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ABSTRACT

significant p-value of less than 0.001.

Introduction: One of the most common and carried out dental procedure is tooth extraction
worldwide. Although massive advancements and progress has been made in the surgical
maneuver and in preventing post-operative complication by enhancing and paying detailed
attention to post-operative care, dry socket also known as alveolar osteitis, continues to be
one of the most stressful and distressing post-operative complication in recent times.
Methods: This cross-sectional study was conducted in hospital-based with the aim to
investigate the prevalence of dry sockets and associated risk factors among diabetic patients
undergoing tooth extraction. The study was conducted over a six-month period from March
2025 to August 2025. The target population comprised of diabetic patients presenting to the
outpatient department who required tooth extraction under local anesthesia.

Results: The findings indicated that demographic and clinical variables including gender,
smoking status, graduation status, endodontic treatment history, diabetes (Type 1 and 2),
oral hygiene levels, and extraction difficulty showed no statistical relationship with the
development of dry socket on either Day 2 or Day 5. The only factor showing a significant
association with dry sockets was the number of postoperative visits. Patients who required
multiple follow-up visits had a much higher incidence of dry socket, reflected by a highly

[Conclusion: The findings of this study showed that about 11 to 11.7 percent of diabetic
patients undergoing tooth extraction developed dry sockets.
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analysis and write-up of the article.
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INTRODUCTION

One of the most common and carried out
dental procedure is tooth extraction
worldwide.' Although massive advancements
and progress has been made in the surgical
maneuver and in preventing post-operative
complication by enhancing and paying
detailed attention to post-operative care, dry

socket also known as alveolar osteitis,
continues to be one of the most stressful and
distressing post-operative complication in
recent times. Incidence rate fluctuates
between 0.5%-5.6% following routine teeth
extraction according to the literature, while a
rate as high as thirty percent has been reported
post-surgical extraction of lower wisdom
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teeth.>* According to a study, it is reported
that a prevalence third molar extractions is
around 6.7% and that alveolar osteitis
remains a constant and painful clinical
challenge despite evolving preventive
strategies.” On clinical examination, the
socket shows a hallmark presentation of early
loss or a failure of formation of blood clot post
extraction leading to exposed bone in the
socket. Moderate to severe intensity pain that
radiates from the extraction socket, along with
halitosis, food debris and mild to moderate
gingival swelling are the prime presenting
complain of a patient, usually after two to four
days of extraction. »¢ Symptoms might persist
for several weeks, in rare cases if not
attended.” The fibrinolytic theory of dry
socket, whereby local fibrinolysis leads to clot
dissolution and subsequent exposure of
alveolar bone remains the most popular and

widely accepted explanation of this
complication, as clear and exact
pathophysiology remains a mystery.?

Multiple factors are responsible for causing
dry sockets. Numerous studies have identified
patient-related and procedure-related risk
factors, including smoking, poor oral hygiene,

traumatic or prolonged extractions, and
surgical technique. Recent prospective
evidence  has demonstrated  strong

associations between dry socket and smoking,
suboptimal oral hygiene, and surgical
difficulty, with reported odds ratios of 6.41,
9.53, and 3.27, respectively.® A systematic
review further reported that tobacco smokers
exhibit more than a threefold increased risk of
developing dry socket compared to non-
smokers, with a pooled incidence of 13.2%
versus 3.8%.'° Additional contributing factors
described in the literature include mandibular
tooth extractions particularly molars in female
gender, oral contraceptive use, pre-existing
local infections such as pericoronitis or
periodontitis, inadequate adherence to
postoperative instructions, and a prior history
of dry socket.?,','> Anatomical location plays
a particularly important role in susceptibility,
with mandibular teeth demonstrating a higher
incidence of dry socket compared to
maxillary teeth.'® This increased risk has been

attributed to the denser cortical bone of the
mandible, relatively reduced vascularity, and
greater technical difficulty associated with
mandibular extractions.'”> Diabetes mellitus
represents a major and growing global public
health concern, affecting an estimated 463
million adults worldwide.'* It is a chronic
metabolic disorder characterized by impaired
insulin secretion, insulin resistance, or both,
resulting in persistent hyperglycemia and
widespread microvascular and macrovascular
complications.'*'s Diabetes has profound
implications for oral health and is recognized
as one of the most prevalent systemic
conditions affecting the oral cavity.'® More
than 90% of individuals with diabetes exhibit
oral manifestations, including increased
susceptibility to periodontal disease, delayed
wound healing, xerostomia, dental caries,
burning mouth syndrome, oral lichen planus,
and, in severe cases, osteomyelitis of the
jaw. o7 The hyperglycemic
microenvironment associated with diabetes
significantly impairs post-extraction socket
healing.'®'® This impairment is mediated
through multiple interrelated mechanisms,
including defective angiogenesis leading to
compromised blood supply and delayed bone
formation; chronic low-grade inflammation
driven by increased oxidative stress and
altered macrophage polarization; impaired
neutrophil  chemotaxis, adhesion, and
phagocytic  function; and dysregulated
cytokine expression characterized by elevated
levels of pro-inflammatory mediators such as
tumor necrosis factor-a, interleukin-6, and
interleukin-1p3."?'  Additionally, diabetes
suppresses the expression of mitogenic
growth factors while promoting pro-
inflammatory pathways through epigenetic

mechanisms. Hyperglycemia-induced
oxidative stress further inhibits the
proliferation  and  differentiation  of

mesenchymal stem cells essential for both
soft- and hard-tissue wound repair."
Epidemiological evidence indicates that
individuals with diabetes are at an increased
risk of tooth loss and extraction, particularly
due to periodontal disease.'®*> Moreover,
tooth extraction in diabetic patients has been
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implicated as a potential trigger for serious
postoperative ~ complications,  including
bacteremia, fungal infections, osteomyelitis,
and mucormycosis.”* Patients with poorly
controlled diabetes are especially vulnerable,
often presenting with more extensive
infections,  involvement of  multiple
anatomical spaces, prolonged hospitalization,
and higher complication rates compared to
non-diabetic individuals.?* Despite the well-
established association between diabetes
mellitus and delayed wound healing, the
relationship between diabetes and the
development of dry sockets remains unclear.
Even though diabetes has been documented as
one of the most common systemic conditions
that may predispose to alveolar osteitis, >'
but inconsistent findings are reported in
various studies. Few researches have listed
no positive relation between occurrence of
dry socket post extraction and diabetes,*
while other studies have reported diabetes as
a potential contributing risk factor.?¢ Newer
and more recent researches have suggested
that diabetes and other systemic conditions
may have an influence in the healing
trajectory of extraction sockets instead of
directly leading to formation of dry socket.?’
Pakistan faces a substantial and escalating
burden of diabetes alongside significant oral
health challenges. According to the
International Diabetes Federation,
approximately 26.7% of adults in Pakistan
were affected by diabetes in 2022,
corresponding to nearly 33 million
individuals.? The IDF Diabetes Atlas 2021
reported an even higher comparative
prevalence of 30.8% among adults aged 20—
79 years, the highest reported globally.*® A
recent meta-analysis estimated the pooled
prevalence of type 2 diabetes and pre-diabetes
in Pakistan to be 10.0% and 11.0%,
respectively, equating to approximately 50
million individuals affected.*’ The diabetes
burden in Pakistan has increased dramatically
over the past two decades, rising from 5.2
million adults in 2000 to approximately 33
million by 2021.3 Regional disparities further
compound the challenge, with the highest
prevalence reported in Punjab (16%),

followed by Baluchistan (15%), Sindh (14%),
and Khyber Pakhtunkhwa (11%).3' Limited
access to oral healthcare services and a high
prevalence of unmet dental needs have been
well documented.*® In addition, glycemic
control remains suboptimal, with studies
reporting poor control rates ranging from
44.7% to 86.4% among diabetic patients.*
Previous studies from Pakistan have reported
an overall dry socket prevalence of
approximately  3.3%  following  tooth
extractions, with significantly higher rates
observed among smokers and following
mandibular extractions.*> However, data
specifically examining the relationship
between diabetes mellitus and dry socket
within the Pakistani population remain
limited. Diabetes is becoming increasingly
common in Pakistan, and it is already well
established that it affects oral wound healing.
However, research from different countries
has reported inconsistent findings about its
association with dry sockets. This highlights
the need for focused research in the local
population. Assessing the prevalence of dry
sockets and identifying related risk factors
among diabetic patients is especially
important in teaching hospitals as these
institutions manage many referred cases and
play a key role in training future healthcare
professionals. This cross-sectional study was
designed to assess how common dry socket is
among diabetic patients after tooth extraction
in the dental outpatient department of a
teaching hospital in Karachi Pakistan. It also
aimed to identify risk factors that are specific
to this group.

METHODS

This hospital based cross sectional study was
conducted to determine the prevalence of dry
sockets and to identify related risk factors in
diabetic patients who underwent tooth
extraction. The study adheres to the
Strengthening the Reporting of Observational
Studies in  Epidemiology (STROBE)
guidelines for cross-sectional studies.>*” The
study was conducted in the Department of
Oral and Maxillofacial Surgery, Dental
Outpatient Department (OPD) at Liaquat
College of Medicine and Dentistry (LCMD),
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Karachi, Pakistan. LCMD is a tertiary care
teaching hospital that serves as a major
referral center for the urban and peri-urban
population of Karachi. The study was
conducted over a six-month period from
March 2025 to August 2025, following
approval from the Institutional Review Board
(IRB) of LCMD. The target population
comprised of diabetic patients presenting to
the Oral and Maxillofacial Surgery outpatient
department who require tooth extraction
under local anesthesia. Both Type 1 and Type
2 diabetes mellitus patients were a part of the
research. Patients were eligible for inclusion
if they were aged between 18 and 65 years
(both  inclusive), from any gender,
documented diagnosis of Type 1 or Type 2
diabetes  mellitus, controlled diabetes
mellitus, requiring non-surgical extraction of
permanent mandibular premolars or molars,
ability to attend follow-up appointments on
postoperative days 2 and 5 and were able to
provide written informed consent.

Patients were excluded if they were with
uncontrolled diabetes mellitus, history of
head and neck radiation therapy within the
past 5 years, known bleeding disorders or
coagulation abnormalities, current use of
anticoagulant therapy (warfarin, novel oral
anticoagulants) or antiplatelet agents other
than low-dose aspirin (<100 mg/day),
pregnant or lactating women, uncontrolled
hypertension (systolic BP >160 mmHg or
diastolic BP >100 mmHg), presence of acute
odontogenic or systemic infection at the time
of extraction, requirement for surgical
extraction, immediate implant placement, or
sinus  lift  procedures,  history  of
bisphosphonate or other antiresorptive
therapy, immunocompromised states
(HIV/AIDS, organ transplant recipients,
chemotherapy), unwillingness or inability to
provide informed consent or comply with
study procedures.

A thorough history, clinical examination and
evaluation  followed by  appropriate
investigations were done of the patients
meeting the inclusion criteria and visiting the
OMFS Outpatient Department of LCMD for
extraction of mandibular molars and

premolars under local anesthesia. The
procedure was performed by either a final
year student or a house officer under the
supervision of a senior surgeon or by a
surgeon themselves after informed consent
was taken from the patient. Prevalence of dry
socket developing post extraction in diabetic
patients was examined on the second day. A
comparison was made between the diabetic
patients developing dry socket after extraction
and the diabetic patients not developing dry
sockets, using a pre-validated questionnaire.
Followed by checking healing in both the
groups who develop dry socket. Data was
recorded using a  pre  validated
questionnaire.!? Data was analyzed by
entering the Statistical Package for Social

Sciences software (SPSS) for windows
(version 23, IBM Corporation Chicago, IL,
USA).

RESULTS

The participants' ages ranged from 18 to 85
years old, with a mean age of 44.8 + 13.2
years. Males made up a larger percentage of
the sample (59.5%) than females (40.5%)
(table-I).  Sixty-nine percent of the
participants did not smoke. Tooth numbers 34
(20.2%) had the most frequency, followed by
36 (16.0%), 46 (13.5%), 47 (12.9%), and 44
(12.3%). Type 2 diabetes was more common
in this survey (58.9%) than Type 1 diabetes,
which affected 41.1% of the patients. This
distribution  aligns with the overall
epidemiological pattern observed in adult
populations, where Type 2 diabetes was more
prevalent. Around 41.7% of patients had a
history of endodontic treatment, whereas
58.3% had not received endodontic therapy.
This suggests that at the time of inclusion, a
significant percentage of teeth were either
untreated or showing early signs of pathology.
The findings indicated that most demographic
and clinical variables including gender,
smoking status, graduation status, endodontic
treatment history, diabetes (Type 1 and 2),
oral hygiene levels, and extraction difficulty
had shown no statistically significant
relationship with the development of dry
socket on either Day 2 or Day 5, as the
proportions between affected and unaffected
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patients were similar and p-values exceeded
0.05. The only factor demonstrating a
meaningful association was the number of
postoperative visits, where patients requiring
multiple follow-up visits showed a markedly
higher incidence of dry socket, reflected by a
highly significant p-value (<0.001). This

suggests that while common patient
characteristics do not predict dry socket risk,
the need for repeated postoperative visits may
be an indicator of complications or delayed
healing associated with dry socket as shown
in table 2.

Table 1: Demographic features of patients

Demographic Factors Mean (sd)
Age (years) 44.8 (13.2)
n (%)

Gender Male 97 (59.5)

Female 66 (40.5)
Smoking status Smokers 49 (30.1)

Non-smokers 114 (69.9)
Tooth number 24 1 (0.6)

32 1 (0.6)

34 33(20.2)

35 10 (6.1)

36 26 (16)

37 16 (9.8)

44 20 (12.3)

45 13(8.0)

46 22(13.5)

47 21(12.9)
Type 1 Present 67 (41.1)

Absent 96 (58.9)
Type 2 Present 96 (58.9)

Absent 67 (41.1)
Endo Yes 68 (41.7)

No 95 (58.3)

Table II: Exercises recommended by physical therapist for LBP
Factors Dry Socket Day 2 Dry socket day 5
N Y p-value N Y p-value
n (%) n (%) n (%) n (%)

Gender
Female 85 (58.6) 12(66.7) 0.51% 84 (58.3) 13 (68.4) 0.40*
Male 60 (41.4) 6(33.3) 60 (41.7) 6 (31.6)
Smoking status
Smokers 43 (29.7) 6(33.3) 0.748* 100 (69.4) 14 (73.7) 0.70*
Non-smokers 102 (70.3) 12 (66.7) 44 (30.6) 5(26.3)
Graduation Status
Student 47 (32) 0(0) 0.123* 47 (32.6) 2 (10.6) 0.123*
Final year 51(35.2) 10 (55.6) 51(35.4) 10 (52.6)
House Officers 47 (32.4) 6 (33.3) 46 (31.9) 7 (36.8)
Visits
1 133 (91.7 0(0) <0.001+" 133 (92.4) 0(0) <0.001+"
2 10 (6.9) 0(0) 10 (6.9) 0(0)
3 1 (0.7) 10 (55.6) 0(0) 11 (57.9)
4 1(0.7) 7 (38.9) 1(0.7) 7 (36.8)
5 0(0) 1(5.6) 0(0) 1(5.3)
Endodontics
not treated 83 (57.2) 12 (66.7) 0.44* 82 (56.9) 13 (68.4) 0.340*
Treated 62 (42.8) 6(33.3) 62 (43.1) 6(31.6)
Diabetes type 1
Present 60 (41.4) 7 (38.9) 0.839* 83 (57.6) 13 (68.4) 0.369*
Absent 85 (58.6) 11 (61.1) 61 (42.4) 6(31.6)
Diabetes type 2
Present 85 (58.5) 11 (61.1) 0.839* 61 (42.4) 6(31.6) 0.369*
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Absent 60 (41.4) 7 (38.9)
Oral hygiene

1 18 (12.4) 1(5.6)
2 102 (70.3) 13 (72.2)
3 25(17.2) 4(22.2)
Difficulty

2 1(0.7) 0 (0)

3 12 (8.3) 0(0)

4 28 (19.3) 2(11.1)
5 57 (39.3) 6(33.3)
6 35(24.1) 5(27.8)
7 12 (8.3) 5(27.8)

*Significance level <0.05 (5%)
£Chi-square test applied
LFisher Exact test applied

Discussion

One sixty-three diabetic patients that needed
tooth extraction were considered in this study
to examine dry socket prevalence and
associated risk factors. The total incidence of
alveolar osteitis was about 11.0-11.7%
placing patients struggling with diabetes
mellitus at intermediate risk—higher than the
1-5% reported in general populations but
lower than the 20-40% observed in complex
mandibular third molar surgeries.>>** These
findings are important not only because of the
prevalence observed but also because the
commonly known risk factors were not able
to predict the development of dry sockets in
this vulnerable population. One of the most
notable findings of this study is that most of
the commonly accepted risk factors did not
show any statistical significance. Factors such
as gender smoking status oral hygiene type of
diabetes previous endodontic treatment and
difficulty of extraction which are widely
reported as predictors of dry socket in the
general population were not significantly
associated with dry socket in this diabetic
group. The number of postoperative visits
showed a significant association (p less than
0.001), however, this is more likely an
outcome rather than a cause since patients
with dry sockets usually require multiple
follow up wvisits for management of
symptoms. In diabetic populations this
apparent lack of association with usual risk
factors should be interpreted carefully. The
absence of a significant link does not mean
these factors are unimportant rather it shows
that diabetes itself is a strong risk factor.

83 (57.6) 13 (68.4)
0.60* 18 (12.5) 1(5.3) 0.80%
100 (69.4) 115 (70.6)
26 (18.1) 3 (15.8)
0.146% 1(0.7) 0 (0) 0.07%
12 (8.3) 0 (0)
28 (19.4) 2(10.5)
56 (38.9) 7 (36.8)
36 (25.0) 4(21.1)
11(7.6) 6 (31.6)

Diabetes affects wound healing in many ways
it impairs neutrophil function, reducing the
ability to fight bacteria it causes
microvascular problems that lower tissue
blood flow it leads to changes in collagen
through advanced glycation end products and
chronic inflammation that damages tissue.?®
In this context the effects of oral hygiene or
smoking may be hard to detect statistically
unless very large numbers of patients are
studied. The smoking paradox deserves
particular attention. Although many studies
report a two-to-five-fold higher risk of dry
socket in smokers due to factors such as
vasoconstriction reduced oxygen delivery and
mechanical clot disruption,®®3° we did not
find a significant association. Several
explanations may account for this. The small
number of dry socket cases (n=18-19) could
have limited the statistical power to detect
moderate effects. The study also classified
participants simply as smokers or non-
smokers which did not consider smoking
intensity or how recently they smoked. Most
importantly diabetes-related vascular
problems may create a pathophysiological
ceiling effect where any additional impact of
smoking is minimal and not detectable against
an already high baseline risk. Similarly, the
lack of a significant association for oral
hygiene measured on a three-point scale goes
against a large body of evidence linking poor
oral hygiene to higher dry socket risk through
increased bacterial loads that promote
fibrinolytic clot breakdown.> Beyond issues
of statistical power this may reflect the fact
that diabetic patients often have consistently
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poor oral health due to diabetes related
periodontal disease and altered oral
microbiome which limits variation in hygiene
and makes correlations harder to detect. The
finding that Type 1 and Type 2 diabetes
showed similar dry socket risk (p=0.839) also
has important clinical implications. Both
types of diabetes produce similar effects on
wound healing including oxidative stress
from high blood sugar accumulation of
advanced glycation end products
microvascular dysfunction immune
compromise and ongoing inflammation. This
biological similarity explains the comparable
outcomes despite different etiologies.

The strongest statistical result of the study is
the very level of association between post-
operative visits and dry socket (p<0.001).
patients who developed dry sockets had to
visit three to five times as opposed to one to
two times in cases that were not complicated.
The relationship in the form of reverse
causality, the dry socket is something that
requires repeated appointments to irrigate the
socket, place the medical dressings and pain
killers to manage the pain.

Although this finding does not indicate
causative mechanisms, it is of practical value.
Frequency of visits is a clinical parameter
which is considered real time, therefore when
the patients arrive on an unscheduled
appointment then there is an increase in the
likelihood of presence of a postoperative
complication. In terms of healthcare systems,
visit patterns can indicate and be used to
identify high complication procedures or
patients’ subgroups, which can lead to quality
improvement efforts. The clinical burden of
dry socket, which is that there are several
unscheduled visits meaning higher healthcare
expenditures, loss of time for patients, poor
and reduced quality of life, supports the
significance of preventing this condition.*
Although extraction difficulty (scored 2-7)
showed no statistically significant association
overall, the Day 5 (p-value= 0.07) suggests a
trend approaching significance. Examining
the distribution reveals that patients with
highest difficulty scores (6-7) contributed
disproportionately to dry socket cases (27.8-

31.6%). This pattern is biologically plausible
because complex extractions involve greater
surgical trauma, longer operative times,
higher release of inflammatory mediators and
compromised blood supply all of which
increase the risk of dry socket.”3® The lack of
statistical significance is likely a Type II error
given the small number of cases and does not
indicate absence of effect. The observed trend
supports existing literature that consistently
identifies traumatic extractions as a risk factor
and suggests that surgical complexity should
be considered when assessing risk in diabetic
patients which may also justify prophylactic
measures in high-risk cases.

These findings change how we approach
diabetic patients requiring tooth extraction.
The absence of clear patient level risk
predictors suggests treating all diabetic
patients as moderate to high risk and applying
prophylactic measures universally rather than
selectively based on traditional risk factors. In
practice this involves:

Routine antiseptic irrigation: Intra operative
socket irrigation with 0.2% chlorhexidine or
1% povidone iodine should be standard care
as evidence shows a 60 to 70 percent
reduction in dry socket risk in high-risk
populations.?*-!

The strength of this primary lies in its
diabetes-specific focus, addressing a high-risk
population often underrepresented in dry
socket research. The prospective design with
structured Day 2 and Day 5 follow-up enabled
reliable outcome ascertainment during the
typical dry socket manifestation window.
Including both Type 1 and Type 2 diabetics
across diverse extraction sites enhances
generalizability to similar clinical settings.
Number of limitations checks the
interpretation of a result. There is a high
possibility that 18-19 cases of dry socket did
not provide us with sufficient statistical power
to identify the moderate relationships, which
may result in the null hypothesis of smoking
and oral hygiene that do not agree with the
current literature , lack of HbAlc data is a
fatal gap, which excludes the opportunity to
evaluate the mediating role of glycemic
control in development of the postoperative
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complication of alveolar osteitis. Also, the
fact that there is no mention of specific
surgical procedures such as either a closed or
an open extraction, use of irrigation and
prescription of postoperative medicines make
its difficult to repeat it and inhibits the
mechanistic understanding. In the end the
five-day follow-up, although retaining the
typical cases of dry socket can be inadequate
to detect the emergent cases.

Beyond descriptive epidemiology,
mechanistic investigations could illuminate
underlying pathophysiology. Characterizing
oral microbiome composition in diabetic vs.
non-diabetic patients, measuring
inflammatory biomarkers (IL-6, TNF-a) and
fibrinolytic markers (D-dimer), and exploring
genetic susceptibility factors would advance
understanding.

Conclusion

The result of this study shows prevalence of
approximately 11.0%-11.7% of dry socket
among patients suffering from diabetes
undergoing tooth extraction. These findings
highlight the role diabetes mellitus as a vital
systemic condition that predisposes to post-
operative complication either in the form of
modifying the healing rate or formation of dry
socket regardless of the fact that extraction is
surgical or non-surgical.

The study also reports a dominant influence
of diabetes mellitus on healing outcomes even
though there is an absence of statistically
significant associations between dry socket
and most traditional risk factors including
smoking status, oral hygiene, gender, diabetes
type, and extraction difficulty. Rather than
indicating that these factors are irrelevant, the
results imply that the systemic metabolic
burden associated with diabetes may
overshadow conventional risk hierarchies,
limiting the predictive value of individual
patient or procedural variables in this
population.

Due to this post-operative complication, there
have been multiple visits to the dental office
hence substantially increasing healthcare
burden. It also highlights the reverse and
negative effect it has on patient’s quality of
life, healthcare utilization, and resource

allocation, particularly within teaching
hospital and resource-limited settings.
Prevention is better than cure, hence using
mindful techniques such as meticulous
surgical technique, routine use of antiseptic
socket irrigation, and structured early
postoperative follow-up should therefore be
considered standard practice when managing
diabetic patients

RECOMMENDATIONS FOR FUTURE
RESEARCH

We recommend doing this study with a larger
sample size an including multiple centers
ideally from various cities across Pakistan to
enhance statistical power and validate
findings across diverse populations and
clinical settings. Also include of a control
group, non-diabetic control group to quantify
the independent contribution of diabetes
mellitus to dry socket development.
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