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ABSTRACT
Introduction
This study is an extended follow-up of a randomized controlled trial that evaluated 18-month
outcomes following free gingival grafts (FGGs) around implants with < 2 mm keratinized mucosa
(KM) compared to implants without KM augmentation.
Materials and Methods
Follow-up data were obtained over 48 months from 18 implants in the FGG group (11 subjects) and 8
implants in the no-surgery group (7 subjects) within the control group. FGGs were performed after 18
months for 8 implants in the control group; these 8 implants constituted a delayed FGG group (5
subjects). The width of KM, mucosal recession (MR), and crestal bone level (CBL) were obtained.
Results
The increased width of KM and the reduced MR following FGGs were maintained for 48 months in
the FGG group, which exhibited less MR than the no-surgery group. The amount of crestal bone loss
(0.4 ± 0.4 mm) in the no-surgery group was significantly greater than that in the FGG group (0 ± 0.4
mm) at 48 months. In the delayed FGG group, reduced MR and no significant differences in CBL
were observed compared to the pre-graft measurements.
Conclusions
FGGs can be a practical treatment option to maintain CBL around implants with limited KM.
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CLINICAL RELEVANCE
Scientific rationale for the study: Most studies investigating the width of keratinized mucosa (KM) as
a factor in peri-implant tissue health have focused on short-term outcomes or have not included
control groups in outcome comparisons. Much of the existing evidence regarding the influence of KM
on crestal bone level comes from animal studies, whereas little evidence is available from clinical
studies.
Principal findings: The increased width of KM and the reduced mucosal recession (MR) following
free gingival grafts (FGGs) were maintained for 48 months. There was little crestal bone loss
observed at 48 months in the implants treated with FGGs. Crestal bone loss was significantly greater
in the implants without KM augmentation than in those of the FGG group at the 48-month follow-up.
Practical implications: Lack of KM negatively affects crestal bone levels around dental implants.
Augmentation of KM for implants exhibiting a lack of KM prevents crestal bone loss at least for 48
months.
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INTRODUCTION
Dental implants are a practical solution for replacing missing teeth, having a reported survival rate of
95% or higher over 5 to 10 years (Albrektsson, Chrcanovic, Östman, & Sennerby, 2017; Cochran et
al., 2007). Dental implants are immune to dental caries but not to peri-implant diseases. Peri-implant
mucositis affects only the mucosa surrounding implants, but peri-implantitis is a more serious
inflammatory lesion in the mucosa around implants that is accompanied by loss of supporting bone
(Albrektsson, Jemt, Mölne, Tengvall, & Wennerberg, 2019). Crestal bone loss in the first year of
implant function is usually exempt from pathological diagnoses, since this bone loss is considered
normal remodelling in response to unavoidable bone injury during implant surgery (Albrektsson et al.,
2017). However, continuous crestal bone loss after the first year of function may indicate periimplantitis.
In order to achieve long-term success in implant therapy, it is essential to maintain healthy

peri-implant tissues. Plaque accumulation adjacent to dental implants results in the development of
peri-implant mucositis (Renvert & Polyzois, 2015). Such persistent inflammation may result in crestal
bone loss around implants (Ferreira, Silva, Cortelli, Costa, & Costa, 2006). As the function of
keratinized gingiva (KG) around teeth is thought to be a physical barrier between the oral
environment and the underlying connective tissues (Brito, Tenenbaum, Wong, Schmitt, & NogueiraFilho, 2014), a lack of keratinized mucosa (KM) has been investigated as a risk indicator for periimplant disease. Experimental studies in animal models have revealed more crestal bone loss and
attachment loss in implants exhibiting a lack of KM in the presence of plaque-induced inflammation
than in implants with healthy KM (Berglundh & Lindhe, 1996; Warrer, Buser, Lang, & Karring,
1995). However, the prognostic value of the width of KM as a risk indicator for peri-implant disease
was limited (Gobbato, Avila-Ortiz, Sohrabi, Wang, & Karimbux, 2013) because clinical studies
investigating the influence of KM on the health of peri-implant tissues have reported inconsistent
results (Wennström & Derks, 2012). Some studies have reported that implant stability can be
maintained under proper maintenance even without KM (Bengazi, Wennstrom, & Lekholm, 1996;
Wennstrom, Bengazi, & Lekholm, 1994). Other studies have recommended augmentation of KM
around implants because a lack of KM around implants was associated with increased plaque
accumulation, mucosal inflammation and recession (Boynueǧri, Nemli, & Kasko, 2013; Chung, Oh,
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Shotwell, Misch, & Wang, 2006; Schrott, Jimenez, Hwang, Fiorellini, & Weber, 2009; Zigdon &
Machtei, 2008).
However, the studies supporting augmentation of KM were cross-sectional or retrospective

studies. To clarify the effects of KM augmentation, we conducted a randomized controlled trial (RCT)
to assess outcomes following free gingival grafts (FGGs) around implants exhibiting a lack of KM.
We found a significant reduction in mucosal inflammation in implants treated with FGGs and crestal
bone loss around the implants exhibiting < 2 mm KM was significantly greater than that observed in
the implants with treated with FGGs at the 18-month follow-up (Oh, Masri, Williams, Ji, & Romberg,
2017).
As clinical studies have demonstrated improvements in clinical outcomes and less crestal bone

loss from augmentation of KM (Thoma et al., 2018), various surgical procedures have been
performed to increase the width of KM (Thoma, Buranawat, Hammerle, Held, & Jung, 2014). Most
studies, however, have focused on short-term outcomes (less than 18 months) or have not included
control groups in outcome comparisons (Thoma et al., 2014; Thoma et al., 2018) Thus, there is sparse
scientific evidence regarding the effect of KM augmentation on the long-term prognosis of dental
implants. Much of the existing evidence regarding the effects of KM on the crestal bone level comes
from animal studies; considerably less comes from clinical studies (Brito et al., 2014). The purpose of
this study was to conduct an extended follow-up of our previous RCT and to investigate crestal bone
changes in implants treated with FGGs compared to implants displaying < 2 mm KM.
MATERIALS AND METHODS
Extended Follow-up of Study
The extended follow-up data for this study were obtained from the subjects in our previous RCT,
which investigated 41 KM-deficient implants in 28 subjects under a protocol approved by the
Institutional Review Board (IRB) at the University of Maryland Baltimore (HP-00051371-9).
Comprehensive information regarding the study population and sample size determination have been
described in the previously published study. Subjects (> 18 years old) meeting the following criteria
were included: 1) less than 2 mm KM on the facial side of the implant, and 2) a single unsplinted
implant restoration in function for at least 6 months with opposing dentition. The exclusion criteria
were as follows: 1) uncontrolled hypertension, 2) diabetes mellitus, 3) a history of long-term use of
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corticosteroid, 4) current or past treatment with bisphosphonates, 5) current use of medications
causing gingival hyperplasia, and 6) smoking. Implants in the FGG group received FGGs after
baseline examination and oral prophylaxis followed; implants in the control group received only oral
prophylaxis. All these procedures were performed by Se-Lim Oh (SO).
After the 18-month follow-up, three subjects in the FGG group and two subjects in the control

group withdrew from the study because they returned to their original providers or moved out of state.
FGGs were offered to the remaining twelve subjects in the control group after the 18-month follow-up
as our previous study showed that augmentation of KM prevented crestal bone loss. Seven subjects
did not wish to receive FGGs. Five subjects in the control group received FGGs. Therefore, the
control group was divided into two subgroups: a no-surgery group and a delayed FGG group. One
subject in the delayed FGG group had two implants treated with FGG and one implant without FGG;
one implant without FGG in this subject was excluded from the statistical analysis. The implants from
the subjects in the FGG (n = 18) and the no-surgery (n = 8) groups were assessed at a follow-up visit
that took place at a mean of 48 months (ranging from 45 to 54 months) after the initial procedure (Fig
1). The implants from the delayed FGG group (n = 8) were assessed at baseline, before FGG (mean
25-month follow-up), and after FGG (mean 27-month follow-up). No complications occurred during
the extended follow-up period.
Measurements and Data Collection
The implants were clinically evaluated by a blinded clinical investigator using a Colorvue® 12

probe (Hu-Friedy, Chicago, IL) in our previous study. Clinical photographs were also taken at
baseline, 18 months, and 48 months by Se-Lim Oh (SO). Chao Ji (CJ), who was blinded to the clinical
evaluation, measured the width of KM and the level of the mucosal margin (MM) with respect to the
crown margin on the clinical photographs using a public domain Java image processing program,
ImageJ (Schneider, Rasband, & Eliceiri, 2012). Known implant crown length, implant collar length or
a probe visible in the photograph was used to set the scale of each image. The crown margin, the
contour of the MM, and the mucogingival junction (MGJ) were drawn on each photograph. The width
of KM was measured from the MM to the MGJ. The amount of MR was measured from the crown
margin to the MM. Figure 2a shows an example of the measurements on the images.
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The individual jigs for each subject fabricated during the previous RCT were used to obtain

the follow-up radiographs except for a few cases in which the jigs did not fit due to new restorations
on the opposing dentition or the adjacent teeth. Salar Azad (SA), who was completely blinded to the
study protocol and the treatments rendered, measured crestal bone levels (CBLs) for the implants in
the FGG and the no-surgery group at baseline (T0), 18 months (T18), and 48 months (T48) and for the
implants in the delayed FGG group at baseline, before FGG, and after FGG using ImageJ (Schneider
et al., 2012). The CBL was measured from the top of the implant to the coronal aspect of the alveolar
crest on the mesial and distal sides of the implants on radiographs (either periapical or bitewing). The
known implant diameters in the radiographs were used to set the scale for each radiograph. Figures
3c-d and 3g-h present examples of the measurements on the radiographs with the matching clinical
photographs. Changes in CBLs were calculated by subtracting measurements at baseline from
measurements at 18 months (T18 -T0) and from measurements at 48 months (T48 -T0). A positive value
indicated bone loss.
Calibration and Statistical Analysis
Validation for measurements on the images using ImageJ against clinical measurements was
performed by comparing the two measurements. The correlation between the image-based
measurements and the clinical evaluations was strong (Pearson’s r = 0.96 for the width of KM and
Pearson’s r = 0.94 for MR). Measurements taken from the photographs were used to conduct
statistical analysis of changes in the width of KM and MR in this study.
Calibration for the blinded radiographic evaluator was performed. SO and SA independently

measured CBLs on radiographs for 10 implants. The Pearson correlation coefficient (r = 0.92)
demonstrated a high degree of agreement between SO and SA.
A single implant was treated as the unit of statistical analysis. Descriptive statistics, including

mean ± SD and median, were prepared for all outcome variables. The normality of the distribution of
all parameters was tested. All parameters passed the normality test except for age and years of
function. Two-way repeated-measures analysis of variance (ANOVA) was used to compare changes
in KM and MR between the FGG and the no surgery group at baseline, 18 months, and 48 months.
Changes in CBLs between the FGG and the no surgery group at the 18-month and the 48-month
follow-up were compared using two-way repeated-measures ANOVA followed by a post hoc test
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using the Bonferroni correction for multiple comparisons. Changes in KM, MR, and CBLs in the
delayed FGG group were compared using one-way repeated-measures ANOVA followed by a post
hoc test using the Bonferroni correction at baseline, before FGG, and after FGG.
Patient level analysis was also performed using the Mann-Whitney U test. One implant was

randomly chosen from each subject in the FGG and the no-surgery group. Changes in KM, MR, and
CBLs were calculated by subtracting measurements at baseline from measurements at 48 months (T48
-T0). Data analysis was performed with GraphPad Prism (version 7; GraphPad Software, Inc. CA); p
< 0.05 was considered significant.
RESULTS
Patient and Implant Characteristics
A total of 23 subjects from the previous RCT were followed in the present study. Eleven subjects (the
mean age of 65 ± 6 years old) composed the FGG group; seven subjects (the mean age of 66 ± 10
years old) composed the no-surgery group. Five subjects received FGGs after the 18-month follow-up;
these five subjects (the mean age of 65 ± 3 years old) composed the delayed FGG group. Of the 23
subjects, only one subject in the delayed FGG group had subjective symptoms and complained about
sensitivity and food impaction around the implant before FGG was performed. A total of 34 singleunit implants were followed in this study. All implants were in the premolar or molar region. The
mean durations of function at the 48-month follow-up were 7 ± 3 years for the FGG group and 9 ± 3
years for the no-surgery group (Table 1).
There were no significant differences in the width of KM or MR between the no-surgery and

the delayed FGG group at baseline or 18 months (Table 1). Eight implants in the delayed FGG group
received FGGs at 25 ± 8 months from baseline, and the mean duration of function was 6 ± 1 years at
the time of FGG; these implants were followed up 27 ± 6 months after FGGs.
Comparisons Between the FGG and the No-surgery group
There was a significant increase in the width of KM around implants in the FGG group (a mean gain
of 3.1 ± 0.6 mm at 18 months). The gain in the width of KM was maintained at the 48-month followup (Fig 2b). There was a mean reduction of 0.5 mm in MR around implants in the FGG group at 18
months. This reduced MR in the FGG group was sustained up to 48 months (Fig 3a-b), while implants
in the control group exhibited little changes in the level of MM at 48 months (Fig 3e-f). This resulted
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in a significantly less MR in the FGG group than in the no-surgery group (two-way repeatedmeasures ANOVA, F = 7.794, p = 0.0012, Fig 2c). The mean distances from the crown margin to the
MM in the FGG group was significantly less at 18 and 48 months from baseline.
Changes in CBLs on the mesial and distal sides of the implants from baseline to the 18-month

and 48-month follow-up points were compared between the two groups (Fig 3i-j). There was little
crestal bone loss observed on the mesial or the distal side of the implants in the FGG group at 18
months (0 ± 0.3 mm) and at 48 months (0 ± 0.4 mm). However, crestal bone loss was observed in the
no surgery group at 18 months (0.21 ± 0.4 mm) and at 48 months (0.4 ± 0.4 mm). Crestal bone loss on
the mesial and distal sides of the implants was significantly greater in the no-surgery group than in the
FGG group at 48 months (two-way repeated-measures ANOVA, F = 6.997, p = 0.0142 on the mesial
side, F = 5.405, p = 0.0289 on the distal side; Bonferroni correction for multiple comparisons, p =
0.0054 on the mesial side and p = 0.0146 on the distal side, Fig 3i-j).
At the patient level analysis (Table 2), there was a reduction in MR around implants (n = 11)

from subjects (n = 11) in the FGG group at 48 months from baseline, while implants (n = 7) from
subjects (n = 7) in the control group exhibited an increased MR. This resulted in a significantly less
MR in the FGG group than in the no-surgery group (Mann-Whitney, p = 0.0162). Crestal bone loss
on the distal side of the implants in the no-surgery group was significantly greater than in the FGG
group at 48 months (Mann-Whitney, p = 0.0093).
Comparisons Before and After FGG in the Delayed FGG Group
In Fig 4, two cases from the delayed FGG group are presented. In the left panel (Fig 4a-c), FGG was
performed at 24 months as a patient complained about sensitivity and food impaction around implant
#46. The patient did not experience sensitivity and food impaction after FGG. In the right panel,
implant #46 from another subject exhibited a lack of KM with implant thread exposure (Fig 4g).
While the patient did not feel any discomfort around the implant, increased MR and mucosal
inflammation were observed along with crestal bone loss at 42 months (Fig 4h and 4k). After FGG,
the level of MM was recovered to baseline (Fig 4i).
There was a significant increase in the width of KM following FGG (Fig 5a; one-way

repeated-measures ANOVA, F = 32.75, p = 0.0006). The MR was significantly reduced following
FGG (Fig 5b; one-way repeated-measures ANOVA, F = 9.135, p = 0.0046). There were no
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significant changes in CBLs at any of the examined time points (one-way repeated-measures ANOVA,
F = 2.222, p = 0.158 on the mesial side; F = 0.628, p = 0.506 on the distal side, Fig 5c-d).
DISCUSSION
This study is an extended follow-up of our previous RCT that evaluated 18-month outcomes
following FGGs around implants with < 2 mm KM compared to implants without KM augmentation.
Well-designed and rigorously conducted RCTs are the gold standard for estimating the efficacy of
treatments rendered, but follow-ups may be limited due to cost and logistical demands. Therefore,
trial extension using routinely collected data may add critical insights beyond the original follow-up
period (Fitzpatrick et al., 2018). However, some issues have been raised in regard to trial extension.
First, trial extension may not be planned as part of the original trial, which may cause post hoc

selection of study end points. A systematic review found that nearly 62% of studies had at least one
primary outcome that was changed, introduced, or omitted when comparing trial publications to
protocols (Dwan, Gamble, Williamson, & Kirkham, 2013). The primary outcome of our previous
RCT was changes in CBLs, measured by a blinded evaluator on radiographs obtained with the
individual jigs; the same variable was also reported as the primary outcome in this extended study.
Second, routinely collected data may be obtained by non-blinded evaluators or by blinded but

uncalibrated evaluators. In this study, clinical measurements, such as the width of KM and MR, were
measured on clinical photographs using ImageJ. In other clinical studies, such measurements have
been obtained via probe measurements by examiners. However, calibration of the examiners requires
considerable effort because the practitioners are not calibrated in routine practice (Kerner et al., 2007).
Calibration for the examiners using ImageJ can be more time-efficient and less cumbersome as the
program allows the examiners to use a patient database. The width of KM and MR were easily
measured on photographs (Fig 2a), consistent with the strong correlation between the measurements
on the images and the clinical evaluations (Pearson’s r = 0.96 for KM and 0.94 for MR).
Third, long-term follow-up periods provide many opportunities for treatment switches and/or

co-interventions (Fitzpatrick et al., 2018). FGGs were offered to the subjects in the control group after
the 18-month follow-up in our trial extension. While our initial randomization minimized selection
bias at baseline, there was no randomization involved in the two subgroups of the control group.
Although no randomization took place, there were no significant differences in the width of KM, the
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amount of MR, or the duration of function between implants in the no-surgery and delayed FGG
groups at baseline or 18 months (Table 1). However, such co-interventions resulted in the limited
sample number in the no-surgery group. We may not draw definitive conclusions from this trial
extension.
It is important to prevent crestal bone loss around dental implants for the long-term survival of

implant-retained restorations. While multiple factors are related to crestal bone loss, the underlying
mechanisms of crestal bone loss around dental implants have not been clearly elucidated (Albrektsson,
Buser, & Sennerby, 2012; Qian, Wennerberg, & Albrektsson, 2012). Only a few retrospective crosssectional studies have investigated factors affecting late crestal bone loss, and these studies have
reported contradictory results. Chung et al. (2007) investigated implants with a mean survival of 8
years and reported that shorter (≤ 10 mm), wider (> 4 mm), posterior implants, and implants
supporting fixed restorations were significantly associated with greater annual crestal bone loss.
Meanwhile, Álvarez et al. (2015) examined implants with ≥ 5 years of follow-up and did not find
significant relationships between late crestal bone loss and the length, diameter, or location of
implants, or the width of KM. That team did, however, find a significant relationship between late
crestal bone loss and the distance between the implant platform and the horizontal component of the
splinted posthesis; they concluded that this distance should be between 3.3 and 6 mm to ensure proper
embrasures. Álvarez et al. (2015) measured crestal bone loss on panoramic radiographs, but the
accuracy of measurements on panoramic radiographs has been questioned because of their inherent
image distortion (Peñarrocha, Palomar, Sanchis, & Guarinos, 2004; Temmerman et al., 2011).
Moreover, cross-sectional studies are generally used to infer associations, which should then be
confirmed through an RCT (Mann, 2003).
We investigated implants with a mean functioning time of 7 ± 3 years for the FGG group and

9 ± 3 years for the no-surgery group at the 48-month follow-up. In our RCT, an individual jig was
used for each patient to obtain the same angulation in follow-up radiographs at 18 and 48 months.
Crestal bone loss was significantly greater in the implants without augmentation of KM than in the
FGG group at the 48-month follow-up. Therefore, the outcomes of this study suggest that a lack of
KM is one of the factors affecting late crestal bone loss.
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Few subjective symptoms were observed in this study while other studies stated that higher

brushing discomfort was reported from patients with implants displaying < 2 mm KM (Perussolo,
Souza, Matarazzo, Oliveira, & Araújo, 2018; Roccuzzo, Grasso, & Dalmasso, 2016). Seven subjects
in the no-surgery group did not want the study intervention (FGG) because they did not experience
any discomfort during the course of the study or even before the study. Only one subject from the
delayed FGG felt sensitivity around the implant (Fig 4a-f). Another subject in the delayed FGG group
finally consented to FGG at 42 months. However, the subject did not report any discomfort from the
exposure of threads on implant #46 despite the increased mucosal inflammation, MR, and crestal bone
loss (Fig 4g-i). After FGGs, these implants were stabilized in terms of subjective symptoms, MR, and
CBL (Fig 4 and 5).
Dental practitioners make every effort to set implant fixtures in alveolar bone and at least

under the mucosa. However, MR and/or implant fixture exposure may occur, especially at sites with a
lack of KM associated with a shallow vestibule and/or muscle pulling. Augmentation of KM via FGG
for implants exhibiting a lack of KM and MR improves peri-implant tissue conditions, demonstrated
by a reduced MR with no significant changes in CBL. Based on the limited sample size, it appears
that FGG is a viable option to maintain CBLs for implants exhibiting a lack of KM.
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TABLE and FIGURE Legends
Table 1. Patient and implant characteristics at baseline and 18 months.
Table 2. Comparisons of changes in the width of KM, MR, and CBLs between the FGG and the nosurgery group at patient level.
Figure 1. A flow chart of the study.
Figure 2. Changes in the width of KM and the amount of MR (mean ± SD). (a) An example of
measurements (mm) on photographs. The periodontal probe was used to calibrate the scale of the
photograph. The red line indicates the level of mucosal margin (MM), and the yellow line demarcates
the mucogingival junction (MGJ). (b) Changes in the width of KM overtime in the two groups.
****(Two-way repeated-measures ANOVA, F = 45.44, p < 0.0001) for interaction between treatment
and time. ‡p < 0.0001 (Bonferroni correction for multiple comparisons) compared with the nosurgery at each time point. (c) Changes in the distance from crown margin to MM overtime. **(Twoway repeated measures ANOVA, F = 7.794, p = 0.0012) for interaction between treatment and time.
†p = 0.0002 (Bonferroni correction for multiple comparisons) compared at 18 and 48 months from
baseline within the FGG group.
Figure 3. Examples of cases in extended follow-ups. Case 1 from the FGG group. (a) Initial
photograph showing a lack of KM and MR around #24 and #25 implant-retained prostheses. (b) 47month follow-up after FGG. (c) Measurements of crestal bone loss at baseline. (d) Measurements of
crestal bone loss at 47 months. Case 2 from the no-surgery group. (e) Initial photograph showing a
lack of KM and MR around the #46 implant-retained crown. (f) 48-month follow-up. (g)
Measurements of crestal bone loss at baseline. (h) Measurements of crestal bone loss at 48 months. (i)
Comparison of crestal bone loss on the mesial side of the implants between the FGG and the nosurgery group at the 18-month and 48-month follow-ups (mean ± SD). **p = 0.0054 (Bonferroni
correction for multiple comparisons) at each time point. (j) Comparison of crestal bone loss on the
distal side of the implants between the two groups at the 18-month and 48-month follow-ups (mean ±
SD). *p = 0.0146 (Bonferroni correction for multiple comparisons) at each time point.
Figure 4. Cases from the delayed FGG group. Case 3. (a) Initial photograph of implant #46 at
baseline. (b) FGG performed at 24 months. (c) 36-month follow-up. (d) Measurements of crestal bone
level (CBL) at baseline. (e) Measurements of CBL at 24 months before FGG. (f) Measurements of
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CBL 36 months after FGG. Case 4. (g) Initial photograph of implant #46 at baseline. (h) 42-month
follow-up before FGG. (i) 24 months after FGG. (j) Measurements of CBL at baseline. (k)
Measurements of CBL at 42 months before FGG. (l) Measurements of CBL 24 months after FGG.
Figure 5. Changes in parameters in the delayed FGG group (mean ± SD). (a) Changes in the width of
KM. ***p = 0.0008 (Bonferroni correction for multiple comparisons). (b) Changes in the amount of
MR. **p = 0.0094 (Bonferroni correction for multiple comparisons). (c) Changes in crestal bone level
(CBL) on the mesial side. No significant difference was found. (d) Changes in CBL on the distal side.
No significant difference was found.
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Implant

Implant

Patient

Comparison between

Control group
Delayed FGG

no-surgery and delayed

Width of KM

Years of function

Number

Gender (female/male)

Age (mean-range)

0.9±0.8

0.5±0.6

3±3

n = 18

9/2

65.3 (59-73)

0.3±0.5

0.8±1

0.4±0.5

4.6±3

n=8

4/3

66 (51-79)

1±0.8

0.6±0.5

0.9±0.7

0.7±0.7

3.9±1

n=8

3/2

65 (61-67)

p = 0.92†

p = 0.28†

p = 0.92†

p = 0.25†

p = 0.84*

FGG group
No-surgery

group

Amount of MR

3.7±1

1±1

(mean ± SD)

Width of KM

0.4±0.5

p = 0.73*

FGG groups

group

Table 1. Patient and implant characteristics at baseline and 18 months.

Baseline
Baseline

18 months

Amount of MR

The Mann-Whitney U test was performed to compare the parameter between the two subgroups in the control group due to either a

KM (keratinized mucosa); MR (mucosal recession); unit = mm in width of KM and MR; mean ± SD
*

The unpaired t-test was used to compare the parameter between the two subgroups within the control group.

small subject number or failure to pass a test of normality.
†
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Table 2. Comparisons of changes in the width of KM, MR, and CBL between the FGG and
the no-surgery group at patient level.
Changes at 48 months*

No-surgery group

Mann-Whitney U
test

(T48 – T0)

(11 subjects/

(7 subjects/

11 implants)

7 implants)

3.1±1.3 (3.3)

0 (0)

p < 0.0001

-0.54±0.8 (-0.2)

0.23±0.4 (0.1)

p = 0.0162

Mesial side

0±0.5 (0)

0.3±0.4 (0)

p = 0.0768

Distal side

0±0.5 (0)

0.4±0.3 (0.5)

p = 0.0093

Width of KM
Amount of MR
CBL

FGG group

KM (keratinized mucosa); MR (mucosal recession); CBL (crestal bone level); unit = mm; mean
± SD (median)
*Changes in KM, MR, and CBL were calculated by subtracting measurements at baseline from
measurements at 48 months. A positive value in KM and MR indicated increased width of KM
or increased amount of MR. A positive value in CBL indicated crestal bone loss.
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