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Abstract 

Background: To evaluate the clinical outcome and changes in posterior buccal soft tissue following implant restora-
tion in groups with and without a free gingival graft (FGG) before implant placement.

Methods: Twenty-six individuals who required implant restoration and displayed lack of keratinized mucosa (KM) 
were recruited and assigned to the FGG group (with FGG before implant placement) or Control group (without FGG 
before implant placement) randomly. A screw-retained conventional implant restoration was performed for each 
patient. Peri-implant soft tissue was captured by an intraoral scanner and analyzed by an image processing software. 
Clinical parameters (plaque index, gingival index, probing depth, and bleeding on probing) were assessed at baseline 
and 1, 3, 6, and 12 months. Buccal soft tissue changes (mucosal margin, soft tissue thickness, and width of keratinized 
mucosa) on the buccal side of implant site were assessed at 1, 3, 6, and 12 months. Two-way ANOVA and Bonferroni 
test were used to analyze significant difference between groups at each time point (α = 0.05).

Results: The clinical parameters were lower in the FGG group than that in the Control group, although there were no 
significant differences between the two groups (P > 0.05). Peri-implant soft tissue collapsed and the changes (mucosal 
margin and soft tissue thickness) were significantly greater in the Control group than the FGG group (P < 0.05). Width 
of KM was larger in the FGG group than the Control group, although there was no significant difference between the 
two groups (P > 0.05).

Conclusions: Minimal peri-implant soft tissue changes occurred in two groups. Performing FGG before implant 
placement is a viable procedure to maintain peri-implant soft tissue but might not affect peri-implant health during 
12 months follow-up. However, small sample size must be considered.

Trial registration This study was retrospectively registered in the Chinese Clinical Trial Registry (Registration number: 
ChiCTR2000037954; Date of registration: 6 September 2020).
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Background
In recent years, implant-supported dental prostheses 
have become widely used in patients with a partial eden-
tulous or edentulous jaw, with a high rate of implant sur-
vival [1]. The incidence rate of complications (mechanical 
and biological, et  al.) is increasing as implants continu-
ous to be used. Biological complications are also called 
peri-implant diseases [2] which include peri-implant 
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mucositis and peri-implantitis [3, 4]. Peri-implant dis-
eases are inflammation of peri-implant tissues [5] whose 
maintenance is a challenge to dentists and patients.

Lack of keratinized mucosa (KM) is a potential risk to 
peri-implant diseases [6]. Although the role of width of 
KM in maintaining peri-implant health is a controversial 
topic [7], several studies showed that peri-implant state 
and plaque control with adequate KM was better than 
implant lacking KM [8, 9]. It has been reported that at 
least 2 mm of KM around implant is positive to maintain 
peri-implant health [10] and implant with < 2 mm is more 
vulnerable to peri-implant diseases [11].

Free gingival graft (FGG) is considered as the com-
mon approach for increasing KM and soft tissue thick-
ness at natural teeth and implant sites [12]. A systematic 
review concluded that soft tissue augmentation can be 
performed before or during implantation, or even after 
implant restoration if complications occur [13]. One pro-
spective study suggested that FGG for implant site with 
mucosal recession after restoration is a viable choice 
to reduce peri-implant inflammation and to maintain 
crestal bone level during 18  months follow-up [8]. An 
animal study, which investigated the effect of perform-
ing FGG simultaneously with implant placement, found 
that FGG may reduce the resorption of crestal bone and 
mucosal recession during 3 months follow-up [14]. Until 
now, to the best of our knowledge, effect of performing 
FGG before implant placement is limited to case report 
which suggested soft tissue growth within 3 months [15]. 
However, there is no animal or clinical study investigat-
ing the effect of this technique on peri-implant tissue 
after restoration.

Marginal bone level is the common indicator of evalu-
ation for soft tissue augmentation. Remolding process 
exists in alveolar bone all the time. So does the overly-
ing soft tissue. Periodontal probes and endodontic files 
are commonly used to evaluate soft tissue changes. At 
present, digital methods for evaluating peri-implant 
soft tissue changes have gradually become an outcome 
of interest in different literatures possibly because of 
its noninvasiveness [16], accuracy [17], and the digital 
information could be saved in computer permanently. A 
recent study summarized the available evidence regard-
ing traditional and digital methods for the evaluation of 
peri-implant soft tissue changes and concluded that tra-
ditional methods can’t show the entire changes while dig-
ital methods can, and digital analysis might become the 
gold standard technique in the future [18]. Several stud-
ies have used digital methods to evaluate the changes in 
peri-implant soft tissue (mucosal recession and soft tis-
sue thickness) after soft tissue augmentation (subepithe-
lial connective tissue graft) [19–21]. However, to the best 
of our knowledge, there is no study evaluating change in 

peri-implant soft tissue after FGG before implant place-
ment using digital methods.

The objective of this study, therefore, was to evalu-
ate the clinical outcomes and changes in peri-implant 
soft tissue during 12  months follow-up in groups with 
and without a FGG before implant placement. The null 
hypothesis was that FGG before implant placement 
would be beneficial to peri-implant health and mainte-
nance of peri-implant soft tissue during the course of this 
study.

Methods
This randomized controlled trial aimed to evaluate peri-
implant health and soft tissue changes following implant 
restoration in groups with and without a FGG before 
implant placement. Clinical parameters were recorded 
and changes in soft tissue were evaluated using digi-
tal method at 1, 3, 6, and 12 months after baseline (two 
weeks after definitive crown insertion [21, 22]), respec-
tively. The study protocol was carried out in accordance 
with the Declaration of Helsinki and was approved by 
the Biomedical Ethics Committee of Peking University 
Hospital of Stomatology, Beijing, China (ethical batch 
number: PKUSSIRB-201946083), as well as registered on 
Chinese Clinical Trial Registry (ChiCTR2000037954). 
The study was performed according to the CONSORT 
checklist.

Subjects
The study was carried out in the Department of Perio-
dontology and Prosthodontics, Peking University School 
and Hospital of Stomatology, from October 2018 to Feb-
ruary 2020. All subjects signed consent forms prior to 
participation. Continuous patients who required implant 
restoration were recruited according to the follow-
ing inclusion criteria: (1) age ≥ 20  years old [23]; (2) no 
system disease or active periodontitis; (3) plaque index 
and bleeding index < 25%; (4) posterior teeth loss with a 
medium to thick gingival biotype (periodontal probe not 
visible when inserted into the buccal gingival margin) 
[24]; (5) Width of KM on the buccal side of the implant 
site < 2  mm (distance from central point of implant site 
alveolar ridge crest to mucogingival junction [25]) before 
implant placement; and (6) fully autonomous behavior 
and expression ability, with good compliance. Exclusion 
criteria were as follows: (1) poor oral hygiene; (2) adja-
cent teeth with acute and chronic tooth disease at the 
implant site; (3) uncontrolled diabetes or other systemic 
disease; and (4) severe smoker (≥ 10 cigarettes/day). In 
addition, implants were excluded if they emerged com-
plications during the period of this study that additional 
treatments were needed.
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Randomization and blinding
This was a complete randomized controlled trial with 
parallel design (1:1 allocation ratio). The subjects were 
randomly assigned to either the FGG group or Control 
group by a dentist who was not involve in this study. A 
random number sequence was generated by a statisti-
cian before recruitment. Allocations were concealed by 
opaque sealed envelopes. The dentist who enrolled the 
subjects and the investigator who evaluated peri-implant 
soft tissue changes were blinded to the study protocol 
and purpose.

Surgical procedures
All participants underwent systematic supportive peri-
odontal therapy before surgery, and the clinical treatment 
plan was discussed and agreed prior to implantation. A 
timeline of the clinical treatment process is shown in 
Fig. 1.

Patients in the FGG group underwent a free gingival 
graft before implant placement. FGGs were harvested 

from the palate. The width and length of FGGs were 
5–8 mm and 10–13 mm, respectively in this study, which 
were determined by the size of recipient bed. The thick-
ness of FGGs was 1.0–1.5 mm, depending on the amount 
of tissue available in each patient’s palate. After a heal-
ing time of 6–8  weeks, the full-thickness flap was ele-
vated under local anesthesia then the two-stage implant 
was placed according to the manufacturer’s instructions 
(Bone Level, Straumann®, Switzerland). A healing abut-
ment was inserted 6  months later followed by a defini-
tive all-ceramic zirconia crown (titanium abutment) 
3  months after the second-stage procedure. Patients in 
the Control group did not undergo FGG before implan-
tation, but all other procedures were the same. Intraoral 
characteristics of the FGG group are shown in Fig. 2.

Clinical examination
All subjects received oral prophylaxis. An evaluator 
recorded the following indicators three times and then 
averaged. Values were recorded at mesial, midfacial, 

Fig. 1 Timeline of clinical treatment and the evaluations of FGG group

Fig. 2 Intraoral characteristics of the FGG group. a–c Occlusal and d–f buccal views of the implant site before and after placement of the free 
gingival graft (FGG), and following crown insertion, respectively



Page 4 of 11Zheng et al. BMC Oral Health          (2021) 21:492 

distal, and palatal sites and then averaged. The implant 
survival rate was also recorded at baseline and follow-
up. Plaque index (PI) [26] and Gingival index (GI) [27] 
was recorded at implant site. Probing depth (PD) was 
measured using a manual probe (Williams, Hu-Friedy, 
Chicago, USA). PD was recorded to the nearest 0.5 mm. 
Bleeding on probing (BOP, positive or negative; %) was 
recorded after probing.

Peri‑implant soft tissue evaluations
All measurements were carried out by another evalua-
tor at 1, 3, 6, and 12 months. The evaluator was blind to 
the study protocol and purpose. The following indicators 
were recorded three times and then averaged.

Intraoral scanning
Before all measurements performed, three-dimensional 
oral information was obtained using an intraoral scanner 
(TRIOS Color Pod; software version: 1.18.1.3; 3Shape, 
Denmark) at each time point. All scanning data were 

exported into DCM (a software-dedicated file format) 
format. Then imported into orthodontic software (Ortho 
Analyzer™, software version: 1.18.1.2, 3Shape, Denmark) 
and saved as a virtual reality modeling language (VRML) 
file. A color digital model (colored by VRML procedure) 
was then obtained and imported into 3D analysis soft-
ware (Geomagic Control 2014, 3D Systems, Rock Hill, 
South Carolina, USA).

Digital model alignment
In the Geomagic Control software, the baseline scanning 
data was set as the reference model and the follow-up 
scanning data as the test model, then “best fit alignment” 
(iterative closet point algorithm) was conducted based 
on the implant-supported dental prosthesis and adja-
cent teeth (Fig. 3a). Three-dimensional deviation analysis 
between the reference model and the test model was also 
performed using the “3D comparison” function (Fig. 3b). 
Based on the accuracy of the intraoral scanner, maxi-
mum and minimum nominal values were set at 150 and 

Fig. 3 Peri-implant soft tissue evaluation. a Registration of the digital model. b Three-dimensional deviation analysis. c Selection of the area 
of interest. d Establishment of the three-dimensional coordinate system. e Selection and recording of coordinates of the mucosal margin. f A 
two-dimensional cross section, and measurements of g the changes in soft tissue thickness (ΔASTT) at 1, 3, and 5 mm below the mucosal margin. h 
width of keratinized mucosa (KM)
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− 150 µm, respectively [28]. The area of interest on the 
buccal side was then selected (Fig. 3c), with the coronal 
border represented by the mucosal margin and the apical 
border by the vestibular groove.

Coordinate system establishment
A three-dimensional coordinate system was then estab-
lished based on the reference model using the "coordi-
nate system" function. Line AB was used as the X-axis 
(Fig. 3d), with points A and B representing the most cor-
onally adjacent points between the implant and adjacent 
teeth (if present) or between the two consecutive teeth in 
front of the implant (if distal adjacent teeth were absent). 
A vertical line was then drawn from the tip of the mesial 
papillae gingiva of the implant-supported dental pros-
thesis (Point C) to line AB, with the base of the perpen-
dicular line representing Point D. The direction of line 
CD was used as the Z-axis, with the Y-axis running in the 
buccal/palate direction (to the missing tooth in the upper 
jaw) or buccal/lingual direction (to the missing tooth in 
the lower jaw). The positive direction of the X-axis ran 
from the far side to the midfacial region, while the posi-
tive Y-axis ran from the buccal side to the palatal or lin-
gual side, and the positive Z-axis ran from the root to the 
crown side (Fig.  3d). The established coordinate system 
was then used as the measurement coordinate system.

Analysis of changes in mucosal margin
To examine changes in the mucosal margin (MM), the 
gingival zenith was first selected then three-dimensional 
coordinates at mesial, midfacial, and distal sites of the 
buccal side of the implant-supported dental prosthesis 
were respectively recorded in the reference model and 
test model using the "insertion point" function in the 
Geomagic software (Fig. 3e). The difference between the 
Z-axis coordinates in the two models was then recorded 
as the changes in the MM. Changes at the mesial, midfa-
cial, and distal sites were then averaged (ΔAMM). Nega-
tive values represent the mucosal recession.

Analysis of changes in soft tissue thickness
To examine changes in soft tissue thickness (STT), three 
two-dimensional cross sections were respectively gen-
erated at mesial, midfacial, and distal sites in the regis-
tered model using the "2D comparison" function (Fig. 3f ). 
Using the "section position" function within this, it was 
ensured that the mucosal margin of the three sites was 
included in the two-dimensional sections of the three 
sites, respectively. The "distance" function was then 
selected and "on surface projection" was checked to 
generate a surface distance of 1, 3, and 5 mm below the 
mucosal margin at mesial, midfacial, and distal sites of 
the buccal side in the registered model. To evaluate STT 

at each level, longitudinal lines were drawn parallel to the 
long axis of the implant in each two-dimensional section. 
Distances at 1, 3, and 5 mm levels between the reference 
model and test model were then used to represent the 
changes in STT (Fig. 3g). Changes at the three sites were 
then averaged (ΔASTT). Negative values represent soft 
tissue collapse.

Analysis of changes in width of keratinized mucosa
To examine the changes in width of KM, the mucosal 
margin to the mucogingival junction at mesial, midfacial 
and distal sites on the buccal side of the implant were 
measured using the "distance" function (Fig.  3h). Width 
of KM values at the three sites were then averaged. Dif-
ference between width of  KMbaseline and  KMFollow-up was 
then used to present the changes in width of KM. Nega-
tive values represent reduction in KM.

Sample size calculation and Statistical Analysis
Sample size calculation
Based on the ΔAMM data (the first three patients 
recruited) of this study, the sample size was calculated 
using PASS (α = 0.05, 80% power). After calculating, a 
study population of at least 24 patients was deemed nec-
essary, with 12 patients per group. Considering a dropout 
rate of 10%, a total of 28 patients were recruited.

Statistical analysis
The subject was treated as the unit of statistical analysis. 
As such, every subject presented with a single implant. 
SPSS software (IBM®, SPSS®, Statistics 20, USA) was 
used for data analysis. Descriptive statistics (mean ± SD), 
normality (Kolmogorov–Smirnov test), and homogeneity 
of variance (Levene test) were performed for all variables 
(repeated measurement data). The two-way Analysis of 
Variance (ANOVA) was used to compare PD, ΔAMM, 
ΔASTT, and changes in width of KM between the two 
groups. If proven to be statistically significant, the Bon-
ferroni test was used to perform multiple comparison. 
The Friedman’s two-way ANOVA by ranks was used 
to compare PI, GI, and BOP between the two groups. 
P < 0.05 was considered statistically significant.

Results
Patients’ and implants’ characteristics
A CONSORT flow diagram of the recruitment pro-
cess is shown in Fig. 4. Of the 28 patients (28 implants) 
enrolled, two did not complete the follow-up. The one 
from FGG group study abroad. The one from Control 
group has no discomfortable. A total of 26 patients 
(26 implants) were therefore included in this study, 
14 females (14 implants, three in maxilla and eleven 
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in mandible) and 12 males (12 implants, nine in max-
illa and three in mandible), with an average age of 
51.8  years (33–72  years). Thirteen were placed in the 
FGG group (eight females, eight implants and five 
males, five implants) with average age of 49.8 years (37–
64 years) and 13 in the Control group (six females, six 
implants and seven males, seven implants) with average 

age of 53.7 years (33–72 years)). Detailed patient char-
acteristics are shown in Table 1.

Clinical outcome
Detailed information on the changes in PI, GI, PD, and 
BOP in each group is shown in Table  2. The clinical 
parameters were lower in the FGG group than that in 
the Control group, although there were no significant 
differences between the two groups (PI: P = 0.906; GI: 
P = 0.805; PD: P = 0.201; BOP: P = 0.606). The implant 
rate was 100%, with no intraoperative or postoperative 
complications observed.

Peri‑implant soft tissue evaluations
ΔAMM and ΔASTT values at 1, 3, 6, and 12  months 
after baseline are shown in Table 3. The mucosal mar-
gin receded in both groups, notably in the Control 
group compared to the FGG group. Significant differ-
ences were also observed between ΔAMM of the two 
groups at each time point (baseline-1 month: P = 0.002; 

Fig. 4 A flow diagram of the recruitment process

Table 1 Patient characteristics

Parameters Control group FGG group

Mean age 53.7 49.8

Female 6 (6 implant) 8 (8 implants)

Implant sites 1 in maxilla, 5 in mandible 2 in maxilla, 6 in mandible

Male 7 (7 implants) 5 (5 implants)

Implant sites 5 in maxilla, 2 in mandible 4 in maxilla,1 in mandible)
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baseline-3  months: P < 0.001; baseline-6  months: 
P = 0.017; baseline-12  months: P = 0.016). Based 
on the findings of ΔASTT, the soft tissue collapse 
was observed in both groups, but less so in the FGG 
group. There were significant differences between 
the two groups at 1 (baseline-1  month: P = 0.001; 
baseline-3  months: P = 0.012; baseline-6  months: 

P = 0.017; baseline-12  months: P = 0.044), 3 (base-
line-1  month: P = 0.007; baseline-3  months: P = 0.013; 
baseline-6  months: P = 0.011; baseline-12  months: 
P = 0.016) and 5 mm below the mucosal margin (base-
line-1  month: P = 0.013; baseline-3  months: P = 0.020; 
baseline-6  months: P = 0.001; baseline-12  months: 
P = 0.004).

Table 2 Descriptive statistics (mean ± SD) of changes in peri-implant health

PI: plaque index; GI: gingival index; PD: probing depth; BOP: bleeding on probing;

a: results of Friedman’s two-way ANOVA by ranks. b: results of two-way ANOVA

Parameters Baseline 1 month 3 months 6 months 12 months P

PI

 Control 1.12 ± 0.32 1.13 ± 0.43 1.19 ± 0.59 1.10 ± 0.33 1.17 ± 0.40 0.906a

 FGG 0.63 ± 0.22 0.62 ± 0.17 0.58 ± 0.19 0.58 ± 0.16 0.56 ± 0.11

GI

 Control 0.96 ± 0.43 0.98 ± 0.28 0.94 ± 0.29 1.04 ± 0.29 1.06 ± 0.33 0.805a

 FGG 0.71 ± 0.29 0.69 ± 0.31 0.67 ± 0.24 0.65 ± 0.19 0.62 ± 0.19

PD (mm)

 Control 4.2 ± 1.9 4.0 ± 1.8 3.7 ± 1.5 3.8 ± 1.9 3.3 ± 1.1 0.201b

 FGG 3.7 ± 1.0 3.6 ± 1.3 3.5 ± 1.0 3.3 ± 1.1 3.1 ± 0.9

BOP (%)

 Control 11.54 ± 16.51 11.57 ± 12.95 11.56 ± 12.95 9.64 ± 16.25 11.57 ± 12.94 0.606a

 FGG 7.69 ± 12.01 5.77 ± 10.96 5.77 ± 10.96 3.85 ± 9.39 1.92 ± 6.93

Table 3 Descriptive statistics (mean ± SD, mm) of changes in peri-implant soft tissue

ΔAMM: changes in mucosal margin; ΔASTT: changes in soft tissue thickness; KM: keratinized mucosa. c: results of Bonferroni post-hoc test

Parameters 1 month 3 months 6 months 12 months Two‑way ANOVA

Time Group Time × Group

ΔAMM

Control − 0.35± 0.18 − 0.55 ± 0.18 − 0.60 ± 0.42 − 0.61 ± 0.36 F (1,42) = 11.01 F (1,24) = 14.25 F (3,72) = 1.24

FGG − 0.11 ± 0.10 − 0.17 ± 0.15 − 0.22 ± 0.25 − 0.31 ± 0.23 P < 0.001 P < 0.001 P = 0.303

Pc 0.002  < 0.001 0.017 0.016 – – –
ΔASTT1 mm

Control − 0.36 ± 0.15 − 0.40 ± 0.17 − 0.52 ± 0.18 − 0.67 ± 0.28 F (2,55) = 14.13 F (1,24) = 30.65 F (3,72) = 0.67

FGG − 0.16 ± 0.10 − 0.18 ± 0.21 − 0.23 ± 0.23 − 0.33 ± 0.21 P < 0.001 P < 0.001 P = 0.576

Pc 0.001 0.012 0.017 0.044 – – –
ΔASTT3 mm

Control − 0.25 ± 0.12 − 0.39 ± 0.18 − 0.53 ± 0.14 − 0.67 ± 0.31 F (2,57) = 26.86 F (1,24) = 25.42 F (3,72) = 4.86

FGG − 0.13 ± 0.08 − 0.19 ± 0.17 − 0.26 ± 0.24 − 0.32 ± 0.21 P < 0.001 P < 0.001 P = 0.004

Pc 0.007 0.013 0.011 0.016 – – –
ΔASTT5 mm

Control − 0.20 ± 0.13 − 0.29 ± 0.18 − 0.46 ± 0.22 − 0.51 ± 0.24 F (1,36) = 45.86 F (1,24) = 14.58 F (3,72) = 9.95

FGG − 0.08 ± 0.05 − 0.12 ± 0.08 − 0.16 ± 0.14 − 0.21 ± 0.16 P < 0.001 P < 0.001 P < 0.001

Pc 0.013 0.020 0.001 0.004 – – –
Changes in width of KM

Control − 0.11 ± 0.11 − 0.21 ± 0.17 − 0.30 ± 0.13 − 0.40 ± 1.13 F (1,41) = 7.27 F (1,24) = 0.30 F (3,72) = 0.22

FGG − 0.07 ± 0.21 − 0.15 ± 0.75 − 0.21 ± 0.58 − 0.28 ± 0.58 P = 0.003 P = 0.588 P = 0.882

Pc  > 0.999  > 0.999  > 0.999  > 0.999 – – –
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Changes in width of KM are shown in Table 3. Accord-
ing to the results, significant differences of changes in 
width of KM were not found between the FGG and Con-
trol group (P > 0.999), although the width of KM was 
larger in the FGG group than the Control group at each 
time point.

Discussion
In this study, clinical parameters and changes in peri-
implant soft tissue captured using a 3Shape intraoral 
scanner following implant reconstruction were evalu-
ated in groups with and without FGG before implant 
placement. Colorful digital models were obtained using 
the image processing software by transferring the format 
with 3Shape CAD software (Ortho Analyzer™, 3Shape, 
Denmark), enabling the region-of-interest to be selected 
easily. The results showed no significant difference in 
clinical parameters (PI, GI, PD, and BOP) between FGG 
group and Control group. Changes in mucosal mar-
gin (ΔAMM) and soft tissue thickness (ΔASTT) were 
minimal and were significantly greater in Control group 
compared to FGG group during 12  months follow-up. 
Changes in width of KM were minimal and showed no 
significant difference between the two groups. Within 
the limitations of this study, the null hypothesis of FGG 
before implant placement is beneficial to peri-implant 
health was not accepted. Whereas, the null hypothesis of 
FGG is beneficial to maintain peri-implant soft tissue was 
accepted.

The clinical parameters (PI, GI, PD, and BOP) were 
higher in Control group (fluctuation) than those in the 
FGG group (continuously reduction) during 12  months 
follow-up, although there was no significant difference 
between the two groups (Table 2), which suggests that the 
peri-implant health status in Control group was inferior 
to FGG group. For PI, one possible explanation is that 
increased KM improve the ability of patients to do plaque 
control [29]. In this study, results of GI were in agreement 
with PI suggesting that peri-implant tissue state is in line 
with plaque state during 12  months follow-up. For PD, 
this might be because KM resistance to probe increased 
[30] in FGG group. This increased resistance might have 
also affected BOP [8]. These results are in line with a ret-
rospective case–control study demonstrating that there 
was no significant difference of peri-implant health in 
groups with or without subepithelial connective tissue 
graft [20]. Whereas, a systematic review concluded that 
soft tissue grafting for gain of keratinized mucosa result 
in more favorable peri-implant health [31]. In the last 
decade, the role of soft tissue on peri-implant health was 
a controversial topic [32–34]. While several researchers 
have shown that sufficient KM around implant is posi-
tive to maintain peri-implant health [7, 10, 35], others 

have reported conflicting findings [11, 36, 37]. A recent 
systematic review and network meta-analysis included 
23 randomized controlled trials out of 52 articles report-
ing the outcomes of peri-implant soft tissue phenotype 
modification [38]. This recent study demonstrated that 
performing soft tissue augmentation for increasing width 
of KM is beneficial to improve peri-implant health (a sig-
nificant reduction of probing depth and plaque index).

Collapse of the buccal soft tissue occurred after base-
line (Table 3), with less changes in the FGG group during 
12  months follow-up. One possible explanation for this 
is that the increased KM formed a more mechanically 
resistant and toughened surface [39] in FGG group than 
that in the Control group with inadequate KM. In addi-
tion, peri-implant soft tissue changes were minimal and 
might be considered as clinically accepted, especially in 
the posterior region.

In terms of changes in the mucosal margin, reces-
sions were observed in the present study (FGG group: 
−  0.31 ± 0.23  mm; Control Group: −  0.61 ± 0.36  mm). 
This is less than a previous one-year longitudinal section 
study showing recession of the mucosal margin around 
the implant of about 1  mm [40]. One possible explana-
tion for this is that this study performed FGG before 
implant placement. Moreover, the gingival biotypes 
which is not clear in the previous study included in this 
study were all medium to thick. Tian et al. evaluated the 
changes in peri-implant soft tissue morphology with time 
after immediate implant placement and restoration of 
the maxillary central or lateral incisor [28]. Their results 
revealed average mucosal recession of 0.24 ± 0.37 mm on 
the labial side after 1 year which is lower than this study. 
This might be due to the difference of implant site and 
implant pattern.

In this study, soft tissue collapse was observed in the 
two groups. ΔASTT in the FGG group was − 0.33±0.21 
mm, −  0.32±0.21 mm, and −  0.21±0.16 mm at 1, 3, 
and 5 mm below the mucosal margin, respectively, at 
12 months after baseline, while in the Control group 
values were −  0.67±0.28 mm, −  0.67±0.31 mm, and 
−  0.51±0.24 mm, respectively (Table  3). Two previous 
randomized controlled clinical studies reported peri-
implant soft tissue thickness changes without soft tis-
sue augmentation within a 1-year period, with collapse 
of − 0.15±0.20 mm (1 mm below the mucosal margin), 
− 0.06±0.20 mm (3 mm below the mucosal margin), and 
− 0.20±0.51 mm (5 mm below the mucosal margin) [41], 
and − 0.27±0.19 mm (1 mm below the mucosal margin), 
−  0.25±0.24 mm (3 mm below the mucosal margin), 
and − 0.33±0.32 mm (5 mm below the mucosal margin) 
[42], respectively. Certain procedures have subsequently 
been used to improve this collapse. For example, Huber 
et  al. reported a general collapse of −  0.20±0.14 mm 
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with a connective tissue graft performed 3 months before 
the second-stage procedure [21]. In the present study, 
ΔASTT in the FGG group were in line with those in the 
above previous studies, while those in the Control group 
were inferior. Possible explanations for this difference are 
the timing or category of soft tissue augmentation (FGG 
before implant placement) and the implant site selected 
in this study (posterior region). A bigger sample size is 
needed to confirm these findings.

In addition, although significant differences of changes 
in width of KM were not found between the FGG and 
Control group, the results for width of KM were larger in 
the FGG group than the Control group (Table 3), suggest-
ing that FGG is beneficial in terms of increasing kerati-
nized mucosa. Possible reason for this is that, in this 
study, FGG was performed before implant placement, 
and the definitive crown was inserted about 11  months 
after FGG. The period of graft shrinkage might have 
passed. For shrinkage of the graft, Lim et al. revealed that 
the rate of graft shrinkage was largest within 6  months 
after FGG (24%) [43]. A one-year prospective study 
investigated the changes in width of KM around implants 
[44]. The authors performed FGG and two-stage implant 
placement simultaneously after ridge augmentation and 
suggested that width of KM decreased 1.40  mm (30%) 
within one-year follow-up. Therefore, similar changes 
pattern in width of KM was observed in the two groups.

However, there are limitations in this study. First, the 
sample size was small, and tracking time was short. Sec-
ond, this study only recruited posterior implant. FGG 
is commonly used in the posterior region because the 
color and texture of free gingival graft did not match well 
with the surrounding mucosa which limits its applica-
tion in the anterior region [45]. Third, researchers give 
special attention to patient-reported outcome measures 
(PROMs) which evaluate patient satisfaction on proce-
dures [46, 47]. Whereas, PROMs after FGG were not ana-
lyzed in this study because of limited sample size. Fourth, 
evaluation of clinical attachment loss and marginal bone 
loss were missing in that this study focuses more on peri-
implant soft tissue changes. They have been used as key 
indicators in several studies for determining peri-implant 
soft and hard tissue health [8, 31, 38, 48] and should be 
paid close attention in the future studies. Moreover, only 
one type of implant system was examined. Further stud-
ies are therefore needed to address these limitations.

Conclusions
In conclusion, minimal peri-implant soft tissue changes 
occurred in two groups. Performing FGG before implant 
placement is a viable procedure to maintain peri-implant 
soft tissue but might not affect peri-implant health during 

12  months follow-up. Small sample size and short-term 
follow-up must be taken into consideration.
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