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Abstract 

Achieving harmonious peri-implant soft tissue architecture is a critical determinant of esthetic success 

in contemporary implant dentistry. Among the various soft tissue parameters, the gingival zenith is rec-

ognized as a key component in establishing harmonious gingival symmetry, appropriate crown propor-

tions, ideal emergence profiles, and seamless integration with the adjacent dentition. Precise positioning 

and long-term stability of the gingival zenith are influenced by a complex interplay of surgical planning, 

implant three-dimensional positioning, periodontal phenotype, hard and soft tissue volume, prosthetic 

contouring, and restorative protocols. Despite significant advances in implant dentistry, achieving pre-

dictable peri-implant soft tissue esthetics remains a clinical challenge, particularly in the anterior es-

thetic zone where even minor discrepancies in gingival contour can compromise overall treatment out-

comes and patient satisfaction. Particular consideration is given to pediatric dental implants, where on-

going craniofacial growth may alter peri-implant soft tissue contours, gingival zenith position, and 

emergence profiles, creating unique long-term esthetic challenges. Growth-related changes therefore 

necessitate careful implant positioning, soft tissue management, and interdisciplinary planning to pre-

serve harmonious esthetics throughout development. Therefore, this integrative literature review aims to 

comprehensively examine the biological principles, diagnostic considerations, and contemporary inter-

disciplinary approaches to gingival zenith optimization in implant esthetics. By synthesizing current evi-

dence from surgical, prosthodontic, and periodontal perspectives, this review seeks to provide clinicians 

with an updated understanding of the factors influencing peri-implant soft tissue architecture and to 

support evidence-based decision-making for achieving predictable esthetic outcomes in implant-

supported rehabilitation. 

Keywords: Dental implants, Gingival zenith, Implant esthetics, emergence profile, Peri-implant soft 

tissue, Periodontal phenotype. 

Introduction 

An esthetic implant-supported restoration emerges 

through the surrounding tissues like a natural tooth 

[1,2]. The transition between the restoration and 

the soft tissues must appear natural, and the emer-

gence profile (EP) often requires customized modi-

fication [3,4]. The final contour of the provisional 

restoration is essential to achieve an esthetic result 

[5,6]. The concept of the critical and subcritical 

contours of the implant emergence profile was de-

scribed by Su et al., who focus on the importance 

of shaping two different areas of the EP to achieve 

the desired outcome in the peri-implant tissues [7]. 

Implant position plays an essential role as it can 

alter the esthetic biological contour concept zones 

[8]. The emergence contour of a provisional im-

plant restoration is the key link between the im-

plant and the crown. Its size and shape play a sig-

nificant role in the treatment outcome biologically, 

functionally, and esthetically [9]. The gingival zen-

ith (GZ) influences the line angle position in the 

emergence profile and the axial inclination of the 

crown. Irregularities in GZ symmetry and contour 

have a negative impact on dental esthetics [10]. 

Achieving a stable and harmonious gingival zenith 

around implant-supported restorations requires 

careful coordination between surgical planning, 

periodontal tissue management, and prosthodontic 

design. Factors such as peri-implant soft tissue 

thickness, implant angulation, abutment configura-
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tion, and provisionalization protocols directly influ-

ence the final esthetic outcome. In addition, ad-

vancements in digital smile design and guided im-

plant placement have enhanced the predictability of 

peri-implant soft tissue contours and symmetry. 

Successful gingival zenith optimization is particu-

larly challenging in the anterior esthetic zone, 

where even minimal deviations in soft tissue con-

tour, papillary height, or crown emergence profile 

can compromise facial harmony and patient satis-

faction. Establishing an ideal peri-implant mucosal 

architecture requires a thorough understanding of 

biologic width, peri-implant phenotype, alveolar 

ridge morphology, and the dynamic healing re-

sponse of both hard and soft tissues. Contemporary 

treatment protocols increasingly emphasize pros-

thetically driven implant placement, allowing re-

storative objectives to guide surgical decision-

making and facilitate the development of a natural 

peri-implant emergence profile. Furthermore, mini-

mally invasive surgical techniques, connective tis-

sue grafting, customized healing abutments, and 

provisional restorations have demonstrated signifi-

cant potential in improving peri-implant tissue sta-

bility and enhancing long-term esthetic outcomes 

[11]. The integration of digital technologies, in-

cluding cone-beam computed tomography (CBCT), 

intraoral scanning, virtual implant planning, and 

computer-guided surgery, has further improved the 

precision of implant positioning and soft tissue 

management. Despite these advances, evidence re-

garding the coordinated application of surgical, 

prosthodontic, and periodontal strategies for gingi-

val zenith optimization remains scattered across the 

literature [12]. An interdisciplinary approach is 

therefore essential to preserve biologic integrity 

while meeting the increasing esthetic expectations 

of patients undergoing implant rehabilitation. Ac-

cordingly, this integrative literature review aims to 

synthesize current evidence on the biologic princi-

ples, diagnostic considerations, and contemporary 

interdisciplinary approaches that contribute to 

achieving predictable gingival zenith position, opti-

mal peri-implant esthetics, and long-term stability 

of implant-supported restorations. 

 

Concept of Gingival Zenith 

The gingival zenith is defined as the most apical 

point of the gingival marginal scallop. This im-

portant anatomic landmark was described as having 

a specific spatial orientation in the apico-coronal 

and mesiodistal directions [11]. Traditionally, the 

physiologic gingival architecture has been de-

scribed as having a scalloped contour around the 

four surfaces of the tooth in accordance with the 

course of the cemento-enamel junction and, thus, is 

concave apically in the free surfaces and convex 

occlusally at the tip of the papilla [12,13,14,15,16]. 

In implant dentistry, the gingival zenith serves as a 

critical determinant of peri-implant esthetics, par-

ticularly in the anterior maxillary region where 

even minor asymmetries can compromise the over-

all smile appearance. The position of the gingival 

zenith contributes significantly to the perception of 

crown form, axial inclination, and gingival sym-

metry, thereby influencing the natural appearance 

of implant-supported restorations (Figure 1). Ideal-

ly, the zenith should be harmoniously aligned with 

adjacent teeth to create a balanced gingival outline 

and a pleasing emergence profile (Figure 2). 

Achieving this relationship depends on multiple 

factors, including three-dimensional implant posi-

tioning, peri-implant tissue phenotype, underlying 

alveolar bone support, and appropriate prosthetic 

contouring. Inadequate control of these variables 

may result in gingival recession, asymmetrical soft 

tissue margins, or compromised esthetic integra-

tion. Contemporary implant therapy therefore em-
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phasizes meticulous preoperative planning and in-

dividualized soft tissue management to preserve 

the desired gingival architecture [14]. As patient 

expectations for highly esthetic outcomes continue 

to increase, optimization of the gingival zenith has 

become a fundamental objective of interdiscipli-

nary implant rehabilitation. Therefore, proper posi-

tioning of the gingival zenith contributes to a natu-

ral emergence profile, harmonious soft tissue con-

tours, and balanced crown proportions. Its preser-

vation and optimization are therefore essential for 

achieving long-term esthetic integration between 

implant-supported restorations and the adjacent 

natural dentition [15]. 

Figure 1: Gingival Zenith of implant supported res-

torations  

Figure 2: Ideal Gingival Zenith 

 

Biological Basis of Gingival Zenith Formation 

The formation and maintenance of the gingival 

zenith are governed by the coordinated interaction 

between the underlying alveolar bone, supracrestal 

soft tissues, and the periodontal attachment appa-

ratus. The contour of the gingival margin closely 

follows the morphology of the cemento-enamel 

junction and is supported by the height and thick-

ness of the surrounding bone [17]. Gingival pheno-

type, connective tissue quality, vascular supply, 

and biologic width collectively influence the posi-

tion and stability of the gingival zenith. Following 

implant placement, the absence of periodontal liga-

ment alters soft tissue dynamics, making preserva-

tion of peri-implant bone and adequate mucosal 

thickness essential for achieving stable and estheti-

cally pleasing gingival contours [18]. 

 

Relationship Between Gingival Zenith and 

Smile Esthetics 

The gingival zenith is a fundamental determinant 

of smile esthetics, contributing to the visual harmo-

ny of the dentogingival complex and the natural 

appearance of both teeth and implant-supported 

restorations. Its position influences the perceived 

dimensions of the clinical crown, the axial inclina-

tion of the tooth, and the continuity of the gingival 

contour [19]. In an esthetically pleasing smile, the 

gingival zeniths of the maxillary central incisors 

and canines are positioned slightly distal to the ver-

tical midline of the crown, whereas the lateral inci-

sors exhibit a comparatively centered zenith (Table 

1). This arrangement creates a balanced gingival 

scallop that enhances symmetry and supports an 

ideal smile line. Conversely, displacement or 

asymmetry of the gingival zenith may produce the 

illusion of altered tooth angulation, uneven crown 

proportions, and disharmony within the anterior 

dentition, adversely affecting overall facial esthet-

ics [20]. In implant dentistry, reproducing the natu-

ral zenith is particularly important because peri-

implant soft tissues lack the adaptive characteris-

tics of the periodontal ligament, making esthetic 

correction more challenging after restoration. Care-

ful consideration of implant position, emergence 

profile, peri-implant tissue phenotype, and restora-

tive contours is therefore essential to establish an 

optimal gingival framework [21]. The integration 

of digital smile analysis, photographic evaluation, 
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and prosthetically driven treatment planning further 

enables clinicians to accurately assess gingival 

symmetry and design restorations that closely repli-

cate the natural dentition. Consequently, preserva-

tion and optimization of the gingival zenith are in-

dispensable for achieving predictable esthetic out-

comes and long-term patient satisfaction in con-

temporary implant rehabilitation. 

Table 1: Relationship of gingival zenith to Maxil-

lary teeth 

 

Esthetic Parameters Associated with the Gingi-

val Zenith 

The gingival zenith is a fundamental reference 

point in esthetic implant dentistry and should be 

evaluated in conjunction with several soft tissue 

and restorative parameters that collectively deter-

mine the harmony of the anterior dentition [22]. 

Rather than functioning as an isolated landmark, 

the gingival zenith contributes to the overall bal-

ance of the dentogingival complex and influences 

the perception of symmetry, tooth morphology, and 

smile attractiveness. 

 

Gingival symmetry is one of the most important 

indicators of an esthetic smile. Ideally, the gingival 

margins of contralateral teeth should exhibit com-

parable height, contour, and zenith position, creat-

ing a balanced appearance across the dental arch 

[23]. Even minor discrepancies in gingival sym-

metry may become readily noticeable in the anteri-

or esthetic zone, particularly during smiling or 

speech. Precise positioning of the gingival zenith is 

therefore essential to achieve visual equilibrium 

and natural integration of implant-supported resto-

rations with adjacent teeth. 

 

The gingival line represents the continuous curva-

ture formed by the free gingival margins of the an-

terior teeth. A harmonious gingival line follows a 

gentle and uninterrupted contour that complements 

the incisal edge relationship and facial esthetics. 

Variations in gingival margin height or irregular 

zenith positioning may disrupt this continuity, re-

sulting in an uneven smile line and compromised 

esthetic outcomes [24]. 

 

Papilla height plays a complementary role in sup-

porting the gingival zenith by maintaining com-

plete interdental tissue fill. Adequate papillary ar-

chitecture eliminates unaesthetic interdental spaces, 

commonly referred to as black triangles, and con-

tributes to a continuous soft tissue framework 

around natural teeth and implant restorations. 

Preservation of papillary height depends on appro-

priate interproximal bone support, implant posi-

tioning, and careful soft tissue management 

throughout treatment [25]. 

 

The crown width-to-length ratio significantly influ-

ences the perceived position of the gingival zenith 

and the overall proportions of the clinical crown. 

Excessive gingival display, gingival recession, or 

inappropriate restorative dimensions may alter this 

ratio, creating the illusion of elongated or shortened 

teeth. Consequently, prosthetic contours should be 

carefully designed to maintain ideal crown propor-

tions while supporting a stable and harmonious gin-

gival margin. 

 

The Pink Esthetic Score (PES) has become one of 

Tooth Relationship of Gingival Teeth 
Central  Slightly Distal 

Lateral  Centered 

Canine Slightly Distal 
First  

Premolar 

Centered or Slightly  

Distal 
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the most widely accepted indices for objectively 

assessing peri-implant soft tissue esthetics. This 

scoring system evaluates the mesial and distal pa-

pillae, facial mucosal level, curvature of the facial 

mucosa, root convexity, soft tissue color, and tis-

sue texture in comparison with the corresponding 

natural tooth. Because several of these variables 

are directly influenced by the position and stability 

of the gingival zenith, the PES provides a valuable 

clinical tool for monitoring treatment outcomes 

and comparing esthetic success [26]. When these 

esthetic parameters are considered collectively dur-

ing diagnosis, surgical planning, and prosthodontic 

rehabilitation, clinicians can achieve more predict-

able gingival architecture, improved peri-implant 

soft tissue stability, and highly natural esthetic re-

sults. 

 

Assessment and Measurement of the Gingival 

Zenith 

Accurate assessment of the gingival zenith is a fun-

damental step in achieving predictable esthetic out-

comes in implant-supported rehabilitation. Since 

the gingival zenith serves as a key determinant of 

gingival symmetry, crown proportions, and emer-

gence profile, its evaluation should be incorporated 

into every stage of treatment planning [27]. A com-

prehensive assessment combines conventional clin-

ical examination with contemporary digital tech-

nologies to identify existing soft tissue discrepan-

cies, establish ideal restorative objectives, and 

monitor peri-implant tissue changes throughout 

treatment. 

 

Clinical Evaluation 

Clinical evaluation remains the cornerstone of gin-

gival zenith assessment. A thorough examination 

includes inspection of the gingival margin, gingival 

scallop, papillary architecture, periodontal pheno-

type, and relationship of the gingival margin to ad-

jacent teeth. The position of the gingival zenith 

should be assessed relative to the long axis of the 

clinical crown, the cemento-enamel junction of 

neighbouring teeth, and the overall gingival con-

tour. In the anterior esthetic region, bilateral com-

parison of contralateral teeth helps identify subtle 

asymmetries that may affect the final restorative 

outcome [28]. Periodontal probing, assessment of 

keratinized mucosal width, tissue thickness, and 

evaluation of underlying alveolar bone support 

provide additional information regarding the stabil-

ity of the peri-implant soft tissues. Clinical assess-

ment also includes evaluation of the patient's smile 

line, lip mobility, and gingival display, as these 

factors determine the visibility of gingival discrep-

ancies during smiling and speech [29]. Careful 

clinical documentation before implant placement 

enables clinicians to establish realistic esthetic ob-

jectives and formulate individualized treatment 

plans. 

 

Photographic Analysis 

Standardized clinical photography provides a relia-

ble and reproducible method for assessing gingival 

zenith position and monitoring changes over time. 

High-resolution intraoral and extraoral photo-

graphs allow detailed evaluation of gingival sym-

metry, papillary height, emergence profile, and 

smile characteristics from multiple perspectives 

[30]. Frontal, lateral, and occlusal photographic 

views facilitate comparison between implant-

supported restorations and adjacent natural denti-

tion while enabling objective documentation 

throughout treatment. Digital image analysis can 

be used to measure crown dimensions, gingival 

margin levels, and zenith position with greater con-

sistency than visual inspection alone. Photographic 

records also enhance communication among sur-
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geons, prosthodontists, periodontists, and dental 

technicians, ensuring that esthetic treatment goals 

remain consistent throughout the restorative pro-

cess [31]. Furthermore, serial photographic docu-

mentation provides valuable information regarding 

peri-implant soft tissue maturation following surgi-

cal and prosthetic interventions. 

 

Digital Smile Design 

Digital Smile Design (DSD) has transformed es-

thetic treatment planning by integrating facial anal-

ysis with dental and gingival parameters. Special-

ized software enables clinicians to superimpose ref-

erence lines, evaluate facial symmetry, analyze 

tooth proportions, and simulate the ideal position of 

the gingival zenith before treatment begins [31]. By 

combining facial landmarks with intraoral records, 

DSD facilitates prosthetically driven implant plan-

ning and allows precise visualization of the desired 

gingival architecture. This digital workflow im-

proves interdisciplinary communication by ena-

bling clinicians, laboratory technicians, and pa-

tients to visualize anticipated esthetic outcomes be-

fore surgical intervention. Virtual simulations also 

assist in determining whether soft tissue augmenta-

tion, crown length modification, or customized pro-

visional restorations will be necessary to achieve 

optimal gingival symmetry [32]. Consequently, 

Digital Smile Design has become an important ad-

junct in minimizing esthetic complications and im-

proving treatment predictability. 

 

Intraoral Scanning 

The introduction of intraoral scanning has signifi-

cantly enhanced the precision of soft tissue assess-

ment in implant dentistry. Optical scanners capture 

highly detailed three-dimensional images of the 

dentition and surrounding gingival tissues without 

the distortions associated with conventional im-

pression materials. Digital models generated from 

these scans permit accurate measurement of gingi-

val margin levels, papillary dimensions, tissue con-

tours, and emergence profiles at different stages of 

treatment [33]. Superimposition of sequential digi-

tal scans allows clinicians to monitor subtle chang-

es in peri-implant soft tissue volume, gingival re-

cession, and tissue remodeling following implant 

placement or soft tissue augmentation procedures. 

Intraoral scanning also facilitates the fabrication of 

customized healing abutments, provisional restora-

tions, and definitive prostheses designed to support 

the desired gingival zenith and peri-implant tissue 

contours. When integrated with cone-beam com-

puted tomography and computer-guided implant 

planning, digital scanning contributes to a compre-

hensive digital workflow that enhances surgical 

accuracy, prosthetic precision, and long-term es-

thetic stability [34]. Collectively, these assessment 

modalities provide an evidence-based framework 

for achieving predictable gingival zenith optimiza-

tion and superior peri-implant esthetic outcomes. 

 

Peri-Implant Soft Tissue Anatomy 

Emergence profile can be defined as the contour of 

the tooth or restoration as it emerges from the gin-

giva [17]. With dental implants, it is the contour of 

an implant restoration as it emerges from the im-

plant platform. Placement of the implant platform 

in relation to the proximal contacts of adjacent 

teeth is critical to the development of ideal emer-

gence profiles that will mimic the tooth being re-

placed [18]. The emergence profile dictates the 

transformation of a dental implant into a natural-

looking tooth. Successful maintenance of dental 

implants long-term requires adequate gingival 

thickness surrounding the implant; keratinized tis-

sue of at least 1 mm to 2 mm is recommended 

[19,20]. Thickness of the gingiva (mucosal thick-
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ness) also plays a factor in stability of the underlying hard tissue and bone stability crestally over time. 

When there is an initial tissue thickness of <2.5mm, bone loss of up to 1.45 mm can be expected over 

the first year of function [21,22,23]. Thicker tissue has demonstrated better long-term stability and re-

sistance to implant-related disease than tissues of thinner biotypes [22]. Adequate peri-implant soft tis-

sue architecture is essential for maintaining gingival zenith symmetry and achieving a harmonious es-

thetic outcome (Table 2). The contour and stability of the peri-implant mucosa are influenced by implant 

depth, abutment design, and prosthetic emergence profile. Proper management of soft tissue dimensions 

also minimizes the risk of recession, papillary loss, and peri-implant inflammation, thereby contributing 

to long-term functional and esthetic success of implant-supported restorations.  

Table 2: Biological determinants of peri-implant gingival zenith position and stability. 

Determinant Biological Basis Clinical Consequence for Zenith Posi-
tion 

Peri-implant phenotype 
(tissue thickness) 

Thick (>1 mm) phenotype has denser colla-
gen, better vascularity, and greater re-
sistance to inflammatory and mechanical 
insult than thin (≤1 mm) phenotype 

Thick phenotype maintains a stable, coro-
nally positioned zenith; thin phenotype is 
prone to recession and apical zenith migra-
tion 

Buccal bone plate thickness Bone ≥1 mm thick resists the bundle-bone 
resorption that follows tooth extraction and 
implant placement 

Thin (<1 mm) buccal plates predictably 
resorb 0.5–2 mm, dragging the supported 
mucosa and zenith apically 

Interproximal bone crest 
height 

Papilla height is governed by the distance 
from bone crest to the contact point 
(Tarnow's 5 mm rule) 

Adequate crestal bone allows full papilla 
fill, which anchors the mesial/distal zenith 
reference points 

Supracrestal tissue attach-
ment (biologic width) 

A fixed ~3–4 mm dimension of junctional 
epithelium plus connective tissue seals the 
peri-implant sulcus, oriented circumferen-
tially rather than inserting into the implant 
surface 

Violation (restorative margins placed with-
in this zone) triggers inflammatory bone 
loss and apical zenith relapse 

Vascular supply Natural teeth receive dual supply from peri-
odontal ligament and periosteum; implants 
rely solely on the periosteal/supraperiosteal 
plexus 

Reduced perfusion around implants slows 
healing and increases the tissue's vulnera-
bility to zenith-altering trauma or infection 

Emergence profile / prosthet-
ic contour 

Collagen fibers run circumferentially (not 
perpendicularly, as in the periodontal liga-
ment), so soft tissue position is prosthetical-
ly “moldable” during provisionalization 

A concave, under contoured emergence 
profile in the provisional crown supports 
and can coronally advance the zenith be-
fore final impression 

Implant 3-D position (depth/
angulation) 

Facial-apical malposition thins the buccal 
bone/soft tissue envelope; correct 3–D posi-
tion preserves the native biologic architec-
ture 

Implants placed too facial or too coronal 
are the leading iatrogenic cause of zenith 
asymmetry and recession 

Keratinized mucosa width 
(KMW) 

KMW ≥2 mm provides a mechanically 
resistant, well-attached tissue collar around 
the transmucosal abutment 

Deficient KMW (<2 mm) is associated 
with plaque accumulation, inflammation, 
and progressive apical zenith drift 

Timing of placement/loading Immediate implant placement preserves 
existing socket architecture; delayed place-
ment occurs after bundle-bone resorption 
has already reshaped the ridge 

Immediate protocols better preserve the 
pre-extraction zenith position when buccal 
bone and phenotype are favorable 
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Peri-Implant Mucosa: Structural Composition 

The peri-implant mucosa constitutes the primary 

soft tissue barrier surrounding dental implants and 

plays a fundamental role in maintaining peri-

implant health and esthetic stability. It is composed 

of the sulcular epithelium, junctional epitheli-

um, and the underlying connective tissue (Figure 

3), each contributing to tissue integrity and protec-

tion against the oral environment. The sulcular epi-

thelium lines the peri-implant sulcus and serves as 

the initial interface with the oral cavity, providing 

resistance to mechanical and microbial challenges. 

Apical to this lies the junctional epithelium, which 

forms a specialized epithelial attachment to the im-

plant or abutment surface through hemidesmoso-

mal adhesion, creating an essential biological seal 

[36]. Beneath the epithelial layers, the connective 

tissue compartment consists predominantly of col-

lagen fibers, fibroblasts, blood vessels, and extra-

cellular matrix. Unlike natural teeth, these collagen 

fibers run mainly parallel or circumferential to the 

implant surface rather than inserting into it, reflect-

ing the absence of a periodontal ligament [37]. 

The integrity of these structural components is crit-

ical for maintaining peri-implant soft tissue stabil-

ity, supporting the gingival zenith, and preserving 

harmonious esthetic contours around implant-

supported restorations. 

Figure 3: Structure of peri-implant mucosa 

Biologic Width (Supracrestal Tissue Attach-

ment) Around Implants 

The biologic width, currently referred to as the su-

pracrestal tissue attachment, represents the soft tis-

sue seal established between the peri-implant mu-

cosa and the implant or abutment surface. It com-

prises the junctional epithelium and the underlying 

connective tissue attachment, forming a protective 

barrier against microbial invasion [38]. Around 

dental implants, the supracrestal tissue attachment 

generally measures approximately 3–4 mm, alt-

hough slight variations may occur depending on 

implant design, abutment characteristics, and peri-

implant tissue phenotype. Following implant place-

ment, this soft tissue complex develops during the 

healing phase as epithelial and connective tissues 

reorganize to establish a stable biologic seal around 

the transmucosal component. Preservation of ade-

quate crestal bone height is essential for maintain-

ing this attachment and preventing apical migration 

of the soft tissue margin [39]. Clinically, a stable 

supracrestal tissue attachment is fundamental for 

preserving peri-implant health, minimizing muco-

sal recession, supporting the gingival zenith, and 

maintaining harmonious emergence profiles. Re-

specting these biologic dimensions during implant 

placement and prosthetic rehabilitation contributes 

significantly to long-term esthetic stability and pre-

dictable implant success, particularly in the anterior 

esthetic zone [40].  

 

Keratinized Mucosa Around Dental Implants 

Keratinized mucosa is the band of firm, keratinized 

tissue extending from the free mucosal margin to 

the mucogingival junction surrounding a dental 

implant. Although the ideal width remains a sub-

ject of discussion, a minimum of 2 mm (table 2), 

including at least 1 mm of attached keratinized mu-

cosa, is generally considered beneficial for main-
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taining peri-implant health [41]. Adequate keratin-

ized tissue facilitates effective plaque control, min-

imizes soft tissue inflammation, and enhances re-

sistance to mechanical trauma during oral hygiene 

procedures. Furthermore, sufficient keratinized 

mucosa contributes to greater tissue stability, sup-

ports the peri-implant soft tissue architecture, and 

improves patient comfort by reducing discomfort 

during brushing and mastication [42]. 

 

Peri-Implant Mucosal Seal and Biological Bar-

rier Function 

The peri-implant mucosal seal serves as the first 

line of defence against the oral environment. It is 

established through the attachment of the junction-

al epithelium to the implant or abutment surface, 

supported by the underlying connective tissue 

[43,44]. This epithelial attachment forms an effec-

tive biological barrier that limits microbial penetra-

tion into deeper peri-implant tissues. Preservation 

of an intact mucosal seal is essential for preventing 

peri-implant inflammation, maintaining crestal 

bone stability, and ensuring long-term implant sur-

vival. Disruption of this protective barrier may in-

crease susceptibility to peri-implant diseases and 

compromise esthetic outcomes [45]. 

 

Peri-Implant Soft Tissue Thickness (Mucosal 

Phenotype) 

The peri-implant mucosal phenotype significantly 

influences the stability of the facial soft tissue con-

tour and gingival zenith. A thick phenotype 

demonstrates greater resistance to mechanical trau-

ma, inflammatory changes, and mucosal recession, 

thereby providing enhanced long-term esthetic sta-

bility. In contrast, a thin phenotype is more suscep-

tible to recession, soft tissue discoloration, and 

marginal tissue loss, particularly in the anterior es-

thetic zone [46]. Careful assessment of mucosal 

thickness before implant placement enables appro-

priate surgical and restorative planning to preserve 

gingival symmetry and optimize the position of the 

gingival zenith. 

 

Peri-Implant Phenotype 

As with natural teeth, tissue thickness is the domi-

nant biological variable determining zenith resili-

ence around implants. A thick peri-implant pheno-

type (mucosal thickness greater than roughly 2 

mm) is associated with denser collagen content, 

better vascular reserve, and substantially greater 

resistance to recession following implant place-

ment, abutment connection, or provisionalization 

[45]. A thin phenotype, by contrast, is prone to vis-

ible transparency of the underlying titanium or 

abutment color, more pronounced recession, and a 

zenith that migrates apically over time even in the 

absence of overt disease. Because peri-implant 

phenotype cannot be reliably improved by biology 

alone — unlike bone, which can partially regener-

ate — phenotype modification (typically via con-

nective tissue or free gingival grafting) is frequent-

ly a deliberate biological intervention undertaken 

specifically to stabilize the future zenith position 

before restorative treatment [46]. 

 

Peri-Implant Papilla and Interdental Soft Tis-

sue Anatomy 

The interdental papilla occupies the space between 

adjacent teeth or implant restorations and is essen-

tial for creating a natural gingival appearance. Pa-

pilla formation is primarily influenced by the 

height of the interproximal alveolar bone, the dis-

tance between adjacent implants or teeth, and the 

position of the contact point. Adequate interproxi-

mal bone support facilitates complete papillary fill 

and prevents the formation of unaesthetic black 

triangles. Well-preserved papillae also contribute 
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to continuity of the gingival scallop and reinforce 

harmonious gingival zenith architecture [47]. 

 

Facial Mucosal Margin and Gingival Scallop 

The facial mucosal margin defines the visible out-

line of the peri-implant soft tissue and plays a piv-

otal role in smile esthetics. Together with the gin-

gival scallop, it determines the emergence profile 

and influences the perceived proportions of im-

plant-supported crowns. A smooth, symmetrical 

scalloped contour that closely resembles adjacent 

natural teeth enhances esthetic integration and sup-

ports an ideal gingival zenith [48]. Conversely, ir-

regular mucosal margins or flattening of the gingi-

val scallop may compromise facial harmony and 

diminish the natural appearance of the restoration. 

 

Blood Supply and Vascularization of Peri-

Implant Soft Tissues 

The vascular supply of peri-implant soft tissues is 

derived primarily from the supraperiosteal vessels, 

alveolar bone, and surrounding connective tissues. 

Unlike natural teeth, implants lack a periodontal 

ligament, resulting in a comparatively reduced vas-

cular network around the peri-implant mucosa. 

This anatomical difference may influence tissue 

healing, inflammatory response, and regenerative 

capacity following surgical intervention [49]. 

Therefore, atraumatic surgical techniques and 

preservation of soft tissue vascularity are critical 

for promoting favorable wound healing and main-

taining peri-implant tissue stability. 

 

Soft Tissue Remodeling Following Implant 

Placement 

Peri-implant soft tissues undergo continuous re-

modeling following implant placement as healing 

progresses and a stable biologic seal is established. 

Early healing is characterized by epithelial matura-

tion, connective tissue organization, and adaptation 

of the peri-implant mucosa to the transmucosal 

component. Simultaneously, physiologic crestal 

bone remodeling influences the position of the fa-

cial mucosal margin and overall soft tissue con-

tour. Long-term stability of the peri-implant muco-

sa depends on preservation of crestal bone, ade-

quate tissue thickness, appropriate implant posi-

tioning, and well-designed prosthetic contours. Ef-

fective management of these biologic changes is 

fundamental for maintaining gingival symmetry, 

preserving the gingival zenith, and achieving pre-

dictable esthetic outcomes in implant-supported 

rehabilitation[50]. 

 

Comparison Between Periodontal Tissues and 

Peri-Implant Soft Tissues 

Although peri-implant soft tissues resemble the 

gingiva surrounding natural teeth in appearance, 

important structural and biological differences in-

fluence their function and esthetic behaviour. The 

most significant distinction is the absence of the 

periodontal ligament (PDL) around dental im-

plants. In natural dentition, the PDL provides a 

specialized connective tissue attachment that ab-

sorbs occlusal forces, supplies blood vessels and 

sensory innervation, and supports continuous tissue 

remodeling. Dental implants, however, are directly 

anchored to the alveolar bone through osseointe-

gration, eliminating the presence of this physiolog-

ic ligament [51]. 

 

Another notable difference lies in the orientation 

of connective tissue fibers. Around natural teeth, 

collagen fibers insert perpendicularly into the ce-

mentum, providing firm attachment and resistance 

to mechanical stress. In contrast, collagen fibers 

surrounding implants are predominantly arranged 

parallel or circumferentially to the implant surface 
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without inserting into the titanium, resulting in a 

comparatively less robust connective tissue attach-

ment. 

 

Differences in vascularity also influence peri-

implant tissue behaviour. The periodontal ligament 

contributes a substantial vascular network around 

natural teeth, whereas peri-implant tissues rely 

mainly on blood supply from the supraperiosteal 

vessels and the adjacent alveolar bone. Conse-

quently, peri-implant tissues possess a relatively 

reduced vascular supply, which may affect nutrient 

delivery, inflammatory response, and regenerative 

potential [52]. 

 

These anatomical variations contribute to distinct 

healing characteristics. Soft tissue healing around 

implants primarily involves formation of an epithe-

lial attachment and connective tissue seal rather 

than regeneration of a periodontal attachment appa-

ratus. As a result, peri-implant tissues are generally 

more susceptible to marginal recession and inflam-

matory breakdown when exposed to surgical trau-

ma, plaque accumulation, or inappropriate prosthet-

ic contours [53]. Understanding these biological 

differences is essential for selecting surgical and 

restorative strategies that preserve peri-implant soft 

tissue stability, maintain the gingival zenith, and 

optimize long-term esthetic outcomes. 

 

Surgical Perspectives in Gingival Zenith Opti-

mization 

Traditionally, one of the main objectives of an im-

plant treatment has been to ensure osseointegra-

tion [24,25,26,27]. On the other hand, the achieve-

ment of implant osseointegration does not always 

correlate with a successful esthetic outcome [28]. 

Recently, with the development of several bone 

grafting materials, guided bone regeneration (GBR) 

techniques, and the improvement of technology of 

implant surface treatment, the concept of implant 

treatment was changed to "Restoration driven im-

plant placement" [29]. Accordingly, the creation of 

a proper contoured restoration with a natural emer-

gence profile and gingival architecture that harmo-

nizes with the adjacent teeth is very important for 

aesthetic and functional implant therapy [30]. To 

achieve the optimal emergence profile, several fac-

tors need to be considered from the initial stages of 

treatment to the final stages. In the presence of an 

appropriate tissue base, achieving an optimal emer-

gence profile depends on the selection of the im-

plant, healing abutment, and intermediate prosthet-

ic element selection, etc. [31]. Precise three-

dimensional implant positioning is considered one 

of the most critical surgical determinants influenc-

ing gingival zenith stability and peri-implant es-

thetics. Buccolingual and apicocoronal implant 

placement directly affect soft tissue contour, papilla 

formation, and the final emergence profile of the 

restoration. In cases with deficient hard or soft tis-

sue volume, procedures such as connective tissue 

grafting and guided bone regeneration may be nec-

essary to support ideal gingival architecture. Care-

ful surgical manipulation of peri-implant tissues 

also helps maintain vascular integrity and minimiz-

es the risk of recession or soft tissue collapse in the 

esthetic zone. Successful surgical management also 

requires meticulous preoperative assessment of the 

periodontal phenotype, alveolar ridge morphology, 

and smile line to anticipate potential esthetic chal-

lenges before implant placement. The use of mini-

mally invasive surgical approaches and flap de-

signs that preserve soft tissue vascularity further 

enhances wound healing and promotes stable peri-

implant mucosal contours. Immediate implant 

placement and provisionalization, when carefully 

selected, may aid in preserving the existing gingi-
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val architecture and maintaining the position of the 

gingival zenith [54]. Consequently, integrating bio-

logically driven surgical principles with prostheti-

cally guided implant planning is essential for 

achieving predictable peri-implant esthetics and 

long-term soft tissue stability. 

 

Prosthodontic Influence on Emergence Profile  

The emergence profile is one of the key factors in 

the establishment of the optimum hard and soft tis-

sues. In particular, in the esthetic zone, the emer-

gence profile of dental implant restorations should 

mimic natural teeth [32,33]. Three parameters are 

used to describe the esthetics and health of implant 

restorations: residual alveolar bone, peri-implant 

soft tissue and crown form. These factors must be 

considered for function and esthetics. Among these 

factors, in terms of the prostheses, the physiologi-

cal crown form is an important factor for maintain-

ing the periodontal health around an implant by 

inducing the self-cleansing activity. If the crown 

contour is changed by a crown fracture or bulky 

restoration, it will cause changes of the physiologi-

cal crown form and then disturb smooth chewing 

movement. Subsequently, it will cause food reten-

tion and plaque accumulation around the implant 

and can cause periodontal problems. This phenom-

enon will also occur in an implant restoration [31]. 

Therefore, a physiological implant restoration form 

is very important for esthetic and healthy periodon-

tium as well as to improve the implant prognosis. 

To achieve a physiological implant restoration 

form, some considerations are needed from the nat-

ural teeth. For the prosthetic crown in natural teeth, 

the emergence profile and supragingival crown 

profile need to be considered. On the other hand, 

the ridge profile and submergence profile also need 

to be considered for an implant restoration. In an 

implant restoration, the emergence profile is the 

portion of the restoration that emerges coronally 

from the free gingival margin to replace the crown 

form of the extracted tooth [34,35]. An appropri-

ately designed emergence profile supports the peri-

implant soft tissues and plays a decisive role in 

shaping the gingival zenith and interdental papillae. 

Customized provisional restorations and healing 

abutments can be utilized to gradually contour the 

surrounding mucosa and create a natural transition 

from implant to crown. In addition, prosthetic fac-

tors such as abutment material, cervical contour, 

and crown emergence angle influence soft tissue 

adaptation and long-term tissue stability. Careful 

prosthodontic planning therefore contributes not 

only to functional rehabilitation, but also to the 

preservation of esthetic harmony in implant-

supported restorations. The use of CAD/CAM-

fabricated customized abutments has further im-

proved the ability to individualize the transmucosal 

profile according to patient-specific soft tissue 

anatomy. Incremental modification of provisional 

restorations during the healing phase enables con-

trolled maturation of the peri-implant mucosa, fa-

cilitating optimal positioning of the gingival zenith 

and harmonious gingival scalloping. Equally im-

portant is the maintenance of an appropriate emer-

gence angle, as excessive cervical convexity may 

exert undue pressure on the peri-implant tissues 

and increase the risk of mucosal recession or 

plaque retention. Prosthetically driven implant res-

toration should therefore be guided by both biolog-

ic principles and esthetic objectives to ensure fa-

vorable tissue adaptation [55]. Close collaboration 

between the surgeon and prosthodontist throughout 

the restorative phase is essential for developing sta-

ble peri-implant soft tissue contours that closely 

replicate the appearance of the natural dentition 

and promote long-term esthetic success. 
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Periodontal Phenotype and Soft Tissue Stability 

The peri-implant mucosa is oral mucosa adapted to 

the presence of an osseointegrated implant and its 

transmucosal prosthetic components [36]. Three 

distinct components of the peri-implant soft tissue 

phenotype (i.e., the morphologic and dimensional 

features of the peri-implant mucosa) deserve spe-

cial attention: the keratinized mucosa width 

(KMW), the mucosal thickness (MT), and the su-

pracrestal tissue height (STH) [37]. On its oral sur-

face, the peri implant mucosa is covered by a strati-

fied squamous epithelium that may be keratinized 

or not. Keratinized mucosa (KM) is masticatory in 

nature and its external surface is covered by a ke-

ratinized stratified squamous epithelium identical 

to the oral epithelium that lines the gingiva. If pre-

sent, this keratinized epithelium extends apically 

from the mucosal margin to the mucosal junction, 

where it meets the lining alveolar mucosa, which is 

non-keratinized. In the absence of keratinized mu-

cosa, only alveolar lining alveolar mucosa can be 

observed around implant fixtures and transmucosal 

components [38]. A favorable periodontal pheno-

type is closely associated with improved peri-

implant tissue stability and reduced risk of mucosal 

recession. Adequate keratinized mucosa and soft 

tissue thickness contribute to enhanced plaque con-

trol, patient comfort, and maintenance of the gingi-

val zenith over time. Therefore, careful assessment 

and management of peri-implant soft tissues are 

essential for achieving long-term esthetic and func-

tional success in implant therapy. 

 

Pediatric Dental Implants: Growth-Related 

Considerations in Peri-Implant Esthetics  

Timing of Implant Placement in the Growing 

Patient 

The success of dental implants has allowed dentists 

to rehabilitate edentulous and partially edentulous 

patients' oral function and social lifestyle. But 

placement of an implant too early in a growing 

child's development may lead to implant dentition 

height discrepancies, a poor implant—crown ratio, 

occlusal disharmony and discrepancies of free gin-

gival margin height, leading to esthetic compro-

mise [61].  

 

Sharma and Vargervik from the University of Cali-

fornia, San Francisco, outlined the indications and 

timing for the use of dental implants in adolescents. 

Based on published data and their clinical experi-

ence, the authors divided adolescents with partial 

and complete anodontia into 3 groups: 

· Group 1: Children congenitally missing a single 

tooth and having adjacent permanent teeth. 

· Group 2: Children missing more than a few 

teeth but having permanent teeth present adja-

cent to the edentulous sites. 

· Group 3: Children completely edentulous in 

one arch or having 1 or 2 teeth in poor positions 

in the arch [62]. 

 

Long-Term Esthetic Challenges During Cranio-

facial Growth 

Craniofacial growth presents a major challenge for 

maintaining long-term peri-implant esthetics in pe-

diatric patients. Unlike natural teeth, osseointegrat-

ed implants lack a periodontal ligament and there-

fore do not adapt to the vertical and spatial changes 

associated with continued alveolar and skeletal de-

velopment. As growth progresses, an implant may 

become relatively infraoccluded, resulting in dis-

crepancies in the gingival margin, gingival zenith, 

crown height, and emergence profile compared 

with adjacent natural teeth [61]. These changes can 

compromise gingival symmetry and the harmoni-

ous transition between the implant-supported resto-

ration and the developing dentition. The risk is par-
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ticularly significant in the anterior maxilla, where 

minor alterations in the gingival zenith or soft-

tissue contour can substantially affect smile esthet-

ics [62]. Consequently, pediatric implant therapy 

should incorporate long-term growth assessment, 

careful three-dimensional implant positioning, 

preservation of peri-implant tissues, and adaptable 

prosthetic strategies. A multidisciplinary approach 

involving pediatric, orthodontic, periodontal, and 

prosthodontic care is essential to anticipate growth-

related changes and maintain predictable peri-

implant esthetics. 

 

Digital Smile Design and Digital Workflow 

The success of an implant is not just its successful 

integration in bone. The success of the implant is 

realized when it is restored by an esthetic, well 

contoured restoration which supports and harmo-

nizes with the surrounding teeth and soft tissue 

over the long term and maintains tissue health. It is 

prudent in the esthetic zone to develop the soft tis-

sue around the implant to mimic natural soft tissue 

contours and to create the most natural emergence 

profile [39]. Digital technologies have significantly 

improved the precision and predictability of im-

plant esthetic planning. Digital smile design, in-

traoral scanning, and CBCT-guided implant place-

ment allow clinicians to evaluate soft tissue con-

tours, gingival symmetry, and restorative space 

before treatment initiation. These advancements 

facilitate prosthetically driven implant positioning 

and enable better control over emergence profile 

development and gingival zenith optimization in 

the esthetic zone. The integration of digital work-

flows also enhances communication among the 

surgeon, prosthodontist, periodontist, and dental 

laboratory, ensuring that esthetic objectives are 

consistently maintained throughout treatment [56]. 

Virtual implant planning software enables precise 

assessment of implant angulation, depth, and buc-

colingual position in relation to the anticipated gin-

gival zenith and final prosthetic restoration. Fur-

thermore, digital impressions facilitate accurate 

fabrication of customized healing abutments, pro-

visional restorations, and definitive prostheses that 

support peri-implant soft tissue maturation. Serial 

intraoral scans can be superimposed to monitor 

changes in mucosal contour and gingival margin 

stability over time, allowing early detection of soft 

tissue alterations and timely clinical intervention. 

Collectively, these digital innovations have en-

hanced the predictability of gingival zenith preser-

vation and long-term esthetic outcomes in implant-

supported rehabilitation [57]. 

 

Future Perspectives 

Future advancements in implant esthetics are ex-

pected to focus on enhancing the predictability and 

long-term stability of peri-implant soft tissues. The 

integration of digital smile design, artificial intelli-

gence, and computer-guided implant placement 

may allow more precise evaluation of gingival 

contours and individualized treatment planning. 

Emerging biomaterials and regenerative approach-

es are also showing promising potential in improv-

ing soft tissue augmentation and peri-implant tis-

sue stability. In addition, customized prosthetic 

workflows using CAD/CAM technology may fur-

ther refine emergence profile development and gin-

gival zenith symmetry [58,59,60]. Continued inter-

disciplinary collaboration among periodontists, 

oral surgeons, and prosthodontists will remain es-

sential for achieving highly esthetic and biological-

ly stable implant restorations in the future. Further-

more, patient-specific customized healing abut-

ments and three-dimensional printed provisional 

restorations may provide more precise control over 

peri-implant mucosal architecture and facilitate 
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optimal gingival zenith formation. Future interdis-

ciplinary treatment protocols integrating biologi-

cally driven surgical techniques, digitally guided 

prosthodontics, and minimally invasive periodontal 

procedures are likely to further enhance esthetic 

predictability, preserve peri-implant tissue health, 

and improve long-term patient satisfaction in im-

plant-supported rehabilitation. 

 

Conclusion 

Gingival zenith optimization is a fundamental com-

ponent of successful implant esthetics and requires 

a balanced integration of surgical precision, perio-

dontal tissue management, and prosthodontic plan-

ning. Careful control of peri-implant soft tissue ar-

chitecture and emergence profile contributes signif-

icantly to long-term esthetic harmony, functional 

stability, and patient satisfaction in implant rehabil-

itation. 
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