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Review Article

Customized Versus Standard Implant Abutments: A Comprehensive 
Narrative Review of Biomechanical Performance, Peri-implant 
Tissue Response, Esthetic Outcomes, and Digital Workflow 

Integration

Introduction
Dental implants have become a cornerstone of modern 
restorative dentistry, offering a reliable and well-
documented solution for the rehabilitation of partial 
and complete edentulism. The long-term success of an 
implant-supported restoration depends not only on 
osseointegration of the fixture but also on the performance 
of the prosthetic components that connect the implant to 
the definitive crown. Among these, the implant abutment 
occupies a central role, functioning simultaneously as the 
biomechanical load-transfer element and as the biological 
scaffold around which peri-implant soft tissue architecture 
is organized. Despite this importance, abutment selection 
has historically received less attention than implant design 
or surgical technique. [1,2]

Abutment design evolved from simple prefabricated 
titanium components offered in a limited range of heights 

and diameters toward stock, semi-adjustable, and fully 
individualized options. The introduction of CAD/CAM 
technology represented a genuine turning point, allowing 
clinicians and laboratory technicians to design and 
manufacture abutments that closely match each patient’s 
implant position, gingival architecture, and esthetic 
requirements. [3,4]

The clinical limitations of standard prefabricated 
abutments are well recognized in esthetic or anatomically 
challenging cases. 
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Abstract
Implant abutments serve as the critical biomechanical and biological interface between the osseointegrated fixture 
and the prosthetic crown. As digital dentistry has expanded access to computer-aided design and computer-aided 
manufacturing (CAD/CAM) technology, individualized customized abutments have become an increasingly viable 
alternative to conventional prefabricated stock components. This narrative review examines the comparative 
performance of customized and standard abutments across four domains: biomechanical behavior, peri-implant 
tissue response, esthetic outcomes, and digital workflow integration. Current evidence suggests that customized 
abutments offer meaningful advantages in emergence profile management, soft tissue conditioning, peri-implant 
mucosal stability, and anterior esthetic outcomes. Biomechanical performance appears comparable between both 
types when appropriate materials and connection geometries are selected. Long-term randomized clinical trials 
using standardized outcome criteria remain scarce; therefore, definitive superiority cannot yet be established. Future 
research should incorporate standardized reporting frameworks to improve comparability across studies.
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Because stock abutments are manufactured to fit an average 
patient, their fixed emergence angles, standardized heights, 
and circular cross-sections frequently fail to accommodate 
non-ideal implant positioning, complex gingival contours, 
or the esthetic demands of the anterior zone. When these 
limitations are encountered, clinicians face the choice of 
extensive manual modification, accepting a compromised 
result, or investing in a customized solution. [3,5]

Implant-supported restorations are now among the 
most frequently provided options for tooth replacement, 
and long-term data show high durability: a systematic 
review and sensitivity meta-analysis estimated ten-
year implant survival at approximately 96 percent. [6] 
These figures, however, do not capture the burden of 

prosthetic complications, peri-implant disease, or patient 
dissatisfaction associated with suboptimal component 
choices. [1] Even incremental improvements in abutment 
design and selection, therefore, carry a substantial 
collective clinical impact.

This narrative review provides a structured comparison 
of customized and standard implant abutments across 
four clinically relevant domains: (1) biomechanical 
performance; (2) peri-implant tissue response; (3) esthetic 
outcomes in the anterior zone; and (4) digital workflow 
integration. The FDI World Dental Federation criteria are 
used as a unifying outcome framework throughout. [7,8]

Table 1. Comparative Overview of Standard Versus Customized Implant Abutments Across Four Clinical Domains [5,6,7]

Domain Standard Abutments Customized Abutments

Biomechanics

Predictable load distribution under ideal 
angulation; limited correction for off-axis 

loading; screw loosening rate ~23.9% (EH) to 
16.0% (conical)

Individualized angulation correction, optimized 
occlusal force redirection; hybrid Ti-base 

designs improve fracture resistance; similar 
long-term survival when properly designed

Peri-implant 
biology

Round profile requires secondary tissue shaping; 
higher soft tissue compression at crown insertion; 

microgap varies by connection type

Anatomical emergence conditioning from early 
healing; reduced mucosal compression; more 

favorable papilla indices and pink esthetic scores 
in controlled studies

Esthetic 
outcomes

Fixed profile limits anterior esthetic control; 
titanium gray show-through in thin biotypes; 

limited subgingival contouring

Individualized emergence profile; papilla 
preservation; zirconia or hybrid options reduce 
metallic show-through; better PES and patient-

reported satisfaction

Digital 
workflows

Compatible with conventional impressions; 
limited design flexibility; lower initial cost

Requires digital impression and CAD design; 
higher upfront laboratory investment; reduced 

long-term complication burden; chairside or lab-
based fabrication options available

Biomechanical Performance
The biomechanical performance of implant-supported 
restorations depends on the interaction between 
component geometry, material properties, and the 
functional loading environment. The primary design 
objective is to facilitate stable load transfer to the 
surrounding bone while preserving the integrity of the 
implant-abutment joint over time. [9,10]

Stress Distribution and Finite Element Analysis 
Evidence

Finite element analysis has provided quantitative insight 
into how design variables affect stress transfer at the 
implant-bone interface. The type of implant-abutment 
connection exerts a particularly strong influence on stress 
distribution, and internal tissue-level connections have 
generally demonstrated more favorable biomechanical 

behavior than internal bone-level configurations, with 
peak concentrations occurring at the connection margin. 
[9] Implant diameter is another determinant of cortical 
bone stress, with wider-diameter implants showing lower 
stress concentrations than regular-diameter fixtures. [9] 
With respect to macro-geometry, axially loaded parallel-
walled implants exhibit lower peri-implant bone strain 
than tapered designs but are more sensitive to oblique 
loading, while conical and Morse taper designs distribute 
forces along their inner walls more evenly. [10,11]

Standard Abutments: Strengths and Limitations

Prefabricated titanium abutments provide reliable and 
predictable biomechanical performance when implants 
are placed in ideal three-dimensional positions with 
favorable angulation, making them an appropriate 
and cost-effective choice in straightforward posterior 
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cases. [3] However, because standard abutments cannot 
compensate for off-axis implant placement, unfavorable 
lateral and oblique forces cannot be redirected into more 
axially aligned vectors, increasing stress concentration at 
the crestal bone. [3] In addition, the inherently circular 
cross-section of most prefabricated abutments requires 
secondary tissue shaping at the time of definitive crown 
placement, a process associated with patient discomfort 
and a risk of soft tissue recession. [12]

Customized Abutments: Angulation Correction 
and Emergence Profile Alignment

Customized abutments fabricated via CAD/CAM workflows 
address the principal limitations of prefabricated 
components by providing individualized solutions tailored 
to each patient’s anatomy. [5] Beyond correcting prosthetic 
alignment relative to the loading axis, customized 
abutments allow precise management of the subgingival 
emergence profile: rather than relying on the definitive 
crown to compress and reshape peri-implant tissue, 
customized healing abutments or anatomical provisional 
restorations progressively condition the mucosa during 
healing. [12,13] Immediate provisionalization with 

customized components reduces patient-reported pain at 
crown insertion and supports greater long-term mucosal 
stability than conventional round healing abutments, 
and in immediate placement facilitates closure of large 
extraction sockets that standard round components 
cannot adequately seal. [5,12]

Material Comparison

Titanium remains the reference material for implant 
abutments owing to its tensile strength, biocompatibility, 
and fatigue resistance under cyclic loading, and it is 
preferred in posterior locations and in patients with 
parafunctional habits. [14] Yttria-stabilized tetragonal 
zirconia abutments offer esthetic advantages, particularly 
in thin mucosal biotypes, but are more brittle than 
titanium; comparative analyses indicate that one-piece 
zirconia abutments are the most fracture-prone, whereas 
two-piece configurations behave more favorably. [14,15] 
Hybrid abutments that combine a prefabricated titanium 
base with a CAD/CAM ceramic superstructure offer a 
practical compromise between mechanical reliability and 
esthetics. [15]

Figure 1. Clinical decision algorithm for abutment selection across esthetic zone status, tissue biotype, implant 
angulation, material choice, and connection design. Teal = customized pathway; gray = standard pathway; purple = 

connection design recommendation. Based on references [1, 2, 3, 13, 14]
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Screw Loosening, Abutment Fracture, and 
Microgap

Screw loosening is among the most frequently reported 
technical complications in implant-supported single 
crowns, resulting from cyclic loss of preload. Connection 
design influences this outcome, with conical and Morse 
taper interfaces generally retaining preload better and 
providing a tighter microbial seal than flat-to-flat external 
hexagonal designs. [16] Abutment fracture, while less 
common, can be irreversible, and ceramic abutments are 
particularly vulnerable at the internal connection. [15] 
The implant-abutment microgap is an inherent feature of 
two-piece systems; gaps are considered clinically relevant 
once they exceed roughly ten micrometers because of 

the associated risk of bacterial colonization, and original 
components tend to exhibit smaller microgaps than non-
original compatible alternatives, generally within clinically 
acceptable thresholds. [17]

Consequences of Mechanical Failure

Joint instability or large microgaps create conditions 
for bacterial infiltration, triggering pro-inflammatory 
cytokine release and driving soft tissue inflammation and 
progressive peri-implantitis. [18] Component fractures 
may require complex retrieval procedures, and when 
remnants cannot be removed from an internal connection, 
explantation of the entire fixture may become necessary, 
with substantial additional treatment time, cost, and 
patient burden. [15]

Figure 2. Left panel: mean torque loss (%) by implant-abutment connection type; lower values indicate better screw 
retention[12,15]. Right panel: mean implant-abutment connection microgap (µm) by abutment origin; all values fall 

within the 10 µm clinical threshold [16].

Peri-implant Tissue Response and Marginal 
Bone Stability
The Implant-Abutment Interface as a Microbial 
Reservoir

In two-piece systems, a microscopic gap at the implant-
abutment connection is an inherent limitation. Once 
colonized, this microgap serves as a persistent reservoir, 
and cyclic loading-induced flexion promotes the release 
of bacterial products into the peri-implant environment, 
a recognized driver of peri-implant mucositis and, over 
time, peri-implantitis. Connection design influences the 
magnitude of this problem, with conical connections 
offering better resistance to microbial colonization than 
external hexagonal designs, although no currently available 
system achieves a fully hermetic seal, and the literature 

remains heterogeneous in design and microbiological 
criteria. [18]

Marginal Bone Loss: Standard Versus Customized 
Abutments
A five-year follow-up comparing CAD/CAM customized 
abutments with prefabricated alternatives reported 
similar trends in marginal bone level changes over time, 
suggesting that both approaches can maintain peri-implant 
bone stability under appropriate protocols. [19] Research 
evaluating customized healing abutments in immediate 
placement indicates they are as effective as conventional 
healing abutments in maintaining bone crest height and 
keratinized mucosa thickness, while a systematic review 
found more favorable peri-implant and esthetic outcomes 
for customized compared with conventional healing 
abutments. [12,20]
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Emergence Profile Angle and the Biological Width

The angulation and overhang of the subgingival emergence 
profile have direct consequences for peri-implant tissue 
health. A convex emergence profile compresses the 
mucosa and has been associated with a higher frequency 
of recession, whereas a concave profile provides space 
for soft tissue maturation; randomized evidence supports 

concave profiles, particularly in the anterior region, where 
mid-facial recession poses an esthetic risk. [21] Subcrestal 
placement with Morse taper connections at depths of 
one to two millimeters below the alveolar crest has been 
associated with lower peak cortical bone stress than 
equicrestal or supracrestal positioning. [22]

Figure 3. Subgingival emergence profile anatomy showing the three clinically relevant zones for customized abutment 
design. Zone C (crestal, teal): convex profile sealing the microbial interface at the implant platform. Zone B (bounded, 
amber): mandatory concave contour providing space for augmented soft tissue maturation without mechanical pressure. 
Zone E (esthetic, purple): non-circular crown emergence contour supporting papilla fill and zenith replication. Based on 
Endres et al. [18] and Ruhstorfer et al. [13].

Platform Switching and Customized Abutment Design

The platform-switching concept, in which a prosthetic 
component of smaller diameter than the implant platform 
is used, shifts the stress concentration zone away from 
the crestal bone and has been associated with reduced 
marginal bone loss in a systematic review and meta-
analysis. [23] Customized abutments can incorporate 
platform-switching geometry while simultaneously 
individualizing the emergence profile and transmucosal 
contour, potentially combining biological and esthetic 
benefits. [3,23]

Surface Characteristics and Soft Tissue Integration

The surface properties of the transmucosal portion 
influence how effectively the peri-implant mucosa seals 
around the component. Titanium remains the benchmark 
for biocompatibility and corrosion resistance, although 
metallic abutments in thin biotypes are associated with 
mucosal discoloration. Zirconia offers superior esthetics 
in thin tissues and favorable soft tissue responses owing to 
its chemical inertness, while polyetheretherketone (PEEK) 
has attracted interest because its modulus of elasticity is 
closer to cortical bone than titanium or zirconia; its bio-
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inert nature, however, limits direct integration and current 
evidence does not support routine use as a definitive 
abutment material. [14]

Esthetic Outcomes and Soft Tissue 
Architecture
Why Standard Abutments Fall Short in the Anterior 
Zone

The anterior esthetic zone demands soft tissue control 
and color integration that standard prefabricated 
abutments are inherently limited in providing, because 
their circular profiles cannot replicate the natural, non-
circular emergence anatomy of anterior teeth and leave 
the final restoration to shape the gingival margin. [12] 
From a materials perspective, metallic titanium abutments 
present an esthetic liability in thin tissues, where the 
gray substrate becomes visible through the mucosa; in 
vitro spectrophotometric work has shown that titanium 
produces color changes exceeding the perceptible 
threshold in thin mucosa, whereas zirconia produces 
changes close to or below that threshold. [25]

Customized Abutments and Emergence Profile 
Engineering

Customized abutments allow clinicians to design the 
transmucosal profile from the outset, shaping the peri-
implant mucosa to mimic a natural tooth. Customized 
healing abutments placed at surgery or uncovering 
create an anatomical soft tissue tunnel that the definitive 
restoration can follow without aggressive compression, 
and the conditioned profile is subsequently transferred to 
the definitive abutment through a customized impression 
or digital copy workflow. [12,13] Comparative data report 
more favorable peri-implant and esthetic outcomes when 
customized components are used. [20]

Abutment Color and Transmucosal Esthetics

The abutment material influences the appearance of 
both the peri-implant mucosa and the final restoration. A 
systematic review and meta-analysis of spectrophotometric 
studies found that abutment material affects peri-
implant soft tissue color, with titanium producing greater 
discoloration than tooth-colored materials, particularly in 
thin mucosa. [26] At the crown level, a metallic background 
can compromise the final ceramic shade; increasing 
ceramic thickness and applying a thin opaque porcelain 
layer have been shown to improve masking of the metallic 
substrate. [27]

PES and WES as Outcome Measures

The Pink Esthetic Score (PES) and White Esthetic Score 
(WES) provide standardized tools for evaluating soft- and 

hard-tissue esthetic outcomes around implant restorations. 
The PES evaluates parameters such as mucosal level, 
contour, color, texture, and papilla fill, while the WES 
focuses on crown form, surface texture, translucency, and 
color match. [28,29] Total esthetic scores are influenced 
by multiple interacting factors beyond abutment type, 
including tissue volume, biotype, and the quality of the 
surgical and provisional phases. [21]

Immediate Provisionalization and Tissue 
Conditioning

Immediate provisionalization with screw-retained 
customized temporaries allows tissue conditioning to 
begin at an early stage, guiding the healing mucosa into 
a natural anatomical scallop; the submucosal contour is 
progressively refined through the crestal, bounded, and 
esthetic subgingival zones, and the matured profile is then 
transferred to the definitive restoration, which lowers 
patient-reported pain at crown insertion compared with 
conventional protocols. [12,13]

Digital Workflow Integration and CAD/
CAM Customization
Digital Implant Workflow Overview

Digital workflows have become an established component 
of contemporary implant prosthodontics, enabling a 
transition from conventional impressions toward a fully 
digital restorative pathway. The process typically begins 
with intraoral scanning and acquisition of implant position 
through scan bodies, followed by CAD of the abutment and 
restoration, transfer to CAM systems, and clinical delivery. 
The accuracy of the chain depends on precise transfer of 
implant position, making digital impression accuracy a 
critical determinant of customized-abutment fit. [4,13]

Intraoral Scanners and Scan Body Accuracy

Scan bodies serve as reference markers that transfer 
the three-dimensional implant position into the virtual 
environment. A systematic review reported that scan 
body characteristics such as height, diameter, geometry, 
material, and retention design influence the trueness 
and precision of digital implant scans, that contemporary 
scanners generally achieve clinically acceptable accuracy 
for single implants and short spans, and that no universally 
superior scan body design has been identified. [30]

CAD Software for Abutment Design

CAD software allows control over emergence profile 
geometry, correction of angulation discrepancies, and 
customization of margin depth according to peri-implant 
tissue characteristics, and it permits the abutment 
shoulder to be positioned precisely relative to the mucosal 
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margin. This is clinically relevant because residual excess 
cement at the abutment margin is a recognized risk factor 
for peri-implant disease; one prospective endoscopic 
study associated excess cement with peri-implant disease 
in the majority of affected sites. [24]

Milling Versus Additive Manufacturing

Subtractive CAD/CAM milling remains the most established 
method for fabricating definitive abutments, with high 
dimensional accuracy and an extensive evidence base, 
and surface quality in the transmucosal region is relevant 
because roughness influences bacterial colonization 
and tissue response. [31] Additive manufacturing 
offers advantages in material efficiency and geometric 
complexity, but comparative laboratory work has shown 
lower fracture resistance for additively manufactured than 
for milled restorations, supporting milling as the current 
reference standard while additive manufacturing is most 
appropriate in the provisional phase. [32]

Ti-Base Hybrid Abutments

Ti-base hybrid abutments combine the mechanical 
reliability of a titanium implant connection with the 
esthetic advantages of CAD/CAM ceramic superstructures, 
and their long-term success depends substantially on the 
integrity of the adhesive interface between the titanium 
base and the ceramic component. [33] Under FDI criteria, 
loss of retention, partial debonding, and fracture of the 
restorative complex are classified within the functional 
domain and should be systematically documented. [7,8]

Cost and Workflow Considerations

Customized CAD/CAM abutments incur higher initial 
laboratory and manufacturing costs than conventional 
stock options. Their potential to reduce biological 
complications and prosthetic remakes may offset some 
of this upfront investment over time, and five-year data 
indicate stable peri-implant conditions for CAD/CAM-
customized abutments; however, direct cost-effectiveness 
comparisons remain scarce. [19] Digital customization 
can be accomplished chairside or through laboratory-
based workflows, and the choice should be guided by case 
complexity, available technology, operator expertise, and 
economic considerations. [33]

Emerging Materials: PEEK Abutments

PEEK has emerged as a promising biomaterial owing to 
favorable esthetics, a low elastic modulus, radiolucency, 
and biocompatibility. Current evidence does not support 
PEEK as a definitive replacement for titanium in most 
scenarios, and a systematic review concluded that its 
most appropriate current application is as a provisional 

abutment material, with additional long-term clinical 
studies required before routine definitive use can be 
recommended. [34]

Standardized Outcome Assessment

To improve comparability among studies evaluating 
customized and standard abutments, outcomes should be 
interpreted using standardized criteria. The FDI World 
Dental Federation criteria classify restorative outcomes 
into esthetic, functional, and biological domains, and their 
adoption would improve consistency in reporting and 
facilitate meaningful comparison across studies evaluating 
different abutment designs. [7,8]

Conclusions
Customized implant abutments offer clear advantages 
when individualized soft-tissue management, precise 
emergence-profile control, and anterior esthetic 
integration are central to treatment success, and they 
simplify the clinical protocol for immediate placement. 
Biomechanical performance does not appear to differ 
categorically between customized and standard abutments 
when appropriate materials and connection geometries 
are selected, and five-year data indicate comparable 
marginal bone stability between the two approaches. Stock 
abutments remain a predictable, cost-effective solution 
in posterior regions with favorable implant positioning 
and limited esthetic demands, and the decision to invest 
in a customized solution should be driven by clinical 
necessity. 

The most significant limitation of the current evidence 
base is the scarcity of long-term randomized clinical trials 
that simultaneously compare customized and standard 
abutments across esthetic, biological, functional, and 
economic outcomes using standardized criteria. Adoption 
of the FDI World Dental Federation criteria as a shared 
outcome framework would substantially improve the 
comparability of future studies. 
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