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Purpose. Alveolar osteitis (AO) is a common postoperative complication of third molar extractions that is thought to be associated
with the intake of oral contraceptives (OCPs). This meta-analysis sought to evaluate the risk of AO associated with OCP use and
sex independently and whether this risk was affected by the use of postoperative analgesics or antibiotics. Methods. PubMed/
Medline, EMBASE, and Cochrane databases were searched for articles pertaining to OCP use and the incidence of AO using
MESH terms. The measured outcome was the development of AO following a third molar extraction. Additional variables such as
sex, analgesic, and antibiotic use were documented and included in the analysis. The data were analyzed in R using the Mantel-
Haenszel method. Results. Fifteen studies with a total of 1366 female participants who were OCP users and 2919 nonuser female
participants were included in this meta-analysis. OCP users were approximately twice (pooled-RR: 1.98, 95% CI: 1.42-2.76) as
likely to develop AO following a third molar extraction when compared to nonuser females. The increased incidence of AO in the
OCP group was statistically significant (p < 0.01). The pooled-RR of AO in females not taking OCPs was not significantly different
from males (p = 0.45). Conclusions. OCP use significantly elevated the risk of AO in females. Females who did not take OCPs had
a similar risk of developing AO compared to males, suggesting that OCP use is a potential effect modifier. Neither postoperative
antibiotics use nor the type of postoperative analgesic significantly affected AO incidence in those taking OCPs.

1. Introduction

Alveolar osteitis (AO) is one of the most common post-
operative complications of third molar extractions [1]. AO,
referred to colloquially as dry socket, is an inflammation of
the alveolar process that takes place after the alveolar bone
has been exposed to the oral cavity after an extraction [2].
Typically, after a tooth extraction a thrombus forms in the
empty socket, leading to uneventful healing. However, in the
case of AO the blood clot is lost [2].

While the definition of AO may differ, most would agree
that AO involves postoperative pain at the site of dis-
lodgement of the blood clot. The patient often experiences
severe pain, halitosis, foul taste, lymphadenopathy, and
increased healing time [3]. These symptoms can last from ten
to forty days [4]. AO is typically treated with saline

irrigation, the application of topical anesthetics, and with
regularly changed surgical dressings [3]. The incidence of
AO has been reported to be 2% following routine extractions
and between 20 and 30% after third molar extractions [3, 5].
Although the pathophysiology of AO is not fully under-
stood, it is thought to be the result of fibrinolysis of the blood
clot due to the action of plasmin and kinins and/or a
subclinical bacterial infection present in the area at the time
of surgery [4]. Notable proposed risk factors include
smoking, the female sex, intake of oral contraceptives
(OCPs), age, vasoconstrictors, and the menstrual cycle [2].

OCPs are thought to increase fibrinolysis by increasing
serum plasminogen while decreasing serum plasminogen
activator inhibitor-1 [6]. Hence, it has been stipulated that
the characteristic loss of thrombus in AO may be associated
with the adverse effects of OCPs on coagulation and
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fibrinolysis. It has been hypothesized that this may be
bacteria-mediated fibrinolysis of the thrombus, hence an-
timicrobials such as chlorhexidine may serve as a preven-
tative treatment for AO [7].

The primary objective of this systematic review and
meta-analysis was to assess the risk of AO in OCP users. The
secondary objectives included the analysis of several vari-
ables to assess their effect on the incidence of AO in OCP
users, including sex, intake of preoperative and postoper-
ative antibiotics, postoperative opioid and nonopioid an-
algesics, the menstrual cycle, smoking, and the decade of
publication of the study. The latter in order to determine if
the formulation was a determining factor.

2. Materials & Methods

2.1. Protocols and Guidelines. This review was planned and
conducted in accordance with the Meta-Analysis of Ob-
servational Studies in Epidemiology (MOOSE) [8], and the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [9] guidelines. Investigators used the
PICOT (Patient/Population, Intervention/Indicator, Com-
pare/Controls, Outcome, Time/Type of Study or Question)
search strategy tool to conduct the literature search. This
protocol was not registered.

2.2. Eligibility Criteria. To be considered for this review, all
studies were required to meet the following criteria:

(i) Study participants (patient/population): females
who took OCPs before, after, or at the time of
extraction compared to females who did not take
OCPs, all of whom required (intervention) ex-
traction of their third molar(s). No age, race, or
health restrictions were applied.

(ii) Type of Study: Observational Human Studies (Case-
Controls, Cross-Sectional, Prospective and Retro-
spective Cohorts) and Clinical Trials were selected
for the purpose of this study. Case Reports, Case
Series, Letters to the Editor, Personal Communi-
cations, and Qualitative Studies were excluded.

(iii) Outcome: AO was clinically diagnosed by postop-
erative pain and total or partial loss of the blood clot
at the site of extraction 1-7 days following surgery.

(iv) Reporting of results: studies were only eligible if
they reported the frequency and a measure of as-
sociation (Odds Ratio (OR), and/or Relative Risk
(RR) with a 95% confidence interval (CI)) with AO
cases among OCP users and nonusers (Controls).

(v) Length of OCP use (Time): no restrictions applied.

(vi) Accessibility of data: studies were only eligible if
they were published as full publications in the
English language.

2.3. Literature Search. The literature search was conducted
using PubMed/MEDLINE, EMBASE, and Cochrane Library
databases, via the following search terms: (combined oral
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contraceptives [MeSH Terms]) OR (oral contraceptive
agents, hormonal [MeSH Terms]) AND (alveolar osteitis
[MeSH Terms]) OR (dry socket [MeSH Terms]) until March
2022. All search terms were adapted for each database, as
necessary. To ensure completeness, the references in the
articles selected for inclusion were searched manually and
independently by investigators (MT, DGA, and JAS) for
potentially relevant articles.

2.4. Study Selection & Investigators. Two investigators (MT
and DGA) performed independent article searches that met
the eligibility criteria. Publications were further examined
based on the full title and published abstract. At this point,
duplicates and articles that did not meet the eligibility cri-
teria were removed, and a full-text article was obtained for
those deemed eligible for inclusion. Once completed, the
investigators compared the results, and any discrepancies
were resolved by a third investigator (JAS).

2.5. Data Collection. Two investigators (MT and DGA)
independently extracted data using a data abstraction form
including studies’ characteristics such as the country in
which the study was conducted, population characteristics
(mean age, sex), study design, length of follow-up, exposure
(OCP use), time to outcome measure (development of AO),
and strength of association. Any discrepancies in the data
abstraction were reviewed and resolved by a third investi-
gator (JAS).

2.6. Data Analysis. The meta-analysis was conducted using
the “meta” package in R version 4.0.2 [10]. The data were
analyzed using the Mantel-Haenszel method. Incidence rates
among OCP users and non-OCP users were used to calculate
pooled-RR using the random or fixed effects model based on
the heterogeneity among the selected studies.

2.7. Assessment of Heterogeneity. The degree of dissimilarity
in the results of individual studies (or heterogeneity) was
assessed graphically using forest plots, and the exact bino-
mial CIs were calculated. Statistical heterogeneity between
the reviewed studies was quantified with the DerSimonian
and Laird estimate (I?), where I>>30%, I>>50%, and
I >75% indicated moderate, substantial, and considerable
heterogeneity, respectively. Cochran’s Q test was used in
conjunction with a forest plot to determine the significance
(p<0.05) of the calculated heterogeneity between studies.

2.7.1. Quality Assessment. The quality of the selected studies
was assessed independently by three investigators (MT,
DGA, JAS) with the “Quality Assessment Tool for Obser-
vational Cohort and Cross-Sectional Studies” of the National
Institute of Health (NIH) [11]. All studies were assessed for
potential risk of selection bias. Based on the results of this

assessment, studies were rated as good (“+”) or poor (“-7),
indicating a high or low risk of bias, respectively (Table 1).
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FiGure 1: PRISMA flow chart.

2.7.2. Risk of Bias across the Studies. The risk of publication
bias was assessed by visual analysis of a funnel plot [28],
where a visually symmetrical plot indicated a low risk of
publication bias and a visually asymmetrical plot indicated a
high risk of publication bias.

2.8. Subgroup and Sensitivity Analyses. Subgroup analyses
were conducted based on intake of postoperative antibiotics and
postoperative opioid or nonopioid analgesics, smoking status,
the decade of publication of the study, and menstrual cycle.

3. Results

3.1. Study Selection. PubMed/MEDLINE, EMBASE, and
Cochrane Libraries identified 1446 articles that met the
inclusion criteria, 240 of which were duplicates. 1176 articles
were further eliminated after abstract review. The remaining
thirty were reviewed by full-text, of which seventeen were
deemed eligible for the systematic review and fifteen for the
meta-analysis (Figure 1).

3.2. Study Characteristics. The included seventeen [7, 12-27]
studies were published between 1974 and 2019. Thirteen

[12-22, 26, 27] were prospective studies; one [23] was cross-
sectional, one [25]was retrospective, and two [7, 24] were
clinical trials. The systematic review included all seventeen
studies [7, 12-27], and for the purpose of the meta-analysis,
the two clinical trials were eliminated from the analysis,
yielding a total of fifteen studies. It is worth noting that
twelve [7, 12, 13, 16-18, 20, 21, 23, 25-27] studies included
male participants as well (Table 2).

3.3. Quality and Risk of Bias Assessment. All included studies
were of good methodological quality (Table 1), and the
funnel plot of the included studies was visually symmetrical
(Figure 2), indicating a low risk of publication bias.

3.4. AO in Females (OCP Users vs. Non-OCP Users). In the
fifteen [12-23, 25-27] included studies, 581 out of 4285
females presented with AO. Of these, 1366 (31.88%) females
took OCPs, and 2919 (68.12%) did not. Females who took
OCPs had approximately two times (pooled-RR: 1.98, 95%
CI: 1.42-2.76) the risk of developing AO when compared to
female non-OCP users, and this difference was statistically
significant (p <0.01). There was substantial heterogeneity
(I” = 66%, p <0.01) across the studies (Figure 3).
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TaBLE 2: Characteristics of the selected studies in this systematic review.

Study design total incidence of AO
Non-OCP user,

Authors Year Study design OfCP users, male and Non-OCP users,
emales females
females
n (%) n (%) n (%)
Lilly et al., [12] 1974 Prospective 192 214 975 7.9 489 7.2
Schow et al., [13] 1974 Prospective 168 44.6 912 17.0 288 20.5
Butler et al., [14] 1977 Prospective 36 19.4 — — 174 5.7
Nordenram et al., [15] 1983 Prospective 78 12.8 — — 78 23.1
Al-Khateeb et al., [16] 1991 Prospective 17 23.5 395 17.5 112 16.1
Larsen et al., [17] 1992 Prospective 16 18.8 86 18.6 36 25.0
Bonine et al., [18] 1995 Prospective 47 27.7 607 11.2 357 12.3
Hermesch et al., [7] 1998 Clinical trial 59 35.6 212 20.8 111 21.6
Garcia et al.,, [19] 2003 Prospective 87 11.5 — — 180 39
Blondeau et al., [20] 2007 Prospective 111 9.0 305 3.3 80 7.5
Alwraikat et al., [21] 2009 Prospective 245 15.9 842 11.8 341 14.4
Sivolella et al., [22] 2010 Prospective 38 2.6 — — 80 1.3
Eshghpour et al., [23] 2013 Cross-sectional 66 24.2 190 17.9 52 11.5
Eshghpour et al., [24] 2013 Clinical trial 132 29.5 — — 158 22.5
Almeida et al., [25] 2016 Retrospective 29 37.9 334 11.7 179 8.9
Bhujbal et al., [26] 2019 Prospective 194 16.0 793 3.8 307 3.9
Nilesh et al., [27] 2019 Prospective 42 16.3 618 7.1 166 6.9
heterogeneity across the twelve studies (I =45%, p = 0.05)
0.0 M (Figure 3).
0.2 ./ N
, 1o N
. 0.4 M i . H\Q\’\ 3.4.3. AO in Female OCP Users vs. Males (Non-OCP Users).
E 06 A . Similarly, when comparing female OCP users (n=1127)
E S/ i . with males (n=4678), the analysis showed that OCP users
c08 S/ i . were more than two times as likely (pooled-RR: 2.33, 95%
& L0 J/ ! N\ CIL: 1.74-3.13) to develop AO following third molar ex-
J | AN traction. This difference was statistically significant
el I i N (p<0.01). There was substantial heterogeneity across the
14 ]/ e \ twelve studies (I*=55%, p<0.01) (Figure 3).

0.2 0.5 1.0 2.0 5.0 10.0 20.0
Relative Risk

FIGURE 2: Funnel plot of studies included in the meta-analysis.

3.4.1. AO in Females (OCP and Non-OCP Users) vs. Males
(Non-OCP Users). Eleven [12, 13, 16-18, 20, 21, 23, 25-27]
studies included both male and female participants (3534
females and 4678 males). The pooled estimate showed that
females were 1.5 times (pooled-RR: 1.45, 95% CI: 1.10-1.90)
more likely to develop AO when compared to males, and this
difference was statistically significant (p = 0.01). There was
substantial heterogeneity across the twelve studies (I> = 57%,
p<0.01) (Figure 3).

3.4.2. AO in Female Non-OCP Users vs. Males (Non-OCP
Users). Eleven [12, 13, 16-18, 20, 21, 23, 25-27] studies were
included in this analysis, and the pooled estimate showed
that female non-OCP users (n=2407) were 1.1 times
(pooled-RR: 1.11, 95% CI: 0.82-1.49) more likely to develop
AO following a third molar extraction when compared to
male non-OCP users (n=4678). This difference was not
statistically significant (p = 0.45). There was moderate

3.5. Subgroup Analysis of AO among Female OCP Users Who
Were Prescribed Postoperative Analgesics. The female par-
ticipants in six [18, 19, 21, 22, 24, 26] of the included studies
(677 OCP users and 1317 non-OCP users) were prescribed
postoperative nonopioid analgesics after third molar ex-
traction, while only three [13, 17, 20] studies included
participants (295 OCP users and 404 non-OCP users) who
were prescribed both nonopioid and opioid analgesics.
Females taking OCPs and nonopioid analgesics had more
than twice (pooled-RR: 2.13, 95% CI: 1.25-3.64, p = 0.02)
the chance of developing AO when compared to females
who did not take OCPs, while females who took OCPs,
nonopioid analgesics, and opioids had a pooled-RR of 1.53
(pooled-RR: 1.53, 95% CI: 0.42-5.62, p = 0.30). The dif-
ference in the pooled estimate between the two subgroups
was not statistically significant (p = 0.37). There was sub-
stantial heterogeneity among studies (I*=57%, p = 0.02)
(Figure 4).

3.6. Subgroup Analysis of AO among Female OCP Users Who
Were Prescribed Postoperative Antibiotics. The female
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AO in Females (OCP Users vs. non-OCP Users)

Author OCP* non-OCP* Weight
AO Total AO Total Relative Risk RR 95%-CI (%)
Lilly etal. (1974) 41 192 35 489 —-— 298 [1.96;4.54] 9.2
Schow (1974) 75 168 59 288 [ ] 2.18 [1.64;2.89] 10.1
Butler DP (1977) 7 36 10 174 —_—— 338 [1.38,829] 5.9
Nordenram (1983) 10 78 18 78 —= L 0.56 [0.27;1.13] 7.2
Al-Khateeb (1991) 4 17 18 112 —t— 1.46 [0.56;3.81] 5.5
Larsen PE (1992) 3 16 9 36 — 0.75 [0.23;2.41] 4.5
Bonine (1995) 13 47 44 357 —_— 224 [1.31;3.85] 8.4
Garcia AG (2003) 10 87 7 180 e 296 [1.16;7.50] 5.7
Blondeau (2007) 10 111 6 80 R 1.20 [0.46;3.17] 5.5
Alwraikat (2009) 39 245 49 341 — 1.11 [0.75;1.63] 9.5
Sivolella S (2010) 1 38 1 80 5 2.11 [0.14;32.76] 1.2
Eshghpour (JClinPrac 2013) 16 66 6 52 S — 2.10 [0.88;4.99] 6.1
Almeida (2016) 11 29 16 179 m 424 [2.19;821] 7.5
Bhujbal (2019) 31 194 12 307 m 409 [2157.77] 7.6
Nilesh (2019) 7 42 13 166 e 2.13 [0.91;5.00] 6.2
Random effects model 1366 2919 < 1.98 [1.42;2.76] 100.0
Heterogeneity: I* = 66%, tau® = 0.2424, p < 0.01 01 051 2 10
Test for overall effect: t;, = 4.41 (p < 0.01) '
*only Females
AO in Females (OCP and non-OCP Users) vs. Males (non-OCP Users)
Author All Females* Males* Weight
AO Total AO Total Relative Risk RR 95%-CI (%)
Lilly et al. (1974) 76 681 124 1514 = 136 [1.04;1.79] 11.9
Schow (1974) 134 456 96 624 —-— 191 [1.51;2.41] 123
Butler DP (1977) 22 129 51 283 —— 0.95 [0.60;1.49] 9.7
Larsen PE (1992) 12 52 7 50 ——— 1.65 [0.71;3.85] 5.6
Bonine (1995) 57 404 24 250 b 147 [0.94;2.31] 9.7
Blondeau (2007) 16 191 4 225 —o— 471 [1.60;13.86] 4.1
Alwraikat (2009) 88 586 50 501 = 1.50 [1.09;2.08] 11.3
Eshghpour (JClinPrac 2013) 22 118 28 138 = 0.92 [0.56;1.52] 9.1
Almeida (2016) 27 208 23 155 ———— 0.87 [0.52;1.47] 8.9
Bhujbal (2019) 43 501 18 486 —— 232 [1.36;3.96] 8.7
Nilesh (2019) 20 208 31 452 15— 1.40 [0.82;2.40] 8.7
Random effects model 3534 4678 . : <‘>I . 1.45 [1.10; 1.90] 100.0

Heterogeneity: I? = 57%, tau? = 0.1314, p < 0.01
Test for overall effect: £, = 3.05 (p = 0.01)
*female OCP and non-OCP users, **non-OCP Males only

0.1 05 1 2 10

AO in Females (non-OCP Users) vs. Males (non-OCP Users)

Author non-OCR Females Males* Weight

AO Total AO Total Relative Risk RR 95%-CI (%)
Lilly et al. (1974) 35 489 124 1514 _.l_ 0.87 [0.61;1.25] 11.8
Schow (1974) 59 288 96 624 |—-— 1.33  [0.99;1.78] 12.6
Al-Khateeb (1991) 18 112 51 283 —n- 0.89 [0.55;1.46] 10.3
Larsen PE (1992) 9 36 7 50 —f— 1.79 [0.73;4.35] 6.3
Bonine (1995) 44 357 24 250 —_—— 1.28 [0.80;2.05] 10.6
Blondeau (2007) 6 80 4 225 w422 [1.22;14.57] 4.1
Alwraikat (2009) 49 341 50 501 ot 144 [1.00;2.08] 11.7
Eshghpour (JClinPrac2013) 6 52 28 138 e 0.57 [0.25;1.29] 6.8
Almeida (2016) 16 179 23 155 —_— 0.60 [0.33;1.10] 9.1
Bhujbal (2019) 12 307 18 486 o 1.06 [0.52;2.16] 7.8
Nilesh (2019) 13 166 31 452 = 114 [0.61;2.13] 8.8
Random effects model 2407 4678 J> 1.11 [0.82;1.49] 100.0
Heterogeneity: I* = 45%, tau> = 0.1606, p = 0.05 ', 05 1 2 10
Test for overall effect: £, = 0.78 (p = 0.45) ’ '
*non-OCP Males only

(a)

Ficure 3: Continued.
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AO in Females OCP Users vs. Males (non-OCP Users)

Author OCR Females Males* Weight

AO Total AO Total Relative Risk RR 95%-CI (%)
Lilly et al. (1974) 41 192 124 1514 = 2.61 [1.89;3.59] 13.2
Schow (1974) 75 168 96 624 —o— 290 [2.26;3.72] 14.1
Al-Khateeb (1991) 4 17 51 283 : 131 [0.53;3.19] 6.2
Larsen PE (1992) 3 16 7 50 1.34 [0.39;4.58] 4.0
Bonine (1995) 13 47 24 250 — 2.88 [1.58;5.24] 9.3
Blondeau (2007) 10 111 4 225 ——%—— 5.07 [1.63;15.80] 4.5
Alwraikat (2009) 39 245 50 501 e 1.60 [1.08;2.36] 12.2
Eshghpour (JClinPrac 2013) 16 66 28 138 —_— 1.19 [0.70;2.05] 10.1
Almeida (2016) 11 29 23 155 —.— 2.56 [1.40;4.65] 9.3
Bhujbal (2019) 31 194 18 486 —— 431 [2.47;7.53] 9.8
Nilesh (2019) 7 42 31 452 — 243 [1.14;5.18] 7.4
Random effects model 1127 4678 < 233 [1.74; 3.13] 100.0
Heterogeneity: I? = 55%, tau® = 0.1329, p = 0.01 0'1 0' A 5 1'0

Test for overall effect: t;, = 6.44 (p < 0.01)
*non-OCP Males only

(b)

FIGURE 3: AO among OCP users analysed by sex.

participants of six [19-22, 25] of the studies (576 OCP users
and 912 non-OCP users) were given postoperative antibi-
otics and were compared with the participants of five
[13, 16-18, 26] of the studies who were not (442 OCP users
and 1100 non-OCP users).

The analysis showed that females who took OCPs had
more than twice (pooled-RR: 2.07, 95% CI: 1.05-4.11,
p =0.04) and approximately twice (pooled-RR: 1.97, 95%
CI: 1.07-3.64, p = 0.04) the risk of developing AO following
a third molar extraction when compared to females who did
not take OCPs in regard to postoperative antibiotic use “no”
and “yes,” respectively. The difference between the two
subgroups (“no” vs. “yes”) was not statistically significant
(p =0.88), and there was substantial heterogeneity among
studies (I* =59%, p>0.01) (Figure 4).

4. Discussion

4.1. Risk of AO in Females (OCP Users vs. Non-OCP Users).
This meta-analysis included fifteen studies and found that
OCP use was a significant risk factor for AO. The two clinical
trials that were excluded from the meta-analysis also found
that female OCP users were more likely to develop AO. In
this study, females taking OCPs were approximately twice as
likely to develop AO following third molar extractions
compared to females not taking OCPs (Figure 3).

4.2. Incidence of AO by Sex. The female sex is an often-
mentioned risk factor for AO. However, the correlation is
controversial, and OCP use remains an important effect
modifier [2]. The evidence is controversial, and while the
majority of the studies have found no significant differences
between the sexes [24, 25, 29], Blondeau and Daniel [20]
found a significantly higher incidence among women. This
study found that the incidence of AO was highest among
those taking OCPs, with 1 in 5 (20.95%) females taking
OCPs developing AO following a third molar extraction.
Females overall had a higher pooled incidence of AO than

males. 1 in 7 (13.73%) females developed AO, while 1 in 10
(10.78%) males developed AO following third molar ex-
traction. These findings suggest that OCP use is a significant
effect modifier that explains the increased pooled incidence
of AO in females overall. When controlled for OCP use, the
female sex was not a risk factor for AO.

The pooled risk for females when controlled for OCP use
was not significantly different from the males (pooled-
RR=1.11, p = 0.41), further suggesting that OCP is a risk
factor for AO.

A recent meta-analysis by Bienek and Filliben [30] ex-
amined the occurrence of AO in OCP users. The authors
showed a higher pooled-RR in females taking OCPs when
compared to males, and an increased pooled-RR in females
taking OCPs when compared to those not taking them.
These findings are in support of this study, and both found a
pooled-RR of 1.1-1.2 for AO in females not taking OCPs
versus males, where Bienek and Filliben [30] found this
difference to be statistically significant, and this study did not
(p = 0.45). Bienek and Filliben [30] included studies pro-
viding data on AO after the extraction of any tooth, whereas
this study included only AO after the third molar extraction,
which may explain the difference in significance in the
analysis [30]. Further investigation into the effect of sex on
AO independent of OCP use is needed.

4.3. Time Period. Rosendaal et al. [31] noted that the for-
mulations of OCPs have changed over time due to emerging
evidence linking OCPs to venous thrombosis; this side effect
has been attributed to the use of estrogen in their formu-
lation. Therefore, the concentration of estrogen has been
decreased over the years to reduce the likelihood of com-
plications [32], and some have speculated that this decrease
may have an effect on the incidence of AO [20, 33]. A
subgroup analysis was conducted according to the decade of
publication to assess this effect. There was no significant
trend between the time period and the pooled-RR of the
incidence of AO in OCP users (Supplement 1).
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Subgroup Analysis of AO among Females OCP Users Who Were Prescribed Post-Operative Analgesics

Author OCP*  non-OCP* Weight
AO Total AO Total Relative Risk RR 95%-CI (%)

PostOpAnalgesic = Opioid and NSAID

Schow (1974) 75 168 59 288 ——— 2.18 [1.64;2.89] 19.2

Larsen PE (1992) 7 3 9 36 — = 0.75 [0.23;2.41] 6.7

Blondeau (2007) 10 111 6 80 R A 1.20 [0.46;3.17] 8.5

Random effects model 295 404 -<L;‘> 1.53  [0.42; 5.62] 34.5

Heterogeneity: I? = 51%, tau? = 0.1577, p = 0.13

Test for effect in sungroup: ¢, = 1.40 (p = 0.30)

PostOpAnalgesic = NSAID Only

Bonine (1995) 13 47 44 357 —B— 224 [1.31;3.85] 14.7

Garcia AG (2003) 10 8 7 180 —m 296 [1.16;7.50] 9.0

Alwraikat (2009) 39 245 49 341 B 1.11  [0.75;1.63] 17.5

Sivolella S (2010) 1 38 1 80 ; 211 [0.14;32.76] 1.6

Eshghpour (JClinPrac2013) 16 66 6 52 e 2.10 [0.88;4.99] 9.8

Bhujbal (2019) 31 194 12 307 —— 4.09 [2.15;7.77] 13.0

Random effects model 677 1317 e 213 [1.25;3.64] 65.5

Heterogeneity: I? = 65%, tau® = 0.1281, p =0.01

Test for effect in sungroup: t; = 3.63 (p = 0.02)

Random effects model 972 1721 < 1.91 [1.29;2.82] 100.0

Heterogeneity: I? = 57%, tau? = 0.1582, p = 0.02 o1 051 2 10

Test for overall effect: %3 = 0.82, df = 1 (p = 0.37) ' '

*only Females

Subgroup Analysis of AO among Females OCP Users Who Were Prescribed Post-Operative Antibiotics

Author OCP*  non-OCP* Weight
AO Total AO Total Relative Risk RR 95%-CI (%)

PeriodicAntibioticUsePostOp = No :

Schow (1974) 75 168 59 288 = 2.18 [1.64;2.89] 154

Al-Khateeb (1991) 4 17 18 112 e 1.46 [0.56;3.81] 7.3

Larsen PE (1992) 3 16 9 36 —— 0.75 [0.23;2.41] 5.7

Bonine (1995) 13 47 44 357 A 2.24 [1.31;3.85] 12.0

Bhujbal (2019) 31 194 12 307 e 4.09 [2.157.77] 10.7

Random effects model 442 1100 —— 2.07 [1.054.11] 51.1

Heterogeneity: I* = 47%, tau® = 0.2258, p = 0.11 :

Test for effect in sungroup: t, = 2.96 (p = 0.04)

PeriodicAntibioticUsePostOp = Yes

Garcia AG (2003) 10 87 7 180 —a— 296 [1.16;7.50] 7.5

Blondeau (2007) 10 111 6 80 — 1.20 [0.46;3.17] 7.2

Alwraikat (2009) 39 245 49 341 ] 1.11  [0.751.63] 14.1

Sivolella S (2010) 1 38 1 80 ; 211 [0.14;32.76) 1.4

Eshghpour (JClinPrac 2013) 16 66 6 52 s 2.10 [0.88;4.99] 8.2

Almeida (2016) 11 29 16 179 e 427 [2.19;8.21] 10.5

Random effects model 576 912 < 1.97 [1.07; 3.64] 48.9

Heterogeneity: I> = 65%, tau® = 0.1743, p = 0.01

Test for effect in sungroup: t; = 2.85 (p = 0.04)

Random effects model 1018 2012 < 2.04 [1.42;2.91] 100.0

Heterogeneity: I> = 59%, tau® = 0.1763, p < 0.01 0.1 051 2 10

Test for overall effect: 22 = 0.02, df = 1 (p = 0.88)
*only Females

FIGURE 4: AO and OCPs by analgesics and antibiotics use.

4.4. Postoperative Analgesics in Female OCP Users. The
pooled-RR of AO was 2.13 times higher in females who were
taking OCPs compared to non-OCP users when prescribed
postoperative NSAIDs only. Female participants who took
both postoperative opioids and NSAIDs had a pooled-RR of
1.53 times higher than non-OCP users (Figure 4).

4.5. Postoperative Antibiotics in Females Taking OCPs.
There is no clear consensus on the use of prophylactic
antibiotics for the prevention of AO [34], and there are

concerns over potential side effects and microbial resistance
associated with antibiotic use [35]. Notably, the postoper-
ative use of a chlorhexidine rinse in preventing AO is well-
supported in the literature [7, 36, 37].

Only one of the studies [19] included in this meta-
analysis collected data on the incidence of AO in patients
that took antibiotics preoperatively. The authors found no
significant differences in the incidence of AO between those
who took antibiotics preoperatively and those who did not.

On the other hand, the pooled-RR of AO was approx-
imately two times higher in those taking OCPs and
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postoperative antibiotics than in females only taking post-
operative antibiotics and in those taking OCPs without
postoperative antibiotics than in females taking only post-
operative antibiotics (Figure 4). The difference between the
two subgroups was not statistically significant (p = 0.88),
suggesting that postoperative antibiotics do not offset the
increased incidence of AO associated with OCP use.

4.6. Menstrual Cycle. Hormonal changes, particularly in
estrogen, precipitated by the menstrual cycle may have an
effect on the incidence of AO. Nordenram and Grave [15]
suggested that changes in plasminogen activators in the
saliva throughout the menstrual cycle may affect the inci-
dence of AO. Two of the included studies investigated the
relationship between the menstrual cycle phase and the
incidence of AO [15, 23]. The findings of Eshghpour and
Nejat [23] suggest an increased risk of AO associated with
third molar extractions on days 8-21 of the menstrual cycle
that is increased with OCP use. In contrast, Nordenram and
Grave [15] suggest that the incidence of AO is lowest on day
14 of the menstrual cycle and suggest performing the ex-
tractions when the female patient is not menstruating and
should be deferred until an OCP withdrawal period in users.
Current evidence pertaining to the effect of the menstrual
cycle phase on the incidence of AO is inconclusive (Sup-
plements 2-4), and further research is needed to determine if
an association exists.

4.7. Insufficient Evidence for AO, OCP Use, and Smoking.
The included studies did not provide sufficient evidence on
how OCP use and concurrent smoking are associated with
AO. Studies were subgrouped by whether smokers were
included in the study or not (Supplement 5). The included
studies did not provide data on the number of concurrent
smokers and OCP users that participated, so the ratio of
concurrent users, smokers only, OCP use only, and nonusers
was unknown. Further research is needed to determine
whether smoking is associated with a change in risk for AO
in women taking OCPs.

5. Conclusion

This meta-analysis was able to confirm that the intake of oral
contraceptives (OCP) is a risk factor for alveolar osteitis
(AOQ) after third molar extraction. According to the CDC, in
2015-2017, 64.9% of the 72.2 million women aged 15-49 in
the US were currently using contraception, 12.6% of which
were using oral contraceptive pills. We believe that the
results of our study are impactful at a predoctoral and
postdoctoral level and useful for interdisciplinary and
continuing education purposes, as this is something both
general dentists and specialists should be aware of. The high
prevalence of women using OCPs makes this a relevant
finding for the care of our patients.

A dose-response relationship may exist between the
hormone(s) concentration in OCPs and the incidence of
AO, and the menstrual cycle phase the patient is in during
the extraction may be a risk factor. This paper will provide

other researchers with the premise for potential further
research regarding the topic.

The difference between females not taking OCPs and
males was not significant, suggesting that the female sex is
not a risk factor for AO. OCP use was likely an effect
modifier in previous studies. Those considering third molar
extraction should be advised to temporarily discontinue
OCPs prior to surgery. Further investigation should be
conducted to evaluate how far prior to surgery OCPs should
be discontinued to minimize the risk of AO. Despite the
decreasing quantity of estrogen in OCP formulations over
time, this meta-analysis did not find evidence that supports
the theory that the decreasing quantity of estrogen in OCP
formulations would result in a decreased incidence of AO.
Neither the type of analgesic taken nor taking antibiotics
postoperatively had a significant effect on the incidence of
AO. The evidence supporting the menstrual cycle phase as a
risk factor for AO was limited.
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