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After vertical bone augmentation (VBA) surgery, loss of both keratinized tissue (KT) and vestibule depth (VD) take place. This article evaluated
KT gain, patient satisfaction, and aesthetic outcomes after a modified apically repositioned flap (ARF) in combination with a strip-free gingival
graft (FGG) harvested from the palate and a xenogeneic collagen matrix (XCM) to correct mucogingival distortion (MGD) after VBA. This
technigue minimizes patient morbidity by reducing the need for extensive masticatory mucosa grafts. The study included 12 patients with
<3 mm KT after vertical augmentation procedures. Keratinized tissue gain and tissue thickness were measured. Patient morbidity and
aesthetic outcomes were also evaluated. Twenty-four months after surgery, significant VD gain was observed, obtaining a vertical KT
augmentation of 5.38 * 2.06 mm, although tissue thickness increase was only 0.42 = 0.42mm. Regarding patient satisfaction, aesthetic
results evaluating tissue color and texture were satisfactory; the pain was slight, obtaining a score of 2.10 = 1.13 out of 10, measured
using a Visual Analogue Scale (VAS). The present retrospective case series study shows that using an apically repositioned flap combined
with a strip FGG and an XCM might offer a valid means of achieving KT gain.
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INTRODUCTION

ooth extraction always leads to a certain number of
dimensional changes to both soft and hard tissues.’
The magnitude of these changes depends on several
factors. So, different treatment approaches have been
proposed to minimize or compensate for volume loss, includ-
ing orthodontic extrusion,” ridge preservation, socket sealing,*
socket shield technique,” soft tissue grafts® and various bone aug-
mentation techniques. Among the latter, horizontal and vertical
bone regeneration effectively recovers bone dimensions and pro-
vides adequate conditions for placing implants with predictable
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outcomes.” In this context, severe hard tissue deficiencies require
a large amount of graft material. So adequate flap passivation is
essential to provide enough advancement for a tension-free suture,
thereby minimizing the risk of tissue dehiscence. However,
advanced bone reconstruction very often ends up causing severe
mucogingival distortion (MGD), which includes reductions in kera-
tinized tissue (KT) and vestibule depth (VD)2

The minimum dimension of KT around teeth and implants
that will ensure adequate health remains to be determined.’
Nevertheless, some cases exhibit clear indications for mucogingival
correction after significant reconstructive bone surgery.10 More-
over, the literature claims that the presence of an adequate band
of KT is a critical factor for peri-implant health."" Several tech-
niques have been proposed for increasing VD and KT using an
apically repositioned flap (ARF) with either a free gingival graft
(FGG)'? or a connective tissue graft (CTG) in an open healing
approach.’ These would obtain favorable results. Nevertheless,
when significant mucogingival alterations are present, extensive
grafting'® is often needed to correct them, leading to increased
morbidity. It has been shown that masticatory mucosal grafts
harvested from the palate can maintain tissue characteristics.'®
However, color and texture mismatches with the adjacent tissue
are frequently limited when using palatal grafts. To minimize
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patient morbidity and inadequate esthetic results, a xenogeneic
collagen matrix (XCM) has been proposed as an alternative for
producing KT gains.'® However, this increase may be insufficient
in cases of severe mucogingival alteration. Thin FGG strips'’ have
also been recommended to reduce the need for extensive graft-
ing. However, the secondary intention of healing exposed tissue
can lead to the patient suffering significant levels of postopera-
tive pain. Urban et al'* have proposed a combination of an XCM
and a strip FGG as an advantageous alternative for restoring
severe mucogingival distortions safely and effectively after
advanced vertical and horizontal ridge augmentation procedures.
This retrospective case series study evaluated the effectiveness,
reproducibility, and predictability of this so-called “combination
graft technique” regarding KT and VD gain, esthetic outcomes,
and patient satisfaction.

MATERIALS AND METHODS

The present article followed STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) guidelines. The Declara-
tion of Helsinki conducted the study, and the protocol was
approved by the Ethics Committee for Clinical Trials at the
San Carlos Hospital, Madrid (Spain) (Reg. 22/292-E).

Twelve patients (8 women and 4 men) who had undergone
vertical guided bone regeneration (GBR) procedures and implant
placement in posterior regions were retrospectively enrolled in
this case series study. All patients gave their written informed
consent to participate in the study.

All fulfilled the following inclusion and exclusion criteria
and were recruited from Madrid (Spain), private practice.

Inclusion criteria

Dentally and periodontally healthy patients.

Patient with no relevant systemic diseases (American Society
of Anesthesiologists classification ASA | and ASA I).

The presence of KT reduction of <3 mm.

Patients with adequate oral hygiene.

Patients willing to follow pre- and postoperative indica-
tions and attend follow-up appointments.

Exclusion criteria

Heavy smokers (>10 cigarettes a day).
Patients with non-well-controlled systemic alterations.

Preoperative care

Every patient underwent professional cleaning/periodontal sup-
portive therapy one week before surgery; 0.2% chlorhexidine
digluconate rinses were recommended twice a day for 4 days
before surgery. Antibiotic prophylaxis consisted of 2 g of amoxi-
cillin T hour before surgery. No patient was allergic to penicillin.

Surgical protocol

All surgeries were performed by the same surgeon (R.M.E.). After
adequate anesthetic administration (articaine/epinephrine
40/0.01 mg Ultracaine Normon), a split-thickness incision was
made slightly coronal of the mucogingival line (MGL) using a 15C
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blade 90° to the tissue. Mesial and distal oblique vertical split-
thickness incisions reaching the fornix of the adjacent area were
made as a continuation of the first incision. Rotating the blade
parallel to the tissue, a superficial split-thickness flap was then ele-
vated in the coronal part to provide a bleeding bed, while preserv-
ing as much tissue thickness as possible. Three to four millimeters
apically, a split-thickness flap was prepared close to the perios-
teum, following the classic protocol for ARF. Mobile tissue, if pre-
sent, was carefully removed. The flap was then apically sutured
with T-mattress 5.0 resorbable suture (Glycolon Resorba).

After measuring the mesiodistal distance of the recipient
site in its apical dimension, a strip FGG of 2-3 mm in width and
1.5-2 mm in thickness and site-correspondent length was har-
vested from the palate using a 15C blade. A hemostat agent
(Surgicel, Somerville, NJ) was directly placed on the donor site. The
strip was then sutured on the most apical end of the recipient site
with a single interrupted and crossed horizontal mattress with 5.0
resorbable sutures (Glycolon Resorba), ensuring adequate adapta-
tion and immobilization of the strip.

Finally, an XCM (Mucograft, Geistlich Biomaterials GmbH,
Baden-Baden, Germany) was trimmed according to the non-
covered recipient site dimensions and sutured below the
strip FGG with an identical technique but using 5.0 resorba-
ble sutures (Glycolon Resorba) to enhance tissue compatibility
(Figure 1a-e)."®

Postoperative care

Patients were instructed to rinse with 0.2% chlorhexidine digluco-
nate twice a day for 10 days; antibiotic and anti-inflammatory med-
ication consisted of amoxicillin 750 mg/8 h/7 d and ibuprofen
600 mg/8 h/5 d. Patients were told not to pull the lip for 1 week.
Patients were scheduled for follow-up appointments 1 week after
surgery and suture removal was carried out 2 weeks later.

Outcome measurements

In this study, a single independent investigator (R.J.T.), different
from the surgeon who operated on the cases, measured 4 param-
eters: KT height, tissue thickness, morbidity, and color. Keratinized
tissue height was measured using a calibrated periodontal probe
CP12; vertical measurements were taken from the mucogingival
line (MGL) to a line projected from the gingival zenith of the adja-
cent mesial tooth. These measurements were registered at base-
line, on the day of surgery, and 24 months after surgery.

Tissue thickness was measured as follows: after the admin-
istration of anesthesia, the same probe with an endodontic stop
was used to measure the thickness of the soft tissue by introduc-
ing it perpendicularly into the tissue until it reached the bone sur-
face. The measurements were always taken in the same place
(3 mm apical of the implant connection; if the patient had more
than 1 implant, the measurement was always taken in relation to
the mesial implant).

A VAS was used to evaluate morbidity and patient pain.
Patients were asked to quantify the level of postoperative
discomfort/pain on a 10-cm horizontal line where 0 corresponded
to the absolute absence of discomfort and 10 to the extreme
expression of pain 1 week after surgery (Figure 2).
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Ficure 1. (a) Initial image of the case. (b) Repositioning of the flap. (c) Autologous graft of the palate. (d) Positioning of Surgicel. (e)
Apical positioning of the autologous graft. (f) Positioning of the xenogenic collagen matrix.

Esthetics were assessed at the 24-month follow-up appoint-
ment, when a visual assessment of color and texture difference
between the graft and adjacent tissue was made, recording
any color change with respect to adjacent tissues.

5 6
Moderate

pain pain

Ficure 2. Visual Analogue Scale (VAS).
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Data analysis

Descriptive statistics of the outcome measurements were pre-
sented as means, medians, SDs, and 95% Cls of the means.

ResuLTs

A total of 12 patients (8 women and 4 men) with MGL distortion
after vertical GBR procedures at posterior sites with subsequent
implant placement were treated between October 2016 and
December 2019 with modified ARFs and strip FGGs combined




ThBLE 1

Clinical and demographic data of the patients

*MX indicates maxilla; MB, mandible.
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with an XCM. The mean age of the patients was 62.67 years
(SD: 4.36 years and 95% Cl). Eight out of 12 surgeries were per-
formed in the maxilla while 4 were in the mandible. Despite 1
patient suffering palatal bleeding a few hours after surgery, no
patient suffered significant complications. Table 1 provides patients’
clinical and demographic data. Every patient completed the 24-
month follow-up program consisting of 1, 2, 3, and 4-weekly and 2,
3, 6, 12, and 24-monthly follow-up appointments (Figure 3a-e). The
success rate of graft integration was 100%. Average Keratinized tis-
sue height gain at 24 months was 5.33 mm (SD: 2.06 mm and 95%
Cl ranging between 2 and 85 mm) (6.29 mm in the maxilla and
4.64 mm in the mandible). The increase in tissue thickness was
much more limited, obtaining a mean value of 0.42 mm (SD: 0.50
mm and 95% Cl ranging between 0.5 and 1 mm). Table 2 shows
the results of the variables measured. Patient satisfaction in terms
of morbidity was high with a mean value of discomfort/pain per-
ception of 2.10 cm (SD: 1.13 cm and 95% Cl) (Table 3). The esthetic
evaluation of color and texture matching to adjacent tissues was
satisfactory as every case presented an acceptable color match
with adjacent tissues (Figure 4).

Ficure 3. Check-ups. (a) Check-up after 1 week. (b) Check-up after 2 weeks. (c) Check-up after 3 weeks. (d) Check-up after 4 weeks. (e)
Check-up after 3 months. Mature tissue.
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TABLE 2

Results of the variables measured

Discussion

The results of the present study show that, at the end of a 24-
month follow-up, the combination of modified ARF with strip
FGG and XCM provides a predictable and low-morbidity means
of achieving significant KT height gain to restore MGL and ves-
tibule depth after vertical GBR procedures. The esthetic results
were also satisfactory obtaining acceptable tissue color and
texture integration. However, the KT tissue thickness increase
was minimal.

Advanced bone reconstruction procedures can lead to signifi-
cant distortion of the MGL and reduced VD due to the extensive
coronal flap advancement needed for adequate closure.'® In
most cases, this clinical situation causes functional and esthetic
problems.?® The need for a minimum amount of peri-implant KT

TaBLE 3

Esthetic evaluation and postoperative patient morbidity
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has been an ongoing topic of debate® and remains controversial.
Nevertheless, well-designed systematic reviews'' conclude that
an adequate zone of KT is related to better peri-implant tissue
health. A recent 4-year follow-up prospective study of 202 implants
found associations between KT width and marginal bone loss,
plaque accumulation, tissue inflammation and brushing discom-
fort, concluding that peri-implant KT > 2 mm around implants
appears to have a protective effect on peri-implant tissues.?’
The present study obtained an average increase in KT height
of 5.25 = 2.06 mm (6.29 mm in the maxilla and 4.64 mm in
the mandible), which may be considered adequate for peri-
implant protection.

A recent study comprehensively assessed the effects of soft
tissue thickness augmentation, finding significant improvements
in gingival index, mucosal recession and plaque control derived
from increased KT width.? In the present study, tissue thickness
gain was minimal, with a mean value of 0.42 * 0.42 mm,

Ficure 4. Check-up after 24 months, with a definitive fixed dental
prosthesis.



although thickness augmentation was not a treatment objective.
Several techniques have been proposed for increasing peri-
implant KT and vestibule depth, including an ARF in combination
with an FGG or a CTG; these have obtained favorable results.'®
Nevertheless, harvesting autogenous soft tissue grafts is often
associated with patient morbidity due to the need for a second
surgical site.'* So, to minimize discomfort or pain after KT aug-
mentation using techniques employing autogenous grafts, an
XCM has been recommended as an optimal treatment option."®
A recent randomized clinical trial (RCT) comparing the use of an
XCM versus a CTG to increase buccal soft tissue thickness at 60
implant sites found that the use of XCM was associated with sig-
nificantly less chair-time, less postoperative pain, less painkiller
intake, and greater patient satisfaction with the final outcome.”
Similar results were reported in a previous RCT evaluating patient
morbidity and satisfaction with XCM around teeth.**

In addition to morbidity and chair time reductions, other
advantages have been reported when comparing an XCM with
a CTG. It is well known that when transplanting a graft from
the palate, genetic information from the donor site is transplanted
to the recipient site, so color and texture mismatches are a fre-
quent esthetic complication when using autogenous grafts har-
vested from the palate. These can be avoided by using an XCM.%
A recent prospective study evaluating patients report outcome
measures (PROMs) found that patients preferred the aesthetics
of implants with a zone of KT with a statistically significant differ-
ence. However, its presence or absence did not affect brushing
discomfort.®

From a histological standpoint, human and animal studies
have observed good integration of XCM at the recipient site with
no signs of adverse tissue reaction or significant inflammatory
responses.?’

Although the use of an XCM would appear to offer an
advantageous method in terms of color matching, morbidity
and chair-time,”® some authors have questioned its capacity for
KT gain as XCMs do not provide the cellular component needed
for KT formation®®> and have shown worse clinical outcomes in
terms of KT height gain compared with FGGs or CTGs.!” To over-
come this limitation, Urban et al™* proposed an approach based
on the classic strip FGG technique involving the combination of
an XCM with a strip FGG. This innovative technique provides an
FGG cell source that promotes cellular migration and differentia-
tion to the XCM.3° At the same time, the apical positioning of this
FGG works as a mechanical barrier for repositioning the MGL,
deepening the vestibule,®® while the XCM provides a healing
repository for KT.2° Moreover, as the matrix covers the periosteal
bed, which would otherwise be exposed for open healing, and as
the size of the strip FGG is significantly smaller than in traditional
approaches, patient morbidity reported in the original case series
study'® was low, and mean pain was 2.35 out of 10 on the VAS.
These findings are in accordance with the present results, in
which patients reported low postoperative pain/discomfort, with
a mean score of 2.10 = 1.13 out of 10 on the VAS.

A recent histological study in humans compared the biopsy
result of FGG+XCM with FGG harvested at 1 year postoperatively,
observing that both samples appeared identical.*° Regarding
esthetics, the regenerated tissue showed an adequate color match
with adjacent tissues, except in the FGG strip. Similar results were
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obtained in the present study, as adequate color and texture
matches were found in all cases at the 6-month examination.

It should be noted that the present study suffered certain
biases that may have affected the results, particularly the low
number of patients, asymmetric gender distribution, and surgical
site measurement locations.

CONCLUSION

Nevertheless, within these limitations, the use of a modified
ARF with a strip FGG and an XCM would appear to offer a practical,
reproducible and predictable method for vestibule deepening, ade-
quate KT gain, and MGL repositioning with a satisfactory aes-
thetic outcome, low morbidity and high patient satisfaction after
advanced vertical bone augmentation procedures.

ABBREVIATIONS

ASA: American Society of Anesthesiologists classification

ARF: Apically repositioned flap

Cis: Confidence intervals

CTG: Conective tissue graft

FGG: Free gingival graft

GBR: Guided bone regeneration

KT: Keratinized tissue

MGD: Mucogingival distortion

MGL: Mucogingival line

PROMs: Patients report outcome measures

RCT: Randomized clinical trial

STROBE: Strengthening the Reporting of Observational Studies in
Epidemiology

VAS: Visual Analogue Scale

VBA: Vertical bone augmentation

VD: Vestibule depth

XCM: Xenogeneic collagen matrix
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