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This retrospective study evaluates the clinical and radiographic outcomes of
simultaneous guided bone regeneration (GBR) and implant placement procedures
in the rehabilitation of partially edentulous and horizontally atrophic dental
arches using resorbable membranes. A total of 49 patients were included,
and 97 implants were placed. Patients were followed up for 3 to 7 years after
loading. The data indicate that GBR with simultaneous implant placement and
resorbable membranes can be a good clinical choice, and the data suggest
that it could be better to horizontally reconstruct no more than 3 mm of bone
in order to reduce the number of complications and to obtain stable results.
However, this technique remains difficult and requires expert surgeons. Int J
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Implant placement could be limited
by insufficient bone height and/or
width and can require bone aug-
mentation procedures.’ In selected
cases, it is possible to exploit the
residual native bone by placing
short or narrow implants with some
compromises.?¢ Various techniques
have been proposed in the litera-
ture to vertically and horizontally
augment the bone, but it is still un-
clear which methods are the most
efficient.!

Guided bone regeneration (GBR)
was first proposed by Dahlin et al in
1988 in order to reconstruct bone by
using grafts and barriers, promoting
the ingrowth of osteogenic cells and
preventing the migration of unde-
sired soft tissues into the wound.
In 2006, Wang and Boyapati pro-
posed four crucial elements neces-
sary for GBR success.® Nowadays,
GBR is a common treatment option
for bone reconstruction, providing
adequate support for osseointe-
grated implants”’® Nevertheless,
the technique’s complexity and the
need for experienced operators, es-
pecially in managing complications,
are still a challenge.’

In particular, in cases of hori-
zontal bone atrophy wherein the
defects are limited and therefore al-
low contextual implant placement,
using resorbable membranes could
reduce the incidence of complica-
tions and the discomfort related to a
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second surgical phase. However, it is
still not fully clear how much bone it
is possible to successfully horizontal-
ly regenerate when using resorbable
membranes with implant placement
to reduce rehabilitation times."

The aim of this study was to
evaluate clinical and radiographic
outcomes of GBR procedures in the
rehabilitation of partially edentulous
and horizontally atrophic arches,
with a 3- to 7-year follow-up. A spe-
cial focus was placed on trying to
evaluate a possible threshold for
maximum horizontal bone gain to
recommend when using resorbable
membranes with a simultaneous im-
plant placement approach.

Materials and Methods

A retrospective single cohort study
was conducted, and patients were
treated by two expert surgeons
(R.P. and PF). The inclusion crite-
ria were as follows: previous par-
tial edentulism, horizontal bone
atrophy treated with GBR (simul-
taneous implant positioning ap-
proach) performed with resorbable
membranes, and at least 3 years of
follow-up. Clinical and radiographic
data were collected by examining
clinical charts. Included patients
were divided into three groups:
nonsmokers, moderate smokers
(< 10 cigarettes per day), and heavy
smokers (> 10 cigarettes per day).
Patients signed a specific written
consent form after receiving thor-
ough information about the surgery.

This retrospective study was
carried out in accordance with the
Declaration of Helsinki and the Eu-

ropean Standards for Good Clinical
Practice.

Surgical Procedures

All treated patients received antibi-
otic prophylaxis before undergoing
GBR and received a subsequent
postoperative long-course therapy.
Surgeries were performed under lo-
cal anesthesia.

The flap design ensured a pri-
mary, tension-free closure. In the
posterior mandible, a midcrestal
incision was performed, reaching
the proximity of the retromolar tri-
gone. A subperiosteal detachment
was then made on the lingual side
using the digitoclastic technique to
coronally displace the lingual flap.'?
On the vestibular side, the flap was
carefully elevated to reveal the neu-
rovascular bundle in the mental fora-
men area, and a periosteum incision
was made using the tip of a scalpel
in order to stretch out the flap. In the
maxilla, a paracrestal buccal incision
was made in order to obtain a longer
palatal flap, and vertical releasing in-
cisions were made only buccally.

Implants were placed with a si-
multaneous approach at the same
surgical session as membrane po-
sitioning. Two different implant sys-
tems were used: In-Kone (Global D)
and AnyOne (MegaGen Implant).
Multiple cortical bone perforations
were performed in the receiving
bone bed to activate the regional
acceleratory phenomenon, favoring
blood supply. After collecting the
autologous bone using a Safescraper
(Meta), perforations were made. A
60:40 mixture of deproteinized bo-

Vif@ bone mineral particulate xe-
nograft (Bio-Oss, Geistlich Pharma)
and autogenous bone was used. The
resorbable collagen membrane (Bio-
Gide [Geistlich Pharma] or Osseo-
Guard [Zimmer Biomet]) was adapt-
ed and fixed on the lingual/palatal
side. The graft was then placed on
the defect, and the membrane was
fixed on the buccal side using tita-
nium pins. Finally, flaps were closed
using nonresorbable polytetrafluo-
roethylene sutures. The aim of the
reconstructive surgery was to obtain
at least 2 mm of bone around 4-mm
standard-width implants (8 mm of fi-
nal horizontal bone).

Nonsteroidal analgesics (keto-
profen) were administered. Post-
surgical instructions included a soft
diet and appropriate oral hygiene,
avoiding brushing and trauma at the
surgical sites. Patients were instruct-
ed to rinse twice a day with 0.2%
chlorhexidine mouthrinse for ~2
weeks. Sutures were removed at ap-
proximately 14 days postoperative.
Antibiotic therapy was generally pre-
scribed: amoxicillin (1 g) and clavu-
lanic acid three times a day for 8 days
and metronidazole (250 mg) twice a
day for 6 days. All patients were re-
called for additional postoperative
check-ups and were registered in a
maintenance hygiene program.

Implants and grafts underwent
submerged healing for at least 6
months. Temporary acrylic pros-
theses were delivered about 3 to 4
weeks after implant exposure. De-
finitive prostheses were delivered 3
to 4 months later. Soft tissue grafts
were performed when necessary, in
agreement with patients, at implant-
exposure surgeries.
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Fig 1 Case 1. Horizontally atrophic
posterior maxilla. (a) Clinical view before
membrane positioning surgery and (b) 3D
preoperative computed tomography scan.

Outcome Measures

The evaluated outcome measures
were: (1) complications; (2) implant
failures (implant mobility and/or re-
moval of stable implants due to mar-
ginal bone loss or infection); (3) pros-
thetic failures (planned prostheses
that were not placed due to implant
or GBR failure, loss of the prosthe-
sis secondary to implant failure, and
prosthesis replacement for any rea-
son); (4) horizontal radiographic mean
bone gain evaluated at each implant
site (measuring, at 3 mm apical from
the top of the crest, the perpendicu-
lar linear distances between the lin-
gual/palatal points and the vestibular
ones, averaged for the entire group
of patients) using the Horos software,
comparing
and 6-month scans; and (5) peri-
implant marginal bone level changes
(evaluated on radiographs using the

baseline/preoperative

same Horos software calibrated with
the known implant diameter) at im-
plant placement and at 3 and 7 years
after loading.

Statistical Analysis

Descriptive analysis was performed,
presenting the continuous variables
as mean = standard deviation or
median # interquartile range and
presenting the categorical variables
as absolute and relative frequencies.
The surgical site was the statistical
unit of analysis. A multiple logistic
regression model was performed
for biologic complications, includ-
ing the following predictors: smok-
ing habit, surgery site, extension
of the defect, and the amount of
required horizontal bone augmen-
tation. The results are presented as
an odds ratio with 95% confidence
intervals (Cls). Multiple linear regres-
sion analyses were fitted to model
the difference between the planned
augmentation and the real one and
the peri-implant bone loss. Paired t
test was used to compare the peri-
implant bone loss. The significance
level was set at .05. All analyses
were performed using Stata, version
15 (StataCorp).

Results

A total of 49 patients were treated
with a GBR procedure and simul-
taneous implant placement using
a resorbable membrane, and 97
implants were placed. Of the GBR
procedures, 26 (53.06%) were per-
formed in the maxilla (20 in the
posterior area) and 23 (46.94%) in
the posterior mandible (Figs 1 to
6). All 49 patients had a follow-up
of at least 3 years, while 33 patients
(67.34%) had a follow-up of 7 years.
Mean patient age at the time of
the first surgery was 55.86 years
(range: 18 to 75 years), and 77.55%
38). Thirty-
nine patients were nonsmokers
(79.59%), and of the 10 patients
(20.41%) who smoked, 8 (16.33%)
smoked < 10 cigarettes per day
and 2 (4.08%) smoked > 10 ciga-
rettes. Thirteen augmented sites
(26.53%) had one implant placed,
24 augmented sites (48.98%) had
2 implants placed, and 12 aug-
mented sites (24.49%) had three

were women (n =
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35 , .
Fig 2 Case 1. GBR and simultaneous implant placement procedure in a horizontally atrophic posterior maxilla. (a) Implants were posi-
tioned. (b) One end of a resorbable membrane was fixed palatally, and a 60:40 mix of heterologous deproteinized bovine bone mineral
(DBBM) and autogenous bone chips was applied. (c) The other end of the same resorbable membrane was fixed vestibularly.

Fig 3 Case 1. (a) Radiographic view 3 years after loading and (b) 7 years after loading. (c) Computed tomography scan 7 years after loading.
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Fig 4 Case 2. Three-dimensional preop-
erative computed tomography scan of the
horizontally atrophic posterior mandible.

implants placed. The mean implant
length was 9.42 + 1.44 mm (range:
6 to 13 mm), and the mean im-
plant diameter was 3.95 + 0.33 mm
(range: 3.3 to 5 mm). The main pa-
tient and intervention characteris-
tics are presented in Table 1.

Complications

Healing was uneventful, and a ma-
jority of patients (n = 43; 87.76%)
experienced no complications.

Six patients (12.24%) experienced

one or two complications: Five
patients (10.20%) reported one
complication, while one patient
(2.04%) reported two complica-
tions. There were two cases of
temporary paresthesia lasting 7
and 21 days, respectively, and fiVe
cases of incomplete bone augmen-
tation. No membrane exposures
were reported. Smoking habit and

the extension of the defect had a
positive correlation with the oc-
currence of complications (tempo-
rary paresthesia and incomplete
bone augmentation), but it was not

The International Journal of Periodontics & Restorative Dentistry
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e

loading.

statistically significant. No implants
or prostheses failed during the
entire follow-up.

Mean Radiographic Horizontal
Bone Gain

The mean bone crest width was
519 = 0.72 mm (range: 3.30 to

Fig 5 Case 2. GBR and simultaneous implant placement procedure in a horizontally
atrophic posterior mandible. (a) Implants were positioned and placed. (b) A 60:40 mix of
heterologous DBBM and autogenous bone chips was applied. (c) A resorbable collagen
membrane was placed and fixed. (d) Intraoral radiographic view immediately after GBR and

implant placement procedures.

Fig 6 Case 2. (a) Clinical, (b) radiographic, and (c) computed tomography scans 7 years after

6.76 mm) at baseline and was 7.95 +
0.51 mm (range: 6.56 to 9.22 mm)
before reentry (implant exposure)
at least 6 months later. The amount
of horizontally augmented bone
was 2.76 = 0.74 mm (range: 1.43 to
4.73 mm). Table 2 lists bone crest
measurements according to time
point and arch. The mean planned
augmentation had to be 296 =+

0.72 mm (range: 1.54 to 4.73 mm)
to achieve 8 mm of crestal bone
width, and the difference between
the planned and actual bone width
was 0.20 = 0.32 mm (range: 0 to
1.44 mm), with the actual bone
not meeting the desired augmen-
tation width. The mean percent-
age of radiographic bone filling
was 93.21%. The mean planned

Volume 42, Number 3, 2022
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Table 1 Main Patient and Intervention Characteristics

Patients
Total, n
Women, n (%)
Mean age at recruitment, y (range)
Smokers, n (%)
Location
Maxilla, n (%)
Mandible, n (%)
Implants
Total, n
Mean + SD length, mm
Mean =+ SD width, mm
Patient attendance at follow-up
Patients at 3y, n
Patientsat 7 y, n

49
38 (77.55%)

55.86 (18-75)
10 (20.41%)

26 (53.06%)
23 (46.94%)

97
9.42 +1.44
3.95+0.33

49
33

horizontal augmentation was 2.81 +
0.67 mm (range: 1.54 to 4.73 mm)
when complete regeneration was
obtained, while the mean planned
horizontal augmentation was 3.12 =
0.76 mm (range: 1.78 to 4.7 mm)
when the regeneration was in-

complete. [HENEAMpIEtENTaRia:

(B = 0. 62; 95% Cl: 0.18 to 1.08;
P =.007).

Peri-implant Marginal Bone Loss

A peri-implant bone loss of 0.65 =
0.40mm (range: 0.04 to 1.34 mm) oc-
curred at 3 years, with an additional
loss of 0.30 = 0.21 mm (range: 0.02
to 0.84 mm) occurring between the
3-year and 7-year follow-ups. The
7-year follow-up resulted in 0.99 +

0.63 mm (range: 0.05 to 2.18 mm)
of peri-implant bone loss. The
bone loss that occurred in the first
3 years was significantly greater than
the loss between the 3-year and
7-year follow-ups (mean difference:
0.35 mm; 95% Cl: 0.29 to 0.49;
P <.001). Peri-implant bone loss had
a significant, positive correlation
with smoking habit.

Discussion

Treating partially edentulous atrophic
arches with GBR procedures in order
to horizontally augment the bone and
place conventional-diameter implants
is a well-documented procedure."13-18

Using resorbable membranes
can bring some advantages: the re-
duction of exposure rates, the de-
creased risk of total failure when an

exposure occurs, and not needing
to perform a second surgical phase
to remove the membrane. The dif-
ficulty of maintaining the barrier
function for an appropriate length
of time is considered a major draw-
back of resorbable membranes,

o
the blood clot) for a longer period
of time, and thus they could be in-

dicated for Wider reconstructions.”

The possibility to simultaneously

place implants without requiring
a second surgery can also reduce
rehabilitative times. However, the
approach is only
possible when there is a sufficient
amount of residual bone to obtain

simultaneous

primary implant stability, and there-
fore it is limited to minor horizontal
augmentations.'”

For these reasons, the present
authors evaluated the potential of
GBRand simultaneous implant place-
ment with resorbable membranes
for limited horizontal bone augmen-
tation. No severe complications or
membrane exposures occurred. This
is in contrast with another retrospec-
tive study in which a wound dehis-
cence rate of 12% and a graft failure
rate of 4% were reported.?

Considering peri-implant mar-
ginal bone levels reported in other
studies (0.99 mm after 7 years), 151618
the results are in agreement with
or superior to the literature. As the
current study was retrospective in
nature, no jig was used to standard-
ize the radiographs. The 3-year
postloading results of a random-
ized controlled trial?' indicated that
radiographic bone loss ranged from
1.02 to 1.61 mm.

The International Journal of Periodontics & Restorative Dentistry
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Table 2 Mean Horizontal Radiographic Bone Gain

Bone width, mm

Both arches Maxilla Mandible
AtTO 519 +0.72 4.88 =0.74 5.56 £ 0.51
At T1 7.95 = 0.51 7.90 = 0.59 8.02 + 0.41
T1-TO 276 £0.74 3.03+£0.82 246 =0.53
Mean augmentation w/out 2.81 £0.67 3.17 £0.72 2.54 = 0.50

complications

TO = baseline, before membrane-positioning surgery; T1 = before reentry surgery, after at least 6 months (implant exposure).
Measurements were made on CT scans. Values are presented as mean + SD.

The aim of the present pro-
cedure was to reconstruct the
minimum bone width, making it
sufficient for (1) the placement of
standard-diameter implants (4 mm)
and (2) maintaining at least a 2-mm
width buccally and palatally/lingually
to guarantee bone stability over
time, in accordance with the litera-
ture.”22 Of course, this assumption
could be a limit that was accepted
in order to retrospectively define
success for the procedure. The
mean horizontal bone regenera-
tion in the present study was only
2.76 mm, specifically 3.03 mm in the
maxilla and 2.46 mm in the poste-
rior mandible. As a matter of fact, it

was found that [EESGRAEMIEHA
Thus, the present authors suggest
that bone regeneration not ex-

ceed 3 mm when using resorbable
membranes. A possible reason for
the present findings could be the
biologic features of the augmented
site: The greater the bone increase,
the longer the distance from the na-
tive bone that guarantees a blood
supply and cells!” Similar results

were described in a previous article
in which nonresorbable membranes
were used and the maximum sug-
gested vertical augmentation was
6 mm.2 A recent pilot study was
conducted to analyze the volumet-
ric bone changes—and to compare
them with the literature—after a
lateral GBR procedure using bone
allografts and collagen resorbable
membranes, and a linear overall net
bone gain of 2.86 = 0.23 mm was
reported.?? According to a recent
systematic review, the overall mean
horizontal bone gain after GBR with
collagen membranes was 2.27 =
1.68 mm, but the follow-ups were
limited.?* Additionally, the pres-
ent study’s bone filling percentage
(93.21%) is in agreement with the
literature, as Simion et al reported
a very similar rate (93.38%).%> This is
related to the five incomplete bone
augmentations (10.20%) that oc-
curred in the present study, which
could be noted as a potential dis-
advantage of simultaneous grafting
with implant placement.4-1

Finally, it should be taken into
consideration that the GBR tech-
nique remains difficult and requires

expert surgeons. Furthermore, to
obtain these results and keep them
stable over time, proper hygienic
care is very important, and the pa-
tient should be adequately moti-
vated. Sessions of professional oral
hygiene should be regularly per-
formed.

When considering other treat-
ment approaches described in the
literature for these partially atrophic
cases, an onlay/veneer bone graft
and narrow implants are possible

alternatives. Conversely, THeNUSE

8g€] is associated with significant
resorption, and has its best results

with autologous bone, fRUSlifcreas:

row implants have been also pro-
posed as a way to avoid horizontal
reconstructions, but there is a lack
of long-term data on these implant
cases of partial horizontal bone at-
rophy, and there are certain esthetic
limitations.

In clinical cases where a hori-
zontal increase in bone width is
necessary, it is possible to perform
a GBR using only autologous bone,

Volume 42, Number 3, 2022
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nonresorbable membranes, and/or
placing delayed implants, according
to Urban et al.282?

Regarding the clinical choice
between GBR with simultaneous
or delayed implant placement, the
staged approach should be used
in cases requiring > 4 mm of newly
horizontal bone, according to Urban
et al.?? However, according to the
current study results, the present
authors recommend using a simul-
taneous approach for a maximum
increase of 3 mm.

Conclusions

GBR with resorbable membranes
and simultaneous implant place-
ment can be a good clinical choice
for the treatment of limited horizon-
tal defects in partially edentulous
arches. Within all the limitations of
this retrospective study, the results
reflected that horizontal augmenta-
tion should be limited to a maximum
increase of 3 mm in order to reduce
the number of complications, there-
fore increasing the success rate and
bone stability over time. In any case,
this technique requires expert sur-
geons, and these findings should
be confirmed by randomized con-
trolled clinical trials with long-term
follow-ups.

Acknowledgments

Prof Felice receives research grants from
Global D. The remaining authors declare no
conflicts of interest.

References

1. Esposito M, Grusovin MG, Felice P,
Karatzopoulos G, Worthington HY,
Coulthard P. Interventions for replacing
missing teeth: Horizontal and vertical
bone augmentation techniques for den-
tal implant treatment. Cochrane Data-
base Syst Rev 2009;2009:CD003607.

2. Felice P, Barausse C, Pistilli R, Ippolito
DR, Esposito M. Short implants versus
longer implants in vertically augment-
ed posterior mandibles: Result at 8
years after loading from a randomised
controlled trial. Eur J Oral Implantol
2018;11:385-395.

3. Felice P, Pistilli R, Barausse C, Piattelli
M, Buti J, Esposito M. Posterior atro-
phic jaws rehabilitated with prostheses
supported by 6-mm-long 4-mm-wide
implants or by longer implants in aug-
mented bone: Five-year post-loading
results from a within-person ran-
domised controlled trial. Int J Oral Im-
plantol (Berl) 2019;12:57-72.

4. Esposito M, Zucchelli G, Barausse C,
Pistilli R, Trullenque-Eriksson A, Felice P.
Four mm-long versus longer implants in
augmented bone in atrophic posterior
jaws: 4-month post-loading results from
a multicentre randomised controlled tri-
al. Eur J Oral Implantol 2016;9:393-409.

5. Esposito M, Barausse C, Pistilli R, et al.
Posterior jaws rehabilitated with par-
tial prostheses supported by 4.0 x 4.0
mm or by longer implants: Four-month
post-loading data from a randomised
controlled trial. Eur J Oral Implantol
2015;8:221-230.

6. Esposito M, Barausse C, Pistilli R, Bellini
P, Buti J, Felice P. Inmediate loading of
3 mm-diameter implants as an alterna-
tive to horizontal bone augmentation
for placing 4 mm-diameter implants:
One-year post-loading results from a
multicentre randomised controlled trial.
Clinical Trials in Dentistry 2020;2:61-76.

7. Dahlin C, Lindhe A, Gottlow J, Nyman
S. Healing of bone defects by guided
tissue regeneration. Plast Reconstr Surg
1988;81:672-676.

8. Wang HL, Boyapati L. “"PASS" principles
for predictable bone regeneration. Im-
plant Dent 2006;15:8-17.

9. Simion M, Jovanovic SA, Tinti C,
Benfenati SP. Long-term evaluation of
osseointegrated implants inserted at
the time or after vertical ridge augmen-
tation. A retrospective study on 123 im-
plants with 1-5 year follow-up. Clin Oral
Implants Res 2001;12:35-45.

10.

11.

12.

13.

14.

15.

16.

18.

19.

Buser D, Ingimarsson S, Dula K, Lussi
A, Hirt HP, Belser UC. Long-term sta-
bility of osseointegrated implants in
augmented bone: A 5-year prospective
study in partially edentulous patients.
Int J Periodontics Restorative Dent
2002;22:109-117.

Thoma DS, Bienz SP, Figuero E, Jung
RE, Sanz-Martin |. Efficacy of lateral
bone augmentation performed simulta-
neously with dental implant placement.
A systematic review and meta-analysis.
J Clin Periodontol 2019;46:257-276.
Pistilli R, Checchi V, Sammartino G,
Simion M, Felice P. Safe new approach
to the lingual flap management in man-
dibular augmentation procedures: The
digitoclastic technique. Implant Dent
2017,26:790-795.

Benic GI, Hdmmerle CH. Horizontal
bone augmentation by means of guid-
ed bone regeneration. Periodontol
2000 2014;66:13-40.

Schwarz F, Schmucker A, Becker J.
Long-term outcomes of simultaneous
guided bone regeneration using native
and cross-linked collagen membranes
after 8 years. Clin Oral Implants Res
2017,28:779-784.

Chappuis V, Rahman L, Buser R, Janner
SFM, Belser UC, Buser D. Effectiveness
of contour augmentation with guided
bone regeneration: 10-year results. J
Dent Res 2018;97:266-274.

Zitzmann NU, Schérer P, Marinello CP.
Long-term results of implants treated
with guided bone regeneration: A
5-year prospective study. Int J Oral
Maxillofac Implants 2001;16:355-366.
Blanco J, Alonso A, Sanz M. Long-term
results and survival rate of implants
treated with guided bone regeneration:
A 5-year case series prospective study.
Clin Oral Implants Res 2005;16:294-301.
Jung RE, Fenner N, Hémmerle CH,
Zitzmann NU. Long-term outcome of
implants placed with guided bone re-
generation (GBR) using resorbable
and non-resorbable membranes af-
ter 12-14 years. Clin Oral Implants Res
2013;24:1065-1073.

Meloni SM, Jovanovic SA, Pisano M, De
Riu G, Baldoni E, Tallarico M. One-stage
horizontal guided bone regeneration
with autologous bone, anorganic bo-
vine bone and collagen membranes:
Follow-up of a prospective study 30
months after loading. Eur J Oral Implan-
tol 2018;11:89-95.

The International Journal of Periodontics & Restorative Dentistry


User
Highlight

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示


379

20.

21.

22.

23.

Wessing B, Emmerich M, Bozkurt A.
Horizontal ridge augmentation with a
novel resorbable collagen membrane:
A retrospective analysis of 36 consecu-
tive patients. Int J Periodontics Restor-
ative Dent 2016;36:179-187.

Merli M, Moscatelli M, Mariotti G,
Pagliaro U, Raffaelli E, Nieri M. Compar-
ing membranes and bone substitutes
in a one-stage procedure for horizon-
tal bone augmentation. Three-year
post-loading results of a double-blind
randomised controlled trial. Eur J Oral
Implantol 2018;11:441-452.

Mordini L, Hur Y, Ogata Y, Finkelman
M, Cavani F, Steffensen B. Volumetric
changes following lateral guided bone
regeneration. Int J Oral Maxillofac Im-
plants 2020;35:e77-e85.

Pistilli R, Simion M, Barausse C, et al.
Guided bone regeneration with non-
resorbable membranes in the rehabili-
tation of partially edentulous atrophic
arches: A retrospective study on 122
implants with a 3- to 7- year follow-
up. Int J Periodontics Restorative Dent
2020;40:685-692.

24,

25.

26.

Wessing B, Lettner S, Zechner W. Guid-
ed bone regeneration with collagen
membranes and particulate graft ma-
terials: A systematic review and meta-
analysis. Int J Oral Maxillofac Implants
2018;33:87-100.

Simion M, Misitano U, Gionso L, Salvato
A. Treatment of dehiscences and fenes-
trations around dental implants using
resorbable and nonresorbable mem-
branes associated with bone autografts:
A comparative clinical study. Int J Oral
Maxillofac Implants 1997;12:159-167.
Pistilli R, Felice P, Piattelli M, Nisii A,
Barausse C, Esposito M. Blocks of au-
togenous bone versus xenografts for
the rehabilitation of atrophic jaws with
dental implants: Preliminary data from a
pilot randomised controlled trial. Eur J
Oral Implantol 2014;7:153-171.

27.

28.

29.

Chiapasco M, Colletti G, Coggiola A,
Di Martino G, Anello T, Romeo E. Clini-
cal outcome of the use of fresh frozen
allogeneic bone grafts for the recon-
struction of severely resorbed alveolar
ridges: Preliminary results of prospec-
tive study. Int J Oral Maxillofac Implants
2015;30:450-460.

Urban 1A, Nagursky H, Lozanda JL,
Nagy K. Horizontal ridge augmentation
with a collagen membrane and a combi-
nation of particulated autogenous bone
and anorganic bovine bone-derived
mineral: A prospective case series in 25
patients. Int J Periodontics Restorative
Dent 2013;33:299-307.

Urban IA, Nagursky H, Lozanda JL.
Horizontal ridge augmentation with
a resorbable membrane and particu-
lated autogenous bone with or without
anorganic bovine bone-derived min-
eral: A prospective case series in 22
patients. Int J Oral Maxillofac Implants
2011;26:404-414.

Volume 42, Number 3, 2022





