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ABSTRACT

Introduction. Guided bone regeneration (GBR) is a surgical method that allows the formation of new bone in areas of
atrophy of the maxillary bone. The integration of the graft or the augmented bone under the mucosal flap and the primary
healing of the soft tissues are essential conditions for preventing the exposure of the regeneration site and infectious com-
plications that inevitably lead to the failure of the GBR procedure.

Materials and methods. This study presents the results of a cohort study that includes 70 patients who underwent
GBR. The research involved techniques for forming muco-periosteal flaps: the Modified Periosteal Releasing Incision
(MPRI) according to the principle of the double flap technique (DF) and the coronal advanced lingual flap (CALF).
The study group included patients who underwent GBR using perforated titanium membrane, while the second group
underwent GBR using bioresorbable poly-4 hydroxybutyrate (P4HB) synthetic mesh. The patients were evaluated
periodically to monitor postoperative progress, the cases of dehiscence of the area related to augmentation site were
recorded, measured and classified according to Fontana. Statistical results were generated and processed by the R
Studio program.

Results. In the study groups, a total of 8 cases of gingival dehiscence were registered, 4 cases in each group. In two cases,
partial removal of the titanium membrane was performed by milling it, and the remaining 6 cases of dehiscence were
remedied with rinses with oral antiseptic solution and scheduled visits for local care until the appearance of granulation
tissue and epithelization.

Conclusions. Protective membrane, flap formation, thread tension and suture relaxation all play crucial roles in guided
bone augmentation without dehiscence. In our study, the small number of dehiscence cases recorded as complications did
not provide significant statistical results, namely due to the technique of performing the flap according to contemporary
methods, a fact also described by the specialized literature.
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Introduction

Guided bone regeneration is a surgical method that al-
lows obtaining a new bone in places of atrophy of the max-
illary bone. The technique aims to restore sufficient bone
volume to insert dental implants in an adequate way. The
integration of the graft or the augmented bone under the
mucosal flap and the primary healing of the soft tissues are
essential conditions for preventing the exposure of the re-
generation site and infectious complications that inevitably
lead to the failure of the Guided Bone Regeneration (GBR)
procedure. In the opinion of Thoma et al. the exposure of
the membrane in the oral cavity has a significant impact on
the overall result of the surgical procedure, leading to a re-
duction in the height of the augmentation between 40% and
60% [1, 2].

Wang and Boyapati introduced 4 minimal key principles
that must be respected for GBR surgery to be successful:
primary wound healing; angiogenesis; blood clot stability
and maintaining augmentation space [3]. To ensure prima-
ry wound healing, flap shape and mobilization techniques
play a crucial role in achieving complete closure of the aug-
mented site. According to the authors Machtei et al [4],
these principles must be respected especially when using
the GBR technique and performing vertical augmentations
in the posterior area of the mandible, where the soft tissues
are thin, and the edges of the flaps must be stretched. In
these areas, the exposure of the membrane occurs most fre-
quently [5, 6]. Therefore, optimal soft tissue management is
required to achieve tension-free primary flap closure and to
prevent infection of the membrane and augmentation ma-
terial [7].

Burkhardt et al. reported a risk of dehiscence of 10% if
the flap tension before suturing is less than 10 g and increas-
es substantially to 40-100% if the flap tension exceeds 10 g
[8]. All flaps sutured at more than 25.5 g show dehiscence,
a low-tension flap suture can be achieved by combining an
external-internal suspended suture, which greatly reduces
tension at the flap edge, sutured with a second tension-free
suture closer to the edge wounds [8]. Suture material and
proper wound management with release incisions are also
of considerable importance.

The shape of the flap is key to reducing post-bone aug-
mentation complications. Zazou et al. recommended that
for the coronal advance, it is necessary to perform a deper-
iosteal incision at the junction of the fixed and mobile mu-
cosa in the case of the vestibular flap and to carry out tight
muscle debridement in the case of the lingual flap [9]. The
author argues this modification of the incision provides a
larger keratinized gingival sleeve to the lingual flap. Anoth-
er important factor highlighted by Kim et al. proposes to
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The novelty added by manuscript to the already published sci-
entific literature

This article has demonstrated the importance of correct formation
of mucogingival flaps, regardless of the type of membrane.

make the flap without discharge incisions, they explain this
particular approach preserves vascularization and venous
return supply of the flap [2].

Dehiscence is known to be a major problem in bone re-
generation surgery, according to authors such as Canullo et
al. the important factor is not the technique of performing
bone regeneration, but the shape and type of mucogingival
flap prepared and advanced coronally, which will cover the
regeneration [10]. Other authors such as Gallo et al. in a
study conducted in 2019 on 80 cases obtained about 68%
complications with exposure; they believe that the separa-
tion device is responsible for the occurrence of dehiscence
[11]. By simply using collagen membranes over the titan
devices, Urban et al. significantly decreased the rate of de-
hiscence to 3% of 65 sites undergoing regeneration [12].
Lately there has been increased emphasis on research that
includes new techniques for the preparation of mucogingi-
val flaps [13, 14].

Materials and methods

This study presents the results of a cohort study, that in-
cludes 70 patients who underwent guided bone regeneration
operations. The study was carried out in accordance with the
ethical principles of the Declaration of Helsinki, approved by
the Research Ethics Committee of Nicolae Testemitanu USMF,
minutes No. 43 of 13.02.2020. The research is a multicenter
one, conducted during the period 2019-2024, enrolled pa-
tients who applied for surgical treatment of guided bone aug-
mentation within the Arsenie Gutan Department of Oro-Max-
illo-Facial Surgery and Oral Implantology at the clinical base
in Chisinau Municipal Dental Center and at the “MASTER-
DENT” SRL university clinical base.

The research included the use of the techniques for
forming muco-periosteal flaps: the Modified Periosteal Re-
leasing Incision (MPRI) according to the principle of the
double flap technique (DF) and the coronal advanced lin-
gual flap (CALF).

Patients were divided into two groups of 35 subjects
each, as calculated using Epilnfo 7.2.2.6 program, “StatCalc
- Sample Size and Power” compartment for analytical study
based on the following parameters: 95.0% confidence inter-
val a statistical power of 80.0%.

Inclusion criteria:

70 patients, aged between 20 and 60, both female and
male, were included in the study. The subjects included in
the research were patients who presented atrophy of the al-
veolar process, diagnosed clinically and paraclinically, mak-
ing it impossible to insert a dental implant.

Exclusion criteria:

e Patients with coagulation disorders

e Pregnant and breastfeeding women
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¢ Smokers more than five cigarettes a day

e Patients with unsatisfactory hygiene

e Patients with chronic otorhinolaryngological pathol-

ogies

e General pathologies such as: diabetes, glycemic val-

ues >7-8 mmol/l, oncological pathologies, diseases
of the hematopoietic system, autoimmune diseases,
liver cirrhosis, cardiac and respiratory pathologies.

[ group - included patients to whom it was performed
GBR using perforated titanium membrane;

II group - GBR was performed by using bioresorbable
poly-4 hydroxybutyrate (P4HB) synthetic mesh.

The patients were evaluated periodically to monitor
postoperative progress. Cases of dehiscence of the area re-
lated to augmentation site were recorded, measured and
classified according to Fontana et al. [14]. Statistical results
were generated and processed by the R Studio program.
The following descriptive statistics were estimated for
the numerical variables: minimum value, maximum value,
mean value with standard deviation, median value with in-
terquartile deviation (AI). For all the statistical tests applied
in the study, the threshold value (p) was considered to be
0.05, completed with 95% confidence intervals for the rela-
tive frequencies.

Results

In our research, 70 patients underwent guided bone re-
generation using resorbable polymer meshes and titanium
membranes. All patients were operated with the creation
of the mucogingival flap according to modern methods,
using the “MPRI” technique to create vestibular flaps and
the “CALF” technique for lingual flaps. Of these, 25 patients
were operated on the lower jaw- mandible using the “MPRI”
vestibular flap method and the lingual “CALF” method, an-
other 45 patients were operated on the upper jaw using the
“MPRI” vestibular flap method (see table 1).

Table 1. Demographic and clinical data

Number 70

Gender:

Male 24 (34.3%)
Female 46 (65.7%)

Age 53.1 (range, 27 - 60)
Lower jaw operated patients “MPRI” vestibular 25

flap combined with “CALF” technique for

lingual flaps

Upper jaw operated patients “MPRI” vestibular 45

flap

When analyzing the data, a total of 8 cases of complica-
tions with gingival dehiscence were registered, of which 4
cases were grade I dehiscence and 4 cases were grade II de-
hiscence according to Fontana.

In the control group where the titanium membrane was
used, three cases of dehiscence were recorded, accounting
for 5.7% (95% CI 1.21). Of these, grade I dehiscence - one
case, located in the upper jaw where it was performed the
,MPRI” flap and constituting 2.9% (95% CI 0.15,17). Grade
II dehiscence occurred in two other cases, constituting
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5.7% (95% CI 1.21), located on the mandible where the
»MPRI” vestibular flap and ,CLAF” lingual flap were per-
formed. The remaining 32 cases in this group did not show
any dehiscence, the ratio being 91.4% (95% CI 76 .98).

In the study group - five cases of dehiscence were ob-
served as follows: grade I dehiscence were recorded in
three clinical cases, constituting 8.6% (95% CI 2.2, 24),
among which two cases were located in the mandible
where was performed ,MPRI” vestibular flap combine with
»CLAF” lingual flap and one case in the upper jaw where it
was performed the ,MPRI” flap. Grade II dehiscence were
in two cases - 5.7% (95% CI 1.21), both located in the
mandible where it was performed the ,MPRI” vestibular
flap and ,CLAF” lingual. The remaining 30 cases did not
show any form of dehiscence, the proportion being 85.7%
(95%CI 69, 95).

The management of dehiscence were grouped according
to the degree of complications, as follows:

* [ group (control group) - dehiscence grade I were
treated by partial removal of the membrane; the tita-
nium membrane was performed by milling it, as rec-
ommended by Al-Ardah et al. [15] figure 1 (A).

e Il group (resorbable mesh group) - dehiscence grade
I (4 cases, 5.7% (95% 1.8,15)) of gingival dehiscence
were remedied with rinses with ,Loroben” oral anti-
septic solution and scheduled visits for local process-
ing with 10% Polyvidon lodine solution and 0.05%
Chlorhexidine solution until the appearance of gran-
ulations and epithelization, the grade II dehiscence
was treated by partial removal of the mesh by surgi-
cal scissors, figure 1(B).

It should be specified that all cases of dehiscence were

treated early.

The remaining 62 respondents did not develop dehis-
cence complications and constituted 88.6% (95% CI1 78, 95).

In table 2 we can see the general characteristics of the
entire research group of dehiscence complications, and we
can state that a total of 8 cases of dehiscence were recorded
in the research.

Table 2. Representation of “Gingival dehiscence” values

Variable N=70 95% CI
Dehiscence grade
Grade 0 62 78%,
(88.6%) 95%
Grade I 4 (5.7%) 1.8%,
15%
Grade I1 4 (5.7%) 1.8%,
15%

Note: N- number of patients, CI -confidence interval

For categorical variables, absolute frequencies and
relative frequencies were estimated, supplemented with
95% confidence intervals for relative frequencies. Visu-
alization was performed using barplot graphics (bar dia-
gram). Hypotheses testing was conducted using Pearson’s
Chi-square test (Monte Carlo variant with 10,000 repeti-
tions). In the study, the dehiscence association between
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Fig. 1 Types of dehiscence, by following techniques:
A. Dehiscence occurring after GBR treatment with titanium membrane in the upper right jaw.

B. Dehiscence after GBR treatment with P4HB in the lower jaw on the right.
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Fig. 2 Bar plot for the association values of
flap formation technique and occurrence of
dehiscence.

Note: Applying the x2 test (Monte Carlo variant) =
1.06, p=0.84, which means that there are no significant
statistical differences, the result being unchanged even
after applying the correction for multiple comparisons
using the Hochberg method where p>0.9. Cramer
statistical test - 0.12, which shows a value with no practical

importance.

0.25

0.00

Bar Plot for Dehiscenta

Chi-Squared Test (Monte Carlo): = 1.06
p-value = 0.8497
V Cramer's statistic = 0.1233

Dehiscenta
W
| )
[ I

control studiu
Lotul

the performed bone regeneration techniques and the ap-
pearance of dehiscence was evaluated (see figure 2). The
null hypothesis formulated was that there is no associa-
tion between the applied technique and the appearance of
gingival dehiscence, the alternative hypothesis being the
presence of the association.

Applying the x? test (Monte Carlo variant) = 1.06, p =
0.84, which means that there are no significant statistical
differences, the result being unchanged even after applying
the correction for multiple comparisons using the Hochberg
method where p > 0.9 (see figure 2).

The Cramer statistical test applied to estimate the effect
size showed a value of 0.12, which shows a value with prac-
tical importance and presents a reduced phenomenon in
our research.

Discussion

Recently, several techniques of flap formation have been
proposed to achieve proper wound closure. Ronda et al.
proposed a flap technique to achieve coronal displacement
of the lingual flap in augmentation of the mandibular bone
ridge in the posterior areas - a full-thickness lingual flap
must be raised and partially detached from the mylohyoid
muscle [16, 17].

Urban et al. describes this technique, dividing the sur-
gical approach of the lingual flap into 3 different areas, as
illustrated in figure 3 [18, 19]:

* zone I: tunneling and elevation of the retromolar

lampon.

¢ zone II: separation of the flap with preservation of

the mylohyoid muscle.

¢ zone III: anterior periosteal release, semibont.
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Zone III

Zone 11

Fig. 3 The shape of the flap and the location
of the surgical access areas.[20]

This approach ensures adequate advancement of the lin-
gual flap, which facilitates tension-free wound closure. Lin-
gual flap mobilization is currently an imperial requirement
in vertical bone augmentation of the mandible [19]. The lin-
gual region of the mandible is considered a danger zone due
to the anatomical elements located in the mandibulo-lingual
groove, severe complications such as hemorrhages, hemat-
omas, swellings have been reported in GBR implantation
operations at the level of the mandible [20, 21]. The main
cause is the specific anatomical area of the aforementioned
groove, especially the sublingual artery which is a branch of
the lingual artery, and which passes between the mylohyoid
muscle and the genioglossus, it can give some small branch-
es that supply the gum and can be easily damaged during
flap preparation intervention [22]. Although the terminal
branches of the lingual artery can be found in the lingual
flap, the lingual artery is not at risk, provided that blunt dis-
section of the flap is performed. According to Urban et al
the most common complication is hemorrhage and is the re-
sult of trauma to the superficial periosteal terminal branch-
es described above [19].

To achieve optimal wound adjustment and flap mobility,
several flap processing techniques are described. Recently
introduced flap advancement techniques may be superior to
the classic periosteal release incision technique in large aug-
mentation procedures. Periosteal release incision is reported
to lead to several postoperative complications and may affect
the blood supply to the flap. Buser et al. proposed the lateral
flap incision technique in staged bone augmentation [23].

In the opinion of Porcaro et al, damage or excessive
stress of the flap during surgery, a thin tissue biotype, and
surgeon inexperience are factors that increase the risk of
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complications [21]. Maridati et al. specify that the flap must
present a sufficiently large surgical field and allow complete
coverage of the membrane with soft tissues and adequate
vascularization. Flap repositioning should be tension free
and not damaged during periosteal incisions to prevent soft
tissue necrosis [24]. Fontana et al. mention that the most
frequently used technique to allow the preservation of the
blood supply to the flap is the incision of the flap through
its entire thickness and with access to the upper part of the
alveolar ridge [25].

Some surgeons like Kim et al. suggest making vertical re-
lease incisions to improve tissue mobility, while others re-
port that this procedure reduces blood supply [2]. In many
cases, the availability of soft tissues limits the potential for
bone regeneration, and surgical augmentation of the soft
tissue volume becomes necessary before the GBR procedure
[26, 27]. The main disadvantages associated with the coro-
nal advancement of the flap are the reduction of the depth of
the vestibular fornix, the dislocation of the keratinized mu-
cosal band and the mucogingival junction, and the genera-
tion of tissue tension. Reduction of the keratinized mucosal
strip can compromise the aesthetic outcome of the future
prosthetic construction and make oral hygiene procedures
more difficult [28]. To reduce these risks, other flap forma-
tion techniques have been introduced by avoiding excessive
sectioning of the periosteum, namely the periosteal release
incision. The authors propose the following techniques for
forming mucogingival flaps.

1. The double flap (DF) incision involves dividing the
flap into two layers: an inner periosteal layer and an
outer mucosal layer. The mucosal layer extends coro-
nally and exceeds the height of the neighboring teeth
to achieve primary closure, without traumatizing the
periosteum, it is detached from the submucosa and
the muscular insertion. It must be specified that the
release of the periosteum starts from the level of the
incision of the flap (the middle of the alveolar ridge)
and is advanced towards the apex until the necessary
release of the vestibular flap is achieved, technique
illustrated in figure 4 [1, 9].

2. The coronal advanced lingual flap (CALF) involves the
detachment of the insertion of the mylohyoid muscle
from the periosteum of the lingual flap, making it free
to move coronally. It should be noted that the authors
specify that the detachment of the muscle have to be
done with a blunt instrument, atraumatic and with-
out damaging the periosteum. Coronal advancement
should be carried out at a height twice the height of
the crowns of the neighboring teeth, technique illus-
trated in figure 5 [10, 16].

3. Modified Periosteal Releasing Incision (MPRI) in-
troduced by Hur et al. in 2015 presents vestibular
flap formation, and involves a superficial periosteal
release incision similar to DF technique, but differs
in that the level of incision and release of the perios-
teum begins at the level of the junction of the fixed
and mobile mucosa and thus creates two segments: a
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Fig. 4 Double flap (DF) technique.
The buccal flap clearly reflects two separate layers, the periosteum
separated bond and vestibular mucosa.
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Fig. 5 Coronal advanced lingual flap (CALF), with its blunt release
from the mylohyoid muscle.

Fig. 6 Modified Periosteal Releasing Incision (MPRI) [9]

segment of mucosa with coronal periosteum and the
second, the apical periosteum which separated by
abutment dissection with lateral extension according
to the technique described in “DF” [28, 29]. The mod-
ified technique for performing the periosteal release
flap is illustrated in figure 6 [9].

According to the authors, in these sectional techniques
the periosteum was involved less. They reported fewer
complications compared to the classic periosteum release
incision. A study comparing the types of flaps in GBR shows
the following: according to Zazou et al. the coronal ad-
vanced lingual flap reported the highest advancement, the
lowest post-intervention edema score and the lowest sub-
sequent exposure [9]. Therefore, it is recommended that
in large augmentation procedures in the posterior areas of

the mandible, experienced manipulation of the lingual flap
and knowledge of the anatomy are crucial to avoid injury to
any vital structures in the given area. Noguera-Mutllé et al.
in his work obtained that the detachment of the mylohyoid
muscle from the lingual flap allows a significant increase
in its extension, 2.5 times. Thus, this maneuver could be
indicated in posterior mandibular bone augmentation pro-
cedures that require tension-free closure [20]. The results
reported by Fugazzotto et al. show that with modified per-
iosteal release technique and double vestibular flap forma-
tion achieved approximately 14.5 mm of its advancement,
reporting the lowest mean pain score. This technique can be
used in large bone augmentation operations with predicta-
ble results when used in patients with thick gingival tissue
phenotype [30, 31].
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Conclusion

The GBR technique is a complex method of bone aug-
mentation, the success of which depends on several fac-
tors such as: protective membrane, flap formation, thread
tension, as well as suture relaxation, which play key roles
in guided bone growth. Strict adherence to the steps GBR
minimizes the rate of complications, which are inevitable. In
our research we demonstrated through statistical data that
the occurrence of dehiscence has no correlation with the
GBR technique used in our case, as the results were without
statistical significance. Therefore, we can say with certain-
ty that the small amount of dehiscence is mainly due to the
shape and the formation disorder of the relaxed mucogin-
gival flap, a fact also described in the specialized literature
[30, 32]. Regardless of the chosen technique, it is important
to consider the type and viability of the tissues used to cover
these GBR elements.
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