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A NARRATIVE REVIEW OF PREDICTIVE MARKERS FOR MANDIBULAR NERVE INJURY IN THIRD MOLAR SURGERY



Abstract
Mandibular nerve injury (MNI) is a notable complication of mandibular third molar extraction, primarily affecting the inferior alveolar and lingual nerves. Reported incidence varies, with temporary injuries occurring more frequently than permanent deficits, which remain relatively rare. The aim of the review is to review and identify predictive markers that help assess the risk of mandibular nerve injury during third molar surgery for safer surgical planning and improved patient outcomes. Risk factors for MNI include advanced patient age, male sex, specific tooth impaction types (mesioangular, horizontal), deep impactions, and prior pericoronitis or infection. Radiographic predictive markers, identified through panoramic radiographs and cone-beam computed tomography (CBCT), include root darkening, canal diversion or narrowing, interruption of the cortical border, and close proximity of roots to the nerve canal. Surgical technique, operator experience, use of magnification, and adjuncts such as piezosurgery further influence risk. Emerging risk assessment models, incorporating clinical, radiographic, and AI-based predictive tools, offer improved preoperative stratification, while molecular and genetic markers hold potential for personalised risk profiling. Integrating these predictors enables informed surgical planning, patient counselling, and optimisation of postoperative outcomes. Future research should focus on standardisation, multicenter studies, and personalised predictive models to enhance patient safety.
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Introduction
Mandibular nerve injury (MNI) is a significant complication associated with the extraction of mandibular third molars, with reported incidence rates for inferior alveolar nerve (IAN) injury ranging from 0.35% to 8.4%. The inferior alveolar nerve (IAN) is a sensory branch of the mandibular division of the trigeminal nerve, providing innervation to the chin, lower lip, mandibular teeth and buccal (labial) gingiva of the anterior teeth (Caughey et al., 2021). While permanent injuries are relatively rare, typically under 1%.1 Temporary nerve injuries occur more frequently, with rates between 5% and 14%, and lingual nerve injuries show a similar pattern, with temporary disturbances in sensation reported in up to 15% of cases, but permanent deficits are uncommon. The risk of nerve injury increases with surgical extractions compared to simple removals, impacted teeth, particularly mesioangular and horizontal impactions, older patient age (over 24–25 years), and less experienced surgeons.2 Clinically, MNI manifests as pain, numbness, tingling (paresthesia), reduced sensation (hypoesthesia), anaesthesia, and occasionally dysesthesia or neuropathic pain, all of which can impair oral functions such as speaking and eating, affect sensation, and contribute to psychological distress.3 Most injuries resolve within weeks to months, with recovery rates approaching 96% within 4–8 weeks, though a small proportion may persist long-term and require additional management. Preoperative identification of high-risk cases through predictive markers is therefore essential to guide surgical planning, tailor operative techniques, obtain informed consent, and minimise complications.4 Radiographic assessment plays a central role in risk prediction, with panoramic radiographs (OPG) revealing key indicators such as diversion of the mandibular canal, darkening or deflection of roots, narrowing or interruption of the canal’s cortical line, while cone-beam computed tomography (CBCT) provides precise three-dimensional localisation, identifying loss of cortication and close proximity between third molar roots and the IAN. Additional clinical factors, including tooth angulation, depth of impaction, patient age, and surgical technique, further influence the likelihood of nerve injury.5 Anatomy of the Mandibular Nerve and Injury Types
The mandibular nerve, specifically its inferior alveolar nerve (IAN) branch, originates from the mandibular division of the trigeminal nerve (cranial nerve V3) in the infratemporal fossa, travelling deep to the lateral pterygoid muscle and giving off the mylohyoid nerve, which supplies motor fibres to the mylohyoid muscle and anterior belly of the digastric, before entering the mandibular foramen.6 The IAN courses through the mandibular canal beneath the roots of mandibular teeth, providing sensory innervation to the mandibular molars, second premolar, and associated gingiva, and terminates by dividing into the incisive nerve, which innervates the anterior teeth and gingiva, and the mental nerve, exiting the mental foramen to supply the lower lip and chin. Anatomical variations such as bifid or trifid nerve branches, accessory foramina, and communications with the lingual nerve can affect both anaesthesia efficacy and nerve injury risk.7 The lingual nerve, another branch of V3, runs in close proximity to the IAN near the third molar region, supplying general sensation to the anterior two-thirds of the tongue, floor of the mouth, and lingual gingiva, and is particularly vulnerable during surgical extraction due to its anatomical course and potential accessory connections.8 Variations, including high bifurcations, accessory canals, and connecting branches between the IAN and lingual nerve, may further increase the likelihood of unexpected nerve injury or anaesthetic failure. Mandibular nerve injuries are generally classified as temporary or permanent, with temporary injuries resolving over weeks to months and permanent injuries causing lasting sensory deficits; they can also be sensory or motor, though motor involvement is usually limited to the mylohyoid branch.9 Mechanisms of injury include compression from hematoma or oedema, excessive traction causing stretching, direct transection during surgery, and thermal injury from instrumentation or bone cutting. A thorough understanding of these anatomical details and injury mechanisms is essential for surgical planning and for minimising the risk of nerve damage during third molar extraction.10
Clinical Predictive Markers for Mandibular Nerve Injury in Third Molar Surgery
Third molar surgery is one of the most frequently performed outpatient procedures in everyday oral and maxillofacial surgery. In most cases, it is a straightforward procedure with minimal risk of permanent damage (Al-Haj Husain et al., 2023; Sifuentes-Cervantes et al., 2021). Patient-specific factors such as age and sex are well-recognised predictors of mandibular nerve injury (MNI) during third molar extraction. Increased age, particularly beyond 25 years, is associated with a higher risk due to factors such as greater bone density, reduced bone elasticity, and diminished nerve regenerative capacity, which may result in slower or incomplete recovery.11 Sex also plays a role, with male patients exhibiting a slightly higher incidence of nerve injuries, possibly linked to denser bone and more challenging surgical access, whereas some studies suggest younger patients are more prone to temporary injuries and females may have a higher risk of permanent deficits.12 Tooth-related factors, including position and impaction type, significantly influence nerve injury risk. Mesioangular impactions are most commonly associated with close proximity to the inferior alveolar nerve (IAN), followed by horizontal impactions, whereas vertical impactions generally pose a lower risk.13 Deeply impacted teeth, classified as Pell & Gregory Class C, which are in close contact with the mandibular canal, further elevate the likelihood of nerve involvement. Additionally, a history of pericoronitis or recurrent infection can lead to local inflammation and fibrosis around the nerve, complicating surgery and obscuring radiographic landmarks, thereby increasing injury risk.14 Collectively, these clinical markers, advanced age, male sex, specific impaction angulations, deeper tooth position, and prior pericoronitis, serve as important indicators for preoperative risk assessment and surgical planning to minimise mandibular nerve injury during third molar extraction.15
Table 1. Clinical Predictive Markers for Mandibular Nerve Injury
	Predictive Marker
	Description
	Clinical Implication

	Age
	Risk increases with age >25 years due to higher bone density, reduced elasticity, and slower nerve regeneration.
	Older patients are more prone to severe or persistent nerve deficits.

	Sex
	Males may have a higher incidence due to denser bone; females may be prone to permanent deficits.
	Guides surgical caution based on demographic patterns.

	Tooth Angulation/Position
	Mesioangular and horizontal impactions show higher proximity to IAN; vertical impactions pose a lower risk.
	Identifies high-risk impaction types for surgical planning.

	Depth of Impaction (Pell & Gregory Class C)
	Deeply impacted teeth close to the mandibular canal increase risk.
	Indicates need for advanced imaging or modified technique.

	History of Pericoronitis or Infection
	Local fibrosis and inflammation obscure landmarks and complicate extraction.
	Higher risk of nerve damage due to distorted anatomy.



Radiographic Predictive Markers for Mandibular Nerve Injury in Third Molar Surgery
Radiographic evaluation plays a central role in predicting the risk of mandibular nerve injury (MNI) during third molar extraction.16 Panoramic radiographs (OPG) serve as an initial screening tool, with several key indicators correlating with increased nerve injury risk. Darkening of roots, suggesting close proximity or contact with the inferior alveolar nerve (IAN) canal, diversion or deflection of the canal path near the root, narrowing of the canal, and interruption of the cortical border are all associated with a higher likelihood of nerve exposure or injury.17 Cone-beam computed tomography (CBCT) further enhances predictive accuracy by providing three-dimensional, high-resolution visualisation of the spatial relationship between the third molar roots and the IAN.18 CBCT allows detailed assessment of buccolingual proximity, root morphology, presence of accessory canals, and cortical integrity around the nerve canal, confirming and refining the risk indicated by panoramic findings. Direct contact between the root apex and mandibular canal, or minimal residual bone thickness (<1 mm), strongly predicts nerve injury.19 Together, panoramic radiography and CBCT provide complementary information, enabling precise preoperative risk stratification and informed surgical planning to minimise the incidence of inferior alveolar nerve injury.20
Table 2. Radiographic Predictive Markers for Mandibular Nerve Injury
	Radiographic Feature
	Imaging Modality
	Predictive Finding
	Clinical Significance

	Darkening of Roots
	OPG
	Indicates close proximity/contact between roots and IAN.
	High likelihood of nerve exposure during extraction.

	Deflection or Diversion of Canal
	OPG
	Altered canal course near root apex.
	Suggests nerve displacement risk.

	Narrowing of Canal or Cortical Interruption
	OPG
	Loss of cortical outline adjacent to roots.
	Marker of an intimate nerve-root relationship.

	Direct Root-Canal Contact (<1 mm bone)
	CBCT
	Confirms absence of protective bone between nerve and root.
	Strong predictor of MNI.

	Buccolingual Relationship & Accessory Canals
	CBCT
	Evaluates 3D proximity and complex root morphology.
	Enhances surgical planning accuracy.



Surgical and Emerging Predictive Markers for Mandibular Nerve Injury in Third Molar Surgery
Surgical factors significantly influence the risk of mandibular nerve injury (MNI) during third molar extraction. The choice of extraction technique plays a pivotal role, with open flap procedures involving mucoperiosteal flap elevation and conservative bone removal offering improved visualisation and control, potentially reducing nerve injury compared to flapless or blind approaches.21 Controlled tooth sectioning and conservative ostectomy further minimise manipulation and pressure near the inferior alveolar nerve (IAN), lowering the likelihood of trauma. Operator experience is equally critical, as less experienced surgeons exhibit higher complication rates, whereas skilled operators can better interpret anatomical and radiographic findings and adjust techniques accordingly. The use of magnification, including surgical loupes and microscopes, as well as CBCT-guided navigation systems, enhances visualisation of neurovascular structures, facilitating precise dissection and nerve preservation.22 Advanced tools, such as piezosurgery, allow selective bone cutting with minimal soft tissue trauma, further reducing nerve injury risk compared to conventional rotary instruments. Although research into biochemical and molecular markers is limited, emerging studies suggest that nerve sensitivity biomarkers, inflammatory mediators, and genetic predispositions may influence individual susceptibility to nerve injury and regenerative potential. While no standardised clinical assays currently exist, these molecular insights hold promise for future personalised risk stratification and improved surgical planning.23
Table 3. Surgical and Emerging Predictive Markers for Mandibular Nerve Injury
	Predictive Factor
	Description
	Protective/Aggravating Role

	Surgical Technique
	Open flap with controlled ostectomy and sectioning vs. blind extraction.
	Controlled exposure and visualisation reduce MNI risk.

	Operator Experience
	Skill and familiarity with anatomy and imaging interpretation.
	Experienced surgeons have lower complication rates.

	Use of Magnification/Navigation
	Loupes, microscopes, CBCT-guided navigation.
	Enhances visualisation and precision near the nerve canal.

	Piezosurgery
	Selective bone cutting using ultrasonic energy.
	Minimises soft tissue trauma compared to rotary tools.

	Molecular/Genetic Markers
	Experimental biomarkers for nerve sensitivity or regenerative potential.
	Future direction for personalised risk prediction.



Risk Assessment Models for Mandibular Nerve Injury in Third Molar Surgery
Accurate preoperative risk assessment for mandibular nerve injury (MNI) in third molar surgery relies on scoring systems, decision-making algorithms, and emerging technologies such as artificial intelligence (AI) and molecular profiling. Recent predictive scoring systems combine cone-beam computed tomography (CBCT) features with clinical variables to quantify the probability of inferior alveolar nerve injury (IANI). Key predictors in these models include coronal position of the inferior alveolar canal (IAC) relative to the root, IAC perforation length greater than 3.4 mm, lingual or interradicular IAC position, multiple roots contacting a perforated canal, and patient age over 30 years, generating scores ranging from 0 to 12 to guide risk stratification and surgical planning.24 Decision-making algorithms integrate clinical factors such as age, sex, and impaction type with radiographic markers from panoramic and CBCT imaging, allowing surgeons to identify high-risk patients, tailor surgical approaches, provide informed consent, and consider alternative treatment strategies. AI-assisted analysis has further advanced predictive capabilities, with deep learning models demonstrating high accuracy (F1-score up to 0.92) in detecting IANI from CBCT images, outperforming human specialists.25 Automated AI segmentation of the mandibular canal and incisive extension enables precise, consistent preoperative evaluation, while AI applied to panoramic radiographs improves assessment of nerve-tooth positional relationships and bucco-lingual orientation. Emerging molecular and genetic studies suggest that inflammatory mediators and genetic predispositions may influence nerve sensitivity and regeneration potential, offering a foundation for future personalised risk profiling, although these markers are not yet clinically validated. Standardisation, and multicenter validation of AI models and molecular approaches are essential to ensure reliability and generalizability, with integrated predictive frameworks combining imaging analytics, clinical factors, and molecular data poised to enhance patient safety and optimise surgical outcomes in third molar extraction.26
Table 4. Risk Assessment Models for Mandibular Nerve Injury in Third Molar Surgery
	Model 
	Key Predictors 
	Methodology 
	Clinical Utility
	Limitations 

	CBCT-Based Predictive Scoring Systems
	Coronal position of IAC relative to root; IAC perforation length >3.4 mm; lingual or interradicular IAC position; multiple root contacts; age >30 years.
	Combines CBCT morphological data with clinical variables to generate a composite risk score (0–12).
	Quantifies risk of IANI preoperatively; guides extraction strategy and patient counselling.
	Requires high-quality CBCT; scoring thresholds vary between studies.

	Clinical–Radiographic Decision-Making Algorithms
	Age, sex, impaction type (mesioangular/horizontal), depth (Pell & Gregory), OPG and CBCT markers.
	Integrates demographic and imaging data to stratify patients into low-, moderate-, or high-risk categories.
	Supports informed consent, tailored flap design, and technique modification.
	Dependent on clinician interpretation; limited standardisation.

	AI-Assisted Imaging Analysis
	CBCT or panoramic radiographs analysed via CNN/deep learning models.
	Automated segmentation and feature extraction of mandibular canal and root relation; F1-score up to 0.92 in IANI prediction.
	Enhances precision and reproducibility; reduces observer variability; assists less experienced clinicians.
	Requires large, diverse datasets; model generalizability yet to be validated.

	Molecular and Genetic Risk Profiling
	Inflammatory mediators, neurotrophic factors, and genetic variants linked to nerve sensitivity or regeneration.
	Investigational biomarkers studied via genomic or proteomic assays.
	Potential for future personalised risk assessment and regenerative outcome prediction.
	Still experimental; no clinical assays or standardisation.

	Integrated Multimodal Predictive Frameworks
	A combination of clinical, radiographic, AI, and molecular data.
	Hybrid models merging deep learning analytics with biological and demographic predictors.
	Promises personalised, precise risk estimation and improved surgical planning.
	Needs multicenter validation, data harmonisation, and explainable AI integration



Prevention and Management Strategies for Mandibular Nerve Injury (MNI) in Third Molar Surgery
[bookmark: _GoBack]Effective prevention and management of mandibular nerve injury (MNI) in third molar surgery requires a comprehensive, multi-stage approach encompassing preoperative, intraoperative, and postoperative measures. Preoperatively, thorough patient counselling and informed consent are crucial, ensuring that patients are clearly educated about the potential risks of temporary or permanent sensory disturbances, prognosis, and available management options. Proper documentation and discussion of alternative treatment plans, particularly in high-risk cases such as older patients or deeply impacted teeth, foster transparency and preparedness. Intraoperatively, adopting a well-designed mucoperiosteal flap allows optimal visibility while minimising soft tissue trauma, and performing conservative ostectomy, particularly distal and distal-lingual to the tooth, reduces unnecessary bone removal. Controlled tooth sectioning and gentle dislocation along the root curvature minimise compression or traction on the inferior alveolar nerve (IAN), while careful socket debridement is advised when roots are in close proximity to the mandibular canal.27 Protection of the lingual nerve demands cautious use of retractors, maintenance of the mandibular inner cortex, and precise suturing to avoid soft tissue trauma. Preventing thermal injury through adequate irrigation and judicious use of rotary instruments further safeguards neural structures. The use of magnification aids, microsurgical instruments, and CBCT-guided navigation enhances surgical precision and nerve preservation. Postoperatively, early identification of sensory deficits through neurosensory testing and patient-reported symptoms is vital for timely intervention28. Pharmacologic management with corticosteroids to mitigate inflammation and B-complex vitamins to support neural recovery can facilitate healing, while prompt referral to specialists is warranted for persistent or severe neuropathic symptoms. Continuous monitoring of recovery progress is essential, with surgical nerve repair considered in cases of transection or unresolved dysfunction. Collectively, these preventive and management strategies—anchored in preoperative planning, meticulous surgical execution, and vigilant postoperative care—are pivotal in minimising morbidity, enhancing nerve recovery, and improving patient quality of life following mandibular third molar surgery.29
Future Directions in Predicting and Managing Mandibular Nerve Injury (MNI)
The future of mandibular nerve injury (MNI) prediction and management is moving toward integrative, technology-driven, and personalised approaches that combine artificial intelligence (AI), advanced imaging, and molecular insights. Deep learning models have demonstrated exceptional accuracy approaching 93% sensitivity and specificity in analysing panoramic and CBCT images to predict surgical difficulty and inferior alveolar nerve (IAN) injury risk, often outperforming or complementing human experts by standardising and automating risk assessments.30 These AI systems minimise observer variability and enhance consistency, offering data-driven support for clinical decision-making. Parallel advancements in molecular and genetic biomarker research are opening avenues for identifying individual susceptibility to nerve injury and regenerative potential, although such markers are still in experimental stages and not yet incorporated into routine practice31. The convergence of AI-based imaging analytics with clinical, molecular, and genetic data promises the development of hybrid predictive models capable of delivering personalised and precise risk stratification. However, achieving this vision requires global collaboration and multicenter validation to address variability in demographics, imaging protocols, and data quality. Establishing standardised frameworks for imaging acquisition, data annotation, and outcome reporting will be critical to ensure reproducibility and cross-population applicability. Ultimately, a universal, explainable AI-powered predictive framework integrating multimodal data will enable real-time, evidence-based surgical planning and individualised patient care, significantly reducing nerve injury incidence and transforming safety standards in third molar surgery worldwide 32

Conclusion
The most reliable predictive markers for mandibular nerve injury include advanced patient age, tooth impaction type and depth, radiographic signs of nerve-root proximity, and surgical technique. Integrating clinical, radiographic, and surgical factors allows accurate risk stratification and informed surgical planning. Emerging AI and molecular approaches hold promise but require further validation. Future research should focus on standardisation, multicenter studies, and personalised predictive models to enhance patient safety.
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