic analyses were performed at 
baseline and 4 months after the grafting procedure. The FGG 

sockets showed higher values for the width of the bone ridge 
than the CMX sockets at 4 months. There was no difference 
regarding biopsy composition. In conclusion, regardless of the 
type of soft tissue graft used, socket preservation with DBBG at 
sites presenting facial bone defects enabled implant placement 
without further guided bone regeneration, whether the sockets 
were sealed with FGG or CMX. 
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RESUMO
O objetivo deste estudo piloto foi avaliar o impacto da associa-
ção de enxerto gengival livre (FGG) ou xenoenxerto de matriz 
de colágeno (CMX) ao enxerto ósseo bovino desproteinizado 
(DBBG) na preservação de alvéolos pós-extração com defeitos 
da parede óssea vestibular. Foram selecionados 16 pacientes 
que apresentavam dente superior com defeito ósseo vestibular 
e indicação de extração. Após o procedimento cirúrgico, todos 
os alvéolos pós-extração foram preenchidos com DBBG e re-
cobertos por membrana de colágeno. A parte cervical dos al-
véolos foi então selada com FGG ou CMX. As análises clínicas 
e tomográficas foram realizadas no início do estudo e 4 meses 

após o procedimento de enxerto. Os alvéolos pós-extração tra-
tados com FGG apresentaram maiores valores para a largura 
da crista óssea do que os alvéolos tratados com CMX na ava-
liação de 4 meses. Não houve diferenças em relação à compo-
sição da biópsia. Em conclusão, independentemente do tipo de 
enxerto de tecido mole utilizado, a preservação dos alvéolos 
com DBBG em locais com defeitos ósseos faciais permitiu a 
colocação do implante sem regeneração óssea guiada. 

Palavras-chave: substitutos ósseos - materiais dentários - sub-
stituição ósea - regeneração óssea guiada. 

Impacto do enxerto de tecido mole na preservação de alvéolos comprometidos: um 
estudo piloto clínico controlado randomizado
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INTRODUCTION
Despite the rapid evolution of dentistry in recent 
years, tooth loss is still a public health issue around 
the world1, and a considerable part of the popula-
tion may still need rehabilitation with dental im-
plants and prostheses to replace lost teeth. Unless 
sufficient bone is available, placing a dental implant 
in an adequate position for successful prosthetic re-
habilitation may require guided bone regeneration 
(GBR) procedures2,3. Therefore, preservation of 
the ridge volume should be considered whenever a 
tooth is extracted. 
After tooth extraction, the socket undergoes sev-
eral biological events leading to bone formation in 
its internal portion, and bone loss, especially on the 
facial aspect4 of the socket. Ridge dimensions are 
reduced after extraction and it may not be possible 
to install a dental implant without GBR procedures, 
particularly in critical aesthetic areas. Several stud-
ies have demonstrated the uneventful bone-remod-
eling pattern in intact extraction sockets and re-
ported a loss of approximately 50% of its original  
width5-8, which represents an absolute loss of 2.6-4.6 
mm9-12. In such situations, socket preservation with 
slow-resorbing osteoconductive biomaterials can re-
duce this loss to values of about 0.5-1.5 mm9,11,13,14.
Teeth that are indicated for extraction normally 
present complications such as fracture, extensive 
decay, root resorption or bone loss1,15. The dynamics 
of bone remodeling is impaired when bone defect 
in the socket is present3. If one of the socket walls 
is damaged, more bone resorption can be expected 
after tooth extraction, even when socket preserva-
tion is performed. The osteoconductive properties of 
the biomaterial and its role in maintaining space is 
hindered in compromised sockets13,16.
While bone grafts such as deproteinized bovine 
bone graft (DBBG) must be placed within the re-
maining bone walls, a soft tissue graft can also be 
used to seal the socket surface3,17. Autologous free 
gingival graft, sub-epithelial connective tissue graft, 
or a soft tissue substitute can all be used as socket 
sealers to prevent contamination, outer migration of 
bone particles, and flap advancement and displace-
ment of the mucogingival junction. Post-operative 
discomfort, bleeding, and increased surgery time are 
among the drawbacks encountered when autologous 
free gingival grafts are employed18,19.
The use soft tissue substitutes (STS) prevents mor-
bidity at the harvesting site and enables the match of 

tissue texture and color20,21. The heterologous 3-di-
mensional collagen matrix is an STS that presents 
two layers: a compact layer that enables sutures and 
provides stability; and a spongy layer that increas-
es blood absorption, clot organization and integra-
tion of the graft to the recipient site22. This kind of 
substitute is usually recommended in intact sockets, 
which restricts its use in clinical practice. In order to 
evaluate its performance in more challenging situa-
tions, the aim of this randomized controlled clinical 
pilot study was to evaluate the impact of the associ-
ation of free gingival graft (FGG) or collagen-ma-
trix xenograft (CMX) to deproteinized bovine bone 
graft (DBBG) on the preservation of post-extraction 
sockets with facial-wall defects. The null hypothesis 
tested in this study was that FGG and CMX present  
the same clinical, tomographic and histomorpho-
metric outcomes.

MATERIAL AND METHODS
Study Design
For this trial, 16 patients were selected who had a 
maxillary premolar, a canine, or an incisor with a 
facial bone defect and indicated to be extracted. The 
sample consisted of patients who sought care at the 
School of Dentistry of Araraquara (FOAr-UNESP). 
The study was approved by the Ethics Committee 
on Human Studies: 32432714.3.0000.5416. Clinical 
and tomographic examinations were performed on 
the region to be intervened in each patient. Patients 
were selected according to the following criteria:
-  Inclusion criteria: good oral hygiene with a 

plaque index below 20%; presence of teeth adja-
cent to the tooth to be extracted with harmonious 
gingival architecture; age 18-65 years; level of 
clinical insertion on the labial surface > 3 mm.

-  Exclusion criteria: history of periodontal surgi-
cal procedures in the region to be operated; sys-
temic disorders that would make them ineligible 
for surgical procedures; presence of infection 
involving the gingival margin; history of radio-
therapy treatment in the head and neck region; 
bruxism; individuals considered to be smokers; 
alcoholics; drug users; diabetics; pregnant; users 
of medications that might interfere with bone 
remodeling; and individuals affected by any pa-
thology that could alter bone metabolism.

The surgical procedure was characterized by the 
removal of the compromised tooth under an at-
raumatic technique, which employs a periotome 
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or residual root extractor in an attempt to preserve 
any remaining labial bone or adjacent bone plates. 
After extraction, each socket was thoroughly cu-
retted, cleaned and inspected. All post-extraction 
sockets were filled with deproteinized bovine bone 
graft (DBBG) associated with 10% collagen (ap-
proximately 0.5g per post-extraction socket). Then 
patients were allocated to two groups according 
the type of STS used to cover the upper portions 
of the sockets: CMX –The sockets were covered 
with a collagen matrix xenograft (Mucograft Seal®, 
Geistlich Pharmaceutical, Wolhausen, Switzerland); 
FGG– The sockets were covered with an autolo-
gous free gingival graft. The area corresponding to 
the facial bone wall was covered with an extension 
of a resorbable collagen membrane (Bio-Gide®, 
Geistlich Pharmaceutical, Wolhausen, Switzerland). 
In all patients, the internal epithelium of the gingival 
margin was initially removed before insertion of the 
CMX or the FGG, which was fitted and sutured in 
the recipient site with a 5-0 resorbable thread.

At the end of the surgical procedure, each patient 
received a removable or adhesive provisional pros-
thesis, installed over the adjacent teeth for greater 
aesthetic comfort until the healing phase was com-
pleted. Patients were instructed on postoperative care 
and diet restrictions. For postoperative medications, 
patients were prescribed oral use of 500 mg of amox-
icillin every 8 hours for 7 days, and 200 mg of Ibu-
profen every 6 hours in case of pain. Sutures were 
removed seven days after the surgical procedure.
After 120 days, a new surgical procedure was per-
formed to install a cone-Morse taper implant, (Drive 
CM®, Acqua surface, Neodent, Curitiba-Brazil) in 
adequate position for successful prosthetic rehabil-
itation. In 10 of the patients, 5 from each group, af-
ter the flap was elevated and the surgical guide was 
positioned, the bone edge was first slightly marked 
with the tip of the spear cutter, which had a median 
diameter of 2 mm. Drilling for implant installation 
was initiated with a 2 mm diameter trephine bur, 
in order to obtain a biopsy of the bone tissue (5-7 

Fig. 1: Surgical procedure. A) The anterior upper tooth indicated for extraction (12); B) Removing the compromised tooth using an 
atraumatic technique; C) Clinical condition of the post-extraction socket; D) The diagnosis of the reduced labial bone; E) Insertion 
of the collagen membrane; F) Placement of the DBBG; G) The post-extraction socket filled with DBBG; H) Occlusion of the upper 
portion of the post-extraction socket with FGG; I) Occlusion of the upper portion of the post-extraction socket with CMX
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mm long). For all implants, the bone site was un-
der-drilled in an attempt to increase primary stabili-
ty values. Following the second surgical procedure, 
patients received the same provisional prosthesis 
that had initially been installed, or a new one if any 
color alteration, cracking or damage was detected. 
Two months later, the implants were exposed for 
the installation of a healing abutment and the pa-
tients were referred for completion of the restorative 
treatment. The images of the surgical procedures are 
provided in Fig.1.

Clinical analysis
Clinical data were recorded at the beginning of the 
study and 120 days after the grafting procedure, with 
16 patients completing this analysis, of whom 7 were 
from the CMX group and 9 from the FGG (control) 
group. The height and thickness of keratinized gingi-
va, gingival margin level, and gingival biotype were 
measured with the aid of a PCP-UNC 15 millime-
ter-gauged probe (Millennium-Golgran, São Caetano 
do Sul, Brazil). The following clinical analyses were 
performed at baseline and at 120 days after the graft-
ing procedure: height of keratinized gingiva, distance 
from the gingival margin to the facial (vestibular) cr-
estal bone (GM-VCB) and the palatine crestal bone 
(GM-PCB); and distance from the distal and mesial 
papilla to the top of the ridge of the interproximal bone 
(GM-DIB and GM-MIB). Soft tissue thickness was 
measured with a caliper, 2 mm apical from the gingi-
val margin. When present, any complications from the 
surgical procedures were recorded at this stage.

Cone Beam Computed Tomography analysis 
Two patients from the FGG group were excluded 
from tomographic analysis because the final tomog-
raphy could not be performed. Thus, 7 patients per 
group were included in this analysis. The patients 
underwent cone beam computed tomography for 
dental, bone and gingival evaluation of the surgical 
area at baseline and 120 days after the surgical pro-
cedure, with a Newtom QR-DVT scanner (QR-Ve-
rona, Verona, Italy). The following parameters were 
measured: distance from the top to the base of the 
facial (vestibular) bone (TB-V); distance from the 
top to the base of the palatine bone (TB-P); and 
width of the bone at 2.5mm and 9 mm from the top 
of the bone ridge. All the measurements were per-
formed with the software Osirix (Pixmeo, Geneva, 
Switzerland).

Histological analysis and histomorphometric 
evaluation
The harvested biopsies were decalcified in 7% EDTA 
for 3 months and then processed to obtain histolog-
ical sections, and stained with Masson’s trichrome. 
The section was obtained from the central portion of 
the biopsies, and two sections of each biopsy were 
analyzed. The entire biopsies were photograph at 
25X magnification with the aid of an optical micro-
scope. Then, the images were analyzed to detect the 
composition of the newly formed tissues as a per-
centage of the total area of the biopsies (bone, bio-
material and soft tissue). The histological description 
of the biopsies assessed the quality of the new bone, 
the appearance of the bone substitute remnants, the 
interface between the bone substitutes particle and 
bone, and the inflammatory response. 

Statistical Analysis
All the data generated by this study had normal dis-
tribution, confirmed by the Kolgomorov-Smirnov 
normality test; so parametric models were used for 
inferential data analysis (p> 0.05). The comparison 
within each group between experimental times was 
performed using the paired t-test, while the compar-
ison between groups within each experimental time 
was performed using the unpaired t-test. Graphpad 
Prism 6 software (San Diego, CA, USA) was used 
to perform the statistical analysis and all tests were 
applied at a significance level of 5%.

RESULTS
Computed Tomography Analysis
Both treatments were found to promote an increase 
in TB-V values by the end of 4 months compared 
to baseline. Sites treated with FGG showed higher 
values in the L-2mm and L-5mm regions than the 
CMX sites at 4 months (Table 1).

Clinical analysis 
The surgical procedure was observed to promote a 
decrease in the values of GM-VCB over the 4-month 
period in both groups. At 4 months, defects treated 
with CMX showed higher values of GM-PCB than 
those treated with FGG (Table 2).

Histological analysis
Histometric analysis of biopsy composition showed 
little presence of biomaterial, and strong presence 
of bone and soft tissue, with no difference between 
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groups. The grafted areas presented bone with high 
degree of maturation, organized in concentric lamel-
lae, with bone formed in close contact with the re-
maining DBBG particles without major inflamma-
tory findings (Fig. 2).

Histomorphometic Evaluation 
The CMX group showed 34.08 ± 5.12 % of bone, 
4.98 ± 2.45% of remnants of biomaterial and 60.94 
± 8.14% of soft tissue. The FGG group showed 
32.60 ± 6.05 % of bone, 7.93 ± 4.31% of bioma-

Table 1. Mean and standard deviation data on tomographic analysis in both evaluation times

Parameters/ Time Baseline 4 months

FGG XCM FGG XCM

TB-V 10.03±4.52 8.85±3.77 17.52±3.91*** 15.60±2.05*

TB-P 16.53±4.56 15.13±3.52 16.82±5.10 17.12±0.93

W-2mm 8.17±0.87 7.45±1.25 7.88±1.03δ 6.21±1.42

W-5mm 9.41±1.65 8.06±1.34 8.78±0.93δ 7.25±1.14

W-9mm 10.10±2.50 9.18±1.55 9.84±2.46 8.86±1.21

TB-V- Distance from the top to the base of the vestibular bone; TB-P- Distance from the top to the base of the palatine bone; W-Width. *p<0.05; 
**p<0.01- Higher values than at baseline – Paired t-test; δp<0.05- Higher values than the XCM at 4 months – Unpaired t-test.

Table 2. Mean and standard deviation data from the clinical analyses at baseline and 4 months.

Parameters/ Time Baseline 4 months

FGG XCM FGG XCM

GM-VCB 5.66±0.81 8.16±1.47δδ 4.50±1.04# 5.33±1.03##

GM-PCB 3.33±1.03 3.16±0.75 3.33±1.03 3.66±1.03*

GM-MIB 3.33±0.81 3.58±0.49 3.16±0.40 3.83±0.75

GM-DIB 3.33±0.81 3.16±0.75 3.00±0.00 3.50±0.54

GT 2.41±0.49 2.08±0.49 2.16±0.40 2.25±0.41

GM-VCB: Distance from gingival margin to the vestibular crestal bone; GM-PCB: Distance from gingival margin to the palatine crestal bone; GM-MIB: 
Distance from gingival margin to the mesial interproximal bone; GM-DIB: Distance from gingival margin to the distal interproximal bone; GT-Gingival 
thickness.  *p<0.05 – Higher values than at baseline - Paired t-test; #p<0.05; ##p<0.01 – Lower values than at baseline - Paired t-test. δp<0.01- High-
er values than the FGG at baseline - Unpaired t-test.

Fig. 2: Follow-up 4 months after the surgical procedure. A) Clinical condition of the soft tissues with adequate amount of kerati-
nized tissues; B) CT images showing an adequate amount of bone tissue for implant placement; C) Drilling the bone for implant 
placement; D) Implant placement; E) Biopsy analysis showed presence of DBBG (Black Arrow) in close contact with the new bone 
(Red arrow) – (Masson Trichrome stain – 100x original magnification)
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terial and 59.57 ± 7.83 % of soft tissue. Figure 2 
shows the clinical conditions and the appearance of 
the biopsies 4 months after the graft procedure in 
both groups.

DISCUSSION
The presence of large buccal defects associated 
with post-extraction sockets impairs immediate im-
plant placement and requires reconstruction using 
the guided bone regeneration technique5. The use 
of STS has recently been indicated in these cases 
in order to improve the soft tissue conditions pri-
or to implant placement16. This study showed that 
CMX may be an alternative for FGG, since socket 
preservation at sites with labial wall defects enabled 
successful placement of dental implants after four 
months of healing without further GBR. Thus, the 
null hypothesis was accepted. A previous prospec-
tive clinical study compared the outcomes of socket 
preservation with deproteinized bovine bone min-
eral containing 10% of porcine collagen associated 
with a saddle subepithelial connective tissue graft 
(SCTG) in intact and compromised sockets. The 
need for complimentary grafting during implant 
placement has been reported especially at sites pre-
senting a labial bone defect16. It is important to un-
derstand that there is a greater biological challenge 
in compromised sockets, resulting in reduced ridge 
dimensions after healing even when socket preser-
vation is performed. 
In this study, there was no significant statistical dif-
ference for soft tissue thickness according to the soft 
tissue graft used. Since the graft was used only as a 
sealer in the occlusal portion of the socket, there was 
no increase in labial soft tissue volume. In a previ-
ous study, our group reported greater volume in pa-
tients who received SCTG than in patients who were 
treated with CMX or with no soft tissue graft3. This 
seems to have occurred because the study evaluated 
the impact of the soft tissue grafts in compromised 
sockets that received an immediate provisional im-
plant, so the grafts were placed on a labial pouch. 
While the regeneration of the ridge architecture can 
be quite challenging by doing GBR only, the use of 
soft tissue grafts can compensate for the remaining 
defect and provide a thick, more resilient peri-im-
plant mucosa3,16. 
Treatment of sockets with DBBG containing 10% of 
porcine collagen has been extensively demonstrated 
in both animal23-25 and human studies3,26-28. Although 

most studies have reported outcomes in intact sock-
ets, our greatest clinical challenges are sockets that 
present bone defects. Several techniques have been 
described for regenerating a missing facial wall but 
the results are limited to the vertical and horizontal 
extent of the bone defect29,30. Moreover, there seems 
to be a lack of consensus on whether or not a mem-
brane should be used in association with bone grafts 
when sockets are treated for bone regeneration8,31,32. 
Nonetheless, our choice in this study was to use a 
collagen membrane to prevent migration of cells 
from the soft tissue and try to foster regeneration of 
the missing bone wall. 
The socket undergoes several events after extraction, 
and most of the ridge reduction occurs in the first three 
months. However, remodeling of the ridge thickness 
continues throughout the patient’s life. The thickness 
of the facial wall and the size of the defect can play 
a major role in the socket regeneration and long-term 
maintenance. In cases where there is a thick facial 
wall, less resorption can be expected after tooth ex-
traction. In aesthetic areas, this wall is rarely thick-
er than 2 mm, and is usually about 0.5 mm thick33,34. 
Whenever there is a defect on the facial wall, both 
vertical and horizontal aspects must be assessed. Kan 
et al35 demonstrated greater soft tissue alterations in 
wider defects, while Pang et al34 showed that socket 
preservation presented a remarkable effect whenev-
er the defects were greater than 5 mm. In our study, 
there was a significant difference between groups re-
garding the facial bone vertical defect, where patients 
from the CMX group presented greater labial loss. 
This difference occurred most likely due to the small 
sample size and could have been influenced by the 
fact that patients who received CMX had a greater 
area to be regenerated and less bone support to aid in 
the new bone formation. 
Considering this result, it could be argued that CMX 
outperformed the free gingival graft, but there is no 
evidence in such regard. In this type of technique, 
both soft tissues can be used to seal the socket and 
avoid the need to raise and advance a flap, while the 
DBBG would be responsible for the bone regener-
ation20,31. This was shown in the histological analy-
sis, as there was no significant statistical difference 
between groups. The use of soft tissue substitutes as 
socket sealers is technically less challenging, more 
reproducible and therefore more advantageous than 
most of the rather more elaborate grafting tech-
niques available. 
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Socket preservation in sites presenting a facial bone 
defect enabled placement of a dental implant with-

out further GBR, regardless of the type of soft tissue 
graft used to seal the socket. 
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