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Abstract

Background—The authors conducted a prospective cohort study to determine whether poor
glycemic control is a contraindication to implant therapy in patients with type 2 diabetes.

Methods—The study sample consisted of 117 edentulous patients, each of whom received two
mandibular implants, for a total of 234 implants. Implant-retained mandibular overdentures were
loaded after a four-month healing period and followed up for an additional one year. The authors
assessed implant survival and stability (by means of resonance frequency analysis) relative to
glycated hemoglobin A;; (HbA1c) levels, with baseline levels up to 11.1 percent and levels as high
as 13.3 percent over one year.
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Results—Implant survival rates for 110 of 117 patients who were followed up for one year after
loading were 99.0 percent, 98.9 percent and 100 percent, respectively, for patients who did not
have diabetes (n = 47), those with well-controlled diabetes (n = 44) and those with poorly
controlled diabetes (n = 19). The authors considered the seven patients lost to follow-up as having
had failed implants; consequently, their conservative estimates of survival rates in the three groups
were 93.0 percent, 92.6 percent and 95.0 percent (P = .6510) . Two implants failed at four weeks,
one in the nondiabetes group and the other in the well-con trolled diabetes group. Delays in
implant stabilization were related directly to poor glycemic control.

Conclusions—The results of this study indicate that elevated HbA levels in patients with type
2 diabetes were not associated with altered implant survival one year after loading. However,
alterations in early bone healing and implant stability were associated with hyperglycemia.

Practical Implications—Within the clinical parameters of this study, the findings indicate
likely implant success among patients with type 2 diabetes who lacked good glycemic control.
Further investigation, including longer-term evaluation, is needed.
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Diabetes mellitus has long been considered a contraindication to dental implant therapy,
depending on the patient's glycemic control.1# Patients with well-controlled diabetes are
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considered candidates for implant therapy, whereas patients with poor glycemic control may
be denied this treatment option. However, the potential benefits of implant therapy may be
important for diabetic patients dependent on dietary management to aid in controlling their
condition.

More than 90 percent of patients with diabetes in the United States have type 2 diabetes, and
it affects more than 25 million people in the country. More-over, it has been estimated that
as many as 30 to 50 percent of patients with diabetes lack good glycemic controt, having
hemoglobin A (HbA;.) levels greater than 9.0 percent.® This HbA; level is consistent
with an estimated mean glucose level of 212 milligrams/deciliter.>6 Although the results of
numerous animal and human studies suggest that poor glycemic control is a contraindication
to implant therapy, limitations in these studies leave in question our understanding of the
role of glycemic status in patients with diabetes.”-12

Potential compromises in bone metabolism shown with animal models of hyperglycemia
suggest alterations in implant integration.8:12 The clinical impact on the integration process
may be understood better through a longitudinal assessment of implant stability by means of
resonance frequency analysis (RFA).13-19 Researchers in previous studies have assessed
implant stability over the first four to six months after placement in patients with type 2
diabetes who had HbA; levels as high as 12 percent.13:20.21 They reported high levels of
implant survival regardless of patients’ glycemic status, as well as few clinical
complications. It is important to point out that in the first few weeks after implant
placement, implant stability decreased more in patients with diabetes who had an HbA 1
level of greater than 8 percent, and they demonstrated delayed integration compared with
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that in patients without diabetes and in patients with well-controlled diabetes. However,
these studies were of a short duration and designed primarily to assess implant-related
outcomes before restoration of the implants. The high levels of implant survival identified in
these studies support a longer-term assessment after restoration.

The goal of this observational study was to examine the effects of elevated glycemic levels
on implant survival and stability over 16 months, including one year after implant
restoration.

This single-center, prospective cohort study was designed to evaluate the effects of glycemic
levels on implant-related outcomes among edentulous patients receiving mandibular
implant-supported overdentures. We recruited patients seeking treatment at the School of
Dentistry, University of Texas Health Science Center at San Antonio (UTHSCSA). We
enrolled participants in the study from September 2007 through June 2012. This study was
approved and conducted in compliance with the institutional review board at UTHSCSA.

Inclusion criteria

We included in the study edentulous patients 25 years or older who required treatment with
two dental implants in the mandibular anterior region to support an implant-retained
complete overdenture. We verified a diagnosis of type 2 diabetes at enrollment on the basis
of the patient’s medical record. We included participants who did not have diabetes and had
a baseline HbA . level that was less than 5.9 percent or a fasting blood glucose level that
was 100 mg/dL or lower. We used a single Clinical Laboratory Improvement Amendments—
certified commercial laboratory to measure HbA; values. Medical management of diabetes
by means of diet, oral hypoglycemic agents, insulin or combination therapy was allowed.

We limited required dental implant therapy to the anterior mandible (canine-premolar
region) that had sufficient bone volume to allow for the placement of 4.1-millimeter—
diameter implants with a length of 8 to 12 mm. We also limited participation to implants in
sites that required at least four months of healing after tooth extraction before implant
placement. We required participants to have had clinically acceptable complete mandibular
and maxillary dentures for at least six months.

Exclusion criteria

Criteria for exclusion from the study included an HbA . level of greater than 12 percent at
screening and systemic conditions other than type 2 diabetes mellitus considered to be a
contraindication to implant surgery. We also excluded patients receiving antiresorptive drug
therapy, pregnant women, patients with a self-reported smoking habit, patients with
untreated oral infections, patients with viral or autoimmune disease, implant sites that
underwent bone-grafting procedures involving use of autogenic or allogeneic materials
within one year of the study or implant sites that had undergone alloplastic grafting
procedures.
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Implant therapy

Patients received two transmucosal implants (4.1-mm diameter and 8-, 10- or 12-mm length,
SLActive, Straumann, Basel, Switzerland) in the anterior mandible to support a mandibular
overdenture. The surgeons determined implant length on the basis of existing bone
dimensions and, in appropriate cases, they placed implants of the same length in both sites.
Implant surgery, consistent with standard surgical protocols, was performed by multiple
clinicians, including residents and faculty members (P.G., G.H.-B.), under supervision of the
principal investigator (PI) (T.W.0O.). The surgeon and Pl made clinical assessments jointly
regarding bone type at implant placement, according to a four-tiered scale: high density
(type 1), moderate density (type 1), low density (type 111) and very low density (type 1V).22
After implant placement, the surgeon placed transmucosal healing caps and made denture
base adjustments to eliminate any contact between the implant and denture. Patients
received prescriptions for a postoperative antibiotic regimen consisting of amoxicillin (500
mg) or clindamycin (150 mg) three times per day for seven days and chlorhexidine
gluconate (0.12 percent) mouthrinse twice a day for two weeks. After a four-month healing
period, two of us (P.A., A.V.G.) restored the implants by using Locator abutments and
attachments (Zest Anchors, Escondido, Calif.).

Study procedures

Two examiners (P.A., A.V.G.) who underwent calibration and were masked to the diabetic
and glycemic status of participants evaluated all implant-related outcomes. They assessed
implants over a four-month healing period after placement and then at three, six and 12
months after implant restoration. We defined implant survival as an implant lacking any
signs of clinical mobility, peri-implant radiolucency, clinical findings consistent with failure
of the implant to integrate, pain or other reasons preventing restoration of the implant at four
months or requiring removal of the implant.23 The examiners obtained panoramic
radiographs at the three-month postloading visit for evaluation of any radiographic signs of
implant complications or evidence of implant failure.

The examiners assessed implant stability at each study visit by means of two readings from
each parallel and perpendicular direction relative to the alveolar ridge using RFA to
determine the implant stability quotient (ISQ) (on a 0-100 scale, with higher numbers
indicating greater stability) (Osstell ISQ Meter, Osstell, Gothenburg, Sweden) in accordance
with the manufacturer’s protocol.

The two examiners obtained venous blood samples at screening for measurement of HbA;.
levels to determine eligibility for participation. They also obtained venous blood samples at
the time of implant placement (baseline), two months after surgery, four months after
surgery (implant loading) and at three, six and 12 months after loading.

The examiners assessed implant-related biological complications at each study visit.
Biological complications included any clinical sign of infection such as pain, swelling or
suppuration that did not require removal of the implant but may have been sufficient to
warrant antibiotic or other therapeutic intervention or an alteration in clinical management
procedures.

J Am Dent Assoc. Author manuscript; available in PMC 2015 April 20.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Oates et al.

Page 5

Statistical analysis

For each patient, four ISQ measurements were made for each of the two implants at each of
the visits, as described earlier. We calculated the mean of these four readings for each
implant at each time point, as well as the median, minimum and maximum values.
Correlation coefficients of the mean 1SQ measurements with the median, minimum and
maximum measurements were = 0.96. Because the high correlation coefficients indicated
that the same information was obtained regardless of the summary measure, we used the
mean of the four ISQ measures in the statistical analyses.

We categorized HbA 1 levels as follows: less than or equal to 5.9 percent, between 6.0 and
8.0 percent, and 8.1 percent or higher. There is no set lower limit for HbA for patients with
type 2 diabetes, but recommended therapeutic targets range between 6.5 and 7.0
percent.2425 Complications from hyperglycemic conditions have been shown to be directly
proportional to glycemic levels, as measured with glycated hemoglobin, with the greatest
risks of clinical complications occurring at HbA1, levels greater than 8.0 percent.26:27
Therefore, we classified participants who had HbA 1 levels of 8.1 percent or greater as
having poorly controlled diabetes at study enrollment.

We calculated implant stability measurements by using analysis of variance (ANOVA) for
repeated measurements. We also determined the time required for an implant to attain an
ISQ greater than or equal to the ISQ at surgery (baseline). In addition, we determined the
time needed to attain 90 percent and 95 percent of the 1SQ at surgery. We analyzed these
times by using ANOVA for repeated measurements. We used Kaplan-Meier survival curves
to analyze the times needed for the poorer-performing implants to achieve 1SQs greater than
or equal to the 1SQs at surgery. We defined the poorer-performing implant per patient as the
one requiring more time to return to baseline 1SQ levels. In addition, we tested differences
between groups by using the log-rank test.

We used the proportional hazards model?8 to analyze the associations of time required for
each participant’s poorer-performing implant to achieve an ISQ greater than or equal to the
ISQ at surgery with HbA . category, sex, age group (< 65 years [median age] and > 65
years) and implant length. We investigated use of the HbA . level at surgery as a predictor,
as well as a time-varying covariate, constructed as the mean HbA . level over the period
from surgery until the visit at which the implant achieved an ISQ greater than or equal to the
ISQ at surgery; we assumed that implant performance depended on the patient’s history of
glucose control and not just on the most recent glycemic level.

We applied the following definitions, which resulted in our findings being conservative in
estimating complete healing. For patients lost to follow-up, we assumed that the 1SQs for
implants that had not returned to baseline 1SQs never returned. Similarly, we included the
two implants that were replaced and the implant for which the baseline 1SQ was missing in
the group in which the 1SQ never returned to the baseline 1SQ.
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We included a total of 117 edentulous patients with 234 implants in this study. This group
consisted of 52 men and 65 women ranging in age from 38 to 83 years, with a mean age of
64 years. The patient population included four Asian Americans, three African Americans,
54 Hispanic whites and 56 non-Hispanic whites. Baseline (surgical) HbA1. values ranged
from 5.1 percent to 11.1 percent. The highest HbA . value at two months after surgery was
13.3 percent; at implant loading, 12.1 percent; at three months after loading, 11.9 percent; at
six months after loading, 12.0 percent; and at 12 months after loading, 12.6 percent. At the
time of implant placement, 50 patients (42.7 percent of the 117 participants) did not have
diabetes (HbA1 value < 5.9 percent), 47 (40.2 percent) were in the well-controlled diabetes
group (HbA value 6.0-8.0 percent) and 20 (17.1 percent) were in the poorly controlled
diabetes group (HbA; value = 8.1 percent).

We found no significant differences in overall HbA;. levels from implant placement
(baseline) through the one-year postloading evaluation. Intraclass correlation coefficients, as
a measure of agreement between the HbA . level at baseline and those at other visits, were >
0.80. The study findings showed that the lowest intraclass correlation coefficient was for the
period between baseline and one year after loading—that is, the visits separated by the most
time. These results indicate that the HbA 1 levels were relatively stable in patients over this
period and support our using the baseline HbA . level as a predictor variable in assessing
the association between HbA;. and outcome.

The mean (standard deviation) baseline HbA 1 levels were 5.65 percent (0.20) for the group
without diabetes, 6.54 percent (0.58) for the group with well-controlled diabetes and 9.20
percent (0.85) for the group with poorly controlled diabetes. Baseline HbA 1 categories were
unchanged for 61 to 90 percent of participants when we compared values with the three-,
six- and 12-month postloading averages. The HbA . levels in patients changed by no more
than one category from baseline (surgery) to preloading or postloading times.

Postsurgical complications

Early healing outcomes were consistent across the three HbA1. groups, with expected minor
postoperative complications; the exception was two failed implants that were removed
during the study period, as described below. There were no reports of signs of infection
(purulence, unanticipated pain or unusual swelling) or compromised healing that required
interventions such as antibiotic extension, incision and drainage, or additional treatment for
any implant.

Implants excluded from RFA analysis

Two of the 117 patients (1.7 percent) experienced failure of one of their two implants (two
of 234 [0.85 percent]) during the study period, requiring removal. Both of the implants were
removed four weeks after surgical placement as a result of failure to osseointegrate. One of
these patients had a baseline HbA . level of 5.8 percent, and the other patient had a baseline
HbA 1 level of 7.4 percent. Both failed implants were replaced successfully and followed up

J Am Dent Assoc. Author manuscript; available in PMC 2015 April 20.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Oates et al.

Page 7

by means of the protocol described earlier. By 12 months after loading, the mean 1SQs for
the patient without diabetes (baseline HbA1 5.8 percent) were 79.5 for the replacement
implant and 79.75 for the contralateral implant. In the patient with well-controlled diabetes,
the 1SQ for the replacement implant was 72.75, and for the contralateral implant, the 1SQ
was 70.75. Thus, complications that required implant removal did not compromise the
eventual success of the replacement implant. These limited data pertaining to implant
removal provide little information about any association with HbA.. We did not include
data pertaining to these two replaced implants in the statistical analyses for 1SQ
comparisons.

Overall, 110 patients were evaluated for implant survival over the 12-month postloading
period, representing a retention of 94 percent, with no differences between HbA . categories
(Table 1). One year after loading, implant survival rates on the basis of implants were 99.0,
98.9 and 100 percent, and at the patient level were 97.9, 97.7 and 100 percent for the
nondiabetes (n = 47), well-controlled diabetes (n = 44) and poorly controlled diabetes (n =
19) groups, respectively. Seven patients (three who did not have diabetes, three with an
HbA 1 level of 6.0-8.0 percent and one with an HbA level = 8.1 percent) were lost to
follow-up. One of these patients was not seen after implant loading, whereas the other
patients had at least one visit after implant loading. None of the seven patients lost to follow-
up experienced any implant-related complications before they dropped out of the study. If
we consider these seven patients lost to follow-up as each representing two implant failures,
then the conservative estimate of implant failures is seven (7.0 percent) in patients without
diabetes, seven (7.4 percent) in patients with well-controlled diabetes and two (5 percent) in
those with poorly controlled diabetes (P = .6510).

Implant stability

Implant stability increased significantly from baseline through all follow-up times for each
HbA 1 group (P < .0045) (Figure 1). The mean baseline 1SQs were not significantly
different between the HbA1. groups (P = .1585). In the group with an HbA . of 5.9 percent
or lower, the mean 1SQs at three, six and 12 months after loading were higher than the I1SQ
at implant loading (P = .0604); in addition, the results showed no differences in mean I1SQ
values at three, six and 12 months after loading (P = .8909). Similarly, for participants with
an HbA . level of between 6.0 and 8.0 percent, the mean ISQs at three, six and 12 months
after loading were higher than the 1SQ at implant loading (P = .0192), with no differences
between the mean 1SQ values at three, six and 12 months after loading (P = .7115).

Implant integration was delayed in the group with poorly controlled diabetes compared with
that in the other two groups. In the former group, the mean ISQs at six and 12 months after
loading were higher than the mean 1SQs at implant loading and three months after loading
(P =.0337). We found no difference between the mean 1SQ values at implant loading and
three months after loading (P = .4515) or between the mean 1SQ values at six and 12 months
after loading (P = .7296).

To evaluate the effects of HbA4 as a continuous variable at each time point, we identified
the implant in each patient for which the 1SQ was lowest (that is, the more poorly
performing implant). In Figure 2, we present scatter diagrams of 1SQs for the more poorly
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performing implant relative to the patient’s HbA1 level at baseline. No association between
ISQs and HbA . levels is evident over this one-year postloading period.

Our evaluation of 1SQ levels over time allowed an assessment of the integration—or healing
—rate for HbA 1 groups. The study results showed no statistically significant association of
ISQ levels with bone type or HbA . level at placement. We used baseline I1SQ levels per
patient to define the level of implant integration consistent with a healed implant, as
evaluated at the time of loading and one year after loading. We explored healing broadly by
using three different thresholds of baseline stability and observing the percentage of
implants with an 1SQ value equal to or greater than the patient’s baseline 1SQ, 95 percent of
the patient’s baseline 1SQ or 90 percent of the patient’s baseline 1ISQ (Table 2). Regarding
implants and patients lost to follow-up, we considered those for which or whom the 1SQ had
not returned to threshold percentages (100, 95, 90 percent) before loss to follow-up as never
having achieved the threshold. Similarly, we considered the one implant for which the
baseline 1SQ was missing as never having achieved a return to threshold 1SQ. Table 2
presents conservative estimates for the percentages of implants meeting the 1SQ thresholds.

By the time of implant loading, all implants except the two replaced implants and the
implant for which the baseline 1SQ was missing achieved 1SQs greater than or equal to 90
percent of the baseline 1SQ. Using the 95 percent threshold for healing, we found no
significant differences between HbA,c groups at loading or at one year after loading. We
should point out that using the 100 percent 1SQ threshold, we found fewer implants in the
poorly controlled diabetes group (HbA1. = 8.1 percent) that attained the threshold than we
did in the combined nondiabetes (< 5.9 percent) and well-controlled diabetes (6.0-8.0
percent) groups. There was no difference between the nondiabetes and well-controlled
diabetes groups.

Regarding the time required to achieve the 100 percent level of healing (that is, the mean
time required for 1SQ values to return to baseline stability), implants in the poorly controlled
diabetes group (that is, HbA < 8.1 percent) required about twice the time to return to
baseline levels compared with implants in the other two groups (Table 3). The study
findings showed no difference between the nondiabetes and well-controlled diabetes groups.
Evaluation of the time to healing using the 95 or 90 percent thresholds yielded no significant
differences between groups (data not shown). However, these times may be underestimates
because we used 16 months as the time for implants that had not yet attained an 1SQ equal to
or greater than the 1SQ at implant placement.

Figure 3 shows the percentage of patients for whom the more poorly performing implant had
attained an 1SQ greater than or equal to the ISQ at placement (surgery) at various follow-up
times. There was no difference between the nondiabetes and well-controlled diabetes groups
(P =.9473). The curve for the poorly controlled diabetes group (HbA;. = 8.1 percent) was
significantly different from those for the nondiabetes and well-controlled diabetes groups
combined (P = .0355).

Using the proportional hazards model, we found that the group of patients with poorly
controlled diabetes required longer times for the more poorly performing implant to achieve
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an 1SQ greater than or equal to the 1SQ at surgery than the combined group of patients
without diabetes (HbA 1. < 5.9 percent) and the group with well-controlled diabetes (HbA ¢
6.0-8.0 percent) (P = .0588). The hazard ratios at surgery were 1.00 for HbA; less than or
equal to 5.9 percent (reference category), 0.99 (95 percent confidence interval [CI],
0.65-1.52) for HbA ¢ between 6.0 and 8.0 percent and 0.58 (95 percent Cl, 0.31-1.06) for
HbA 1 greater than or equal to 8.1 percent. Using the mean HbA levels averaged from
surgery to the time the more poorly performing implant achieved an 1SQ greater than or
equal to the 1SQ at surgery, we found that the hazard ratios at surgery were 1.00 for HbA 1
less than or equal to 5.9 percent, 0.97 (95 percent ClI, 0.63-1.49) for HbA; between 6.0 and
8.0 percent and 0.55 (95 percent Cl, 0.29-1.01) for HbA 8.1 percent or higher (HbA1 <
5.9 percent and HbA ;. 6.0-8.0 percent combined versus HbA; = 8.1 percent; P = .0481).
Thus, we found little difference between HbA; levels at surgery and the longer-term mean
HbA 1 levels as a predictor of the time required for a patient to achieve implant stability.

The study findings revealed no significant effects of sex, age category (< median age of 65
years and > 65 years) or implant length—after accounting for the effects of HbA . at
implant placement—on the time for the more poorly performing implant to achieve an 1SQ
greater than or equal to the ISQ at surgery. The hazard ratio for men was 1.00 and for
women, 1.36 (95 percent CI, 0.90-2.06; P = .1402); for 65 years or younger, 1.00 and for
older than 65 years, 1.04 (95 percent CI, 0.70-1.55; P = .8461). For implant length of 8 mm,
the hazard ratio was 1.00, for implant length of 10 mm, 1.23 (95 percent Cl, 0.65-2.36) and
for implant length of 12 mm, 1.23 (95 percent Cl, 0.53-2.82; P = .8157).

DISCUSSION

Our study findings revealed no differences in implant survival during the 16-month
observational period relative to diabetes diagnosis or glycemic levels, even when we
considered implants in patients lost to follow-up to be failures. We consider this to be a
conservative approach, because we believe that a patient who experiences a problem with an
implant is more likely, not less likely, to return for a follow-up visit.

Poor glycemic control has long been considered a contraindication to implant therapy.1-3
Strict glycemic control remains a critical goal in minimizing diabetes-related comorbidities
for patients with type 2 diabetes.2® Thus, patients with poorly controlled diabetes are not
considered to be appropriate candidates for implant therapy.1-3 However, a closer look at the
literature reveals that the effects of hyperglycemia on implant therapy remain uncertain.”
Furthermore, patients with compromised glycemic control may gain important benefits from
implant therapy with respect to dietary management of their diabetic condition. The
potential benefits of and questionable risks involved with implant therapy make it more
difficult for the practitioner to determine the best treatment option for the patient with type 2
diabetes who lacks good glycemic control.

We should point out that this study was conducted by using a delayed healing period (four
months before restoration) to allow for adequate implant integration, and the restorative
treatment was limited to the use of mandibular implant-supported overdentures for
edentulous patients. Other than the failure of two implants, there were no clinical
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complications in this patient population during the study that would suggest important
compromises on the basis of glycemic levels. The clinical results of this study are consistent
with those of previous studies in which investigators reported similar rates of implant

survival for patients with type 2 diabetes who had documented HbA levels approaching 12
percent,20:21,29.30

Our assessments of implant integration on the basis of changes in implant stability over time
revealed subtle delays for patients with poor glycemic control. However, the degree of delay
appears relatively minor, as it is evident when using 100 percent of baseline stability as a
threshold for healing, but is not apparent when using 90 or 95 percent of baseline stability as
thresholds. The minor role of this extended healing process also is supported by our survival
data, which seem unaffected by these compromises in healing. The suggestion of
compromises in bone metabolism during the integration process is consistent with results
seen in hyperglycemic animal models. Investigators in these animal studies identified
compromises in implant integration, bone metabolism, bone formation, bone strength and
fracture healing.31-38

Although our study findings demonstrated positive clinical outcomes up to one year after
loading that were independent of glycemic status, and we evaluated a larger patient
population than those in previous studies, any extension of these findings to clinical care
must be made with caution. We used specific surgical and prosthetic protocols that may
have been important factors in the positive outcomes attained. At the time of implant
placement, patients received systemic antibiotic treatment for seven days and used
chlorhexidine rinse for two weeks to minimize postoperative complications. Also, prosthetic
loading was delayed for twice the time (that is, four months rather than two months) used in
standard protocols. Although our study design does not identify the value of any component
of our clinical protocol as being critical to our outcomes, the stability findings support the
use of a delayed prosthetic loading protocol. In addition, one may consider the use of
panoramic radiographs rather than periapical radiographs a limitation in the radiographic
assessment of implants owing to the potential for distortion in the mandibular midline area.
However, this approach was necessary because many patients in this study had minimal
alveolar ridge height, making it unfeasible to obtain periapical radiographs because of
difficulty in film positioning and angulation.

The results of this study suggest that differences in bone metabolism and healing do not last
much beyond six months after loading. Even with these differences in healing rates,
implants seem to perform similarly for patients with poor glycemic control up to 12 months
after loading. Certainly, clinicians should take into account the underlying differences in
bone metabolism when considering implant therapy for patients with type 2 diabetes who
have poor glycemic control. This finding provides further evidence of the need for careful
evaluation of the effects of systemic conditions in these patients in dental practices.
Investigators in future research need to examine the value of the restorative and anti-
infective protocols used in our study, assess the clinical implications of hyperglycemia over
longer periods with regard to peri-implant inflammation and bone loss, and clarify the
benefits and risks of implant therapy for patients with type 2 diabetes.
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CONCLUSIONS

The results of this study failed to show that elevated glycemic levels as high as 13.3 percent
had a significant effect on implant survival over a one-year postloading period in patients
with type 2 diabetes. However, early bone healing and implant stability may be affected by
hyperglycemia, indicating the need for further investigation of the effects of elevated HbA;
levels and appropriate clinical management.
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Figure 1.
Mean implant stability quotient—as determined by means of resonance frequency analysis

—according to hemoglobin A (HbA1.) level at implant placement (surgery) and follow-up
times. Error bars represent 95 percent confidence intervals.
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Percentage of patients in whom the more poorly performing implant attained an implant
stability quotient (1ISQ)—as determined by means of resonance frequency analysis—greater
than or equal to the ISQ at implant placement (surgery), according to the hemoglobin A

(HbA 1) level at placement.
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Number of patients at follow-up times, according to HbA;." level.

TABLE 1

FOLLOW-UP TIME
(NO. OF PATIENTS)

NUMBER OF PATIENTS,

ACCORDING TO HbA;; LEVEL

IMPLANT FAILURES
AND PATIENTS LOST
TO FOLLOW-UP

< 5.9 Percent | 6.0-8.0 Percent | =8.1 Percent
Implant Placement 50 47 20 Baseline
(n=117)
Implant Loading 50 47 20 Two implants lost in
(n=117) two patients
Three Months After Loading 49 47 19 Two patients lost to
(n=115) follow-up
Six Months After Loading 48 45 19 Three patients lost to
(n=112) follow-up
12 Months After Loading 47 44 19 Two patients lost to
(n= 110)T follow-up

*
HbA1C: Hemoglobin A1c.

Page 17

TNinety—three percent of implants survived in patients who did not have diabetes (HbA1¢ < 5.9 percent), 92.6 percent survived in those with well-
controlled diabetes (HbA1¢ 6.0-8.0 percent) and 95.0 percent survived in patients with poorly controlled diabetes (HbA1¢ = 8.1 percent). Implants
in patients lost to follow-up were considered to have failed. The overall implant retention rate was 94 percent.
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TABLE 2

Page 18

Percentage of implants for which ISQ”™ measurement at implant loading or 12 months after loading was equal
to or greater than 1SQ at implant placement.

t NUMBER OF t
HbA;. GROUP IMPLANTS PERCENTAGE OF IMPLANTS
Implant Loading 12 Months After Loading
(Four Months After Placement)
Threshold (percentage of 1SQ Threshold (percentage of 1SQ
at placement) at placement)
100 95 90 100 95 90
< 5.9 Percent 100 90.0 97.0 98.0 93.0 98.0 98.0
6.0-8.0 Percent 94 86.2 96.8 98.9 92.6 97.9 98.9
2 8.1 Percent 40 67.5 95.0 100 82.5 97.5 100
Statistical Notapplicable | _ 00335 | p= 7037% | p=.8216° | P=.1162° | P~ 10000° | P= 8216
ignificance 1 q 1 1 1 P = .6448"
P =.0010 P =.6276 P =.6448 P =.0617 P ~ 1.0000 - #
P=.4096" | P=.9386" | p~1.0000% | P=.9043" | p=.9504" | P~ 1.0000
TOTAL 234 84.6 96.6 98.7 91.0 97.9 98.7

*
1SQ: Implant stability quotient.

+

HbA1¢: Hemoglobin A1c.

¢Unless otherwise specified.

§

1l

Test of differences among the three HbA1 ¢ groups.

Test of difference between an HbA1 ¢ level of 8.1 percent or greater and a combined HbA1¢ level of 5.9 percent or lower and an HbA1 ¢ level
between 6.0 and 8.0 percent.

# .
Test of difference between an HbA1 level of 5.9 percent or lower and an HbA1 ¢ level between 6.0 and 8.0 percent.
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Mean time for implants to achieve an 1ISQ™ greater than or equal to baseline ISQ.Jr

TABLE 3

HbA t AT NUMBER OF MEAN TIME
1c PATIENTS (95% CONFIDENCE INTERVAL),
PLACEMENT IN MONTHS, TO I1SQ =
(BASELINE) 5
BASELINE ISQ
Poorer- Better-
Performing Performing
Implant Implant
< 5.9 Percent 50 3.8(2.3-5.4) 2.4 (1.0-3.9)
6.0-8.0 Percent 47 4.0 (2.4-5.6) 2.8(1.3-4.3)
> 8.1 Percent 20 7.3(4.9-9.8) 5.4 (3.1-7.7)
Statistical Not applicable _ 1 _ 1
Significance P= '0482# P= '0879*
P =.0144 P =.0309
P = .8446™" P=6801""
TOTAL 117 5.1(3.9-6.2) 3.6 (2.5-4.6)

*
1SQ: Implant stability quotient.
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TFor patients lost to follow-up before the implant attained an 1SQ greater than or equal to the baseline 1SQ, the authors assumed that the implant
did not achieve such an ISQ during the study.

¢HbA1C: Hemoglobin A1c.

§Unless otherwise specified.

1l

Test of differences among the three HbA1¢ groups.

#Test of difference between an HbA1¢ level of 8.1 percent or greater and a combined HbA1¢ level of 5.9 percent or lower and an HbA1¢ level
between 6.0 and 8.0 percent.

Fk

Test of difference between an HbA1 ¢ level of 5.9 percent or lower and an HbA1¢ level between 6.0 and 8.0 percent.
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