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Introduction
The use of machine learning algorithms to identify …
However, the rapid growth of publications in this field has generated a heterogeneous body of literature, …
These advances have demonstrated the potential of deep learning in the automatic interpretation of clinical images, which has subsequently driven its application in other medical fields, such as dental imaging and dental implant recognition. 
Authors [1, 7, 9] indicate that models based on CNNs ….
State-of the-Art
Machine Learning
Machine Learning (ML) can be defined as the discipline that systematically studies algorithms and mathematical models that enable computational systems to learn to perform specific tasks based on patterns present in data, without requiring explicit programming [67]. In this context, it has been noted that identification and classification systems based on machine learning have considerable potential to improve clinical practice [84].
Search of relevant literature, structured search equations were defined using Boolean operators and specific keywords. These equations enabled the precise identification of the most relevant studies on the research topic across various scientific databases. The search equations used in each source are presented in Table 1.
Methodology and Results
[bookmark: _Hlk89462042]In order to ensure the relevance, quality, and thematic coherence of the studies considered in this research, exclusion criteria were defined to discard those papers that did not align with the objectives of the analysis. These criteria contribute to ensuring a rigorous selection of the literature, consistent with the methodological parameters established for the systematic review:
· EC1: Books, book chapters, theses, systematic reviews, bibliometric reviews, and conference papers were excluded.
· EC2: Papers older than six years were excluded.
· EC3: Papers not written in English were excluded.
· EC4: Studies without full-text availability were excluded.
· EC5: Papers not related to the subareas of the study were excluded.
· EC6: Papers with non-relevant keywords were excluded.
· EC7: Duplicate papers were excluded.
After applying the exclusion criteria to the identified studies, the result shown in Figure 2 was obtained, which presents the PRISMA diagram and the different stages of the filtering process used to determine the final papers included in the review.
Table 1. Impact of publications by quartile
	Quartile
	N° Papers
	N° Citations
	Citations per Paper
	H-index

	Q1
	45
	501
	11
	7894

	Q2
	17
	335
	20
	1388

	NQ
	1
	14
	14
	0

	Q3
	1
	1
	1
	25

	Q4
	1
	0
	0
	1

	Total
	65
	851
	13
	9308


Conclusions and Future Research
In light of the findings obtained, it can be concluded that the field of Machine Learning applied to Dental Implant Recognition has reached a significant level of technical sophistication, yet has not achieved full methodological and conceptual maturity. 
First, and in line with RQ1, the predominance of approaches such as Transfer Learning, supervised learning, and hyperparameter optimization confirms that current research is structured around highly efficient architectures for visual tasks, although still dependent on optimization schemes aimed at mitigating the limited availability of large and diverse clinical datasets. In other words, the development of the field has been driven more by the technical adaptability of pre-trained models than by the existence of homogeneous methodological standards, which partly explains the persistence of heterogeneity across studies. 
Second, in accordance with RQ3, the organization of scientific production into relatively closed bibliometric communities suggests that knowledge generation follows a logic of local specialization rather than robust international integration. While this configuration may foster thematic depth within each cluster, it simultaneously limits the transversal circulation of methods, validation criteria, and shared comparative frameworks. From a critical perspective, this implies that the advancement of the field depends not only on algorithmic performance but also on the ability to articulate more interconnected collaborative ecosystems.
Third, in line with RQ4, the concentration of definitions around detection, classification, and surgical planning reveals that Machine Learning has been primarily understood under a functional and instrumental logic, focused on solving immediate diagnostic problems within digital implantology. Although this orientation has been effective in producing applicable evidence, it has also constrained the development of a broader conceptual framework that integrates the role of AI in the evolution of implantological practice. 
Complementarily, RQ5 showed that, although a clearly identifiable specialized core exists, most thematic lines still exhibit low density and only moderate centrality, indicating that the domain remains in a process of consolidation. From a theoretical standpoint, this suggests that the field is in a transitional phase between demonstrating technological feasibility and structuring a more stable and articulated scientific agenda. Moreover, the results support the argument that the high accuracy reported by many studies should not be interpreted in isolation as a proxy for clinical maturity, as persistent challenges remain regarding external validation, metric comparability, image diversity, and dataset representativeness.
Consequently, the contribution of this review lies not only in synthesizing performance outcomes or frequency distributions, but also in demonstrating that the technical strength of the field coexists with methodological, conceptual, and collaborative fragilities. From this perspective, the present review distinguishes itself by offering an integrative analysis that connects bibliometric results, conceptual definitions, methodological approaches, and thematic structure, thereby moving beyond a perspective exclusively focused on diagnostic accuracy. Overall, the findings indicate that Machine Learning in dental implant recognition constitutes a promising and expanding domain; however, its consolidation as a real clinical support tool will depend on simultaneous progress in methodological standardization, conceptual integration, multicenter validation, and more open scientific collaboration. This interpretation is consistent with current challenges in AI-driven dentistry, where the lack of standardized benchmarks, limited validation in real-world settings, and the need for greater explainability remain substantial barriers to sustained clinical translation.
Future research should prioritize the development of multicenter, diverse, and standardized datasets, as well as homogeneous external validation protocols that enable more rigorous model comparison and improved clinical generalizability. 
Additionally, it will be essential to advance toward approaches with greater explainability, transparency, and integration into real clinical workflows, evaluating not only accuracy but also practical utility, professional acceptance, and regulatory compatibility. 
Finally, collaborative studies should be promoted, including federated approaches where appropriate, to connect currently fragmented scientific communities and facilitate the evolution of the field from technically promising prototypes toward clinically robust and sustainable tools.
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