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Objective: To compare the healing of extraction socket among non-diabetic, prediabetic,

and diabetic patients.

Materials and Methods: A single-center prospective observational study was conducted.

Glycated hemoglobin and random blood glucose were recorded for all the participants before

the procedure. A trained and calibrated examiner evaluated the socket size on postoperative

days 0 and 7. Postoperative pain (PoP), discharge, swelling, infection, erythema, dry socket,

and the number of analgesics were also recorded.

Results: A total of 100 participants completed this study with a mean age of 54.7±12.11.

There was no significant difference in the mean socket size among the three study groups on

day 0 (P=0.101). However, there was a significant difference in the mean socket size on day

7 among the three groups. A post hoc test showed that the diabetic group had a larger socket

size than the non-diabetic group (P=0.011). Complications like swelling and infection were

more in the diabetic group. There was no significant difference in the mean number of

analgesics among the three groups (P=0.169). The adjusted means for the socket size on

postoperative day 7 was significantly higher for diabetic than the non-diabetic group.

Conclusion: The socket dimension was larger on postoperative day 7 in people with

diabetes which suggested delayed healing without persistent complications. Dental extrac-

tions can be performed safely in optimally controlled diabetic patients with minimal

complications.
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Introduction
Diabetes mellitus (DM) is a metabolic disorder of multiple etiology, characterized by

chronic hyperglycemia with disturbances of carbohydrate, fat and protein metabolism

resulting from defects in insulin secretion, insulin action, or both.1 It is either character-

ized by deficient insulin secretion or peripheral insulin insensitivity or both, which can

give rise to several metabolic disorders.2 DM is rapidly gaining the status of a potential

epidemic in India, with more than 62million people affected. By 2030, India would have

79.4 million people with DM.3,4 Many complications (macrovascular and microvascu-

lar) have been attributed to be caused by diabetes. There is a pronounced alteration in the

microvascular circulation, which results in a reduced inflammatory response. It can

decrease leukocyte migration, tissue perfusion, and impaired hyperemia. Overall, the

delivery of nutrients and removal of metabolic by-products are affected. Due to the

microvascular changes, people with diabetes are at increased risk of postoperative
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infection and delayed wound healing.5,6 Data from several

reports suggest that people with diabetes are at high risk of

periodontal disease and tooth loss.7–9 Previous research has

not reported delayed wound healing and increased postopera-

tive infections after tooth extraction.10–13 Although there

exists a systematic review on the management of tooth extrac-

tion in diabetic patients, there is a paucity of literature on the

outcomes of tooth extraction in people with diabetes.14

Due to lack of proper documented literature, minor oral

surgical treatments including extractions are deferred by

many oral health professionals in diabetic patients citing

reasons like delayed wound healing and increased risk of

postoperative infection. In such situations, physician con-

sultation is warranted amounting to unnecessary delay in

treatment and also unnecessary administration of preopera-

tive antibiotics and analgesics. All of these factors can

have significant implications and negative impacts on the

quality of life of the individuals.

The present study aimed to evaluate the effect of dia-

betes on healing of extraction socket in a population sam-

ple in India. Various parameters like extraction socket size,

postoperative pain (PoP), discharge, swelling, infection,

erythema, the occurrence of dry socket, and the number

of analgesics consumed over a period of one week were

assessed.

Materials and Methods
Study Design and Sample
A prospective observational study was carried out in the

Department of Oral and Maxillofacial surgery, Manipal

College of Dental Sciences, Manipal, Karnataka, India. The

study protocol was approved by the Institutional Ethical

committee, Kasturba Hospital, Manipal. A total of 275 parti-

cipants (non-diabetic, prediabetic, and diabetics) were

screened, out of which 120 patients qualified the inclusion

criteria. They were invited to participate in the study, out of

which 104 patients consented (Figure 1). In view of the

possible unequal enrolment of the participants and the need

for adjusted analysis, sample size was estimated with an

effect size of 0.4 (large effect size), power of 95% and an

alpha error of 5% using G power software (G*power version

3.1.2, Germany). A total of 84 participants were estimated to

be divided into 3 groups. Considering a drop out of 10%, the

sample size finalised was 95.

Participant Selection Criteria
Participants who were 18 years and above, willing to

participate in the study, and those required tooth extraction

were included. Participants who required a trans-alveolar

tooth extraction, conditions that may impair wound heal-

ing (HIV/AIDS, chemotherapy, systemic steroids, chronic

Figure 1 Patient flow during the study.
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alcoholics, smokers, radiotherapy, bisphosphonates, antic-

oagulants), benign or malignant pathology within jaws,

and those unable to give consent were excluded.

Data Collection
Informed consent was obtained from all the patients.

Glycated hemoglobin (HbA1c) and random blood glucose

were recorded for all the participants before the procedure.

Based on the HbA1c values, participants were categorised

as non-diabetic, prediabetic, and diabetic. There was no

scope for blinding as all the participants were familiar with

their glycaemic status. However, the operator or the clin-

ician and outcome assessor were blinded to the glycaemic

status of the participants. Two trained, experienced max-

illofacial surgeons performed the extractions. Patients

were recalled on postoperative day 7. Sutures were not

placed to approximate the mucoperiosteal flaps. Both the

operators were familiar with the variables that are being

studied in this research.

Variables
On the postoperative day 0 and 7, the greatest diameter of

the extraction socket was measured using a calibrated

probe. Postoperative pain (PoP), discharge, swelling,

infection, erythema, the occurrence of dry socket, and the

number of analgesics were recorded. PoP was defined as

the experience of pain during the last one week, graded as

“no pain,” “mild pain,” “moderate,” “severe,” and

“unbearable pain.”15 Criteria for dry socket and acute

infection were recorded according to Aronovich et al.11

Statistical Analysis
All the analyses were done using SPSS version 20.0 (IBM

Corp. Released 2011. IBM SPSS Statistics for Windows,

Version 20.0. Armonk, NY: IBM Corp). Socket dimen-

sions were compared using the ANOVA and ANCOVA

with appropriate post hoc tests. Categorical variables were

compared using the Chi-square test.

Results
A total of 100 participants completed this study, out of which

54% were male. Three patients did not return to follow-up on

day 7 due to unavoidable circumstances, and one patient was

excluded as the procedure was switched to transalveolar

extraction. The mean age among the participants was 54.7

±12.11. No significant difference was seen with respect to age

among the three groups (P=0.722) (Table 1). Females were

significantly more in the prediabetic group than the non-

diabetic and diabetic groups (P=0.03) (Table 1). All the

patients in the diabetic group were on medication for oral

hypoglycemics.

There was a significant decrease in the mean socket

size after day 7 in all the groups when compared to the

socket size on day 0 (Table 2). On day 0, no significant

difference in the mean socket size was seen among the

three study groups (P=0.101). However, a significant dif-

ference was seen in the mean socket size on day 7. A post

hoc test showed that the Diabetic group had higher socket

size than the non-diabetic group (P=0.011).

Complications like swelling and infection were more in

the diabetic group than prediabetic and non-diabetic

groups (Table 3). No significant difference was seen in

the distribution of pain scores among the three study

groups (P=0.312) (Table 4). The mean number of analge-

sics consumed in non-diabetic, prediabetic, and diabetic

were 7.12±1.58, 7.14±1.61, and 7.76±1.63, respectively

(P=0.169).

The homogeneity-of-regression (slope) assumption was

evaluated for interaction between the covariate (socket

dimension on day 0) and the factor (Group) in the prediction

of the dependent variable (socket dimension on day 7). The

interaction was not significant. Hence, ANCOVA was per-

formed. The results of the ANCOVA show that the adjusted

Table 1 Distribution of Age and Gender Among the Three Study

Groups

Age Male Female

Mean± SD N(%) N(%)

Group

Non Diabetic 54.04±11.52 34(65.4) 18(34.6)

Pre-diabetic 57.00±10.94 4(28.6) 10(71.4)

Diabetic 54.76±13.58 16(47.1) 18 (52.9)

Total 54.7±12.11 54(54) 46(46)

Table 2 Intra and Intergroup Comparisons of Extraction Socket

Size on Postoperative Day 0 and 7

Day 0 Day 7 P-value†

Mean± SD Mean± SD

Group

Non Diabetic (52) 3.80±1.68 1.43±1.32 <0.001; Sig

Pre-diabetic (14) 3.50±1.40 1.50±.94 <0.001; Sig

Diabetic (34) 4.44±1.58 2.28±1.32 <0.001; Sig

P-value‡ 0.101 0.011

Notes: †Paired t-test; ‡ANOVA.
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means concerning the group was significant (P=0.043)

(Figure 2). A post hoc test showed that the adjusted means

were significantly higher for diabetic than the non-diabetic

group. The effect size for this difference was moder-

ate (0.57).

Discussion
Management of diabetic patients is often an uphill task for

the oral health care providers. Oral and maxillofacial sur-

geons often experience challenging situations in the man-

agement of diabetic patients. The present study compared

the clinical outcomes after extraction among diabetic, pre-

diabetic, and non-diabetic groups.

In the present study, the diabetic group was found to

have a larger socket size than the non-diabetic group on

postoperative day 7, which suggested a slow healing pro-

cess than non-diabetic and prediabetic patients. It was

evident with additional analysis after adjusting the socket

size of postoperative day 0. Thus, the finding of the study

supported the fact that higher the glycemic levels could

delay healing. However, contrary results have been

reported in the literature. Aronovich et al reported that

preoperative glucose and HbA1c levels do not influence

the healing of the extraction socket.11 Fernandes et al

reported lack of correlation between delay in epithelization

and glycemic control.12 Few researchers reported that

there was no significant difference in the healing between

diabetics and controls.10,13

The present study also assessed that factors like swelling,

infection were more likely to be seen in people with diabetes

than non-diabetics and prediabetics. The overall postopera-

tive pain experience was also similar among all the groups.

Overall, the extraction sockets healed without persistent

complications. Similar findings were evident in previous

studies that reported minimal complications without post-

operative infections, osteomyelitis, or osteonecrosis.10,12

There is substantial variation in methodology among

the studies conducted in the past. Lack of standardized

control group,11 combined type 1 and 2 diabetes patients,11

different operators performing the extraction,11 variable

follow-up rates (1 week to 60 days)10–13 were some of

the factors.

There were some limitations in our study as well. The

unequal distribution of the patients in each group could have

led to confounding. Hence, socket dimensions of day 7 were

adjusted to address the confounding and the result was

reported as estimated marginal means. The recall period in

our study was short (1 week) but was similar to studies done

earlier.10,13 This was decided to minimize the attrition of

patients and optimize the limited resources. The number of

days required for complete closure of the socket would have

provided some valuable insight into the actual time of heal-

ing. But such a variable would need more frequent multiple

follow-ups leading to increased attrition rates and may not be

feasible in low resource settings. Future studies should

include Ecological momentary assessment of extraction

Table 3 Distribution of Complications Among the Three Study

Groups

Swelling Infection Discharge Complications

N(%) N(%) N(%) N(%)

Group

Non-diabetic 3(5.8) 0(0) 0(0) 0(0)

Pre-diabetic 1(7.1) 0(0) 0(0) 1(7.1)

Diabetic 8(23.5) 2(5.9) 0(0) 0(0)

Table 4 Distribution of Postoperative Pain Scores Among the

Three Study Groups

Mild Moderate Severe P-value

N(%) N(%) N(%)

Group

Non-diabetic 34(65.4) 13(25.0) 5(9.6) 0.312

Pre-diabetic 8(57.1) 6(42.9) 0(0)

Diabetic 18(52.9) 10(29.4) 6(17.6)

Figure 2 Comparison of estimated marginal means of extraction socket size on

postoperative day 7 in the three study groups adjusted for extraction socket size on

postoperative day 0.
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socket along with the patient-reported outcomes. A systema-

tic review highlighted essential aspects of the management of

dental extraction in diabetic patients which include schedul-

ing of appointments in the morning, extractions with meal

times, monitoring of blood glucose for permissible limits,

and use of antibiotics after extraction.14

All the diabetic participants in the study were on med-

ication with a lot of variation in the drug type, frequency,

and dosages of the medications. Due to the nature of the

study, it was not possible to have a control of the medica-

tions on the healing. These medications have a role in the

effective management of the glycemic status of the partici-

pant which may have a potential role in the healing or

outcomes after extraction. There would be an overall

favourable result towards the healing of the extraction sock-

ets due to the medication that maintains glycemic level.

This study used a pragmatic approach to evaluate the

healing of extraction sockets among the diabetics who

were on medication. Uncontrolled diabetics and known

diabetics who were not on medication are out of the

scope of our study as we do not offer the same standard

of care in our institution. Unlike explanatory trials, prag-

matic trials are the ones that are done under routine clin-

ical conditions. They have high external validity with

simple design and diverse settings. This study followed

such a pragmatic approach to evaluate any adverse events

due to the extraction of teeth in diabetics. This study

would help general dental practitioners in the decision

process (extraction or defer) keeping in view of the com-

plications and healing in people with diabetes.

Conclusion
Within the limits of the study, socket dimensions were

larger on postoperative day 7 in people with diabetes

when compared to non-diabetics which suggested delayed

healing. The incidence of complications was minimal in

optimally controlled diabetic patients. Empirical antibio-

tics, appropriate care, and monitoring are required in

patients who have an additional risk of postoperative

infections and delayed healing.
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