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Introduction

Abstract

Background and Aim: Keratinized mucosa width (KMW) has an
essential role in peri-implant health. This study aimed to evaluate the
impact of KMW on marginal bone loss (MBL) around overdenture-
supported dental implants.

Materials and Methods: In this cohort study, completely edentulous
patients received an overdenture with implants in the maxilla and
mandible. Two implants were placed in the maxilla and mandible. Ball
attachments were used. KMW was measured, and gingival biotype was
determined. MBL was evaluated on digital parallel radiographs taken at
12 and 24 months after loading. KMW was the predictive factor, and
MBL was the outcome of the study. Data were analyzed using SPSS 21
via Pearson’s correlation test, independent t-test, and Chi-square test
(alpha=0.05).

Results: Eighty implants in 20 patients were studied. The mean KMW
was 2.05£0.88 mm. The mean MBL was 1.32+£0.46 mm at 12 months
after loading, and 1.71£0.49 mm at 24 months after loading. Analysis
of the data demonstrated a correlation between MBL at 12 and 24
months after loading with KMW and dental implant diameter (P<0.001).
Conclusion: It appears that narrow KMW may be associated with an
increase in MBL in two-implant-supported overdentures. Gingival
biotype may play a role in the detrimental effect of narrow keratinized
mucosa on MBL.
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attached gingiva may decrease the incidence of

Marginal bone loss (MBL) is an important
criterion for assessment of the success of dental
implants in the long-term [1]. The characteristics
of the periodontium play an essential role in
peri-implant soft tissue health [2]. Adequate
keratinized mucosa including the free and

peri-implant inflammation. Dental biofilm may
easily penetrate into the mobile mucosa around
dental implants and induce the inflammatory
mediators by activating neutrophils and
lymphocytes [2]. It has been shown that
insufficient keratinized mucosa width (KMW)
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leads to an increase in plaque accumulation and
inflammation, which can cause subsequent
gingival recession [3, 4].

Overdentures are generally wused in
edentulous patients with considerable bone
resorption. Overdentures increase  the
satisfaction level and quality of life of edentulous
patients [5]. Resorption of alveolar ridge
following tooth loss causes keratinized mucosa
loss due to a reduction in distance between the
mucogingival line and the bone crest [6]. It
appears that MBL is not different around dental
implants supporting fixed or removable
prostheses [7]. Many overdenture patients have
insufficient KMW. Therefore, evaluating the
possible effect of KMW on MBL may guide the
clinicians to consider a technique to increase
KMW for implant-supported overdentures.
Several studies have assessed the impact of
KMW on MBL in implant-supported fixed partial
dentures [8-10]. However, studies focusing on
KMW in overdentures are limited [11].

This study was designed to answer the
following question: does KMW affect MBL
around dental implants in edentulous patients
with overdentures? The authors hypothesized
that reduced KMW would be associated with an
increase in MBL. Thus, this study aimed to assess
the effect of KMW on MBL in overdenture
patients.

Materials and Methods
Study design/sample:

The authors designed a longitudinal study.
The participants
population of patients presenting to the Oral and
Maxillofacial Surgery Department of Shahid
Beheshti University of Medical Sciences and a
private clinic between September 1, 2017 and
October 31, 2020. The study protocol was
approved by the medical ethics committee of
Shahid Beheshti University of Medical Sciences
(IR.SBMU.DRC.REC.1398.162). Patients eligible
for study inclusion were completely edentulous
and received an overdenture with dental
implants in the maxilla and mandible. The
patients were excluded from the study

were derived from the

enrollment if they were smokers, had fresh
socket implant placement, had systemic diseases
affecting bone metabolism, underwent soft and
hard tissue augmentation, failed to show up for
the follow-up, or refused study enrollment.

Age, gender, diameter and length of implant,
implant site (maxilla or mandible), and gingival
biotype (thick or thin) were the variables of the
study. KMW was the predictive factor, and MBL
was considered as the outcome of the study
(Table 1).

Table 1. Descriptive study findings

Variables Descriptive findings
Mean age (years) 63.05+7.04
Mean KMW (mm) 2.05+0.88
Mean implant diameter (mm) 3.66+ 0.31
Mean implant length (mm) 11.41+£1.00
Mean MBL at 12 months (mm) 1.32+0.46
Mean MBL at 24 months (mm) 1.71+£0.49

10 males, 10 females
50 thick, 30 thin
40 in the mandible,
40 in the maxilla

Gender
Gingival biotype

Implant site

Data collection methods:

Ball attachments were used in all patients.
The patients had a mean age of 63.05%7.04
years. Dental implant (Megagen Anyone Line,
South Korea) was placed for all patients. The
fixture size was the same in all cases (4 mm
diameter, and 10 mm length). The maxillary and
mandibular overdentures were fabricated 3
months after implant placement. The one-stage
surgical protocol was adopted for all cases.

KMW was measured by a periodontal probe
(Williams PW, Hu-Friedy, Chicago, IL, USA) with
1, 2, 3,5, 7, and 10-mm calibrations. The KMW
was defined as the distance between the
mucogingival junction and the peri-implant
mucosal margin [3]. The border between the
keratinized and alveolar mucosa was identified
by examining  the
characteristics. For confirmation, a periodontal
probe was used to retract the mucosa parallel to
the border to identify the mucogingival junction.

Gingival biotype was characterized as thin or
thick according to the transparency of a double-

mucosal surface
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ended periodontal probe (@ 0.5 and 0.75 mm;
DBS12 prototype, Deppeler SA, Rolle,
Switzerland). The periodontal probe has two
unequal thick endings. Transparency was
assessed through the gingival margin by probing
the sulcus at the mid-buccal aspect of dental
implants. If the thick ending of the probe was not
seen through the tissue, the gingival biotype was
considered to be thick [12].

Digital parallel radiographs (Dexcowin, iRay
D3, South Korea) were obtained immediately
after loading, and also after 12 and 24 months
with 60 kV tube potential and 7 mA tube current
in 0.20 s time. The MBL was measured at the
mesial and distal aspects of dental implants by
comparing the bone level on digital parallel
radiographs taken immediately after loading and
after 12 and 24 months. When the MBL was
different at the mesial and distal aspects of
dental implants, the mean MBL was calculated
and reported. The bone level was measured
from the alveolar crest to the implant collar [3].
Sample size calculation:

The sample size was calculated using the
formula N = (Z «2)? s?2 / d? where Za is
considered to be 1.96 with 5% level of
significance, assuming a mean difference in MBL
equal to 0.3 mm (d) to be significant with a
standard deviation of 1.3 mm according to a
previous study [13]. Thus, the sample size
was calculated to be 72 dental implants
assuming a confidence interval of 95% and a
study power of 90%.

To minimize the study bias, an independent
dentist who did not participate in surgical or
prosthodontic treatments measured the KMW.
Furthermore, two examiners assessed the MBL
on digital radiographs.

Statistical analysis:

The statistical analyses were performed using
SPSS version 21 (SPSS Inc, IL, USA). The
Pearson’s correlation test was used to find any
correlation  between @ KMW and MBL.
Independent t-test was applied to compare KMW
and MBL between males and females. The Chi-
square test was used to compare the number of

males and females and implant site (maxilla and
mandible). A general linear model was used to
predict possible MBL based on KMW. P values <
0.05 were considered statistically significant.
The Kappa test was conducted to analyze the
inter-examiner agreement.

Results

Eighty implants in 20 patients were studied.
The mean age of the patients was 63.05+7.04
years. The mean KMW was 2.05+0.88 mm (range
0 mm to 4 mm). None of the implants failed
during the follow-up time. The mean MBL was
not significantly different between males and
females at 12 and 24 months after loading
(P=0.63 and P=0.49, respectively) (Table 2). The
results did not demonstrate any difference in the
mean MBL in the maxilla and mandible at 12 and
24 months following loading (P=0.25 and
P=0.12, respectively) (Table 3).

The mean MBL was 1.07£0.33 mm in cases
with thick gingival biotype and 1.72+0.36 mm in
cases with thin gingival biotype at 12 months
after loading. There was a significant difference
in the mean MBL between the thick and thin
gingival biotypes (P<0.001). At 24 months after
implant loading, the mean MBL was 1.48+0.38
mm in the thick gingival biotype group, and
2.07£0.41 in the thin gingival biotype group. A
significant difference was detected in the mean
MBL between the thick and thin gingival
biotypes at 24 months after loading (P<0.001,
Table 4).

Analysis of the data demonstrated a
correlation between MBL at 12 and 24 months
after loading with KMW and implant diameter
(P<0.001). Other variables did not have any
correlation with MBL (Tables 5 and 6).

The general linear model demonstrated that
MBL could be predicted based on KMW in 59.4%
of implants with a thin gingival biotype 24
months after loading. Per each one-unit decrease
in KMW, MBL is expected to increase by 0.48
mm. By a one-standard-deviation decrease in
KMW, the MBL is expected to increase by 0.771
of standard deviation (P<0.001, R2=0.594,
B=0.771).



83 Tabrizi et al.

Keratinized Mucosa and Implants

Table 2. Comparison of MBL between males and females at 12 and 24 months after loading

Assessment time Males Females Independent t-test
12 months 1.34+0.42 mm 1.29+0.51 mm P=0.63
24 months 1.74+0.42 mm 1.67+0.55 mm P=0.49

Table 3. MBL in the maxilla and mandible at 12 and 24 months after loading

Assessment time Mandible Maxilla Independent t-test
12 months 1.38+0.46 mm 1.26£0.46 mm P=0.25
24 months 1.79+0.48 mm 1.62+0.48 mm P=0.12

Table 4. Comparison of MBL between the thin and thick gingival biotypes

Assessment time Thick biotype Thin biotype Independent t-test

12 months 1.07£0.33 mm 1.72+0.36 mm P<0.001

24 months 1.48+0.38 mm 2.07£0.41 mm P<0.001

Table 5. Correlation between the variables and MBL at 12 months after loading

Variables MBL at 12 months Pearson Correlation Test R
Implant diameter 3.66% 0.31 mm 1.32+0.46 mm P<0.001 0.49
Mean implant length (mm) 11.41+1.00 mm 1.32+0.46 mm P=0.79

Mean KMW (mm) 2.05+0.88 mm 1.32+0.46 mm P<0.001 0.88
Mean age 63.05+7.04 (years) 1.32+0.46 P=0.93

Table 6. Correlation between variables and MBL at 24 months after loading

Variables MBL at 24 months Pearson Correlation Test R
Implant diameter 3.66% 0.31 mm 1.71+0.49 mm P<0.001 0.45
Mean implant length (mm) 11.41+1.00 mm 1.71+0.49 mm P=0.49

Mean KMW (mm) 2.05£0.88 mm 1.71+0.49 mm P<0.001 0.81
Mean age 63.05+7.04 (years) 1.71+0.49 mm P=0.78

In thick gingival biotype, MBL could be
predicted based on KMW in 44.2% of implants
with a thick gingival biotype 24 months after
loading. For a one-unit decrease in KMW, MBL is
expected to increase by 0.36 mm. Per one-
standard-deviation decrease in KMW, MBL is
expected to increase by 0.665 of standard
deviation (P<0.001, R2=0.442, 3=0.665).

The inter-examiner reliability was calculated
to be Kappa=0.84 (P<0.001), which
demonstrated substantial agreement between
the examiners.

Discussion

Keratinized gingiva has been known to be
important in preserving gingival health and
preventing gingival recession. The keratinized
tissue provides a biological protective barrier,

which can increase the survival rate of dental
implants [14]. In this study, the effect of KMW on
MBL as an essential criterion for assessment of
dental implant success was studied. It is believed
that peri-implant MBL by more than 2 mm in the
first year after loading is associated with poor
clinical outcomes [1]. Therefore, one of the
important roles of Kkeratinized tissue around
dental implants was investigated in the current
study.

The present results showed a correlation
between KMW and MBL at 12 and 24 months
after loading. KMW and MBL had a stronger
correlation in presence of thin gingival biotype
compared with thick gingival biotype (R= 0.77
and R=0.66, respectively). Wennstréom and Derks
[6] reported a significantly higher plaque score
in cases with inadequate KMW (< 2 mm). Ravida
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et al. [15] concluded that MBL influenced peri-
implantitis at the time of treatment. KMW did
not affect peri-implantitis. The impact of KMW
on plaque index around dental implants has
been well documented [16]. Subsequently, the
risk of peri-implantitis in cases with insufficient
KMW is higher than that in presence of sufficient
KMW [17].

The present results revealed that in more
than half of the patients with a thin gingival
biotype, MBL could be predicted based on KMW.
However, the etiology of MBL is multifactorial. It
appears that local factors are more important
[18].
Therefore, KMW is one of the main causative

than systemic factors in this regard

factors in the occurrence of MBL, particularly in
cases with thin gingival biotype [19]. In the
current study, MBL did not have any correlation
with
attachment type were not found to be associated

implant length. Implant type and
with any change in MBL in previous research
[11, 20]. Adibrad et al. [21] demonstrated that
the mean plaque index score, gingival index
score, and bleeding on probing were
significantly higher for cases with narrow (< 2
mm) KMW around dental implants supporting
overdentures.

The different biomechanical loading of
implants supporting fixed prostheses and
overdentures suggests lower risk of MBL in use
of overdentures. Saravi et al. [7] indicated that

MBL and long-term outcomes were the same in

patients  with fixed implant-supported
restorations and  overdentures. Implant
diameter was another adjunctive factor

considered in the present study in addition to
KMW. Telles et al., and Ma et al. assessed MBL in
narrow  single

implants and reported

comparable MBL in narrow and standard
implants. Nonetheless, they believed that narrow
implants might have a higher MBL than wide or
standard implants [22, 23]. In contrast, MBL had
an inverse correlation with implant diameter in

the present study. One possible reason for the

difference in the results may be the placement of
wider implants in narrow atrophic ridges. Thus,
thin buccal or lingual/palatal bone was
responsible for the increase in MBL. The
difference in biomechanics of fixed and
removable implant-supported restorations may
be another reason for the existing differences in
the literature.

Several studies have demonstrated the
important effect of KMW on MBL and gingival
health around dental implants [24, 25].
Considering the multifactorial etiology of MBL,
KMW could not be considered as a causative
factor. However, KMW may be an adjunctive risk
factor along with other risk factors. In the
present study, the difference in MBL between
the two gingival biotypes was small (0.59 mm)
at 24 months, which may not be clinically
important. However, an increase in MBL may
occur in long-term follow-ups, which may have a

clinical impact on the outcomes.

Conclusion

[t appears that insufficient KMW may be
associated with an increase in MBL in two-
implant-supported overdentures. The gingival
biotype may play a role in the detrimental effect
of narrow keratinized gingiva on MBL.
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