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ABSTRACT

Purpose: This study was conducted to evaluate the effect of glycemic control on implants
assisted mandibular overdentures in type II diabetic patients after three years of function. Materials
and Methods: Thirty, completely edentulous patients with a mean age of fifty years old were
included in this study. For each patient two implants (3.5¥13mm Anyone Two- piece dental
implant, Mega Gen Implant System, Korea) were placed at the canine region bilaterally with
equator attachment to retain mandibular overdenture. Patients were distributed into two groups:
Group (1) contained patients who their glycemic control values below 8%. Group (2) contained
patients who their glycemic control values 8% or above 8%. Each patient was evaluated clinically
concerning plaque index, probing depth and implant stability by using resonance frequency analysis
and radiographically concerning marginal bone loss at baseline (overdenture insertion) and after 6,
12, 24, 36 months after insertion. Data were collected, tabulated and statistically analyzed using
t-Student test.

Results: There was a statistically significant difference between both groups (P < 0.05)
regarding probing depth, implant stability and marginal bone loss

Conclusions: Wither the limitations of this short term study, glycemic control seems to have an

effect on the survival of implants assisted complete overdentures in type II diabetic patients.
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INTRODUCTION destruction and accounts for 5% to 10% of the

Diabetes mellitus is a chronic metabolic subjects with diabetes. Type 2 diabetes is associated

disorder that is reaching epidemic proportions '. It with a relative, rather than an absolute, insulin

is a common metabolic disorder characterized by deficiency and accounts for 0% to 95% of all

. R . individuals with diabetes 2.
hyperglycemia due to impaired insulin secretion,

insufficient insulin action, or both. The main types
of diabetes include type 1 and type 2 diabetes.
Type 1 diabetes is associated with pancreatic b-cell

Diabetes mellitus has long been considered
a relative contraindication to dental implant

therapy. Our understanding of diabetes mellitus as
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a relative contraindication, based on the patient’s
level of glycemic control, has changed little since
the 1988 NIH Consensus Conference on Dental
Implants **. This appears appropriate given the
correlations between glycemic control and micro
As a result,
well-controlled diabetic patients may be considered
appropriate for implant therapy while diabetic
patients lacking good glycemic control may be
denied the benefits of implant therapy °.

and macro-vascular complications.

Glycated hemoglobin (HbAlc) is becoming the
most frequently used and valuable diagnostic and
therapeutic measure of blood glucose control. This
value represents the percent of glycated hemoglobin
in red blood cells. Because this value is based upon
the average circulating time of a red blood cell,
60-90 days, it reflects longer term or average blood
glucose levels over two to three months. Elevated
HbAlc levels correlate directly with morbidity and
mortality in diabetes . Therefore, achieving low
HbAlc levels serves as an important therapeutic
target in the management of diabetes 7. Recent
recommendations for strict glycemic control for
persons with diabetes have targeted maximal HbAlc
levels ranging from 6.5% up to 7.0% 8.

A prospective study evaluated implant survival
after one year of restoration in patients with HbAlc
levels between 8.1% and 10.0% reported no implant
failures suggesting that short-term loading of the
implants may not be detrimental to implant success
in this patient population °.

A systematic review examined the evidence
available for the use of implant therapy for patients
with diabetes based on glycemic control and the
potential for glycemic control to serve as an appro-
priate discriminator for the application of care re-
viewing clinical studies; no clinical data were found
supporting a significantly increased risk of implant
failure for patients lacking good glycemic control '°.

The effect of glycemic level on implant
integration in persons with diabetes remains poorly

Ahmed M. Alam-Eldein, et al.

understood, while support is emerging for implant
therapy in diabetic patients with appropriate
accommodations for delays in implant integration
based on glycemic control. The aim of this study
was to evaluate the effect of glycemic control on
implants assisted mandibular overdentures in

diabetic patients after three years of loading.

MATERIALS AND METHODS

This study was carried out on thirty completely
edentulous, Type II diabetic patients with a mean
age of 53 years old. Patient’s general health
was evaluated by taking a full medical history.
Laboratory investigations included the Glycosylated
Hemoglobin Test (HbAlc Test) were performed to
distribute the patients over the two study groups, all
patients with HbAlc levels below 8% were included
in group I, while patients whose HbAlc level were
8% or above 8% were included in group II.

Cone Beam CT were taken for all patients to
show the height and width of bone as well as the
bone density in the interforaminal area, the position
of the mental foramen and inferior alveolar canal and
to check for any clinically undetectable pathology
or bone abnormality. An informed consent approved
by the ethics committee was signed by each patient
after discussing the treatment plan with them and

prior to initiation of treatment.

An acrylic complete denture was fabricated
for each patient with the conventional technique
using semi-anatomic acrylic teeth set on semi-
adjustable articulator. These acrylic dentures were
duplicated using clear autopolymerized acrylic
resin to produce surgical templates to aid in
implant insertion in the proper canine regions. For
each patient, two mandibular immediately-loaded
(3.5*13mm Anyone Two—- piece dental implant,
Mega Gen Implant System, Korea) were placed
using flapless technique, with equator attachments
to retain mandibular overdentures. (Fig, 1& 2).
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Fig. (1): The two implants with equator attachments inserted in
the mandibular edentulous arch.

Fig. (2): A radiograph of the two implants with equator

attachments inserted in the mandibular edentulous arch.

Twenty four hours after implant insertion;
patients were recalled and each mandibular denture
was relieved at the implant locations, the plastic
caps were placed on the implants making sure
that the dentures were securely seated, the head of
each implant was then covered with a small shim
to prevent excess acrylic resin from engaging any
undercuts. The relieved areas of the fitting surface
of the denture were filled with autopolymerized
acrylic resin, dentures were seated and patients
were instructed to bite gently during setting of
the acrylic resin. After the resin set, the dentures
were removed, the plastic caps inside the dentures
were examined, any excess resin was trimmed and
inserted in the patient’s mouth. Patients were then
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instructed on how to clean the denture and were
asked to return on the following day to examine the
denture bearing area and check for signs of tissue
irritation. All patients were then scheduled for
clinical and radiographic follow-up visits.

For group I: Each patient was asked to deliver the
Glycosylated Hemoglobin Test (HbAlc Test) every
three months all over the study period to ensure
glycemic control with Glycosylated Hemoglobin
levels were below 8.0%.

For group II: Each patient was asked to deliver
the Glycosylated Hemoglobin Test (HbAlc Test)
every three months all over the study period to ensure
glycemic control with Glycosylated Hemoglobin
levels were 8% or above 8§%.

For patients of group II which demonstrated
Glycosylated Hemoglobin levels below 8.0% were
shifted to group 1 and vice versa.

Patients were evaluated clinically and
radiographically at baseline (complete denture
insertion) and at 6, 12, 24 and 36 months after

complete denture insertion as follows:

Plaque index:

Plaque adherent to implants’ surfaces was
quantified at four sites, buccal, lingual, mesial and
distal, using a mouth mirror and a plastic dental
explorer after air drying of the implant and gingiva.
Each of the four areas was scored on a 4-point scale
of 0-3 as described by Mombelli and Lang '':

0= No plaque is visible

1= A film of plaque adhering to the free gingival
margin and adjacent area of the implant, seen
only after application of disclosing solution
or by running the explorer across the implant
surfaces.

Moderate accumulation of soft deposits within
the gingival pocket and on the gingival margin
and/or adjacent to implant surface that can be
seen by the naked eye.
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3 = Abundance of soft matter within the gingival
pocket and/or the gingival margin and adjacent
implant surface.

The PI score was obtained by taking the average
of the four plaque scores for the single implant.

Probing depth 2

The probing depth was measured using a plastic
periodontal probe (CPITN, R.O.R. international,
Copenhagen, Denmark) around the surfaces
of the implants in four areas (mid-buccal, mid-
lingual, mid-mesial and mid-distal). The score was
obtained by taking the average of the four scores for
the single implant and. Measurements of probing
depth <1 mm was recorded as Imm, measurements
exceeding Imm, but less than 2 mm was recorded as
2 mm, and so on.

Stability test by using OSSTELL ISQ (Implant
stability quitent) (Osstell Mentor Goteborg,
Sweden) 13:

» Smart peg was inserted inside the fixture and
firmly screwed into it.

> The probe of Osstell was directed toward the
smart peg without touching it (3mm away from
it) in two directions bucco- lingual and mesio-
distal.

The average of two readings was calculated .

Values less than 50 ISQ have a higher risk of
failure. An increase in ISQ value during long-
term examination implies that the implant be-
came more stable 4. Reports indicate that ISQ
values are proportional to the extent of bone
formation 5.

» Reading above 50 ISQ indicate stable implants.

Periapical and Panoramic radiographs ¢:

Periapical and Panoramic X-ray films were used
to measure the marginal bone loss around the im-
plants. The long cone paralleling technique using the
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Rinn XCP instrument (Rinn Co. Dentsply division,
York, PA, USA) was used. It included the use of
standardized periapical radiographs to detect chang-
es in alveolar bone surrounding the implants during
the follow-up period. The standardized periapical
radiographs were taken by the Xerograph Coping
Process holder with a personalized bite registra-
tion record, made from putty rubber base impres-
sion material for extension cone (35 cm) paralleling
technique. Every X-ray film was inserted into a slot
in the bite-block. To ensure accurate repositioning
of the film every time the radiograph was taken,
the putty rubber base impression material (Express
XT VPS, 3M ESPE AG, Germany) was folded
around the bite-block, then a bite registration was
obtained for each film in closed mouth position, the
putty bite-block with the occlusal registration was
kept aside for the follow-up recall visits. Repeat-
able standardized periapical radiographs were made
for each implant to measure the mesial and distal
bone heights. The measurements were made from
the base of the implant to the most coronal point of
bone adjacent to the implant surface.

All radiographs were exposed using ultra speed
periapical film (Kodak, Paris, France) with X-ray
grid and X- ray unit set at 70 KV and 10 mA. With
similar exposure times, the radiographs were devel-
oped under standardized condition using automatic
process. The scanning settings were adjusted and
noted down in order to be used each time with all
the radiographs before each scan, 2600 DPI (dot per
inch) high quality resolution, 100% (1:1) scaling,
fixed brightness and contrast setting, and no filter
or other modifications were selected. The images
were displayed on a 17 inches View sonic (3) col-
ored monitor (1024 x 768 DPI). The digital image
was then saved in an uncompressed format on the
patient file. The stored images of each patient were
then interpreted at the end of the follow-up period.

The marginal bone-level measurements were
made from the reference point to the lowest ob-
served point of contact of the marginal bone with
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the fixture. The reference point for the fixture was
the fixture—abutment interface. The distance was
measured to the nearest 0.01 mm. These measure-
ments were done using an analysis software pro-
gram (Adobe Photoshop, Adobe Systems Incor-
porated, San Jose, CA, USA). The actual implant
length served as a standard to calculate the bone
height, calculations were made according to the fol-
lowing formula:

CBL = IL*BR/MIL

Where CBL is the calculated bone resorption,
IL: Actual implant length, BR: measured bone re-
sorption (mean mesial and distal) and MIL: mea-
sured implant length.

Data analysis:

All clinical and radiographic data were tabulated
for each individual and group. Summary statistics
(mean, standard deviation) were calculated and also
tabulated; data were statistically analyzed using
t-Student test.
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RESULTS

Plaque Index:

On the initial examination after prosthesis
insertion, mean + standard deviation (SD) of plaque
index scores of group I patients was (3.89+0.44),
while mean + standard deviation (SD) of plaque
index scores of group II patients was (3.96+£0.51).
During the follow-up period there was a non-
significant statistical decrease of the plaque index (P
0.05 >) between the two groups.

Probing Depth:

On the initial examination after prosthesis
insertion, meanztstandard deviation (SD) of probing
depth scores of group I and group Il patients was
(1+0). After 6 months, there was a non-significant
statistical increase of the probing depth (P 0.05 >)
between the two groups. While after 12, 24, 36
months there was a significant statistical increase of
the probing depth between the two groups (P < 0.05)

TABLE (1) Comparison of plaque index at different follow up periods.

Group I Group II T-test
Plaque Index
Mean = SD Mean = SD t P-value
Insertion 389044 396 +0.51 1.54 0.546
After 6 Months 347%0.52 3.61+0.57 1.66 0.437
After 12 Months 3.15%£0.38 327044 1.39 0.624
After 24 Months 302+032 3.14+037 1.44 0.379
After 36 Months 2.79+£0.28 299 +£0.29 1.47 0.446
TABLE (2) Comparison of probing depth at different follow up periods.
Group I Group II T-test
Probing Depth
Mean = SD Mean + SD t P-value
Insertion 1x0 1+£0 0 1
After 6 Months 125054 1.31+0.63 1.67 0429
After 12 Months 1.33+£0.62 149£0.76 1.35 0.03*
After 24 Months 149 +0.57 1.67 +£0.69 1.73 0.01*
After 36 Months 1.55+0.68 1.89£0.72 1.55 0.001*

*Significance: P < 0.05
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Fig. (3): Distribution of mean value of plaque index between
the two groups at different follow up periods.

Stability Test (Osstell ISQ):

On the initial examination after prosthesis
insertion, mean =+ standard deviation (SD) of stability
test scores (Osstell ISQ) of group I patients was
(52.463 +3.537), while meanztstandard deviation
(SD) of stability test scores (Osstell ISQ) of group
IT patients was (51.835 +£3.246). After 6 months,
there was a non-significant statistical increase of the
stability test scores (Osstell ISQ) (P 0.05 >) between
the two groups. While after 12, 24, 36 months there
was a significant statistical increase of the stability
test scores (Osstell ISQ) between the two groups
(P<0.05)

Fig. (4): Distribution of mean value of probing depth between
the two groups at different follow up periods.

Marginal bone loss:

On the initial examination after prosthesis
insertion, mean = standard deviation (SD) of
marginal bone loss scores of group I patients was
(0.95+0.45), while mean + standard deviation (SD)
of marginal bone loss scores of group II patients
was (0.98+0.65). After 6 months, there was a non-
significant statistical increase of the marginal bone
loss (P 0.05 >) between the two groups. While after
12, 24, 36 months there was a significant statistical
increase of the marginal bone loss between the two

groups (P <0.05)

TABLE (3) Comparison of implant stability at different follow up periods.

Group I Group II T-test
Osstell (ISQ)
Mean = SD Mean = SD t P-value
Insertion 52463 +3.537 51.835 +3.246 0.436 0.674
After 6 Months 54.53 £4.642 5228 £4.543 0433 0.885
After 12 Months 59.458 +3.785 53.54 £4.364 0.354 0.02%*
After 24 Months 65.4 +4.366 55.7 £4.575 0.755 0.03%*
After 36 Months 69.2 +4.569 57.8 £3.879 0.577 0.01%*

*Significance: P < 0.05
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TABLE (4) Comparison of marginal bone loss at different follow up periods. (*Significance: P < 0.05)

Group I Group II T-test
Marginal bone loss
Mean = SD Mean+SD t P-value
Insertion 095045 098 £0.65 1.57 0.536
After 6 Months 1.38 £0.53 146 +£0.57 1.76 0.647
After 12 Months 1.67 £0.35 1.86 £0.43 1.48 0.03*
After 24 Months 1.79 £0.65 1.94 £0.59 1.65 0.01*
After 36 Months 1.82+£0.73 1.98 £0.76 1.73 0.02%*
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Fig. (5): Distribution of mean value of implant stability between
the two groups at different follow up periods.

DISCUSSION

Astringent glycemic control is important to be
maintained to minimize diabetic co-morbidities'”.
However, a majority of diabetic persons still
struggle with an inability to maintain adequate
glycemic control '®, since diabetes mellitus remains a
relative contraindication for dental implant therapy,
depending upon the person’s level of glycemic
control '°.

Although evidence-based literature lacks
information regarding immediate loading of dental
implants in diabetic patients, this study provides
reasonable supporting evidence to Ganeles et al

and Romanos et al % that type II diabetes may not

Fig. (6): Distribution of mean value of marginal bone loss
between the two groups at different follow up periods.

be an absolute risk factor for immediate loading
protocols.

Dental plaque contains microbes, such as
Porphyromonas gingivalis (P. gingivalis), which
significantly contribute to periodontal destruction
2!, Inflammatory reactions in the periimplant tissues
have been associated with the presence of dental
plaque around implants****. Periodontal therapy has
been shown to improve glycemic control in diabetic
patients >,

A significant decrease in plaque index was
observed through the three years of follow-up
and attributed to routine hygienic recall visits.
This matches the results of previous studies which
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declared that following regular oral hygiene
instructions resulted in successfully osseointegrated
implants*?°. This may explain the results form
Ferreira and co-workers?’ where implants in
diabetic patients with good glycemic control were
found not to be associated with an increased risk of
peri-implantitis when compared with non diabetic

subjects.

It was also observed a slight trend of increasing
probing depth around the implants during the follow-
up periods. These findings could be attributed to
bone resorption during the first year after implant
placement; the increases were within acceptable
values and are in agreement with previously
reported results of a probing depth increase after
one year follow-up period and explanation that
this phenomenon of up to 1 mm marginal bone
loss is related to maturation of bone after implant
placement and adaptation of bone to withstand
functional forces ?*. The results of this study are
also in agreement with the work from Turkyilmaz
° who reported no pathological probing depth
changes in patients with well-controlled Type II
diabetic patients through one year follow-up period,
and no evidence of diminished clinical success or
significant complication related to implant treatment
was found for this patient population.

Similarly, a slight trend of increasing marginal
bone loss around the implants was observed during
the follow-up periods. These changes match the
results of recently published studies *-3° concluding
that patients with Type II diabetes can receive
implant-based treatments with immediate loading
safely, provided that they present with moderate
HbAIc values indicative of good glycemic control.
These results provide further support to Chrcanovic
et al ? conclusion that the difference between the
insertion of dental implants in non-diabetic and
diabetic patients did not statistically affect the
implant failure rates. The amount of bone level
changes in this study was within the criteria for
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implant success suggested by Albrektsson and
coworkers*'.

Implantstability is a critical factor that determines
the long-term success of dental implants *. In this
study, all the Osstell ISQ values are more than 50
and this indicates successful Osseointegration *.

A significant increase in the probing depth,
marginal bone loss and implant stability was found
after one year from overdenture insertion between
the two groups. Our findings show that persons with
HbAlc levels = 8% have compromises in implant
stabilization that suggest alterations in the biologic
integration of the implants in direct relation to
glycemic control.

The findings of the current study are consistent
with reports from previous studies that have
demonstrated that hyperglycemic conditions lead
to alterations in bone physiology ** %. Impaired
osseous healing in association with hyperglycemia
has been demonstrated in several cross-sectional
and retrospective studies %7,

The effects of a hyperglycemic state have been
shown to include inhibition of osteoblastic cell
proliferation and collagen production during the
early stages of callus development, resulting in
reduced bone formation, as well as diminished
mechanical properties
bone -8,
be exacerbated further by increased apoptosis of
bone-lining cells in a hyperglycemic state®. More

of the newly formed
The diminished bone formation may

recently, several animal studies have demonstrated
a more persistent inflammatory response that may
also lead to increased osteoclastic activity in a
hyperglycemic state **-*!.

Thus, the potential for alterations in bone
metabolism in association with hyperglycemia is
consistent with the longitudinal assessments of
implant stabilization found in this study. Therefore,
under optimal glycemic control, subjects with
diabetes can have a periodontal bone height similar
to that of healthy individuals.
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In this study, the use of immediately-loaded
flapless one-stage implants without a second surgical
phase might be a reason of the success rate of the
implants. The flapless implant surgery “minimally
invasive” preserves maximum amount of blood
supply to the bone. On the other hand, reflection of
flap in the second stage will compromises part of
blood supply coming from soft tissue to bone and
interfere with the tissues vascularization **.

Due to the limitations of this study, the authors
suggest that longer evaluation period may be needed
to assess the effect of glycemic control on implants
survival in diabetic patients.

CONCLUSIONS

Wither the limitations of this short term study,
glycemic control seems to have an effect on
the survival of implants supporting complete
overdentures in type II diabetic patients as it affect
the crestal bone resorption and probing depth around
implants and also affect implant stability.
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