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Abstract

Background: Dry socket (DS) or fibrinolytic osteitis is a relatively common complication that can occur following
tooth extraction. This study aimed to determine the prevalence of DS and identify its associated predictive and
mediating variables.

Material and Methods: This study is classified as prospective observational, cross-sectional, and multicenter.
Patients were consecutively selected in accordance with established criteria for tooth extraction. Data on patient
demographics, surgical procedures and postoperative outcomes were collected. Nominal variables were analyzed
using the Chi-Square Test, while associations involving ordinal values or considering counts or layers were exam-
ined using the Kendall's Tau-B Test or Mantel-Haenszel Test for trend. The GLM Mediation Model was employed
to investigate potential mediation or indirect effects or potential underlying mechanisms of predictive variables on
the development of DS. Two-tailed significance level of p <0.05 was considered statistically significant.

Results: A total of 1,357 patients undergoing routine dental extractions were included. DS was observed in 13
patients (prevalence of 1%). DS was associated with younger patients (under 50 years old), longer procedures, and
the presence of surgical accidents, but only when mediated by surgical complexity. Smoking, particularly in com-
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bination with complex surgeries and surgical accidents, was associated with DS. Postoperative pain for more than
two days and reported at moderate to high levels, emerged as a potential warning sign for DS. The use of antibiotics
was found to significantly reduce the risk of DS (RR reduction of 36% and absolute risk reduction of 0.63%).

Conclusions: Routine dental extractions revealed a 1% prevalence of dry socket. The obtained results suggests that
DS is a multifactorial condition influenced by various factors, including gender, age, smoking, antibiotic prescription
and surgical factors such as length, technique and accidents, nevertheless, those associations were observed mainly

considering the influence of one variable on another.

Key words: Dry socket, oral surgery, pain, dental extractions, antibiotics, tooth extraction, alveolar osteitis.

Introduction

Dry socket (DS), also known as alveolar or fibrinolytic
osteitis, is a relatively common complication that can
occur following tooth extraction (1-9). It is character-
ized by the acute inflammation of the alveolar bone sur-
rounding the extracted tooth, resulting in severe pain
in the absence of infection or inflammation, typically
appearing 2 to 4 days post-extraction. Clinical manifes-
tations of DS encompass an empty socket with exposed
bone, frequently containing food debris, mild swelling
and redness of the gingiva, halitosis, and significant ten-
derness upon examination (3-6,8,10). The incidence of
DS ranges from 1% to 5% for routine tooth extractions,
but significantly higher rates have been reported for
mandibular third molar extractions (1,4,5,7,9). As the
occurrence of DS is more notable in mandibular third
molars, the majority of studies have focused on these
procedures rather than regular or routine extractions,
which are typically performed by general dentists.

The etiology of dry socket (DS) is not yet fully un-
derstood; however, the disintegration of the blood clot
through fibrinolysis is widely accepted as the primary
mechanism (2-5,11-14). Various factors have been as-
sociated with an increased risk of DS, although some
of them remain controversial and may include difficult
or traumatic extraction (6,15), poor oral hygiene (6,15),
smoking (6-8,13,16), female gender (4,9), young patients
(4), extraction site (15), previous DS (15) among other
less frequently reported variables (12,13). Furthermore,
a study using metagenomics to investigate the microbi-
ome in DS sockets suggests that patients who develop
DS may harbor a distinct and specific microbiota, in-
dicating that bacteria may have a significant role in the
etiology of DS as well (2).

The present study was designed as an observational,
cross-sectional, and multicentric investigation with the
primary objective of assessing the prevalence of DS fol-
lowing routine tooth extractions. In addition to estimat-
ing the prevalence, the study aimed to identify and ex-
amine the predictive and mediating variables that may
be associated with the development of DS. By exploring
a diverse population, the study sought to provide a com-
prehensive understanding of the occurrence of DS and
its potential influencing factors. Thus, the study's pri-
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mary hypothesis is to test whether any of the examined
variables demonstrate a statistically significant impact
on the occurrence of DS.

Material and Methods

- Study design

The study was a prospective observational, cross-
sectional, and multicenter investigation that aimed to
determine the prevalence of dry socket (DS) and iden-
tify predictive and mediating variables or risk factors
associated with its development. Ethical approval for
the study was obtained from the University's Human
Research Ethics Committees with the following regis-
tration numbers: UEPG-35061214.5.0000.0105 and UN-
OESC/HUST 250/2005. Informed consent was obtained
from each participant prior to their inclusion in the study.
- Patient selection

Patients were consecutively selected in accordance with
established criteria for tooth extraction. The inclusion
criteria for the study were based on indications for tooth
removal, such as irrecoverable teeth due to dental car-
ies, periodontal disease, endodontics, prosthetic or orth-
odontic needs. Exclusion criteria included patients who
had undergone surgery for impacted third molars, for
extraction of deciduous teeth and lack of contact with
the patient postoperatively or the inability to clinically
check the occurrence of DS.

- Dental Extractions

Undergraduate dental students at the university's dental
surgery clinics conducted all the exodontias. Stringent
measures were taken to ensure strict control of micro-
biological contaminants throughout the procedures.

- Data Collection

A preoperative interview and anamnesis were firstly
conducted. The postoperative outcomes of pain and
inflammatory complications were assessed on the sev-
enth postoperative day or whenever necessary, before
or after this period. When faced with the presence of
DS or any other surgical complication, the patients
were followed up until the complete resolution of the
problem. Telephone contact was used as a tool to collect
symptoms from patients who were unable to return on
the seventh day; however, no diagnosis was made under
these circumstances.
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- Criteria for Dry Socket (DS)

The criteria for DS was based on clinical condition
(4,16). The clinical criteria for DS are as follows: (a)
there is severe and persistent pain around the extrac-
tion site; (b) there is a partially or totally disintegrated
blood clot with exposed alveolar bone; (c) halitosis is
usually present. All diagnoses were always confirmed
in a clinical setting by one oral and maxillofacial sur-
geon enrolled in the research. Doubts were resolved by
consensus among the research team.

- Pain Evaluation

Pain levels were assessed on the seventh day after the
surgery using a verbal category scale (VCS) with re-
sponse options ranging from 0 to 3 (0 = none, 1 = mild,
2 =moderate, and 3 = severe). This method facilitated a
qualitative classification of pain and allowed patients to
evaluate the cognitive and emotional dimensions associ-
ated with their pain throughout the entire postoperative
period. By capturing patients' memories, perceptions,
and the impact of pain and injury, this comprehensive
approach provided a deeper understanding beyond pain
intensity alone and enables a more comprehensive un-
derstanding of the patient's pain experience, taking into
account their subjective perception and overall evalua-
tion of the pain's significance (17).

- Data analysis and Statistical Procedures

The JASP software (JASP Team, 2023, Version 0.18.1;
University of Amsterdam, Netherlands) and/or the
JAMOVI software (JAMOVI project, 2023, Version
2.4.9) were utilized for data analysis, employing descrip-
tive and inferential methods. Two-tailed significance
level of p <0.05 was considered statistically significant.
The variables were categorized as continuous, ordinal,
or nominal, and appropriate statistical tests were select-
ed based on their characteristics, considering the distri-
bution of the variables and checking the assumptions.
Cases with missing sensitive data or lacking postopera-
tive follow-up were excluded from the analysis. Surgical
complexity was assessed by determining the necessity
of flap elevation, osteotomy, and odontosection, result-
ing in an ordinal variable ranging from 0 to 3. Nomi-
nal variables were analyzed using the Chi-Square Test,
while associations involving ordinal values or consider-
ing counts or layers were examined using the Kendall's
Tau-B Test or Mantel-Haenszel Test for trend. The GLM
Mediation Model (JAMOVI- Advanced Mediation
Models) was employed to investigate potential media-
tion or indirect effects or potential underlying mecha-
nisms of predictive variables on the development of DS.

Results

The sample consisted of 1,357 routine dental extraction
procedures. The majority of procedures were performed
on male patients (714 or 52.6%), and the age ranged
from 9 to 85 years (with a mean of 41 years, SD+15
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years). One to three teeth were extracted per procedure
(1 tooth: 1,023 surgeries; 2 teeth: 247 surgeries; 3 teeth:
87 surgeries). 20.4% of the patients reported having a
systemic disease, while 22% were smokers.

Dry socket (DS) was observed in 13 patients (1%), with
higher incidence among young female patients (average
age of 35 years), although without statistically signifi-
cant differences (proportion male-female 1:2.25; odds
ratio for female =2.5). 5 DS cases were located in the
anterior region of the maxilla, while 7 were found in the
posterior region of the mandible, except for a single case
that occurred in the canine area. 12 out of 13 cases of
DS occurred in patients under 50 years old and the mean
age of DS development was 34.7 (£11.1) years while for
not having DS was 41.2 (£15.6). Epidemiological data
of the study including the proportions and distributions
of dental extractions and the development of dry socket
can be seen on Table 1.

Regarding the surgical procedure, the average duration
of the procedures was approximately 42 minutes (SD +
27). As for the techniques employed, flap elevation was
performed in 30% of cases (411), osteotomy in 12.7%
(172), and odontosection in 13.5% (183). The complex-
ity of the procedure was determined by summing the
requirements of the aforementioned techniques (as an
ordinal measure ranging from 0 to 3). A higher value in-
dicated a greater need for the utilization of all three tech-
niques. The use of surgical flap, osteotomy and odonto-
section together was observed in 4.6% of the cases (62).
When the predictive variables were analyzed in isolation
as a factor for DS development, it did not show statisti-
cally association with, sex, the presence of systemic dis-
case, daily medication use (including contraceptives),
contraceptives use (alone), or menstrual cycle influence.
Habits such as tobacco, alcohol, and frequent consump-
tion of mate tea (Ilex paraguariensis; a traditional South
Americanbeverage) also didn’t show association with the
development of DS when analyzed in a bivariated mode.
Among surgical factors, this complication occurred
in single-tooth extraction procedures in all cases, and
significantly occurred when odontosection was neces-
sary (Pearson's Chi-square test, p =.001) or when the
surgical technique involved a combination of flap eleva-
tion, osteotomy, and odontosection, indicating a more
complex procedure (ordinal-by-ordinal Kendall Tau-B
Test, p =.002). DS significantly occurred more often
when the surgeon also reported a difficult or more com-
plex dental extraction, independently of the technique
complexity (Pearson's Chi-square test, p <.001) yet, the
view of complexity by the surgeon and the technique
complexity were associated (ordinal-by-ordinal Kendall
Tau-B Test, p <.001). In 7.5% (102) of cases, intraopera-
tive accidents or complications occurred, with root frac-
tures being the most frequently reported. Among those
cases, two individuals developed DS.
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Table 1: Epidemiological data of the study including the proportions and distributions of dental extractions and the development of dry socket

(DS) (n. 1,357).

Variable Extractions (%) DS
S Male 714 (52.6%) 4
ex
Female 643 (47.4%) 9
A DS mean age 34.7 (mean age/extraction) -
e
& Non-DS mean age 41.2 (mean age/extraction) -
Ethnically diverse white 1,046 (77%) 10
. African-Brazilian and non-white mixed 232 (17%) 2
Ethnicity - . :
Native-Brazilian (Indian) 13 (1%) 0
Other 66 (4.8%) 1
. L Yes 277 (20.4) 1
Reporting systemic disease
No 1,080 (79.5) 12
i Yes 299 (22%) 2
Smoking
No 1,058 (78%) 11
Weekly 211 (15.5%) 1
Alcohol
Not-Frequent 1,146 (84.5%) 12
L Weekly 667 (49.1%) 4
Mate Tea ({lex paraguariensis)
Not-Frequent 690 (50.9%) 9
) Using 179 (13.2% of total) 4
Contraceptive (only women) -
Not using 464 (34.2% of total) 5
Menstrual cycle (bleeding) (only Yes 36 (2.6% of total) 0
women) No 607 (44.7% of total) 9
1 1,023 (75.4%) 13
Amount of teeth removed 2 247 (18.2%) 0
3 87 (6.4%) 0
. . . . DS mean surgical time 46.3 (minutes/extraction) -
Surgical time (in minutes) - - X ;
Non-DS mean surgical time 41.9 (minutes/extraction) -
i Yes 411 (30.3%) 6
Surgical flap
No 946 (69.7%) 7
. Yes 183 (13.5%) 6
Odontosection
No 1,174 (86.5%) 7
Yes 172 (12.7%) 4
Ostectomy
No 1,185 (87.3%) 9
0 859 (63.3%) 3
. . 292 (21.5%) 5
Surgical Complexity
144 (10.6%) 4
3 62 (4.6%) 1
. ) Yes 102 (7.5%) 2
Surgical accidents
No 1,255 (94.5%) 11
Amount of local anesthetics with Up to 5.4 mL (3 cartridges) 1,235 (91%) 9
vasoconstrictors More than 5.4 mL 122 (9%) 4
o Yes 156 (11.5%) 1
Antibiotics
No 1,201 (88.5%) 12
No Pain 865 (63.7%) 0
Pai Mild Pain 317 (23.4%) 0
ain
Moderate Pain 155 (11.4%) 6
Severe Pain 20 (1.5%) 7
. Pain which persisted for more than 2 days | 143 (10.5%) 13
Pain endurance - -
Pain which last up to 2 days 1,214 (89.5%) 0
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The duration of the surgery did not significantly in-
fluence DS development (NS); however, DS occurred
more often in a slightly longer procedures (~42 minutes
for cases without DS and ~47 minutes for cases with
DS). In terms of the number of anesthetic cartridges
used, 61.3% of procedures utilized up to 2 cartridges
(832). When more than 3 cartridges of local anesthetics
(>5.4 ml) were used, there was a statistically significant
increase in the occurrence of DS (x2, p =.005). Howev-
er, it is important to note that the amount of anesthetics
used was also correlated with surgical time and surgical
complexity (Spearman's rho Test, rs .26, p <.001; rs .18,
p <.001), which could potentially confound the associa-
tion between anesthetic dosage and DS incidence.

In this sample, antibiotics were prescribed to 11.5% of
cases (156). Regarding this perioperative prescriptions,
it was observed that out of the 13 DS patients, 12 did not
receive antibiotics during this phase as part of their reg-
ular prescription (unrelated to DS treatment). The use of
antibiotics in this sample produced a relative risk reduc-
tion for DS of 36% and absolute risk reduction of 0.63%.
However, a higher number needed to treat (NNT) indi-

Dry socket

cates that approximately 278 patients would need to be
treated with antibiotics to prevent one case of DS. It is
important to note that this analysis does not take into
consideration the nature of the study, the sample charac-
teristics or the specific criteria for prescribing antibiot-
ics. Antibiotics were significantly more prescribed for
older (> 50 years old) patients (x2, p <.001), in proce-
dures of greater complexity (Mantel-Haenszel Test for
Trend, p =.001) and when surgical accidents occurred
(x2, p =.008).

A Generalized Linear Mediation Model (GLMM) in-
dicated that DS development, only when mediated by
surgical complexity, may be influenced by age (GLMM,
p =.019; younger patients), length of the procedure
(GLMM, p =.014; longer surgeries) and, surgical acci-
dents (GLMM, p =.016; occurrence of it). None of these
variables, including surgical complexity and odontosec-
tion is related with DS when modulated by the presence
of antibiotics. Statistical associations and odds ratios
(OR) for DS using bivariable analysis, controlled analy-
sis, or mediated by additional variables are presented
in Table 2.

Table 2: Statistical Associations and Odds Ratios for Dry Socket (DS) using Bivariable Analysis, Controlled (Chi Square Test with Layers, x2),
or Mediated (General Linear Mediation Model, GLMM) by Additional Variables (n=1,357).

Variable DS Odds Variable for DS, DS Odds Ratio for DS
Assoc. | Ratio controlled by Assoc.
for DS
Sex Male/Female |p=.11 Female= | Sex Layered by p=.050 [ Female=6.6
2.5 Odontosection
Female (only) Contraceptive | p=45 | Yes=2.1 | NP NP NP
Age p=13 NP Age Mediated by Sex p=18 NP
Systemic Disease -SD | Yes/No p=25 |No=3.1 | SD Layered by Smoking p=23 Smoking= 0.95
Contraceptive Yes/No p=.06 | Yes=2.9 | Contraceptive Layered by |p =.004 | Odontosection yes=
Odontosection 8.3
Menstrual cycle Yes/No p=.55 No= 1.3 | Menstrual cycle Layered p=.80 Smoking = 6.0
(bleeding) by Smoking
Smoking Yes/No p=74 No= 1.5 | Smoking Layered by p=0.01 [ NP
Complex Surgery (3 points
in the scale)
Surgical Time (ST) Scalar p=58 |NP ST Mediated by Complex | p=.006 | NP
Surgery
Odontosection Yes/No P <.001 | Yes=5.6 | Odontosection Layered by | p <.001 | Contraceptive use=
use of contraceptive 24.6
Ostectomy Yes/No p=.048 | Yes=3.1 | Ostectomy Layered by sex |p <.001 | Male=19.1
Surgical Complexity | Ordinal p=.002 [ NP SC Layered by Age 50 p=.016 NP
(SO) years up or down
Amount of local Up to 3 tubes/ | p=.005 | More Amount of anesthetic p=.03 NP
Anesthetics with More than 3 than 3= | Layered by Tobacco
vasoconstrictors tubes 4.6 amount (More than 20
(tubes of 1.8 ml) cigarettes day)
Surgical Accidents Yes/No p=28 | Yes=2.2 | SA Layered by Tobacco p=.004 | More than 20
(SA) amount cigarettes day=27.6
Antibiotics Yes/No p=.66 | Yes=.63 | AP Layered by Complex p=53 More complex
prescription (AP) Surgery (3 points in the scale) surgery= .84

NP= Test not performed or does not apply. DS= Dry Socket. Mediated by = GLMM. Layered by = x2.
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In bivariable analysis, tobacco use as a single variable
(Yes/No) did not show an association with DS. How-
ever, when analyzing tobacco use as the amount of
smoking (more than a pack of 20 cigarettes a day) and
considering a more complex surgery, tobacco use was
found to be associated with DS development (Mantel-
Haenszel Test for Trend, p <.015). Additionally, a sig-
nificant association was observed when surgical acci-
dents occurred and the amount of smoking exceeded a
pack (20 cigarettes) per day (Mantel-Haenszel Test for
Trend, p =.004). These findings suggest that the impact
of tobacco use on DS development may be influenced
by the quantity of smoking and the complexity of the
surgical procedure.

A predictive or warning sign for DS development was
the presence of reports of higher pain levels (ordinal-by-
ordinal Kendall Tau-B test, p =.001), particularly if it
persisted for more than two days (Pearson's Chi-square
test, p <.001). All pain indicators for DS were reported
as moderate (6 cases) or high (7 cases), despite the pa-
tients' utilization of analgesics.

Discussion

In the present study, we aimed to investigate the preva-
lence and associated factors of dry socket (DS) fol-
lowing tooth extractions. DS is a well-recognized and
distressing complication that can occur after tooth ex-
traction, causing considerable pain and discomfort for
patients. Despite its clinical importance, the pathogen-
esis of dry socket (DS) remains elusive and probably
multifactorial (6), which has hindered the development
of effective preventive measures and optimal manage-
ment strategies.

Although previous studies, such as Oyri ef al. (4), have
reported a higher frequency of DS in female patients
compared to males (6:1), the findings from this present
study suggest that gender may not be an isolated signifi-
cant factor in DS development, although it was observed
with higher prevalence and odds ratio for women. Fur-
thermore, the present study explored the potential influ-
ence of daily contraceptive use on DS development in
women and yet it didn’t reach the significant level. Fur-
thermore, the literature does not provide a clear indi-
cation or hypothesis regarding the reasons why women
are more affected by this condition, while some other
authors observes a ratio of 1:1 among man and woman
(9). The association between gender and DS remains an
intriguing aspect that requires further investigation.
Interestingly, our study findings revealed a significant
association between the use of odontosection technique
and the development of DS. Specifically, when this sur-
gical procedure was employed, it led to a significantly
higher incidence of DS in women, while no such asso-
ciation was observed in men. It is worth noting that DS
is intricately linked to the process of fibrinolysis, which
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involves the degradation of blood clots. In the context of
DS, bone exhibits fibrinolytic activity due to the release
of plasminogen activators (Pas) triggered by traumatic
bone exposure. This complex cascade of inflammatory
biochemical events ultimately leads to a decrease in
bone formation, increased degradation of blood clots,
and delays in wound healing (6). The association be-
tween odontosection and the development of dry socket
(DS) may be attributed to additional trauma to the sur-
rounding alveolar bone and soft tissues. The increased
tissue trauma and manipulation associated with odon-
tosection can lead to a more extensive inflammatory
response, delayed healing, and compromised blood clot
formation, all of which are known contributing factors
to the development of DS.

The association between ostectomy and the develop-
ment of dry socket (DS) showing a higher incidence in
men but not in women, as observed in our study, is an
interesting finding that suggests the influence of gen-
der-technique-related factors. Hormonal differences,
immune response variations, genetic predisposition,
and other variables such as smoking and surgical com-
plexity may contribute to the likelihood of DS develop-
ment. Further research is needed to elucidate the precise
mechanisms underlying these associations.

One important factor that has been extensively dis-
cussed in the literature is the impact of smoking on the
increased risk of DS (6,8,12,16). Our findings suggest
that smoking alone may not be a significant factor in
the development of DS. However, our results indicate
that smoking, particularly in individuals who consume
more than 20 cigarettes a day, becomes a complicating
factor when combined with complex surgeries, surgical
accidents, and higher amounts of anesthetics used dur-
ing the procedures. This suggests that the detrimental
effects of smoking on DS development may be more
pronounced in specific contexts and conditions.

The use of antibiotics to reduce postoperative com-
plications is a subject of frequent discussion in dental
literature, particularly in relation to third molar sur-
geries (7,18). Antibiotics have been proposed as a po-
tential means to decrease the incidence of dry socket
(DS), suggesting that specific microbiota may be linked
to the pathophysiology of DS, or that antibiotics may
act through alternative mechanisms to indirectly pre-
vent blood clot dissolution (1,19). This could potentially
involve inhibiting the fibrinolytic properties of certain
microorganisms, preventing the dissolution of blood
clots and impeding microbial invasion into the wound
(6). The hypothesis suggests that bacteria or debris
may stimulate the release of cytokines by monocytes/
macrophages, which can up-regulate urokinase-type
plasminogen activator (uPA) and plasminogen activator
inhibitor 1 (PAI-1), ultimately leading to clot lysis (2,3).
However, it is important to note that Chow et al. (3) ar-
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gue that current evidence does not support the routine
administration of prophylactic antibiotics to prevent
DS. Our understandings align with this perspective,
as the number needed to treat (NNT) with antibiotics
to prevent a single case of DS was exceptionally high.
This highlights the need for judicious use of antibiotics
and suggests that they should be reserved for specific
situations, such as complex surgeries or patients with
compromised health conditions. It is essential to con-
sider the potential consequences of antibiotic overuse
and misuse, as they contribute to the growing issue of
antimicrobial resistance (20). The role of antibiotics in
preventing DS and the underlying mechanisms involved
require further research and clarification to establish
more definitive recommendations in dental practice (5).
As anticipated, the presence of pain emerged as a sig-
nificant marker for DS development in our study. The
severity of pain experienced by patients may be attrib-
uted to the upregulation of TNF-a, a pro-inflammatory
cytokine known to play a role in the delayed healing
process. Studies have shown that elevated levels of
TNF-a are associated with reduced bone formation and
heightened pain perception, therefore, the intense pain
reported by individuals with DS could be attributed, at
least in part, to the increased expression of TNF-a and
its impact on bone healing processes (6).

The presence of various risk factors associated with DS,
such as gender, habits (e.g., smoking), surgical complex-
ity, and the potential role of the microbiota, highlights
the multifactorial nature of this inflammatory compli-
cation. While the exact etiology or the pathophysiology
of DS remains unclear, the findings from this study sup-
port the notion that DS is a complex condition influ-
enced by multiple factors.

- Study Limitations

The study may have limitations that should be consid-
ered. Firstly, the occurrence of dry socket (DS) was
relatively low, which may limit the statistical power and
precision of the findings. Additionally, the prescription
of antibiotics for some patients could have influenced
DS development to some extent. As an observational
study, the findings are based on associations rather than
causation. Unmeasured confounding factors, such as
the use of antiseptics, could potentially have influenced
the occurrence of dry socket.

Conclusions

In conclusion, our study involving 1,357 patients under-
going routine dental extractions revealed a 1% preva-
lence of dry socket. The obtained results suggests that
DS is a multifactorial condition influenced by various
factors, including gender, age, smoking, antibiotic pre-
scription and surgical factors such as length, technique
and accidents, nevertheless, those associations were ob-
served mainly considering the influence of one variable
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on another.
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