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ABSTRACT

Background. The purpose of this study was to assess the association
Karin Sá Fernandes, DDS, PhD; Michael Glick,
DMD; Mario Sérgio de Souza, DDS; Cristina Maria
Kokron, MD, PhD; Marina Gallottini, DMD, PhD
between metabolic control and immune dysfunction, and post-
operative complications and wound healing after dental extractions in
people with type 2 diabetes and control participants.
Methods. The authors performed a prospective, case-control study
enrolling 53 participants with type 2 diabetes and 29 participants who
did not have type 2 diabetes. Exclusion criteria included being a
smoker and having teeth with periodontal pockets deeper than 4
millimeters, among others. All participants underwent an extraction of
1 erupted tooth. The investigators assessed patients’ signs and symp-
toms at 3, 7, 21, and 60 days after surgery. The investigators measured
glycemic control and immunologic profile at the time of the extraction.
They compared the pattern of healing and the incidence of post-
extraction complications between the 2 groups.
Results. Even in the presence of impaired neutrophil function and
poor glycemic control, we found no increase in the number of post-
operative complications. There was no association between delayed
wound epithelialization on postoperative day 21 and level of glycemic
control, and reduced neutrophil function. On postoperative day 60, all
alveolar sockets were epithelialized completely and showed no signs of
infection.
Conclusions. The study results suggest that type 2 diabetes per se or
glycemic control is not a risk factor for experiencing postoperative
complications in people undergoing dental extractions. Although
people with type 2 diabetes may have impaired neutrophil function,
the study results revealed that having this condition was not associated
with an increased risk of experiencing postoperative complications.
Additional research studies with larger sample sizes of patients who
have diabetes are needed to confirm this study’s findings.
Practical Implications. The results allow clinicians to infer that
people with type 2 diabetes undergoing dental extractions of erupted
teeth that do not have an acute odontogenic infection should not
receive antibiotic prophylaxis simply because of their diabetic status or
T he number of people living with dia-
betes has grown exponentially in many
parts of the world. Epidemiologic data
published in 2013 suggest that at least

13.4 million people in Brazil and 26 million
people in the United States are currently living
with a diagnosis of diabetes.1

People with diabetes have been reported to
have increased susceptibility to develop oral
complications, especially periodontal diseases,
and oral infections may compromise glycemic
control.2,3 In addition, there is evidence of
people with diabetes and hyperglycemia
who are undergoing surgical procedures such
as thoracic or abdominal surgery having an
increased risk of experiencing postoperative
infections.4,5

There is scant clinical evidence of a rela-
tionship between diabetes, hyperglycemia, and
an increased risk of experiencing infection af-
ter dental extraction. To our knowledge, in-
vestigators of few prospective longitudinal
studies have attempted to examine this rela-
tionship.6,7 These investigators6,7 suggested
that having an infection after dental extraction
is no more common in people with diabetes
than it is in people who do not have diabetes.
However, these studies6,7 had limitations, such
as small sample sizes, lack of standardization of
surgical methods, and short follow-up periods.
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level of glycemic control.
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ABBREVIATION KEY. HbA1c: Glycated hemoglobin. Ig:
Immunoglobulin. USP: University of São Paulo.
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Although most dentists believe in the benefit of
providing antibiotic prophylaxis to patients with dif-
ferent systemic conditions, including diabetes, before
they undergo invasive dental procedures,8 there is
limited evidence to support such a practice.9 Barasch
and colleagues10 reviewed the literature on empirical
antibiotic prophylaxis for people with diabetes under-
going dental extraction. The authors selected articles
using the following search terms: “healing after
tooth extraction,” “infection,” and “diabetes.” They
concluded that there was no scientific evidence that
people with diabetes undergoing oral surgery were
at an increased risk of postoperative infection and,
consequently, that there was no evidence to support
the use of prophylactic antibiotic therapy during such
procedures.

Despite the paucity of studies involving patients
experiencing oral complications after dental extractions
and the lack of evidence to support the use of antibiotic
prophylaxis in patients with diabetes, such a practice
has been recommended for patients with diabetes
who are undergoing invasive dental procedures.11,12

The medical plausibility invoked for such a practice
is that people with diabetes are, to some extent,
immunocompromised.

The investigators of only a few studies have evaluated
the impact of diabetes on T lymphocytes, complement
proteins, and immunoglobulin (Ig) levels, and the results
of these studies have shown conflicting results.13 Re-
garding neutrophil function, the investigators of a large
number of studies have suggested that people with dia-
betes can have a decrease in neutrophil chemotaxis,
phagocytosis, and dihydrorhodamine oxidation.12,14,15

However, investigators have yet to establish the rela-
tionship between neutrophil dysfunction and diabetes
metabolic control.16,17 Because neutrophils play a major
role in the defense against bacterial infections, neutrophil
dysfunction may expose patients to an increased risk
of experiencing complications after invasive dental pro-
cedures, such as teeth extractions.

Having hypothesized that neither type 2 diabetes nor
hyperglycemia constitute risk factors for experiencing
postoperative complications in patients undergoing
dental extractions, we conducted a study to compare
postoperative complications and surgical wound healing
in patients with type 2 diabetes and control patients
who did not have type 2 diabetes, all of whom were
undergoing tooth extractions. We performed an analy-
sis to assess the association between postextraction
complications, wound healing, complete blood counts,
glycated hemoglobin (HbA1c) levels, and immunologic
profiles. A secondary goal of this study was to assess
whether certain baseline characteristics (for example,
HbA1c, glycemic values, complete blood counts, and
immunological profiles) had an impact on the socket
healing process.
METHODS
The Research Ethics Committee of the School of
Dentistry, University of São Paulo (USP), located in São
Paulo, Brazil, approved this prospective case-control
study. All participants gave written informed consent.

We screened 435 patients with type 2 diabetes and
144 patients who did not have type 2 diabetes. The in-
clusion criteria included being 18 years or older and
requiring extraction of erupted teeth because of extensive
dental decay or preprosthetic preparation. To eliminate
confounding variables that could affect wound healing,
we used the following exclusion criteria: having teeth
with periodontal pockets deeper than 4 millimeters, use
of antibiotic or anti-inflammatory drugs in the previous
month; use of hormone replacement therapy; use of
bisphosphonate therapy; a history of having diseases or
conditions associated with immunosuppression; under-
going cancer chemotherapy or radiation therapy; having
a history of smoking; use of illicit drugs; chronic use
of alcohol; having a dental emergency; having a cognitive
impairment; and having acute dental or periodontal in-
fections, such as abscesses. We enrolled 65 patients with
type 2 diabetes and 32 patients who did not have diabetes
in the study, and we followed 53 patients with diabetes
and 29 patients who did not have diabetes for 60 days
after their dental extractions (Figure, Table 1).

The same experienced dentist (M.S.S.) performed all
the study participants’ dental extractions in accordance
with the standards established by Peterson and col-
leagues18 at an outpatient clinic at the USP School
of Dentistry. The patients received local anesthetic.

To assess whether certain participants’ baseline
characteristics influenced the healing process, we
collected blood samples on the same day as the dental
extractions. We assessed blood test results in the same
laboratory and included the following: complete blood
cell count; HbA1c level; nonfasting blood glucose, serum
IgA, IgG, and IgM levels; lymphocyte immunopheno-
typing (CD3þ T cells, CD4þ T cells, and CD8þ T cells);
serum levels of complement components 3 and 4 (C3
and C4, respectively); and neutrophil function tests,
including dihydrorhodamine oxidation test, phagocytic
index determination, and neutrophil chemotaxis assay.
The dihydrorhodamine oxidation test, all phagocytic
index determinations, and all neutrophil chemotaxis
assays were performed by the same trained and cali-
brated investigator (K.S.F.) using PHAGOTEST and
MIGRATEST Chemotaxis (Glycotope Biotechnology)
kits in the Laboratory of Clinical Immunology and Al-
lergy of the USP School of Medicine.

We measured finger-prick glucose test and blood pres-
sure before and after surgery to detect possible
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Patients with type 2 diabetes 
mellitus recruited (n = 435)

Included (n = 63)

Followed up 60 days 
after surgery (n = 53)

Controls recruited (n = 144)

Included (n = 32)

Followed up 60 days 
after surgery (n = 29)

Missed follow-up 
appointments (n = 10)

Missed follow-up 
appointments (n = 3)

Excluded (n = 372) Excluded (n = 112)

Emergency situation 
Teeth with periodontal pockets deeper 
than 4 millimeters
Use of antibiotic or anti-inflammatory drugs in 
the previous month
Use of hormone replacement therapy
Use of bisphosphonate therapy
History of smoking
Use of illicit drugs
Chronic use of alcohol
Other conditions associated with immunodeficiency

Figure. Flowchart of the study.
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hypoglycemia and extreme elevated blood pressure un-
suitable for the planned dental procedure. We did not
prescribe anyprophylactic antibiotics or anti-inflammatory
drugs. We recorded the duration of surgery (from anes-
thetic to suture placement); need for forceps, elevators,
or both; need for a flap approach; type and amount of
local anesthetic used; need for tooth sectioning; need for
osteotomy; and need for intraligamentary anesthetic. The
characteristics of the tooth extracted as well as the duration
and technique of the surgeries were similar between the
2 groups (Table 2).

All study participants returned on postoperative days
3, 7, 21, and 60 for follow-up evaluations. The same
calibrated researcher (K.S.F.) clinically assessed wound
healing. We considered epithelialization to be complete
when the epithelium of the gingival mucosa totally
covered the alveolus.

We used the following variables to assess post-
operative complications: edema, erythema, alveolar bone
exposure, halitosis, trismus, fever, cellulitis, Ludwig
angina, loss of appetite, malaise, itching, moderate to
severe pain (as assessed by a visual analog scale), and
unpleasant taste. We did not consider mild pain, redness,
or swelling on postoperative day 3 to be postoperative
complications, as clinicians expect these signs and
symptoms to occur as part of the normal healing process.

A second outcome was socket epithelialization.
According to the literature, the dental alveolus is filled
with blood clot and fibrin at 3 days after dental extraction;
594 JADA 146(8) http://jada.ada.org August 2015
on postoperative day 7, the alveolus is filled with granu-
lation tissue; on postoperative day 21, wound epithelial-
ization is complete; and on postoperative day 60, alveolar
bone formation can be observed on a dental radiographic
image.18 We defined delayed wound epithelialization as an
incomplete epithelial recovery at day 21.18

On postoperative day 60, we performed a follow-up
evaluation. We categorized the postoperative period as
“presence of complication” or “no complication” on the
basis of the presence or absence of the aforementioned
clinical signs and symptoms. In addition, we classified
socket epithelialization as “normal” or “delayed” on the
basis of the timing of the aforementioned events.

We compared the occurrence of postextraction com-
plications and the pattern of healing between the 2
groups of study participants (those who had type 2 dia-
betes and those who did not have type 2 diabetes). In
addition, we investigated whether the occurrence of
postextraction complications and the pattern of healing
were associated with HbA1c levels, hyperglycemia, and
immunologic profiles. We used the Fisher exact test,
analysis of variance, and the Mann-Whitney test to
determine statistical analysis. We used R statistical soft-
ware, version 2.15.3 (R Foundation), and we set the level
of significance at 5%.

RESULTS
Table 1 summarizes the demographic and baseline data
of the 53 patients with type 2 diabetes and of the 29
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TABLE 1

Demographic and baseline data of the 53 study
participants with type 2 diabetes and the 29 control
participants.
CATEGORY PATIENTS WITH TYPE 2

DIABETES (N [ 53)
CONTROLS (N [ 29) P VALUE

Value 95% CI* Value 95% CI

Female Sex, No. (%) 27 (50.9) 37.0-64.7 12 (41.4) 24.1-60.9 .401†

Age, y, Mean
(Interquartile Range)

58 (39-82) 55.0-61.0 48 (28-82) 45.1-53.2 .001‡§

White Race, No. (%) 34 (64.2) 49.7-76.5 21 (72.4) 52.5-86.6 .463†

Preoperative Glycemia,
mg/dL,¶ Mean
(Interquartile Range)

186 (75-412) 180.0-213.5 103 (79-161) 82.6-127.9 < .001‡§

Glycated Hemoglobin, %,
Mean (Interquartile
Range)

7.6 (5.4-12.4) 7.6-8.4 5.5 (4.8-5.8) 4.8-5.9 < .001‡§

Participants With
Reduced Oxidative Burst
Function, No. (%)

13 (24.5) 14.2-38.6 0 (0) 0-14.6 .01†§

Participants With
Reduced Neutrophil
Phagocytosis Function,
No. (%)

9 (17.0) 8.5-30.3 0 (0) 0-14.6 .047†§

Participants With
Reduced Neutrophil
Chemotaxis, No. (%)

39 (73.6) 59.4-84.3 0 (0) 0-14.6 < .001†§

Participants With
Reduced Monocyte
Phagocytosis Function,
No. (%)

1 (1.9) 0.1-11.4 0 (0) 0-14.6 .684†

* CI: Confidence interval (for mean or proportions).
† P values obtained using the Fisher exact test.
‡ P values obtained using the Mann-Whitney test.
§ Statistically significant finding.
¶ mg/dL: Milligrams per deciliter.
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patients in the control group,
matched for sex and race.
Among the patients with type
2 diabetes, the median number
of years after diagnosis was 8
(range, 1-36 years). At the time
of the initial evaluation, 32
(60%) were using oral hypogly-
cemic medications, 9 (17%) were
using insulin, and 12 (23%) were
using a combination of oral
hypoglycemic medications and
insulin.

Among the 53 patients with
type 2 diabetes, 1 (1.9%) had a
postoperative complication:
unpleasant taste. Among the 29
control patients, 7 (24%) had
postoperative complications,
including 3 (10.3%) with un-
pleasant taste; 2 (6.9%) with
malaise; 1 (3.4%) with trismus;
and 1 (3.4%) with loss of appe-
tite. The 2 groups of patients
differed significantly in terms of
the occurrence of complications
(P ¼ .005). On postoperative
day 21, 9 of the 53 patients (17%)
with type 2 diabetes and none of
the 29 controls showed in-
complete epithelialization of the
alveolar socket, the difference
being statistically significant (P¼
.023). On postoperative day 60, all

alveolar sockets, in both groups, were completely
epithelialized and asymptomatic, showing no signs of
infection. During the postoperative period, we did
not prescribe any antibiotics or nonsteroidal anti-
inflammatory drugs. Table 2 summarizes the post-
operative characteristics.

The 9 patients with type 2 diabetes (17%) who
exhibited incomplete alveolar epithelialization on post-
operative day 21 had HbA1c levels ranging from 5.4%
to 12.4% and nonfasting glucose levels ranging from
78 milligrams per deciliter to 182 mg/dL. Assessing delay
in epithelialization with HbA1c levels or nonfasting
glucose levels did not reach statistical significance (P ¼
.467). Also, age, surgical technique, neutrophil function,
time since diagnosis of diabetes, serum IgA levels,
serum IgG levels, serum IgM levels, serum C3 levels,
serum C4 levels, number of CD4þ T cells, or number
of CD8þ T cells did not correlate with the delay of
epithelialization on postoperative day 21. In addition,
we did not detect any statistical significance between
delayed wound healing and reduced neutrophil function
(Table 3).
At the time of the extraction, 46 of the 53 participants
with type 2 diabetes (86.8%) were hyperglycemic ac-
cording to the results of the nonfasting blood glucose
test, and 40 (75.5%) had HbA1c levels greater than 6.5%.
Median nonfasting blood glucose levels were 135 mg/dL
(range, 78-367 mg/dL), and the median HbA1c level was
7.6% (range, 5.4-12.4%).

We detected no statistically significant differences
between the 2 groups for complete blood cell count data,
and we observed no critical values. In most patients with
type 2 diabetes, we found that the serum levels of IgA,
IgG, and IgM, as well as the numbers of CD3þ, CD4þ,
and CD8þ T cells, together with serum levels of C3 and
C4, were within the normal range, with no significant
differences between the group of patients with diabetes
and the control group. Table 4 summarizes the immu-
nologic profiles of all participants.

DISCUSSION
The study results confirm our hypothesis that clinical
alveolar healing is satisfactory in patients with type 2
diabetes who are undergoing single, erupted tooth
JADA 146(8) http://jada.ada.org August 2015 595
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TABLE 2

Characteristics of tooth extraction and postoperative course.
CHARACTERISTIC PATIENTS WITH TYPE 2 DIABETES (N [ 53) CONTROLS (N [ 29) P

VALUE†
Estimative 95% CI* Estimative 95% CI

Tooth Extracted,
No. (%)

27 (50.9), 1 maxillary tooth 37-64.7 17 (58.6), 1 maxillary tooth 39.1-75.9

.134
26 (49.1), 1 mandibular tooth 35.3-63.0 12 (41.4), 1 mandibular tooth 24.1-60.9

11 (20.8), 1 anterior tooth 11.3-34.5 2 (7.0), 1 anterior tooth 1.2-24.2

42 (79.2), posterior tooth extraction 65.5-88.7 27 (93.0), posterior tooth extraction. 75.8-98.8

Duration of
Surgery

20 min, median (range,10-60 min) 20.6-25.5‡ 20 min, median (range,10-45 min) 20.0-25.9‡ .879‡

Surgical Technique
Applied

6 required tooth sectioning 4.7-23.7 4 required tooth sectioning 4.5-32.6

.6323 required osteotomy 1.5-16.6 1 required osteotomy 0.2-19.6

2 required tooth sectioning
and osteotomy

0.7-14.1 3 required tooth sectioning and
osteotomy

2.7-28.5

Postoperative
Complications on
Day 3, No. (%) 1 (1.9), unpleasant taste 0.1-11.4

3 (10.3), unpleasant taste 2.7-28.5

.005§
2 (6.9), malaise 1.2-24.2

1 (3.4), trismus 0.2-19.6

1 (3.4), loss of appetite 0.2-19.6

Postoperative
Complications on
Day 7, No. (%)

53 (100), alveolus is filled with
granulation tissue

91.6-100.0 29 (100), alveolus is filled with
granulation tissue

85.4-100.0 .999

Postoperative
Complications on
Day 21, No. (%)

44 (83), complete epithelialized 69.7-91.5 29 (100), complete epithelialized 85.4-100.0
.023§9 (17), incomplete epithelialized 8.5-30.3 0 incomplete epithelialized 85.4-100.0

Postoperative
Complications on
Day 60, No. (%)

53 (100), alveolar sockets completed
epithelialized and asymptomatic

91.6-100.0 29 (100), alveolar sockets completed
epithelialized and asymptomatic

85.4-100.0 .999

* CI: Confidence interval (for mean or proportions).
† P values obtained using the Fisher exact test.
‡ 95% confidence interval for mean.
§ Statistically significant finding.
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extractions, even in the presence of slowed epithelial-
ization. Furthermore, glycemic control, neutrophil dys-
function, or other immunologic abnormalities are not
associated with postoperative complications or slowed
epithelialization.

Compared with previous studies,6,7 we ensured a high
level of methodological care with our study participants;
for example, the same calibrated dentist (M.S.S.) per-
formed all of the dental extractions in a standardized
manner. In addition, we followed patients for 60 days
(that is, until alveolar bone healing was complete), and the
same calibrated dentist (K.S.F.), who was not the dentist
who performed the dental extractions (M.S.S.), performed
all of the follow-up evaluations. Finally, we performed all
laboratory tests, which included complete blood count;
HbA1c level; nonfasting blood glucose level; determination
of serum IgA, IgG, and IgM levels; lymphocyte immu-
nophenotyping (CD3þ T cells, CD4þ T cells, and CD8þ

T cells); determination of serum C3 and C4 levels; and
neutrophil function tests (including dihydrorhodamine
oxidation test, phagocytic index determination, and
neutrophil chemotaxis assay), on blood samples collect-
ed at the same dental visit, shortly before the tooth
extraction.
596 JADA 146(8) http://jada.ada.org August 2015
In our study, patients with type 2 diabetes exhibited
almost no postoperative complications. Only 1 partic-
ipant complained about having an unpleasant taste on
postoperative day 3. Furthermore, we did not docu-
ment any postoperative infections. Although the
evaluation of many of the complications was subjec-
tive, the fact that the same calibrated observer (K.S.F.)
evaluated all of the complications minimized subjec-
tivity. Of the 53 patients with type 2 diabetes, 36
(67.9%) showed poor glycemic control and 39 (73.6%)
showed impaired neutrophil chemotaxis at the time of
dental extraction.

Delayed wound epithelialization was more common
in the patients with type 2 diabetes than those patients
who did not have diabetes. Delayed wound healing
was not associated with the development of an infection,
discomfort, or pain. Furthermore, it did not com-
promise postoperative wound healing 60 days after
surgery. In our study, we could not identify any labo-
ratory or clinical indicators that could predict a delay
in epithelialization or other postoperative complications.
Some hypotheses that may explain impaired wound
epithelialization in patients with diabetes include exces-
sive production of reactive oxygen species, decreased
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TABLE 3

Demographic and baseline characteristics of 9 patients
with type 2 diabetes who had delayed wound healing
epithelialization.
CHARACTERISTIC DELAYED WOUND

EPITHELIALIZATION
(N [ 9)

NO DELAYED WOUND
EPITHELIALIZATION

(N [ 44)

P
VALUE

Estimative 95% CI* Estimative 95% CI

Age, y, Mean
(Interquartile Range)

67 (44-75) 53.0-68.4 57.5 (39.0-82.0) 51.5-56.9 .401†

Female Sex, No. (%) 5 (55.5) 22.7-84.7 22 (50.0) 35.8-64.2 .999‡

White Race, No. (%) 7 (77.8) 40.2-96.1 27 (61.4) 45.5-75.3 .463‡

HbA1c Level, %, Mean
(Interquartile Range)

8.1 (5.6-10.3) 7.0-9.5 7.4 (5.4-12.4) 6.5-7.4 .586†

Nonfasting Blood
Glucose Levels, Mean
(Interquartile Range)

127 (78-182) 80.9-170.5 147.5 (81.0-367.0) 123.2-154.6 .152†

Participants Showing
Reduced Oxidative
Burst, No. (%)

2 (22.2) 3.9-59.8 11 (25) 13.7-40.6 .999‡

Participants Showing
Reduced Neutrophil
Phagocytosis, No. (%)

2 (22.2) 3.9-59.8 7 (15.9) 7.2-30.7 .640‡

Participants Showing
Reduced Monocyte
Phagocytosis, No. (%)

0 (0.0) 0-37.1 1 (2.3) 0.1-13.5 .999‡

Participants Showing
Reduced Neutrophil
Chemotaxis, No. (%)

6 (66.7) 30.9-91.0 33 (75.0) 59.4-86.3 .684‡

* CI: Confidence interval (for mean or proportions).
† No statistical significance obtained using the Mann-Whitney test.
‡ No statistical significance obtained using the Fisher exact test.
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nitric oxide production, de-
creased response to growth
factors, reduced expression of
insulin-signaling pathway
proteins, impaired macro-
phage activation, and reduced
angiogenesis.12,19,20

Dental clinicians are
familiar with the empirical
recommendation that glycemic
control should be achieved
before a patient undergoes a
tooth extraction. This recom-
mendation was an extrapola-
tion of clinical and scientific
evidence taken from the results
of studies of major surgery,
principally thoracic and
abdominal surgery. Although
36 (67.9%) of the 53 patients
with type 2 diabetes in our
study were hyperglycemic at
the time of dental extraction
and 40 (75.5%) had HbA1c

levels greater than 6.5%, we
noted no alveolar infections
after tooth extraction or delays
in complete wound healing.

Investigators have con-
ducted a limited number of
studies on the effect of dia-

betes on wound healing after tooth extraction. In 2010,
Aronovich and colleagues6 compared healing after tooth
extractions among patients with well-controlled diabetes
and patients with poorly controlled diabetes. These in-
vestigators did not find statistically significant differ-
ences in the rate of postextraction epithelialization
between patients with well-controlled diabetes and pa-
tients with poorly controlled diabetes. Similarly, in our
study, we did not find a correlation between epithelial-
ization delay and glycemic control as related to the tooth
extraction. When analyzing the details, we noted some
methodological differences between Aronovich and
colleagues’6 study and our study. Aronovich and col-
leagues6 combined patients with both type 1 and type 2
diabetes and they did not have a control group of pa-
tients who did not have diabetes. Furthermore, different
surgeons conducted the extraction procedures, which
may have introduced variations in technique and likely
may have influenced healing. Study participants’
follow-up period lasted only 2 weeks, with patients
making follow-up visits at 7 and 14 days postoperatively.
In addition, the investigators had complete follow-up
data for only 68% of the patients. In our study, we
noticed the delay in epithelialization on day 21 after
extraction.
Huang and colleagues7 conducted a study to deter-
mine whether there was a difference in delayed healing
after undergoing dental extractions for patients with
type 2 diabeties taking oral hypoglycemics and patients
who did not have diabetes. The investigators found
similar rates of healing between the 2 groups. Our
results showed more delayed healing in the group
of patients with diabetes; however, similar to Huang
and colleagues,7 we did not observe any cases of post-
operative infections, osteomyelitis, or osteonecrosis
of the jaws.

The major limitation of our study was the small
sample size. Nevertheless, this sample was able to
identify a 20% absolute difference between the 2 groups,
with 80% power and 5% level of significance, assuming
a 2% complication rate in the control group (Fisher
exact test). We hope our results will encourage others to
conduct further research in this important and relevant
clinical area, particularly studies that assess multiple
extractions and extraction of impacted teeth. Further-
more, in addition to our study that used multiple
exclusion criteria (for example, being a smoker, using
antibiotics, having a tooth with periodontal disease),
we believe that investigators also should conduct studies
that use no or minimal exclusion criteria so that
JADA 146(8) http://jada.ada.org August 2015 597
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TABLE 4

Immunologic profile of the participants, including serum immunoglobulin
levels, lymphocyte immunophenotyping, and serum levels of complement
components 3 and 4.
REFERENCE VALUES PARTICIPANTS WITH NORMAL

RANGE VALUES
PARTICIPANTS WITH VALUES
ABOVE THE NORMAL RANGE

PARTICIPANTS WITH VALUES
BELOW THE NORMAL RANGE

P
VALUE*

Participants With
Type 2 Diabetes

(n [ 53)

Controls
(n [ 29)

Participants With
Type 2 Diabetes

(n [ 53)

Controls
(n [ 29)

Participants With
Type 2 Diabetes

(n [ 29)

Controls
(n [ 29)

Immunoglobulin A,
99-354 mg/dL†

No. (%)
95% CI‡

34 (64.1)
49.7-76.5

21 (72.4)
52.5-86.6

17 (32.1)
20.3-46.4

8 (27.6)
13.4-47.5

2 (3.8)
0.7-14.1

0 (0.0)
0-14.6 .494

Immunoglobulin G,
739-1,390 mg/dL

No. (%)
95% CI

27 (50.9)
37.0-64.7

18 (62.1)
42.4-78.7

23 (43.4)
30.1-57.6

11 (37.9)
21.3-57.6

3 (5.7)
1.5-16.6

0 (0.0)
0-14.6 .333

Immunoglobulin M,
81-167 mg/dL

No. (%)
95% CI

27 (50.9)
37.0-64.7

18 (62.1)
42.4-78.7

3 (5.7)
1.5-16.6

1 (3.4)
0.2-19.6

23 (43.4)
30.1-57.6

10 (34.5)
18.6-54.3 .612

CD3D T cells,
812-2,318 cells/mm3§

No. (%)
95% CI

43 (81.2)
67.6-90.1

27 (93.2)
75.8-98.8

5 (9.4)
3.5-21.4

1 (3.4)
0.21-9.6

5 (9.4)
3.5-21.4

1 (3.4)
0.2-19.6 .341

CD4D T cells,
535-2,480 cells/mm3

No. (%)
95% CI

50 (94.3)
83.4-98.5

29 (100)
85.4-100.0

0 (0.0)
0-8.4

0 (0.0)
0-14.6

3 (5.7)
1.5-16.6

0 (0.0)
0-14.6 .49

CD8D T cells,
255-1,720 cells/mm3

No. (%)
95% CI

47 (88.7)
76.3-95.3

28 (96.6)
80.4-99.8

1 (1.9)
0.1-11.4

0 (0.0)
0-14.6

5 (9.4)
3.5-21.4

1 (3.4)
0.2-19.6 .451

C3,
90-180 mg/dL

No. (%)
95% CI

50 (94.3)
83.4-98.5

28 (96.6)
80.4-99.8

0 (0.0)
0-8.4

3 (5.7)
2.7-28.5

0 (0.0)
0-8.4

1 (1.9)
0.20-19.6 .176

C4,
10-40 mg/dL

No. (%)
95% CI

49 (92.5)
80.9-97.6

29 (100)
85.4-100.0

4 (7.5)
2.4-19.1

0 (0.0)
0-14.6

0 (0.0)
0-8.4

0 (0.0)
0-14.6 .327

* P values obtained using the Fisher exact test.
† mg/dL: Milligrams per deciliter.
‡ CI: Confidence interval (for mean or proportions).
§ cells/mm3: Cells per cubic millimeter.
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type 2 diabetes are at an increased risk of experiencing
delayed epithelialization of the surgical wounds, this
observation was not associated with having an increased
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