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Abstract

Objectives The aim of the present retrospective study was to compare the marginal bone loss (MBL) around dental implants
in a group of diabetic patients in relation to a matched group of non-diabetic patients.

Materials and methods The present dental record—based retrospective study included patients selected from individuals
treated with dental implants at one specialist clinic in Malmo, Sweden. Patients were excluded if they had history of peri-
odontitis and/or were treated for periodontal disease. The study group included 710 implants installed in 180 patients (mean
age 60.3+13.0 years), 349 implants in 90 diabetic (21 T1DM and 69 T2DM patients), and 361 implants in 90 non-diabetic
patients.

Results The results suggested that jaw (greater MBL in the maxilla), diabetes (greater MBL for diabetic patients, and worse
for TIDM patients), bruxism (greater MBL for bruxers), and smoking (greater MBL for smokers and former smokers) had a
statistically significant influence on MBL over time.

Conclusions Patients with diabetes have an estimated greater MBL over time compared to non-diabetic patients. The differ-
ence was greater in patients with diabetes type 1 compared to patients with diabetes type 2. Bruxism, smoking, and implant
location (maxilla) were also associated with a higher loss of marginal bone around implants over time.

Clinical relevance Awareness of the possible influence of diabetes on the long-term outcomes of dental implant treatment
is important, in order to be able to minimize the possibility of a high MBL with time, which can eventually lead to the loss
of the implant.
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Introduction

Diabetes mellitus is a group of metabolic disorders character-
ized by an inability of the body to produce or properly respond
to insulin, resulting in poor preservation of favorable blood glu-
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The long-term hyperglycemia of diabetes mellitus very
commonly leads to failure, damage, and/or dysfunction of
many tissues and organs of the human body, causing substan-
tial clinical morbidity [5]. A recent article reviewed the pos-
sible associations between diabetes and periodontitis, listing
evidence suggesting that when uncontrolled, diabetes seems to
affect response to periodontal treatment, as well as the risk to
develop peri-implant diseases [6]. Although previous research
did not show a clear difference in implant failure rates between
diabetic and non-diabetic subjects [7-9], another recent review
added fresh evidence to the field, suggesting that implants in
diabetic patients had a higher failure risk in comparison to
non-diabetic patients [10]. This same review identified only a
handful of studies looking into the influence of diabetes mel-
litus on marginal bone loss (MBL), and although there was
no clear consensus, the global meta-analytic results suggested
worse outcomes for diabetic than for non-diabetic patients.

The subject is important, and dentists need to be made
aware of the issue to be able to make a treatment plan aiming
to minimize the possibility of a high MBL with time, which
can eventually lead to the loss of the implant. The varying
results from several studies and the increased use of implants
make this an important subject to study for optimal implant
installation, healing, and survival. It was therefore the objec-
tive of this retrospective study to investigate the influence
of diabetes on the MBL surrounding dental implants. The
null hypothesis was that there would be no difference in
MBL between diabetic and non-diabetic patients, against
the alternative hypothesis of a difference.

Materials and methods
Objective

The aim of the present retrospective study was to com-
pare the MBL around dental implants in a group of dia-
betic patients in relation to a matched group of non-diabetic
patients. The focused question was elaborated by using the
PICO format (Participants, Interventions, Comparisons,
Outcomes): “Do diabetic patients undergoing implant-pros-
thetic rehabilitation present a higher MBL in comparison to
non-diabetic patients?”

Materials

This retrospective study included patients treated with den-
tal implants during the period 1980-2018 at one specialist
clinic (Clinic for Prosthodontics, Centre of Dental Specialist
Care, Malmo, Sweden). This study was based on data collec-
tion from patients’ dental records. The implants were placed
by specialist dentists in oral surgery, and dentists performing
the prosthetic treatment were specialists in prosthodontics.
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The study was approved by the regional Ethical Com-
mittee, Lund, Sweden (Dnr 2014/598; Dnr 2015/72). The
present retrospective study followed the STROBE guidelines
for observational studies and was registered at https://clini
caltrials.gov under the registration number NCT02369562.

Definitions

Diabetes mellitus was defined according to the International
Diabetes Federation! as “a long-term condition that occurs
when raised levels of blood glucose occur because the body
cannot produce any or enough of the hormone insulin or
cannot effectively use the insulin it produces.” Diabetes type
1 applies for cases when the body produces very little or no
insulin, and diabetes type 2 for cases when there is an inabil-
ity of the body’s cells to respond fully to insulin (insulin
resistance) [1].

A patient was considered as presenting diabetes when
there was information in its records about the intake of oral
hypoglycemic drugs or the use of injected insulin, and/or
a document from the patient’s medical doctor reporting a
diagnosis of the condition.

MBL was defined as loss, in an apical direction, of alveo-
lar bone marginally adjacent to the dental implant, in rela-
tion to the marginal bone level initially detected after the
implant was surgically placed [11].

As the standard protocol in the clinic, the patients’ den-
tal hygiene was followed up by a dental hygienist within
6 months after the final implant-supported/retained resto-
ration. Each patient then attended a dental hygiene recall
program based on individual needs.

Inclusion and exclusion criteria

All the patients diagnosed as presenting diabetes were
included. Only implants not lost and with baseline radio-
graphs taken within 12 months after implant placement and
with a minimum of 36 months of radiological follow-up
were considered for the analysis of MBL.

Patients with all modern types of threaded implants with
cylindrical or conical design were included. Zygomatic
implants were not included in the study, as well as implants
detected in radiographies, but without basic information
about them in the patients’ files.

Patients were excluded if they had a history of periodontitis
and/or were treated for periodontal disease. It is important to
take note that as standard, all patients receiving implants at the
Specialist Clinic for Prosthodontics were periodontally healthy
at the time of implant installation. Patients with either a his-
tory or with signs of periodontal disease were treated at the
Specialist Clinic for Periodontology, where they later could or
not receive dental implants, according to individual needs/indi-
cations. These patients were not included in the present study.
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Data collection

The data were directly entered into an SPSS file (SPSS soft-
ware, version 28, SPSS Inc., Chicago, IL, USA) as the dental
records of the patients were being read, and it consisted of
several implant-, site-, and patient-related factors.

Formation of a matched group

Since the division of all initial patients into groups would
generate extremely unbalanced groups and the variance
was not homogenous between them, the two groups were
therefore not expected to be comparable with respect to
important covariates [12], and then methods were used
to match patients and implants between diabetic to non-
diabetic patients. Matching ensures that any differences
between the study and the control groups are not a result of
differences in the matching variables, thus reducing selec-
tion bias.

The matching was performed using the “case control
matching” function in SPSS, and the matches were selected
on the basis of similarities in (a) patients’ age at the time
of the surgery, (b) number of implants, and (c) total radio-
logical follow-up time. As there were no perfect matches
in a first matching attempt considering all three variables,
some tolerance was set for the predictors: + 5 years for the
patients’ age, + 2 implants, and + 12 months for the total
radiological follow-up time. Thus, a little variance of these
predictors between the groups was expected.

Marginal bone level evaluation

The evaluation of the variation of the marginal bone level
over time was performed according to a previous study
[13]. Reproducible intra-oral radiographs were used.
When there were no available digital radiographies from
the baseline appointment, the analogue periapical radiog-
raphies were scanned at 1200 dpi (Epson Perfection V800
Photo Color Scanner; Nagano, Japan). Marginal bone
level (MBL) was measured after calibration based on the
inter-thread distance of the implants. Measurements were
taken from the implant-abutment junction to the marginal
bone level, at both mesial and distal sides of each implant,
and then the mean value of these two measurements was
considered. MBL was calculated by comparing bone-to-
implant contact levels to the radiographic baseline exami-
nation. The ImageJ software (National Institute of Health,
Bethesda, USA) was used for all measurements. Negative
values of MBL corresponded to bone loss.

The sets of radiographs for every patient were codified
and the authors who performed the radiological measure-
ments (S. A., N. S.) were blinded to the diagnosis of the
condition for every patient.

Table 1 Descriptive data of the implants included in the study, sepa-
rated by group. The statistical unit is the implant, not the patient

Factor Diabetic, implants (%) Non-diabetic, p value
implants (%)
Follow-up® (months)
(mean + SD) 115.1+754 105.7 + 60.1 0.075°
Age
(mean + SD) 59.3 +12.7 61.3+13.2 0.060°
Sex
Male 198 (56.7) 219 (60.7) 0.287¢
Female 151 (43.3) 142 (39.3)
Age (years)
<58 124 (35.5) 113 (31.3) 0.434°
58-67 111 (31.8) 128 (35.5)
> 67 114 (32.7) 120 (33.2)
Jaw
Maxilla 183 (52.4) 209 (57.9) 0.101°
Mandible 166 (47.6) 152 (42.1)
Jaw region
Anterior 189 (54.2) 174 (48.2) 0.113°
Posterior 160 (45.8) 187 (51.8)
Tooth region
Incisor 119 (34.1) 105 (29.1) 0.425°
Canine 70 (20.0) 69 (19.1)
Premolar 129 (37.0) 150 (41.6)
Molar 31(8.9) 37 (10.2)
Implant diameter
3.00-3.50 mm 32(9.2) 22 (6.1) 0.283°
3.75-4.10 mm 310 (88.8) 330 (91.4)
4.30-5.00 mm 7(2.0) 9(2.5)
Implant surface
Turned 171 (49.0) 79 (21.9) <0.001°¢
Modified 178 (51.0) 282 (78.1)
Prosthesis type®
Single crown 27 (7.8) 43 (11.9) <0.001°¢
FDP 2-6 units 119 (34.5) 156 (43.2)
FDP 7-10 units 15 (4.3) 36 (10.0)
Full-arch 181 (52.5) 126 (34.9)
Overdenture 3(0.9) 0(0.0)
Prosthesis fixation®
Cemented 24 (6.9) 21 (5.9) 0.595°¢
Screwed 325 (93.1) 335 (94.1)
Bruxism?
No 272 (80.7) 290 (80.3) 0.899°
Yes 65 (19.3) 71 (19.7)
Smoking®
No 221 (67.8) 249 (69.0) 0.328¢
Yes 92 (28.2) 90 (24.9)
Former smokers 13 (4.0) 22 (6.1)

“Radiological follow-up
"Wilcoxon’s signed-rank test

“Comparison of the distribution of implants, among the categories of
each factor, between diabetic and non-diabetic patients

9For the cases with available information
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Calibration

An initial calibration concerning MBL was performed
between the authors. The process was done for 10 ran-
dom samples from the cohort group and verified after the
measurement of each sample. At the end of the process,
the measurements from the different individuals were con-
sidered enough approximate from each other, with agree-
ment between examiners set at > 90% of the distance in
millimeters.

Sample size calculation

A calculation of the sample size was not conducted. The
reason is that the database from which the eligible cases for
the present study were originated had a certain number of
patients and dental implants, namely approximately 2800
and 11,000 respectively, and it would not possible to recruit
more cases, as the database already included all patients
treated with dental implants during the aforementioned
period in the specialist clinic.

Instead, all the diabetic patients were initially considered
eligible for inclusion, in order to get the maximum num-
ber of cases available, namely the largest sample size pos-
sible from this database, provided that these cases would
fulfill the inclusion criteria, i.e., baseline radiographs taken
within 12 months after implant placement and with a mini-
mum of 36 months of radiological follow-up. The number
of implants in the diabetic patients was then matched to a
group of non-diabetic patients.

Statistical analyses

The mean, standard deviation, and percentages were pre-
sented as descriptive statistics. Kolmogorov—Smirnov test
was performed to evaluate the normal distribution of the
variables, and Levene’s test evaluated homoscedasticity. The

performed tests for two independent groups were Student’s
t-test or Mann-Whitney test, and for three or more independ-
ent groups were ANOVA or Kruskal-Wallis test, depending
on the normality. Paired #-test or Wilcoxon’s signed-rank
test was used to compare the mean value difference of con-
tinuous variables between dependent groups. Pearson’s chi-
squared test or Fisher’s exact test was used in the analysis
of contingency tables of categorical data of independent
groups, and McNemar’s test for dependent groups.

Univariate linear regression models were used to com-
pare MBL over time between clinical covariates. In order
to verify multicollinearity, a correlation matrix of all of the
predictor variables was scanned, to see whether there were
some high correlations among the predictors. Collinearity
statistics obtaining variance inflation factor (VIF) and tol-
erance statistics were also performed to detect more subtle
forms of multicollinearity. A linear mixed-effects model was
built with all variables that were moderately associated (p <
0.10) with MBL in the univariate linear regression models.
A mixed-effects model was used in order to take into con-
sideration that some patients had more than one implant-
supported prosthesis, as multiple observations within an
individual are not independent of each other.

The degree of statistical significance was considered p <
0.05. Data were statistically analyzed using the Statistical
Package for the Social Sciences (SPSS) version 28 software
(SPSS Inc., Chicago, IL, USA).

Results

The cohort group included 710 implants installed in 180
patients. There were 349 implants installed in 90 diabetic
patients, of which 54 implants were in 21 T1DM patients
and 295 implants in 69 T2DM patients. There were 361
implants installed in 90 non-diabetic patients.

Table 2 Data on marginal bone

T2DM patients

Mean + SD (min, max)

Non-diabetic patients

c . Follow-up T1DM patients

loss distributed by different

periods of follow-up, separated

per groups of patients. Values 0-1 year —0.16 + 0.26 (—1.34, 0.158)

in millimeters. Negative values

correspond to bone loss 1-2 years —1.08 + 0.40 (-2.51, —0.35)
2-3 years —1.05 + 0.65 (-3.68, —0.32)
34 years —1.77 + 0.67 (—4.33, —0.96)
4-5 years —1.68 + 0.68 (-3.02, —0.98)
5-10 years  —2.28 +£0.76 (—4.87, —0.18)
10-15 years —3.34 + 0.94 (—5.49, —1.84)
15-30 years —2.60 + 0.50 (—3.15, —1.58)

@ Springer

—0.14 + 0.27 (=1.74, 0.82)
—0.50 + 0.38 (=151, 0.53)
—0.74 + 0.41 (—=1.78, —0.04)
—0.96 + 0.53 (—=2.42, 0.08)
—1.26 + 0.64 (=2.90, 0.54)
—1.47 + 0.82 (—4.39, 0.49)
—1.83 + 0.84 (=5.93, —0.48)
—2.29 + 0.89 (—6.06, —1.02)

—0.11 + 0.25 (—0.99, 0.90)
—0.36 + 0.38 (—1.98, 0.55)
—0.53 + 0.44 (—=1.99, 0.66)
—0.51 +0.42 (—1.87,0.70)
—0.68 + 0.60 (—3.03, 0.94)
—0.91 + 0.65 (=3.01, 0.81)
—1.18 + 0.72 (=2.72,0.22)
—1.74 + 1.02 (=4.07, 0.19)

TI1DM type 1 diabetes mellitus
T2DM type 2 diabetes mellitus

SD standard deviation
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The mean age (+ SD) of the 180 patients was 60.3 +
13.0 years (min—-max, 15.2-85.5) at the day of the implant
surgical placement. The patients were followed up clini-
cally for a mean (£ SD) of 140.2 + 76.4 months (min—max,
36.7-381.8), and radiographically for a mean (+ SD) of
110.2 £+ 69.0 months (min-max, 36.7-363.0).

Table 1 shows the descriptive data of the implants included
in the study. The variable patient’s age was divided into three
categories each, based on the 33.3 and 66.7 percentiles of
sample distribution, in order to generate groups of more bal-
anced sample sizes. There was a difference in the distribution
of implants of different surfaces between the groups, as well
as for the type of prosthesis the implants were supporting.

The total number of marginal bone level double meas-
urements (mesial + distal sides of each implant) was 4555,
with 1972 double measurements in diabetic and 2583 in
non-diabetic patients. Table 2 shows data on MBL distrib-
uted by different periods of follow-up, separated by groups
of patients. Implants in TIDM patients generally showed
higher MBL for the same periods of follow-up in comparison
to T2DM patients, the same observed with T2DM patients in
comparison to non-diabetic patients. It is important to stress
that not all implants in all patients were followed up for the
same period of time.

Analysis of the univariate linear regression analysis
(Table 3) showed that the estimated MBL over time was
statistically significantly different between the categories of
the following variables: patient’s age at the time of implant
placement, jaw (greater MBL in the maxilla), implant diam-
eter (greater MBL for wide diameter implants), implant sur-
face (greater MBL for implants with modified surface), pros-
thesis type (greater MBL for overdentures), diabetes (greater
MBL for diabetic patients, and worse for T1DM patients)
(Fig. 1), bruxism (greater MBL for bruxers) (Fig. 2), and
smoking (greater MBL for smokers and former smokers)
(Fig. 3). Most of the categories had a moderate degree of
linear correlation (R? linear) with MBL over time.

The results of the linear mixed-effects model (Table 4)
suggested that jaw (greater MBL in the maxilla), diabetes
(greater MBL for diabetic patients, and worse for TIDM
patients), bruxism (greater MBL for bruxers), and smoking
(greater MBL for smokers and former smokers) had a statis-
tically significant influence on MBL over time.

Discussion

The aim of the present retrospective study was to investigate
the influence of diabetes mellitus on MBL around dental
implants. According to the results of the present study, there
was a statistically significant difference in MBL over time
between non-diabetic and diabetic patients, in particular in
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Table 3 Univariate linear regression analysis for MBL
Factor Linear equation* pvalue®  R?linear
Sex

Male y=-0.23 — 0.00947x 0.435 0.449

Female y=-0.26 — 0.00974x 0.470
Age (years)

<58 y=-0.29-0.00991x < 0.001 0.518

58-67 y=-0.29 — 0.00874x 0.380

> 67 y=-0.16 — 0.00937x 0.394
Jaw

Maxilla y=-0.21-0.01000x < 0.001 0.480

Mandible y=-0.26 — 0.00866x 0.449
Jaw region

Anterior y=-0.21 —0.01000x 0.324 0.481

Posterior y=-0.27 — 0.00864x 0.445
Tooth region

Incisor y=-0.22 — 0.01000x 0.332 0.492

Canine y=-0.18 — 0.00991x 0.489

Premolar y=-0.27 — 0.00905x 0.447

Molar y=-0.27 — 0.00742x 0.455
Implant diameter

3.00-3.50 mm y=-0.17 - 0.00917x 0.049 0.387

3.75-4.10 mm y=-0.25 -0.00951x 0.459

4.30-5.00 mm y=-0.04 — 0.02000x 0.554
Implant surface

Turned y=-0.29 —0.00858x < 0.001 0.464

Modified y=-0.17 — 0.01000x 0.435
Prosthesis type

Single crown y=-0.16 —0.01000x < 0.001 0.477

FDP 2-6 units y=-0.26 — 0.00850x 0.455

FDP 7-10 units ~ y = -0.21 — 0.01000x 0.534

Full-arch y=-0.21 — 0.01000x 0.476

Overdenture y = —-0.58 — 0.03000x 0.206
Prosthesis fixation”

Cemented y=-0.14 — 0.01000x 0.069 0.620

Screwed y = —0.25 — 0.00956x 0.460
Diabetes

No y=-0.15-0.00791x < 0.001 0.442

Type 2 y=-0.37 — 0.00944x 0.625

Type 1 y=-0.46 — 0.02000x 0.492
Bruxism®

No y=-0.22 - 0.00854x < 0.001 0.444

Yes y=-0.41 —0.01000x 0.507
Smoking®

No y=-0.22 -0.00821x < 0.001 0.428

Former smoker y = -0.15 — 0.01000x 0.589

Yes y=-0.34 — 0.01000x 0.234

.

*For the linear equation, “x” represents the number of months

“Comparison of the slope of the equation (variation of MBL in mm in
time) between groups

YFor the cases with available information
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patients with TIDM. Therefore, the null hypothesis was
rejected.

These results can be explained by the negative effects
of diabetic-associated hyperglycemia, which causes exces-
sive secretion of pro-inflammatory cytokines and thereby
increased osteoclastic bone resorption [14, 15]. Impaired
healing is a consequence of diabetic conditions which
could possibly jeopardize the initial bone-to-implant con-
tact (BIC). This could also be linked to a higher MBL since
an impaired healing response and less BIC could affect the
ability of the implant to resist loading and bacterial infec-
tion [16, 17].

Fig.2 Scatter plot comparing
the marginal bone level over
time between implants placed in
bruxers and non-bruxer patients
(linear regression)
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There is a difference in the cause of the hyperglycemic
condition in subjects with type 1 versus type 2 diabetes. In
subjects with TIDM, there is a complete insulin deficiency
whereas in T2DM subjects’ insulin secretion gradually
decreases, due to fatigued p cells. Therapy of the condi-
tion varies between the two. In TIDM, patients are insulin-
dependent, meaning they have continuous administration of
insulin during the day. T2DM patients can usually be treated
in several ways, for instance with oral drugs such as met-
formin and/or lifestyle and diet changes [18]. A study that
examined the two groups and their ability to maintain the set
therapeutic blood glucose value showed that fewer children
and adolescents with TIDM were able to maintain target
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Fig.3 Scatter plot comparing
the marginal bone level over
time between implants placed in
smokers, former smokers, and
non-smokers (linear regression) 000 §
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levels. This would then mean that TIDM are more likely to
be in a hyperglycemic state and therefore be exposed to the
bone-related consequences that follow [19].

This may be connected to the fact that diabetes can have
a negative impact on bone metabolism and healing. This is
due to an increased intensity and constancy of inflammatory
infiltrate, elevated osteoclast activity, and increased apoptosis
of osteoblasts. When stimulated, osteoblasts express receptor
activators of nuclear factor-kappa B ligand (RANKL), which
binds to osteoclasts via its receptor (RANK) to activate osteo-
clastic production of acids and acid hydrolases [20]. The acidic
production results in the destruction of the bone. Activation
of osteoclasts can be inhibited by the binding of RANKL to a
decoy receptor osteoprotegerin (OPG) [21]. Diabetic hypergly-
cemia may alter the RANKL:OPG ratio, leading to a greater
osteoclastic activity and thereby increased bone loss [22]. This
could possibly lead to some influence on MBL around dental
implants in diabetic patients. An animal study observed that,
in relation to a normoglycemic group, diabetes caused a more
persistent inflammatory response in ligature-induced periodon-
titis model, greater loss of attachment and more alveolar bone
resorption, and impaired new bone formation [23]. In another
study, diabetic animals produced sufficient amounts of imma-
ture mesenchymal tissue but failed to adequately express genes
that regulate osteoblast differentiation, which in turn, leads to
decreased bone formation [24].

Our result presented a statistically significant difference in
MBL in patients with bruxism in comparison to patients with-
out bruxism. According to an international consensus, bruxism
is defined as “repetitive masticatory muscle activity character-
ized by clenching or grinding of the teeth and/or by bracing or
thrusting of the mandible and specified as either sleep brux-
ism or awake bruxism” [25]. The occlusal force produced in
patients with bruxism could possibly exert an excessive load on

200 300 400
Follow-up (months)

the implant-supported crown and its fixture. One can assume
that this also would have an effect on the peri-implant bone and
thereby the marginal bone. The findings of some studies have
shown that bruxism may be a significant factor resulting in an
increase in implant failure rate [26-28], an increased incidence
of a series of technical complications [28-31], and even implant
fracture [32]. Regarding MBL, it was concluded that occlusal
overloading had a negative effect on MBL [33]. The results of
the first clinical study comparing MBL in a group of bruxers
in relation to a matched group of non-bruxers suggested that
bruxism increases the risk of MBL over time [13].

The present results indicated a difference in MBL around
implants between smoking and non-smoking subjects. These
findings are consistent with previous studies. Systematic
reviews and meta-analyses concluded that smoking had a
negative effect on implant failure rates and MBL around
implants compared to non-smokers [34, 35]. This can be
explained by the negative effects smoking has on bone
metabolism. Smoking reduces the rate of bone mineraliza-
tion and thickness in bone trabeculae, which consequently
causes a decrease in bone formation [36]. It has also been

Table 4 Linear mixed-effects model for MBL

Predictor variables F statistic p value
Age 2.551 0.075
Jaw 6.561 < 0.001
Implant diameter 0.308 0.899
Implant surface 3.768 0.055
Prosthesis type 1.356 0.295
Diabetes 37.277 < 0.001
Bruxism 102.855 < 0.001
Smoking 22.987 < 0.001
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shown that cigarette smoke influences the activation and dif-
ferentiation of osteoclasts, leading to an increase in bone
resorption [37]. This is due to elevated levels of oxidative
stress and free radicals seen in smokers [38, 39]. Moreover,
smoking affects the process of angiogenesis negatively [40,
41]. Angiogenesis is a process through which new blood
cells are formed from pre-existing vessels, which is neces-
sary for healing and in the process of osseointegration of
implants [42]. Thus, impaired angiogenesis due to smoking
can affect bone repair and bone metabolism negatively.

When it comes to the site of the implant, our results show
a difference between the maxilla and mandible, with a greater
MBL in the maxilla. A possible explanation for this could be the
difference in bone density between the jaws. One study showed
that the cortical bone of the mandible showed a higher density
when compared to the cortical bone of the maxilla [43]. When
examining differences in bone density, one study concluded that
the lower jaw also showed a higher density in trabecular bone
[44]. In another study, the association between MBL and bone
quality around implants was examined. It was concluded that
increased bone quality, meaning bone with higher density of
trabecular and thick or thin cortical bone, was associated with
adecrease in bone loss [45]. Bone sites with lower bone quality
have also been implicated in higher dental implant failures [46].

As limitations of the present study, this was a dental
record-based retrospective study. The nature of a retrospective
study inherently results in flaws. These problems were mani-
fested by the gaps in information and incomplete records. Fur-
thermore, all data rely on the accuracy of the original examina-
tion and documentation. Items may have been excluded in the
initial examination or not recorded in the dental chart.

As conclusions, the results of the present study suggest
the following: (a) patients with diabetes present greater
MBL around implants over time compared to non-diabetic
patients, (b) the difference was greater in patients with dia-
betes type 1 (T1IDM) compared to patients with diabetes type
2 (T2DM), and (c) other factors that have a negative impact
on MBL are smoking and bruxism.
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