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Abstract. Management of complicated tooth extractions has become increasingly relevant, as clinicians are expected to 
minimise surgical complications while preserving the alveolar ridge for predictable implant rehabilitation across a broader 
range of anatomically and biologically compromised sites. This research aimed to systematise current evidence on risk-
adapted extraction strategies and alveolar ridge preservation methods, with emphasis on their translation into implant-
oriented clinical outcomes. A comparative analytical literature review was conducted using recent peer-reviewed studies 
on radiographic planning, coronectomy, socket sealing, ridge preservation, early-healing adjuncts, and perioperative 
antimicrobial prophylaxis. The synthesis shows that cone-beam computed tomography improves treatment selection for 
mandibular third molars suspected of proximity to the inferior alveolar nerve, especially when panoramic radiography 
suggests overlap or contact. It supports the use of coronectomy in selected high-risk cases to reduce neurosensory 
complications. Evidence on alveolar ridge preservation indicates reduced post-extraction dimensional collapse, with the 
clearest clinical gains in ridge width and in posterior maxillary sites where preservation lowers the future need for sinus 
floor augmentation. Socket sealing with n-butyl-2-cyanoacrylate provides outcomes comparable to collagen membrane 
sealing in selected clinical situations while simplifying handling. Platelet-rich fibrin improves early recovery indicators, 
particularly pain and mucosal healing, whereas effects on hard-tissue dimensional outcomes remain inconsistent across 
protocols. Antibiotic prophylaxis provides limited absolute benefit and supports a selective, risk-based prescribing 
approach consistent with antimicrobial stewardship. The practical value of this review lies in presenting an integrated 
clinical pathway that links radiographic risk stratification, selection of extraction technique, ridge preservation, and 
adjunctive measures to implant-stage feasibility and patient recovery
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Introduction
Clinical decision-making under challenging extractions 
hinges on preventing neurosensory complications, con-
trolling infectious and osteitic events, and safeguarding 
ridge dimensions for timely rehabilitation. Imaging ad-
vances and refined removal techniques enable selective 
nerve-sparing, while preservation and biologic adjuncts 
stabilise contours and support early healing. A prac-
tice-oriented synthesis that connects these elements to im-
plant-stage outcomes improve chairside planning. 

Recent evidence clarifies that “complicated extrac-
tion” is not a single-risk entity but a combination of 

anatomy-driven hazards and rehabilitation-driven con-
straints. In mandibular third molars, the dominant pre-
ventable harm is neurosensory injury, and contemporary 
overviews of systematic reviews quantify that coronec-
tomy shifts this endpoint downward when selection is 
restricted to high inferior alveolar nerve (IAN) proxim-
ity patterns [1]. Imaging, therefore, functions as a triage 
instrument: cone-beam computed tomography (CBCT) 
adds value primarily when panoramic markers suggest 
canal overlap or contact, because panoramic-only predic-
tion of postoperative sensory alteration is inconsistent in 
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posterior maxillary preservation and found that alveolar 
ridge preservation was associated with a lower anticipated 
need for sinus floor elevation in implant planning. B. Ma-
hardawi et al. [4] advanced this line of inquiry in a system-
atic review and meta-analysis, demonstrating a measurable 
reduction in pneumatization-related burden after preser-
vation procedures in posterior maxillary extraction sites.

Adjunctive interventions are increasingly interpreted 
through outcome-specific indications. F.  Camacho-Alon-
so  et al.  [9] showed in a randomised clinical trial that 
n-butyl-2-cyanoacrylate used for socket sealing after alve-
olar ridge preservation performed comparably to collagen 
membrane sealing in selected situations, while offering 
simpler clinical handling. A.  Aliberti  et al.  [10] reported 
that injectable platelet-rich fibrin improves short-term re-
covery after impacted lower third molar extraction, with 
the most reproducible effects observed in pain, swelling, 
and soft-tissue healing.

Despite the growing volume of high-quality evidence, 
current publications usually examine imaging selection, 
coronectomy, ridge preservation, biologic adjuncts, and 
antimicrobial prophylaxis as separate topics. This fragmen-
tation limits direct translation into chairside decision-mak-
ing for clinicians who must integrate neuroprotection, in-
fection control, dimensional preservation, and prosthetic 
timing into a single treatment plan. A practice-oriented in-
tegrative synthesis that maps these evidence streams into a 
unified decision pathway remains insufficiently developed.

The purpose of this article was to develop a clinical-
ly applicable synthesis of contemporary evidence on the 
management of complicated tooth extractions by linking 
radiographic risk stratification, selection of nerve-spar-
ing extraction techniques, alveolar ridge preservation 
strategies, and adjunctive postoperative measures to im-
plant-oriented treatment planning. To achieve this pur-
pose, the review had three interconnected objectives: first, 
to analyse when cone-beam computed tomography chang-
es decision-making and supports coronectomy in mandib-
ular third molars with proximity to the inferior alveolar 
nerve; second, to compare current evidence on alveolar 
ridge preservation, socket sealing, and biologically active 
adjuncts in relation to dimensional maintenance and early 
healing; and third, to integrate evidence on selective an-
tibiotic prophylaxis into a risk-adapted clinical pathway 
suitable for everyday practice. 

Materials and Methods
This study was designed as an analytical-synthetic theoreti-
cal review with a clinically oriented integrative framework. 
The chosen design was selected because the aim of the ar-
ticle was not to test a single intervention under controlled 
conditions. Instead, it sought to combine evidence from 
multiple domains of complicated extraction management, 
including radiographic risk assessment, extraction tech-
nique selection, alveolar ridge preservation, adjunctive heal-
ing support, and antimicrobial prophylaxis, into a unified 
treatment pathway relevant to implant-oriented practice.

those borderline cases [2]. In parallel, extraction sockets 
intended for implant rehabilitation face a time-sensitive 
dimensional problem in the oral and posterior maxillary 
segments. According to the works of L. Lam et al. [3] and 
B.  Mahardawi  et al.  [4], posterior-maxilla-focused syn-
theses show that ridge preservation can attenuate sinus 
pneumatisation after extraction and reduce the propor-
tion of sites that later require sinus-floor elevation at im-
plant planning, translating early contour control into few-
er downstream procedures. This dual pressure  – neural 
protection in the mandible and volume/timing protection 
in the posterior maxilla – supports a pathway that aligns 
risk mapping, surgical tactic selection, and socket man-
agement with explicit implant-stage feasibility targets.

Recent publications indicate a shift from procedure-cen-
tred reporting towards decision-centred management of 
complicated extraction sites. K. Chen et al. [5] analysed the 
predictive value of cone-beam computed tomography for 
inferior alveolar nerve exposure during mandibular third 
molar removal. They showed that three-dimensional im-
aging is clinically informative when preoperative anatomy 
suggests close neurovascular contact, thereby improving 
risk stratification before surgery. J.A.  Ruiz-Roca  et al.  [2] 
compared panoramic radiography with cone-beam com-
puted tomography for predicting postoperative sensory al-
terations and reported that panoramic signs alone provide 
inconsistent predictive performance in borderline cases, 
supporting the escalation to three-dimensional imaging 
when panoramic overlap markers are present.

Systematic evidence on coronectomy has become more 
consistent in defining the trade-off profile of this technique. 
F.W.  Kang  et al.  [6] conducted a systematic review and 
found a lower frequency of neurosensory complications in 
high-risk mandibular third molars managed with coronec-
tomy compared with complete odontectomy. At the same 
time, postoperative infection rates did not show a clinically 
meaningful increase under appropriate case selection. F. Di 
Spirito et al. [1], in a review of systematic reviews, clarified 
that the principal delayed drawback is secondary interven-
tion, mainly related to root migration or root exposure, 
which improves the quality of preoperative counselling and 
follow-up planning.

Evidence on ridge preservation in compromised ex-
traction sites has expanded beyond simple dimensional 
outcomes. M.R.  Fok  et al.  [7] focused on periodontally 
compromised molar sockets. They reported that alveolar 
ridge preservation improves post-extraction ridge main-
tenance, particularly in the horizontal dimension, there-
by supporting implant feasibility in sites at high risk of 
collapse. Y.P. Wei et al. [8] confirmed the clinical value of 
ridge preservation in molar regions through meta-analytic 
pooling. They highlighted treatment-facilitation outcomes, 
including reduced need for additional grafting at implant 
placement in some cases.

Posterior maxillary sites form a distinct subgroup be-
cause post-extraction healing affects sinus pneumatization 
and later reconstructive burden. L. Lam et al. [3] examined 
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The source base consisted of peer-reviewed journal 
articles, systematic reviews, meta-analyses, randomised 
controlled trials, comparative observational studies, and 
evidence summaries in oral surgery, implant dentistry, per-
iodontology, and dental antimicrobial stewardship. The lit-
erature search focused on publications from 2020 to 2025 to 
reflect current approaches and recent changes in evidence 
quality. The search for publications was conducted in lead-
ing scientific databases: Scopus, Web of Science, MDPI Jour-
nals. Studies were selected based on their thematic relevance 
to complicated extraction management, explicit report-
ing of clinical outcomes, and applicability to one or more 
components of the proposed pathway (neurosensory safety, 
infection-related outcomes, ridge dimensional preserva-
tion, early healing, or implant-stage treatment facilitation).

A two-stage screening procedure was used. At the first 
stage, titles and abstracts were screened for relevance to 
the predefined thematic blocks. At the second stage, full 
texts were evaluated for outcome reporting and compa-
rability with the review objectives. Data extraction was 
performed using a structured template that captured 
study design, patient or site characteristics, intervention 
type, comparator, primary outcomes, and clinically inter-
pretable findings. The principal outcomes for synthesis 
were neurosensory complications, postoperative infec-
tion or alveolar osteitis, changes in alveolar ridge width 
and height, and the need for additional grafting or sinus 
floor elevation at implant planning. Secondary outcomes 
included soft-tissue epithelialisation, postoperative pain 
dynamics (measured by visual analogue scale), swelling, 
and patient-reported recovery indicators.

The review used comparative analysis to identify dif-
ferences between strategies, synthesis to integrate findings 
across intervention domains, and critical interpretation to 
define boundary conditions for clinical application (for 
example, imaging escalation thresholds, indications for 
coronectomy, and situations in which adjunctive measures 
provide mainly symptomatic). The final stage consisted of 
constructing a risk-adapted clinical pathway that aligns ev-
idence-supported decisions with implant-stage feasibility 
and postoperative recovery.

Results and Discussion
Radiographic risk stratification and technique selection 
in mandibular third molar surgery
In mandibular third molar surgery, the most common 
preventable harm in anatomically challenging cases is 
neurosensory injury to the inferior alveolar nerve. Cone-
beam computed tomography should be interpreted as a 
decision-changing tool: its main contribution is to refine 
risk stratification when panoramic radiography indicates 
possible canal overlap or contact and the operative plan 
would otherwise remain uncertain. J.A. Ruiz-Roca et al. [2] 
showed that panoramic markers alone yield inconsistent 
predictions of postoperative sensory alteration in border-
line configurations, which supports escalation to CBCT, 
particularly in cases where management may change.

When CBCT indicates high IAN proximity, contem-
porary evidence supports coronectomy as a nerve-sparing 
tactic under strict case selection [11]. F.W. Kang et al. [6] 
synthesised comparative studies and reported lower neu-
rosensory complication frequency with coronectomy in 
high-risk mandibular third molars when compared with 
complete odontectomy, while early infectious outcomes 
did not increase in a clinically meaningful manner under 
appropriate indications. F. Di Spirito et al. [1] further clar-
ified the delayed trade-off profile: the principal late events 
are secondary interventions associated with root migration 
or root exposure. This separation of endpoints has prac-
tical consequences for counselling: the immediate benefit 
concerns neurosensory safety, whereas the delayed burden 
concerns the limited probability of root-related manage-
ment during follow-up.

Quantitative synthesis helps avoid overly general state-
ments. The healthcare systematic review of coronectomy 
by C.  Aribau-Gumà  et al.  [12] reported very low pooled 
rates of IAN injury and a low frequency of reintervention, 
with most late events linked to migration dynamics. In 
practice, these figures support a counselling model that ex-
plicitly distinguishes “nerve risk reduction now” from “fol-
low-up and possible late root management later”, instead 
of compressing both into a single “overall complications” 
statement. A complete odontectomy remains appropri-
ate in lower-risk anatomical configurations or when the 
retained-root strategy is unsuitable (for example, in cas-
es with root pathology, mobility, or poor follow-up). The 
clinical comparison between coronectomy and odontecto-
my therefore does not reduce to replacing one procedure 
with another for all patients. The operative choice depends 
on which endpoint is dominant and modifiable in a given 
anatomy: in high-risk IAN proximity, technique selection 
is driven by neurosensory prevention; in low-risk anatomy, 
definitive removal can be prioritised without creating a late 
retained-root management burden.

From an applied perspective, CBCT-guided strati-
fication is valuable when it changes the planned tactic. If 
three-dimensional mapping does not alter the intended ap-
proach, its incremental value decreases. This decision-logic 
connects imaging escalation to technique selection and for-
malises a risk-adapted pathway that is clinically transparent 
for both surgeons and patients. Coronectomy is not opti-
mal when retained roots are infected, mobile, structurally 
compromised, or when pathology extends into the roots, 
because delayed root management becomes less predicta-
ble. It is similarly less suitable when follow-up capacity is 
limited, as surveillance for migration-related events is part 
of the trade-off profile. In such settings, complete odon-
tectomy or alternative staged management may provide a 
clearer risk profile.

Alveolar ridge preservation and implant-stage feasibility
After removal of a diseased or non-restorable tooth, the ex-
traction socket undergoes bone resorption during healing. 
In implant-oriented treatment planning, this resorption is 
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not only a biological process but also a practical constraint, 
because loss of ridge width and height can complicate 
implant placement or necessitate secondary augmenta-
tion [13]. Alveolar ridge preservation (ARP) refers to a set 
of immediate post-extraction techniques intended to atten-
uate dimensional collapse and to facilitate implant-orient-
ed rehabilitation. This interpretation is reinforced by more 
recent cohort data focused specifically on periodontally 
compromised molar sockets. A. Dai et al.  [14] retrospec-
tively analysed 80 extraction sockets, including 27 treated 
with alveolar ridge preservation and 53 left to heal spon-
taneously. ARP was associated with significantly small-
er post-extraction bone height loss than natural healing 
(p < 0.001). In sockets with a buccal-to-palatal/lingual wall 
height discrepancy greater than 2 mm, the preserved sites 
showed a more favourable ridge-width outcome as well 
(p = 0.004). Equally relevant for implant planning, the pro-
portion of sites requiring additional augmentation before 
implantation was significantly lower after ARP (p = 0.006). 
These findings refine the practical reading of ARP: in com-
promised molar anatomy, its benefit is expressed not only 
through dimensional moderation of collapse, but through a 
measurable reduction in later reconstructive demand.

Meta-analytic evidence provides clinically interpreta-
ble estimates for ARP effects in high-risk sockets. Accord-
ing to M.R. Fok et al.  [7], in periodontally compromised 
molar sites, pooled data indicate that ARP achieves a meas-
urable gain in ridge geometry compared with spontaneous 
healing, with the most consistent signal in ridge width and 
a smaller, more variable signal in ridge height. For chairside 
interpretation, the key message is not “no resorption”, but 
a meaningful attenuation of collapse that improves pros-
thetically driven implant positioning and reduces the prob-
ability that a site will cross a threshold requiring extensive 
secondary augmentation. At the same time, heterogeneity 
across protocols (socket morphology, flap design, sealing 
approach, graft selection, and follow-up timing) explains 
why some cohorts show modest height effects and why cer-
tainty is reduced even when directionality is stable.

M.R. Fok et al.  [7], along with Y.P. Wei et al.  [8], re-
ported that ARP yields the most reproducible dimension-
al benefit in ridge width in molar regions, whereas ridge 
height effects are smaller and more protocol-dependent. 
Meta-analytic pooling in periodontally compromised mo-
lar sites provides clinically interpretable estimates for di-
mensional preservation. In the meta-analysis synthesised 
by M.R. Fok et al. [7] and colleagues, ridge width change 
favoured ARP at clinically relevant measurement levels, 
and ridge height outcomes also shifted in favour of pres-
ervation, while certainty ratings remained low to very low 
due to heterogeneity and limited study counts. These quan-
titative signals support ARP as a geometry-stabilising step 
for implant planning, while simultaneously explaining why 
ARP does not eliminate augmentation needs in every case. 
Vertical gains or attenuation of vertical loss are reported 
as smaller and more variable, but still clinically relevant in 
sites where implant trajectory and restorative emergence 

profile depend on contour stability. This outcome pattern 
is particularly meaningful in periodontally compromised 
molar sites, where defect morphology and pre-existing 
bone loss increase the risk of post-extraction collapse.

Comparative synthesis suggests that “ARP” should be 
read as a family of protocols. Outcomes differ between 
xenograft-based approaches combined with barrier pro-
tection, collagen-membrane protocols, and strategies that 
rely on simplified sealing when socket containment allows 
stable early wound conditions. Review by B.  Maharda-
wi et al. [4] comparing bone mineral grafts combined with 
membranes with alternative preservation approaches indi-
cated that material selection and barrier strategy influence 
dimensional stability, particularly in sites with thin buccal 
plates or pre-existing periodontal defects. For this reason, 
ARP advantages should be discussed as conditional: the 
most predictable width preservation is reported when a 
space-maintaining graft is paired with a sealing or mem-
brane strategy that protects early healing, whereas simpler 
approaches are mainly suited to contained sockets and less 
demanding defect morphologies.

A recurring practical consequence across studies is 
treatment facilitation at the implant stage: ARP increases 
the proportion of sites that remain closer to implant-ready 
conditions and reduces the expected burden of additional 
grafting at placement in selected cases. The evidence does 
not support an overgeneralised claim that ARP eliminates 
later augmentation in all sites. Instead, it supports a more 
precise statement: ARP improves the starting geometry 
for subsequent rehabilitation and, in many cases, reduces 
the scale or probability of secondary reconstructive pro-
cedures. ARP is less likely to deliver a meaningful benefit 
when implant rehabilitation is not planned, when socket 
anatomy is unfavourable for space maintenance, or when 
defect morphology prevents stable early protection of the 
grafted site. In addition, severe buccal plate deficiency and 
complex combined defects may require advanced regen-
erative approaches beyond standard ARP protocols, and 
simple preservation measures may not prevent the need 
for later augmentation.

Posterior maxillary sites, sinus pneumatization,  
and downstream procedural burden
Posterior maxillary extraction sites require separate dis-
cussion because healing in this region interacts with the 
maxillary sinus. After extraction, sinus pneumatization 
(downward expansion of the sinus cavity) can reduce avail-
able bone height and increase the likelihood of sinus floor 
augmentation before implant placement. More specifically, 
L. Lam et al. [3] reported in a pilot posterior-maxilla study 
that radiographic criteria indicated a potential need for lat-
eral-window sinus floor elevation in 89% of spontaneous-
ly healed control sites, compared with 41% of sites treated 
with ARP. B. Mahardawi et al. [4] later confirmed this trend 
in a meta-analysis of 11 studies, showing that ARP reduced 
sinus pneumatization (standardized mean difference 
(SMD) is -0.88; 95% confidence interval (CI) is from -1.19 
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to -0.58; p < 0.00001) and substantially lowered the odds of 
sinus floor augmentation at implant placement (odds ra-
tio (OR) is 0.18; 95% CI from 0.09 to 0.36; p < 0.00001), 
with an accompanying benefit for ridge height preservation 
(SMD = 1.33; 95% CI from 0.58 to 2.09; p = 0.0005).

Even with variability in protocols across included stud-
ies, the direction of effect supports planning ARP as a pre-
ventive step in implant-intended posterior maxillary sites. 
The practical significance of this trend is substantial be-
cause avoiding or reducing sinus augmentation can short-
en treatment time, lower the cumulative surgical burden, 
and simplify staged rehabilitation. At the same time, the 
evidence base in this subgroup remains methodologically 
mixed (pilot studies, observational designs, pooled analy-
ses with variable protocols) [3, 4]. For that reason, posterior 
maxillary ARP should be viewed as a preventive step with 
high practical plausibility and supportive evidence. The 
strongest formulation supported by the current corpus is 
that ARP in the posterior maxilla improves the probability 
of a more straightforward implant-stage pathway.

Socket sealing methods and biologically active adjuncts 
for early healing
Once the extraction socket is managed with or without graft 
material, the following decision concerns closure and ad-
juncts. Two frequently discussed categories are socket seal-
ing methods and platelet concentrates. In ARP protocols, 
socket sealing is used to stabilise the wound environment 
and protect the grafted site during early healing. Controlled 
clinical evidence indicates in the review F. Camacho-Alon-
so et al. [9] that n-butyl-2-cyanoacrylate (a medical tissue 
adhesive) can provide outcomes comparable to collagen 
membrane-based sealing in selected cases, while simplify-
ing chairside handling. This finding is clinically useful be-
cause it expands the set of viable options without implying 
that any single material is universally superior. The practi-
cal boundary is defect morphology and closure conditions. 
Cyanoacrylate-based sealing is most suitable in contained 
sockets or cases where the soft-tissue situation allows stable 
protection without complicated membrane management. 
In more demanding defects requiring space maintenance 
or advanced regenerative control, membrane-based ap-
proaches remain preferable.

Platelet-rich fibrin (PRF) is an autologous blood-de-
rived fibrin matrix used as a biologically active adjunct 
to support healing  [15]. Quantitative pooling from ran-
domised trials indicates that PRF effects concentrate in 
early recovery endpoints. Meta-analytic synthesis P. Ha-
jibagheri et al. [15] reported clinically relevant improve-
ments in swelling and trismus measures, and a reduction 
in dry socket frequency across several pooled compari-
sons, while pain metrics show improvement primarily 
in the first postoperative days. In contrast, dimension-
al hard-tissue endpoints are inconsistent across proto-
cols, partly because studies vary in PRF preparation, 
application form (membrane versus injectable), surgical 
complexity, and follow-up timing. This profile supports 

positioning PRF as a recovery-focused adjunct that im-
proves patient-centred outcomes. A large RCT-focused 
meta-analysis by L. Ye et al. [16] aggregated randomised 
trials and reported that PRF is associated with improve-
ments in early recovery outcomes after mandibular third 
molar surgery, including pain and swelling metrics, and 
with a reduction in dry socket frequency in several pooled 
comparisons. At the same time, hard-tissue endpoints 
were more protocol-dependent, which supports restrict-
ing PRF claims to recovery-oriented outcomes unless 
ridge-dimension data are explicitly measured within a 
comparable design. In contrast, hard-tissue dimensional 
outcomes are less consistent and depend strongly on pro-
tocol details, indication, and comparator.

This pattern supports a targeted indication strategy. 
PRF is best positioned as an adjunct for symptom control 
and soft-tissue recovery, particularly in cases with antic-
ipated higher postoperative discomfort, longer surgical 
time, or closure fragility  [15, 16]. Clinical interpretation 
is improved by separating PRF formats and indications. 
Injectable PRF is typically discussed in the context of im-
pacted third molar surgery where the target outcomes are 
pain, swelling, and mucosal recovery, whereas PRF mem-
branes are more often discussed as wound-cover or filler 
adjuncts in sockets where soft-tissue stability is a concern. 
In practical terms, PRF offers greater incremental value 
when baseline surgical trauma is higher or when early 
recovery is expected to be prolonged; in low-trauma ex-
tractions, the absolute recovery gain is smaller and may 
not justify routine use. The reviewed evidence does not 
support presenting PRF as a primary determinant of final 
ridge geometry across all extraction scenarios. PRF is not 
an optimal stand-alone strategy when the primary objec-
tive is dimensional ridge preservation, because recovery 
improvements do not reliably translate into maintained 
ridge geometry. It should therefore be considered comple-
mentary to structural preservation measures.

Prophylactic antibiotics and antimicrobial stewardship 
in complicated extraction pathways
Antibiotic prophylaxis remains one of the most debated 
components of dental surgery pathways because it involves 
balancing individual benefits against population-level 
harms associated with antimicrobial overuse. O.  Camps-
Font  et al.  [17] reported a small absolute advantage for 
infection-related endpoints in pooled comparisons after 
lower third molar extraction, supporting selective. N.  De 
Angelis et al. [18] further showed that prescribing patterns 
vary substantially across studies and clinical settings, re-
inforcing that low-risk clean surgery yields limited incre-
mental benefit while increasing unnecessary exposure. Evi-
dence synthesis focused specifically on third molar surgery 
helps separate relative effects from prescribing practice 
variation. E. Torof et al. [19] summarised randomized and 
comparative evidence and highlighted substantial hetero-
geneity in timing, duration, and antibiotic selection across 
protocols, which partly explains inconsistent translation 
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into uniform chairside regimens. Their meta-analytic con-
clusions support selective use in cases with elevated base-
line risk, while routine coverage in low-risk cases yields a 
limited absolute advantage and increases unnecessary ex-
posure. In the reviewed literature, prophylactic antibiotics 
are associated with small absolute reductions in postoper-
ative infection and alveolar osteitis in selected settings, but 
not with a benefit profile strong enough to justify routine 
use in all extractions.

This selective interpretation is consistent with the 
broader contemporary guidance synthesis by D.  Vidović 
Juras  et al.  [20]. Their 2024 review showed that indica-
tions for antibiotic prophylaxis before dental procedures 
have been substantially narrowed over time because of 
antimicrobial resistance and unnecessary prescribing. 
The authors note that prophylaxis before invasive dental 
procedures remains justified mainly for narrowly defined 
high-risk groups, especially selected patients at risk of in-
fective endocarditis, whereas routine coverage is generally 
not recommended for patients with artificial joints and is 
not required in controlled diabetes. In practical terms, this 
supports embedding antibiotic decisions into explicit med-
ical-risk stratification.

Evidence summaries and stewardship-focused anal-
yses  [20, 21] converge on a selective prescribing model: 
prophylaxis is more defensible in patients or procedures 
with higher baseline risk (for example, substantial bone re-
moval, prolonged surgery, pre-existing infection burden, or 
relevant host-related risk factors), whereas routine dispens-
ing in low-risk clean surgery adds avoidable exposure. This 
interpretation aligns with antimicrobial stewardship, which 
prioritises minimal adequate exposure and structured indi-
cations. For pathway design, the implication is operational. 
Antibiotic decision-making should be embedded in explic-
it risk thresholds and charted as part of the treatment plan. 
Qualitative stewardship research by C. Martine et al. [22] 

in the dental sector shows that implementation barriers are 
often organisational rather than pharmacological, includ-
ing inconsistent interpretation of guidance, limited audit 
feedback, and weak integration of stewardship prompts 
into routine clinical workflows. These findings justify pre-
senting antibiotic decisions as an explicit pathway node 
with documented triggers and post-operative review.

Illustrative scenarios and their place in the review
To facilitate interpretation for a multidisciplinary reader-
ship, two illustrative scenarios may be retained in the arti-
cle as didactic examples derived from recurrent patterns in 
the reviewed literature. They are not presented as primary 
empirical evidence and do not alter the comparative con-
clusions of the review. These scenarios should explicitly 
include boundary conditions. Coronectomy is less suitable 
when retained roots are infected, mobile, or structurally 
compromised, and when follow-up capacity is limited, as 
delayed root management becomes more difficult to con-
trol. ARP may yield smaller benefits in sockets with unfa-
vourable anatomy for space maintenance, in cases without 
implant-intent rehabilitation, or when patient-related fac-
tors restrict biomaterial use; in such situations, the pathway 
should prioritise atraumatic extraction and site-specific re-
habilitation planning  [23]. A mandibular third molar sce-
nario with proximity to the IAN on CBCT can illustrate the 
shift from complete odontectomy to coronectomy and show 
how the literature-based benefit is concentrated on neuro-
sensory risk reduction, with re-intervention risk discussed 
separately  [1, 6, 12]. A posterior maxillary or compro-
mised molar extraction scenario can illustrate ARP-based 
dimensional preservation and the rationale for reduced 
downstream augmentation burden in implant planning [3, 
4, 8]. The integrated sequence of decisions is summarised 
in Figure  1, which links preoperative stratification to im-
plant-stage feasibility checks in a single operational pathway.

Figure 1. Integrated risk-adapted pathway for complicated tooth extraction management  
and implant-oriented follow-up

Source: author’s schematic

The pathway in Figure  1 can be read as a sequence 
of conditional decisions. The first branching point is risk 
domain definition: suspected high proximity to the infe-
rior alveolar nerve leads to imaging escalation and, when 
confirmed, shifts the preferred tactic towards coronecto-
my, whereas implant-intended sockets with high-dimen-
sional risk trigger ridge-preservation planning. The figure 
also makes explicit that postoperative monitoring is not 

generic follow-up but an outcome-linked checkpoint: 
neurosensory status after mandibular surgery, soft-tissue 
closure stability after sealing/adjunct use, and early ridge 
configuration before implant planning. In practice, this 
structure helps standardise documentation in clinical 
records by linking each action (CBCT order, technique 
choice, socket management, antibiotic decision) to a de-
fined outcome domain. The figure, therefore, provides a 
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transparent justification chain that can be audited and 
reproduced across operators. For clinical use, the figure 

should be interpreted alongside the boundary conditions 
summarised in Table 1.

Source: author’s compilation

Table 1. Risk-adapted management matrix for complicated tooth extractions: 
clinical domains, expected benefits and boundary conditions

Clinical 
domain

Typical clinical 
scenario

Primary 
objective

Preferred strategy 
(when indicated)

Anticipated 
benefit

Evidence 
orientation

Boundary conditions/
when not preferred

Neurosensory 
risk 

management

Mandibular third 
molar with high 
IAN proximity on 

imaging

Minimise 
neurosensory 

injury

Coronectomy with 
retained roots

Lower risk of IAN-
related sensory 

complications; no 
apparent increase 
in infection under 
proper selection

Systematic 
reviews/

meta-
analyses

Not preferred when 
roots are mobile, 

non-restorable due to 
pathology extending 

into roots, or follow-up 
is unlikely/unreliable

Neurosensory 
risk 

management

Deep impaction 
with uncertain 

panoramic 
interpretation

Reduce 
diagnostic 

uncertainty 
before 

choosing a 
technique

CBCT-based 
mapping of 

the root-canal 
relationship

Better anatomical 
discrimination; 
more accurate 

selection of 
coronectomy 
vs complete 
odontectomy

Comparative 
imaging 
evidence

Not preferred as 
routine imaging for 
all cases; low added 

value when panoramic 
findings are clearly low 
risk, and management 

would not change

Extraction 
technique 
selection

Mandibular 
third molar with 
low neural-risk 

anatomy

Complete 
removal with 
predictable 

healing

Complete 
odontectomy 

(standard 
atraumatic 
approach)

Definitive removal 
without retained 
roots; no re-entry 

for migration-
related issues

Clinical 
standard; 

comparative 
coronectomy 

evidence

Not preferred in 
confirmed high-risk 

IAN proximity patterns 
where nerve injury risk 
becomes the dominant 

preventable harm

Alveolar ridge 
preservation/

implant 
feasibility

Periodontally 
compromised 

molar extraction 
site planned 
for implant 

rehabilitation

Preserve the 
ridge contour 

for later 
prosthetically 

driven 
implantation

ARP using graft 
material (e.g., 
deproteinised 
bovine bone 

mineral) with soft-
tissue protection

Reduced ridge 
width loss; 
improved 

probability of 
implant-stage 
feasibility with 
less additional 
augmentation

Systematic 
reviews/

meta-
analyses

Not preferred when 
implant rehabilitation 
is not planned, socket 
anatomy is unsuitable 

for meaningful 
preservation, or 
patient factors 

preclude additional 
material use

Posterior 
maxillary 
treatment 
planning

Posterior 
maxillary 

extraction site 
with risk of sinus 
pneumatization 

and later implant 
planning

Reduce 
downstream 

reconstructive 
burden

ARP at the time 
of extraction

Lower probability 
of later sinus floor 
augmentation in 
selected cases; 
preservation of 

treatment timeline

Meta-analysis 
+ pilot

evidence

Not preferred as a 
guarantee against 

sinus augmentation; 
effect size depends on 
residual bone, sinus 
anatomy, and defect 

morphology

Socket 
sealing/
wound 

protection

A contained 
socket in the ARP 
protocol requires 
simplified closure

Stabilise 
the socket 

environment 
and support 
early healing

n-butyl-2-
cyanoacrylate 

sealing

Comparable early 
outcomes to 

collagen membrane 
sealing in selected 
situations; simpler 

handling

Randomised 
clinical trial

Not preferred 
in complicated 

defects requiring 
membrane-based 

space maintenance or 
advanced regenerative 

control

Recovery 
adjuncts

Cases with an 
expected higher 
pain/swelling 

burden or soft-
tissue fragility

Improve early 
postoperative 

recovery

Platelet-rich 
fibrin (including 
injectable forms 

where appropriate)

Lower early pain/
swelling; faster 
mucosal healing

RCT + meta-
analyses

Not preferred as a 
universal substitute for 
structural preservation 

methods when the 
primary objective is 

ridge geometry control

Antimicrobial 
stewardship

Higher-risk 
extraction 

profile (patient/
procedure-

related)

Lower 
infection/dry 
socket risk 

while limiting 
unnecessary 

exposure

Selective 
prophylactic 

antibiotics with 
explicit indication

Slight absolute 
reduction in 

postoperative 
infectious 

complications  
in selected cases

Network 
meta-

analysis + 
+ stewardship 

reviews

Not preferred as 
routine coverage in 

low-risk clean surgery; 
avoid habitual 

prescribing without 
documented risk 

triggers

Table 1 serves as a triage matrix, converting heterogene-
ous evidence into domain-specific chairside decisions with 
explicit boundary conditions. For mandibular third molars, 

the table separates “neurosensory risk management” from 
“standard low-risk extraction”, which prevents an automat-
ic escalation to coronectomy or CBCT when anatomy does 
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not justify it. For implant-intended sites, the table distin-
guishes between structural objectives (ridge contour pres-
ervation) and recovery objectives (pain/swelling reduction), 
thereby reducing the inappropriate substitution of biologic 
adjuncts for ridge-preservation measures  [24]. The poste-
rior maxilla line explicitly links early socket management 
to downstream procedural burden, clarifying why preser-
vation is discussed in terms of sinus-related augmentation 
probability. The “Evidence orientation” column helps clini-
cians interpret how strongly each line is supported (for ex-
ample, meta-analytic pooling versus single RCT evidence) 

and supports proportional decision-making. Finally, the 
boundary-condition column operationalises “when not 
preferred” scenarios (poor follow-up capacity, unfavour-
able socket anatomy, non-implant-intent cases), direct-
ly addressing real-world constraints and preventing the 
over-application of preservation or antibiotic strategies. To 
complement this matrix, Table 2 reorganises the same evi-
dence into an outcome-oriented format and shows the pre-
dominant direction of reported effects across intervention 
comparisons, allowing a faster comparison of where the ev-
idence signal is stronger, conditional, or mainly procedural.

Intervention 
comparison

Main 
outcome 
domain

Nerve 
injury

Infection/
dry socket

Ridge 
width

Ridge 
height

Need 
for grafting 

or sinus 
augmentation 
at the implant 

stage

Certainty 
orientation

Main interpretation 
boundary

Coronectomy vs 
complete 

odontectomy (high 
IAN risk anatomy)

Neurosensory 
protection

↓ ↔ n/a n/a n/a
Moderate-to-
high (multiple 

syntheses)

Benefit depends 
on correct high-

risk selection and 
follow-up capacity

CBCT-guided 
planning vs 

panoramic-only 
planning (when 

panoramic 
markers suggest 

proximity)

Decision 
quality/
selection 
accuracy

↓ 
(indirect, 
via better 
selection)

↔ n/a n/a n/a

Moderate 
(comparative 

imaging 
evidence + 
+ consistent 

clinical 
rationale)

Advantage declines 
when imaging 

does not change 
management

ARP 
(graft + sealing/
protection) vs 
spontaneous 

healing 
in compromised 

molar sites

Dimensional 
preservation/

implant 
feasibility

n/a ↔ ↑

↑ 
(usually 
smaller 
than the 

width 
effect)

↓

Moderate 
(meta-

analyses with 
heterogeneity)

The effect varies 
by defect 

morphology, 
materials,  

and protocol

ARP in posterior 
maxilla vs no ARP

Dimensional 
preservation/
sinus-related 
downstream 

burden

n/a ↔ ↑ ↑
↓ (sinus floor 
augmentation 

frequency)

Low-to-
moderate 
(subgroup-

focused, mixed 
designs)

Not a guaranteed 
substitute for sinus 

augmentation

PRF adjunct vs 
standard care

Early 
recovery/
soft-tissue 

healing

n/a

↔ / ↓ 
(symptom-

linked 
recovery 
quality)

↔ ↔ n/a

Moderate for 
early symptoms; 
lower for hard-
tissue outcomes

Most reliable  
for pain, swelling, 

and mucosal healing

Cyanoacrylate 
sealing vs 
collagen 

membrane sealing 
(selected sockets)

Socket 
sealing/
handling 

practicality

n/a ↔ ↔ ↔ n/a

Moderate (trial-
level evidence 
for selected 
indications)

Applicability 
depends on socket 
containment and 
closure conditions

Selective 
prophylactic 
antibiotics vs 
no antibiotics 

(indicated cases)

Infectious 
complication 
prevention

n/a
↓ (small 
absolute 
effect)

n/a n/a n/a

Moderate 
for selected risk 

profiles; 
low for routine 
use justification

Requires explicit 
indication; 
stewardship 

opposes default use 
in low-risk cases

Notes: arrows indicate the predominant direction of reported effects in the reviewed literature and do not imply equal effect magnitude 
or equal certainty across intervention categories. “Certainty orientation” is a pragmatic reading aid and not a formal GRADE assessment
Source: author’s compilation

Table 2. Direction of outcome signals across reviewed interventions (qualitative synthesis with certainty orientation)

Table 2 highlights three clinically stable patterns across 
intervention classes. First, the strongest directional signal 
is endpoint-specific: coronectomy improves neurosensory 

safety in high IAN-risk anatomy, while it does not aim to 
improve ridge dimensions, preventing conflating nerve 
outcomes with socket-geometry outcomes. Second, ridge 
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preservation shows the clearest structural signal at com-
promised molar sites and, in the posterior maxilla, trans-
lates into a downstream reduction in the need for sinus-re-
lated augmentation; this supports describing ARP as a 
rehabilitation-facilitation measure. Third, PRF demon-
strates the most reproducible benefits in early recovery 
endpoints (pain, swelling, trismus, dry socket) while 
hard-tissue outcomes remain protocol-sensitive, which 
justifies restricting claims to recovery-oriented outcomes 
unless dimensional endpoints are measured. The antibi-
otic line shows a small absolute benefit combined with 
high numbers needed to treat in contemporary synthesis, 
which supports selective prescribing and strengthens the 
stewardship rationale. Overall, the table helps clinicians 
choose “what to optimise” (nerve safety, dimensions, re-
covery, infection risk) before selecting “how to act”, there-
by reducing mismatched interventions.

Integrated synthesis, limitations of the evidence base, 
and clinical pathway logic
CBCT escalation has the greatest practical value when it 
changes technique selection in suspected high IAN proximi-
ty, because the evidence on coronectomy points to a marked-
ly lower neurosensory risk in properly selected cases: a 2025 
meta-analysis of 34 studies by F.W. Kang et al. [6] covering 
7,115 mandibular third molars reported a 90% relative re-
duction in inferior alveolar nerve injury versus full extrac-
tion (relative risk (RR) is 0.10; 95% CI 0.0-0.2), while proce-
dure-specific trade-offs remained limited, including surgical 
reintervention in 3.63% (111/3,055), root exposure in 2.66% 
(61/2,290), and failure in 2.79% (119/4,261). This pattern 
is consistent with a 2021 systematic review R.C.S. Póvoa et 
al.  [25], which documented inferior alveolar nerve injury 
in only 0.59% of coronectomy procedures, reintervention 
in 1.13%, and root removal in 5.28% of cases. A review of 
reviews by F. Di Spirito et al. [1] likewise characterised coro-
nectomy as a viable option in high-risk cases, reporting infe-
rior alveolar nerve injury as rare at 0.76%, while identifying 
root exposure as the main reason for secondary intervention 
(16.76%), followed by infection (4.55%) and pain (2.84%).

ARP yields clinically interpretable dimensional pres-
ervation in compromised molar sites, with meta-analytic 
by M.R.  Fok  et al.  [7] pooling reporting a mean differ-
ence of 3.80 mm in mid-buccal ridge width (1 mm below 
crest) and 2.18 mm in mid-buccal ridge height in favour 
of ARP, while certainty remains low due to heterogeneity. 
Moreover, PRF showed reproducible early-recovery effects 
in mandibular third molar surgery. In a meta-analysis of 
33 randomised trials  [16], PRF improved swelling (SMD 
-1.48) and trismus (SMD -0.35) and reduced pain metrics
(RR 0.454 in one pooled comparison), whereas hard-tissue
endpoints remained protocol-sensitive. In turn, antibiotic
prophylaxis shows small absolute benefits combined with
high treatment thresholds; a network meta-analysis report-
ed numbers needed to treat of 25 for dry socket reduction
and 18 for surgical site infection reduction after lower third
molar extraction, supporting selective [17, 26].

The evidence base still has interpretive limits. Me-
ta-analyses and systematic reviews frequently combine 
heterogeneous defect classes, surgical protocols, bioma-
terials, sealing strategies, and follow-up intervals, which 
reduces direct comparability between studies and limits 
the development of rigid, universal recommendations  [4, 
8, 18]. Some clinically relevant downstream outcomes (es-
pecially posterior maxillary sinus-related endpoints and 
implant-stage procedural burden) remain supported by 
mixed-quality evidence and require further standardisa-
tion [15, 18]. For this reason, the proposed pathway should 
be read as an evidence-guided framework with boundary 
conditions. Its practical strength lies in organising deci-
sions by dominant risk domain: neural risk drives imaging 
escalation and nerve-sparing extraction choices; dimen-
sional risk drives ARP decisions in implant-planned sites; 
symptom burden drives adjunct selection; infectious risk 
drives selective antibiotic prescribing. This sequencing im-
proves consistency in chairside planning while preserving 
flexibility for site-specific judgement.

Conclusions
The analysis was structured around radiographic stratifica-
tion, selection of extraction technique, alveolar ridge pres-
ervation, adjunctive healing support, and infection-control 
decisions in implant-oriented care. The review showed that 
decision quality improves when CBCT is used selectively for 
mandibular third molars with suspected proximity to the in-
ferior alveolar nerve. Three-dimensional assessment refines 
the operative plan in cases where panoramic imaging leaves 
uncertainty. In this treatment domain, coronectomy appears 
justified mainly for high-risk anatomical configurations. 
The analysed literature indicates a pronounced reduction 
in neurosensory injury. At the same time, delayed root-re-
lated events remain acceptable under proper follow-up.

The analysis of alveolar ridge preservation confirmed 
the practical significance of immediate socket management 
for future rehabilitation. Preservation procedures reduce 
post-extraction dimensional collapse. They increase the like-
lihood of more favourable conditions at the implant stage. 
The most stable signal was observed for ridge-width mainte-
nance. Vertical outcomes were more variable. They depend-
ed on defect morphology, biomaterial choice, sealing strat-
egy, and follow-up interval. A separate analysis of posterior 
maxillary sites showed that preservation in this region is as-
sociated with a lower sinus-related procedural burden at later 
treatment stages. This finding strengthens the clinical inter-
pretation of ARP as a measure that affects tissue contour and 
the complexity of subsequent reconstructive intervention.

The review of adjunctive measures showed that socket 
sealing with n-butyl-2-cyanoacrylate provides results com-
parable to collagen membrane sealing in selected contained 
sockets. At the same time, it simplifies chairside handling. 
Platelet-rich fibrin was primarily supported as a recovery-ori-
ented adjunct. The most reproducible effects concerned 
pain, swelling, trismus, and mucosal healing. In contrast, 
dimensional hard-tissue outcomes remained inconsistent 
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The general scientific value of this synthesis lies in the 
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an integrated treatment logic. Within this logic, each in-
tervention is interpreted through the dominant modifia-
ble risk: neural, dimensional, symptomatic, or infectious. 
The main limitations of the review were heterogeneity of 
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ences in outcome definitions, and unequal methodological 
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noticeable in the posterior maxillary subgroup. Fur-
ther research should focus on standardised reporting of  

implant-stage burden. It should compare preservation pro-
tocols within defect-defined subgroups. It should likewise 
develop unified prospective designs that jointly assess neu-
rosensory safety, ridge stability, postoperative recovery, and 
the feasibility of subsequent implantation.
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Клінічне ведення складних видалень зубів  
та збереження альвеолярної кістки
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Анотація. Ведення складних видалень зубів набуває дедалі більшої клінічної значущості, оскільки під час 
хірургічного лікування лікареві потрібно одночасно зменшити ризик післяопераційних ускладнень і зберегти 
об’єм альвеолярного гребеня для прогнозованої імплантаційної реабілітації. Метою дослідження було 
систематизувати сучасні дані щодо ризик-адаптованих підходів до видалення зубів і методів збереження 
альвеолярного гребеня з орієнтацією на клінічні наслідки, пов’язані з подальшим імплантологічним лікуванням. 
У роботі виконано аналітичне порівняння публікацій, присвячених променевому плануванню, коронектомії, 
герметизації лунки, збереженню гребеня, ад’ювантним засобам раннього загоєння та періопераційній 
антибактеріальній профілактиці. Узагальнення даних показало, що конусно-променева комп’ютерна томографія 
підвищує точність вибору тактики при нижніх третіх молярах за підозри на близькість до нижньоальвеолярного 
нерва, особливо за наявності ознак перекриття або контакту на панорамній рентгенограмі, та сприяє 
обґрунтованому застосуванню коронектомії у пацієнтів групи високого ризику для зниження нейросенсорних 
ускладнень. Дані щодо збереження альвеолярного гребеня свідчать про зменшення постекстракційного 
колапсу тканин, причому найвиразніший клінічний ефект спостерігається щодо ширини гребеня і в ділянках 
заднього відділу верхньої щелепи, де раннє втручання знижує ймовірність подальшої потреби у синус-ліфтингу. 
Герметизація лунки n-бутил-2-ціаноакрилатом у відібраних клінічних ситуаціях забезпечує результати, 
співставні з використанням колагенової мембрани, за простішого виконання. Плазма/фібрин, збагачений 
тромбоцитами, покращує ранні показники відновлення, насамперед біль і загоєння слизової оболонки, тоді як 
вплив на жорсткотканинні розмірні параметри лишається неоднорідним між протоколами. Антибактеріальна 
профілактика має обмежений абсолютний ефект і підтримує вибірковий підхід до призначення відповідно до 
індивідуального ризику та принципів антимікробної обачності. Практична цінність дослідження полягає у 
побудові інтегрованого клінічного маршруту, який поєднує стратифікацію ризику, вибір хірургічної тактики, 
збереження лунки та післяопераційний супровід із оцінкою придатності до імплантації
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