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ABSTRACT
Aim & Hypothesis: There is no agreement on the minimal amount of keratinized mucosa
(KM) that is needed around dental implants and, therefore, whether augmentation techniques
in the absence of KM are recommended. While some authors recommend mucogingival
procedures for patients who have discomfort during brushing at the implant site or to obtain
satisfactory esthetic results, no study has systematically assessed and compared discomfort
during brushing, patient peri-implant soft tissue esthetic satisfaction (TES) and other clinical
parameters between implants with and without KM. The aim of this study was to evaluate the
discomfort while performing oral hygiene around implants with and without KM and to
assess the TES and other clinical parameters 3 months after crown delivery. Materials &
Methods: Group 1 consisted of subjects with implants surrounded by KM at the time of
second stage surgery, and group 2 subjects with implants without KM. Discomfort during
brushing was measured 3 months after crown delivery by means of a validated visual
analogue scale (VAS). The outcomes were then compared in the 2 groups using MannWhitney test. In addition, plaque index (PI), bleeding on probing (BoP), pocket depth (PD),
peri-implant recession (REC), and VAS for TES were recorded. Results: Nineteen subjects
completed the study, 12 in group 1 and 7 in group 2. There was a statistically significant
difference in the 2 groups in terms of PI at the mid-buccal site (P = 0.02) and VAS for TES
(P = 0.03). In addition, a trend toward significance was reported for BoP at the mid-buccal
site (P = 0.10), BoP at the disto-buccal site (P = 0.15), PD at the mesio-buccal site (P = 0.10),
and REC at the mid-buccal site (P = 0.06). Conclusions: The preliminary data obtained in
this study show that subjects rehabilitated with dental implants surrounded by AM reported
less esthetic satisfaction in regard to their peri-implant soft tissues. In addition, those sites
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had more plaque accumulation on the mid-buccal aspect and showed a tendency to higher
bleeding on probing, pocket depth and peri-implant recession. Further investigation will need
to confirm these findings ultimately allowing specific treatment recommendations.
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The Impact of Peri-implant Soft Tissue Properties on
Patient-reported and Clinically Assessed Outcomes:
A Prospective Study

Similar to natural teeth, soft tissues around dental implants can be classified as keratinized
mucosa or alveolar mucosa. Keratinized mucosa (KM) has a keratinized epithelium and
adheres firmly to the underlying bone.1 Due to these histological characteristics, KM has
been postulated to be more resistant to mechanical and biological trauma such as tooth
brushing and plaque accumulation than alveolar mucosa (AM). This leads to the concept that
an “adequate” amount of KM is essential for periodontal health. Many authors have explored
this topic by measuring the clinical parameters for inflammation such as bleeding scores,
gingival indexes and periodontal probing depths around teeth with different amounts of
KM.2-8 Physiologically, between 1 and 9 mm of keratinized tissue is identified around
teeth.9,10 According to a landmark study, however, the prerequisite for gingival health is the
presence of at least 2 mm of keratinized tissue.2 Gingival inflammation in terms of increased
gingival index, was never found in patients that exhibited at least 2 mm of keratinized tissue
around teeth and an excellent oral hygiene. Although the association between periodontal
inflammation and absence of keratinized tissue was not confirmed in other studies,3,4 there is
a general consensus that around teeth a minimal width of 2 mm of keratinized tissue is
needed to prevent inflammation if a patient’s plaque control is not adequate and if subgingival restorations are required.5-8
While there is some agreement on the minimal amount of keratinized tissue that is needed
around teeth, this question is not sufficiently answered for dental implants. The importance
of KM to maintain peri-implant soft tissue health becomes particularly relevant if the fact is
taken into consideration that the inflammatory connective infiltrate in response to plaque
accumulation is more apically located around implants compared to natural teeth.11 Periimplant connective tissue lacks collagen fibers directed perpendicular to the implant surface
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and exhibits collagen fibers oriented parallel to the implant surface without connection to the
implant.12 From a structural point of view this might imply a weaker interface between
implant and soft tissues. If the connective tissue attachment to implants does not produce a
sufficient ‘seal,’ one could speculate that KM is required to maintain periodontal health
around implants and that implants with non-keratinized mobile alveolar mucosa would be
associated with higher levels of periodontal inflammation compared to those with KM.
Mericske-Stern and colleagues13 demonstrated prospectively that in edentulous patients
treated with mandibular implant-supported overdentures, 45% of implants had less than 2
mm of KM. Moreover, those implants did not have higher plaque indexes, gingival
inflammation or bleeding on probing compared to sites with KM. All examined units were
one-stage implants loaded after 6 months. In the same year, Wennström and colleagues14
found in a retrospective study a poor correlation between soft tissue inflammatory parameters
and the presence of less than 2 mm of KM at the mid-buccal and mid-lingual aspect of
maxillary and mandibular implants, placed in fully and partially edentulous patients. In this
study, two-stage implants ad modum Branemark were placed and subsequently uncovered
and loaded. Despite differences in study design and surgical and prosthetic protocols, the
aforementioned authors found similar results by demonstrating that there was no strong
correlation between the presence of an “adequate” amount of KM and the maintenance of
soft tissue health around dental implants. The cutoff of 2 mm used in both studies derived
from previous work conducted around teeth and not implants. This might explain the choice
of Bengazi and associates15 some years later to classify implants according to the presence or
absence of KM. No correlation was found prospectively between clinical inflammatory
parameters and the presence of KM. In 2006, two retrospective studies were conducted on a
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group of 339 implants after 8 years in function, and on a group of 999 implants with 9-14
years of follow-up.16,17 The results were contradictory. Chung et al.16 found that implants
with a lack of KM presented higher gingival inflammation and bleeding indexes, especially
for posterior implants. By contrast, Roos-Jansaker et al.17 demonstrated that the presence of
KM was positively associated with mucositis. In other words, since there is KM, and the
peri-implant soft tissue is less prone to mucosal recession, bleeding and increased probing
depths are more common. Those are the clinical parameters used to define inflammation
around implants (also termed peri-implant mucositis). Other retrospective studies in the
following years failed to provide a consensus: some authors advocated for an association
between KM and inflammation, whereas others did not.18-20 In particular Bouri and
colleagues18 demonstrated that implants with less than 2 mm of KM had more bone loss and
bleeding on probing, which are diagnostic parameters for peri-implantitis. Other authors also
investigated the association between the quality of peri-implant mucosa and peri-implant
disease. Zigdon & Machtei19 tried to find a correlation between the quality of peri-implant
mucosa and biochemical parameters involved in peri-implant disease pathogenesis. They
focused on PGE2, which is an inflammatory cytokine that can be isolated in the peri-implant
crevicular fluid by means of ELISA techniques. The authors did not report increased levels
of PGE2 at dental implants with lack of KM. Similarly, Il-1ß, another cytokine involved in
the process of bone resorption,21 was not correlated with the quality of peri-implant tissues in
edentulous patients rehabilitated with implant-supported overdentures.
Whereas most authors focused on the width of KM, Zigdon & Machtei18 also reported its
thickness and classified less than 1 mm of KM thickness as thin KM. Since a thin KM was
associated with more pronounced peri-implant recession, the authors concluded that KM
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thickness might play a key role in the maintenance of a healthy and stable peri-implant
mucosal margin. Another landmark study was conducted by Schrott and colleagues in
2009.22 They designed a multi-center prospective study that reported 5 years follow-up data
of 58 patients rehabilitated with 307 one-stage dental implants and fully edentulous maxillary
and mandibular restorations. The authors demonstrated that plaque accumulation and
bleeding on probing were increased at lingual sites of mandibular implants that had less than
2 mm of KM at the time of prosthesis delivery. Also, recession was found to be highly
associated with the lack of KM on the mid-buccal aspect.
Nevertheless, a recent Cochrane systematic review stated that, although the presence of KM
might be beneficial to the patient in terms of peri-implant tissues health, procedures aimed to
increase its width are not supported by sufficient scientific evidence.23 The 3rd European
Association of Osseointegration Consensus Conference that took place in 2012 in Pfaffikon,
Switzerland, reached a similar conclusion.24 Since there is no strong evidence with regard to
the association between KM and peri-implant periodontal health, the participants
recommended the maintenance of the existing KM around implants during treatment, but no
additional grafting procedures, unless the patient reports pain and discomfort while brushing
around an implant without KM or unless there are esthetic concerns. Due to difficulty with
applying adequate oral hygiene measures (OH), plaque might accumulate around implants
surrounded by mobile peri-implant alveolar mucosa. If a grafting procedure creates a firm
band of KM around the implant, it can be speculated that a better plaque control will be
achieved.24 This will lead to a decreased level of periodontal inflammation and peri-implant
health.
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Discomfort while brushing at implant site is a parameter that clinical trials should include.25
In a recent prospective study it was reported that 6 patients out of 16 reported discomfort
while brushing implants without KM,26 while nobody did in the group of implants with KM.
Higher plaque accumulation was also found around implants without KM. In this study,
however, there was no standardization in terms of OH instructions and it is not possible to
determine whether the difference in terms of discomfort during brushing was due to the
presence/absence of KM or the difference in brushing techniques between the two groups. In
addition the measurement of the outcome discomfort during brushing was poorly described.
It is also unclear whether a questionnaire was developed or not and if the same question was
asked to each participant. Finally an esthetic evaluation of the implant-supported restoration,
prior to as well as following the grafting procedure, was not reported.
The assessment of esthetic outcomes has been gaining interest in implant literature over the
last few years. The Pink Esthetic Score (PES)27 is a recently introduced parameter that allows
clinicians to consistently assess the appearance of peri-implant soft tissue, by evaluating 7
different factors. The factors are: mesial and distal papilla height, level of peri-implant
margin, contour, soft tissue color and texture and deficiency of the alveolar ridge. It is
important to understand, however, that clinicians and patients perspectives may differ,
especially with regard to esthetics.28,29 It has been demonstrated that edentulous patients are
predominantly satisfied with the esthetic outcome of full-mouth fixed restorations or implantstabilized overdentures,29 as well as dentate patients who received single implant
restorations.28 However, if the esthetic evaluation is centered on the appearance of the soft
tissue marginal level and papilla height, dentate patients seem to be less satisfied.28
Supananchata and colleagues28 stated that soft tissue less optimal esthetic evaluation has no
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correlation with the overall patient esthetic judgment, but they also reported that this
association almost reached a statistical significant difference. In addition they conducted a
retrospective study, in which patients predominantly satisfied with their treatment were more
willing to participate. Further prospective studies are needed to evaluate patient esthetic
satisfaction, with special emphasis on the peri-implant soft tissue appearance.
The aim of this study was to evaluate patient discomfort while performing oral hygiene (OH)
around implants with and without KM and assess peri-implant soft tissue esthetic satisfaction
and other clinical parameters at the 3-month follow-up visits.
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Aim and Hypothesis
The hypotheses underlying this proposal were (1) that dental implants surrounded by
keratinized mucosa (KM) had better patient-reported outcomes regarding discomfort during
brushing compared with those that lack KM; (2) that dental implants with KM showed more
favorable clinical outcomes (plaque index, bleeding on probing, pocket depth and periimplant recession) compared with those without KM and (3) that dental implants with KM
had higher patient peri-implant tissue esthetic satisfaction (TES) compared with those
without KM at the 3-month follow-up visit. To test these hypotheses, we proposed the
following 3 specific aims:

AIM 1: Compare patient-reported outcomes (discomfort during brushing) around dental
implants with and without KM

AIM 2: Compare clinical parameters (plaque index, bleeding on probing, pocket depth and
peri-implant recession) around dental implants with and without KM

AIM 3: Compare patient peri-implant tissue esthetic satisfaction (TES) at dental implants
with and without KM
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Research Design
This was a prospective study with a 3-month follow-up examination. Two groups were
identified: subjects rehabilitated with implants with keratinized mucosa (group 1) and
subjects who had implants without keratinized mucosa (group 2).
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Materials and Methods
Patients were recruited in the Department of Periodontology at Tufts University School of
Dental Medicine (TUSDM), Boston. Patients were included in the study if they had implants
placed according to a two-stage surgical approach, and that needed to be exposed with a
second stage surgical procedure. Partially edentulous patients who had single or multiple
implants placed not adjacent to one-another that needed to be restored by implant-supported
screw-retained or cemented fixed restorations were part of the study. Patients were excluded
if they were under 18 years of age, and they were unwilling to sign the informed consent
form. They were excluded if they were non-English speaking, and if they self-reported
pregnancy or heavy smoking habits (≥10 cigarettes/day). Subjects who had allergy to iodine
and/or potassium iodine were also excluded.
The patients were informed about the aim and the study design and informed consent was
obtained at the first visit, which was scheduled at least 3 months following implant
placement. Study participants’ characteristics, such as age, gender, and smoking habits, as
well as their medical and dental history, were recorded. Then, the second stage surgery was
performed. Under local anesthesia, a punch of soft tissue was removed to uncover the
implant by means of a 15 blade (punch technique). The cover screw was carefully retrieved
and the healing abutment placed (Fig. 1-3). After verifying the correct fit of the healing
abutment on a radiograph, one single operator (FB) applied a cotton roll soaked in Lugol’s or
Schiller’s solution (2% iodine, 4% potassium iodine and 94% distilled water), to stain the
alveolar mucosa (AM) at the implant site and therefore to distinguish the KM from the AM.
Two groups were subsequently identified: implants with KM (group 1) and those with no
KM (group 2). In particular, a manual periodontal probe with 1 mm markings (Thin
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Williams/CP-11.5B, Hu-Friedy, Chicago, IL, USATM) was used to measure the distance from
the peri-implant margin and the muco-gingival junction at the mid-buccal site. 13-15,18-20,22 If
the measurement was not a whole number, it was rounded to the closest whole number (Fig.
4, 5).22 At the same time and site, 1 mm below the peri-implant mucosal margin, mucosal
thickness (MT) was measured. MT was evaluated inserting a 27G needle with a rubber stop
(Fig. 6). The needle was quickly retrieved and the distance between the rubber stop and the
point of the needle was measured with the same manual periodontal probe. If the
measurement was not a whole number, it was rounded to the closest whole number.
The subjects were seen following delivery of the implant restoration, also called implant
loading (Fig. 7, 8). Patients were instructed to use manual toothbrush with a roll technique.30
Special emphasis was given to the correct use of SuperflossTM (Oral-B, Procter & Gamble)
around the prosthesis. Each subject was also provided with the same type of AdvantageTM
toothbrush (Oral-B, Procter & Gamble) and a package of SuperflossTM. At the same visit, the
examiner measured KM and MT at the mid-buccal aspect of the implant site, and recorded
the type of implant restoration, single or multiple units and screw- or cement-retained.
Three months after implant loading, patients were seen for the follow-up visit. Oral hygiene
instructions were reinforced and the examiner collected the following parameters: visual
analogue scale (VAS)31,32 for discomfort during brushing, KM, MT, full-mouth plaque score
(FMPS), plaque index (PI), bleeding on probing (BoP), pocket depth (PD), peri-implant
recession (REC) and VAS for patient peri-implant tissue esthetic satisfaction (TES).
The primary outcome was discomfort while brushing the implant site, which was measured
by means of VAS. A previously validated questionnaire containing a 10 cm VAS was
developed (see Appendix C). The investigator asked this question. “If the left side of the
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scale is the absence of discomfort and the right side of the scale is extreme discomfort, how
much discomfort do you have during brushing your implant?” In case of multiple implants, a
questionnaire was developed for each one and the examiner clarified with the patient the
implant under examination. The patient circled or marked one of the vertical lines of the
scale with a black pen.
Secondary outcomes were KM, MT, FMPS, PI, BoP, PD, REC and VAS for TES at the 3month follow-up visit.
The presence or absence of visible plaque was measured in a dichotomous fashion at the
mesio-, mid- and disto-buccal and mesio-, mid- and disto-lingual sites of all teeth to record
FMPS.33
PI was recorded dichotomously at the mesio-, mid-, disto-buccal and lingual surfaces of the
implant restoration.19 The presence of plaque for PI was evaluated by running the probe
around the peri-implant sulcus.
Similarly, BoP was recorded dichotomously at the mesio-, mid-, disto-buccal and lingual
surfaces of the implant restoration.19 The presence of BoP was detected 15 seconds after
running a periodontal probe along the sulcus.
PD was recorded with the manual periodontal probe as the distance in mm between the periimplant margin and the base of the peri-implant pocket at mesio-, mid-, disto-buccal and
lingual surfaces of the implant restoration.
REC was measured at the mid-buccal site with the periodontal probe as the distance between
the restoration margin and the peri-implant mucosal margin.
Finally patients assessed peri-implant TES. While evaluating the appearance of the soft tissue
on a patient mirror, they were provided with a questionnaire with a 10 cm VAS (Appendix

12

C). The question on the survey was: “if the left side of the scale is no satisfaction and the
right side of the scale is extreme satisfaction, how satisfied are you with the appearance of
the gums around your implant?” They circled or marked one of the vertical lines of the scale
with a black pen.
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Statistical Analysis
Means and Standard Deviations (SD) for the continuous variables KM and MT were
prospectively determined and calculated within group 1 and group 2 at second stage surgery,
implant loading and 3-month follow-up visit. Means and standard deviations for continuous
variables VAS for discomfort during brushing and TES, FMPS, PD and REC were calculated
at 3-month follow-up visits and compared between the two groups. The means of discrete
variables PI and BoP were also calculated and compared between the two groups. Normality
of data was determined using Shapiro-Wilk test for normality. If data were normally
distributed, they would be analyzed as a continuous (not dichotomized) variable using t-test
to compare mean VAS between the two groups. If data were not normally distributed, VAS
would be dichotomized as low discomfort (less than the median value) and high discomfort
(greater than or equal to the median value), and Mann-Whitney test conducted to assess
statistical significance between group 1 and 2. The analysis was performed using the
statistical program SPSS (Version 22) with a level of significance of 0.05. Sample size was
calculated using nQuery Advisor (Version 7.0). Assuming that 37.5% in the non-KM group
(group 2) would have high discomfort26 and 2% in the KM Group (group 1) would have high
discomfort,26 a Type I error rate of 5%/2 = 2.5% per test, and a power of 80% would be
achieved as long as there are n=20 subjects with a KM implant and n=20 subjects with a nonKM implant.
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Results
This is the preliminary report of the first 19 out of 43 patients who participated in the study.
Patients were enrolled between January and October 2014. By the end of October 2014, 19
subjects had completed the study, while 1 dropped out due to inability to accommodate her
schedule to the study visits. The study is still ongoing for the remaining 23 subjects.
Table I presents the demographic characteristics of the study population who completed the
3-month follow-up visits by October 2014. The proportions of White non-Hispanic, AfricanAmerican and Asian subjects were 84.2% (n = 16), 10.5% (n = 2), and 5.3% (n = 1),
respectively. Seven subjects (36.8%) were woman and 12 (63.2%) were men. The ages
ranged from 28 to 79 years, with an average of 60. Nine subjects (47.4%) had systemic
diseases, which, however, were well controlled. Those included mild hypertension, type II
diabetes, hypercholesterolemia, hypothyroidism, arthritis and angina. No subjects reported
smoking habits, and 4 (21.1%) stated that they quit smoking more than 10 years prior.
All 19 subjects were partially edentulous, and they had previously received a total of 20 twostage dental implants. All dental implants had oxidized or sandblasted large-grit acid-etched
implant surfaces. Following second stage surgery, 12 subjects had 13 dental implants with
keratinized mucosa (KM, group 1), and 7 implants in 7 patients were without KM (group 2).
Table II summarizes the demographic characteristics of the subject population and Table III
the implants’ clinical characteristics in the 2 groups. All subjects in the two groups had single
implants. In group 1, 76.9% (n = 10) of implants were located in posterior sites (premolars
and molars), and the same proportion (n = 10) of implants were in the maxilla. In group 2 all
implants were located in maxillary posterior sites. In group 1, 69.2% (n = 9) of implants were
restored with screw-retained and 30.8% (n = 4) with cement-retained restorations. The
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proportions for screw- and cement-retained single crowns in group 2 were 57.1% (n =4), and
42.9% (n =3), respectively.
The statistical analysis was implant-based for both patient-reported (aims 1 and 3) and
clinically assessed parameters (aim 2). VAS for discomfort, plaque index (PI), bleeding on
probing (BoP), pocket depth (PD), peri-implant recession (REC), and VAS for peri-implant
soft tissue esthetic satisfaction (TES) were not normally distributed. Therefore the
nonparametric Mann-Whitney tests were conducted to compare them for both groups (Table
IV-V).
The scores of VAS were divided into 2 categories, low discomfort (0-1), and high discomfort
(2-10). Three subjects rehabilitated with dental implants surrounded by a firm band of KM
(group 1) reported high discomfort, while one subject restored with implants without KM
(group 2) reported high discomfort. The median of VAS for discomfort during brushing was
0 in both groups, and the difference in the two groups was not statistically significant (MannWhitney test = 65.50; P = 0.43).
In group 1 the median for PI and BoP at the mesio-, mid-, disto-buccal and lingual sites was
0, while the median values for PD at the mesio-, mid-, disto-buccal and lingual sites were 3,
2, 3, and 3, respectively. The median for REC at the mid-buccal site was 0. In group 2 the
median for PI at the mesio-, mid-, disto-buccal and lingual sites was 0, while the median for
BoP at the same sites was 1. The median values for PD at the mesio-, mid-, disto-buccal and
lingual sites were 4, 2, 3, and 3, respectively. The median for REC at the mid-buccal site was
0. There was a statistically significant difference in the two groups for PI at the mid-buccal
site (Mann-Whitney test = 93.0; P = 0.02). In addition, there was a trend toward significance
for BoP at the mid-buccal site (Mann-Whitney test = 92.0; P = 0.10), BoP at the disto-buccal

16

site (Mann-Whitney test = 89.0; P = 0.15), PD at the mesio-buccal site (Mann-Whitney test =
93.0; P = 0.10), and REC at the mid-buccal site (Mann-Whitney test = 86.5; P = 0.06).
The median value of VAS for patient peri-implant tissue esthetic satisfaction (TES) was 8,
and the scores were divided into 2 categories, high esthetic satisfaction (≥ 8), and low
esthetic satisfaction (< 8). Eleven subjects in group 1 reported high esthetic satisfaction,
while only 3 in group 2 did. In group 1 the median of VAS for TES was 10, while in group 2,
the median was 6. The difference in the two groups was statistically significant (MannWhitney test = 47.5; P = 0.03).
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Discussion
The present study reports data of the first 19 subjects of an ongoing study including 43
subjects. This study was designed to investigate whether peri-implant soft tissues properties
have an impact on patient-reported and clinically assessed parameters. In particular, we
hypothesized that patients who have received implants surrounded by keratinized mucosa
(KM) have lower discomfort while brushing, compared to those with implants that lack KM.
In addition, according to our initial hypothesis, implants with KM would result in lower
values of plaque index (PI), bleeding on probing (BoP), pocket depth (PD) and peri-implant
recession (REC), and reflect greater patient peri-implant tissue esthetic satisfaction (TES).
While the study is not completed, it became already evident on the basis of the results that
statistically significant differences exist between the two groups of implants with and without
KM.
Nineteen patients self-reported the level of discomfort while brushing around their implants
at their 3-month follow-up examinations. They were given a 10 cm VAS to answer the
question: “If the left side of the scale is the absence of discomfort and the right side of the
scale is extreme discomfort, how much discomfort do you have while brushing around your
implant?” Three subjects rehabilitated with dental implants surrounded by a firm band of KM
(group 1) reported high discomfort, while one subject restored with implants without KM
(group 2) did, without any statistical significance in the two groups. Although implants
without KM are surrounded by AM, which is mobile and less resistant to mechanical trauma,
like toothbrushing, implants with AM were brushed as comfortably as those with KM. Other
factors might have been associated with higher discomfort, such as an incorrect design of the
implant-supported restoration or a traumatic oral hygiene technique. Restorations should
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have proper contours and contact points to favor effective hygiene. Nevertheless, in this
present preliminary report, 2 subjects in group 1 presented at their follow-up examinations
with food impaction and open contacts that caused them discomfort while brushing around
their implants, and were referred back to their restorative dental student and resident to
improve their restorations. To our knowledge, only one study reported on discomfort while
brushing around implants, after dividing the sites into 2 categories, those with KM, and those
without.26 No subjects in the first group reported pain, while 6 in the second did. However,
subjects were not standardized in terms of oral hygiene instructions. Therefore, those subjects
that employed improper brushing techniques and oral hygiene devices might have
experienced higher levels of discomfort regardless of the type of mucosa bordering their
implants. Toothbrushes with harder and stiffer filaments have the potential of lacerating the
soft tissues, especially around implants surrounded by AM that lacks keratinization, while
soft nylon filaments with rounded-ended bristles are less traumatic and minimize
discomfort.34 In our research project, all subjects were carefully instructed to use a softbristle AdvantageTM toothbrush (Oral-B, Procter & Gamble) to brush around their implants
with a roll technique.29 Also written oral hygiene instructions were given immediately
following the second stage surgery and reinforced at each follow-up examination.
Although subjects in either group did not report any difference in discomfort while brushing
and all performed oral hygiene with the same technique and tools, more plaque was found at
the mid-buccal sites of implants without KM compared to those with KM. This statistically
significant association might be due to the lack of a firm attachment of the mucosa to the
underlining periostium around implants without KM. Pontoriero and coauthors35 found that
accumulation of bacterial plaque correlates with gingival and peri-implant inflammation,
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which can be measured in terms of bleeding on probing (BoP) or gingival indexes. In our
study, there was no statistically significant difference between the two groups in terms of
BoP and PD. However, trends for an increased BoP at the mid-buccal site, BoP at the distobuccal site, and PD at the mesio-buccal site were noted in the group without KM. These
results suggest that more plaque accumulation and signs of inflammation could be found
around implants without KM, but a larger sample size and longer follow-up data are needed
to confirm this finding. A number of authors16,18,26 reported a statistically significant
association between a shallow band of KM and higher plaque accumulation and gingival
inflammation. In contrast, other authors14,19 found this association to be lacking or poor.
Reasons for this lack of consensus could be due to different study designs and varying
parameters for assessment. The presence of plaque can be measured dichotomously,19 as we
did in the present study, an approach that is simple and reliable. Other approaches used
indeces, which can be applied either specifically for dental implants, such as the modified
plaque index,36 or for both natural teeth and dental implants, such as the plaque index
described by Silness & Loe.37 Similarly, gingival inflammation could be measured
dichotomously or with quantitative systems, such as the modified gingival index36 for dental
implants and the gingival index outlined by Loe & Silness 38 for teeth and implants.
Peri-implant soft tissue recession (REC) was assessed at the mid-buccal sites with a manual
periodontal probe. In this study, there was no statistically significant difference in the two
groups in terms of recession. However, a trend toward a positive association between REC
and lack of KM was observed but needs to be validated in the full sample. Therefore, based
on these preliminary results, we could suggest that in partially edentulous patients buccal soft
tissue recessions tend to be more frequent around implants restored with fixed restorations,
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which were surrounded with mobile AM compared to those surrounded by KM. However,
these preliminary data need to be confirmed by larger sample size studies. Alveolar mucosa
is not firmly attached to the underlying periostium and therefore might be able to resorb more
following the healing from second stage surgery compared to KM. As a result, an apical
shifting of the peri-implant soft tissue level might occur. The prospective study by Schrott
and coauthors22 confirmed the association between lack of KM and peri-implant recession in
edentulous subjects. In particular, the authors reported that at the 5-year follow-up
examination a statistically significant difference was present between sites with < 2 mm of
buccal KM and those with ≥ 2 mm. Several other scientists have reached to a similar
conclusion.15,19,20,39 Bengazi and coauthors15 recruited fully and partially edentulous patients
rehabilitated with two-stage conventionally loaded dental implants and categorized them into
two groups according to the presence or absence of KM. They reported that at the 6-month
follow-up examination, 57% of the facial/lingual sites bordered by AM had peri-implant
recessions, compared with 42% of those surrounded by KM. Similarly, other authors19,20,39
confirmed that there is an association between absence or lack of a wide band of KM and
incidence of peri-implant soft tissue recessions.
The VAS for peri-implant tissue esthetic satisfaction (TES) was developed to answer the
question “if the left side of the scale is no satisfaction and the right side of the scale is
extreme satisfaction, how satisfied are you with the appearance of the gums around your
implant?” Eleven subjects in group 1 reported high esthetic satisfaction, while only 3 in
group 2 did. The AM surrounding the non-KM implants of group 2 was red and looser
compared to the gingiva of the adjacent tooth, which was pink and firmly adherent to the
underlying periostium. This chromatic alteration of the oral mucosa was perceived by some
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patients as unnatural and disturbing. On the contrary, implants in group 1 were surrounded by
pink and firm KM, and their soft tissues showed harmony of colors and texture in the
transition between natural dentition and implant-supported restorations. This lead to
statistically significantly higher scores of TES for implants surrounded by KM. Based on
these findings, surgical procedures that re-create a firm band of KM should be considered for
implants without it due to esthetic reasons. This is in line with a recently published review
that recommends soft tissue augmentation techniques to improve appearance around
implants.25 Soft tissue esthetics is critical for dental implants success, since patients and not
only clinicians are capable of assessing it.28,29 In particular, by being more negatively
assessed than other esthetic parameters, such as crown color and shape, TES tended to
jeopardize the overall patient’s acceptance of the implant rehabilitation.28 Nevertheless, in
the present study, all subjects were satisfied with their treatment outcome. This could be due
to the fact that patients attending a dental school clinic may be older on average and less
concerned about esthetics. In addition, most sites in the non-KM group were located in the
posterior, and therefore, not visible areas. In a recent study by Wiesner and coauthors on
posterior sites in a private setting,40 a connective tissue graft was sutured on the buccal aspect
of 10 submerged implants, while no soft tissue augmentation procedure was performed in the
control group. There was no differences in patient satisfaction scores between the 2 groups,
and 5 out of 10 patients stated that “they would not undergo the procedure again”, while two
subjects were undecided. This was a randomized controlled trial, in which augmentation
procedures might have been performed without indication at sites with KM. However, 50%
of patients expressed a strong negative opinion about the surgical procedure. In particular,
some patients might not perceive the lack of KM and gingival recessions as soft tissue
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deformities, and therefore not request treatment. Only if patients regard esthetics as a priority
and consent surgical intervention should soft tissue augmentation procedures be finally
executed. In a study performed in a private setting,41 patients identified only 28% of the total
number of gingival recessions. Of these sites with recessions, only 6% created esthetic
concern. Eleven percent of subjects, especially those younger in age and with deep recessions
on incisors, requested soft tissue augmentation procedures. Similar to our study, the authors
concluded that a rational for soft tissue augmentation procedures should be ultimately found
in patients with high esthetic demands.
As stated earlier, the present study reports data of the first 19 subjects of an ongoing study
including 43 subjects, and additional analysis is required to draw definitive conclusions. In
addition, this study includes subjects rehabilitated with different fixed restorations, such as
cement- and screw-retained single crowns. To decrease the effect of this heterogeneity,
patients’ brushing technique and oral hygiene devices were standardized, and oral hygiene
instructions emphasized at every follow-up appointment. Nevertheless, irrespective of the
type of restorations, patients reported lower esthetic satisfaction for implants surrounded by
AM and the same sites demonstrated higher plaque accumulation.
In terms of potential clinical implications, the present findings - if confirmed - may offer a
rationale for maintaining existing keratinized peri-implant mucosa in first or second stage
surgical procedures at every extent possible. Furthermore, the findings may support the value
of soft tissue augmentation procedures at implant sites with a lack of KM for esthetic reasons
and to reduce plaque accumulation, peri-implant recession, bleeding on probing and pocket
depth. Further studies need to be conducted to evaluate the most effective clinical approaches
and their timing.
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Conclusion
The preliminary data obtained in this study show that subjects rehabilitated with dental
implants surrounded by AM reported less esthetic satisfaction in regard to their peri-implant
soft tissues. In addition, those sites had more plaque accumulation on the mid-buccal aspect
and showed a tendency to higher bleeding on probing, pocket depth and peri-implant
recession. Further investigation will need to confirm these findings ultimately allowing
specific treatment recommendations.

	
  

24

REFERENCES
1) Newman MG, Takei HH, Carranza, FA. Carranza’s clinical periodontology. 9th ed.
Oxford,UK: Elvesier Books; 2002.
2) Lang NP, Löe H. The relationship between the width of keratinized gingiva and gingival
health. J Periodontol. 1972;43(10):623-627.
3) Miyasato M, Crigger M, Egelberg J. Gingival condition in areas of minimal and
appreciable width of keratinized gingiva. J Clin Periodontol. 1977;4(3):200-209.
4) Kisch J, Badersten A, Egelberg J. Longitudinal observation of "unattached," mobile
gingival areas. J Clin Periodontol. 1986;13(2):131-134.
5) Dorfman HS, Kennedy JE, Bird WC. Longitudinal evaluation of free autogenous gingival
grafts. J Clin Periodontol. 1980;7(4):316-324.
6) Dorfman HS, Kennedy JE, Bird WC. Longitudinal evaluation of free autogenous gingival
grafts. A four year report. J Periodontol. 1982;53(6):349-352.
7) Kennedy JE, Bird WC, Palcanis KG, Dorfman HS. A longitudinal evaluation of varying
widths of attached gingiva. J Clin Periodontol. 1985;12(8):667-675.
8) Stetler KJ, Bissada NF. Significance of the width of keratinized gingiva on the periodontal
status of teeth with submarginal restorations. J Periodontol. 1987;58(10):696-700.
9) Bowers G. A study of the width of attached gingiva. J Periodont. 1963;43(3):201-209.
10) Ainamo J, Löe H. Anatomical characteristics of gingiva. A clinical and microscopic
study of the free and attached gingiva. J Periodontol. 1966;37(1):5-13.
11) Berglundh T, Zitzmann NU, Donati M. Are peri-implantitis lesions different from
periodontitis lesions? J Clin Periodontol 2011;38 Suppl 11:188-202.
12) Berglundh T, Lindhe J, Ericsson I, Marinello CP, Liljenberg B, Thomsen P. The soft
tissue barrier at implants and teeth. Clin Oral Implants Res. 1991;2(2):81-90.
13) Mericske-Stern R, Steinlin Schaffner T, Marti P, Geering AH. Peri-implant mucosal
aspects of ITI implants supporting overdentures. A five-year longitudinal study. Clin
Oral Implants Res. 1994;5(1):9-18.
14) Wennström JL, Bengazi F, Lekholm U. The influence of the masticatory mucosa on the
peri-implant soft tissue condition. Clin Oral Implants Res. 1994;5(1):1-8.
15) Bengazi F, Wennström JL, Lekholm U. Recession of the soft tissue margin at oral
implants. A 2-year longitudinal prospective study. Clin Oral Implants Res.
1996;7(4):303-310.

25

16) Chung DM, Oh TJ, Shotwell JL, Misch CE, Wang HL. Significance of keratinized
mucosa in maintenance of dental implants with different surfaces. J Periodontol.
2006;77(8):1410-1420.
17) Roos-Jansåker AM, Renvert H, Lindahl C, Renvert S. Nine- to fourteen-year follow-up
of implant treatment. Part III: factors associated with peri-implant lesions. J Clin
Periodontol. 2006;33(4):296-301.
18) Bouri A Jr, Bissada N, Al-Zahrani MS, Faddoul F, Nouneh I. Width of keratinized
gingiva and the health status of the supporting tissues around dental implants. Int J
Oral Maxillofac Implants. 2008;23(2):323-326.
19) Zigdon H, Machtei EE. The dimensions of keratinized mucosa around implants affect
clinical and immunological parameters. Clin Oral Implants Res. 2008;19(4):387-392.
20) Kim BS, Kim YK, Yun PY, Yi YJ, Lee HJ, Kim SG, Son JS. Evaluation of peri-implant
tissue response according to the presence of keratinized mucosa. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2009;107(3):e24-e28.
21) Boynuegri D, Nemli SK, Kasko YA. Significance of keratinized mucosa around dental
implants: a prospective comparative study. Clin Oral Implants Res 2013;24(8):928933.
22) Schrott AR, Jimenez M, Hwang JW, Fiorellini J, Weber HP. Five-year evaluation of the
influence of keratinized mucosa on peri-implant soft-tissue health and stability around
implants supporting full-arch mandibular fixed prostheses. Clin Oral Implants Res.
2009;20(10):1170-1177.
23) Esposito M, Maghaireh H, Grusovin MG, Ziounas I, Worthington HV. Interventions for
replacing missing teeth: management of soft tissues for dental implants. Cochrane
Database Syst Rev. 2012 Feb 15;2:CD006697.
24) Wennström JL, Derks J. Is there a need for keratinized mucosa around implants to
maintain health and tissue stability? Clin Oral Implants Res. 2012;23(suppl 6):136146.
25) Palmer RM, Cortellini P; for Group B of European Workshop on Periodontology.
Periodontal tissue engineering and regeneration: Consensus Report of the Sixth
European Workshop on Periodontology. J Clin Periodontol. 2008;35(suppl 8):83-86
26) Roccuzzo M, De Angelis N, Bonino L, Bunino M, Bonino F. Keratinized mucosa and
soft tissues conditions around posterior mandibular implants. Journal de
Parodontologie & d’Implantologie Orale. 2010;29(4):261-267.
27) Fürhauser R, Florescu D, Benesch T, Haas R, Mailath G, Watzek G. Evaluation of soft
tissue around single-tooth implant crowns: the pink esthetic score. Clin Oral Implants
Res. 2005;16(6):639-644.

26

28) Suphanantachat S, Thovanich K, Nisapakultorn K. The influence of peri-implant mucosal
level on the satisfaction with anterior maxillary implants. Clin Oral Implants Res.
2012;23(9):1075-1081.
29) Brennan M, Houston F, O'Sullivan M, O'Connell B. Patient satisfaction and oral healthrelated quality of life outcomes of implant overdentures and fixed complete dentures.
Int J Oral Maxillofac Implants 2010;25(4):791-800.
30) Lang NP & Lindhe J. Clinical periodontology and implant dentistry 5th ed. Oxford,UK:
Blackwell Books; 2008.
31) Scott J, Huskisson EC. Vertical or horizontal visual analogue scales. Ann Rheum Dis
1979;38(6):560.
32) Cox JM, Davison A. The visual analogue scale as a tool for self-reporting of subjective
phenomena in the medical radiation sciences. The Radiographer. 2005;52(1):22-24.
33) Ainamo J & BayI. Problems and proposals for recording gingivitis and plaque.
International dental Journal 1975;25:229-235.
34) Versteeg PA, Rosema NA, Timmerman MF, Van der Velden U, Van der Weijden GA.
Evaluation of two soft manual toothbrushes with different filament designs in relation
to gingival abrasion and plaque removing efficacy. Int J Dent Hyg 2008;6(3):166173.
35) Pontoriero R, Tonelli MP, Carnevale G, Mombelli A, Nyman SR, Lang NP.
Experimentally induced peri-implant mucositis. A clinical study in humans. Clin Oral
Implants Res 1994;5(4):254-259.
36) Mombelli A, van Oosten MA, Schurch E,Jr, Land NP. The microbiota associated with
successful or failing osseointegrated titanium implants. Oral Microbiol Immunol
1987;2(4):145-151.
37) Silness J, Löe H. Periodontal Disease in Pregnancy. II. Correlation between Oral
Hygiene and Periodontal Condition. Acta Odontol Scand 1964;22:121-135.
38) Löe H, Silness J. Periodontal Disease in Pregnancy. I. Prevalence and Severity. Acta
Odontol Scand 1963;21:533-551.
39) Adibrad M, Shahabuei M, Sahabi M. Significance of the width of keratinized mucosa on
the health status of the supporting tissue around implants supporting overdentures. J
Oral Implantol 2009;35(5):232-237.
40) Wiesner G, Esposito M, Worthington H, Schlee M. Connective tissue grafts for
thickening peri-implant tissues at implant placement. One-year results from an
explanatory split-mouth randomised controlled clinical trial. Eur J Oral Implantol
2010;3(1):27-35.

27

41) Nieri M, Pini Prato GP, Giani M, Magnani N, Pagliaro U, Rotundo R. Patient perceptions
of buccal gingival recessions and requests for treatment. J Clin Periodontol
2013;40(7):707-712.

28

APPENDICES
Appendix A: Tables
Appendix B: Illustrations
Appendix C: Questionnaires

29

Appendix A: Tables
Table I. Demographic Characteristics of the Total Study Population (N = 19)
PATIENT

AGE

GENDER

RACE/ETHNICITY

SYSTEMIC
DISEASE

SMOKING
STATUS

1
2
4
6
7
10
11
13
15
17
18
22
23
24
25

42
49
59
62
47
51
65
79
65
66
73
28
65
37
72

Female
Female
Male
Male
Male
Male
Female
Male
Female
Female
Female
Female
Male
Male
Male

African-American
White, non Hispanic
White, non Hispanic
African-American
Asian
White, non Hispanic
White, non Hispanic
White, non Hispanic
White, non Hispanic
White, non Hispanic
White, non Hispanic
White, non Hispanic
White, non Hispanic
White, non Hispanic
White, non Hispanic

None
None
None
HPT, HCL
None
HPT, HCL
None
HCL, Diabetes
HPT, HCL, Arthritis
None
HPT
None
None
None
HCL

Never
Never
Never
Never
Never
Never
Never
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75

Male

White, non Hispanic

29

76

Male

White, non Hispanic

Former

35

66

Male

White, non Hispanic

HPT, HCL, Diabetes
HPT, Diabetes,
Angina, HTD
HCL

36

55

Male

White, non Hispanic

None

Never

HPT: Hypertension; HCL: Hypercholesterolemia; HTD: Hypothyroidism
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Former
Never
Never
Never
Never
Former
Never
Former
Never

Never

Table II. Demographic Characteristics of Group 1 and Group 2

Demographics
Age (Average)
Race
White, non Hispanic
African-American
Asian
Female
Male
Systemic diseases
HPT
HCL
HPT/HCL
Diabetes
Other
Smoking status
Former
Never

Group 1

Group 2

N = 12 (%)

N = 7 (%)

62

55

9 (75.0)
2 (16.7)
1 (8.3)
3 (25.0)
9 (75.0)

7 (100.0)
0
0
4 (57.1)
3 (42.9)

5 (41.7)
5 (41.7)
3 (25.0)
2 (16.7)
1 (8.3)

1 (14.3)
1 (14.3)
1 (14.3)
0
1 (14.3)

3 (25.0)
9 (75.0)

2 (28.6)
5 (71.4)

HPT: Hypertension; HCL: Hypercholesterolemia

31

Table III. Clinical Characteristics of Implant Sites in Group 1 and 2

Implant variables
single
posterior
maxillary
screw-retained single crown
cement-retained single crown

Group 1

Group 2

N = 13 (%)

N = 7 (%)

13 (100.0)
10 (76.9)
10 (76.9)
9 (69.2)
4 (30.8)

7 (100.0)
7 (100.0)
7 (100.0)
4 (57.1)
3 (42.9)
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Table IV. Statistical Analysis of Patient-reported Data

VAS discomfort during
brushing
VAS for TES

Median
Group 1
0

Median
Group 2
0

MannWhitney test
65.5

P value

10

6

47.5

0.03*

* Statistically significant
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0.43

Table V. Statistical Analysis of Clinically Assessed Data

PI mesio-buccal
PI mid-buccal
PI disto-buccal
PI lingual
BoP mesio-buccal
BoP mid-buccal
BoP disto-buccal
BoP lingual
PD mesio-buccal
PD mid-buccal
PD disto-buccal
PD lingual
REC

Median
Group 1
0
0
0
0
0
0
0
0
3
2
3
3
0

Median
Group 2
0
0
0
0
1
1
1
1
4
2
3
3
0

* Statistically significant
†Trend toward significance
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MannWhitney test
83.0
93.0
76.0
75.5
85.5
92.0
89.0
85.5
93.0
82.0
70.0
77.5
86.5

P value
0.25
0.02*
0.83
0.89
0.28
0.10†
0.15†
0.28
0.10†
0.50
0.79
0.75
0.06†

Appendix B: Illustrations
Figure 1.

Intraoral view of maxillary right first premolar
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Figure 2.

Intraoral view of mandibular right second premolar
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Figure 3.

Second stage surgery: punch technique (group 1)
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Figure 4.

Measurement of KM (group 1)
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Figure 5.

Second stage surgery and KM measurement (group 2)
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Figure 6.

Measurement of MT (group 1)
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Figure 7.

Implant loading of maxillary right first premolar (group 1)
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Figure 8.

Implant loading of mandibular right second premolar (group 2)
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Appendix C: Questionnaires
VAS for discomfort during brushing at implant site

If the left side of the scale is the absence of discomfort and the right
side of the scale is extreme discomfort, how much discomfort do you
have while brushing around your implant?

0

1

2

3

4

5

No Discomfort

6

7

8

9

10

Extreme Discomfort

Please mark one of the tick marks (vertical lines)
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VAS for soft tissue esthetic satisfaction at implant site

If the left side of the scale is no satisfaction and the right side of the
scale is extreme satisfaction, how satisfied are you with the
appearance of the gums around your implant?

0

1

2

3

4

5

No Satisfaction

6

7

8

9

10

Extreme Satisfaction

Please mark one of the tick marks (vertical lines)
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