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Abstract

Background: The present study aimed to assess the three-dimensional changes
following soft tissue augmentation using free gingival grafts (FGG) at implant
sites over a 3-month follow-up period.

Methods: This study included 12 patients exhibiting deficient keratinized tissue
(KT) width (i.e., <2 mm) at the vestibular aspect of 19 implants who underwent
soft tissue augmentation using FGG at second stage surgery following implant
placement. Twelve implants were considered for the statistical analysis (n = 12).
The region of interest (ROI) was intraorally scanned before surgery (S0), imme-
diately post-surgery (S1), 30 (S2) and 90 (S3) days after augmentation. Digital
scanned files were used for quantification of FGG surface area (SA) and con-
verted to standard tessellation language (STL) format for superimposition and
evaluation of thickness changes between the corresponding time points. FGG
shrinkage (%) in terms of SA and thickness was calculated between the assessed
time points.

Results: Mean FGG SA amounted to 91 (95% CI: 63 to 119), 76.2 (95% CI: 45 to
106), and 61.3 (95% CI: 41 to 81) mm? at S1, S2, and S3, respectively. Mean FGG SA
shrinkage rate was 16.3% (95% CI: 3 to 29) from S1 to S2 and 33% (95% CI: 19 to 46)
from S1 to S3. Mean thickness gain from baseline (SO) to S1, S2, and S3 was 1.31
(95% CI:1.2to1.4),0.82(95% CI: 0.5 to 1.12), and 0.37 (0.21 to 0.5) mm, respectively.
FGG thickness shrinkage was of 38% (95% CI: 17.6 to 58) from S1 to S2 and 71.8%
(95% CI: 60 to 84) from S1 to S3. Dimensional changes from S1 to S3 were statis-
tically significant, P <0.017. Soft tissue healing was uneventful in all patients.
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original work is properly cited.

© 2020 The Authors. Journal of Periodontology published by Wiley Periodicals LLC on behalf of American Academy of Periodontology

J Periodontol. 2020;1-9.

wileyonlinelibrary.com/journal/jper | 1


mailto:m.galarraga@med.uni-frankfurt.de
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/jper

JOURNAL OF
@l Periodontology

PARVINI ET AL.

healing period.
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1 | INTRODUCTION

The relevance of keratinized tissue (KT) for the long-
term maintenance and stability of peri-implant soft and
hard tissues is controversially discussed.'* Previous stud-
ies suggested that an insufficient KT width of <2 mm can
compromise peri-implant tissue stability and health over
time.>° In particular, it was reported that areas with insuf-
ficient KT were prone to plaque accumulation, soft tissue
inflammation, mucosal recession, and marginal bone loss
(MBL)'7—1()

Several soft tissue augmentation procedures have been
developed to increase peri-implant KT width and pre-
vent biological complications around dental implants.*'!
Currently, the autogenous free gingival graft (FGG) is
considered the clinical standard to gain KT width and
thickness around dental implants, presenting favorable
outcomes over time.'>'* Nevertheless, FGG undergoes
inevitable dimensional changes during the healing phase
which may affect the indications and predictability of this
procedure.'*!> Currently, the majority of studies have eval-
uated the associated dimensional changes around teeth,
reporting that FGG undergoes a shrinkage rate between
12% and 45% over a 3- to 6-month follow-up period.'®%°
Currently, there is limited evidence evaluating the dimen-
sional changes of FGG at implant sites. A previous exper-
imental study in the canine evidenced that the peri-
implant mucosal thickness increased by 1.6 mm following
FGG augmentation. Though, the mentioned study did not
report on quantitative data to evaluate FGG dimensional
changes over the 3-month observational period.”' More-
over, a retrospective clinical study evaluating the perfor-
mance of FGG versus a porcine collagen matrix for KT gain
at implant sites revealed that FGG augmented sites under-
went a shrinkage rate of 6.65%, 14.59%, and 28.35% after
10, 30, and 90 days of surgery.”” Similarly, two prospec-
tive clinical trials reported that FGG augmented implant
sites exhibited a shrinkage rate that varied between 22%
and 33% after 1 to 6 months of surgery,>?* showing the
highest dimensional alterations over the first 90 days of
healing. Nevertheless, the aforementioned studies evalu-
ated mucosal healing changes in clinical one-dimensional
assessments, which in turn do not consider the com-
plex three-dimensional changes that may occur during

Conclusions: The present three-dimensional assessment suggests that FGG
undergo significant dimensional changes in SA and thickness over a 3-month

dental implants, free gingival graft, keratinized mucosa, shrinkage, three-dimensional analysis

wound healing. Since current data are scarce to deter-
mine the real dimensional changes at FGG augmented
sites, the present prospective study aimed at assessing FGG
three-dimensional changes at implant sites over a 3-month
follow-up period.

2 | MATERIALS AND METHODS

2.1 | Study design and participants
For the present prospective analysis, a total of 12 partially
edentulous patients (mean age: 60 years; range: 29 to 86
years), exhibiting deficient KT width (i.e., <2 mm) at the
vestibular aspect of 19 implant sites were included. The
KT width was measured with a periodontal probe” from
the zenith of the alveolar ridge to the mucogingival junc-
tion by selecting 3 measuring points (i.e., mesial, medial,
and distal) at the vestibular aspect of each implant. All
patients had attended the Department of Oral Surgery,
Goethe University, Frankfurt-Germany for dental implant
surgery (submerged healing protocol) between 2018 and
2019 and were subjected to FGG procedure at second-stage
surgery at 3 to 5 months following implant placement.

The study protocol N0.92/19 was approved by the human
subject ethics board of Goethe-University, Frankfurt-
Germany and was conducted in accordance with the
Helsinki Declaration of 1975, as revised in 2013. Each
patient was given detailed information of the study pro-
tocol and was required to sign an informed consent form
that authorized the collection of personal data and perfor-
mance of digital and clinical evaluations.

This study considered the checklist items of the
Strengthening the Reporting of Observational studies in
Epidemiology (STROBE) statement.

2.2 | Inclusion criteria

The inclusion criteria considered patients who signed
and approved the consent form. Patients had to meet
the following criteria: 1) minimum age of 18 years old, 2)
edentulous or partially edentulous participants that had

* PCVI2PT Hu-Friedy, Chicago, IL
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FIGURE 1

Schematic diagram elucidating the stages of the study to evaluate SA and thickness changes over a 3-month follow-up period.

The A) scan and B) STL files depict the study follow-up visits for the three-dimensional assessments. The ROI encompassing the recipient area
is displayed before surgery (S0), immediately after surgery (S1), and at subsequent examination points of 30 (S2) and 90 (S3) days after surgery.
C) Representative cases depicting the clinical aspect and healing process at the recipient site over the follow-up period

undergone dental implant surgery (submerged healing
protocol) at grafted and/or non-grafted (i.e., pristine) sites,
3) participants exhibiting deficient KT width (i.e., <2 mm)
at the vestibular aspect of the implant site and indicated
for soft tissue augmentation using FGG procedure, 4) non-
smokers and/or light smokers (<10 cig/d), 5) adequate
oral hygiene as evidenced by plaque index (PI) <1,>* and
6) unloaded implants.

2.3 | Exclusion criteria

The exclusion criteria considered patients who presented:
1) general contraindications for dental and surgical treat-
ments, 2) uncontrolled diabetes, 3) autoimmune or/and
inflammatory diseases of the oral cavity, 4) active peri-
odontal disease, 5) pregnant or lactant women, 6) patients
with implants that presented complications (i.e., infection,
bone dehiscence, incorrect position), that required addi-
tional treatments 7) patients who did not comply with
at least 3 months of follow-up after FGG procedure, 8)
patients not having complete anamnesis, clinical, and scan
records, and 9) implants in function.

2.4 | Outcome assessments

The primary end point was defined as FGG dimensional
changes subdivided in SA (mm?) and thickness (mm)

changes over a 3-month follow-up period. FGG SA and
thickness were assessed immediately after surgery (S1), as
well as at 30 (S2) and 90 (S3) days after the surgical proce-
dure (Figures 1A and 1B).

Secondary end points considered FGG SA and thick-
ness shrinkage rates (%), wound healing (wound infec-
tions (yes/no), soft tissue dehiscence (yes/no), graft fail-
ure (yes/no) (these outcomes were recorded at day 10 as
well as at 30 and 90 days after surgery), and the correla-
tion between the initial KT width and FGG SA and the
FGG shrinkage rates (SA and thickness) after 3 months of
the grafting procedure. Also, the correlation between the
receptor site features (jaw, region, and graft procedures)
and the FGG shrinkage rate (S3) was evaluated.

2.5 | Treatment procedures

All FGG interventions were performed by a single expe-
rienced clinician (PP). The surgery was executed under
local anesthesia (4% articaine, 1:200,000 epinephrine).
After anesthesia infiltration, the required autologous graft
dimensions were outlined in the palatal mucosa with a 15-
stainless steel blade. The selected donor area was located
between the first premolar and the first molar and at 2-mm
distance from the gingival margins of the mentioned teeth.
A 1-mm thickness graft was harvested from the hard palate.
If present, the adipose tissue was removed from the graft’s
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FIGURE 2

Tllustrative scan files depicting A) the delineated FGG perimeter immediately after surgery (S1) and at B) 90 days of follow-up

(S3) for SA calculation. The FGG SA shrinkage rate between the mentioned periods is portrayed on the diagram. For thickness change analysis,

C) the preoperative (SO) and D) postoperative (S1) STL files of the aforementioned case are aligned, and E) superimposed by the selection 10
reproducible anatomical points in each model. The thickness change between the mentioned time points is also exhibited in an F) occlusal and
G) frontal view of the superimposed files where the mean FGG thickness gain of the grafted area is indicated. The multicolor color scale bar
allows the interpretation of thickness changes (mm) at the superimposed models, where negative values represent thickness gain and positive

values represent loss

inner surface and thickness was measured using caliper at
three aspects (i.e., mesial, medial, and distal). In case the
FGG thickness was greater, the graft was thinned with the
surgical blade to attain a uniform and desired width. FGG
was immersed in sterile saline until placement. The donor
area was cleaned with sterile saline and sutured with a 4/0
non-resorbable PTFE monofilament’ material to retain the
clot.

The recipient bed was prepared using a 15-stainless steel
blade; a horizontal split-thickness incision was performed
at the mucogingival junction on the buccal aspect of the
implant. In absence of KT at the receptor area, the entire
mucosa at the buccal aspect of the implant was raised. The
mucosa was carefully sutured to the apical region of the
periosteum with 4/0 non-resorbable PTFE monofilament”™
material. The previously placed implants were uncovered
and healing abutments of appropriate dimensions were
inserted. The FGG was sutured and fixed to the periosteum
of the recipient bed with interrupted and mattress sutures
using a 4/0 non-resorbable PTFE monofilament™ mate-
rial. A periodontal dressing material* was applied over the
grafted area.

After 10 days of surgery, the periodontal dressing mate-
rial and sutures were removed and an additional rinsing
with 0.12% digluconate chlorhexidine was performed as
anti-infective therapy. After 4 and 12 weeks of surgery,
a postoperative follow-up was done to examine the heal-

ing conditions at the donor and recipient areas. Prosthetic
treatment was performed after 3 months of surgery, follow-
ing the clinical indications of the research center.

2.6 | Three-dimensional analysis

The region of interest (ROI) covering the recipient area
was intraorally scanned with an optical scanner® before
surgery (S0), immediately after augmentation (S1), after 30
(S2) and 90 days (S3) of surgery as exemplified in Figure 1.
At S3 time point, grafted implant sites were scanned before
implant loading and/or immediately after prosthesis place-
ment, as long as the marginal prosthetic contour did not
have any direct contact with the graft boundaries as shown
in Figure 2.

Digitalized scanned files matching with S1, S2, and S3
periods were exported to an image analysis software” for
FGG SA analysis. The FGG perimeter was delineated with
a digital pen and then its enclosed area was calculated
in mm? (Figures 2A and 2B).> The perimeter was delim-
ited by the color contrast between the FGG and the alveo-
lar mucosa by observing the graft boundaries in detail at
a magnification of 80%. In case the graft perimeter was
not clear enough, the contrast tool was used to elucidate
the margins. The healing abutment(s) diameter at each
site served as reference to set up a numerical scale at the

f Cytoplast, Osteogenics Biomedical, Lubbock, TX
¥ COB-PAK, GC America, Alsip, IL

§3 shape, TRIOS MOVE, Dusseldorf, Germany
- Image J software, 1.52a, Maryland
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digitalized file. FGG SA shrinkage rate (%) after 30 and 90
days of surgery was calculated applying the following for-
mula: (S1-(evaluated time point)/S1) x 100.

For thickness change evaluation, scanned files were
transformed to STL format (Figures 2C through 2G). The
preoperative (SO) and postoperative (S1, S2, S3) STL files
were cropped, aligned, and superimposed by selecting 10
reproducible anatomical points in each model based on
previously described protocols.”>?®?” Thickness change
calculations between time points (SO to S1, SO to S2, and SO
to S3) were executed using a software program'' operating
the CAD comparison tool.”> The ROI for mean thickness
change quantification between the superimposed files was
defined by the FGG perimeter measured at S1 (Figure 2A).
The thickness shrinkage rate (%) after 30 and 90 days of
surgery was also calculated applying the mentioned for-
mula for SA shrinkage rate.

Each analysis was performed in triplicate by one cal-
ibrated examiner (MEG). Before the analysis, an intra-
examiner calibration was performed to determine the con-
sistency and reproducibility of the measurements taken by
the described method. The calibration was accepted when
repeated measurements (n = 10) presented a intraclass cor-
relation coefficient ranging from 0.81 to 1.

2.7 | Statistical analysis

The statistical analysis was performed using a commer-
cially available software program.** Mean values, standard
deviations, medians, and confidence intervals (CIs) for pri-
mary and secondary outcomes were calculated at patient
level. In patients with multiple implants, the implant site
was chosen through the software tool “simple random
sampling,” thus, effectively including 12 implants in 12
patients (n = 12). Each implant site was followed-up in
regard to the graft dimensional changes occurring over
the healing phase following the methodology of a simi-
lar clinical study.?? Shapiro-Wilk test was used for normal-
ity, considering P <0.05 significant. The Friedman analy-
sis of variance followed by post-hoc Wilcoxon signed-rank
test using Bonferroni correction was used to analyze the
primary outcome results and difference between intervals.
Bonferroni-adjusted significance level was set at P <0.017.
Linear regression analyses were performed to show the
relationship between the initial KM width and FGG SA
(S1) and the SA shrinkage as well as thickness shrink-
age rate after the 90 days of surgery (S3). Multiple regres-
sion analyses were used to evaluate the influence of the
receptor site features (i.e., jaw: mandible/maxilla, region:
anterior/posterior, and graft/no-graft procedures) on the

¥ GOM Inspect, 2018, Zeiss Company, Braunshweig, Germany
# SPSS v. 19.0, IBM, Chicago, IL

TABLE 1 Description of implant site characteristics and
frequency distributions

No. Percentage

Site characteristic (n=12) (%)
Region

Anterior 1 8

Posterior n 92
Jaw

Maxilla 5 42

Mandible 7 58
Bone grafted site

Yes 9 75

No 3 25
Presence of KT width (<2 mm)

Yes (>0 mm and <2 mm) 4 333

No (0 mm) 8 66.6

graft shrinkage rates during the 3-month follow-up period;
P <0.05 was considered statistically significant.

3 | RESULTS

The present study was based on 12 patients (eight males
and four females) presenting 19 implants that underwent
soft tissue augmentation using FGG for KT gain at second-
stage surgery (Fig. 1C). The statistical analysis included 12
implant sites (n = 12) in 12 patients. The mean KT width at
baseline was 0.22 mm (95% CI: 0.12 to 0.32). A total of seven
FGG procedures were executed in the mandible, while five
were performed in the maxilla. The implant sites’ charac-
teristics are presented in Table 1.

Following 3 months of surgery, 11 implants were reha-
bilitated with metal-ceramic cemented retained crowns
(91.6%), one implant was not rehabilitated due to a patient
systemic complication, and two implants supported provi-
sional restorations before final prosthesis placement.

Mean values for FGG SA, thickness changes, and its cor-
responding shrinkage rates are presented in Tables 2 and 3
and Figures 3A and 3B.

Mean FGG SA (patient/implant level) amounted to 91
(95% CI, 63 to 119), 76.2 (95% CI, 45 to 106), and 61.3 (95%
CI, 41 to 81) mm? at S1, S2, and S3, respectively. The mean
FGG SA shrinkage rate was 16.3% (95% CI, 3 to 29) from
S1 to S2 (1-month follow-up) and 33% (95% CI, 19 to 46)
from S1 to S3 (3-month follow-up), exhibiting a difference
of 17% between S2 and S3 time points. The SA dimensional
change from S1 to S3 was statistically significant.

Mean thickness gain from baseline (SO) to S1, S2, and
S3 (patient/implant level) was 1.31 (95% CI: 1.2 to 1.4),
0.82 (95% CIL: 0.5 to 1.12), and 0.37 (95% CLO0.21 to 0.5)
mm, correspondingly. FGG thickness shrinkage was of 38%
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TABLE 2 Free gingival grafts surface area mean, median, SD, (95% CI:17.6 to 58) from S1 to S2 and 71.8% (95% CI: 60 to
and 95% CI values and its corresponding shrinkage rates 84) from S1 to S3, presenting a difference of 33.8% between
Dimensional S2 and S3 time points. All thickness dimensional changes
parameter S1 S2 S3 from S1 to S3 were statistically significant.
Mean FGG SA 91 76.2 61.3" Soft tissue healing was uneventful in all patients. This
(mm?) was evidenced by the absence of wound infections, soft
Median 68 61 55 tissue dehiscence, signs of inflammation and graft failure
SD 50 48.2 31 (i.e., necrosis and mobility).
95% CI (63 to 119) (45 to 106) (41 to 81) The linear regression analysis revealed a significant
Mean FGG SA 0 163 33 association between initial mean KT width and thickness
shrinkage (%) shrinkage rate (P = 0.02) and also a significant associ-
Median A 18 23 ation between initial FGG SA and FGG SA shrinkage
SD na. 23 u rate (P = 0.012) after 90 days of surgery as portrayed in
95% CI na (1029) (19 to 46) Figures 3C through 3F. No other significant associations

were present.
“P <0.017, significant difference compared with SI1. . .
Furthermore, multiple regression analyses revealed no
o . . significant association between the receptor site features
TABLE 3 Free gingival grafts thickness mean, median, SD, and and the graft SA and thickness shrinkage, revealing P val-

95% CI values and its corresponding shrinkage rates ues for region (P = 0.23, P = 0.41), jaw (P = 0.59, P = 0.34),
Dimensional and grafting procedures (P = 0.1, P = 0.32), respectively,
parameter gL 22 : = : following the 3-month observational period.

FGG thickness change 1.31 0.82 0.37
(mm) from baseline
(50 4 | DISCUSSION
Median 1.2 0.86 0.31
SD 0.2 0.47 0.27 The present study aimed at assessing FGG three-
95% CI (12t014) (05t0112)  (021t00.5) dimensional changes at implant sites over a 3-month
FGG thickness 0 38 7.8 follow-up period. Within the limitations of a single-arm
shrinkage (%) prospective study, the three-dimensional analysis revealed
Median n.a. 37 o that FGG undergoes a substantial contraction over a
SD n.a. 36 22 3-month healing period. This was evidenced by the
95% CI n.a. (17.6 t0 58) (60 to 84) assessment of FGG SA and thickness changes at grafted

sites exhibiting significant dimensional alterations and

*P <0.017, significant difference compared with SI.
shrinkage rates after 30 and 90 days of surgery.
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FIGURE 3 Diagrams representing A) SA and B) thickness changes with its resultant shrinkage rates between time points, *P <0.017
considered for statistical significance. Linear regression plots to represent the relationship between mean initial KT width (mm), and C) FGG
SA and D) thickness shrinkage rates and the relationship between baseline FGG SA (S1) and E) FGG SA and F) thickness shrinkage rates at 90
days of follow-up (S3). *P <0.05 considered for statistical significance
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To date, the majority of clinical studies have evalu-
ated FGG dimensional changes around teeth, establish-
ing that the highest shrinkage rate occurs during the first
postoperative months.'®!”?® To the author’s knowledge,
this is the first clinical evaluation of three-dimensional
(i.e., SA and thickness) changes after FGG augmentation
at implant sites. Accordingly, there are limited available
data which may allow for a comparison with the present
results.”” A preceding experimental study in the canine
assessing dimensional changes around dental implants fol-
lowing FGG procedure evidenced that the mucosal thick-
ness gain after augmentation totaled to 1.6 mm (SD: 0.4).*!
The assessment of KT thickness pointed to a similar mean
value to the one noted in the present analysis immedi-
ately after FGG augmentation. However, the aforemen-
tioned preclinical study did not provide quantitative data
on the thickness changes at1and 3 months after treatment.
Furthermore, in a retrospective clinical study, Schmitt
et al.?? evaluated the performance of FGG versus a porcine
collagen matrix to increase peri-implant KT width in 14
patients (n = 49 implants). FGG augmented sites under-
went a shrinkage rate of 14.59% and 28.35% after 30 and
90 days of surgery. Similarly, in a randomized controlled
trial of 18 patients (n = 36 implants), Basegmez et al.>
reported an FGG contraction rate of 28% and 33% after
90 and 180 days of follow-up, though, the contraction
rate after 30 days of surgery was not evaluated. Addition-
ally, a comparative prospective clinical trial of 21 patients
(n = 74 implants) established that the highest FGG shrink-
age rate occurred during the early healing phase, where
the KT width decreased 22% and 29% after 1 and 3 months,
respectively.”” Particularly, the present SA and thickness
change analyses pointed to higher shrinkage rates after
90 days of surgery. Moreover, the present study exhibited
greater contraction differences between 1 and 3 months of
follow-up, revealing that a significant shrinkage occurred
after the first postoperative month. This discrepancy could
be attributed to the fact that the aforementioned stud-
ies evaluated the contraction of keratinized mucosa width
in clinical one-dimensional assessments, which may not
reveal the true dimensional alterations that occur at
grafted areas. In contrast, the present analysis evaluated
FGG two-dimensional (SA) and three-dimensional (thick-
ness) changes which might provide a more accurate inter-
pretation of the graft’s dimensional variations over the
observational period. When further interpreting volumet-
ric changes, the present study evidenced that the thick-
ness contraction was remarkably higher (i.e., > 70%) com-
pared with SA contraction (i.e., 33%) following 3 months of
augmentation. Additionally, the thickness shrinkage rate
was higher (i.e., 33.8%) after the early healing phase (i.e.,
second and third postoperative months) when compared
with previous studies,”™** but still lower when related

JOU Rl}lAL OF
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to the first month of contraction (i.e., 38%). This out-
come was supported with previous data evaluating FGG
changes (one- and two-dimensional assessments) at tooth
and implant sites,”'?° indicating that the highest con-
traction rates happened mainly during the first postop-
erative month.'>!%182230 1t ig important to consider that
the discrepancy in contraction rates after the first postop-
erative month could be attributed to the different surgi-
cal stages, techniques (i.e., efficacy of vestibuloplasty, graft
fixation, suture type) initial graft thickness, and treated
regions among the studies. Moreover, the mentioned vol-
umetric assessment and its relationship to SA contraction
cannot be compared with any previous studies evaluating
FGG three-dimensional changes at implant sites.

Previous studies have also suggested that FGG and
recipient site features might be crucial for mucosal
healing and dimensional alterations over the healing
period.'*'" Consequently, the reported high contraction
rates could be dependent on the surgical approach to pre-
pare the receptor area, on the graft’s size and also on the
receptor site’s biotype, keratinized mucosa width, previous
bone grafting interventions, and areas of possible muscle
pull.'»7®In particular, the present linear regression
analyses revealed a significant association between the
initial KT width (at receptor site) and the graft thickness
shrinkage after 3 months of surgery, suggesting that recep-
tor sites presenting >0 mm of KM width (<3 mm) were
less susceptible to thickness shrinkage over time. This
finding could bring important clinical considerations to
determine which cases are more prone to graft shrinkage,
however the R? value of this association was low, and this
finding should be evaluated in future studies. Moreover,
the multiple regression analysis did not show any sig-
nificant association between the aforementioned factors
(region, jaw location, and bone grafting interventions) and
the graft shrinkage over the 3-month healing period. Still,
future clinical studies with a larger sample size should
be conducted to support the presented findings and also
to assess if the receptor’s site biotype at baseline could
influence the graft shrinkage rate over time.

In an early clinical study, Morman et al.>' evaluated
the effect of FGG thickness on the processes of shrinkage
and revascularization at tooth sites and suggested that
a higher shrinkage rate was expected at thinner FGGs,
presenting an inverse relationship between thickness and
shrinkage. Furthermore, the latter study revealed through
angiographic evaluation that uniform grafts of thin to
intermediate (i.e., 0.56 to 0.76 mm) thickness presented
a rapid vascularization when compared with thicker
grafts.®’ Subsequently, a possible reason for the signifi-
cant thickness contraction rates observed in the present
analysis could be the initial graft thickness (i.e., 1 mm)
that might affect shrinkage and vascularization at implant
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sites. Therefore, future studies are needed to determine
the most favorable FGG thickness that will undergo the
lowest contraction rates allowing a rapid vascularization
at implant sites. In terms of graft uniformity, the present
study included grafts presenting homogeneous thickness
and comparable tissue composition since they were
harvested from the same donor area among the patients.
Though, the initial graft SA was different in all cases and
linear regression analysis revealed a significant association
between the initial FGG SA and the FGG SA shrinkage
rate following 3 months of surgery, implicating that larger
grafts were likely to have a higher contraction rate over
the healing phase. This outcome could suggest that FGG
dimensional alterations are dependent from the graft’s SA
at baseline, still the R? of this association was weak, and
future studies are needed to support this finding. Further-
more, a limitation of the present study is that the FGGs
were placed in heterogeneous regions, exhibiting different
KT widths and with the absence/presence of prior bone
grafting interventions. Consequently, forthcoming clinical
studies should consider the recipient site features for the
inclusion criteria to avoid possible local confounders.

It is important to consider that the reproducibility
of this method to analyze soft tissue changes through
the superimposition of scan files needs to be assessed
in upcoming clinical trials, since this is the first clini-
cal study that applies this methodology to assess FGG
dimensional changes over time. The presented outcomes
are based on digital analysis which present limitations
such as the possible misinterpretation of FGG bound-
aries when apically folded epithelial and movable scar tis-
sues are present over the healing process. Thus, future
studies should compare the presented novel methodol-
ogy with other clinical/histochemical assessments such
as the pulling/functional technique*” or the iodo-positive
reaction'®* to evaluate its efficacy to identify KM areas.
Also, histological studies?? could be performed concomi-
tantly with the presented digital method to determine its
reliability towards KM area and thickness gain evalua-
tion. Nonetheless, all the mentioned clinical and histolog-
ical methods are invasive for the patient and involved ani-
mals when compared with digital approaches, which do
not physically interfere with the grafted areas.

The present study’s follow-up period was based on pre-
vious pre-clinical and clinical investigations'®-??>30 eval-
uating FGG dimensional changes over the first months of
healing. Consistently, previous studies with longer follow-
up periods have reported that the greatest fraction of FGG
dimensional alteration occurs during the early healing
phase.!31>16:18:33.34 'Stj]] future research should evaluate
FGG three-dimensional alterations at implant sites over
a longer follow-up and after different loading periods to
determine if function forces could affect the graft dimen-

sions over time, as the present study excluded loaded
implants to avoid functional and parafunctional forces on
the graft dimensional stability.

5 | CONCLUSION

Within its limitations, the present three-dimensional
assessment suggests that FGGs undergo significant dimen-
sional changes in SA and thickness over a 3-month healing
period.
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