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Implants Through Impacted Teeth vs Immediate Post-Extraction Implants: A Review of Survival, Marginal Bone Loss, and Complications

Abstract
Dental implant therapy increasingly emphasizes shortening treatment time and minimizing surgical morbidity while maintaining long-term biological stability and esthetic integration. Two approaches that aim to reduce or avoid extensive hard-tissue surgery are (i) implant placement through impacted teeth or retained dental tissues (hereafter, “transdental” placement) and (ii) immediate post-extraction implant placement in fresh sockets. Although both strategies may reduce the number of surgical stages compared with conventional delayed placement, they arise from different clinical problems: transdental placement is typically considered when an impacted tooth obstructs the ideal implant trajectory and surgical removal would create substantial defects, whereas immediate placement addresses replacement of a failing or hopeless tooth at the time of extraction. This review synthesizes contemporary evidence on survival, marginal bone loss, and complications for each approach, and interprets these outcomes through a biological and risk-management lens. Current human data indicate that implants placed through impacted teeth can achieve high short- to medium-term stability in carefully selected cases, but the evidence base remains dominated by small case series and heterogeneous follow-up. Immediate post-extraction implants demonstrate high overall survival in systematic reviews and randomized trials, though slightly lower survival than delayed protocols has been reported in some meta-analyses, and esthetic complications remain a key concern in thin phenotypes or compromised sockets. Across both approaches, outcomes appear highly dependent on case selection, meticulous imaging-based planning, primary stability, infection control, and soft-tissue management. Robust comparative studies with standardized radiographic and patient-reported outcomes are needed before transdental placement can be recommended beyond narrowly defined indications.
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1. Introduction
Implant dentistry has progressively moved toward protocols that reduce treatment time and the number of surgical interventions without compromising osseointegration, peri-implant tissue stability, or prosthetic longevity. Immediate post-extraction implant placement has become a mainstream option for selected sites because it can shorten rehabilitation, limit the period of edentulism, and preserve patient comfort and satisfaction. At the same time, clinicians occasionally encounter anatomical barriers that make conventional implant placement difficult or disproportionately invasive, including impacted teeth that lie directly within the planned implant path. In such scenarios, full surgical removal of the impacted tooth—particularly in older patients, deeply positioned maxillary canines, or teeth in proximity to vital structures—may create large defects and increase morbidity, sometimes necessitating staged reconstruction. These constraints have stimulated interest in a more unconventional solution: placing an implant osteotomy through (or in close contact with) an impacted tooth and leaving the impacted tooth in situ to avoid extensive extraction surgery.
The idea of placing implants in contact with dental tissues intersects with broader discussions about the biological interface between titanium implants and mineralized tooth structures. Histological observations have suggested that, under certain conditions, mineralized tissue may form at an implant surface adjacent to dental tissues, including features described as “mineral integration,” although the predictability, microbiological safety, and long-term behavior of such interfaces remain uncertain (Labidi et al., 2019; Mithridade et al., 2015 ). In the case of impacted teeth, the surrounding follicular tissues and absence of overt oral contamination may, in theory, reduce infection risk compared with implants placed adjacent to residual root fragments in the oral environment; however, this assumption requires cautious interpretation because impacted teeth can harbor occult pathology and may later develop cystic changes.
Immediate post-extraction implant placement, by contrast, is performed in a socket that has been intentionally created and may be associated with endodontic or periodontal infection, soft-tissue compromise, or thin buccal bone. Large-scale evidence—systematic reviews, meta-analyses, and long-term randomized trials—has clarified that immediate implants can be highly successful when strict criteria are met, yet may show a small but consistent survival disadvantage relative to delayed placement in some analyses, with esthetic outcomes heavily influenced by tissue phenotype and socket integrity (Mello et al., 2017; Dos Santos Canellas et al., 2019; Yang et al., 2025). 
A meaningful comparison between “implants through impacted teeth” and “immediate post-extraction implants” therefore requires acknowledging that they are not simply alternative timings for the same clinical scenario. Instead, they represent different solutions to different problems: one avoids removal of a deeply positioned tooth that blocks implant placement, while the other aims to replace a tooth at extraction. Nevertheless, both protocols share clinical endpoints—implant survival, marginal bone stability, and complication profiles—and both depend on careful imaging, atraumatic technique, and management of biological risk.
1.1 Scope and objective of this review
This review evaluates and compares (i) implants placed through impacted teeth (and closely related approaches involving implants placed in contact with retained dental tissues) and (ii) immediate post-extraction implants placed in fresh extraction sockets, focusing on three outcomes: implant survival, marginal bone loss (MBL), and complications (surgical, biological, and prosthetic). The objective is to summarize the strength of evidence, identify context-specific risks, and propose practical, evidence-anchored considerations for case selection and follow-up.

2. Methods for literature selection
This is a narrative review and does not follow PRISMA guideline. A structured literature search was conceptualized to capture contemporary human evidence for both approaches. Major biomedical databases commonly used in implant dentistry (including PubMed/MEDLINE, Embase, Scopus, Web of Science, and the Cochrane Library) were considered as primary sources, with supplementary hand searching of reference lists from key systematic reviews. The search strategy was intentionally broad to accommodate heterogeneous terminology in the “transdental” field. Representative search strings combined terms for dental implants with impacted or retained teeth and immediate placement concepts, such as: (“dental implant” OR “endosseous implant”) AND (“impacted tooth” OR “impacted canine” OR “implant through tooth” OR “implant placement through impacted teeth” OR “residual root” OR “retained root”), and separately (“immediate implant” OR “immediate placement” OR “fresh extraction socket” OR “post-extraction implant”) AND (“survival” OR “failure” OR “marginal bone” OR “bone loss” OR “complications” OR “recession” OR “esthetic”). Priority was given to systematic reviews, meta-analyses, randomized controlled trials, and prospective cohort studies, particularly those published within approximately the last decade, while acknowledging that transdental placement has a limited evidence base that necessitates inclusion of well-documented case series.
Inclusion criteria emphasized human clinical studies reporting at least one outcome of interest (survival, marginal bone changes, or complications) with a defined follow-up interval. Exclusion criteria included purely in-vitro or animal studies without direct clinical correlation, narrative opinion pieces without patient data, and reports lacking adequate methodological description of implant placement relative to impacted/retained dental tissues or extraction timing. Because this article is a narrative review with an explicitly described selection approach (rather than a full PRISMA systematic review), findings are synthesized qualitatively, with greater weight assigned to higher-level evidence where available.

3. Definitions and clinical context
3.1 Implant placement through impacted teeth and related “contact with dental tissue” concepts
“Implant placement through impacted teeth” generally describes preparing an osteotomy that passes through enamel and/or dentin of an impacted tooth that remains in situ, followed by insertion of an implant along that trajectory. This is conceptually distinct from “socket-shield” or partial extraction therapies, which intentionally retain a root fragment at the buccal aspect of an extraction socket to preserve contour, while the implant is placed in the socket space rather than drilled through the retained fragment. However, these approaches overlap biologically in that they may create an implant interface near dental tissues and thereby raise similar questions about microbial leakage, tissue integration, and long-term stability (Hürzeler et al., 2010; Yang et al., 2025). 
A broader umbrella term used in the literature is implants placed in contact with dental tissue, encompassing three main scenarios: impacted teeth, ankylosed teeth, and residual roots. A key distinction highlighted in reviews is that implants placed through impacted or ankylosed teeth appear more stable in reported cases than implants merely contacting retained root fragments, where contamination and late infection may be more plausible (Labidi et al., 2019). 
3.2 Immediate post-extraction implants
Immediate implant placement refers to inserting an implant into a fresh extraction socket during the same surgical session as tooth removal. This protocol seeks to reduce overall treatment time and potentially limit dimensional ridge changes, although physiological remodeling of the socket walls still occurs. Immediate placement may be combined with immediate provisionalization (placing a temporary crown shortly after surgery) or delayed provisionalization, and may include gap grafting or guided bone regeneration depending on socket morphology and buccal plate integrity.
3.3 Why outcomes differ across protocols
Survival and marginal bone behavior depend not only on timing or transdental drilling, but also on site morphology (intact vs defective buccal plate), tissue phenotype, infection status, implant macro-design, insertion torque/primary stability, prosthetic loading, and the quality of maintenance. Therefore, comparisons must be interpreted as “protocol plus case selection,” rather than protocol alone.

4. Biological rationale and interface considerations
4.1 Osseointegration, infection control, and the special case of dental tissues
Traditional osseointegration describes a direct bone-to-implant interface that is stable under functional load. When an implant is placed through or adjacent to dental tissues, the interface may involve enamel, dentin, cementum, and potentially pulpal tissue remnants. Histologic evidence has shown that unusual mineralized tissues can form on implant surfaces in contact with dental tissues, and a case report has described “dentointegration” with pulp tissue-induced mineralized contact at titanium (Schwarz et al., 2013). While such findings are biologically intriguing, they should not be interpreted as proof that predictable, long-term integration to tooth structure is achievable across patients. The clinical priority remains preventing bacterial colonization and ensuring stable peri-implant mucosal sealing.
Concerns about retained roots adjacent to implants are not hypothetical. A histologic animal study in baboons evaluated implants inadvertently placed into or near retained roots and provides foundational insight into how tooth remnants may influence peri-implant healing and tissue behavior (Gray & Vernino, 2004). Translating these observations to impacted teeth is imperfect, but the study supports a cautious stance: dental remnants can alter the interface and may contribute to variable outcomes depending on contamination and tissue vitality.
4.2 Immediate socket remodeling and marginal bone changes
In immediate post-extraction placement, the implant is inserted into a socket undergoing inevitable remodeling. Even with optimal technique, midfacial bone and soft-tissue contour changes may occur, particularly in thin buccal plates and thin gingival phenotypes. Immediate provisionalization and connective tissue grafting have been studied as modifiers that may improve esthetic stability and reduce recession risk in selected cases (Seyssens et al., 2021). Immediate provisionalization timing may also affect long-term marginal bone levels, although long-term data remain nuanced (Donker et al., 2024). 

5. Evidence on implants placed through impacted teeth
5.1 Overall quality and quantity of evidence
The evidence base for transdental placement through impacted teeth remains limited. A systematic literature review identified ten eligible studies (predominantly case reports and case series), totaling 44 patients and 62 implants with at least 12 months follow-up, highlighting the small scale and heterogeneity that currently constrain inference (Pérez-González et al., 2021). Importantly, most published reports emphasize carefully selected patients, typically where impacted tooth removal would be extensive, orthodontic traction is not feasible, or the patient declines major surgery.
5.2 Survival
In the systematic review by Pérez-González and colleagues, overall mean implant survival across impacted teeth and residual roots was approximately 90%, but subgroup estimates suggested notably higher survival for implants placed through impacted teeth than for implants placed through residual roots (Pérez-González et al., 2021). The same review reported a higher survival estimate for implants through impacted teeth (approximately 97.6%) compared with those through retained roots, supporting the clinical intuition that impacted teeth may represent a “cleaner” context than residual roots exposed to oral microbiota.
Case series have also reported acceptable short- to medium-term stability. For example, an early series describing implants placed through impacted teeth reported encouraging outcomes across multiple cases (Davarpanah et al., 2015), and additional reports have reinforced feasibility when imaging suggests the impacted tooth is free of pathology and the implant can achieve primary stability in surrounding bone (Brinkmann et al., 2020). 
However, survival estimates must be interpreted conservatively. Publication bias is likely, since unsuccessful or complicated cases may be underreported. Moreover, survival over 1–3 years does not exclude late biological complications such as cystic transformation or infection developing around the impacted tooth.
5.3 Marginal bone loss
Radiographic marginal bone outcomes are reported inconsistently in transdental literature. The systematic review indicates that marginal bone loss was generally low in the short term across available studies, but heterogeneity in radiographic methods and follow-up intervals prevents robust pooled inference (Pérez-González et al., 2021). 
The biological plausibility of stable marginal bone levels depends on whether the implant’s crestal environment is dominated by bone remodeling related to implant positioning and prosthetic loading (as in conventional implants), or whether inflammatory changes arise from microleakage at a tooth–implant interface. The latter risk is difficult to quantify and underscores the importance of strict exclusion of teeth with suspected pathology and of long-term radiographic monitoring.
5.4 Complications
Reported complications in transdental placement are relatively few in the published literature, but this likely reflects limited sample sizes and selective reporting. The systematic review noted no surgical or prosthetic complications within included studies; nonetheless, the authors recommended caution, particularly for implants placed through retained root fragments rather than impacted teeth (Pérez-González et al., 2021). 
Importantly, case reports illustrate that complications can occur. A report describing an “inappropriate protocol” of implant placement in contact with impacted teeth emphasizes the potential for biological failure when principles of infection control and case selection are not respected (Ouni & Mansour, 2023). Infectious complications have also been described in uncommon implant trajectories related to impacted canines, underscoring the need for careful planning and follow-up (Delarue et al., 2025). 
Potential complication mechanisms include late infection due to microfractures or communication between the oral cavity and the impacted tooth interface, cystic changes around the impacted tooth follicle, and difficulty in retreatment if pathology develops around an implant that traverses tooth structure. These risks are conceptually distinct from immediate implant risks and should be explicitly discussed with patients.

6. Evidence on immediate post-extraction implants
6.1 Survival compared with delayed placement
Immediate implant placement has strong evidence support, including systematic reviews and meta-analyses. A systematic review and meta-analysis comparing immediate implants in fresh sockets to delayed implants in healed sites found that delayed implants had a statistically higher survival rate than immediate implants, while differences in marginal bone loss were not statistically significant overall (Mello et al., 2017). This pattern—high survival in both groups, but slightly higher in delayed protocols—has also been observed in other systematic reviews focusing on extraction-timing protocols.
A systematic review restricted to randomized clinical trials comparing timing protocols found that immediate placement carried a modest increase in failure risk in aggregate, while peri-implant bone resorption and esthetic scores did not show consistent significant differences between immediate and delayed protocols across heterogeneous trials (Dos Santos Canellas et al., 2019). These findings suggest that, although immediate placement is generally safe in selected indications, it may be less forgiving to suboptimal site conditions or technique deviations than delayed placement (Slagter et al., 2021a).
6.2 Marginal bone loss and modifiers (provisionalization, grafting, and defect sites)
Marginal bone changes around immediate implants depend on crestal positioning, gap management, loading strategy, and soft-tissue phenotype. Immediate provisionalization is often used to shape peri-implant mucosa and reduce the duration of removable temporary prostheses. A one-year longitudinal study comparing immediate implant placement with versus without provisionalization reported high survival and similar marginal bone loss between groups, while patient satisfaction tended to favor immediate provisionalization in early postoperative experience (Fu et al., 2023). 
Long-term data provide further nuance. A 10-year comparison of immediate implants with immediate versus delayed provisionalization in the maxillary esthetic zone examined marginal bone level outcomes over a decade, reflecting the need to evaluate whether short-term esthetic benefits translate into stable long-term peri-implant bone conditions (Donker et al., 2024). Additionally, randomized controlled trial evidence suggests that immediate placement in more challenging defect scenarios can perform comparably to delayed protocols when appropriate bone augmentation or ridge preservation is used, even over extended follow-up such as 10 years (Meijer et al., 2025; Slagter et al., 2021b). 
Immediate implants in molar extraction sites have also been studied, with systematic reviews indicating that immediate molar placement can be successful but is technically demanding due to socket anatomy and the need for primary stability, thereby emphasizing case selection and operator experience (Ragucci et al., 2020). 
6.3 Complications in immediate placement
Immediate implants may be associated with a distinct complication profile compared with delayed placement. Early biological failures may occur when primary stability is inadequate or when infection control is suboptimal. Esthetic complications—particularly midfacial recession and papilla deficiencies—are among the most important reasons for patient dissatisfaction, even when implants survive. Soft-tissue augmentation strategies, including connective tissue grafting, have been systematically evaluated and may improve soft-tissue stability in selected patients (Seyssens et al., 2021). 
Mechanical complications such as provisional restoration fracture or screw loosening can occur in immediately provisionalized cases, but careful occlusal control and adherence to immediate provisionalization principles can reduce risk. Over the long term, peri-implant mucositis and peri-implantitis remain critical maintenance concerns, emphasizing the need for supportive peri-implant care irrespective of timing.

7. Comparative interpretation: transdental placement vs immediate post-extraction placement
A direct, evidence-based head-to-head comparison is currently not possible because the two approaches are rarely studied in comparable patient populations, and they often address fundamentally different anatomical and therapeutic constraints. Nevertheless, comparing survival, marginal bone behavior, and complications is still clinically valuable because both approaches are sometimes presented to patients as “less invasive” or “faster” pathways.
From a survival standpoint, immediate post-extraction implants have the advantage of a large evidence base, including randomized trials and systematic reviews demonstrating high overall survival, with some meta-analyses showing slightly lower survival than delayed placement (Mello et al., 2017; Dos Santos Canellas et al., 2019). Transdental implants through impacted teeth show promising survival in small cohorts and systematic review synthesis, but the absolute number of reported cases remains low and follow-up is often limited, creating uncertainty about late complications and true long-term failure rates (Pérez-González et al., 2021). 
Marginal bone loss comparisons are also constrained by measurement heterogeneity. For immediate implants, marginal bone outcomes are frequently reported with standardized radiographs and multi-year follow-up, enabling meaningful synthesis and identification of modifiers such as provisionalization timing (Donker et al., 2024; Kheur et al., 2025) and bone augmentation in defect sites (Meijer et al., 2025). For transdental implants, marginal bone is reported less consistently and may not fully capture the risk of late pathology around the impacted tooth.
Complication profiles are arguably where the approaches differ most. Immediate post-extraction implants primarily risk esthetic compromise, early stability-related failure, and infection if placed into contaminated sockets. Transdental placement adds a unique risk domain: the retained impacted tooth may later develop pathology, and management of late infection or cyst formation could be more complex when an implant traverses tooth structure. The literature on implants placed in contact with dental tissues suggests caution particularly when contact occurs with roots rather than through impacted/ankylosed teeth, implying that contamination pathways and tissue vitality matter greatly (Labidi et al., 2019). A pragmatic interpretation is that immediate post-extraction implants are an evidence-supported mainstream option when socket and phenotype criteria are favorable, whereas implants through impacted teeth remain a niche strategy best considered when (i) impacted tooth removal is high-morbidity, (ii) imaging suggests no pathology, (iii) alternative orthodontic or restorative options are unsuitable, and (iv) the patient accepts the uncertainty of limited long-term evidence.

8. Clinical integration: case selection, planning, and follow-up
8.1 Diagnostic requirements and exclusion of pathology
For both protocols, three-dimensional imaging and careful diagnosis are essential. In immediate placement, CBCT evaluation of buccal plate thickness, defect morphology, and proximity to vital structures supports planning for primary stability and grafting needs. In transdental placement, CBCT is even more critical because the clinician must evaluate the impacted tooth’s position, surrounding follicular space, signs of resorption or cystic change, and the feasibility of obtaining adequate apical and palatal/lingual bone anchorage.
A conservative selection philosophy is justified for transdental placement: candidates should lack radiographic signs of pericoronal radiolucency beyond expected follicular dimensions, show no symptoms suggestive of pathology, and ideally have no history of recurrent infection in the region. Because occult pathology cannot be completely excluded radiographically, some clinicians may consider adjunctive strategies such as intraoperative assessment of follicular tissues or referral for specialist evaluation when uncertainty exists.
8.2 Surgical principles and thermal control
Immediate post-extraction placement prioritizes atraumatic extraction, preservation of socket walls, and implant positioning that respects prosthetic emergence and soft-tissue support. Achieving primary stability typically requires engaging apical and/or palatal bone beyond the socket. Gap management (with or without grafting) and soft-tissue closure strategy influence early healing and esthetic outcomes.
Transdental placement adds the technical requirement of drilling through enamel and dentin. This raises thermal management concerns because tooth structure can generate heat during osteotomy preparation. Copious irrigation, sharp burs, controlled drilling speed and pressure, and staged preparation are important to limit thermal insult to surrounding bone. The implant must ultimately achieve stability in bone rather than relying on friction within tooth structure, since the long-term biological behavior of implant–tooth contact remains uncertain and may vary.
8.3 Prosthetic considerations and loading
Immediate provisionalization can support soft-tissue shaping and patient comfort in immediate post-extraction placement, but it demands strict control of occlusion and avoidance of functional loading in early healing. One-year comparative data suggest high survival and similar marginal bone outcomes with and without immediate provisionalization in selected esthetic cases, while patient-reported experience may differ (Fu et al., 2023). 
For transdental placement, a cautious loading strategy is reasonable given limited evidence. Even when primary stability is achieved, delayed loading or carefully controlled provisionalization may be preferred to reduce mechanical micromotion and allow peri-implant tissues to mature, especially because management of complications may be more complex if infection develops around retained dental tissues.
8.4 Maintenance and long-term monitoring
Both protocols require structured maintenance with plaque control, peri-implant probing, and radiographic monitoring. For transdental placement, periodic radiographic review of the impacted tooth region is particularly important to detect late cystic change or radiolucency development around the retained tooth. For immediate implants, monitoring focuses on crestal bone levels, mucosal stability, and early intervention for mucositis to reduce peri-implantitis risk.

9. Research gaps and priorities
The immediate implant field has benefited from randomized trials, multi-year cohorts, and systematic reviews capable of evaluating modifiers such as provisionalization, grafting, and defect morphology. The transdental field lacks this infrastructure. High-priority research needs include prospective registries of implants placed through impacted teeth with standardized reporting of implant system, drilling protocol, thermal management, antibiotic regimens, radiographic baseline/follow-up methods, and patient-reported outcomes. Comparative cohort studies—ideally multicenter—could match transdental cases to conventional surgical extraction plus grafting pathways, enabling estimation of whether morbidity reduction is achieved without trading for late biological risk.
Standardization of outcomes is also needed. Marginal bone loss should be measured using reproducible radiographic landmarks and reported at consistent time points. Complications should be categorized into surgical (e.g., infection, nerve symptoms), biological (e.g., peri-implantitis, radiolucency near retained tooth), and prosthetic (e.g., screw loosening), with explicit definitions. Without such harmonization, pooled inference will remain limited and clinical recommendations will continue to rely on expert judgment rather than strong evidence.

10. Conclusions
1. Implants placed immediately after extraction and implants placed through impacted teeth both aim to shorten treatment timelines and reduce surgical stages, but they address different clinical problems and therefore should not be viewed as interchangeable protocols.
2. Immediate post-extraction implant placement has the stronger and broader evidence base, with consistently high survival in appropriately selected sockets, while outcomes remain highly dependent on achieving primary stability, controlling infection risk, and managing hard- and soft-tissue remodeling.
3. Esthetic-zone performance for immediate implants is particularly sensitive to tissue phenotype, buccal plate integrity, implant positioning, and prosthetic emergence design; survival can be excellent even when soft-tissue recession or contour deficiencies compromise patient-perceived success.
4. Implant placement through impacted teeth appears clinically feasible in selected cases and can demonstrate short- to medium-term stability when meticulous imaging confirms the absence of pathology and when adequate surrounding bone allows reliable primary stability.
5. Despite promising reports, transdental placement remains supported mainly by case reports and small series, creating uncertainty regarding true long-term survival rates and the frequency of late biological complications.
6. The principal biological concern unique to transdental placement is the retained impacted tooth itself, which may present unpredictable long-term behavior, including delayed pathology or inflammatory breakdown that can be difficult to manage once an implant traverses dental tissues.
7. For both approaches, the most influential determinants of success are rigorous case selection, three-dimensional planning, atraumatic technique, thermal control during osteotomy preparation, and a soft-tissue strategy that protects the mucosal seal.
8. When the impacted tooth blocks an ideal implant trajectory and its removal would create major defects, transdental placement may be considered as a risk-managed alternative, provided patients are counseled explicitly about limited evidence and the need for long-term monitoring.
9. Immediate implants are best recommended when socket conditions are favorable, the clinician can predictably secure primary stability, and the patient’s esthetic risk profile is acceptable or can be mitigated through augmentation and provisionalization strategies.
10. Future comparative studies with standardized reporting of marginal bone changes, biological events, and patient-reported outcomes are essential before transdental placement can be adopted beyond narrowly defined indications.

11. Limitations
  This review is narrative in structure and does not implement a full systematic-review workflow with duplicate screening, formal risk-of-bias scoring for every included study, or quantitative meta-analysis across all outcomes.
  The evidence base for implant placement through impacted teeth is limited in volume and quality, consisting largely of case reports and small case series with heterogeneous follow-up periods, variable reporting standards, and likely publication bias.
  Outcome definitions are not uniform across studies, particularly for marginal bone loss measurements, complication classification, and thresholds for “success” versus “survival,” limiting direct comparison and pooled interpretation.
  The two protocols address different baseline clinical scenarios; differences in outcomes may therefore reflect underlying case complexity (e.g., impacted anatomy, bone deficiency, infection status, soft-tissue phenotype) rather than the protocol itself.
  Radiographic assessment methods vary (two-dimensional periapicals vs three-dimensional imaging, calibration approaches, follow-up timing), which can influence estimates of marginal bone changes and detection of pathology.
  Many reports provide limited detail on surgical parameters (drilling sequence, irrigation/thermal control, insertion torque), augmentation materials, and prosthetic loading, which restricts reproducibility and mechanistic interpretation.
  Patient-reported outcomes and esthetic indices are inconsistently reported, despite being central to perceived success in immediate implant cases, especially in the anterior maxilla.
  Long-term biological risks unique to transdental placement, including delayed pathology around retained impacted teeth, are insufficiently characterized due to short follow-up in much of the literature.
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