


Clinical Importance Of Gingival Biotype In Periodontics: From Risk Assessment To Phenotype-Based Therapy
Abstract
Gingival biotype—historically described as “thin” or “thick”—has evolved into the broader concept of periodontal phenotype, integrating gingival thickness, keratinized tissue dimensions, and the underlying bone morphotype. This shift reflects growing evidence that soft tissue thickness and architecture are not merely anatomic descriptors but clinically meaningful modifiers of periodontal stability, aesthetic outcomes, and complication risk across preventive, surgical, restorative, orthodontic, and implant therapies. Thin phenotypes are more frequently associated with recession-prone responses to inflammation or mechanical insult, greater vulnerability to post-surgical marginal tissue changes, and an increased likelihood of aesthetic compromise when restorative or implant components shine through delicate tissue. Conversely, thicker phenotypes often demonstrate greater resistance to recession, more predictable wound stability, and improved capacity to mask restorative materials. Importantly, phenotype is not fixed; contemporary mucogingival and peri-implant soft tissue augmentation strategies can enhance gingival thickness and keratinized tissue conditions, potentially reducing risk and improving long-term stability. This narrative review synthesizes current knowledge regarding definitions, assessment methods, biologic mechanisms, and evidence-based clinical implications of gingival biotype/periodontal phenotype, emphasizing practical decision-making and interdisciplinary treatment planning. The review highlights where phenotype-based personalization is supported by clinical studies and systematic reviews, where evidence remains indirect, and how emerging digital diagnostic workflows may standardize phenotype assessment in daily practice.	Comment by Seng Boon Chu: Standardise your English style, either UK or US, if you are using US English, change this, as per "esthetic' in your keywords below
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1. Introduction
The soft tissue frame surrounding teeth and implants is central to periodontal health, function, and aesthetics. Yet, clinical outcomes are often influenced not only by plaque control and surgical technique but also by the patient’s baseline tissue anatomy. Among anatomical variables, “gingival biotype” has received sustained attention in periodontics because it appears to modify how gingiva responds to inflammation, trauma, orthodontic movement, restorative margin positioning, and surgical manipulation. Classically, gingival biotype was simplified into thin and thick categories, frequently inferred by visual inspection and probe transparency. Over time, it became evident that such a binary label is clinically useful but biologically incomplete. The contemporary view emphasizes “periodontal phenotype,” a more integrated construct that aligns with modern classification frameworks and aims to connect soft tissue thickness and keratinized tissue characteristics with the supporting bone morphology and the resulting risk profile for recession or instability (Caton et al., 2018; Jepsen et al., 2018; Papapanou et al., 2018).	Comment by Seng Boon Chu: soft tissue envelope
The clinical value of phenotype thinking lies in prediction and prevention. In a thin phenotype, inflammatory lesions and mechanical forces are more likely to result in marginal tissue displacement, and surgical procedures are more susceptible to soft tissue contraction or recession. In a thick phenotype, inflammation may present with more pocketing and fibrotic changes, while marginal stability and tissue masking are often better preserved. These tendencies influence therapy selection, timing, and sequencing. For example, the decision to perform connective tissue grafting with root coverage, to thicken peri-implant mucosa, or to adjust restorative margins may be guided by phenotype. Additionally, the rapid development of digital dentistry has increased interest in quantifying tissue thickness and bone morphotype using ultrasound, optical scanning, or cone-beam computed tomography (CBCT), aiming to move phenotype assessment from subjective estimation to reproducible measurement (Schulze et al., 2024).
Despite widespread acceptance that gingival biotype matters, uncertainty remains about thresholds, measurement standardization, and how strongly phenotype predicts outcomes in specific procedures. Some associations are supported by systematic reviews and randomized trials, whereas others rely on consistent clinical observation and mechanistic plausibility. A careful synthesis is therefore needed to clarify what is known, what is probable, and what is still speculative.	Comment by Seng Boon Chu: very vague	Comment by Seng Boon Chu: accurately	Comment by Seng Boon Chu: list down yuour references	Comment by Seng Boon Chu: Use a better word	Comment by Seng Boon Chu: the whole sentence sounds incomplete
1.1 Scope and objective of the review
This review aims to synthesize current evidence on (i) the evolution from gingival biotype to periodontal phenotype and its clinical meaning; (ii) validated methods to assess gingival thickness and phenotype in daily practice; (iii) biological and clinical mechanisms linking phenotype to periodontal and peri-implant outcomes; and (iv) evidence-based implications for periodontal plastic surgery, orthodontics-related recession risk, restorative procedures, and implant therapy, including phenotype modification strategies. The overarching objective is to support phenotype-informed treatment planning while transparently identifying areas where evidence is limited or heterogeneous.	Comment by Seng Boon Chu: use a better descriptive

2. Methods for literature selection
A focused narrative review was performed using electronic searches in PubMed/MEDLINE, Scopus, and Web of Science for peer-reviewed English-language literature published between January 1, 2010 and December 31, 2025. Search strings combined controlled vocabulary and free-text terms including: (“gingival biotype” OR “gingival phenotype” OR “periodontal phenotype” OR “gingival thickness” OR “mucosal thickness”) AND (“periodontics” OR “gingival recession” OR “root coverage” OR “mucogingival surgery” OR “peri-implant” OR “implant” OR “marginal bone loss” OR “orthodontic”). Reference lists of major consensus reports and recent systematic reviews were hand-searched to identify additional clinical trials and high-impact narrative reviews. Inclusion emphasized systematic reviews, meta-analyses, randomized clinical trials, and well-designed observational studies that directly assessed gingival/periodontal phenotype (or tissue thickness) in relation to clinical endpoints (recession, root coverage outcomes, marginal bone changes, or soft tissue stability). Exclusion prioritized case reports, small case series without clear phenotype measurement, animal studies (unless necessary for mechanistic explanation), and articles lacking a verifiable DOI or published in non-indexed sources.	Comment by Seng Boon Chu: Use a better words


3. Conceptual evolution: from gingival biotype to periodontal phenotype
Historically, the term gingival biotype attempted to capture a clinically recognizable pattern: thin scalloped tissues with delicate architecture versus thick flat tissues with denser fibrous quality. This framework provided a quick chairside heuristic and helped explain why similar plaque levels or similar surgical procedures could yield different marginal tissue outcomes. However, the gingiva does not function in isolation from the tooth–bone complex. A thin gingival margin often coincides with thinner buccal bone plates and a more scalloped osseous profile, whereas thicker gingiva is more frequently paired with thicker, flatter bone. Consequently, modern classification and consensus documents emphasize phenotype as a multidimensional profile rather than a single trait (Caton et al., 2018; Jepsen et al., 2018; Papapanou et al., 2018).	Comment by Seng Boon Chu: not appropriate
3.1 Definitions and components
Within the contemporary periodontal framework, phenotype typically includes gingival thickness, keratinized tissue dimensions, and the morphologic context that influences recession susceptibility and wound stability. While terminology varies across publications, the central idea is consistent: clinicians should assess both the soft tissue envelope and the anatomic support that will influence response to therapy. In peri-implant care, the parallel construct of the peri-implant phenotype has been proposed to extend phenotype thinking to mucosal thickness and keratinized mucosa around implants, recognizing differences between tooth-associated supracrestal attachment and implant-associated mucosal sealing (Avila-Ortiz et al., 2020).	Comment by Seng Boon Chu: anatomical	Comment by Seng Boon Chu: their response
3.2 Why phenotype matters biologically
Phenotype influences mechanical resistance, vascular supply distribution, collagen density, and the capacity of tissues to withstand inflammatory breakdown without apical migration of the marginal tissue. Thin marginal tissues have less connective tissue volume and may be less tolerant of surgical trauma, flap tension, or remodeling events that accompany orthodontic tooth movement and restorative margin manipulation. In implant sites, mucosal thickness has been linked to the magnitude of early crestal bone remodeling, plausibly because thin soft tissues may require additional bone resorption to establish a stable supracrestal soft tissue dimension (Di Gianfilippo et al., 2020; Tang et al., 2023). These biologic tendencies do not mean phenotype determines outcome alone; rather, phenotype modifies probability distributions of outcomes, interacting with plaque control, surgical design, flap thickness, restorative design, and patient-level risks such as smoking or systemic health.	Comment by Seng Boon Chu: use appropriate word please
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4. Assessment of gingival biotype and periodontal phenotype in clinical practice
A major barrier to phenotype-based decision-making has been inconsistency in measurement. Clinicians frequently rely on visual assessment, but inter-examiner agreement can be modest, particularly for intermediate tissue thicknesses. This has driven interest in methods that are minimally invasive yet reproducible.	Comment by Seng Boon Chu: rephrase please
Probe transparency has been widely used because it is simple, inexpensive, and quick. The principle is straightforward: if the periodontal probe is visible through the marginal tissue at the sulcus, the phenotype is likely thin; if not visible, thicker tissue is presumed. However, the dichotomous nature of probe transparency may fail to distinguish moderate categories, and tissue pigmentation, inflammation, and probe design may alter visibility thresholds. Efforts to refine transparency-based classification and standardize thresholds have been explored in preclinical and clinical contexts, highlighting that “thin vs thick” may be overly reductive for risk stratification (Fischer et al., 2021).
Direct measurements using transgingival probing or endodontic spreaders can provide numerical thickness values but are invasive and may be influenced by probing pressure and tissue compressibility. Ultrasound-based devices offer a noninvasive alternative and have been increasingly studied, though access and cost remain barriers in routine settings. Digital workflows are also gaining attention: CBCT can estimate hard tissue morphotype, while intraoral scanning and soft tissue surface models can support phenotype mapping when integrated with other data. A Periodontology 2000 review emphasized that digital diagnostic approaches may enable more standardized phenotype assessment, especially when soft tissue and bone data are combined to support personalized planning (Schulze et al., 2024). Nevertheless, CBCT-based soft tissue thickness estimation can be technique-sensitive and affected by voxel size, soft tissue contrast, and artifacts, underscoring the need for validated protocols.
Recent investigations revisiting phenotype classification suggest that clinically meaningful stratification may require more than a single measurement site and may benefit from integrated approaches that consider gingival thickness, keratinized tissue width, and the clinical context (Yildirim Bolat & Lutfioglu, 2025). From a pragmatic standpoint, the most clinically useful approach is often a two-step method: initial chairside screening using probe transparency and phenotype cues (tooth form, scallop, keratinized tissue width), followed by quantitative measurement (transgingival probing, ultrasound, or digital methods) when high-stakes aesthetic or surgical decisions are being made.

5. Phenotype and susceptibility to recession, inflammation patterns, and stability
Gingival recession is multifactorial, involving plaque-induced inflammation, traumatic brushing, thin labial bone, tooth malposition, frenum pull, and iatrogenic factors. Phenotype interacts with many of these risks. Thin phenotypes are often described as “recession-prone,” meaning that when the periodontium is challenged, the marginal tissue is more likely to migrate apically rather than maintain its coronal position. Thick phenotypes may instead show a tendency toward pocket formation or fibrotic enlargement under inflammatory challenge, though this is not universally observed and depends on host response and plaque levels.	Comment by Seng Boon Chu: remove quotation marks
From a clinical risk perspective, phenotype contributes to “tissue tolerance.” When tissues are thin, even modest inflammation or mechanical insult can exceed the threshold for stable marginal position, particularly where buccal bone is thin or dehisced. The association between gingival phenotype and buccal bone thickness has been evaluated in systematic reviews, supporting the concept that soft tissue and bone morphotype are frequently linked, although correlation strength varies and measurement methods contribute to heterogeneity (Shafizadeh et al., 2022). This relationship explains why phenotype should not be considered purely cosmetic; it is often a surrogate for supporting anatomy and thus for stability.	Comment by Seng Boon Chu: presents with dehiscence

6. Clinical importance in periodontal therapy and mucogingival surgery
Phenotype considerations become most tangible in surgical outcomes. Periodontal plastic surgery, crown lengthening, and regenerative procedures involve deliberate manipulation of the marginal tissues, and the baseline thickness of both flap and marginal gingiva can influence stability during healing.
6.1 Root coverage and soft tissue stability
Root coverage procedures for gingival recession have increasingly emphasized not only the amount of coronal root coverage achieved but also long-term stability, patient-centered aesthetics, and thickness gain. Studies and long-term follow-ups suggest that thicker marginal tissues and greater flap thickness are associated with more stable root coverage and improved likelihood of complete coverage, especially for challenging recessions. A randomized clinical trial comparing tunnel techniques and coronally advanced flap approaches for multiple recession defects reported that baseline phenotype and recession type influence outcomes, reinforcing the concept that root coverage is not a one-size-fits-all procedure and that phenotype modifies predictability (Zucchelli et al., 2014). Other randomized clinical evidence indicates that surgical strategies that increase gingival thickness may enhance outcomes in complex recession presentations (Cairo et al., 2020). Long-term follow-up data further suggest that stability can be maintained over years when adequate tissue thickness and careful technique are achieved, but relapse risk remains higher when baseline conditions are unfavorable (Rasperini et al., 2018).	Comment by Seng Boon Chu: is not universally predictable

From a biological standpoint, connective tissue grafting or other thickening approaches may provide added collagen volume and vascularization potential, supporting a more robust marginal tissue position over time. However, it is crucial to avoid overly deterministic interpretations. Phenotype may predict risk, but surgical precision—such as flap tension control, papilla preservation, and appropriate coronal advancement—remains essential. The best clinical reading of current evidence is that phenotype-informed case selection and phenotype modification can meaningfully increase the probability of favorable outcomes, particularly in thin or intermediate phenotypes.
6.2 Phenotype modification and the role of grafting materials
Contemporary periodontics increasingly frames soft tissue grafting as “phenotype modification,” shifting the aim from simply covering roots to improving the tissue environment for long-term stability and aesthetics. Collagen matrices and connective tissue grafts have been compared as adjuncts to coronally advanced flap procedures. A randomized clinical trial evaluating coronally advanced flap with a collagen matrix compared to autogenous connective tissue graft reported benefits and trade-offs relevant to phenotype modification goals, including patient morbidity and tissue thickness outcomes (Tonetti et al., 2018). While autogenous grafts remain a benchmark for predictable thickening, biomaterials can be appropriate in selected cases, especially when patient-centered outcomes (pain, morbidity, preference) are weighted heavily.
6.3 Regenerative and resective procedures, including crown lengthening
Although the phenotype literature is strongest in recession therapy and implant-related bone remodeling, phenotype considerations extend to crown lengthening and periodontal surgeries where marginal tissue stability is required to protect restorative margins. Thin tissues are generally more prone to post-surgical recession, which can expose margins and compromise aesthetics. Thick tissues may be more forgiving but can also complicate contouring if excessive bulk remains. Even when direct trial evidence is limited for specific crown lengthening protocols, the biologic logic is consistent: the thinner the tissue, the more conservative and controlled surgical manipulation must be, and the more carefully restorative margin placement should respect supracrestal tissue dimensions and tissue tolerance.

7. Orthodontics and recession risk: phenotype as an effect modifier
Orthodontic tooth movement can challenge periodontal tissues, particularly when teeth are moved toward thin buccal plates or beyond the alveolar housing. The presence of a thin phenotype is often considered a risk enhancer for recession during or after orthodontic treatment, especially if plaque control is inadequate or if pre-existing dehiscence is present. A recent systematic review and meta-analysis evaluated the impact of orthodontic treatment on gingival recession and highlighted that recession risk is multifactorial, with phenotype and baseline periodontal conditions playing meaningful roles in susceptibility (Cadenas de Llano-Pérula et al., 2023). Clinically, this supports pre-orthodontic periodontal evaluation that goes beyond probing depths and includes phenotype assessment, especially for patients with thin tissues, minimal keratinized tissue, or labially positioned roots.
In interdisciplinary planning, the key question is not simply whether orthodontics “causes” recession, but under what anatomic and behavioral conditions recession becomes likely. Phenotype assessment helps identify patients who may benefit from preventive counseling, strict plaque control, and possibly soft tissue augmentation either before orthodontics (when recession risk is high and tissue is thin) or after orthodontics (when final tooth position reveals mucogingival limitations). The evidence base is not uniform enough to dictate a single timing strategy, but it is sufficient to justify phenotype-informed risk communication and tailored monitoring.

8. Implant and peri-implant therapy: the clinical meaning of mucosal thickness and peri-implant phenotype
Implant dentistry has elevated phenotype from a cosmetic concern to a biologic stability factor because early crestal bone remodeling and marginal mucosal recession can compromise both function and appearance. Multiple systematic reviews and clinical trials have investigated whether thicker mucosa is associated with reduced marginal bone loss, particularly during the first year after loading.
A systematic review and meta-analysis in the Journal of Periodontal & Implant Science concluded that implants placed in sites with thicker mucosa (commonly operationalized as at least 2 mm) demonstrated less early marginal bone loss compared with thin mucosa, although the impact on survival and complications was less definitive (Di Gianfilippo et al., 2020). Another systematic review and meta-analysis in Clinical Oral Investigations similarly reported less short-term marginal bone loss in thick-mucosa groups, with weaker or nonsignificant differences in longer-term follow-up, highlighting heterogeneity and the likelihood that restorative and surgical variables interact with mucosal thickness effects (Tang et al., 2023). These findings support the concept that mucosal thickness is most influential during early remodeling and establishment of peri-implant supracrestal tissue attachment.
Randomized clinical trial evidence further suggests that strategies aimed at increasing or preserving soft tissue thickness can influence crestal bone stability. A prospective controlled clinical trial assessed mucosal tissue thickening and its relationship to crestal bone stability around bone-level implants, supporting the view that tissue thickening may reduce unfavorable remodeling in selected contexts (Puisys & Linkevicius, 2015). Another randomized trial investigated submerged healing abutments or subcrestal placement in relation to soft tissue thickness and crestal bone stability, reinforcing that surgical and restorative design choices intersect with tissue phenotype and may mitigate early exposure or remodeling risks (Linkevicius et al., 2020). Complementary evidence indicates that vertical position adaptation relative to soft tissue thickness can help prevent early implant surface exposure, underscoring that phenotype is actionable and not merely descriptive (Vervaeke et al., 2018).
Beyond marginal bone levels, peri-implant phenotype influences aesthetic integration. Thin peri-implant mucosa is more susceptible to recession and translucency, which can reveal abutment color and disrupt the soft tissue frame. A systematic review in Evidence-Based Dentistry examined whether gingival phenotype influences implant survival and clinical parameters; it concluded that survival is generally high in both phenotypes but suggested that thin phenotype may be indirectly associated with higher risk of peri-implant complications and marginal bone concerns (da Silva et al., 2025). This aligns with the broader peri-implant phenotype concept proposed in the periodontology literature, which frames peri-implant soft tissue quality and quantity as a cornerstone of risk management and long-term maintenance (Avila-Ortiz et al., 2020).

9. Toward phenotype-based personalized periodontics: practical decision pathways and future directions
A clinically useful way to apply phenotype thinking is to treat it as a risk stratifier that changes thresholds for intervention rather than as a rigid classifier. In a thick phenotype, many procedures remain predictable with conventional protocols, provided plaque control is adequate and surgery is performed with low tension and proper flap design. In thin phenotypes, clinicians may need to consider additional measures: gentler flap management, more conservative osseous resection in aesthetic zones, careful restorative margin placement, and a lower threshold for soft tissue augmentation when long-term marginal stability is critical.	Comment by Seng Boon Chu: principles
The most promising future direction is standardization. Today, clinicians may label the same patient differently depending on lighting, probe type, and examiner experience. Digital dentistry offers a route to reproducible phenotype mapping. Integrating CBCT-derived bone morphotype with optical scanning and, where available, ultrasound-based gingival thickness measurement could enable objective phenotype profiles that can be tracked longitudinally. The feasibility of such integrated approaches has been discussed in contemporary reviews, which emphasize both potential benefits and the need for validated protocols to avoid overinterpretation of imaging artifacts or non-standardized measurement points (Schulze et al., 2024). As phenotype measures become more standardized, research may progress from broadly associational findings (thin vs thick) to more precise, procedure-specific thresholds and predictive models.

10. Conclusions
Gingival biotype, now more comprehensively understood as periodontal phenotype, has clear clinical relevance across periodontics and implant dentistry. Thin phenotypes are generally more vulnerable to marginal tissue instability and recession, particularly under inflammatory or mechanical challenge, and may show less predictable aesthetic stability following surgical and restorative interventions. Thick phenotypes often demonstrate greater marginal stability and better masking capacity, although they are not immune to complications. Current evidence supports phenotype-informed treatment planning in mucogingival surgery and peri-implant care, especially where tissue thickness is linked to early remodeling and the stability of soft tissue outcomes. Importantly, phenotype is modifiable; targeted soft tissue augmentation strategies can improve the biological and aesthetic environment, potentially reducing risk and improving predictability. The next phase of progress will depend on standardized, reproducible phenotype measurement methods—likely supported by digital diagnostics—so that phenotype-based personalization can move from expert intuition to evidence-driven protocols.

11. Limitations
This review is narrative in nature and therefore cannot eliminate selection bias inherent in non-systematic synthesis. Although emphasis was placed on systematic reviews, randomized trials, and consensus reports, differences in phenotype definitions, measurement points, and outcome reporting across studies limit direct comparability. Additionally, many clinical outcomes are influenced by confounders such as oral hygiene, smoking, surgical technique variation, and restorative design; therefore, phenotype should be interpreted as a risk modifier rather than a deterministic predictor. Finally, because clinical trials often enroll selected patient populations, generalizability to diverse ethnic groups and broader clinical settings may be incomplete.
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