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Abstract

Background: Hyperglycemia in diabetic patients can affect the success of many dental treatments.
Thus, many dental procedures are contraindicated in patients with uncontrolled diabetes mellitus (DM)
due to the consequent delay in wound healing. This study aimed to assess the effect of a long-term
control of blood sugar on tissue healing after implant placement.

Methods: This cohort study evaluated 20 patients aged 50-60, referring to the School of Dentistry,
Mashhad University of Medical Sciences for implant placement. All patients underwent blood sugar
test and were divided into two groups of diabetic and non-diabetic patients regarding their HbA1c level.
Bone loss, bleeding on probing (BOP), and pocket probing depth (PPD) of patients were measured 1
and 6 months after the implant placement. Data were analyzed using independent ¢ test and chi-square
test.

Results: Blood sugar control had no significant effect on bone loss, BOP and PPD one and six month(s)
after implant placement (P>0.05). Although PPD significantly increased in both groups over time
(P=0.016 in the healthy group and P=0.007 in the diabetic group), the difference between the two
groups was not significant (P>0.05).

Conclusion: According to the results from this study, blood sugar control examined in the age range of
our study had no significant effect on tissue healing one and six month(s) after the implant placement.
However, further studies are required to explore this subject more thoroughly.
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Background Highlights

Diabetes mellitus (DM) is a metabolic disease

characterized by hyperglycemia, which may be due
to decreased secretion of insulin from the pancreas, >

development of insulin resistance, or both, along with healthy patients over time.

»  Blood sugar control had no significant effect on periodontal
parameters in 6 months follow up.
Pocket Probing Depth significantly increased in diabetic and

increased production of glucose by the liver (1). DM,
known as the silent epidemic of the current era, is one of

the most important public health dilemmas worldwide.
Due to its similarity to the plague epidemic in the 14™
century, DM is also referred to as the black death of the
21% century (2). DM is classified into two types, namely
types I and II. Type II DM is more common, accounting
for about 90% to 95% of diabetic patients worldwide. This
type is more common in adults (3). Insulin resistance is
the main mechanism of development in type II DM (4).
Chronic complications of DM include microvascular
disorders (nephropathy, retinopathy and neuropathy)
and macrovascular or cardiovascular complications
(hypertension, coronary artery disease, peripheral vein
disease, and cerebral vein disease) (5). Evidence shows
that blood sugar control in DM patients decreases the

chronic side effects (6). Also, diabetic patients with
poor blood sugar control are more susceptible to oral
complications of DM such as periodontal disease (7). On
the other hand, diabetic patients experience poor wound
healing and higher frequency of postoperative infections.
Thus, non-surgical and more conservative treatment
approaches should be preferably considered for diabetic
patients (8). A mutual interaction exists between DM and
periodontal disease. Treatment of periodontal disease
has an impact on DM control and its complications (9).
On the other hand, DM should be taken into account in
dental treatment planning such as placement of dental
implants (10). Dental implant treatment is a suitable
modality for replacement of the lost teeth. It is currently
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the treatment of choice for many edentulous patients due
to the decreased need for tooth preparation in partial
edentulism, increased retention and stability in complete
edentulism, improved esthetics and mastication power,
and increasing the quality of life. The popularity of dental
implants is increasing due to the high success rate of
implant-supported restorations (83% in the maxilla and
94%in the mandible) (11). Mellado-Valero et al reviewed
several studies and concluded that hyperglycemia had a
negative effect on formation and regeneration of bone
and decreased the bone-implant contact area. They also
concluded that maintaining the blood glucose level within
the normal range would enhance osseointegration and
increase the success of implant treatment (12). Gomez-
Moreno et al (2014) evaluated peri-implantitis in type II
diabetic patients, and assessed the changes in peri-implant
tissue in patients with variable levels of hyperglycemia.
They measured the pocket probing depth (PDD),
bleeding on probing (BOP), and marginal bone loss to
generally assess the peri-implant tissue health. They
found that implant treatment in diabetic patients could
yield predictable results if their blood sugar was controlled
through assessing the level of HbAlc (13).

Eskow et al evaluated the survival rate of dental
implants during the clinical follow-ups of patients with
poorly controlled type II DM for a 2-year period. The
results showed that complications were directly correlated
with the number of implants, and no association was
detected between the level of HbAlc and occurrence of
complications such as mucositis. They reported that poorly
controlled type II diabetic patients had implant treatments
with high success rate and limited complications (14). In
a review study by Monje et al in 2017, it was reported
that hyperglycemia was associated with high risk of peri-
implantitis in non-smokers but such a correlation with
peri-implant mucositis was not found (15). Ormianer
et al (2018) evaluated the success of dental implants and
occurrence of peri-implantitis in diabetic patients. They
found no significant difference in survival rate between
diabetic and non-diabetic patients (16).

This study, therefore, aimed to assess the effect of a
long-term control of blood glucose based on the level of
HbA1c on tissue healing after a dental implant placement,
in order to take a step forward in management of oral and
dental problems in diabetic patients and to increase their
quality of life.

Materials and Methods

This prospective cohort study evaluated 20 patients
between 50-60 years of age, referring to the Dentistry
School of Mashhad University of Medical Sciences for
a dental implant placement in the maxilla between
December 2018 and June 2019. The reason behind
selecting the given age range for this study were the risk
of complications of type II diabetes in older patients, as

well as the higher occurrence of edentulism and higher
need for dental implant placement in older ages. Sampling
was targeted, and the sample size was calculated to be 6
subjects for each group according to a study by Aguilar-
Salvatierra et al (17), assuming the mean and standard
deviation of marginal bone loss in subjects with HbAlc <6
and >6 to be 0.51+0.19 and 1.02+0.31 mm, respectively;
and using the formula for the comparing the means, type
one error of 5%, and type two error of 20%. Considering
the possible dropouts and to ensure the accuracy, 10
samples were included in each group. The subjects in the
two groups were matched in terms of gender. All patients
underwent surgical implant placement by one surgeon
at the specialty clinic of School of Dentistry, Mashhad
University of Medical Sciences. Prior to the surgical
procedure, proper oral hygiene was also instructed to
patients. The same implant type (Straumann, Switzerland)
was used for all patients. After implant placement, healing
abutment was applied. All patients signed informed
consent forms prior to the study enrollment and the
surgery. The inclusion criteria for the control group
included no cigarette smoking, absence of systemic
diseases, not requiring bone augmentation surgery, and
not taking medications affecting the bone metabolism.
The inclusion criteria in the test group were all above-
mentioned criteria plus definite diagnosis of DM and
history of DM for a minimum of 2 years with HbA1c<9.
Patients were monitored by an internal medicine specialist
and oral pills were used to treat diabetes.

The exclusion criterion was not showing up for the
follow-up sessions scheduled in one and six month(s)
after implant placement. The patients were divided into
two groups of healthy and hyperglycemic based on their
blood glucose level and according to a study by Aguilar-
Salvatierra et al (17). Subjects without history of diabetes
and with HbAlc <6 were assigned to the healthy group
(n=10), while diabetics patient with HbAlc>6andless than
9 were assigned to the diabetic group (n=10). The clinical
periodontal parameters including BOP (quantitatively),
PPD (quantitatively), and presence/absence of bone loss
(qualitatively) were determined one and six month(s)
after implant placement. Following Aguilar-Salvatierra et
al (17) and for assessing bone loss in one and six month(s),
periapical radiographs were obtained using the parallel
technique. In order to measure the HbAlc, the subjects
underwent blood test prior to implant placement, and had
another test one and six month(s) after implant placement
for gaining an assurance that no change would occur in
hbAlclevel. As for assessing periodontal disease, PPD and
presence/absence of bone loss were evaluated according to
Aguilar-Salvatierra et al (17).

Six points around each implant (3 in the vestibular
side and 3 in the lingual/palatal side) were probed using
a plastic periodontal probe, and the number of bleeding
points was counted (17).
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For measuring PPD, six points around each implant
(three in the buccal and in the lingual/palatal) were
probed by a plastic periodontal probe (17).

Bone loss: Two periapical radiographs were taken
immediately after implant placement and after 6 months,
and then they were compared (17). Presence or absence of
marginal bone loss was investigated in both groups.

Data were analyzed using SPSS software version 22
using independent ¢ test and chi-square test (4=0.05).

Results

In this study, PPD, percentage of BOP, and bone loss were
measured in 20 patients including 8 females (40%) and 12
males (60%) with a mean age of 55+3.61 years (range 50-
60 years) in two non-diabetic and diabetic groups one and
six month(s) after implant placement. The groups were
not significantly different regarding the demographic
variables of age (P=0.146) and gender (P=0.65).

As shown in Table 1, the mean PPD for 1 month and 6
months after implant placement as for two groups were
not significantly different (P>0.05). PPD for 6 months
was significantly higher than that for 1 month in both
non-diabetic (P=0.016) and diabetic (P=0.007) groups.

The mean BOP for 1 month after implant placement
was almost the same as for both groups with no significant
difference (P=0.720). In non-diabetic group, BOP for 6
months after implant placement was similar with the BOP
for 1 month (P=1.0). In diabetic group, however, BOP for
6 months decreased compared to the BOP for 1 month,
but the difference was not significant (P=0.739).

In 1 month, no bone loss was observed in any of the
groups. Thus, no statistical analysis was performed for
bone loss in 1 month. However, bone loss was detected in
both groups in 6 months (3 cases in non-diabetic group,
and 2 cases in diabetic group), which was greater in non-
diabetic group; but this difference was not significant
(P>0.05, Figure 1).

Discussion

Regarding the concerning increase in the prevalence of
obesity, the prevalence of type II diabetes is also on the rise
among adults and even children. Type II diabetic patients
are not necessarily obese; however, weight gain often
occurs in many patients prior to development of type II
DM (18). Hyperglycemia leads to infection, poor wound

Table 1. Comparison of the mean PPD (in millimeters) in the two groups at
different time points

Non-diabetic Diabetic
Variable Number P Value*
Mean = SD Mean = SD
PPD at 1T month 10 1.69+0.41 1.82+0.59 0.589
PPD at 6 months 10 1.85+ 0.44 2.19+0.80 0.253
P value® 0.016 0.007

* In dependent t test; ® Paired ¢ test.

Chart Title

30%
25%
20%
15%
10%

5%

A
0%

boneloss after 1 boneloss after 6
month months

mHbAlc>6 W HbAlc=<6 m Columnl

Figure 1. Mean bone loss Tmonth and 6 month after implant
surgery in two groups

healing, and a compromised immune system (19). This
study aimed to assess the bone loss, BOP and PPD one
and six month(s) after the implant placement in diabetic
patients and healthy control group. The results showed
that marginal bone loss, BOP, or PPD one and six month(s)
after the implant placement was not significantly different
between diabetic and non-diabetic subjects (P>0.05).
However, PPD significantly increased over time in both
groups (P=0.016 in the healthy group and P=0.007 in
diabetic one) with no significant difference between them.

Gomez-Moreno et al evaluated PPD, BOP, and marginal
bone loss in different diabetic groups with variable levels
of HbAlc. They showed that PPD and marginal bone loss
increased with an increase in blood glucose level, but the
differences among the groups were not significant. They
observed a significant increase in BOP by an increase
in level of HbAlc (13), which was different from our
findings and may have been due to the smaller sample size
in our study. Oates et al evaluated 177 patients and a total
of 234 implants, but failed to find a significant correlation
between implant survival and high level of HbAlc in their
one-year follow-up. They only reported that primary bone
healing and implant stability were correlated with the level
of HbAlc (20).

Aguilar-Salvatierra et al followed up the patients for 2
years and found a significant correlation between implant
survival and HbAlc level. They reported that an increase
in blood glucose level significantly increased the marginal
bone loss and BOP, which was inconsistent with our
findings, and may have been attributed to their larger
sample size or difference in culture and, subsequently, in
oral hygiene. Alternatively, this difference may have been
due to different implant placement protocols. They also
found lower PPD in HbAlc <6 group compared with
HbAlc >6 group. Moreover, PPD increased in all groups
but no significant differences were observed among the
groups in the 1-month, 1-year, and 2-year follow-ups.
Their results were in line with our findings, although they
had a larger sample size and longer follow-up period. Al-
Sowygh et al followed up 93 patients for 62 months and
found a significant difference in PPD between diabetic
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and non-diabetic patients. Thus, it may have been stated
that achieving a significant difference in PPD between
diabetic and non-diabetic patients required a follow-up
period longer than 2 years (21). Al-Sowygh et al evaluated
BOP, PPD, and bone loss and reported a significant
difference between diabetic and non-diabetic individuals.
The difference between their study results and ours may
have been due to the time of measurements since they
had measured the parameters after a minimum of 12
months following implant placement in all groups, while
the parameters in this study were measured after one and
six month(s). Also, they divided the diabetic patients into
three groups with HbA1c levels of 6-8, 8-10 and >10 and
reported the results separately for each group. For instance,
patients with HbAlc levels of 8-10 and >10 showed a
highly significant difference in the measured parameters,
while all patients with HbAlc > 6 were considered as
diabetic in this study.

Poor blood glucose control has been a contraindication
for dental implant placement for a long time (22).
Currently, precise blood sugar control is a critical goal to
minimize the risk of DM complications in type II diabetic
patients (23). Therefore, patients with uncontrolled
DM are not considered as good candidates for implant
placement (22). Available evidence indicates that the
results from recent studies on the effects of hyperglycemia
on implant treatment are inconclusive (24). To put it
another way, these effects have not been well-elucidated
yet. Moreover, patients with properly controlled DM can
benefit from implant treatment given the fact that they
follow a strict nutritional regimen.

The safety and high success rate of dental implant
treatments have been previously documented. However,
peri-implant mucositis and peri-implantitis can
compromise the success of dental implants. These
conditions are aggravated in patients with underlying
systemic conditions such as DM (25,26). In this study,
no significant difference was found between diabetic and
non-diabetic patients regarding BOP, bone loss, and PPD
in one and six month(s) after implant placement. Taking
into consideration the results from other studies with
longer follow-up periods and more precise grouping of
diabetic patients based on HbAlc level, however, it was
recommended that dental implant candidates should
measure their HbAlc level preoperatively; and if its level
was <8%, they could undergo dental implant placement
given the fact that they followed a strict nutritional regime
under constant monitoring of an endocrinologist (17). It
was also recommended that further studies with larger
sample size and longer follow-up period be carried out to
investigate the subject more thoroughly.

Conclusions
Given the limitations of this study, no significant dif-
ference was found between non-diabetic and diabetic

patients in terms of PPD, BOP and marginal bone loss
with hbA1c<9 during six months follow up.
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