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Abstract

Background/Objectives: The management of edentulism and severe alveolar bone loss in
older adults remains a significant challenge in implant dentistry. Given the potential biolog-
ical and therapeutic burden associated with extensive regenerative procedures, increasing
interest has been directed toward treatment strategies that utilize available anatomy and
reduce surgical complexity. This narrative review examined contemporary augmentation-
avoidance approaches for implant rehabilitation in geriatric patients. Methods: A struc-
tured narrative literature search was performed in PubMed/MEDLINE, Scopus, and Web
of Science, including studies published up to 30 May 2026. Clinical studies, systematic,
umbrella and narrative reviews, meta-analyses that evaluate augmentation-avoidance
approaches in implant dentistry were considered. The review examined evidence relevant
to older adults, including clinical, prosthetic, functional, and patient-centered outcomes.
Results: The available literature describes multiple strategies for managing reduced bone
availability, including short and ultra-short implants, narrow-diameter implants, tilted
implant concepts, pterygoid and trans-sinus implants, zygomatic implants, immediate load-
ing protocols, flapless and computer-guided surgery, and implant-retained overdentures.
These approaches have broadened the range of treatment options available for patients with
reduced bone availability and may reduce the need for extensive regenerative procedures
in selected clinical situations. In addition to implant and prosthetic outcomes, increasing
attention has been directed toward oral health-related quality of life, masticatory function,
treatment satisfaction, and maintenance requirements. However, evidence specifically
focused on geriatric populations remains limited. Conclusions: Contemporary implant
dentistry offers several alternatives to extensive bone regeneration in carefully selected
geriatric patients, although current evidence is largely extrapolated from mixed adult
populations. Treatment planning should integrate anatomical conditions with systemic
health, functional status, frailty-related factors, and long-term maintenance considerations.
Further geriatric-focused research is needed to support patient-centered decision-making
and optimize long-term rehabilitation outcomes in aging populations.
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1. Introduction
Population aging represents one of the most significant demographic transformations

of the twenty-first century and is expected to profoundly influence healthcare systems
worldwide in the coming decades [1]. Advances in medical care, public health initia-
tives, and socioeconomic development have contributed to a substantial increase in life
expectancy, resulting in a rapidly expanding population of older adults [2]. As longevity
continues to rise, preserving functional independence, well-being, and quality of life has
become a primary objective of modern healthcare [3]. Within this context, oral health is
increasingly recognized as an essential component of healthy aging, extending far beyond
the traditional concept of maintaining teeth and oral tissues. Recent research has further
emphasized the importance of preventive and restorative strategies specifically tailored
to older adults, highlighting the growing interest in age-oriented approaches aimed at
preserving oral health and function throughout the aging process [4,5].

The ability to chew efficiently, communicate effectively, and engage confidently in
social interactions contributes substantially to overall health and well-being. Oral function
plays a critical role in nutritional status, psychological health, and social participation,
all of which are particularly relevant in later life [2]. Despite considerable improvements
in preventive dentistry and restorative care, partial and complete edentulism remain
highly prevalent among older adults worldwide [6]. Tooth loss continues to be associated
with periodontal disease, extensive restorative histories, chronic systemic conditions, and
disparities in access to dental care [7]. The consequences of edentulism frequently extend
beyond the oral cavity, affecting masticatory performance, dietary choices, phonetics, facial
esthetics, self-esteem, and oral health-related quality of life [8]. As a result, the demand
for effective and durable oral rehabilitation strategies among older individuals continues
to increase.

The development of implant dentistry has dramatically transformed the rehabilitation
of edentulous and partially edentulous patients [9]. Implant-supported prostheses have
become a predictable and widely accepted treatment option capable of restoring function,
improving prosthetic stability, and enhancing patient satisfaction across a broad spec-
trum of clinical situations [10]. Long-term clinical evidence has demonstrated favorable
outcomes and high implant survival rates even among elderly individuals, supporting
the concept that chronological age alone should not be regarded as a contraindication
to implant therapy [11]. Consequently, increasing numbers of older adults seek implant-
supported rehabilitation as a means of improving comfort, oral function, and quality of life.
Nevertheless, implant rehabilitation in geriatric patients presents unique challenges that
extend beyond the replacement of missing teeth. Aging is frequently accompanied by com-
plex biological, medical, functional, and psychosocial changes that may directly influence
treatment planning and clinical decision-making [12]. The prevalence of chronic conditions
such as cardiovascular disease, diabetes mellitus, osteoporosis, and neurodegenerative
disorders increases substantially with age, often resulting in more complex clinical scenar-
ios [13,14]. In addition, polypharmacy, functional limitations, cognitive impairment, and
varying degrees of dependency may further complicate treatment delivery and long-term
maintenance [15]. Although chronological age is frequently used to define older popu-
lations, treatment planning in implant dentistry is increasingly influenced by biological
and functional age rather than age alone. Older adults represent a highly heterogeneous
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population in whom frailty, multimorbidity, polypharmacy, cognitive status, functional
independence, and self-care capacity may have a greater impact on treatment complexity
and long-term outcomes than chronological age itself [16].

Beyond chronological age, frailty has emerged as one of the most relevant determinants
of health outcomes in older adults. Frailty is generally characterized by a reduction in
physiological reserve and an increased vulnerability to external stressors, resulting in a
diminished capacity to maintain homeostasis when exposed to illness, surgery, or other
challenging conditions [16]. From a clinical perspective, frailty may significantly influence
treatment tolerance, postoperative recovery, maintenance capability, and the overall risk-
benefit profile of complex implant interventions. Consequently, treatment planning in
elderly patients requires a broader perspective that extends beyond conventional surgical
and prosthetic considerations and incorporates an individualized evaluation of the patient’s
overall health status, functional capacity, and personal expectations [17].

Anatomical limitations frequently represent an additional challenge in geriatric im-
plant rehabilitation. Long-standing edentulism is commonly associated with progressive
alveolar bone resorption, often resulting in reduced bone volume and unfavorable anatom-
ical conditions for conventional implant placement [18]. Historically, severe ridge atrophy
has been managed through a variety of bone augmentation procedures aimed at reconstruct-
ing deficient alveolar structures before implant insertion [19]. Guided bone regeneration,
sinus floor elevation, block grafting, and vertical ridge augmentation have expanded the
indications for implant therapy and remain valuable treatment options in contemporary
implant dentistry [20]. Long-term clinical evidence has demonstrated the predictability of
guided bone regeneration procedures in the management of atrophic ridges [21]. How-
ever, these procedures are often associated with increased surgical complexity, prolonged
treatment times, higher financial costs, greater patient discomfort, and a higher incidence
of biological and technical complications [22]. While such approaches may provide pre-
dictable outcomes in appropriately selected patients, their application in elderly individuals
requires careful consideration of whether the anticipated benefits justify the additional
surgical burden. Nevertheless, favorable outcomes have also been reported for selected
regenerative approaches combined with immediate full-arch rehabilitation protocols [23].

Over the past decade, implant dentistry has progressively evolved toward treatment
philosophies that prioritize simplification, reduced invasiveness, and the preservation of
existing anatomical resources whenever possible [24]. Rather than focusing exclusively on
reconstructing lost tissues, contemporary clinicians increasingly seek therapeutic strategies
capable of maximizing the use of available native bone while minimizing treatment mor-
bidity [25]. This evolution has been facilitated by substantial advances in implant design,
implant surface technology, digital planning, computer-guided surgery, and prosthetic pro-
tocols [26]. Therefore, a growing number of treatment options are now available for patients
presenting with reduced bone volume, frequently allowing clinicians to avoid extensive
bone augmentation procedures without compromising functional outcomes. Although
augmentation-avoidance strategies often reduce the need for reconstructive procedures,
they should not be considered inherently minimally invasive. While some approaches
genuinely reduce overall surgical burden and postoperative morbidity, others achieve
augmentation avoidance through technically demanding procedures that preserve native
anatomy without necessarily reducing procedural complexity [17]. Accordingly, augmen-
tation avoidance should be regarded as the overarching treatment philosophy, whereas
minimally invasive surgery represents one possible means of achieving this objective in
appropriately selected clinical situations [20].

Among the recent developments in implant design, convergent (hyperbolic) transmucosal-
neck implants have attracted increasing attention as a minimally invasive alternative aimed at
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preserving peri-implant hard and soft tissue stability. By positioning the implant–abutment
transition above the crestal bone and promoting favorable soft tissue adaptation, this design
may reduce biological stress at the transmucosal interface while allowing simplified surgical
and prosthetic protocols in appropriately selected cases. Medium- and long-term clinical
studies, together with a recent systematic review, have reported favorable outcomes in terms
of marginal bone stability, peri-implant soft tissue health, and implant survival [27].

Short and ultra-short implants, narrow-diameter implants, tilted implant configura-
tions, pterygoid and zygomatic implants, immediate loading protocols, flapless surgical
approaches, and computer-guided implant placement represent some of the most relevant
contemporary augmentation-avoidance strategies in implant dentistry. Although these
approaches share the objective of reducing the need for extensive bone augmentation, they
differ substantially in terms of surgical invasiveness, technical complexity, and clinical
indications [28]. Importantly, minimally invasive rehabilitation in geriatric patients should
not be interpreted solely as the pursuit of fixed implant-supported restorations. Implant-
retained overdentures continue to represent an important therapeutic option for many
elderly and frail individuals, providing substantial improvements in retention, function,
comfort, and quality of life while often requiring less extensive surgical intervention than
fixed full-arch rehabilitations [29]. Consequently, minimally invasive implant rehabilita-
tion encompasses a broad spectrum of treatment modalities that can be tailored to the
anatomical, medical, functional, and psychosocial characteristics of individual patients.

This evolving philosophy reflects a broader transformation in the objectives of implant
therapy [11]. In elderly patients, treatment success should not be assessed exclusively
according to implant survival rates or radiographic outcomes [30]. Equally important
are patient-centered considerations such as postoperative morbidity, treatment burden,
recovery time, maintenance requirements, functional independence, quality of life, and the
individual’s perception of treatment benefit [31]. Contemporary geriatric implant dentistry
therefore requires a personalized and patient-centered approach that integrates anatomical,
medical, functional, and psychosocial factors into shared clinical decision-making.

Despite the growing interest in minimally invasive implant therapy, the available liter-
ature remains largely fragmented, with most studies and reviews focusing on individual
treatment modalities rather than on the broader clinical objective of reducing or avoiding
extensive bone augmentation procedures in older adults [32]. Reviews addressing short
implants, immediate loading, implant-retained overdentures, tilted implants, or alternative
implant placement strategies are available; however, these approaches are frequently dis-
cussed separately and within different clinical contexts [33,34]. Furthermore, clinicians are
often required to choose among multiple augmentation-avoidance strategies according to
patient-specific anatomical, medical, and functional factors, yet practical guidance integrat-
ing these therapeutic options within a comprehensive geriatric framework remains limited.
To the best of the authors’ knowledge, no comprehensive narrative review has specifically
examined the full spectrum of contemporary augmentation-avoidance strategies within
the context of geriatric implant rehabilitation.

Therefore, the aim of this comprehensive narrative review is to critically analyze con-
temporary minimally invasive implant rehabilitation strategies for patients with geriatric
characteristics, with particular emphasis on treatment approaches designed to reduce or
avoid extensive bone augmentation procedures. Special attention will be given to the
biological rationale, clinical indications, advantages, limitations, and patient-centered
outcomes associated with these strategies, with the objective of providing a clinically rele-
vant framework for treatment planning and decision-making in contemporary geriatric
implant dentistry.
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2. Materials and Methods
2.1. Literature Search Strategy

This comprehensive narrative review was undertaken to provide a clinically oriented
and critical synthesis of the contemporary literature concerning minimally invasive im-
plant rehabilitation strategies for geriatric patients, with particular emphasis on treatment
approaches aimed at reducing or avoiding extensive bone augmentation procedures. Given
the diversity of available evidence, including differences in study designs, patient popula-
tions, surgical protocols, prosthetic concepts, and outcome measures, a narrative review
framework was considered the most appropriate methodological approach to explore both
clinical and conceptual aspects of this topic.

To define the scope of the review, the research question was framed using an adapted
PICO structure. The population of interest comprised older adults requiring implant-
supported rehabilitation, together with broader adult cohorts reporting findings relevant
to older individuals. The interventions included contemporary implant and prosthetic
approaches intended to reduce or avoid extensive bone augmentation procedures. Where
comparative evidence was available, conventional implant placement associated with bone
augmentation, sinus floor elevation, or ridge reconstruction represented the comparator.
The outcomes considered included implant and prosthetic survival, marginal bone level
changes, biological, surgical, technical, and prosthetic complications, treatment duration,
postoperative morbidity, maintenance requirements, oral function, treatment satisfaction,
and oral health-related quality of life. Given the heterogeneity of the available evidence and
the inclusion of non-comparative studies, this framework was used to clarify the review
question rather than as a restrictive eligibility model.

A structured literature search was conducted in PubMed/MEDLINE, Scopus, and Web
of Science from database inception to 30 May 2026. The final search update was performed
on the same date, and only publications written in English were considered. The objective
of the search was not to identify all available evidence according to systematic review
methodology, but rather to obtain a comprehensive and clinically meaningful overview
of the literature relevant to contemporary minimally invasive implant rehabilitation in
older adults.

The search strategy combined Medical Subject Headings (MeSH) and free-text terms
related to geriatric implant dentistry, implant rehabilitation, minimally invasive treatment
concepts, and bone augmentation avoidance. Search terms were combined using the
Boolean operators AND and OR. Truncation and database-specific syntax were applied
whenever appropriate. The search strategy was adapted to the indexing systems of each
database while preserving the same conceptual domains. The principal search terms in-
cluded combinations of keywords such as “elderly patients”, “older adults”, “geriatric
patients”, “geriatric dentistry”, “dental implants”, “implant rehabilitation”, “short im-
plants”, “ultra-short implants”, “narrow-diameter implants”, “tilted implants”, “All-on-4”,
“immediate loading”, “pterygoid implants”, “zygomatic implants”, “trans-sinus implants”,
“implant-retained overdentures”, “flapless surgery”, “computer-guided surgery”, “bone
augmentation”, “guided bone regeneration”, “convergent-neck implants”, “hyperbolic-
neck implants”, “patient-reported outcomes”, “sinus floor elevation”, and “edentulism”.

To improve the comprehensiveness of the review and minimize the possibility of
overlooking relevant publications, manual screening of the reference lists of selected articles
was performed. Additional hand-searching was conducted in leading journals focusing on
implant dentistry, oral surgery, prosthodontics, oral rehabilitation, and geriatric dentistry.
Particular attention was given to seminal publications, consensus statements, systematic
reviews, meta-analyses, and clinically relevant studies addressing treatment outcomes in
elderly and medically compromised populations.
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The search strategy was adapted according to the indexing characteristics of each
database. A representative search string used for PubMed/MEDLINE is reported below:
(“elderly” OR “older adults” OR “geriatric patients”) AND (“dental implants” OR “implant
rehabilitation”) AND (“short implants” OR “ultra-short implants” OR “narrow implants”
OR “tilted implants” OR “All-on-4” OR “pterygoid implants” OR “zygomatic implants”
OR “implant overdentures” OR “immediate loading” OR “guided surgery” OR “flapless
surgery”) AND (“bone augmentation” OR “guided bone regeneration” OR “sinus floor
elevation” OR “sinus lift”).

Minor adaptations of the search strategy were applied for Scopus and Web of Science
according to database-specific indexing systems according to the specific indexing systems
and search functionalities of each database.

2.2. Literature Selection and Eligibility Considerations

The literature included in this review was selected according to its relevance to the
objectives of the study, methodological quality, clinical applicability, and contribution to the
understanding of minimally invasive implant rehabilitation strategies in geriatric patients.
Given the narrative nature of the review, a broad range of evidence sources was considered
appropriate to provide a comprehensive and clinically meaningful overview of the topic.

Eligible publications included randomized clinical trials, prospective and retrospective
clinical studies, cohort studies, case–control studies, systematic reviews, meta-analyses, con-
sensus reports, clinical guidelines, and narrative reviews addressing implant rehabilitation
approaches that may reduce or avoid extensive bone augmentation procedures. Studies
investigating short and ultra-short implants, narrow-diameter implants, tilted implant
concepts, pterygoid implants, zygomatic implants, trans-sinus approaches, immediate
loading protocols, flapless and computer-guided surgery, implant-retained overdentures,
and patient-centered outcomes in elderly populations were considered particularly rele-
vant. Titles and abstracts retrieved through the database searches were screened for their
relevance to the objectives of the review. Publications considered potentially eligible subse-
quently underwent full-text evaluation. The reference lists of the included articles, relevant
systematic reviews, and consensus statements were also examined to identify additional
publications not retrieved through the electronic database search. Duplicate records were
removed prior to the screening process. The literature selection process was performed
collaboratively by the authors. Potentially relevant publications were discussed jointly
until agreement was reached regarding their inclusion in the narrative synthesis.

Publications were not selected according to predefined quantitative criteria but rather
on the basis of their capacity to contribute to a broader understanding of contemporary
augmentation-avoidance strategies in geriatric implant dentistry. Preference was given
to studies presenting clinically relevant findings, long-term outcomes, patient-centered
measures, and evidence that could support treatment planning and clinical decision-making
in older adults.

Studies focusing exclusively on laboratory investigations without direct clinical im-
plications, animal studies, isolated technical reports with limited clinical applicability, or
topics unrelated to implant rehabilitation in elderly patients were not considered central to
the objectives of this review and were therefore excluded from the narrative synthesis.

The overall workflow adopted for literature identification, screening, and study selec-
tion is illustrated in Figure 1.
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Figure 1. Workflow illustrating the literature identification, screening, selection, and inclusion process
adopted for the present narrative review.

2.3. Data Extraction

Information from the selected publications was extracted using a structured data
collection approach developed for the purposes of this narrative review. The information
recorded included study design, study objectives, patient population, age characteristics,
anatomical condition, implant or rehabilitation strategy, loading and prosthetic protocol,
follow-up duration, implant and prosthetic survival, marginal bone level changes, bio-
logical, surgical, technical, and prosthetic complications, maintenance requirements, and
patient-reported or functional outcomes whenever available. Attention was given to vari-
ables specifically relevant to geriatric patients, including frailty, multimorbidity, medication
burden, functional dependence, oral hygiene capability, caregiver involvement, and overall
treatment burden.

Because this review incorporated a broad spectrum of evidence, including primary
clinical studies, systematic reviews, meta-analyses, consensus statements, and narrative
publications, not all variables were consistently reported across the available literature.
Consequently, the extracted information varied according to the design and objectives
of each study, and only the variables relevant to the aims of the present review were
considered during data collection.

2.4. Evidence Synthesis

Given the substantial heterogeneity of the available literature with respect to study
design, patient populations, surgical protocols, implant systems, prosthetic approaches,
follow-up duration, and reported outcome measures, a quantitative synthesis was not
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considered appropriate. Accordingly, the extracted evidence was analyzed qualitatively
using a thematic and clinically oriented approach.

The synthesis was organized according to the principal contemporary augmentation-
avoidance approaches identified during the literature review, including short and ultra-
short implants, narrow-diameter implants, convergent-neck implant designs, tilted implant
concepts and full-arch rehabilitation, pterygoid, trans-sinus, and zygomatic implants, im-
mediate loading protocols, flapless and computer-guided surgery, and implant-retained
overdentures. Within each thematic section, the available evidence was interpreted in
relation to the biological rationale, clinical indications, reported outcomes, potential com-
plications, and considerations specifically relevant to older adults. This thematic orga-
nization provided a structured overview of the available evidence across the principal
augmentation-avoidance rehabilitation strategies, facilitating comparison of their clinical
indications, reported outcomes, and relevance for geriatric patients.

The objective of the synthesis was not to identify a single preferred treatment strat-
egy but rather to recognize recurring patterns, areas of consensus, current controversies,
and knowledge gaps that may support clinical decision-making in geriatric implant re-
habilitation. Attention was given to factors influencing treatment selection, preservation
of native bone, surgical invasiveness, long-term maintenance, functional rehabilitation,
patient satisfaction, oral health-related quality of life, and overall treatment burden.

Owing the narrative nature of the review and the diversity of the available evidence, no
formal risk-of-bias assessment was performed. Nevertheless, the methodological quality,
clinical relevance, consistency of findings, and applicability of the available evidence
to contemporary geriatric implant dentistry were critically considered throughout the
synthesis and interpretation of the literature.

3. Results
The literature search identified a broad range of surgical and prosthetic strategies

aimed at reducing treatment invasiveness and minimizing the need for extensive bone
augmentation procedures in geriatric patients [35]. The available evidence highlights the
influence of anatomical, systemic, and patient-related factors on treatment selection and
rehabilitation outcomes. The principal findings are presented according to the clinical
challenges reported in elderly populations and the contemporary augmentation-avoidance
strategies described in the literature.

3.1. Clinical Challenges Driving Minimally Invasive Implant Rehabilitation in Geriatric Patients

The available literature indicates that implant rehabilitation in geriatric patients is
frequently influenced by a combination of anatomical, biological, systemic, functional, and
patient-related factors [35]. These characteristics are commonly described in studies involv-
ing elderly populations and are often considered when evaluating treatment feasibility,
rehabilitation complexity, and long-term maintenance requirements (Table 1).

One of the most frequently reported findings in older adults seeking implant-
supported rehabilitation is alveolar ridge atrophy [36]. Following tooth loss, progressive
bone resorption may result in substantial reductions in ridge width and height, particularly
in individuals with prolonged periods of edentulism [37]. Numerous investigations have
described varying degrees of horizontal and vertical bone loss in both the maxilla and
mandible, with advanced atrophy representing a common feature among patients referred
for implant treatment [38,39]. The posterior maxilla and posterior mandible are consis-
tently identified as anatomical regions where reduced bone availability may complicate
conventional implant placement [40].
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Table 1. Principal anatomical, biological, systemic, functional, and patient-related factors reported in
geriatric patients undergoing implant rehabilitation.

Domain Factor Characteristics Commonly
Reported in the Literature

Anatomical Alveolar ridge atrophy Reduced bone volume following
long-term edentulism

Biological Age-related bone changes Alterations in bone remodeling
and vascularization

Systemic Cardiovascular diseases Frequently reported chronic
medical condition

Systemic Diabetes
mellitus

Common comorbidity in
elderly populations

Systemic Osteoporosis Frequently reported condition
affecting bone metabolism

Pharmacological Polypharmacy Concurrent use of
multiple medications

Functional Reduced manual dexterity Difficulty performing
oral hygiene procedures

Functional Visual
impairment

Reduced ability to perform
self-care procedures

Cognitive Cognitive
decline

Variable impairment of
cognitive functions

Frailty-related Frailty Reduced physiological reserve and
increased vulnerability to stressors

Patient-centered OHRQoL and treatment
satisfaction

Frequently assessed
patient-reported outcomes

In addition to anatomical changes associated with edentulism, age-related modifica-
tions in bone physiology have been documented. Although significant variability exists
among individuals, studies have reported changes in bone remodeling activity, vasculariza-
tion, and regenerative potential that may contribute to differences in bone quantity and
quality observed in elderly populations [41]. These biological characteristics are frequently
described in investigations evaluating implant treatment in older adults and constitute an
important component of the overall clinical picture [30].

Systemic health conditions are likewise well represented in the literature. Epidemio-
logical studies indicate that multimorbidity becomes increasingly prevalent with advancing
age, and elderly patients seeking implant rehabilitation frequently present with one or
more chronic medical conditions [42]. Cardiovascular diseases, diabetes mellitus, osteo-
porosis, and neurodegenerative disorders are among the most reported systemic conditions
in studies involving implant-supported rehabilitation [43]. In parallel, polypharmacy is
frequently encountered in geriatric populations and is regularly described as a relevant
characteristic during patient assessment and treatment planning [44].

Over the last decade, increasing attention has been directed toward the concept
of frailty. Several investigations have identified frailty as a relevant parameter when
evaluating older adults undergoing dental and implant-related interventions [16,45]. Frailty
is generally characterized by reduced physiological reserve and increased vulnerability to
adverse health outcomes and has become progressively incorporated into contemporary
geriatric assessment models [46]. Consequently, frailty is increasingly reported alongside
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traditional demographic and medical variables in studies involving implant rehabilitation
in elderly individuals.

Functional and cognitive characteristics constitute another recurrent topic within the
available literature. Reduced manual dexterity, visual impairment, cognitive decline, and
varying degrees of dependency are commonly described among older adults receiving
implant-supported rehabilitation [34]. These variables are frequently included in studies
assessing treatment outcomes and long-term maintenance, reflecting their relevance within
geriatric populations [17,47]. Maintenance-related factors have also received increasing
attention in recent years. Several investigations have evaluated the influence of oral
hygiene capability, attendance at supportive care programs, and long-term compliance on
the maintenance of implant-supported rehabilitation [48]. The ability to perform daily oral
hygiene procedures and participate in regular follow-up programs is frequently reported
when assessing outcomes in elderly populations, particularly among individuals presenting
with functional or cognitive limitations [49].

In addition to conventional clinical parameters, contemporary studies increasingly
incorporate patient-reported outcome measures into the evaluation of implant rehabilita-
tion. Oral health-related quality of life, masticatory performance, treatment satisfaction,
perceived treatment burden, and functional independence are among the outcomes most
frequently investigated [50]. These measures are now commonly included alongside tradi-
tional indicators such as implant survival and prosthetic success [51].

The principal anatomical, biological, systemic, functional, and patient-related factors
reported in the literature are summarized in Table 1 and schematically represented in
Figure 2.

Figure 2. Overview of the principal factors influencing implant rehabilitation planning in older adults.
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3.2. Short and Ultra-Short Implants

Short implants have been extensively investigated over the last two decades as a
treatment option for rehabilitating edentulous areas characterized by limited vertical bone
availability [52]. Although the definition of a short implant has evolved over time, early
studies commonly considered implants measuring 10 mm or less as short implants. More
recent classifications generally define short implants as implants with an intrabony length
of 8 mm or less, whereas ultra-short or extra-short implants are typically described as
implants measuring 6 mm or less in length [53].

Current evidence derives from a broad spectrum of clinical investigations, including
randomized trials, observational studies, and evidence syntheses, evaluating different im-
plant systems, loading protocols, and prosthetic configurations. Most studies have focused
on partially or completely edentulous patients with reduced vertical bone height, particu-
larly in the posterior maxilla and posterior mandible [54,55]. Most clinical investigations
have evaluated short implants in anatomically challenging posterior regions where limited
vertical bone availability restricts the placement of standard-length implants. The most
frequently investigated indications include the posterior maxilla with reduced residual
bone height beneath the maxillary sinus and the posterior mandible affected by alveolar
resorption and proximity to the inferior alveolar nerve [56–59].

Implant survival, implant success, and marginal bone stability represent the principal
outcomes reported across the available literature, together with biological and prosthetic
complications evaluated over short-, medium-, and long-term follow-up periods [60–63].
Comparative investigations represent another important component of the available evi-
dence. In the posterior maxilla, short implants have frequently been compared with longer
implants placed in conjunction with sinus floor elevation procedures [64]. In the poste-
rior mandible, studies have commonly evaluated short implants against longer implants
inserted after vertical ridge augmentation procedures [65]. These investigations have
generally reported outcomes including implant survival, implant success, marginal bone
level changes, biological complications, prosthetic complications, treatment duration, and
patient-reported measures.

Interest in ultra-short implants has increased considerably in recent years. Clinical
investigations have evaluated implants measuring ≤6 mm, including 5-, 4-, and, less
frequently, 3 mm designs, in both fixed and removable rehabilitations ranging from single
crowns to full-arch prostheses and implant-retained overdentures [66–69]. As with short
implants, the literature primarily reports implant survival, marginal bone stability, and
biological and prosthetic complications, while also examining factors such as crown-to-
implant ratio, prosthetic design, splinting protocols, implant location, loading conditions,
and medium- to long-term clinical outcomes [70,71].

Patient-centered outcomes have received increasing attention in studies evaluating
both short and ultra-short implants. Oral health-related quality of life, treatment satis-
faction, masticatory performance, and perceived treatment burden are among the most
frequently reported patient-centered outcomes [72]. However, these measures remain less
consistently reported than traditional clinical and radiographic parameters.

Evidence specifically focused on geriatric patients remains limited, as most studies in-
clude mixed adult cohorts rather than populations specifically designed to investigate older
adults or frail individuals [30]. Consequently, current knowledge is largely extrapolated
from heterogeneous adult populations, although older adults are frequently represented
within prospective and retrospective clinical studies evaluating short and ultra-short im-
plant rehabilitation.
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3.3. Narrow-Diameter Implants

Narrow-diameter implants (NDIs) have been extensively investigated as a treatment
option in clinical situations characterized by limited horizontal bone availability or reduced
mesiodistal space [73]. Although different classifications have been proposed, NDIs are
generally defined as implants with diameters smaller than conventional implant dimen-
sions [74]. One of the most frequently cited classifications distinguishes Category 1 implants
(<3.0 mm), Category 2 implants (3.0–3.25 mm), and Category 3 implants (3.3–3.5 mm).
Some classifications additionally include mini-implants, which are generally described as
implants with diameters below 3.0 mm [75].

Current evidence on NDIs derives from a broad spectrum of clinical investigations
and evidence syntheses evaluating different implant systems, loading protocols, and pros-
thetic configurations in both partially and completely edentulous patients. These studies
encompass anterior and posterior regions of the maxilla and mandible and include both
fixed and removable implant-supported rehabilitations. Most clinical investigations have
focused on anatomically narrow alveolar ridges or reduced mesiodistal spaces that limit
the placement of conventional-diameter implants [76,77]. Frequently reported indications
include replacement of maxillary lateral incisors, mandibular incisors, and other teeth
located in areas with limited prosthetic space, although NDIs have also been investigated
in posterior regions with reduced ridge width [78,79].

The evidence base includes studies evaluating NDIs supporting single crowns, fixed
partial prostheses, full-arch rehabilitations, and removable prosthetic restorations. A
considerable number of investigations have focused on mandibular overdenture treatment
concepts, where narrow-diameter implants have been evaluated under different loading
protocols and follow-up durations [80]. Both splinted and unsplinted treatment approaches
have been described, and studies have assessed a variety of attachment systems and
prosthetic designs [81].

Implant survival, implant success, and marginal bone stability represent the principal
outcomes reported for NDIs across short-, medium-, and long-term follow-up periods in
both fixed and removable rehabilitations [82,83]. Biological and prosthetic complications
have been extensively investigated in both fixed restorations and implant-retained over-
dentures [84,85]. Attention has also been devoted to the mechanical performance of NDIs,
with studies evaluating implant and abutment fracture, prosthetic screw loosening, compo-
nent failure, and other technical complications in relation to implant diameter, prosthetic
design, implant location, loading conditions, and follow-up duration [86]. Comparative
studies have evaluated NDIs against conventional-diameter implants while also investigat-
ing the influence of implant diameter, splinting protocols, prosthetic configuration, and
loading conditions on clinical outcomes. Reported endpoints include implant survival,
marginal bone stability, biological, prosthetic, and mechanical complications, together with
patient-reported outcomes [83,87–89].

Patient-reported outcome measures have been increasingly incorporated into studies
evaluating NDIs. Oral health-related quality of life, treatment satisfaction, prosthesis
stability, masticatory function, and patient perception of treatment have been assessed
in several clinical investigations [90]. However, as observed for other implant treatment
modalities, patient-reported outcomes remain less consistently reported than traditional
clinical and radiographic parameters.

3.4. Tilted Implants and Full-Arch Concepts

Tilted implants and full-arch rehabilitation concepts have been extensively investi-
gated for the rehabilitation of edentulous patients. Current evidence derives from a broad
spectrum of clinical investigations and evidence syntheses evaluating different combina-
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tions of axial and tilted implants placed in the maxilla and mandible across various clinical
settings and follow-up periods [91–94].

Several full-arch configurations have been described in the literature. The most
frequently reported treatment concepts include All-on-4, All-on-6, and other full-arch pro-
tocols employing combinations of axial and tilted implants [95–97]. Clinical investigations
have evaluated treatment approaches involving anterior axial implants combined with pos-
terior tilted implants, as well as configurations incorporating a greater number of implants
distributed throughout the arch [98]. These concepts have been described for both maxillary
and mandibular rehabilitations across different degrees of alveolar ridge resorption [91,92].
Figure 3 schematically illustrates the most reported full-arch rehabilitation concepts. As dis-
cussed above, these configurations represent conceptual examples rather than standardized
treatment protocols, and implant number, distribution, angulation, and prosthetic design
should always be individualized according to anatomical and biomechanical requirements.

 
Figure 3. Schematic illustration of the most commonly described full-arch implant rehabilitation
concepts, including All-on-4, All-on-6, and other full-arch configurations employing combinations
of axial and tilted implants. The figure is intended for illustrative purposes only. Implant number,
distribution, angulation, cantilever extension, and prosthetic design should be individualized accord-
ing to patient-specific anatomical conditions, biomechanical requirements, and prosthetic treatment
planning and should not be interpreted as standardized or interchangeable treatment protocols.

Most published studies involve completely edentulous patients rehabilitated with
fixed implant-supported prostheses, evaluating different implant systems, surgical tech-
niques, prosthetic materials, and restorative designs. Both immediate provisionalization
protocols and definitive full-arch rehabilitations have been extensively investigated [99,100].

Implant survival, prosthetic survival, and marginal bone stability represent the prin-
cipal outcomes reported across short-, medium-, and long-term follow-up periods, with
several cohort studies demonstrating favorable outcomes beyond five years of obser-
vation [101–103]. Biological complications have also been extensively investigated and
include implant loss, peri-implant mucositis, peri-implantitis, and other biological events
occurring during follow-up [104]. Prosthetic complications have likewise been frequently
reported and encompass a broad spectrum of technical events affecting implant-supported
full-arch rehabilitations [105]. Framework complications, prosthetic fractures, veneer frac-
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tures, attachment-related complications, and prosthetic screw-related events are among the
outcomes commonly described in the literature [106].

Attention has been devoted to implant angulation, anterior–posterior spread, can-
tilever extension, implant distribution, and framework design because of their potential
influence on biomechanical behavior and long-term clinical performance [107,108]. Imme-
diate loading represents one of the most extensively investigated components of full-arch
rehabilitation [109]. Clinical studies have compared immediate, early, and conventional
loading protocols while evaluating clinical, prosthetic, radiographic, maintenance-related,
and patient-centered outcomes across different implant configurations [110]. Long-term
maintenance requirements, including prosthetic interventions, replacement of restorative
components, management of technical complications, supportive care, oral hygiene, and
peri-implant tissue health, have also received increasing attention [111,112].

Evidence specifically focused on geriatric patients remains limited. Nevertheless,
because complete edentulism is more prevalent among older adults, many full-arch rehabil-
itation studies include patients aged 65 years and older. Consequently, current knowledge
is largely derived from mixed adult cohorts in which clinical, prosthetic, maintenance-
related, and patient-centered outcomes in older adults have been reported, rather than
from studies specifically designed for frail geriatric populations.

3.5. Pterygoid and Trans-Sinus Implants

Pterygoid and trans-sinus implants have been investigated as augmentation-avoidance
strategies for rehabilitation of severely atrophic posterior maxillae with limited residual
bone availability [113,114]. Most published studies concerned edentulous or severely
resorbed maxillae requiring implant-supported rehabilitation without extensive sinus
augmentation procedures [115,116].

Pterygoid implants have been evaluated in patients presenting severe posterior maxil-
lary resorption, where implant anchorage is extended toward the pterygoid region through
the posterior maxilla [117]. Their use has been reported in both partially and completely
edentulous individuals, although a substantial proportion of the available evidence con-
cerns fixed full-arch rehabilitations [118,119]. The literature has assessed different implant
lengths, implant angulations, loading protocols, and prosthetic configurations. Pterygoid
implants are frequently described in conjunction with anterior axial implants and, in some
treatment concepts, with tilted posterior implants distributed throughout the arch [120].

Trans-sinus implants represent another treatment approach described in the litera-
ture for the rehabilitation of the atrophic posterior maxilla [121]. Their application has
been investigated in situations characterized by limited residual bone height beneath the
maxillary sinus and advanced alveolar ridge resorption [113]. Published reports have
described trans-sinus implants supporting fixed implant-supported prostheses in both
partially and completely edentulous patients [121]. Different implant trajectories, implant
designs, prosthetic configurations, and loading protocols have been documented across
the available literature. In many studies, trans-sinus implants have been incorporated
into treatment concepts involving axial and tilted implants within the same prosthetic
rehabilitation [122,123].

A substantial proportion of the available evidence concerns full-arch rehabilitation
concepts. Reports have described pterygoid and trans-sinus implants in completely eden-
tulous maxillae rehabilitated with fixed implant-supported prostheses [124]. Treatment
protocols have included various combinations of axial, tilted, pterygoid, and trans-sinus
implants distributed throughout the arch. Different framework designs, cantilever ex-
tensions, and prosthetic support configurations have also been reported within full-arch
rehabilitations [125].
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Implant survival, prosthetic survival, marginal bone stability, and biological com-
plications represent the principal outcomes reported across short-, medium-, and long-
term follow-up periods [115,126,127]. Frequently described biological events include
implant loss, peri-implant mucositis, and peri-implantitis. In addition to implant- and
prosthesis-related outcomes, several investigations have evaluated surgical complications,
postoperative events, and sinus-related morbidity, particularly for trans-sinus rehabilitation
protocols [115,128]. Evidence specifically focused on geriatric patients remains limited.
Although older adults are frequently represented in studies of rehabilitation of the atrophic
maxilla, current knowledge is largely derived from mixed adult populations rather than
dedicated geriatric cohorts.

3.6. Zygomatic Implants

Zygomatic implants have been extensively investigated in the rehabilitation of severely
and extremely atrophic maxillae characterized by advanced bone resorption and lim-
ited residual bone availability [129]. Most published reports concern individuals pre-
senting long-standing edentulism, advanced maxillary atrophy, severe posterior max-
illary bone loss, or previous treatment histories associated with extensive maxillary
resorption [130,131].

The literature describes a wide variety of rehabilitation concepts, including unilateral
and bilateral zygomatic implants, hybrid rehabilitations combining zygomatic implants
with conventional, tilted, or pterygoid implants, and quad zygoma protocols [132]. These
approaches have been evaluated within fixed full-arch rehabilitations using different im-
plant distributions, framework designs, restorative materials, and prosthetic protocols,
including both provisional and definitive restorations [130,133,134].

Immediate-function protocols are commonly reported within the available literature.
Numerous investigations have evaluated immediate loading following placement of zygo-
matic implants, while others have reported outcomes associated with early or conventional
loading approaches [135]. Reported outcome measures include implant survival, pros-
thetic survival, peri-implant tissue conditions, radiographic findings, and indicators of
long-term implant performance [136]. Follow-up periods vary considerably among studies
and include both short-term and long-term observations. Marginal bone level changes,
soft tissue health, and other clinical and radiographic parameters have been assessed at
different observation intervals [137].

Surgical outcomes constitute a major focus of the available literature and include
intraoperative events, postoperative complications, sinus-related morbidity, and soft tissue
complications associated with different surgical protocols [138]. Prosthetic maintenance
has also been widely investigated, with studies reporting framework fractures, prosthetic
screw-related events, component replacement, and other technical interventions required
during long-term follow-up [139]. Patient-reported outcome measures have received
increasing attention in studies evaluating zygomatic implant-supported rehabilitation [140].
Treatment satisfaction, oral health-related quality of life, masticatory function, speech-
related outcomes, comfort, and patient-perceived esthetic results are among the variables
most frequently assessed [140]. Evidence specifically focused on geriatric populations
remains limited. Nevertheless, many clinical studies involve patients presenting conditions
frequently associated with advanced age, including long-term edentulism, severe maxillary
atrophy, and extensive maxillary bone loss. Older adults are represented within numerous
cohorts evaluating zygomatic implant-supported rehabilitation, particularly in studies
involving fixed complete-arch prostheses. However, dedicated investigations specifically
designed to evaluate outcomes in geriatric populations remain relatively scarce.
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3.7. Immediate Loading Protocols

The timing of prosthetic loading represents one of the most extensively investigated
variables in implant dentistry [141]. Immediate loading, immediate restoration, and
immediate-function protocols have been evaluated across a broad spectrum of implant-
supported rehabilitations within contemporary implant rehabilitation. Clinical investiga-
tions have examined immediate loading in single-tooth restorations, partial rehabilitations,
complete-arch prostheses, and implant-retained overdentures [142]. These protocols have
been reported in both maxillary and mandibular arches and have been assessed across
different surgical and prosthetic treatment concepts. Immediate loading has also been
investigated in conjunction with a variety of implant configurations and rehabilitation
strategies described throughout the implant literature [143].

A recurrent focus of the available evidence concerns factors associated with implant
stability at the time of loading. Studies have reported insertion torque values, primary
stability measurements, resonance frequency analysis, and implant stability assessments as
variables frequently evaluated in relation to immediate-function protocols [144]. Different
methods for assessing implant stability have been described, and these parameters have
often been reported alongside clinical and radiographic outcomes during follow-up [145].
Comparative investigations commonly evaluate immediate loading in relation to early and
conventional loading protocols [146]. These studies have assessed treatment outcomes
across different observation periods and clinical settings, examining loading strategies in
relation to implant location, prosthetic design, implant distribution, and rehabilitation type.
Immediate restoration and immediate-function approaches have likewise been investigated
within a variety of prosthetic treatment protocols [147].

Patient-centered outcomes constitute an important component of the literature on
immediate loading protocols [148]. Frequently assessed variables include treatment sat-
isfaction, oral health-related quality of life, masticatory function, comfort, speech, and
patient-perceived treatment experience [149]. Immediate loading has been evaluated
in both fixed and removable rehabilitations, including implant-retained overdentures,
complete-arch prostheses, and partial restorations using different attachment systems,
restorative materials, framework designs, and prosthetic configurations [18,150].

Older adults are well represented in studies evaluating immediate loading protocols,
particularly those involving complete edentulism and full-arch implant rehabilitation.
Nevertheless, evidence specifically focused on geriatric patients remains limited, and
current knowledge is largely extrapolated from mixed adult cohorts rather than from
studies specifically designed for frail older individuals.

3.8. Flapless and Computer-Guided Surgery

Flapless and computer-guided surgical approaches have become increasingly estab-
lished in contemporary implant dentistry and have been evaluated across a broad spectrum
of rehabilitation protocols in partially and completely edentulous patients [151]. Current
evidence derives from clinical investigations and evidence syntheses assessing different
surgical workflows in single-tooth restorations, partial rehabilitations, complete-arch pros-
theses, and implant-retained overdentures [152,153].

Flapless implant surgery has been investigated in both maxillary and mandibular
arches using conventional and immediate implant placement, immediate-function pro-
tocols, and complete-arch rehabilitations [154,155]. Reported outcomes include clinical
and radiographic performance, peri-implant tissue health, surgical parameters, and dif-
ferent approaches to implant site preparation, soft tissue management, and prosthetic
rehabilitation [156,157].
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Computer-guided implant surgery has likewise been extensively investigated in rela-
tion to prosthetically driven treatment planning and implant placement [158]. Both static
guided surgery and dynamic navigation systems have been evaluated in a wide range of
rehabilitation protocols [159,160]. Studies have reported the use of these approaches in
partially and completely edentulous patients, as well as in treatment concepts involving
immediate loading and full-arch implant-supported prostheses [161]. Different planning
strategies, guide designs, and navigation protocols have been reported across the available
evidence utilizing artificial intelligence, which is increasingly being used in the field of
dental implantology [162].

One of the principal areas of investigation concerns surgical accuracy and the corre-
spondence between planned and achieved implant positions [163]. Frequently reported
outcomes include coronal, apical, angular, and depth deviations evaluated across different
implant locations, guide designs, navigation systems, and rehabilitation concepts, with
several reviews also comparing alternative guidance workflows [164–166].

Reported clinical outcomes include implant and prosthetic survival, marginal bone
stability, peri-implant tissue health, biological and technical complications, and prosthetic
maintenance requirements evaluated over different follow-up periods [167,168]. Surgical
variables such as treatment duration, intraoperative events, and postoperative recovery
have also been investigated [169]. In parallel, increasing attention has been devoted to
patient-centered outcomes, including treatment satisfaction, oral health-related quality of
life, comfort, esthetics, functional performance, and overall treatment experience [170,171].
Older adults are well represented in studies evaluating flapless and computer-guided
implant surgery, particularly in complete edentulism, full-arch rehabilitation, and complex
prosthetic treatments [18,172]. Nevertheless, evidence specifically focused on geriatric
patients remains limited, and age-specific outcomes are rarely reported separately, with
current knowledge largely derived from mixed adult populations.

3.9. Implant-Retained Overdentures

Implant-retained overdentures represent one of the most extensively investigated
treatment options for the rehabilitation of edentulous patients and are frequently reported
within the geriatric dentistry literature [173]. Research in this field encompasses prospective
and retrospective clinical studies, randomized controlled trials, systematic reviews, um-
brella reviews, and meta-analyses evaluating a wide range of prosthetic designs, implant
configurations, attachment systems, and treatment protocols in older and adult edentulous
populations [174,175].

Mandibular implant-retained overdentures constitute the most frequently investigated
rehabilitation concept, particularly among completely edentulous older adults [176]. Max-
illary overdentures have also been widely evaluated, although the available literature is
less extensive than those concerning mandibular rehabilitations [177]. Published studies
include assessments of single-implant, two-implant, and multiple-implant overdenture
designs, as well as different implant distributions and support configurations [178]. Both
conventional and immediate loading protocols have been reported, together with a variety
of prosthetic rehabilitation strategies for completely edentulous patients.

A broad range of attachment systems has been described throughout the available
evidence. Ball attachments, locator attachments, bar-retained overdentures, magnetic at-
tachments, and other retention mechanisms have been evaluated under different clinical
conditions [179]. Comparative investigations have assessed outcomes associated with alter-
native attachment systems, maintenance requirements, prosthetic complications, attach-
ment wear, and long-term prosthetic performance across varying follow-up periods [180].
Biological complications, technical complications, prosthetic maintenance requirements,
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and attachment-related events have likewise been assessed in short-, medium-, and long-
term investigations [181].

Patient-reported outcome measures represent a major component of the literature on
implant-retained overdentures [29]. Treatment satisfaction, oral health-related quality of
life, patient preference, comfort, perceived stability, and overall treatment experience are
among the variables most frequently assessed [29]. These outcomes have been evaluated
using a variety of validated instruments and are commonly reported alongside conventional
clinical and radiographic parameters.

Functional outcomes have received considerable attention across the available liter-
ature. Investigations have evaluated masticatory performance, chewing efficiency, oral
function, speech-related outcomes, and patient-reported functional measures in edentulous
individuals rehabilitated with implant-retained overdentures [182]. Assessments of dietary
habits and nutrition-related variables have also been reported in some studies, although
less consistently than clinical, prosthetic, and patient-reported outcomes [183].

A substantial proportion of the available evidence specifically involves older adults.
Many investigations evaluating implant-retained overdentures have been conducted in
elderly populations, including community-dwelling older individuals, medically compro-
mised patients, and residents of long-term care facilities [175]. Age-related factors, oral
functional limitations, edentulism-related disability, and prosthetic rehabilitation needs are
frequently reported characteristics of the study populations included in this literature [184].
The literature also includes studies examining implant-retained overdentures in relation
to frailty, functional dependence, and age-associated changes affecting oral health and
prosthetic rehabilitation [30,175]. Clinical, functional, prosthetic, and patient-reported
outcomes have been evaluated across diverse geriatric populations, and age-specific vari-
ables have been incorporated into a growing number of investigations involving older
edentulous patients.

Table 2 summarizes the principal augmentation-avoidance rehabilitation strategies
identified in the reviewed literature and integrates their clinical applications, reported
outcomes, potential considerations in older adults, and key decision-making considerations
that may support individualized treatment planning.

Table 2. Overview of contemporary augmentation-avoidance strategies, their principal clinical
applications, commonly reported outcomes, potential relevance and clinical decision-making consid-
erations for older adults.

Rehabilitation
Strategy

Main Clinical
Application

Frequently Reported
Outcomes

Potential
Considerations in
Older Adults

Clinical Decision-Making
Considerations

Short and
ultra-short
implants

Reduced vertical bone
availability in posterior
maxillae and mandibles

Implant survival,
prosthetic survival,
marginal bone level
changes, complications

May reduce the need
for sinus elevation and
vertical augmentation
procedures

Particularly suitable when
reduced surgical burden is
desirable and adequate
primary stability can be
achieved.

Narrow-diameter
implants (NDIs)

Narrow alveolar ridges
with limited horizontal
bone width

Implant survival,
prosthetic outcomes,
marginal bone loss,
complications

May reduce the need
for horizontal ridge
augmentation and
associated surgical
morbidity

Appropriate for selected
cases with limited
horizontal bone width
when biomechanical
demands are compatible
with implant dimensions.
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Table 2. Cont.

Rehabilitation
Strategy

Main Clinical
Application

Frequently Reported
Outcomes

Potential
Considerations in
Older Adults

Clinical Decision-Making
Considerations

Tilted implants and
full-arch
concepts

Edentulous arches with
limited posterior bone
availability

Implant and prosthetic
survival, marginal bone
changes, technical
complications

Optimization of
residual anatomy
without extensive
grafting procedures

Appropriate for carefully
selected edentulous
patients when prosthetic
planning and anatomical
conditions permit
avoidance of extensive
augmentation.

Pterygoid
implants

Severe posterior
maxillary atrophy

Implant survival,
biological and
prosthetic
complications,
marginal bone changes

Alternative posterior
anchorage when
conventional implant
placement is limited

Primarily indicated in
advanced maxillary
atrophy but require
considerable surgical
expertise and careful
patient selection.

Trans-sinus
implants

Reduced residual bone
height beneath the
maxillary sinus

Implant survival,
sinus-related outcomes,
prosthetic outcomes

May avoid sinus
augmentation
procedures in selected
patients

Suitable only in selected
anatomical situations and
when performed by
experienced clinicians
because of procedural
complexity.

Zygomatic
implants

Severe or extreme
maxillary atrophy

Implant survival,
prosthetic survival,
surgical and biological
complications

Rehabilitation of
severely resorbed
maxillae without
extensive
reconstructive surgery

Consider mainly when
conventional implant
placement would
otherwise require extensive
reconstruction; procedural
complexity remains
substantial.

Immediate
loading protocols

Implant-supported
rehabilitation requiring
shortened treatment
pathways

Implant survival,
prosthetic outcomes,
patient satisfaction

Reduced treatment
duration and earlier
functional restoration

Appropriate when
adequate primary stability
and favorable systemic and
anatomical conditions
support predictable
immediate function.

Flapless and
computer-guided
surgery

Prosthetically driven
implant placement and
minimally invasive
surgery

Surgical accuracy,
implant survival,
postoperative outcomes

Potential reduction in
surgical invasiveness
and postoperative
morbidity

Best suited for
appropriately selected
cases with favorable
anatomy and accurate
digital planning.

Convergent
(Hyperbolic) Neck
Implants

Implant rehabilitation
in healed ridges with
adequate native bone,
aiming to preserve
peri-implant soft
tissues through a
transmucosal healing
approach

Stable peri-implant
hard and soft tissues,
favorable marginal
bone maintenance,
high implant survival,
and reduced need for
second-stage surgery

May contribute to a less
invasive rehabilitation
pathway by simplifying
soft tissue management;
however, evidence
specifically focused on
frail geriatric patients
remains limited

May facilitate soft tissue
management in selected
patients, although current
evidence remains limited
regarding specific
advantages in frail older
adults.

Implant-retained
overdentures

Edentulous patients
requiring removable
implant-supported
rehabilitation

Oral health-related
quality of life,
masticatory function,
patient satisfaction,
maintenance outcomes

Improved prosthesis
stability with
simplified hygiene and
maintenance
requirements

Frequently represent an
appropriate option for
patients with reduced
manual dexterity, limited
hygiene capability, or when
simplified long-term
maintenance is a priority.

Clinical decision-making considerations represent interpretative observations derived from the reviewed litera-
ture and are intended to support, rather than replace, individualized clinical judgment.
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4. Discussion
Over the past two decades, implant dentistry has witnessed a progressive shift from a

predominantly reconstructive philosophy toward treatment approaches that increasingly
seek to exploit existing anatomical structures [24]. This evolution has been driven by the
development of alternative implant and prosthetic strategies capable of reducing the need
for extensive bone augmentation procedures in selected clinical situations. The literature
reviewed in the present study reflects this transition and highlights a growing tendency
to adapt treatment planning to the available anatomy rather than routinely modifying
anatomy to accommodate implant placement [185].

This paradigm is particularly relevant in geriatric patients. Although advanced age
itself does not preclude implant therapy, older adults frequently present clinical characteris-
tics that may influence treatment selection and long-term outcomes [17,30]. Multimorbidity,
polypharmacy, frailty, reduced functional reserve, cognitive decline, and limitations in
self-care often coexist with anatomical changes associated with long-term edentulism [9].
This clinical complexity also reflects the close relationship between oral health and non-
communicable chronic diseases in older adults. Shared behavioral and social determinants
contribute to both oral and systemic disease burden, while conditions such as diabetes
mellitus, cardiovascular disease, osteoporosis, and neurodegenerative disorders may in-
fluence healing capacity, oral function, self-care ability, and the long-term maintenance
of implant-supported rehabilitation. These considerations further support the need for
an integrated, patient-centered approach in which implant therapy is planned within the
broader context of multimorbidity rather than as an isolated oral intervention [186,187].
Consequently, the rationale for avoiding extensive regenerative procedures extends be-
yond surgical considerations and encompasses the broader objective of reducing overall
treatment burden while maintaining functional rehabilitation [9,32]. Within this context,
augmentation-avoidance strategies may offer valuable alternatives when treatment com-
plexity, healing time, maintenance requirements, or patient tolerance become relevant
factors in clinical decision-making.

An important observation emerging from the reviewed literature is that the available
strategies occupy different positions along a continuum of anatomical complexity. Short
and ultra-short implants, as well as narrow-diameter implants, are most reported in situa-
tions characterized by moderate vertical or horizontal bone deficiencies [188,189]. Tilted
implant concepts and full-arch rehabilitation protocols are frequently described in edentu-
lous arches where optimization of residual bone anatomy allows avoidance of additional
grafting procedures [91,190]. In contrast, pterygoid, trans-sinus, and zygomatic implants
are predominantly investigated in severely atrophic maxillae, where conventional implant
placement may be challenging without advanced reconstructive interventions [191]. These
observations suggest that the available evidence should not be interpreted as supporting a
hierarchical ranking of augmentation-avoidance strategies. Rather, each approach presents
distinct biological rationale, surgical demands, maintenance implications, and suitability
according to the anatomical and clinical characteristics of the individual patient.

At the same time, the reviewed evidence demonstrates that reducing the need for
bone regeneration does not necessarily equate to reducing treatment complexity [192].
A similar distinction should be made between augmentation avoidance and minimally
invasive surgery. Although several augmentation-avoidance strategies reduce the need
for regenerative procedures, they differ substantially in terms of surgical invasiveness,
technical complexity, anatomical risk, and operator experience. Short implants and flapless
approaches may genuinely reduce overall surgical burden, whereas pterygoid, trans-
sinus, and zygomatic implants primarily represent anatomy-driven alternatives that avoid
grafting without necessarily reducing procedural complexity. In many instances, the
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avoidance of grafting procedures is accompanied by a shift toward alternative surgical,
prosthetic, or technical challenges. Short implants and narrow-diameter implants may
reduce surgical invasiveness but require careful prosthetic planning and biomechanical
management [193,194]. Similarly, pterygoid, trans-sinus, and zygomatic implants may
eliminate the need for extensive augmentation while introducing higher levels of surgical
complexity and operator dependence [195]. This shift in complexity is a recurring theme
across the contemporary literature and highlights the importance of evaluating treatment
burden in a comprehensive manner rather than considering bone graft avoidance as an
isolated objective. Consequently, treatment selection should be guided not only by implant
survival or marginal bone stability, but also by procedural complexity, expected mainte-
nance burden, operator expertise, and the overall health and functional status of the older
patient. Similarly, augmentation-avoidance strategies involving pterygoid, trans-sinus,
and zygomatic implants should not be regarded solely as alternatives to bone grafting,
since they may introduce procedure-specific risks, require advanced surgical expertise,
and increase the complexity of long-term prosthetic maintenance, particularly if functional
independence or oral hygiene capability deteriorate over time.

Another noteworthy trend concerns the increasing recognition of patient-centered
outcomes [196]. Traditional implant dentistry has largely focused on implant survival,
prosthetic survival, marginal bone level changes, and radiographic parameters. These
outcomes remain fundamental for assessing treatment performance; however, they may
not fully capture the dimensions of success that are most relevant to older adults [30]. Func-
tional independence, oral hygiene capability, prosthetic maintainability, comfort, treatment
satisfaction, and oral health-related quality of life may have equal or greater clinical rele-
vance in geriatric populations [197]. The growing emphasis on reducing treatment burden
is consistent with broader research trends focused on the modulation of inflammation,
postoperative recovery, and bone healing in oral rehabilitation [198]. Although patient-
reported outcomes have received increasing attention over the last decade, the literature
remains largely dominated by implant-centered endpoints. The growing body of evidence
evaluating oral function, masticatory performance, quality of life, and patient satisfaction
represents an important development; however, these outcomes remain inconsistently
reported and are often treated as secondary measures rather than primary endpoints. In-
terpretation of these findings is further complicated by the considerable heterogeneity of
the patient-reported outcome measures (PROMs) adopted across studies [199]. Different
assessment instruments, variations in baseline patient characteristics, follow-up intervals,
and outcome definitions, together with the potential influence of response bias, limit direct
comparisons and make it difficult to determine whether the reported improvements con-
sistently translate into clinically meaningful benefits [200]. Importantly, patient-centered
assessment should also include the long-term maintainability of the selected rehabilitation.
In geriatric patients, progressive frailty, declining manual dexterity, cognitive impairment,
and reduced caregiver support may substantially influence oral hygiene effectiveness,
prosthesis maintenance, and the long-term sustainability of implant-supported rehabil-
itation, regardless of their initial technical success. Furthermore, outcomes particularly
relevant to geriatric care, including nutritional status, functional independence, caregiver
burden, adaptation to future dependency, and the ability to maintain adequate oral hygiene
over time, remain inconsistently evaluated despite their potential influence on long-term
rehabilitation success [201].

The literature on implant-retained overdentures illustrates this shift particularly well.
Compared with many studies evaluating fixed implant-supported rehabilitation, overden-
ture research has more frequently incorporated functional and patient-centered measures
into outcome assessment [202]. This may explain why overdentures continue to occupy
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a prominent role within geriatric implant dentistry despite the increasing popularity of
fixed solutions [184]. For many older adults, treatment success may be more closely as-
sociated with prosthetic stability, ease of hygiene, maintenance feasibility, and functional
improvement than with the distinction between fixed and removable prostheses alone.
These considerations reinforce the importance of aligning rehabilitation strategies with
individual patient priorities and capabilities. Conversely, highly complex fixed rehabili-
tations may become progressively more difficult to maintain if functional independence
declines over time. Consequently, long-term maintenance requirements and the anticipated
evolution of patient autonomy should be considered during treatment planning together
with anatomical and prosthetic factors.

Immediate loading protocols and digital surgical workflows further reflect the ongoing
transformation of implant rehabilitation [28]. The growing adoption of immediate-function
concepts demonstrates a shift toward treatment approaches aimed at reducing therapeutic
disruption and maintaining prosthetic continuity [202]. Likewise, flapless and computer-
guided surgery have expanded the possibilities for prosthetically driven treatment planning
and precise implant placement in anatomically challenging situations. Similarly, innova-
tions in implant macrodesign, including convergent transmucosal-neck implants, reflect
the same biological philosophy of minimizing surgical trauma while promoting stable
peri-implant hard and soft tissue integration over time [27]. None of these rehabilitation
strategies should be regarded as universally applicable [152]. Their clinical performance
remains strongly influenced by patient selection, anatomical conditions, prosthetic design,
primary stability, operator experience, and adherence to appropriate clinical protocols.
Rather than supporting a single preferred treatment approach, the available evidence high-
lights the importance of individualized rehabilitation based on a careful balance between
surgical complexity, anatomical conditions, systemic health, frailty, functional expectations,
long-term maintenance requirements, and operator expertise. Importantly, the available
evidence should not be interpreted as suggesting that augmentation-avoidance strategies
universally replace conventional bone augmentation procedures. Rather, these approaches
may represent appropriate alternatives only in carefully selected patients when anatomical
conditions, systemic health, prosthetic requirements, operator expertise, and long-term
maintenance considerations are appropriately balanced.

Despite the substantial volume of published research, several limitations affect the in-
terpretation of the available evidence. Direct comparisons among augmentation-avoidance
strategies remain difficult because of considerable heterogeneity in study design, patient
populations, implant systems, loading protocols, prosthetic concepts, follow-up duration,
and outcome definitions [203]. Additional methodological limitations should also be ac-
knowledged. Many available studies are retrospective in nature, prospective comparative
investigations remain limited for several treatment approaches, and definitions of treatment
success, complications, and maintenance outcomes are not consistently standardized. Fur-
thermore, patient-reported outcomes are assessed using heterogeneous instruments, which
complicates comparisons across studies and limits the ability to perform meaningful syn-
thesis of findings. Moreover, long-term maintenance burden, prosthesis retrievability, care-
giver involvement, and changes in functional independence remain inconsistently reported
across the available literature despite their particular relevance in geriatric populations.

An additional concern relates to the representation of geriatric populations within
the implant literature. Older adults are frequently included in clinical investigations, yet
they are often analyzed within broader adult cohorts rather than as a distinct clinical pop-
ulation [30]. Consequently, factors such as frailty, multimorbidity, cognitive impairment,
functional dependence, caregiver involvement, oral hygiene capability, and long-term
maintenance burden remain insufficiently explored. This limitation is particularly relevant
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because these variables may substantially influence treatment success and sustainability
in routine geriatric care. Future investigations should also adopt more consistent defini-
tions of geriatric populations by integrating chronological age with validated measures
of frailty, functional status, and multimorbidity, thereby improving the applicability and
comparability of evidence across studies [204].

Beyond its prognostic significance, frailty should also be regarded as a practical com-
ponent of treatment planning in geriatric implant dentistry. Frailty assessment may assist
clinicians in selecting the most appropriate rehabilitation strategy by balancing procedural
complexity against the patient’s physiological reserve, functional status, expected treatment
burden, and long-term maintenance capacity [205]. In addition to influencing candidacy for
implant therapy, frailty may contribute to decisions regarding surgical invasiveness, load-
ing protocols, prosthetic design, maintenance planning, and shared decision-making with
patients and caregivers. Although no single assessment tool has been universally adopted
in implant dentistry, validated instruments such as the Clinical Frailty Scale (CFS) and the
Comprehensive Geriatric Assessment (CGA) may complement conventional anatomical
evaluation by providing a broader appraisal of biological age, functional independence,
cognition, comorbidity, nutrition, and social support [205,206]. Future research should
further investigate the integration of frailty assessment into implant treatment planning to
improve individualized care and long-term rehabilitation outcomes in older adults.

The narrative design of the present review should also be considered when interpreting
the findings. Unlike systematic reviews and meta-analyses, narrative reviews do not
provide quantitative synthesis of the evidence and are inherently influenced by study
selection and interpretative judgment. However, the narrative approach allows integration
of heterogeneous evidence originating from multiple implant rehabilitation strategies,
facilitating a broader understanding of contemporary approaches that seek to reduce the
need for extensive bone regeneration in older adults.

Future research should place greater emphasis on variables that are particularly rel-
evant to geriatric populations. Frailty assessment, multimorbidity profiles, medication
burden, cognitive status, oral hygiene capability, caregiver involvement, and maintenance
requirements should be incorporated more consistently into study design. Greater stan-
dardization of patient-reported outcomes and functional measures would also improve
comparability across studies. In addition, prospective investigations specifically designed
for older adults are needed to clarify how age-related factors influence treatment selection,
long-term maintenance, and rehabilitation outcomes. Such evidence would support a tran-
sition from technique-centered decision-making toward a more comprehensive geriatric
model of implant rehabilitation.

In the end, the available literature supports a progressive transition toward anatomy-
driven and patient-centered rehabilitation strategies that may reduce reliance on extensive
bone regeneration in selected older adults. Rather than identifying a single optimal treat-
ment pathway, the evidence emphasizes the importance of matching the chosen rehabilita-
tion strategy to the anatomical conditions, functional needs, systemic health status, and
long-term maintenance capacity of each individual patient.

5. Conclusions
The available literature suggests that contemporary implant rehabilitation offers sev-

eral strategies that may reduce the need for extensive bone regeneration in appropriately
selected patients, although the available evidence remains heterogeneous and geriatric-
specific data are still limited. In geriatric patients, treatment planning should extend
beyond anatomical considerations alone and incorporate factors such as systemic health,
functional status, frailty, oral hygiene capability, maintenance requirements, and patient
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expectations. Consequently, the selection of a rehabilitation strategy should be guided by a
comprehensive assessment of both clinical conditions and patient-related factors.

No single approach appears universally applicable to all clinical scenarios. Rather,
successful rehabilitation depends on the ability to match the most appropriate treatment
strategy to the specific anatomical, functional, and systemic characteristics of each patient.
Although several augmentation-avoidance strategies also reduce surgical invasiveness,
augmentation avoidance should not be regarded as synonymous with minimally inva-
sive treatment. Rather, the overall procedural complexity varies considerably among
different rehabilitation approaches and should be evaluated within the specific anatomical
and clinical context of each patient. Despite the growing body of evidence supporting
augmentation-avoidance approaches, further research specifically focused on older adults
is needed. Future studies should place greater emphasis on patient-centered outcomes,
functional measures, maintenance burden, and age-related factors that may influence the
long-term sustainability of implant-supported rehabilitation.

Ultimately, the goal of contemporary geriatric implant dentistry is not to replace
conventional augmentation procedures, but to identify the most appropriate rehabilitation
strategy for each individual patient through careful integration of anatomical, systemic,
functional, prosthetic, and patient-centered considerations.
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38. Frantzopoulos, I.; Băciut, M.; Almăşan, O.; Manea, A. Evaluating Techniques for Vertical Ridge Augmentation via Comparative
Study of Clinical Outcomes: A Systematic Review. J. Clin. Med. 2025, 14, 8639. [CrossRef]

39. Esposito, M.; Grusovin, M.G.; Felice, P.; Karatzopoulos, G.; Worthington, H.V.; Coulthard, P. Interventions for replacing missing
teeth: Horizontal and vertical bone augmentation techniques for dental implant treatment. Cochrane Database Syst. Rev. 2009, 3,
CD003607. [CrossRef]

40. Mohammadi, M.; Mohamadi Moghadam, M.; Arab-Zozani, M. Primary and secondary stability in implants placed in low-density
bone using conventional vs. osseodensification technique: A systematic review and meta-analysis. BMC Oral Health 2025, 25, 1847.
[CrossRef]

41. Matsuyama, Y.; Kiuchi, S.; Aida, J. Association of Edentulism with Subsequent Biological Age: A Cohort Study. J. Clin. Periodontol.
2026, 53, 752–759. [CrossRef]

42. Fabbri, E.; Zoli, M.; Gonzalez-Freire, M.; Salive, M.E.; Studenski, S.A.; Ferrucci, L. Aging and Multimorbidity: New Tasks,
Priorities, and Frontiers for Integrated Gerontological and Clinical Research. J. Am. Med. Dir. Assoc. 2015, 16, 640–647. [CrossRef]

43. Samara, W.; Moztarzadeh, O.; Hauer, L.; Babuska, V. Dental Implant Placement in Medically Compromised Patients: A Literature
Review. Cureus 2024, 16, e54199. [CrossRef]

44. Pazan, F.; Wehling, M. Polypharmacy in older adults: A narrative review of definitions, epidemiology and consequences. Eur.
Geriatr. Med. 2021, 12, 443–452. [CrossRef]

45. Kalladi, R.; Elavally, S.; Rojan, P.M.; Usharani, E.N. Frailty: An overview. J. Fam. Med. Prim. Care 2026, 15, 39–44. [CrossRef]
46. Fierro-Marrero, J.; Reina-Varona, A.; Paris-Alemany, A.; La Touche, R. Frailty in Geriatrics: A Critical Review with Content

Analysis of Instruments, Overlapping Constructs, and Challenges in Diagnosis and Prognostic Precision. J. Clin. Med. 2025,
14, 1808. [CrossRef]

47. David, L.; Maniewicz, S.; Chebib, N.; Gold, G.; Srinivasan, M.; Müller, F. Implant Therapy in Patients with Neurodegenerative
Diseases—A Scoping Review. Clin. Oral Implant. Res. 2026, 37, 237–246. [CrossRef]

48. Bush Gissler, B.; Kroeger, A.; Würfl, G.; Mombelli, A.; Sculean, A.; Kebschull, M. Does Patient Adherence Influence the Ability of
Supportive Periodontal Therapy to Maintain Stability Around Teeth and Dental Implants—A Systematic Review. Oral Health
Prev. Dent. 2025, 23, 615–627. [CrossRef]

49. Manfredini, M.; Pellegrini, M.; Rigoni, M.; Veronesi, V.; Beretta, M.; Maiorana, C.; Poli, P.P. Oral health-related quality of life
in implant-supported rehabilitations: A prospective single-center observational cohort study. BMC Oral Health 2024, 24, 531.
[CrossRef]

50. Duong, H.Y.; Roccuzzo, A.; Stähli, A.; Salvi, G.E.; Lang, N.P.; Sculean, A. Oral health-related quality of life of patients rehabilitated
with fixed and removable implant-supported dental prostheses. Periodontology 2000 2022, 88, 201–237. [CrossRef]

51. Feine, J.; Abou-Ayash, S.; Al Mardini, M.; de Santana, R.B.; Bjelke-Holtermann, T.; Bornstein, M.M.; Braegger, U.; Cao, O.; Cordaro,
L.; Eycken, D.; et al. Group 3 ITI Consensus Report: Patient-reported outcome measures associated with implant dentistry. Clin.
Oral Implant. Res. 2018, 29, 270–275. [CrossRef]

52. Sierra-Sánchez, J.L.; García-Sala-Bonmatí, F.; Martínez-González, A.; García-Dalmau, C.; Mañes-Ferrer, J.F.; Brotons-Oliver, A.
Predictability of short implants (<10 mm) as a treatment option for the rehabilitation of atrophic maxillae. A systematic review.
Med. Oral Patol. Oral Cir. Bucal 2016, 21, e392–e402. [CrossRef]

53. Ravida, A.; Serroni, M.; Borgnakke, W.S.; Romandini, M.; Wang, I.C.; Arena, C.; Annunziata, M.; Cecoro, G.; Saleh, M.H.A. Short
(≤6 mm) compared with ≥10-mm dental implants in different clinical scenarios: A systematic review of randomized clinical trials
with meta-analysis, trial sequential analysis and quality of evidence grading. J. Clin. Periodontol. 2024, 51, 936–965. [CrossRef]

54. Lombardo, G.; Signoriello, A.; Marincola, M.; Liboni, P.; Faccioni, P.; Zangani, A.; D’Agostino, A.; Nocini, P.F. Short and Ultra-
Short Implants, in Association with Simultaneous Internal Sinus Lift in the Atrophic Posterior Maxilla: A Five-Year Retrospective
Study. Materials 2022, 15, 7995. [CrossRef]

55. Barausse, C.; Pistilli, R.; Bonifazi, L.; Tayeb, S.; Pellegrino, G.; Ravida, A.; Felice, P. Four-mm-short Implant. in the rehabilitation of
posterior atrophic jaws: A retrospective study on 212 patients with a mean follow-up of 8.02 years. Clin. Oral Implant. Res. 2024,
35, 1607–1615. [CrossRef]

https://doi.org/10.3390/geriatrics11050117

https://doi.org/10.34172/japid.2021.002
https://doi.org/10.1016/j.jdsr.2017.12.002
https://doi.org/10.1111/prd.70058
https://doi.org/10.2147/CIA.S140791
https://doi.org/10.2147/CCIDE.S516058
https://doi.org/10.3390/jcm14248639
https://doi.org/10.1002/14651858.CD003607.pub4
https://doi.org/10.1186/s12903-025-07201-w
https://doi.org/10.1111/jcpe.70106
https://doi.org/10.1016/j.jamda.2015.03.013
https://doi.org/10.7759/cureus.54199
https://doi.org/10.1007/s41999-021-00479-3
https://doi.org/10.4103/jfmpc.jfmpc_1748_25
https://doi.org/10.3390/jcm14061808
https://doi.org/10.1111/clr.70080
https://doi.org/10.3290/j.ohpd.c_2314
https://doi.org/10.1186/s12903-024-04265-y
https://doi.org/10.1111/prd.12419
https://doi.org/10.1111/clr.13299
https://doi.org/10.4317/medoral.20949
https://doi.org/10.1111/jcpe.13981
https://doi.org/10.3390/ma15227995
https://doi.org/10.1111/clr.14349
https://doi.org/10.3390/geriatrics11050117


Geriatrics 2026, 11, 117 27 of 33

56. Sáenz-Ravello, G.; Ossandón-Zúñiga, B.; Muñoz-Meza, V.; Mora-Ferraro, D.; Baeza, M.; Fan, S.; Sagheb, K.; Schiegnitz, E.; Díaz,
L. Short implants compared to regular dental implants after bone augmentation in the atrophic posterior mandible: Umbrella
review and meta-analysis of success outcomes. Int. J. Implant Dent. 2023, 9, 18. [CrossRef]

57. Leite, S.J.; Harduin, M.; Rizzato, M.; Gonçalves, A.O.; Fernandes, J.C.; Fernandes, G.V. Longevity factors for short and extra-short
implants: An eight-year retrospective observational clinical study. Med. Oral Patol. Oral Cir. Bucal 2026, 31, e205–e218. [CrossRef]

58. Vinci, R.; Cosola, S.; Varkey, M.K.; Gunasekaran, S.; George, J.; Covani, U. Neurosensory Disturbances Following Inferior Alveolar
Nerve Relocation and Implant Placement: A Systematic Review and Meta-Analysis. J. Clin. Med. 2025, 14, 5741. [CrossRef]

59. Jain, N.; Gulati, M.; Garg, M.; Pathak, C. Short Implants: New Horizon in Implant Dentistry. J. Clin. Diagn. Res. 2016, 10,
ZE14–ZE17. [CrossRef]

60. Arbildo-Vega, H.I.; Cruzado-Oliva, F.H.; Infantes-Ruiz, E.D.; Lujan-Valencia, S.A.; Meza-Malaga, J.M.; Marroquín-Soto, C.;
Coronel-Zubiate, F.T. Clinical performance of short implants vs. standard implants in edentulous patients. An umbrella review.
Front. Oral Health 2025, 6, 1670095. [CrossRef]

61. Weigel, L.D.; Scherrer, A.; Schmid, L.; Stähli, A.; Imber, J.C.; Roccuzzo, A.; Salvi, G.E. Marginal bone level changes around dental
implants with one or two adjacent teeth—A clinical and radiographic retrospective study with a follow-up of at least 10 years.
Clin. Oral Implant. Res. 2023, 34, 872–880. [CrossRef]

62. Atieh, M.A.; Almutairi, Z.; Amir-Rad, F.; Koleilat, M.; Tawse-Smith, A.; Ma, S.; Lin, L.; Alsabehea, N.H.M. A Retrospective
Analysis of Biological Complications of Dental Implants. Int. J. Dent. 2022, 2022, 1545748. [CrossRef]

63. Tsigarida, A.; Chochlidakis, K.; Fraser, D.; Lampraki, E.; Einarsdottir, E.R.; Barmak, A.B.; Papaspyridakos, P.; Ercoli, C. Peri-
Implant Diseases and Biologic Complications at Implant-Supported Fixed Dental Prostheses in Partially Edentulous Patients. J.
Prosthodont. 2020, 29, 429–435. [CrossRef]

64. Wang, M.; Liu, F.; Ulm, C.; Shen, H.; Rausch-Fan, X. Short Implants versus Longer Implants with Sinus Floor Elevation: A
Systemic Review and Meta-Analysis of Randomized Controlled Trials with a Post-Loading Follow-Up Duration of 5 Years.
Materials 2022, 15, 4722. [CrossRef]

65. Javiya, P.; Esmaili, M.; Soni, J.; Chandwani, N.; Cherukumalli Kapalavayi, N.C.; Arya, A.G.; Laddha, R. Short versus standard-
length implants: A systematic review on clinical outcomes and success rates. Bioinformation 2025, 21, 2235–2240. [CrossRef]

66. Shimogishi, M.; Kawakami, S.; Tachikawa, N. Clinical Evaluation of Short (6 mm) and Longer Implants Placed Side by Side in
Posterior Partially Edentulous Area: A 3-Year Observational Study. Int. J. Dent. 2023, 2023, 9086628. [CrossRef]

67. Ramos, A.H.; Cornacchia, G.M.; Nunes, E.; Cosso, M.G.; de Souza, L.N.; Zenobio, E.G. Extra short 4mm implants used to
rehabilitation of atrophic posterior mandible. A serial case reports. J. Clin. Exp. Dent. 2020, 12, e519–e522. [CrossRef]

68. Falisi, G.; Di Paolo, C.; Rastelli, C.; Franceschini, C.; Rastelli, S.; Gatto, R.; Botticelli, G. Ultrashort Implants, Alternative Prosthetic
Rehabilitation in Mandibular Atrophies in Fragile Subjects: A Retrospective Study. Healthcare 2021, 9, 175. [CrossRef]

69. Falisi, G.; Bernardi, S.; Rastelli, C.; Pietropaoli, D.; DE Angelis, F.; Frascaria, M.; DI Paolo, C. “All on short” prosthetic-implant
supported rehabilitations. Oral Implantol. 2017, 10, 477–487. [CrossRef]

70. Tang, Y.; Yu, H.; Wang, J.; Gao, M.; Qiu, L. Influence of crown-to-implant ratio and different prosthetic designs on the clinical
conditions of short implants in posterior regions: A 4-year retrospective clinical and radiographic study. Clin. Implant Dent. Relat.
Res. 2020, 22, 119–127. [CrossRef]

71. Hingsammer, L.; Watzek, G.; Pommer, B. The influence of crown-to-implant ratio on marginal bone levels around splinted short
dental implants: A radiological and clinical short term analysis. Clin. Implant Dent. Relat. Res. 2017, 19, 1090–1098. [CrossRef]

72. Francisco, H.; Pinto, C.; Romito, G.A.; Panutti, C.M.; Marques, D.; Caramés, J. Patient- and Clinician-Reported Outcomes and
Outcome Measures Evaluating Maxillary Full Arch Fixed Prostheses Supported by Different Numbers of Implants: A Systematic
Review. Clin. Oral Implant. Res. 2026, 37, S273–S301. [CrossRef]

73. Park, J.H.; Shin, S.W.; Lee, J.Y. Narrow-diameter versus regular-diameter dental implants for mandibular overdentures: A
systematic review and meta-analysis. J. Prosthodont. 2023, 32, 669–678. [CrossRef]

74. Kim, J.E.; Yoon, Y.; Pae, A.; Kwon, Y.D. Clinical outcome of narrow diameter dental implants: A 3-year retrospective study.
Maxillofac. Plast. Reconstr. Surg. 2023, 45, 26. [CrossRef]

75. Schiegnitz, E.; Al-Nawas, B. Narrow-diameter implants: A systematic review and meta-analysis. Clin. Oral Implant. Res. 2018, 29,
21–40. [CrossRef]

76. González-Valls, G.; Roca-Millan, E.; Céspedes-Sánchez, J.M.; González-Navarro, B.; Torrejon-Moya, A.; López-López, J. Narrow
Diameter Dental Implants as an Alternative Treatment for Atrophic Alveolar Ridges. Systematic Review and Meta-Analysis.
Materials 2021, 14, 3234. [CrossRef]

77. Ahn, J.H.; Lim, Y.J.; Lee, J.; Baek, Y.W.; Kim, M.J.; Kwon, H.B. A One-Year Randomized Controlled Clinical Trial of Three Types of
Narrow-Diameter Implants for Fixed Partial Implant-Supported Prosthesis in the Mandibular Incisor Area. Bioengineering 2024,
11, 272. [CrossRef]

78. Jatol-Tekade, S.; Tekade, S.A.; Khetrapal, S.; Sarode, S.C.; Patil, S. Multidisciplinary approach to bilaterally missing lateral incisors:
A case report. Clin. Pract. 2019, 9, 1086. [CrossRef]

https://doi.org/10.3390/geriatrics11050117

https://doi.org/10.1186/s40729-023-00476-0
https://doi.org/10.4317/medoral.27712
https://doi.org/10.3390/jcm14165741
https://doi.org/10.7860/JCDR/2016/21838.8550
https://doi.org/10.3389/froh.2025.1670095
https://doi.org/10.1111/clr.14115
https://doi.org/10.1155/2022/1545748
https://doi.org/10.1111/jopr.13165
https://doi.org/10.3390/ma15134722
https://doi.org/10.6026/973206300212235
https://doi.org/10.1155/2023/9086628
https://doi.org/10.4317/jced.56654
https://doi.org/10.3390/healthcare9020175
https://doi.org/10.11138/orl/2017.10.4.477
https://doi.org/10.1111/cid.12881
https://doi.org/10.1111/cid.12546
https://doi.org/10.1111/clr.70020
https://doi.org/10.1111/jopr.13726
https://doi.org/10.1186/s40902-023-00394-6
https://doi.org/10.1111/clr.13272
https://doi.org/10.3390/ma14123234
https://doi.org/10.3390/bioengineering11030272
https://doi.org/10.4081/cp.2019.1086
https://doi.org/10.3390/geriatrics11050117


Geriatrics 2026, 11, 117 28 of 33

79. Pachiou, A.; Tsirogiannis, P.; Ioannidis, A.; Joda, T.; Sykaras, N.; Naka, O. Narrow-diameter implants for treatment with fixed
restorations in the posterior region: A systematic review and meta-analysis. J. Prosthodont. 2025, 34, 670–685. [CrossRef]

80. Storelli, S.; Caputo, A.; Palandrani, G.; Peditto, M.; Del Fabbro, M.; Romeo, E.; Oteri, G. Use of Narrow-Diameter Implants in
Completely Edentulous Patients as a Prosthetic Option: A Systematic Review of the Literature. Biomed. Res. Int. 2021, 2021,
5571793. [CrossRef]

81. Nejatidanesh, F.; Bonakdarchian, H.; Savabi, G.; Bonakdarchian, M.; Atash, R.; Savabi, O. Clinical performance of implant
supported mandibular overdentures with cantilever bar and stud attachments: A retrospective study. Clin. Implant Dent. Relat.
Res. 2022, 24, 845–853. [CrossRef]

82. Romanos, G.E.; Schensi, A.; Nentwig, G.-H.; Winter, A.; Sader, R.; Brandt, S. Impact of Implant Diameter on Success and Survival
of Dental Implants: An Observational Cohort Study. Prosthesis 2023, 5, 888–897. [CrossRef]

83. Raz, P.; Kantzuker, O.; Slutzkey, G.; Beiltium, I. Clinical Performance of Narrow Versus Standard Diameter Dental Implants: A
Comparative Retrospective Split-Mouth Study. Int. J. Oral Maxillofac. Implant. 2025, 1–21. [CrossRef]

84. Kaur, M.; Abou-Arraj, R.V.; Lin, C.P.; Geisinger, M.L.; Geurs, N.C. A 5-Year Retrospective Analysis of Biologic and Prosthetic
Complications Associated with Single-Tooth Endosseous Dental Implants: Practical Applications. Clin. Adv. Periodontics 2021, 11,
225–232. [CrossRef]

85. Bardis, D.; Agop-Forma, D.; Pelekanos, S.; Chele, N.; Dascalu, C.; Torok, R.; Torok, B.; Cristea, I.; Bardi, P.M.; Forna, N.
Assessment of Various Risk Factors for Biological and Mechanical/Technical Complications in Fixed Implant Prosthetic Therapy:
A Retrospective Study. Diagnostics 2023, 13, 2341. [CrossRef]

86. Ferreira, P.W.; Nogueira, P.J.; Nobre, M.A.A.; Guedes, C.M.; Salvado, F. Impact of Mechanical Complications on Success of Dental
Implant Treatments: A Case-Control Study. Eur. J. Dent. 2022, 16, 179–187. [CrossRef]

87. Zhang, Y.; Wen, G.; Dong, W. Clinical outcomes of narrow- and regular-diameter implants with bone augmentation in the anterior
maxilla: A systematic review and meta-analysis. Clin. Oral Investig. 2024, 28, 196. [CrossRef]

88. Ma, M.; Qi, M.; Zhang, D.; Liu, H. The Clinical Performance of Narrow Diameter Implants Versus Regular Diameter Implants: A
Meta-Analysis. J. Oral Implantol. 2019, 45, 503–508. [CrossRef]

89. de Souza, A.B.; Sukekava, F.; Tolentino, L.; César-Neto, J.B.; Garcez-Filho, J.; Araújo, M.G. Narrow- and regular-diameter implants
in the posterior region of the jaws to support single crowns: A 3-year split-mouth randomized clinical trial. Clin. Oral Implant.
Res. 2018, 29, 100–107. [CrossRef]

90. Derks, J.; Håkansson, J.; Wennström, J.L.; Klinge, B.; Berglundh, T. Patient-reported outcomes of dental implant therapy in a large
randomly selected sample. Clin. Oral Implant. Res. 2015, 26, 586–591. [CrossRef]

91. Cavalli, N.; Barbaro, B.; Spasari, D.; Azzola, F.; Ciatti, A.; Francetti, L. Tilted implants for full-arch rehabilitations in completely
edentulous maxilla: A retrospective study. Int. J. Dent. 2012, 2012, 180379. [CrossRef]

92. Szabó, A.L.; Nagy, A.L.; Lászlófy, C.; Gajdács, M.; Bencsik, P.; Kárpáti, K.; Baráth, Z. Distally Tilted Implants According to the
All-on-Four® Treatment Concept for the Rehabilitation of Complete Edentulism: A 3.5-Year Retrospective Radiographic Study of
Clinical Outcomes and Marginal Bone Level Changes. Dent. J. 2022, 10, 82. [CrossRef]

93. Batista, R.G.; Faé, D.S.; Bento, V.A.A.; Rosa, C.D.D.R.D.; Souza Batista, V.E.; Pellizzer, E.P.; Lemos, C.A.A. Impact of tilted implants
for implant-supported fixed partial dentures: A systematic review with meta-analysis. J. Prosthet. Dent. 2024, 132, 890–897.
[CrossRef]

94. Malak, A.A.; El Masri, Y.; El Masri, J.; Issawi, H.A.; Salameh, P.; Aoun, G. Implant Failure and Marginal Bone Loss Between Axial
and Tilted Implants: An Umbrella Review with Meta-analysis. Int. J. Oral Maxillofac. Implant. 2024, 39, 875–883. [CrossRef]

95. Soto-Penaloza, D.; Zaragozí-Alonso, R.; Penarrocha-Diago, M.; Penarrocha-Diago, M. The all-on-four treatment concept: System-
atic review. J. Clin. Exp. Dent. 2017, 9, e474–e488. [CrossRef]

96. Pandey, A.; Durrani, F.; Rai, S.K.; Singh, N.K.; Singh, P.; Verma, R.; Kumar, J. Comparison between all-on-four and all-on-
six treatment concepts on stress distribution for full-mouth rehabilitation using three-dimensional finite element analysis: A
biomechanical study. J. Indian Soc. Periodontol. 2023, 27, 180–188. [CrossRef]

97. Shao, W.-H.; Chen, R.; Wang, S.; Duan, S.-Y.; Zhang, X.-D.; Tang, Y.-L. All-on-4 and All-on-6 implant-supported fixed prostheses
for the edentulous jaw: A systematic review and meta-analysis. Int. J. Oral Maxillofac. Surg. 2026, 55, 1098–1112. [CrossRef]

98. Agnini, A.; Agnini, A.M.; Romeo, D.; Chiesi, M.; Pariente, L.; Stappert, C.F. Clinical investigation on axial versus tilted implants
for immediate fixed rehabilitation of edentulous arches: Preliminary results of a single cohort study. Clin. Implant Dent. Relat. Res.
2014, 16, 527–539. [CrossRef]

99. Gibello, U.; Lanzetti, J.; Crupi, A.; Longhi, B.; Molinero-Mourelle, P.; Roccuzzo, A.; Pera, F. Clinical outcomes of full-arch fixed
implant-supported prostheses in patients lacking supportive peri-implant care: A cross-sectional study. Int. J. Oral Implantol.
2025, 18, 147–157.

100. Bahaa, A.; Bahaa, A.; El-Bagoury, N.; Khaled, N.; El-Mohandes, W.A.; Ibrahim, A.M. Immediate Loading Implant-Supported
Fixed Full-Arch Rehabilitation Using a New Clinical Decision-Support System: A Case Series. Cureus 2024, 16, e67879. [CrossRef]

https://doi.org/10.3390/geriatrics11050117

https://doi.org/10.1111/jopr.14057
https://doi.org/10.1155/2021/5571793
https://doi.org/10.1111/cid.13131
https://doi.org/10.3390/prosthesis5030062
https://doi.org/10.11607/jomi.11490
https://doi.org/10.1002/cap.10155
https://doi.org/10.3390/diagnostics13142341
https://doi.org/10.1055/s-0041-1732802
https://doi.org/10.1007/s00784-024-05588-4
https://doi.org/10.1563/aaid-joi-D-19-00025
https://doi.org/10.1111/clr.13076
https://doi.org/10.1111/clr.12464
https://doi.org/10.1155/2012/180379
https://doi.org/10.3390/dj10050082
https://doi.org/10.1016/j.prosdent.2022.11.015
https://doi.org/10.11607/jomi.10885
https://doi.org/10.4317/jced.53613
https://doi.org/10.4103/jisp.jisp_278_22
https://doi.org/10.1016/j.ijom.2026.04.002
https://doi.org/10.1111/cid.12020
https://doi.org/10.7759/cureus.67879
https://doi.org/10.3390/geriatrics11050117


Geriatrics 2026, 11, 117 29 of 33

101. Francetti, L.; Rodolfi, A.; Barbaro, B.; Taschieri, S.; Cavalli, N.; Corbella, S. Implant success rates in full-arch rehabilitations
supported by upright and tilted implants: A retrospective investigation with up to five years of follow-up. J. Periodontal Implant
Sci. 2015, 45, 210–215. [CrossRef]

102. Pantaleo, G.; Acerra, A.; Giordano, F.; D’Ambrosio, F.; Langone, M.; Caggiano, M. Immediate Loading of Fixed Prostheses in
Fully Edentulous Jaws: A 7-Year Follow-Up from a Single-Cohort Retrospective Study. Appl. Sci. 2022, 12, 12427. [CrossRef]

103. Francetti, L.; Romeo, D.; Corbella, S.; Taschieri, S.; Del Fabbro, M. Bone level changes around axial and tilted implants in full-arch
fixed immediate restorations. Interim results of a prospective study. Clin. Implant Dent. Relat. Res. 2012, 14, 646–654. [CrossRef]

104. Francetti, L.; Corbella, S.; Taschieri, S.; Cavalli, N.; Del Fabbro, M. Medium- and Long-Term Complications in Full-Arch
Rehabilitations Supported by Upright and Tilted Implants. Clin. Implant Dent. Relat. Res. 2015, 17, 758–764. [CrossRef]

105. Tomar, S.; Agnihotri, N.; Vhanmane, G. Prosthetic complications of implant-supported complete arch prostheses: An umbrella
review of systematic reviews. J. Prosthet. Dent. 2026, 136, 52–59. [CrossRef]

106. Wittcinski, C.; Kubo, F.M.; Teixeira, M.L.; Pelegrine, A.A. Complications in implant-supported full-arch immediate prostheses: A
Brazilian retrospective, observational, longitudinal study. Acta Odonatol. Latinoam. 2025, 38, 262–269. [CrossRef]

107. Chatterjee, E.; Nasha, A.; Mustafa, M.; Chinthalapudi, S.L.; Padavala, S.; Lakshmipuram, A.K.; Bhatnagar, T.K. The Impact of
Implant Angulation on the Stress Distribution and Survival Rate of Implant-Supported Fixed Dental Prostheses: A Retrospective
Study. Cureus 2023, 15, e47892. [CrossRef]

108. Bakopoulos, A.; Petridis, H.; Michalakis, K.; Tsalikis, L.; Vouros, I. Clinical and Radiographic Changes at Implants Supporting
Fixed Partial Dental Prostheses with Cantilever Extensions. A Retrospective Study After at Least 10 Years of Loading. Clin. Oral
Implant. Res. 2025, 36, 1271–1286. [CrossRef]

109. Simonpieri, A.; Gasparro, R.; Pantaleo, G.; Mignogna, J.; Ricciitello, F.; Sammartino, G. Four-year post-loading results of full-arch
rehabilitation with immediate placement and immediate loading implants: A retrospective controlled study. Quintessence Int.
2017, 48, 315–324. [CrossRef]

110. Velasco-Ortega, E.; Cracel-Lopes, J.L.; Matos-Garrido, N.; Jimenez-Guerra, A.; Ortiz-Garcia, I.; Moreno-Munoz, J.; Nunez-
Marquez, E.; Rondon-Romero, J.L.; Lopez-Lopez, J.; Monsalve-Guil, L. Immediate Functional Loading with Full-Arch Fixed
Implant-Retained Rehabilitation in Periodontal Patients: Clinical Study. Int. J. Environ. Res. Public Health 2022, 19, 13162.
[CrossRef]

111. Polido, W.D.; Le, B. Current Considerations for Full-Arch Fixed Rehabilitations: A Narrative Review. Int. J. Prosthodont. 2025, 38,
51–56. [CrossRef]

112. Durrani, F.; Pandey, A.; Muralisekar, R.; Agarwal, S.; Shilpi, S.; Rajak, K.K. Periodontal and prosthetic perspective of implant-
supported full-arch prostheses with monolithic zirconia and porcelain fused metal restorative materials: A three-year retrospective
case series. J. Indian Soc. Periodontol. 2025, 29, 318–324. [CrossRef]

113. Aalam, A.A.; Krivitsky-Aalam, A.; Zelig, D.; Oh, S.; Holtzclaw, D.; Kurtzman, G.M. Trans-sinus dental implants, for immediate
placement when insufficient alveolar height is present: An alternative to zygomatic implants—Surgical case series. Ann. Med.
Surg. 2023, 85, 51–56. [CrossRef]

114. Balaji, V.R.; Lambodharan, R.; Manikandan, D.; Deenadayalan, S. Pterygoid Implant for Atrophic Posterior Maxilla. J. Pharm.
Bioallied Sci. 2017, 9, S261–S263. [CrossRef]

115. Mirdah, W.F.; Goyal, R.; Singh, A.; Singh, N.; Laxmi, S.K.; Tarpara, K.J.; Acharjee, D. Clinical Outcomes and Success Factors of
Pterygoid Implants in the Posterior Atrophic Maxilla: A Prospective Study. Cureus 2025, 17, e82820. [CrossRef]

116. Konstantinovic, V.S.; Abd-UI-Salam, H.; Jelovac, D.; Ivanjac, F.; Milicic, B. Pterygoid and tuberosity implants in the atrophic
posterior maxilla: A retrospective cohort study. J. Prosthet. Dent. 2023, 130, 219.e1–219.e10. [CrossRef]

117. Ren, J.; Shu, L. A new classification for pterygomaxillary implants and its related surgical implications: A retrospective cohort
study. BMC Oral Health 2024, 24, 972. [CrossRef]

118. D’Amario, M.; Orsijena, A.; Franco, R.; Chiacchia, M.; Jahjah, A.; Capogreco, M. Clinical achievements of implantology in the
pterygoid region: A systematic review and meta-analysis of the literature. J. Stomatol. Oral Maxillofac. Surg. 2024, 125, 101951.
[CrossRef]

119. Candel, E.; Penarrocha, D.; Penarrocha, M. Rehabilitation of the atrophic posterior maxilla with pterygoid implants: A review.
J. Oral Implantol. 2012, 38, 461–466. [CrossRef]

120. Ren, J.; Shu, L. Pterygoid Implant-Based “VIV” Design for Rehabilitation of Extreme Maxillary Atrophy. J. Craniofac. Surg. 2022,
33, 2195–2198. [CrossRef]

121. Testori, T.; Mandelli, F.; Mantovani, M.; Taschieri, S.; Weinstein, R.L.; Del Fabbro, M. Tilted trans-sinus implants for the treatment
of maxillary atrophy: Case series of 35 consecutive patients. J. Oral Maxillofac. Surg. 2013, 71, 1187–1194. [CrossRef]

122. Hamilton, A.; Jamjoom, F.Z.; Alnasser, M.; Starr, J.R.; Friedland, B.; Gallucci, G.O. Tilted versus axial implant distribution in the
posterior edentulous maxilla: A CBCT analysis. Clin. Oral Implant. Res. 2021, 32, 1357–1365. [CrossRef]

123. Mehta, S.P.; Sutariya, P.V.; Pathan, M.R.; Upadhyay, H.H.; Patel, S.R.; Kantharia, N.D.G. Clinical success between tilted and axial
implants in edentulous maxilla: A systematic review and meta-analysis. J. Indian Prosthodont. Soc. 2021, 21, 217–228. [CrossRef]

https://doi.org/10.3390/geriatrics11050117

https://doi.org/10.5051/jpis.2015.45.6.210
https://doi.org/10.3390/app122312427
https://doi.org/10.1111/j.1708-8208.2010.00304.x
https://doi.org/10.1111/cid.12180
https://doi.org/10.1016/j.prosdent.2026.03.013
https://doi.org/10.54589/aol.38/1/76
https://doi.org/10.7759/cureus.47892
https://doi.org/10.1111/clr.70000
https://doi.org/10.3290/j.qi.a37894
https://doi.org/10.3390/ijerph192013162
https://doi.org/10.11607/ijp.9389
https://doi.org/10.4103/jisp.jisp_415_23
https://doi.org/10.1097/MS9.0000000000000201
https://doi.org/10.4103/jpbs.JPBS_103_17
https://doi.org/10.7759/cureus.82820
https://doi.org/10.1016/j.prosdent.2023.06.007
https://doi.org/10.1186/s12903-024-04761-1
https://doi.org/10.1016/j.jormas.2024.101951
https://doi.org/10.1563/AAID-JOI-D-10-00200
https://doi.org/10.1097/SCS.0000000000008517
https://doi.org/10.1016/j.joms.2013.02.013
https://doi.org/10.1111/clr.13836
https://doi.org/10.4103/jips.jips_79_21
https://doi.org/10.3390/geriatrics11050117


Geriatrics 2026, 11, 117 30 of 33

124. Sales, P.H.D.H.; Diniz, D.A.; Silva, P.G.B.; Carvalho, A.A.T.; Vescovi, P.; Meleti, M.; Leão, J.C. Effectiveness of trans-sinus dental
implants in the complete arch rehabilitation of the edentulous maxilla: A systematic review and meta-analysis. J. Prosthet. Dent.
2025, 134, 1632–1640. [CrossRef]

125. Coskun, U.; Altintas, N.Y. Comparison of posterior support strategies with pterygoid implants for full-arch implant rehabilitation
in the atrophic maxilla: A finite element study. BMC Oral Health 2025, 25, 1703. [CrossRef]

126. Bidra, A.S.; Sim, P.; Kuo, C.L. Survival outcomes of implants placed in the pterygoid region: A retrospective study of up to 9
years. J. Prosthodont. 2026, 35, 488–493. [CrossRef]

127. Curi, M.M.; Cardoso, C.L.; Ribeiro, K.C. Retrospective study of pterygoid implants in the atrophic posterior maxilla: Implant and
prosthesis survival rates up to 3 years. Int. J. Oral Maxillofac. Implant. 2015, 30, 378–383. [CrossRef]

128. Raouf, K.; Chrcanovic, B.R. Clinical Outcomes of Pterygoid and Maxillary Tuberosity Implants: A Systematic Review. J. Clin. Med.
2024, 13, 4544. [CrossRef]

129. Sola Perez, A.; Pastorino, D.; Aparicio, C.; Pegueroles Neyra, M.; Khan, R.S.; Wright, S.; Ucer, C. Success Rates of Zygomatic
Implants for the Rehabilitation of Severely Atrophic Maxilla: A Systematic Review. Dent. J. 2022, 10, 151. [CrossRef]

130. Felice, P.; Bonifazi, L.; Pistilli, R.; Trevisiol, L.; Pellegrino, G.; Nocini, P.F.; Barausse, C.; Tayeb, S.; Bersani, M.; D’Agostino, A.
Zygomatic implants in the rehabilitation of severe maxillary atrophy: A retrospective study of 274 zygomatic implants with a
mean follow-up period of 7.5 years. Int. J. Oral Implantol. 2024, 17, 401–408.

131. Polido, W.D.; Machado-Fernandez, A.; Lin, W.S.; Aghaloo, T. Indications for zygomatic implants: A systematic review. Int. J.
Implant Dent. 2023, 9, 17. [CrossRef]

132. Davó, R.; Fan, S.; Wang, F.; Wu, Y. Long-term survival and complications of Quad Zygoma Protocol with Anatomy-Guided
Approach in severely atrophic maxilla: A retrospective follow-up analysis of up to 17 years. Clin. Implant Dent. Relat. Res. 2024,
26, 343–355. [CrossRef]

133. Gupta, A.; Gedam, U.; Pandey, S.; Gupta, J.; Chandwani, N. Pioneering Full Mouth Rehabilitation with Zygomatic Implants
Using Full Digital Work Flow: A Case Report with 3-Year Follow Up. J. Pharm. Bioallied Sci. 2025, 17, S979–S981. [CrossRef]

134. Di Cosola, M.; Ballini, A.; Zhurakivska, K.; Ceccarello, A.; Nocini, R.; Malcangi, A.; Mori, G.; Lo Muzio, L.; Cantore, S.; Olivo,
A. Retrospective Analysis of Clinical and Radiologic Data Regarding Zygomatic Implant Rehabilitation with a Long-Term
Follow-Up. Int. J. Environ. Res. Public Health 2021, 18, 12963. [CrossRef]

135. Davó, R.; Felice, P.; Pistilli, R.; Barausse, C.; Marti-Pages, C.; Ferrer-Fuertes, A.; Ippolito, D.R.; Esposito, M. Immediately
loaded zygomatic implants vs conventional dental implants in augmented atrophic maxilla: 1-year post-loading results from a
multicentre randomised controlled trial. Eur. J. Oral Implantol. 2018, 11, 145–161.

136. Leroy, C.; Longis, J.; Bertin, H.; Mader, M.; Bonnet, R. Complications and risk factors associated with zygomatic implants:
Retrospective analysis with 73 consecutive patients followed for 3.5 years. Quintessence Int. 2025, 56, 46–59. [CrossRef]

137. Borgonovo, A.; Grandi, T.; Vassallo, S.; Signorini, L. Extrasinus Zygomatic Implants for the Immediate Rehabilitation of the
Atrophic Maxilla: 1-Year Postloading Results From a Multicenter Prospective Cohort Study. J. Oral Maxillofac. Surg. 2021, 79,
356–365. [CrossRef]

138. Venkatachalam, V.; Pandiarajan, R.; Meyappan, A.; Anbukkarasu, H. Evaluation of Surgical Outcomes of Zygomatic Implant-
Supported Rehabilitation of Atrophic Maxillary Arches—A Prospective Study. Ann. Maxillofac. Surg. 2024, 14, 27–32. [CrossRef]

139. Brennan Roper, M.; Vissink, A.; Dudding, T.; Pollard, A.; Gareb, B.; Malevez, C.; Balshi, T.; Brecht, L.; Kumar, V.; Wu, Y.; et al.
Long-term treatment outcomes with zygomatic implants: A systematic review and meta-analysis. Int. J. Implant Dent. 2023, 9, 21.
[CrossRef]

140. Thoma, D.S.; Sadilina, S.; Jung, R.E.; Park, S.H.; Park, J.Y.; Jung, U.W.; Strauss, F.J. Patient- and Clinician-Reported Outcomes
and the Outcome Measures in Studies Reporting on Rehabilitation of the Edentulous Maxilla with Implant-Supported Fixed
Prosthesis Using Short, Standard-Length and/or Zygomatic Implants: A Systematic Review of Clinical Studies Published in the
Last 10 Years. Clin. Oral Implant. Res. 2026, 37, S247–S272. [CrossRef]

141. Donos, N.; Asche, N.V.; Akbar, A.N.; Francisco, H.; Gonzales, O.; Gotfredsen, K.; Haas, R.; Happe, A.; Leow, N.; Navarro,
J.M.; et al. Impact of timing of dental implant placement and loading: Summary and consensus statements of group 1-The 6th
EAO Consensus Conference 2021. Clin. Oral Implant. Res. 2021, 32, 85–92. [CrossRef]

142. Schwarz, F.; Sanz-Martin, I.; Kern, J.S.; Taylor, T.; Schaer, A.; Wolfart, S.; Sanz, M. Loading protocols and implant supported
restorations proposed for the rehabilitation of partially and fully edentulous jaws. Camlog Foundation Consensus Report. Clin.
Oral Implant. Res. 2016, 27, 988–992. [CrossRef]

143. Tettamanti, L.; Andrisani, C.; Bassi, M.A.; Vinci, R.; Silvestre-Rangil, J.; Tagliabue, A. Immediate loading implants: Review of the
critical aspects. Oral Implantol. 2017, 10, 129–139. [CrossRef]

144. Bruno, V.; Berti, C.; Barausse, C.; Badino, M.; Gasparro, R.; Ippolito, D.R.; Felice, P. Clinical Relevance of Bone Density Values
from CT Related to Dental Implant Stability: A Ret-respective Study. Biomed. Res. Int. 2018, 2018, 6758245. [CrossRef]

145. Zanetti, E.M.; Pascoletti, G.; Cali, M.; Bignardi, C.; Franceschini, G. Clinical Assessment of Dental Implant Stability During
FollowUp: What Is Actually Measured, and Perspectives. Biosensors 2018, 8, 68. [CrossRef]

https://doi.org/10.3390/geriatrics11050117

https://doi.org/10.1016/j.prosdent.2024.08.003
https://doi.org/10.1186/s12903-025-07060-5
https://doi.org/10.1111/jopr.70031
https://doi.org/10.11607/jomi.3665
https://doi.org/10.3390/jcm13154544
https://doi.org/10.3390/dj10080151
https://doi.org/10.1186/s40729-023-00480-4
https://doi.org/10.1111/cid.13296
https://doi.org/10.4103/jpbs.jpbs_931_24
https://doi.org/10.3390/ijerph182412963
https://doi.org/10.3290/j.qi.b5841085
https://doi.org/10.1016/j.joms.2020.10.003
https://doi.org/10.4103/ams.ams_32_23
https://doi.org/10.1186/s40729-023-00479-x
https://doi.org/10.1111/clr.14468
https://doi.org/10.1111/clr.13809
https://doi.org/10.1111/clr.12736
https://doi.org/10.11138/orl/2017.10.2.129
https://doi.org/10.1155/2018/6758245
https://doi.org/10.3390/bios8030068
https://doi.org/10.3390/geriatrics11050117


Geriatrics 2026, 11, 117 31 of 33

146. Muthaiyan, V.; Krishnamurthi, M.; Arunachalam, M.; Mujeeb, S.A.; Reddy, C.H.B. Comparative evaluation of immediately
loaded implants in both immediate and delayed implant placement with cone-beam computed tomography analysis. J. Indian
Soc. Periodontol. 2025, 29, 14–19. [CrossRef]

147. Wang, Z.; Li, S.; Chen, H.; Guo, L. Efficacy of immediate loading compared to conventional loading in implant-supported
removable prostheses: A systematic review and meta-analysis. Acta Odontol. Scand. 2024, 83, 553–563. [CrossRef]

148. Komagamine, Y.; Kanazawa, M.; Sato, D.; Iwaki, M.; Miyayasu, A.; Minakuchi, S. Patient-reported outcomes for the immediate
loading of mandibular overdentures supported by two implants soon after implant surgery. J. Dent. Sci. 2022, 17, 560–567.
[CrossRef]

149. Rismanchian, M.; Khodadadi, R.; Khodadadi, T.; Khodadadi, T.; Rismanchian, H.; Rahimi, A. Long-term clinical outcomes of
immediate loading versus nonimmediate loading in single-implant restorations: An umbrella review. Dent. Res. J. 2025, 22, 41.
[CrossRef]

150. Sokolowski, A.; Huber, S.; Arefnia, B.; Pichler, A.; Lorenzoni, M.; Sokolowski, A. The influence of prosthetic treatments and
implant-supported prostheses on posterior mandibular ridge atrophy: A retrospective cohort study. BMC Oral Health 2025,
25, 100. [CrossRef]

151. Vieira, D.M.; Sotto-Maior, B.S.; Barros, C.A.; Reis, E.S.; Francisco, C.E. Clinical accuracy of flapless computer-guided surgery for
implant placement in edentulous arches. Int. J. Oral Maxillofac. Implant. 2013, 28, 1347–1351. [CrossRef]

152. Romandini, M.; Ruales-Carrera, E.; Sadilina, S.; Hammerle, C.H.F.; Sanz, M. Minimal invasiveness at dental implant placement:
A systematic review with meta-analyses on flapless fully guided surgery. Periodontology 2000 2023, 91, 89–112. [CrossRef]

153. Carosi, P.; Lorenzi, C.; Lio, F.; Cardelli, P.; Pinto, A.; Laureti, A.; Pozzi, A. Accuracy of Computer-Assisted Flapless Implant
Placement by Means of Mucosa-Supported Templates in Complete-Arch Restorations: A Systematic Review. Materials 2022,
15, 1462. [CrossRef]

154. Chandrshekhar, V.; Shetty, A.; Hemavathi, U.; Iyengar, A.; Rodrigues, N.A.; Suryavanshi, S. A Comprehensive Analysis of
Flapless and Conventional Flap Technique in Dental Implant Surgery—A Comparative Study. Ann. Maxillofac. Surg. 2024, 14,
147–153. [CrossRef]

155. Lerner, H.; Hauschild, U.; Sader, R.; Ghanaati, S. Complete-arch fixed reconstruction by means of guided surgery and immediate
loading: A retrospective clinical study on 12 patients with 1 year of follow-up. BMC Oral Health 2020, 20, 15. [CrossRef]

156. Llamas-Monteagudo, O.; Girbes-Ballester, P.; Viña-Almunia, J.; Peñarrocha-Oltra, D.; Peñarrocha-Diago, M. Clinical parameters
of implants placed in healed sites using flapped and flapless techniques: A systematic review. Med. Oral Patol. Oral Cir. Bucal
2017, 22, e572–e581. [CrossRef]

157. Sadilina, S.; Vietor, K.; Doliveux, R.; Siu, A.; Chen, Z.; Al-Nawas, B.; Mattheos, N.; Pozzi, A. Beyond Accuracy: Clinical Outcomes
of Computer Assisted Implant Surgery. Clin. Exp. Dent. Res. 2025, 11, e70129. [CrossRef]

158. Markiewicz, M.; Nowicki, A.A. Accuracy of Computer-Guided Dental Implant Placement: A Clinical Comparison of Three
Surgical Guide Types. J. Clin. Med. 2025, 14, 8652. [CrossRef]

159. Yeo, X.H.; Fan, S.; Chantler, J.G.M.; Chow, J.; Pimkaokham, A.; Mattheos, N. Static-Computer Assisted Implant Surgery: Where
Are We Now? Aust. Dent. J. 2025, 70, S129–S145. [CrossRef]

160. Younis, H.; Lv, C.; Xu, B.; Zhou, H.; Du, L.; Liao, L.; Zhao, N.; Long, W.; Elayah, S.A.; Chang, X.; et al. Accuracy of dynamic
navigation compared to static surgical guides and the freehand approach in implant placement: A prospective clinical study.
Head Face Med. 2024, 20, 30. [CrossRef]

161. Makarov, N.; Pompa, G.; Papi, P. Computer-assisted implant placement and full-arch immediate loading with digitally prefabri-
cated provisional prostheses without cast: A prospective pilot cohort study. Int. J. Implant Dent. 2021, 7, 80. [CrossRef]

162. Neji, G.; Gasparro, R.; Tili, M.; Dhahri, A.; Khanfir, F.; Sammartino, G.; Aliberti, A.; Campana, M.D.; Ben Amor, F. AI-Powered
Predictive Models in Implant Dentistry: Planning, Risk Assessment, and Outcomes. J. Clin. Med. 2025, 15, 228. [CrossRef]

163. Khaohoen, A.; Powcharoen, W.; Sornsuwan, T.; Chaijareenont, P.; Rungsiyakull, C.; Rungsiyakull, P. Accuracy of implant
placement with computer-aided static, dynamic, and robot-assisted surgery: A systematic review and meta-analysis of clinical
trials. BMC Oral Health 2024, 24, 359. [CrossRef]

164. Huang, L.; Liu, L.; Yang, S.; Khadka, P.; Zhang, S. Evaluation of the accuracy of implant placement by using implant positional
guide versus freehand: A prospective clinical study. Int. J. Implant Dent. 2023, 9, 45. [CrossRef]

165. Marlière, D.A.; Demétrio, M.S.; Picinini, L.S.; Oliveira, R.G.; Netto, H.D.M.C. Accuracy of computer-guided surgery for dental
implant placement in fully edentulous patients: A systematic review. Eur. J. Dent. 2018, 12, 153–160. [CrossRef]

166. Marquez Bautista, N.; Meniz-Garcia, C.; Lopez-Carriches, C.; Sanchez-Labrador, L.; Cortes-Breton Brinkmann, J.; Madrigal
Martinez-Pereda, C. Accuracy of Different Systems of Guided Implant Surgery and Methods for Quantification: A Systematic
Review. Appl. Sci. 2024, 14, 11479. [CrossRef]

167. Argenta, F.; Palazzolo, A.; Scanferla, M.; Risciotti, T.; Romeo, E.; Storelli, S. Clinical and radiological evaluation of soft tissues and
bone level in implant supported rehabilitations performed with flapless computer-guided implantology. A prospective clinical
study. J. Dent. 2026, 165, 106260. [CrossRef]

https://doi.org/10.3390/geriatrics11050117

https://doi.org/10.4103/jisp.jisp_445_23
https://doi.org/10.2340/aos.v83.42027
https://doi.org/10.1016/j.jds.2021.06.021
https://doi.org/10.4103/drj.drj_574_24
https://doi.org/10.1186/s12903-025-05467-8
https://doi.org/10.11607/jomi.3156
https://doi.org/10.1111/prd.12440
https://doi.org/10.3390/ma15041462
https://doi.org/10.4103/ams.ams_74_24
https://doi.org/10.1186/s12903-019-0941-z
https://doi.org/10.4317/medoral.21897
https://doi.org/10.1002/cre2.70129
https://doi.org/10.3390/jcm14248652
https://doi.org/10.1111/adj.70007
https://doi.org/10.1186/s13005-024-00433-1
https://doi.org/10.1186/s40729-021-00369-0
https://doi.org/10.3390/jcm15010228
https://doi.org/10.1186/s12903-024-04033-y
https://doi.org/10.1186/s40729-023-00512-z
https://doi.org/10.4103/ejd.ejd_249_17
https://doi.org/10.3390/app142411479
https://doi.org/10.1016/j.jdent.2025.106260
https://doi.org/10.3390/geriatrics11050117


Geriatrics 2026, 11, 117 32 of 33

168. Naeini, E.N.; Atashkadeh, M.; De Bruyn, H.; D’Haese, J. Narrative review regarding the applicability, accuracy, and clinical
outcome of flapless implant surgery with or without computer guidance. Clin. Implant Dent. Relat. Res. 2020, 22, 454–467.
[CrossRef]

169. Pimkaokham, A.; Jiranuchart, S.; Kaboosaya, B.; Arunjaroenusk, S.; Subbalekha, K.; Mattheos, N. Can computer-assisted implant
surgery improve clinical outcomes and reduce the frequency and intensity of complications in implant dentistry? A critical
review. Periodontology 2000 2022, 90, 197–223. [CrossRef]

170. Cristache, C.M.; Burlibasa, M.; Tudor, I.; Totu, E.E.; Di Francesco, F.; Moraru, L. Accuracy, Labor-Time and Patient-Reported
Outcomes with Partially Versus Fully Digital Workflow for Flapless Guided Dental Implants Insertion- A Randomized Clinical
Trial with One-Year Follow-Up. J. Clin. Med. 2021, 10, 1102. [CrossRef]

171. Garcia-Valdez, D.; Velasco-Ortega, E.; Ortiz-Garcia, I.; Monsalve-Guil, L.; Lopez-Lopez, J.; Nunez-Marquez, E.; Matos-Garrido, N.;
Jimenez-Guerra, A.; Moreno-Munoz, J.; Rondon-Romero, J.L. Impact of Guided Implant Dentistry on Patient Quality of Life,
Satisfaction, and Psychological Well-Being: A Systematic Review. J. Clin. Med. 2025, 14, 6638. [CrossRef]

172. Monsalve-Guil, L.; Velasco-Ortega, E.; Ortiz-Garcia, I.; Matos-Garrido, N.; Moreno-Munoz, J.; Nunez-Marquez, E.; Rondon-
Romero, J.L.; Lopez-Lopez, J.; Jimenez-Guerra, A. Retrospective clinical follow-up of implants placed in edentulous jaws after
computerized surgery and immediate loading, in geriatric patients. Med. Oral Patol. Oral Cir. Bucal 2025, 30, e76–e85. [CrossRef]

173. Lin, G.H.; Chen, Z.; Goodacre, B.J.; Curtis, D.A. Transitioning From Conventional Dentures to Implant-Retained Overdentures in
the Edentulous Maxilla: A Systematic Review on Patient-Reported and Clinician-Reported Outcomes. Clin. Oral Implant. Res.
2026, 37, S204–S219. [CrossRef]

174. Esfandiari, S.; Lund, J.P.; Penrod, J.R.; Savard, A.; Thomason, J.M.; Feine, J.S. Implant overdentures for edentulous elders: Study
of patient preference. Gerodontology 2009, 26, 3–10. [CrossRef]

175. Bakker, M.H.; Vissink, A.; Meijer, H.J.A.; Raghoebar, G.M.; Visser, A. Mandibular implant-supported overdentures in (frail)
elderly: A prospective study with 20-year follow-up. Clin. Implant Dent. Relat. Res. 2019, 21, 586–592. [CrossRef]

176. Muller, F.; Duvernay, E.; Loup, A.; Vazquez, L.; Herrmann, F.R.; Schimmel, M. Implant-supported mandibular overdentures in
very old adults: A randomized controlled trial. J. Dent. Res. 2013, 92, 154S–160S. [CrossRef]

177. Carlsson, G.E. Implant and root supported overdentures—A literature review and some data on bone loss in edentulous jaws. J.
Adv. Prosthodont. 2014, 6, 245–252. [CrossRef]

178. Koyama, R.; Shiratsuchi, H.; Hasuike, A.; Ohyama, T.; Tamagawa, T.; Furukawa, A.; Namaki, S.; Yonenaga, K. Single versus
two implant-supported mandibular overdentures: A systematic review and meta-analysis of implant survival and prosthetic
complications. Int. J. Implant Dent. 2025, 11, 60. [CrossRef]

179. Zhou, H.; Jiao, Y.; Ma, C.F.; Wang, C.; Zhao, S.J.; Tian, M.; Tay, F.R.; Chen, J.H. Clinical outcomes of implant-retained mandibular
overdentures using the bar and magnetic attachment systems: An up to 5-year retrospective study. Ann. Transl. Med. 2020, 8,
1360. [CrossRef]

180. Alenezi, A.; Niyazi, A.A.; Munshi, N.; Alsaggaf, A.U.; Alghalib, T.A.; Huraib, W.M.; Alharbi, M.S. Comparative Analysis of
Retention in Different Attachment Systems for Implant-Supported Overdentures. J. Pharm. Bioallied Sci. 2025, 17, S1374–S1376.
[CrossRef]

181. Papaspyridakos, P.; Chen, C.J.; Chuang, S.K.; Weber, H.P.; Gallucci, G.O. A systematic review of biologic and technical complica-
tions with fixed implant rehabilitations for edentulous patients. Int. J. Oral Maxillofac. Implant. 2012, 27, 102–110.

182. Buurman, D.J.M.; Speksnijder, C.M.; Engelen, H.B.H.T.; Kessler, P. Masticatory performance and oral health-related quality of
life in edentulous maxillectomy patients: A cross-sectional study to compare implant-supported obturators and conventional
obturators. Clin. Oral Implant. Res. 2020, 31, 405–416. [CrossRef]

183. Batista, D.S.; Manfron, G.A.W.; Bubna, D.P.; Barbosa, D.M.; Stechman-Neto, J.; Taveira, K.V.M.; de Araujo, C.M.; Goncalves,
F.M.; Bronholo, T.P.M. Nutritional Outcomes of Overdentures vs. Complete Dentures in Older Edentulous Adults: A Systematic
Review and Meta-Analysis. J. Oral Rehabil. 2026, 53, 592–602. [CrossRef]

184. Mericske-Stern, R. Overdentures with roots or implants for elderly patients: A comparison. J. Prosthet. Dent. 1994, 72, 543–550.
[CrossRef]

185. Buser, D.; Sennerby, L.; De Bruyn, H. Modern implant dentistry based on osseointegration: 50 years of progress, current trends
and open questions. Periodontology 2000 2017, 73, 7–21. [CrossRef]

186. World Health Organization. Global Oral Health Status Report: Towards Universal Health Coverage for Oral Health
by 2030; World Health Organization: Geneva, Switzerland, 2022; ISBN 978-92-4-006148-4. Available online:
https://www.who.int/publications/i/item/9789240061484 (accessed on 18 November 2022).

187. Jain, N.; Dutt, U.; Radenkov, I.; Jain, S. WHO’s global oral health status report 2022: Actions, discussion and implementation.
Oral Dis. 2024, 30, 73–79. [CrossRef]

188. Abayov, P.; Sarikov, R.; Nazarenko, L.M.; Babich, O.; Haimov, E.; Juodzbalys, G. Outcome Difference between Short and Longer
Dental Implants Placed Simultaneously with Alveolar Bone Augmentation: A Systematic Review and Meta-Analysis. J. Oral
Maxillofac. Res. 2024, 15, e2. [CrossRef]

https://doi.org/10.3390/geriatrics11050117

https://doi.org/10.1111/cid.12901
https://doi.org/10.1111/prd.12458
https://doi.org/10.3390/jcm10051102
https://doi.org/10.3390/jcm14186638
https://doi.org/10.4317/medoral.26837
https://doi.org/10.1111/clr.14446
https://doi.org/10.1111/j.1741-2358.2008.00237.x
https://doi.org/10.1111/cid.12772
https://doi.org/10.1177/0022034513509630
https://doi.org/10.4047/jap.2014.6.4.245
https://doi.org/10.1186/s40729-025-00647-1
https://doi.org/10.21037/atm-20-2531
https://doi.org/10.4103/jpbs.jpbs_1682_24
https://doi.org/10.1111/clr.13577
https://doi.org/10.1111/joor.70111
https://doi.org/10.1016/0022-3913(94)90129-5
https://doi.org/10.1111/prd.12185
https://www.who.int/publications/i/item/9789240061484
https://doi.org/10.1111/odi.14516
https://doi.org/10.5037/jomr.2024.15202
https://doi.org/10.3390/geriatrics11050117


Geriatrics 2026, 11, 117 33 of 33

189. Emfietzoglou, R.; Derek, A. Survival Rates of Short Dental Implants (≤6 mm) Used as an Alternative to Longer (>6 mm) Implants
for the Rehabilitation of Posterior Partial Edentulism: A Systematic Review of RCTs. Dent. J. 2024, 12, 185. [CrossRef]

190. Menendez-Collar, M.; Serrera-Figallo, M.A.; Hita-Iglesias, P.; Castillo-Oyagüe, R.; Casar-Espinosa, J.C.; Gutiérrez-Corrales, A.;
Gutiérrez-Perez, J.L.; Torres-Lagares, D. Straight and tilted implants for supporting screw-retained full-arch dental prostheses in
atrophic maxillae: A 2-year prospective study. Med. Oral Patol. Oral Cir. Bucal 2018, 23, e733–e741. [CrossRef]

191. Ali, S.A.; Karthigeyan, S.; Deivanai, M.; Kumar, A. Implant rehabilitation for atrophic maxilla: A review. J. Indian Prosthodont. Soc.
2014, 14, 196–207. [CrossRef]

192. Porczyk, P.; Górski, B. Minimally Invasive Bone Regeneration in Implant Dentistry: From Biological Principles to Indication-
Driven Clinical Decision-Making—A Narrative Review. J. Clin. Med. 2026, 15, 4208. [CrossRef]

193. Hasan, I.; Bourauel, C.; Mundt, T.; Heinemann, F. Biomechanics and load resistance of short dental implants: A review of the
literature. Int. Sch. Res. Not. 2013, 2013, 424592. [CrossRef]

194. Sierra-Sanchez, J.L.; Martinez-Gonzalez, A.; Garcia-Sala Bonmati, F.; Mañes-Ferrer, J.F.; Brotons-Oliver, A. Narrow-diameter
implants: Are they a predictable treatment option? A literature review. Med. Oral Patol. Oral Cir. Bucal 2014, 19, e74–e81.
[CrossRef]

195. Aalam, A.A.; Krivitsky-Aalam, A.; Kurtzman, G.M.; Mahesh, L. The severely atrophic maxilla: Decision making with zygomatic
and pterygoid dental implants. J. Oral Biol. Craniofac. Res. 2023, 13, 202–206. [CrossRef]

196. De Bruyn, H.; Raes, S.; Matthys, C.; Cosyn, J. The current use of patient-centered/reported outcomes in implant dentistry: A
systematic review. Clin. Oral Implant. Res. 2015, 26, 45–56. [CrossRef]

197. Kayasth, J.; Yadav, V.; Sharma, D.; Yadav, G.; Manjunath, B.C.; Bhukal, S. Oral Health and Oral Health-Related Quality of Life
Among Geriatric Population-A Narrative Review. J. Pharm. Bioallied Sci. 2024, 16, S3105–S3107. [CrossRef]

198. Campana, M.D.; de Paolis, G.; Sammartino, G.; Bucci, P.; Aliberti, A.; Gasparro, R. Cannabinoids: Therapeutic Perspectives for
Management of Orofacial Pain, Oral Inflammation and Bone Healing—A Systematic Review. Int. J. Mol. Sci. 2025, 26, 3766.
[CrossRef]

199. John, M.T.; Omara, M.; Su, N.; List, T.; Sekulic, S.; Häggman-Henrikson, B.; Visscher, C.M.; Bekes, K.; Reissmann, D.R.; Baba,
K.; et al. RECOMMENDATIONS FOR USE AND SCORING OF ORAL HEALTH IMPACT PROFILE VERSIONS. J. Evid. Based
Dent. Pract. 2022, 22, 101619. [CrossRef]

200. Bishti, S.; Tuna, T.; Rittich, A.; Wolfart, S. Patient-reported outcome measures (PROMs) of implant-supported reconstructions
using digital workflows: A systematic review and meta-analysis. Clin. Oral Implants Res. 2021, 32, 318–335. [CrossRef]

201. Yao, C.J.; Cao, C.; Bornstein, M.M.; Mattheos, N. Patient-reported outcome measures of edentulous patients restored with
implant-supported removable and fixed prostheses: A systematic review. Clin. Oral Implant. Res. 2018, 29, 241–254. [CrossRef]

202. Gallucci, G.O.; Hamilton, A.; Zhou, W.; Buser, D.; Chen, S. Implant placement and loading protocols in partially edentulous
patients: A systematic review. Clin. Oral Implant. Res. 2018, 29, 106–134. [CrossRef]
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