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Mucosa Thickness and Peri-implant Crestal Bone Stability: 
A Clinical and Histologic Prospective Cohort Trial
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Silvio Mario Meloni, PhD, MSc4/Erta Xhanari, DDS5/David Penarrocha-Oltra, DDS, MSc, PhD6

Purpose: To correlate soft tissue thickness and peri-implant bone remodeling of platform-switching implants. 

Materials and Methods: This comparative prospective trial evaluated, for up to 3 years after implant loading, 

the influence of soft tissue thickness on changes in peri-implant marginal hard tissue levels. Any patient who 

was partially edentate in the mandible and required at least two adjacent implant-supported restorations was 

recruited at the University of Valencia in Spain. A 3-mm tissue punch biopsy, which corresponded to a diameter 

slightly smaller than the coronal diameter of the implants, was performed using a circular mucotome. Afterward, 

implants with a length of 10 to 13 mm and a diameter of 3.8 mm were inserted. Outcome measures were implant 

and prosthesis survival rates, marginal hard tissue changes, any complications, and results of morphologic and 

histomorphometric analyses. Correlation between mucosa width components (epithelium, connective tissue, 

and epithelium and connective tissue) and radiographic bone loss at 1 and 3 years after loading was performed 

at the patient level. Statistical significance was set at P ≤ .05. Results: A total of 26 samples in 26 patients with 

68 implants were analyzed. The specimens were divided into two groups: group 1 (16 patients, 40 implants), with 

thin mucosa (≤ 2 mm), and group 2 (10 patients, 28 implants), with thick mucosa (> 2 mm). Two dropouts (two 

specimens) were recorded at the 3-year follow-up. None of the implants or definitive prostheses failed during 

the healing period, resulting in an overall implant and prosthesis cumulative survival rate of 100%. No major 

biologic or mechanical complications were recorded. The mean (standard deviation, SD) epithelium thickness 

was 430.33 (250.21) µm; the mean (SD) connective tissue thickness was 1,324.31 (653.46) µm, and the mean 

(SD) mucosa thickness was 1,751.29 (759.53) µm. Comparisons of radiographic bone loss between group 1 

and group 2 failed to show any statistically significant differences at the 1-year (P = .290) or 3-year (P = .090) 

follow-up examinations. Conclusion: The initial mucosa thickness surrounding a bone-level platform-switching 

implant seems not to influence the pattern of physiologic marginal bone loss. Int J Oral MaxIllOfac IMplants 2017  
(7 pages). doi: 10.11607/jomi.5349
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Prospective studies using matched-abutment implants 
reported initial physiologic bone remodeling of up to 

2.0 mm 1 year after abutment connection.1 Different factors 
were described as contributing to this event, including 
crestal module design and biologic width establishment.2–4

Several randomized clinical trials and a systematic 
review found that implants with platform switching 
exhibited less bone loss compared with a traditional 
matching implant-abutment connection,2,4–6 while 
few studies found no differences.7 The microgap at the 
implant-abutment interface yields a chronic inflammatory 
response. Hence, bone remodeling may be expected 
to reestablish the biologic width.3 The biologic width 
around teeth is defined as the soft tissue dimension 
comprising the junctional epithelium and the connective 
tissue attachment.8 Dental implants present analogous 
histologic structures.9,10 These structures measured about 
3 to 4 mm around implants, with the sulcular epithelium 
ranging between 1.5 and 2 mm and the connective tissue 
between 1 and 2 mm.3,9 Varying gingival phenotypes have 
been described in the literature, and they mainly have 
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been divided into two groups: thick and thin gingival 
biotypes.10,11 Claffey and Shanley12 proposed that a thin 
gingival biotype might be correlated to periodontal 
diseases. Similarly, in implant-supported restorations, the 
presence of thick soft tissues was considered a crucial 
factor for long-term success.13

Animal and human studies have shown that peri-
implant mucosa width might affect the peri-implant 
hard tissue levels. Berglundh and Lindhe14 found that 
thin soft tissues around implants might be related to 
marginal hard tissue–level changes during the formation 
of biologic width. In a controlled study, Linkevicius et 
al15 confirmed the hypothesis suggested in a previous 
animal study and reported that soft tissue thickness of 
2 mm or less may produce more bone resorption com-
pared with implants placed in thick tissues, regardless 
of implant depth. The same authors also reported that 
although the platform-switching concept was proven 
to be an effective strategy to reduce peri-implant bone 
resorption, it does not preserve bone when implants 
are inserted in thin tissues.16 A recent systematic review 
concluded that implants placed in thicker soft tissues 
might present less marginal bone remodeling.17 However, 
the study highlighted the influence of confounding 
factors, such as platform switching, type of retention, 
and type of surgical approach.

The importance of a thick biotype was confirmed in 
a recent study by Puisys and Linkevicius.18 In addition, 
Favero et al19 demonstrated that thickening thin soft 
tissues could produce minimal bone level changes, 
similar to that with implants inserted in a native thick 
biotype. However, no histologic analysis was performed, 
and soft tissue thickness was visually measured at the 
vestibular aspect after crestal incision with a 1.0-mm-
marked periodontal probe. Thus, histologic analysis of 
thin tissues around platform-switching implants and their 
correlation with clinical peri-implant bone resorption 
remain to be established.

The aim of this histologic prospective cohort study 
was to assess the impact of the soft tissue thickness on 
marginal hard tissue–level changes around implants 
with a platform-switching design. The null hypothesis 
was that thin soft tissues are associated with more bone 
resorption around implants on function compared with 
thick tissues. This study was reported according to the 
STROBE statement.20

MATERIALS AND METHODS

Patients were selected and treated at the Department 
of Oral Surgery and Implantology Unit, Stomatology 
Department, Faculty of Medicine and Dentistry, Uni-
versity of Valencia in Spain, between January 2012 and 
January 2013. The study was performed according to the 

Declaration of Helsinki after approval was received from 
the institutional review board of the University of Valencia.

All patients 18 years or older with missing teeth 
in the mandible who required at least two adjacent 
implant-supported restorations and were able to sign 
an informed consent form were eligible for this study. 
Inclusion criteria were a partially edentulous mandible 
according to Kennedy Class I, II, and III; sites healed 
for at least 6 months; and adequate bone volume to 
insert implants without an augmentation procedure 
(horizontal width > 7 mm). Exclusion criteria were active 
periodontitis or peri-implantitis, absence of sufficient 
keratinized tissue for harvesting 3-mm biopsy specimen, 
smoking habit, pregnant and lactating patients, history 
of bisphosphonate therapy, malignant diseases or other 
diseases treated with radiotherapy or chemotherapeutic 
agents (chemotherapy) during the past 2 years, history 
of head and neck radiation treatment, and alcohol or 
drug abuse. Patients were informed about the protocol 
before being enrolled in the study.

Treatment
Before surgery, patients underwent scaling, root planing, 
and oral hygiene instruction. Prophylactic antibiotic 
therapy was prescribed. Patients were treated under 
local anesthesia (articaine with adrenaline 1:100,000). 

A 3-mm tissue punch biopsy corresponding to a 
diameter slightly smaller than the coronal diameter of 
the implants was performed using a circular mucotome. 
The small disk of full-thickness mucosa was gently raised 
above the incision using an atraumatic surgical elevator 
(2/4 molt surgical curette, Hu-Friedy). The soft tissue 
specimen was then immediately fixed in 4% buffered 
paraformaldehyde for 6 hours and collected, according 
to a standardized soft tissue protocol.21 An independent 
examiner not otherwise involved in the study collected all 
soft tissue specimens. After full-thickness flap elevation, 
implants with a length of 10 to 13 mm and a diameter of 
3.8 mm (Premium SP, Sweden & Martina) were inserted. 
The same experienced, blinded clinician (L.C.) placed all 
implants slightly below the crestal bone level, according 
to the manufacturer’s surgical indications (Fig 1). Once 
the healing screw (0.35 mm of platform switching) was 
inserted, suturing was performed. Two weeks later, the 
sutures were removed, and 2 months after that, defini-
tive restorations (0.35 mm of platform switching) were 
cemented. Splinted restorations were used to better 
distribute occlusal loading. The occlusion was adjusted to 
prevent any premature contacts. Patients were recalled 
every 4 months for hygiene maintenance. 

Radiographic Measurements
Marginal bone–level changes were measured from the 
abutment connection less than 0.5 mm to account for 
the smooth implant collar of the platform-switching 
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implants as a reference. Radiographs were obtained 
at baseline (T0, 3 months after implant insertion) and 
at clinical follow-up visits 1 (T1) and 3 (T2) years after 
loading (Fig 2). A digital film holder was used to ensure 
a reproducible radiographic analysis. Following the 
method of Canullo et al,2 all readable radiographs were 
displayed by means of dedicated image analysis software 
(Autocad 2006, version Z 54.10, Autodesk) calibrated for 
every image using the known distance (pitch) between 
two consecutive implant threads. Measurements of the 
mesial and distal bone levels adjacent to each implant 
were made to the nearest 0.05 mm and averaged at 
the patient level. According to the study protocol, two 
adjacent implants were measured to avoid any bias due 
to eventual presence of bone peaks between adjacent 
implants or teeth. Two independent blinded examiners 
(MT, EX) performed all bone-level measurements. The 
mean value was used for the statistical analysis, and the 
κ index between investigators was calculated.

Morphologic Analysis
Cross sections of the punch biopsy sample embedded 
in polymethyl methacrylate were obtained using a 
tungsten carbide knife on an Autocut 1150 microtome 
(Reichert-Jung). Sections were stained with toluidine 
blue, trichrome Gomori, trichrome Masson, trichrome 
Ladewig, or Verhoeff stain.21 All section slides were digi-
tized using a brightfield and fluorescence slide scanner 
(Leica SNC400 F, Leica Biosystems) and observed at 5× 
magnification. Morphologic analysis (epithelium thick-
ness, connective tissue thickness, mucosa thickness) was 
performed using dedicated software for image analysis 
(ImageJ, version 1.46, US National Institutes of Health) 
(Fig 2). The measurements (25 for epithelium thickness, 
25 for connective tissue thickness, and 25 for mucosa 
thickness), in millimeters, were averaged, following the 
methodology proposed by Laliberté et al.22 The samples 
were divided into two groups based on mucosa thickness 
(epithelium and connective tissue), according to the 

Figs 1a to 1c  Clinical sequence at the time of implant insertion.

a b c

Fig 2  Radiographic analysis at (a) T0 (baseline), (b) T1 (1-year follow-up), and (c) T2 (3-year follow-up).

a b c
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classification proposed by Linkevicius et al:15,16 Group 
1 consisted of samples with thin mucosa (≤ 2 mm) and 
group 2 consisted of samples with thick mucosa (> 2 
mm). A well-trained examiner, not previously involved 
in this study, performed all morphologic measurements.

Statistical Analysis
The authors analyzed the data using a preestablished 
plan. The patient was the statistical unit of the analyses. 
The Fisher exact test was used to compare differences 
between groups in the proportion of patients with 
prosthesis failures, implant failures, and complications. 

The Kolmogorov-Smirnov normality test and Lev-
ene variance homogeneity test were applied; the data 
showed a skewed distribution and were analyzed using 
a nonparametric ranking test. 

Pearson’s correlation coefficient was used to evaluate 
the correlation between mucosal tissue composition and 
radiographic bone loss after 1 and 3 years of loading. 
The Student t test for two independent samples was 
used for quantitative variables, in each case determining 
whether variances were homogenous. P value was set 
at .05 for all statistical comparisons.

RESULTS

A total of 26 samples (26 patients with 68 implants) 
were analyzed. Seventy-five measurements each were 
made for morphologic analysis of epithelium thickness, 
connective tissue thickness, and mucosa thickness using 
dedicated software for image analysis (ImageJ, version 

1.46) (Fig 3). According to the method of Linkevicius 
et al,15,16 the specimens were divided into two groups: 
group 1 (n = 16), mucosa thickness ≤ 2 mm and group 
2 (n = 10), mucosa thickness > 2 mm.

By the end of the study, two patients (two speci-
mens) had dropped out. None of the implants or 
definitive prostheses failed during the healing period 
(P = 1.000), resulting in an overall implant and pros-
thetic cumulative survival rate of 100%. No major 
biologic or mechanical complications were observed 
(P = 1.000).

The mean (standard deviation [SD]) epithelium 
thickness was 430.33 (250.21) µm; the mean (SD) con-
nective tissue thickness was 1,324.31 (653.46) µm; and 
the mean (SD) mucosa thickness was 1,751.29 (759.53) 
µm. After an initial mean (SD) marginal bone loss of 
0.31 (0.46) mm, all implants were in stable condition 
at the 3-year follow-up examination, with a mean (SD) 
marginal bone loss of 0.39 (0.48) mm.

At the 1-year follow-up examination, no or very 
weak correlation was found between connective 
tissue (r = 0.003; P = .989), epithelium (r = –0.247; 
P = .224), and mucosa (epithelium and connective 
tissue) thickness (r = –0.090; P = .663) (Fig 4) and 
radiographic bone loss. Three years after loading, 
a weak correlation was found for all comparisons 
(r = –0.277, –0.206, and –0.286, respectively) (Fig 5). 
Tables 1 and 2 present these data.

No statistically significant differences in radiographic 
bone loss were found between group 1 and group 2 
at the 1-year (P = .414) or 3-year (P = .107) follow-up 
examinations. Data are presented in Table 3.

DISCUSSION

The aim of this prospective cohort study was to examine 
the impact of soft tissue width on peri-implant marginal 
hard tissue–level changes for up to 3 years after loading. 
The results showed no statistically significant association 
between peri-implant marginal bone loss and soft tissue 
width. Therefore, the null hypothesis that a thin biotype 
produces major bone resorption around an implant on 
function was rejected in favor of the alternative hypothesis 
that bone resorption for a thin biotype does not differ 
from that for a thick biotype.

The main limitation of this study was the recruitment 
of patients with a partially edentulous mandible accord-
ing to Kennedy Class I, II, and III. Thus, the results may 
be generalized only to posterior mandibles. Another 
limitation is the small sample size, which could have 
hidden some differences between groups. Finally, soft 
tissue samples were obtained at implant placement, and 
they did not have exactly the same thickness as the final 
peri-implant soft tissues.

a b

c d

Fig 3  Morphologic analysis to measure the thickness of epi-
thelium, connective tissue, and mucosa using software for im-
age analysis (ImageJ, version 1.46, US National Institutes of 
Health). (a) Scanned image at magnification ×5. (b) Epithelial 
area selected for measure; (c) connective tissue area selected 
for measure; (d) mucosa thickness analysis (25 measurements 
each for epithelium thickness, connective tissue thickness, and 
mucosa thickness).
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Fig 4  Correlation between mucosa thickness (epithelium and con-
nective tissue) and radiographic bone loss after 1 year of loading.

Fig 5  Correlation between mucosa thickness (epithelium and con-
nective tissue) and radiographic bone loss after 3 years of loading.
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Table 1  Correlation Between Epithelium Thickness, Connective Tissue Thickness, and Mucosa 
(Epithelium and Connective Tissue) Thickness and Radiographic Bone Loss (0.31 ± 0.46 mm) 
After 1 Year of Loading (Average Values of Mesial and Distal Surfaces)

Correlation (n = 26) Mean ± SD (µm) r P value

Epithelium thickness 430.33 ± 250.21 –0.247 .224

Connective tissue thickness 1,324.78 ± 653.46 0.003 .989

Mucosa thickness 1,751.29 ± 759.53 –0.090 .663

Table 2  Correlation Between Epithelium Thickness, Connective Tissue Thickness, and Mucosa 
Thickness and Radiographic Bone Loss (0.39 ± 0.48 mm) After 3 Years of Loading  
(Average Values of Mesial and Distal Surfaces)a 

Correlation (n = 26) Mean ± SD (µm) r P value

Epithelium thickness 430.33 ± 250.21 –0.277 .190

Connective tissue thickness 1,324.78 ± 653.46 –0.206 .333

Mucosa thickness 1,751.29 ± 759.53 –0.286 .176
aTwo patients (two specimens) dropped out at the 3-year follow-up examination.

Table 3  Comparison of Radiographic Bone Loss After 1 and 3 Years of Loading (Average Values of 
Mesial and Distal Surfaces) Between Study Groups

Bone loss (mm), mean (range)

P valueGroup 1a (n = 16) Group 2b (n = 10)

After 1 year of loading 0.27 (–0.28 to 1.21) 0.17 (–0.55 to 0.87) .414

After 3 years of loading 0.35 (–0.05 to 1.63)c 0.11 (–0.33 to 0.73) .107
aGroup 1: Thin mucosa (≤ 2 mm).
bGroup 2: Thick mucosa (> 2 mm).
cTwo patients (two specimens) dropped out at the 3-year follow-up examination.
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The results of this study disagree with those of previ-
ous studies on the topic,15,16,18 as well as with a recent 
systematic review.17 A possible explanation for these 
differences is the small sample size and different tech-
nique used to measure the thickness of the mucosa. Most 
researchers report using a periodontal probe after partial 
flap deflection,15,16,18 which allows for measurements to 
be made to the nearest millimeter. However, this method 
is affected by possible bias consisting of  nonstandardized 
periodontal probe inclination, flap incision line angula-
tion, and flap mobility. Furthermore, this method allows 
measurement of only the tissue thickness (quantity), 
with no information regarding its quality. In the present 
study, the soft tissue thickness was histologically mea-
sured. The major advantages of this method are that it 
provides accurate objective measurements of the tissue 
thickness, as well as distinguishes between epithelium 
and connective tissue components, which offers some 
idea about the quality of the tissues. The biopsy sample 
was obtained by means of a tissue punch that allowed 
a wider portion of the soft tissue to be included. The 
histologic sample was prepared at the time of implant 
placement, once the incision line was performed but 
before the flap was raised, thus avoiding any bias due 
to flap mobility and cutting angle that may affect the 
measurements. Furthermore, the surgeon was blinded, 
avoiding any bias caused by the knowledge of the soft 
tissue thickness immediately before implant placement.

Peri-implant bone resorption occurs mainly during 
the first year of loading and seems to occur irrespective 
of any effort to prevent it.4,23 Peri-implant bone resorp-
tion is mediated by the bone inflammatory response. 
Although this topic is controversial, the inflammatory 
response seems to depend on the interaction between 
the patient’s individual inflammatory pattern and the 
local environment (presence of inflammatory cells in 
the bone).24 Crestal tissue quality, quantity, and com-
position have been linked to marginal bone changes 
and risk of inflammatory complications.24 At the same 
time, surgical and prosthetic procedures could affect 
the expression of this phenotype.24 In fact, although 
etiologic factors explaining crestal bone loss have not 
been completely elucidated, several factors have been 
described: surgical trauma,4 microbiologic contamination 
at the implant-abutment microgap,10 and the implant-
abutment design.4,25,26 Designs and surfaces are critical 
factors for determining the amount of peri-implant 
bone loss.27–29

In cases of cemented restorations, subgingival resin 
cement remnants might represent an additional factor 
regarding the peri-implant inflammatory response.30

Implant-abutment connections are based on a design 
that permits the abutment and implant to fit together, 
creating a microgap visible both microscopically and mac-
roscopically. Micromovements at the implant-abutment 

interface have been described as direct and indirect fac-
tors affecting peri-implant bone stability.31 This microgap 
not only allows for movement of bacteria and toxins 
to and from the abutment-implant external interface, 
but also allows for micromovements of the abutment 
within the implant.32 Furthermore, micromovements can 
create abutment screw loosening and a “micropumping 
effect” that expels additional bacteria and toxins at 
the implant–soft tissue interface, including increased 
inflammatory cells at the osseous crest, causing soft 
tissue detachment and crestal bone loss.32 Moreover, 
Stanford and Brand,33 applying Frost’s bone mechanostat 
theory to the bone-implant interface,34,35 suggested that 
longitudinal implant stability was associated with the 
correlation between occlusal loading and strain-driven 
bone remodeling. Peri-implant hard tissue may adjust 
its mechanical strength and architectural connectivity 
by means of this interaction.33,36

Another possible factor involved in marginal bone 
loss is the stability of peri-implant soft tissues. Several 
studies37–41 describe the need for keratinized tissue 
around the implant neck as a control factor for peri-
implant bone loss.

According to Linkevicius et al15,16,18 and De Almo et 
al,17 soft tissue thickness around the implant neck seems 
to be correlated with peri-implant marginal bone loss, 
but this finding was not supported by the results of the 
present study. As mentioned earlier, some important 
differences in techniques used to measure the soft tissue 
thickness (histologic analysis instead of clinical method, 
use of blinded examiner) might explain the different 
study results. Moreover, in the present study, the role 
of soft tissue thickness was investigated when placing 
platform-switched implants with internal connections 
in the presence of at least 2 mm of stable keratinized 
gingiva around the implant neck. In addition, implants 
were submerged slightly below the crestal bone to avoid 
eventual exposure of the implant collar after the surgical 
phase, according to Vervaeke et al.42

In the presence of these factors, it is possible that soft 
tissue vertical thickness plays a minor role, but similar 
to other etiologic factors involved in marginal bone 
loss, the role of soft tissue thickness should be further 
investigated in clinical trials with larger sample sizes.

CONCLUSIONS

Within the limits of the present study, the initial mucosal 
thickness surrounding a bone-level platform-switching 
implant does not seem to influence the pattern of physi-
ologic marginal bone loss.
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