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Abstract

Background. Alveolar osteitis (AO) is a painful post-extraction complication, but its
terminology, diagnostic criteria, timing, and case-ascertainment procedures are heterogeneous.

Aim. To synthesize how AO is operationally defined and identified in clinical studies
and to discuss implications for reproducibility and sports-dentistry research.

Material and methods. This structured narrative review was informed by broad
searches of six bibliographic databases (MEDLINE via PubMed, Embase, CENTRAL,
Scopus, Web of Science, and LILACS) through 1 September 2026. Source selection for
narrative discussion was purposive and prioritized reports with explicit diagnostic rules,
timing, ascertainment, examiner procedures, or unit-of-analysis information. The review was
not conducted as a prospectively locked systematic-review workflow.

Results. Definitions variably combined postoperative pain  with clot
loss/disintegration, an empty socket, exposed bone, halitosis, and different timing rules.
Ascertainment pathways, examiner standardization, diagnostic units, denominators, and

handling of within-patient clustering also varied.
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Conclusions. AO research should report explicit case logic, symptom-onset windows,
assessment schedules, ascertainment pathways, examiner procedures, and analytic units.
These principles are relevant to athlete oral-health research, although evidence does not
support AO as a sport-specific disorder.

Keywords: alveolar osteitis; dry socket; narrative review; operational definition; case

ascertainment; sports dentistry

1. Introduction

Alveolar osteitis (AO), commonly termed dry socket, is a painful complication of
tooth extraction characterized by disturbed socket healing and, in many descriptions, severe
postoperative pain associated with partial or complete loss or disintegration of the blood clot.
Reported incidence varies across clinical settings and is generally higher after mandibular
third-molar surgery than after routine extraction. The literature has traditionally concentrated
on risk factors, prevention, and management, whereas the diagnostic construct itself has
received less methodological attention (Chow et al. 2020; Daly et al. 2022).

AO has not been operationalized uniformly. Historical labels include dry socket,
alveolar osteitis, localized osteitis, and fibrinolytic alveolitis. Definitions have variably
emphasized pain, increasing or analgesic-refractory pain, clot loss or disintegration, an empty
socket, exposed bone, halitosis, debris, local inflammation, and the postoperative interval. A
frequently cited formulation centers on increasing pain within 1-3 days after extraction
together with partial or total disintegration of the blood clot, with or without halitosis (Blum
2002). Subsequent reviews continued to identify competing formulations and inconsistent
terminology (Kolokythas et al. 2010; Ghosh et al. 2022). Existing reviews have largely

emphasized etiology, prevention, and management; comparatively less attention has been paid



to the operational architecture of diagnosis, case ascertainment, and the statistical unit used
when AO is analyzed as an outcome.

Diagnostic heterogeneity is not limited to wording. Cases can be identified through
scheduled postoperative examinations, symptom-triggered return visits, telephone contact,
questionnaires, retrospective chart review, database-based review, or hybrid pathways.
Examiner identity, training, calibration, blinding, and inter-rater reliability may be
incompletely reported. The diagnostic unit may be the patient, tooth, socket, procedure, or
postoperative episode. When multiple teeth or sockets from the same patient are analyzed,
observations are correlated and should not automatically be treated as statistically
independent (Litaker et al. 2013).

These differences matter because reproducibility requires both an explicit case rule
and a sufficiently transparent pathway by which cases are detected. Differences in reported
AO incidence cannot be attributed to diagnostic definition alone: population characteristics,
tooth type, surgical difficulty, prophylaxis, smoking, operator factors, follow-up intensity, and
historical context may also influence observed risk or case capture. A narrative review is
therefore useful for examining the conceptual and reporting architecture of AO diagnosis
without implying that methodological variation alone causes between-study differences.

Although AO is not a sport-specific disorder, the topic has a limited but defensible
relevance to sports dentistry. Oral-health problems have been associated with adverse self-
reported effects on training and performance among athletes, and sports-dentistry consensus
work supports integration of oral care into sports medicine (Gallagher et al. 2018; Stamos et
al. 2020). If tooth extraction and postoperative complications are evaluated in athlete
populations, inconsistent AO definitions or follow-up pathways could make results difficult to
compare. The purpose of this review is therefore to synthesize recurring AO diagnostic

concepts and ascertainment practices, identify methodological weaknesses that limit



reproducibility, and outline practical reporting principles applicable to general dental research

and, where relevant, athlete-focused oral-health care.

2. Review approach

This structured narrative review was developed from a broad literature-search corpus
originally assembled to examine AO case definitions and ascertainment. Searches covered
MEDLINE (Medical Literature Analysis and Retrieval System Online) via PubMed, Embase,
CENTRAL (Cochrane Central Register of Controlled Trials), Scopus, Web of Science Core
Collection, and LILACS (Literatura Latinoamericana y del Caribe en Ciencias de la Salud)
through 1 September 2026 without date or language restrictions. Search concepts included
"alveolar osteitis" or "dry socket" together with terms related to diagnosis, case definition,
operational definition, case ascertainment, incidence, and tooth extraction. For narrative
consideration, priority was given to primary human clinical reports in which AO functioned
as an outcome, complication, eligibility condition, or treatment-entry diagnosis and that
provided information relevant to case definition, timing, ascertainment, examiner procedures,
diagnostic or analytic unit, or clustering. Reviews and methodological sources were used to
provide conceptual context (Blum 2002; Kolokythas et al. 2010; Litaker et al. 2013; Murad
and Wang 2017; Chow et al. 2020; Page et al. 2021; Rethlefsen et al. 2021; Daly et al. 2022;
Ghosh et al. 2022).

The present article is deliberately framed as a narrative review rather than a completed
systematic review or prevalence-oriented meta-research study. The initial literature workflow
was not completed with prospectively locked full-text eligibility assessment of the entire
search-retained corpus, duplicate independent screening, or a reproducible probability-based
sampling procedure. Consequently, retrospective PRISMA record counts or a flow diagram
would overstate the completeness of the process. PRISMA (Preferred Reporting Items for

Systematic Reviews and Meta-Analyses) 2020, PRISMA-S (an extension to PRISMA for



reporting literature searches), and meta-epidemiological reporting recommendations informed
parts of the earlier search and coding framework (Murad and Wang 2017; Page et al. 2021;
Rethlefsen et al. 2021), but compliance with those frameworks is not claimed here. The
narrative structure was additionally checked against the domains emphasized by SANRA
(Scale for the Assessment of Narrative Review Articles), including justification of the review,
statement of aims, description of the literature search, referencing, scientific reasoning, and
presentation of relevant endpoints (Baethge et al. 2019).

Source selection for discussion was purposive rather than frequency-based. Priority
was given to reports that provided explicit case definitions, clinically distinctive diagnostic
rules, informative timing or ascertainment procedures, examiner-standardization information,
or examples illustrating unit-of-analysis and clustering problems. No formal risk-of-bias
instrument, diagnostic-accuracy meta-analysis, or certainty-of-evidence grading was applied
because the objective was conceptual and methodological synthesis rather than estimation of
intervention effects or diagnostic performance. Accordingly, statements in this review
describe recurring patterns and illustrative examples rather than literature-wide prevalence
estimates. Absence of reporting is interpreted as absence of reported information, not proof

that a procedure was not performed.

3. Narrative synthesis
3.1 Terminology and the conceptual boundaries of alveolar osteitis

The literature uses several labels for overlapping postoperative socket-healing
phenomena. The term dry socket is common in clinical reports, while alveolar osteitis,
localized osteitis, and fibrinolytic alveolitis appear in older and contemporary sources.
Terminological variation is not merely semantic because different labels have sometimes been

paired with different symptom and sign requirements (Blum 2002; Kolokythas et al. 2010;



Ghosh et al. 2022). A report may therefore use a familiar disease name without providing
enough information to reconstruct how a patient was actually classified.

A useful distinction is between descriptive phenotype and operational definition.
Background sections often describe the classic combination of delayed postoperative pain,
clot loss, an empty socket, or exposed bone, but such prose does not necessarily define the
study outcome. For reproducibility, the operational rule should be identifiable in the Methods,
eligibility criteria, outcome definition, questionnaire, or an explicitly adopted external
definition. For example, recognizable background descriptions should not automatically be
treated as the actual classification algorithm (Requena-Calla and Funes-Rumiche 2016;
Nagaja et al. 2024), while AO has also been used as a treatment-entry label without a
component-level rule in the material reviewed for this manuscript (Chybicki and Janas-Naze

2022).

3.2 Core diagnostic components and Boolean logic

Pain appears repeatedly across many AO formulations, but its specification varies
substantially. Some definitions require increasing pain, severe or throbbing pain, pain not
adequately relieved by analgesics, or pain beginning after an initially less symptomatic period.
Others simply require postoperative pain in association with local socket findings. The socket
component may be expressed as partial or complete clot loss, clot disintegration, an empty
socket, exposed or denuded bone, or a combination of these findings (Blum 2002; King et al.
2018; Shad et al. 2018; Igbal et al. 2023; Erinoso et al. 2024). Halitosis appears in multiple
descriptions but may be optional rather than mandatory (Blum 2002; Shad et al. 2018).

Boolean logic is therefore as important as the component list. A rule requiring pain
AND an empty socket is not equivalent to a rule allowing pain plus either clot loss OR
exposed bone, and neither is equivalent to a broad clinician-diagnosed disturbed-healing

phenotype. One randomized trial required increasing pain 2-3 days after extraction together



with clot disintegration leading to an empty socket and denuded bone, with or without
halitosis (Shad et al. 2018). Another used a pain-plus-empty-socket construct with a pain
threshold and scheduled assessments (Igbal et al. 2023). A further study referred to Blum-
related criteria while operationalizing analgesic-refractory throbbing pain at 48—72 hours plus
either a resorbed clot or bare bone on probing (Erinoso et al. 2024). A treatment trial required
both pain and exposed bone for eligibility, representing a narrower construct than definitions

in which exposed bone is supportive or optional (King et al. 2018).

Table 1. Recurrent operational families of alveolar osteitis definitions in the reviewed literature

Definition family

Typical elements

Main interpretive issue

Ilustrative sources

Broad disturbed-healing
phenotype

AO/dry socket diagnosed
without a fixed symptom-
sign combination

High clinical flexibility
but limited reproducibility
if no explicit threshold or
rule is stated

(Blum 2002; Kolokythas
et al. 2010; Ghosh et al.
2022)

Pain plus clot loss or
empty socket

Postoperative pain
combined  with clot
disintegration, clot loss, or
an empty socket; timing
may be specified

Close to commonly cited
classic formulations, but
pain threshold and timing
still vary

(Blum 2002; Shad et al.
2018; Igbal et al. 2023)

Pain plus exposed bone

Pain together with
denuded/exposed alveolar
bone or wall

Narrower construct; may
classify a different clinical
subset than rules not
requiring exposed bone

(King et al. 2018; Erinoso
et al. 2024)

Multicomponent or
alternative rule

Pain plus  mandatory
and/or alternative socket
findings, sometimes with
halitosis or other
supportive features

Interpretation depends on
explicit AND/OR/optional
logic rather than on the
list of features alone

(Hita-Iglesias et al. 2008;
Hoaglin and Lines 2013;
Ghaeminia et al. 2017;
Shad et al. 2018; Yice
and Komerik 2019;
Erinoso et al. 2024)

AO, alveolar osteitis. The families are conceptual groupings used for narrative comparison; they are not mutually
exclusive diagnostic standards and are not presented as validated categories.

3.3 Timing: symptom onset versus assessment schedule

Timing is a central source of non-equivalence. Reviewed reports used windows such

as 1-3 days, 4872 hours, at least 48 hours, 2—4 days, 2—5 days, 3-5 days, 1-5 days, one
week, or scheduled day-specific reviews. The methodological distinction is between the time
at which symptoms are required to begin and the time at which the patient is examined. A
day-3 or day-7 appointment is an ascertainment schedule, not necessarily a diagnostic onset

criterion. For example, scheduled assessments on postoperative days 3 and 7 were used in one



study (Igbal et al. 2023); those assessment days should not be interpreted as a separate
symptom-onset requirement unless the case rule explicitly says so.

Failure to separate these concepts can produce apparently similar definitions that
capture different postoperative trajectories. A study requiring increasing pain within 1-3 days
after extraction is conceptually different from a study that simply examines all patients on day
3 and records whether AO is present. Future reports should therefore state symptom-onset

windows and assessment days as separate fields.

3.4 Case ascertainment and follow-up intensity

The route by which cases enter the dataset is partly independent of the diagnostic
definition. Active scheduled clinical examination can identify patients who would not
otherwise seek care, whereas symptom-triggered return depends on patient perception, access,
and care-seeking behavior. Telephone follow-up can identify pain or functional symptoms but
cannot always confirm socket findings, and retrospective chart or database-based approaches
depend on the completeness and accuracy of routine documentation. One clinical study
instructed patients to return if pain developed and then applied a clinical rule (Kamal et al.
2020), whereas a nested case-control study within a large healthcare cohort used explicit
clinical features (Taberner-Vallverdu et al. 2022). These pathways may produce different case
capture even when diagnostic wording overlaps.

Ascertainment should therefore be reported as an explicit methodological domain:
scheduled examination, symptom-triggered contact, telephone screening with or without
clinical confirmation, chart or database review, or a hybrid strategy. The present literature
does not permit a general causal estimate of how much each pathway changes observed AO

incidence, but differential case capture is sufficiently plausible to require transparent reporting.



3.5 Examiner procedures and competing diagnoses

AO diagnosis includes subjective and semi-objective elements, particularly pain
characterization and interpretation of local socket findings. Among the reports examined,
examiner identity, training, calibration, blinding, and reliability were variably described. One
trial reported inter-examiner reliability for clinical AO diagnosis assessed using kappa, with
approximately 62% agreement among examiners (Rashid et al. 2018). A blinded observer was
used for pain assessment in another study (Igbal et al. 2023), and one blinded investigator per
center was used in a multicenter trial (Ghaeminia et al. 2017). Another study assessed pain,
clot presence or absence, and alveolar-bone coverage on specified postoperative days but did
not clearly define the minimum combination of findings required for AO classification
(Sridhar et al. 2011).

A reproducible case definition should also specify how competing explanations are
handled. Infected retained roots, surgical-site infection, bony sequestra, and other causes of
severe post-extraction pain may mimic or coexist with AO (Kolokythas et al. 2010; Daly et al.
2022). A definition can be precise in wording yet clinically nonspecific if exclusion
procedures are not described. Examiner standardization and differential-diagnosis procedures

should therefore be considered part of case ascertainment rather than optional reporting detail.

3.6 Diagnostic unit, denominator, and within-patient clustering

Dental research frequently permits more than one observation per patient. AO can be
reported at the patient, tooth, extraction-site, socket, or procedure level, and these units are
not interchangeable. A patient-level incidence asks whether a person experienced at least one
AO event, whereas a socket-level incidence uses extraction sites as the denominator. The
distinction becomes especially important in bilateral third-molar studies and cohorts in which

several teeth are extracted from the same patient. Authors should distinguish the diagnostic
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unit (where AO is classified) from the statistical unit entering the analysis and should define
the estimand that the numerator and denominator represent.

Observations from the same patient are correlated. Ignoring that dependence can
inflate the nominal sample size and produce overly precise inference. Depending on the study
design and estimand, appropriate approaches may include patient-level analysis, paired split-
mouth methods, selection of one unit per patient, generalized estimating equations, or
multilevel models (Litaker et al. 2013). For example, one study analyzed 904 mandibular
molar extraction sites from 499 patients, a design in which extraction sites from the same
patient are correlated and should not automatically be treated as statistically independent
(Rutkowski et al. 2007). The lesson for future AO research is not that one unit is universally
correct, but that the diagnostic unit, denominator, statistical unit, and handling of repeated

observations must be explicit and analytically coherent.

4. Implications for research, reporting, and clinical interpretation
4.1 Toward reproducible AO reporting

The reviewed literature suggests that improving AO research requires more than
choosing a preferred disease label. A useful report should permit another investigator to
reconstruct the case algorithm and the pathway by which patients were evaluated. At
minimum, authors should identify the exact terminology, state mandatory and alternative
symptoms and signs, specify Boolean logic and thresholds, distinguish symptom onset from
assessment timing, describe the ascertainment pathway, report examiner procedures, explain
exclusion of competing diagnoses, and define the diagnostic and analytic unit. These elements

are summarized in Table 2.
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Table 2. Proposed reporting domains for alveolar osteitis case definitions and ascertainment

Domain

What should be reported

Why it matters

Terminology

Exact AO term and any named
external definition

Prevents nominal equivalence from
being mistaken for operational
equivalence.

Mandatory components

Symptoms and local signs classified
as required, alternative, supportive,
or optional

Allows replication and comparison
across reports.

Boolean logic

Explicit AND/OR/optional
relationships and any thresholds

A component list alone does not
reveal the diagnostic algorithm.

Timing

Symptom-onset window  stated
separately from assessment days

Separates the case rule from the
follow-up schedule.

Case ascertainment

Scheduled examination, symptom-

The route to assessment can

triggered return, telephone, | influence which cases are detected.
chart/database, or hybrid pathway
Examiner procedures Assessor identity, | Supports reproducibility and

training/calibration, blinding, and
reliability when applicable

appraisal of  susceptibility to
misclassification.

Competing diagnoses

How infection, retained
roots/fragments, fracture, and other
causes were assessed

Clarifies diagnostic specificity.

Unit and denominator

Patient, procedure, tooth, or
socket/site, with consistent
numerator and denominator

Prevents incompatible incidence
estimates from being conflated.

Repeated observations

Whether patients contribute more
than one unit and how dependence

Reduces  pseudoreplication and
over-precise inference.

is addressed

AO, alveolar osteitis. These items are proposed as a practical reporting framework derived from recurring
methodological problems in the literature. They have not undergone Delphi consensus, formal guideline
development, or external validation.

4.2 Clinical interpretation

Standardization should not be confused with proof that one diagnostic rule is clinically
superior. The available literature does not establish which AO definition has the greatest
criterion validity, prognostic value, responsiveness to treatment, or patient relevance. A
stricter component set may capture a different clinical spectrum than a broader rule, but
sensitivity and specificity cannot be inferred from stringency alone without an external
reference standard. Likewise, reproducibility depends primarily on explicit operationalization
and consistent ascertainment rather than simply on whether a definition is broad or narrow.
Future work should therefore compare candidate definitions against clinically relevant
outcomes and prespecified reference constructs rather than selecting a standard solely because

it is historically familiar.
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Likewise, between-study differences in AO incidence should not be interpreted as
evidence that definition choice is the sole cause. Tooth type, surgical difficulty, prophylactic
measures, smoking, hormonal exposures, operator experience, follow-up intensity, and
clinical setting have been associated with observed risk or can affect case detection (Chow et
al. 2020; Daly et al. 2022; Ghosh et al. 2022). Residual confounding is likely in much of the
observational evidence. Diagnostic standardization improves comparability, but it cannot

eliminate biological, clinical, and design heterogeneity.

4.3 Relevance to sports dentistry and athlete care

The relevance to sports dentistry is methodological and clinical rather than etiologic.
Oral-health problems have been associated with self-reported impacts on training and
performance among elite and professional athletes, and sports-dentistry consensus statements
emphasize prevention, surveillance, and integration of dental care within multidisciplinary
sports medicine (Gallagher et al. 2018; Stamos et al. 2020). Tooth extraction may
occasionally be required in athletes as in the general population. A painful postoperative
complication could plausibly interfere with eating, sleep, recovery, or training participation,
but this is an extrapolation from symptom burden rather than an established athlete-specific
AO effect. The literature synthesized here does not establish that athletic status, exercise, or
training load increases AO risk.

Accordingly, athlete-focused research should not create a sport-specific AO definition
without evidence. Instead, it should use transparent general diagnostic criteria, record the
athlete-specific context separately, and report consequences such as interruption of training or
competition only when those outcomes are directly measured. The strongest connection
between this review and sport is therefore methodological: standardized outcome definitions
are needed when oral complications are incorporated into athlete-health surveillance or sports-

dentistry research.
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5. Limitations of this narrative review

This review is not exhaustive and should not be interpreted as a systematic estimate of
the prevalence of particular AO definitions or reporting practices. The underlying literature
corpus was generated through broad searches, but full-text eligibility assessment of the entire
search-retained set was not prospectively completed in duplicate and the present narrative
selection was purposive. Consequently, no PRISMA flow diagram, pooled frequencies,
temporal trend estimates, or literature-wide prevalence claims are presented. Historical and
difficult-to-retrieve reports may be underrepresented.

The review also did not apply a formal risk-of-bias instrument or certainty-of-
evidence framework because the primary question concerned conceptual definitions and
reporting practices rather than treatment effects. Examples were selected to illustrate recurring
methodological patterns and should not be interpreted as a complete audit of every included
report. Finally, the proposed reporting domains in Table 2 are expert-informed synthesis items
rather than a validated guideline; formal consensus development and external validation

would be required before they could be promoted as a reporting standard.

6. Conclusions

The clinical literature on alveolar osteitis uses overlapping but non-equivalent
diagnostic constructs. Differences occur in terminology, pain requirements, local socket
findings, Boolean logic, timing, case-ascertainment pathways, examiner procedures,
diagnostic units, denominators, and handling of multiple observations from the same patient.
These features should be reported explicitly because they materially affect the reproducibility
and comparability of AO outcomes across studies.

A practical next step is to standardize reporting before attempting to standardize the

disease construct itself: authors should state exactly what constitutes a case, when symptoms
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must occur, when and how patients are assessed, who performs the assessment, how
competing diagnoses are handled, and what unit enters the analysis. This approach is relevant
to general oral-surgery research and can support sports dentistry when post-extraction
complications are monitored in athletes. Current evidence does not justify describing AO as a

sport-specific disorder or inferring a causal effect of exercise on socket healing.
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