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Abstract 

 
Objectives. The aim of this narrative review was to evaluate the current evidence regarding the biomechanical 

principles governing implant-supported fixed and removable restorations and their influence on treatment 

outcomes, peri-implant tissue preservation, and prosthetic longevity. Materials and Methods. A structured 

literature search was conducted in PubMed/MEDLINE, PubMed Central, Scopus, and Web of Science. Systematic 

reviews, meta-analyses, randomized controlled trials, clinical studies, and finite element analyses published 

between 2000 and 2025 were included. The review focused on biomechanical factors affecting implant-supported 

fixed prostheses and removable overdentures, including load distribution, implant number and position, implant 

angulation, cantilever design, prosthetic materials, attachment systems, stress transmission, marginal bone loss, 

and prosthetic complications. Due to methodological heterogeneity, data were synthesized narratively. Results. 

Biomechanical performance of implant-supported restorations is strongly influenced by prosthetic design, implant 

configuration, and occlusal loading conditions. Fixed restorations generally provide favorable load distribution 

and reduced prosthetic movement, whereas removable implant-supported overdentures offer functional and 

economic advantages but may generate increased stresses around attachment systems and supporting implants. 

Factors such as excessive cantilever length, non-axial loading, inadequate implant distribution, and unfavorable 

crown-to-implant ratios are associated with increased peri-implant stress concentrations, marginal bone loss, and 

mechanical complications. Advances in digital planning, CAD/CAM technologies, and finite element modeling 

have improved the understanding and optimization of biomechanical behavior in implant prosthodontics. 

Conclusions. Biomechanical considerations play a critical role in the long-term success of implant-supported 

fixed and removable restorations. Individualized treatment planning based on biomechanical principles is essential 

for minimizing biological and mechanical complications, preserving peri-implant tissues, and enhancing the 

predictability and longevity of implant prosthetic rehabilitation. 

 

Keywords: prosthetic rehabilitation; risk factors; systemic disease; medically compromised patients. 

 

INTRODUCTION 

In contemporary oral implantology 

practice, clinicians frequently face the need 

to provide prosthetic and surgical 

treatments that ensure both functional 

stability and long-term biological 

integration [1]. Although dental implants 

have become a predictable therapeutic 

solution for partial and complete 

edentulism, their success depends largely 

on the understanding and control of the 

biomechanical factors involved. Occlusal 

forces, stress distribution at the level of the 

alveolar bone, the type of prosthetic 

loading, and implant design are all essential 
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elements influencing osseointegration and 

the longevity of treatment outcomes [2,3]. 

The study of oral implant 

biomechanics represents a modern research 

direction capable of explaining the 

underlying causes of complications such as 

marginal bone loss, implant fracture, and 

prosthetic failure, while also offering 

solutions for optimizing treatment 

planning. Computational, analytical, and 

experimental models — including finite 

element analysis (FEA), photoelasticity, 

and strain gauge measurements — have 

been employed to evaluate the 

biomechanics of implant-supported fixed 

prosthetic restorations [4,5].  

Research groups are working to 

optimize the accuracy of simulated clinical 

models and to correlate FEA findings with 

data reported by clinical studies assessing 

implant survival rates and the longevity of 

implant-supported fixed restorations. FEA 

research have advanced the understanding 

of how masticatory forces are transferred to 

peri-implant bone tissues, by investigating 

the magnitude and distribution of these 

forces under conditions simulating real 

clinical scenarios. This is particularly 

relevant given that one of the most 

significant causes of implant failure is bone 

resorption at the interface between the 

implant neck and the surrounding osseous 

tissue [6]. FEA studies are especially 

valuable in this context because direct 

clinical evaluation of the biomechanical 

behavior of implant and peri-implant bone 

structures is not feasible, owing to inherent 

methodological and design limitations, 

potential ethical concerns, and the extended 

timeframes required to complete such 

investigations [7].  

 

 

MATERIALS AND METHODS 

Search Strategy 

The identification of relevant 

studies was carried out by consulting the 

electronic databases PubMed/MEDLINE, 

PubMed Central (PMC), Scopus, and Web 

of Science.  

The literature search was performed 

using combinations of keywords and MeSH 

terms such as: "dental implants", 

„biomechanics”, „fixed implant-supported 

restorations” „removable implant-

supported restorations” "implant-supported 

overdenture", „implant-supported hybrid 

restorations”, "implant survival rate", 

"implant success rate", "implant failure", 

"prosthetic rehabilitation", "marginal bone 

loss", "systemic disease", "implant-

supported overdenture". Search terms were 

used both individually and in Boolean 

combinations (AND/OR) to maximize 

retrieval of relevant records. Priority was 

given to studies available in full text via 

PMC Open Access, in order to ensure 

complete data extraction. 

Selection Criteria 

Studies were considered eligible 

when they met the following criteria: 

original manuscripts — including 

randomized controlled trials, prospective 

and retrospective observational studies, and 

finite element analysis investigations — 

examining the biomechanical behavior of 

dental implants and implant-supported 

prosthetic restorations; systematic reviews 

and meta-analyses addressing stress 

distribution, load transfer mechanisms, 

marginal bone loss, and mechanical 

complications in implant-supported 

rehabilitations; narrative reviews from 

well-known textbooks in the fields of 
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implantology, prosthodontics, and oral 

biomechanics; and original studies 

reporting quantitative biomechanical 

outcomes such as stress and strain 

distribution patterns, implant survival rates, 

prosthetic complication rates, and marginal 

bone loss values determined over specified 

follow-up periods. 

Studies were excluded if they 

fulfilled one or more of the following 

criteria: non-human studies without 

translational relevance; articles published 

before 2000; studies not directly addressing 

the biomechanical behavior of dental 

implants or implant-supported prostheses; 

investigations examining material 

properties of prosthetic components and 

biomaterials without reporting relevant 

biomechanical outcome measures; studies 

focused exclusively on implant surface 

characteristics, biomaterials, or 

osseointegration without biomechanical 

outcome data; publications not available in 

English. 

Data Extraction and Quality Assessment 

Two independent reviewers 

systematically extracted data from each 

included article. The following variables 

were documented for every study: (1) study 

design and level of evidence; (2) sample 

size in terms of number of patients, 

implants, or computational models; (3) 

implant characteristics, including number, 

position, diameter, length, and angulation; 

(4) type of prosthetic rehabilitation 

performed; (5) loading conditions and 

occlusal scheme; (6) follow-up length; and 

(7) biomechanical outcome measures 

reported, including stress and strain 

distribution patterns, marginal bone loss 

(MBL), implant survival rate (ISR), and 

prosthetic complication rates. For finite 

element analysis studies, model 

specifications, boundary conditions, 

material properties, and stress-analysis 

parameters were also recorded. Statistical 

measures, were extracted wherever 

available. 

 

LITERATURE REVIEW 

1.General context  

Biomechanics of oral implants is at 

the core of modern dental research, given 

the need to thoroughly understand how 

masticatory forces interact with implant 

structures in order to ensure clinical 

success. The integration of implants into the 

maxilla or mandible depends on numerous 

biomechanical factors, such as the 

dimensions, shape, and material 

composition of the implant itself, as well as 

the quality and quantity of the recipient 

bone [8].  

The biomechanical response of peri-

implant bone influences both the primary 

stability and subsequent osseointegration of 

a dental implant [9]. The implantology field 

is further complicated by the sheer diversity 

of available implant systems, each differing 

in insertion characteristics and thread 

design, and by the relatively limited number 

of robust clinical studies — a combination 

that makes implant system selection 

according to individual clinical and 

biological parameters an ongoing challenge 

for practitioners [10]. Excessive or poorly 

distributed loading can trigger bone 

resorption and ultimately lead to implant 

failure, whereas a well-balanced load 

distribution supports bone maintenance and 

may even promote bone apposition around 

the implant over time [11]. Stress 

distribution around oral implants is a 

critical determinant of long-term treatment 
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outcomes. When stresses exceed 

physiological thresholds — whether due to 

unfavorable prosthetic design or 

suboptimal surgical technique — bone 

microfractures and osseointegration failure 

can result. The implant material itself also 

plays a significant role in how stresses are 

transmitted and dissipated; modern 

materials such as titanium and its alloys 

have been specifically engineered to 

optimize stress distribution and improve 

overall implant survival rates [12]. 

Finite element analysis (FEA) has 

emerged as a particularly valuable tool, 

enabling detailed computational simulation 

of force distribution across implant 

structures and surrounding bone under a 

variety of loading conditions [13,14]. Stress 

magnitude and distribution are shaped by 

multiple interacting variables, including 

surface properties, subtle geometric 

variations, and the complexity of implant–

prosthetic assemblies. FEA studies are 

especially well suited to investigating these 

interactions, as they can incorporate the full 

range of parameters that are difficult or 

impossible to isolate in clinical settings 

[15]. The magnitude of masticatory forces 

transmitted to implant-supported fixed 

restorations varies widely, from a few tens 

of Newtons to approximately 2000 N 

depending on the individual and the region 

of the arch [16]. Functional loading of 

dental implants occurs for an estimated 

average of 30 minutes per day, at a 

masticatory cycle frequency of 48 to 112 

cycles per minute [17]. When multiple 

implants are used to support fixed or 

removable prostheses in the context of 

complex oral rehabilitations, the 

biomechanical picture becomes 

considerably more intricate. The 

interactions among implants, the prosthetic 

superstructure, and the surrounding hard 

and soft tissues must all be carefully 

considered and optimized if complications 

are to be avoided [18,19]. 

 

2. Biomechanics of Implant-Supported 

Fixed Prosthetic Restorations 
The success of implant-prosthetic 

therapy is dependent on the entire capacity 

of osseointegration, which is defined as the 

direct structural and functional connection 

between peri-implant bone tissues with 

titanium alloys without the presence of 

fibrous tissue interposition [20]. Bone 

tissues respond positively to implant 

transmission that involves combined tissue 

resistance within bone and proper 

mechanical alignment of accentuated 

distributed loading stress throughout peri-

implant osseous tissues, thereby sustaining 

the long-term maintenance of functional 

implant-supported fixed prosthetic 

restorations. The level and orientation of 

peri-implant bone resorption are influenced 

by the following factors [20]: 

• type of loading; 

• material properties of the implants 

and prosthetic restorations; 

• implant design; 

• volume of peri-implant bone 

tissues; 

• density of peri-implant bone tissues; 

• characteristics of the implant–peri-

implant tissue interface. 

The factors influencing stress 

magnitude and distribution within peri-

implant bone tissues are the following [20]: 

• type of forces (horizontal, vertical, 

oblique) loading the dental 

implants; 

• type of bone–implant interface; 

• implant dimensional parameters; 

• macroscopic design; 

• type of prosthetic restoration; 
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• volume and quality of peri-implant 

bone tissues. 

Excessive forces along the implant axis 

or paraaxial forces must be avoided in order 

to prevent peri-implant bone resorption 

[20]. Vertical forces ensure uniform stress 

distribution along the implant–bone 

interface, whereas oblique forces are 

associated with shear forces and bending 

moments, leading to stress concentration at 

the implant neck and at the bone contact 

area [21].  

Data from the literature demonstrate the 

influence of microdesign on the degree of 

peri-implant bone resorption. Implants with 

a rough microsurface and microthreads 

exhibit the lowest peri-implant resorption 

values: a mean of 0.1 mm at the end of the 

healing period, 0.5 mm (range 0–2.1 mm) 

at two years, and 0.7 mm (range 0–2.3 mm) 

at five years [22]. Dental implants with a 

rough surface and rough microthreads have 

the lowest peri-implant bone resorption 

values at 5 years post-loading (0.61 ± 0.32 

mm), followed by rough-surface implants 

without microthreads (0.99 ± 0.38 mm) 

[23]. Implants with a rough microsurface 

incorporating microthreads have the lowest 

peri-implant bone resorption, with a mean 

value of 0.18 mm (±0.16 mm) at twelve 

months post-loading [24]. Post-loading 

alveolar bone resorption may be reduced by 

the addition of microthreads to rough 

microsurface implants [25]. 

Regarding implant dimensional 

parameters, the height and width of the 

edentulous ridge (prosthetic space) 

determine the selection of implant length 

and diameter. In implant sites with severe 

bone resorption, bone augmentation 

procedures are required to ensure favorable 

biomechanical conditions [21, 26]. At 

implant sites reconstructed through guided 

bone regeneration techniques, the stress 

distribution surface area is considerably 

reduced compared to the pre-treatment 

state; the bone is anisotropic, and the level 

of integration varies along the bone–

implant interface. Research groups have 

reported a direct relationship between stress 

fields in bone tissues and the degree of 

occlusal loading, as well as implant design 

and length [20, 21, 26].  

With regard to the relationship 

between implant macroscopic design and 

biomechanical behavior, design features 

can influence the implant–peri-implant 

bone connection and the manner in which 

forces at this interface are dispersed — 

either homogeneously or heterogeneously 

[20].  

Implant design is a major 

determinant of the primary stability of 

dental implants, through its influence on 

peri-implant stress magnitude and 

distribution [27].  

 

3. Biomechanics of Implant-Supported 

Hybrid Prosthetic Restorations 

 

Biomechanics of Implant-Retained 

Overdentures with Special Attachment 

Systems 

In hybrid prosthetic rehabilitation 

through implant-supported overdentures at 

the mandibular arch, two to four implants 

are regularly placed in the anterior region 

(at the canines or canines and second 

premolars) according to the desired stability 

and patient anatomy [28, 29]. Implants are 

usually placed in the anterior mandible 

where bone quality is superior and to avoid 

important anatomical structures such as the 

mandibular nerve. Implant placement at the 
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premolar sites is performed less routinely 

and in selective cases — for example, when 

additional stability is required or when 

sufficient bone volume exists at the 

premolar sites to support a more uniform 

masticatory load distribution. Thus, the 

standard option for implant-supported 

removable prosthetics at the mandibular 

level usually consists of two implants in the 

anterior region; however, additional 

implants may be used depending on both 

the clinical situation and patient 

requirements, including placement in the 

premolar zone. For implant-supported 

overdentures, the choice between mixed 

support (both implant and mucosal) and 

exclusively implant-borne support — 

particularly in cases with implants at the 

canine and second premolar sites — is 

influenced by the prosthesis type and the 

specific clinical case [28, 29]. 

With mixed support (implants and 

mucosa), the removable prosthesis 

maintains direct contact with and 

distributes a portion of the masticatory 

forces to both the implants and the alveolar 

mucosal tissue. In this configuration, no 

space exists between the prosthetic saddle 

and the mucosa, meaning that part of the 

masticatory pressure is borne by the soft 

tissue [28, 29]. 

In the case of an overdenture 

supported by four implants (placed at the 

canine and second premolar sites), 

exclusively implant-borne support is 

generally the preferred option, particularly 

in modern solutions such as All-on-4 

systems. This approach provides superior 

stability and long-term comfort, avoiding 

complications associated with bone 

resorption and mucosal irritation. Mixed 

support may be employed in specific cases 

— for instance, when available bone does 

not allow for sufficiently stable implants — 

but over the long term, exclusively implant-

supported prostheses are generally more 

reliable and more comfortable for the 

patient [28, 29]. 

In FEA simulations for implant-

supported overdentures at the mandibular 

level, several force types are applied to 

evaluate the biomechanical behavior of the 

prosthetic restoration. The most frequently 

simulated forces include vertical occlusal 

forces, lateral (transverse) forces, oblique 

forces, torsional forces, and retentive 

(dislodging) forces. Vertical occlusal forces 

represent the masticatory forces generated 

during chewing and occlusion, applied 

perpendicular to the occlusal surface of the 

prosthesis [30]. They reflect the normal 

pressure exerted on the teeth or prosthetic 

restorations and are important for 

evaluating how the prosthesis and implants 

withstand masticatory loads. Lateral 

(transverse) forces act laterally on the 

prosthesis, simulating lateral displacement 

movements during mastication or the lateral 

forces arising during the chewing process. 

These forces can produce shear effects and 

are important for assessing prosthetic 

stability and the risk of implant overloading 

or fracture. Oblique forces combine a 

vertical and a lateral component and are 

frequently simulated because, during 

mastication, forces are rarely purely 

vertical or lateral. They are applied at an 

angle to the implants and prosthesis, 

simulating real masticatory conditions or 

irregular occlusal contact. Torsional forces 

arise when rotational or twisting 

movements of the prosthesis occur around 

the implants. They are essential for 

evaluating the stability of the prosthesis–
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implant assembly and for determining the 

resistance of the retention systems, such as 

clips or ball attachments. Retentive 

(dislodging) forces are applied to evaluate 

prosthetic retention and the behavior of the 

attachment systems (clip, ball, magnets), 

simulating situations in which the patient 

applies pressure to detach the prosthesis 

from the implants. The application of these 

forces in FEA simulations allows 

determination of the stress distribution and 

deformations occurring in the prosthesis, 

implants, and surrounding bone structures. 

In FEA simulations for overdentures on two 

or four mandibular implants, it is important 

to consider both unilateral and bilateral 

forces, thereby ensuring a comprehensive 

assessment of the biomechanical behavior 

of the prosthetic restoration. Unilateral 

forces simulate mastication on one side of 

the mandible, which is a very common real-

life scenario. These forces can create 

uneven stress distributions between the 

implants and surrounding bone structures, 

and their simulation is essential for 

evaluating the risk of overloading on 

specific implants and the possibility of 

fractures in restoration materials or implant 

damage. Bilateral forces simulate 

simultaneous mastication on both sides of 

the mandible and are useful for 

understanding how the load is distributed 

when the patient applies more balanced 

masticatory forces. Although bilateral 

mastication is less frequent, these forces are 

necessary to evaluate stress distribution 

between the implants and the prosthesis 

under uniform loading conditions. 

Applying only unilateral forces could 

underestimate the stress distributed across 

structures when the prosthesis is subjected 

to bilateral loading, particularly in 

scenarios of intensive use such as 

simultaneous bilateral mastication. Ideally, 

simulations should incorporate both force 

types [28, 29, 35]. 

The choice of attachment system 

influences stress distribution. A research 

grpoup highlight that the gradual loss of 

retention of various dental attachment 

systems is a critical consideration when 

selecting the appropriate attachment.  

A research group designed and 

three-dimensionally printed an implant-

supported overdenture, evaluating both 

initial retention and the rate of retention loss 

over time for three different attachment 

systems following simulation of five years 

of use. Two implants were placed using a 

fully computer-designed surgical guide, 

following a prosthodontically driven 

implant placement protocol. A digitally 

designed metal mesh with tissue stops, 

containing the geometric center, was 

integrated into the attachment-bearing 

surface of the prosthesis. Forty-eight metal-

reinforced, 3D-printed prostheses were 

divided into four groups of twelve. 

Retention loss was measured using two 

Locator attachments (twelve pairs of 

Locator R-TX and twelve pairs of Locator 

F-TX with medium and low retention 

settings) and compared with twelve pairs of 

traditional ball-and-socket attachments. 

Each group underwent a series of insertion 

and removal tests simulating five years of 

patient use. A universal testing machine 

recorded retention values. The Locator F-

TX attachments with medium and low 

retention settings showed significant 

retention losses of 91.93% and 92.91%, 

respectively, after simulations equivalent to 

two and three years of use. Ball-and-socket 

and Locator R-TX attachments showed 
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retention losses of 19.87% and 26.31%, 

respectively, after a simulated period 

equivalent to five years of use [31]. Two 

studies favored the ball attachment over the 

bar-clip attachment system when stress 

posterior to the implants was evaluated. 

Due to the limited number of studies and 

conflicting results, no definitive 

conclusions could be drawn regarding 

differences in stress concentration between 

ball, magnetic/equator, and locator 

attachment systems. The variability in 

results across studies may be attributed to 

the diversity of attachment systems and 

study designs employed. Locator 

attachments offer a more favorable stress 

distribution around peri-implant bone 

compared to other attachment systems [32]. 

A research group evaluated stress 

distribution in cortical bone around the 

implant neck and at the bone–implant 

interface in hybrid prosthetic restorations 

equipped with different attachment types, 

using three-dimensional finite element 

analysis. Static bilateral and unilateral 

vertical and oblique occlusal loads of 100 N 

were applied. Results showed that oblique 

loads induced greater principal stresses 

compared to vertical loads across all 

models. The highest principal stress levels 

were observed around the mesial aspect of 

the contralateral implant, while the lowest 

values were noted around the distal aspect 

of the ipsilateral implant under unilateral 

vertical loading. These stress patterns 

reversed under oblique loading conditions. 

Models with ball attachments exhibited 

lower von Mises stress values compared to 

locator attachment models across all 

loading scenarios. Stress distribution 

remained consistent in models with 

identical and different bone heights, 

suggesting that alveoloplasty procedures to 

remove alveolar ridge irregularities may not 

be biomechanically necessary. These 

findings may assist clinicians in better 

designing mandibular overdentures, 

particularly in cases with varying bone 

heights. A research group analyzed six 

randomized controlled trials (RCTs) 

including 294 mandibular overdentures, 

while studies on maxillary overdentures did 

not meet the inclusion criteria. In the short 

term, the need for retreatment (repair of the 

attachment system) was more frequent with 

ball attachments (RR 3.11; 130 

participants; 2 studies), while no significant 

differences in retreatment through 

attachment system replacement were 

observed between the two systems (RR 

1.18; 130 participants; 2 studies). Between 

ball and magnetic attachments, no 

differences were found in medium-term 

prosthetic success (RR 0.84; 69 

participants; 1 study) or in the need for 

medium-term retreatment (RR 1.75; 69 

participants; 1 study). However, prosthetic 

maintenance costs after five years were 

higher when magnetic attachments were 

used (69 participants; 1 study). A study 

comparing ball and telescopic attachments 

reported no significant differences in short-

term maintenance activities such as matrix 

replacement, matrix activation, or 

overdenture rehabilitation (RR 1.75–11.00; 

22 participants). It remains uncertain 

whether a difference exists in short-term 

prosthetic maintenance when ball 

attachments are compared to telescopic 

attachments. The same research group 

concluded that the evidence is insufficient 

to determine the relative efficacy of 

different attachment systems for 

mandibular overdentures with regard to 
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prosthetic success, prosthetic maintenance, 

patient satisfaction, patient preference, or 

costs, and noted that it was not possible to 

identify a preferred attachment system for 

implant-supported mandibular 

overdentures [33]. A research group 

evaluated and compared the intensity and 

pattern of peri-implant bone stress in two-

implant mandibular overdentures, 

considering different implant positions. 

Two intraosseous implants equipped with 

ball attachment systems were positioned in 

the interforaminal region. The overdenture 

was supported by these implants and 

subjected to bilateral and unilateral vertical 

masticatory loads (100 N total). Eight 

distinct model types were developed, 

varying in implant locations, attachment 

heights, and angulations: MI (implants at 

lateral incisor locations), MC (canine 

locations), MP (premolar locations), MI-Hi 

(increased attachment height), MC-M 

(mesial inclination of canine implants), 

MC-D (distal inclination of canine 

implants), MC-B (buccal inclination of 

canine implants), and MC-L (lingual 

inclination of canine implants). 

Overdentures supported by implants at the 

lateral incisor positions demonstrated the 

lowest peri-implant bone stress levels and 

the most efficient stress distribution. The 

MI-Hi model exhibited higher stress levels 

and reduced distribution efficiency. Implant 

inclination led to increased stress levels and 

diminished distribution efficiency. Among 

the inclined implant models, MC-B showed 

the lowest stress levels and the most 

efficient stress distribution. Optimal stress 

minimization and implant stability in two-

implant mandibular overdentures were 

achieved with implants placed at the lateral 

incisor positions, using shorter attachments 

aligned parallel to the longitudinal axes of 

the teeth [34]. Patil et al. [36] conducted a 

literature review on the biomechanical 

behavior of overdentures with different 

attachment types. A comparative analysis 

between ball and low-profile attachments in 

two studies indicated similar peri-implant 

tissue health, although differences in crestal 

bone level changes were reported. Another 

study comparing ball and telescopic 

attachments found comparable results 

regarding crestal bone level changes and 

peri-implant tissue health parameters [35]. 

A research group analyzed stress 

distribution in peri-implant bone and the 

attachments of small-diameter implant-

supported mandibular overdentures, and 

examined the influence of implant 

placement on prosthetic stability. Using 

finite element analysis, four models were 

constructed: three two-implant mandibular 

overdenture (IOD) models and one 

conventional complete denture (CD) 

model. The IOD models included one with 

implants in both canine zones, one with 

implants in both lateral incisor zones, and 

one with one implant in the canine zone and 

one in the lateral incisor zone. Each model 

was subjected to three loading types: a 

vertical force of 100 N, an oblique force 

applied at the left first molar, and a vertical 

force of 100 N applied at the lower incisors. 

The study evaluated stress distribution in 

peri-implant bone, attachment systems, and 

the biomechanical responses of the implant-

supported overdentures. Across all models 

and loading conditions, maximum peri-

implant bone stress values remained within 

safe physiological limits. The IOD model 

with dispersed implant placement (one 

implant in the canine zone and one in the 

lateral incisor zone) recorded the highest 
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maximum stress in peri-implant bone 

(822.8 µε) and attachments (275 MPa). The 

CD model showed the highest peak 

mucosal pressure under all three loading 

conditions (0.8188 MPa). By comparison, 

the contact area between the prosthesis and 

mucosa was smaller in the conventional 

acrylic denture model than in the IOD 

models under molar loading, but larger 

under anterior loading. Contact areas under 

anterior loading across all models were 

significantly smaller than those under molar 

loading. IOD models demonstrated 

considerably less rotational movement 

compared to the complete denture, with 

implant placement having a minimal effect 

on this outcome. IOD models — 

particularly with canine zone implants — 

showed greater maximum stress in peri-

implant bone and attachments, and 

increased stability with reduced rotational 

movement. The most intense stress 

concentration was observed around the 

neck of the small-diameter implants rather 

than at the abutment. Two-implant 

overdentures provided better stability than 

conventional complete dentures [36]. 

 

Biomechanics of Implant-Supported Bar-

Retained Overdentures 

Implant-supported bar-retained 

removable prosthetic restorations represent 

an effective option for completely 

edentulous patients. This type of restoration 

consists of a metal framework anchored to 

several implants, which supports the 

removable prosthesis. The biomechanical 

aspects include force distribution, stability, 

and the capacity to reduce the rate of bone 

resorption. The bar allows distribution of 

occlusal forces along the dental arches, 

reducing stress concentration at the 

implants and supporting bone. Owing to the 

rigid connection between implants and bar, 

these overdentures provide superior 

stability and retention compared to 

traditional fully removable prostheses. 

Adequate bone stimulation through the 

transmission of masticatory forces to the 

bone helps prevent long-term bone 

resorption. A research group evaluated 

stress distribution in the peri-implant bone 

of a mandibular overdenture with 

asymmetric implant placement relative to 

the midline. Two internally connected 

implants were inserted perpendicular to the 

occlusal plane at the right canine and left 

lateral incisor sites. Two attachment types 

were used (bar and ball). Loading was 

applied anteriorly (at the central incisors) 

and bilaterally posteriorly (at the premolars 

and molars) to simulate real clinical 

conditions. Stress distribution was 

examined through finite element analysis 

(FEA). Under anterior loading conditions, 

the implant at the lateral incisor position 

experienced the highest maximum principal 

stress (approximately 33 MPa) in both 

models. Conversely, under posterior 

loading conditions, higher stress values 

(approximately 22 MPa) were recorded at 

the canine-positioned implant in both 

models. In mandibular overdentures 

supported by implants placed 

asymmetrically relative to the midline, one 

implant tends to act as a fulcrum, bearing a 

greater occlusal load. The study found that 

the bar attachment system did not provide 

superior stress distribution compared to the 

ball attachment system [38]. 

In a literature review on the clinical 

performance of implant-supported 

overdentures with bar versus ball 

attachment systems, short-term retreatment 
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(repair of the attachment system) was more 

frequent with ball attachments (RR = 3.11; 

95% CI: 1.68 to 5.75); however, no 

difference was found regarding attachment 

system replacement between the two 

retention designs (RR = 1.18; 95% CI: 0.38 

to 3.71) [39]. A research group evaluated 

through FEA the biomechanical 

characteristics of overdentures supported 

by four implants using locator and bar-clip 

attachment systems under various 

mechanical loading conditions. Different 

mechanical loads were applied to each 

model: a vertical load of 100 N at the 

central incisor, vertical or oblique loads of 

100 N at the canine, and vertical or oblique 

loads of 100 N at the mandibular first 

molar. Stress distribution was measured at 

the implant level, in peri-implant bone, and 

at the mucosal level to compare the effect 

of different attachment systems on 

biomechanical behavior. Results indicated 

that stress concentrations in the implants 

were located predominantly at the implant 

neck, and in peri-implant bone at the 

cortical bone level, across all attachment 

types and loading conditions. Mucosal 

stress was consistently lower than that 

recorded in the implants and cortical bone. 

Peak stress at the bone–implant interface 

under lateral loading exceeded that 

observed during vertical loading, regardless 

of loading position (canine or mandibular 

first molar). The locator model 

demonstrated lower stress in the implants 

and cortical bone (maximum von Mises 

stress values of 79.5 and 22.3 MPa, 

respectively) compared to the bar-clip 

model (maximum von Mises stress values 

of 110.3 and 28.7 MPa, respectively); 

however, maximum compressive stress in 

the mucosa was slightly higher in the 

locator model (0.198 MPa) than in the bar-

clip model (0.137 MPa). Clinically, lateral 

forces applied to implant-supported 

overdentures should be minimized to 

prevent complications caused by 

pathological loading. Under identical 

loading conditions, overdentures with 

locator attachments exhibited more 

dispersed stress distributions, improving 

the long-term stability of the implants [40].  

 

 

 

CONCLUSIONS 

Biomechanical performance of implant-

prosthetic systems is governed by an 

intricate and interdependent constellation 

of factors, each having the potential to 

affect stress propagation, marginal bone 

preservation, and long-term prosthetic 

stability. Treatment predictability is largely 

determined by the careful optimization of 

implant number and spatial configuration, 

prosthetic material selection, occlusal 

scheme design, and attachment system 

choice, rather than by any single isolated 

parameter. Unfavorable biomechanical 

conditions — arising from excessive 

cantilever length, insufficient implant 

distribution, or mismatched crown-to-

implant ratios — translate directly into 

increased rates of marginal bone loss, screw 

loosening, framework fracture, and 

prosthetic failure. Standardization of 

biomechanical outcome reporting, longer 

follow-up periods, and prospective 

comparative studies across diverse 

prosthetic designs and loading conditions 

are requested to refine evidence-based 

protocols and establish clinically applicable 

thresholds for the key biomechanical 
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parameters that determine the success of 

implant-supported rehabilitations. 
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