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A B S T R A C T

Peri-implant health is paramount for the long-term success of dental implants. While bone regeneration
techniques have been extensively studied and employed to ensure implant stability, the significance of
soft tissue condition in this context is increasingly recognized. This review article explores the intricate
interplay between soft tissue dynamics and bone regenerative procedures in the pursuit of optimal peri-
implant health. Soft tissue condition around dental implants plays a multifaceted role in supporting long-
term stability and functionality. Adequate soft tissue thickness, contour, and attachment are crucial for
maintaining a healthy peri-implant environment and preventing complications such as peri-implantitis
and mucosal recession. Furthermore, soft tissue quality influences the outcomes of bone regeneration
procedures by affecting vascularization, wound healing, and tissue integration. Various strategies have
been proposed to enhance soft tissue condition in conjunction with bone regenerative techniques. Through
a comprehensive review of existing literature, this article aims to elucidate the pivotal role of soft tissue
condition in bone regenerative procedures and its implications for long-term peri-implant health. Insights
gained from this review will inform clinicians and researchers in devising effective strategies to enhance
soft tissue quality and ensure the success and longevity of dental implant therapy.
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1. Introduction

Dental implants have revolutionized the field of restorative
dentistry, offering patients a reliable and long-term solution
for replacing missing teeth. The success and longevity of
dental implants hinge not only on osseointegration but
also on the health of the surrounding peri-implant tissues.
Peri-implant health, encompassing both soft tissue and
bone integrity, is essential for ensuring the stability and
functionality of dental implants over time.1

* Corresponding author.
E-mail address: preetikale20jan@gmail.com (P. Kale).

While significant attention has been directed towards
optimizing bone regeneration techniques to support implant
osseointegration, the importance of soft tissue condition
in this context has garnered increasing recognition. Soft
tissue dynamics around dental implants play a pivotal role
in maintaining a healthy peri-implant environment and
preventing complications such as peri-implantitis, mucosal
recession, and implant failure.2–4

This review article delves into the intricate relationship
between soft tissue condition and bone regenerative
procedures in the pursuit of optimal peri-implant health.
We aim to explore the multifaceted role of soft tissues
in supporting long-term implant stability and functionality,
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shedding light on the synergistic interactions between
soft tissue quality and bone regeneration. Understanding
the structure and function of soft tissues around dental
implants lays the foundation for comprehending their role in
supporting implant success. Adequate soft tissue thickness,
contour, and attachment are essential for facilitating optimal
wound healing, vascularization, and tissue integration
following bone augmentation around dental implants.5

Various strategies aimed at enhancing soft tissue quality
in conjunction with bone regeneration techniques. From
the utilization of barrier membranes and soft tissue grafts
to the application of growth factors and tissue engineering
approaches, a plethora of interventions have been proposed
to optimize soft tissue condition and promote peri-implant
health.6

By synthesizing findings from existing literature, this
review aims to provide clinicians and researchers with a
comprehensive understanding of the critical role played
by soft tissue condition in bone regenerative procedures
for dental implants. Insights gleaned from this review
will inform the development of evidence-based treatment
protocols aimed at maximizing peri-implant health and
ensuring the long-term success of dental implant therapy.

2. Importance of the Peri-Implant Keratinized Mucosa
for Bone Regenerative Procedures and to Maintain
Peri-Implant Health

The presence of keratinized mucosa around dental implants
plays a crucial role in supporting both bone regenerative
procedures and long-term peri-implant health. Keratinized
mucosa refers to the specialized oral mucosa characterized
by a keratinized epithelial layer, which provides unique
advantages in the peri-implant environment.7

It has been widely noted that tissue deficiencies such
as horizontal and vertical bone defects are often associated
to lack of soft tissue quality and quantity.15 Consequently,
especially in challenging cases, both soft and hard tissue
augmentation procedures are necessary to foster a proper
site for prosthetically driven implant placement. Soft tissue
augmentation can be performed either to increase the
keratinized mucosa width (KMW), in order to facilitate oral
hygiene procedures, or to increase mucosal thickness (MT),
in order to establish a proper peri-implant tissue volume.8

One of the primary functions of keratinized mucosa
is to provide mechanical protection and resilience to
the underlying soft tissues, including the peri-implant
bone. This protective barrier helps withstand mechanical
trauma from masticatory forces, oral hygiene practices,
and other external factors. In the context of bone
regenerative procedures, a sufficient amount of keratinized
mucosa facilitates better wound healing and minimizes
the risk of soft tissue dehiscence or recession, which can
compromise the outcomes of bone grafting or augmentation
procedures.9,10

Moreover, keratinized mucosa contributes to peri-
implant health by reducing the susceptibility to
inflammation and peri-implant diseases such as peri-
implantitis. The keratinized epithelium provides a
more resilient barrier against microbial invasion and
chemical irritants compared to non-keratinized mucosa. By
maintaining a healthy peri-implant environment, keratinized
mucosa helps preserve the stability and longevity of dental
implants.

Additionally, the presence of keratinized mucosa has
been associated with improved soft tissue attachment and
stability around dental implants. This enhanced soft tissue
support facilitates better adaptation of peri-implant tissues
to the implant surface, promoting a harmonious integration
of soft and hard tissues. During bone regenerative
procedures, the presence of keratinized mucosa may
enhance the predictability of soft tissue outcomes and
promote favorable tissue maturation around the implant
site.11

3. Strategies to Enhance Soft Tissue Condition in
Conjunction with Bone Regenerative Techniques

Enhancing soft tissue condition in conjunction with
bone regenerative techniques is essential for promoting
optimal peri-implant health and long-term success of dental
implants. Several strategies can be employed to achieve this
goal:

3.1. Soft tissue augmentation

Soft tissue grafting techniques, such as connective tissue
grafts or free gingival grafts, can be utilized to augment
deficient or inadequate soft tissue around dental implants.
These grafts can increase the volume and thickness of
peri-implant soft tissues, improving tissue contour and
stability.12

4. Types of Soft Tissue Grafts

4.1. Connective tissue graft (CTG)

This is the most commonly used graft for soft tissue
augmentation around dental implants. It involves harvesting
a subepithelial layer of connective tissue, usually from the
palate, and transplanting it to the recipient site around the
implant.13

4.2. Free gingival graft (FGG)

In this technique, a piece of gingival tissue, including the
epithelium and underlying connective tissue, is harvested
from the donor site and transferred to the recipient site. FGG
is often used to increase the width of keratinized mucosa
around dental implants.
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4.3. Allografts and Xenografts

These graft materials derived from human or animal sources
may be used as alternatives to autogenous tissue grafts. They
offer the advantage of avoiding a donor site surgery but may
have variable outcomes.14

4.4. Surgical procedure

Recipient Site Preparation: The recipient site around the
dental implant is prepared by creating a flap or making a
small incision to access the underlying soft tissue. Graft
Harvesting: If an autogenous graft (e.g., CTG or FGG)
is used, tissue is harvested from the donor site, typically
the palate, using a surgical blade or a specialized tissue
harvesting instrument. Graft Placement: The harvested graft
is then secured in place at the recipient site using sutures
or tissue adhesive. Care is taken to ensure proper adaptation
and stabilization of the graft. Suture Placement: Sutures are
placed to stabilize the graft and promote wound healing.
Depending on the technique and graft size, various suture
patterns may be used. Postoperative Care: Patients are
provided with postoperative instructions, including oral
hygiene measures, dietary restrictions, and medications to
manage discomfort and prevent infection.15

4.5. Healing and outcome

Initial Healing: Following soft tissue augmentation, the graft
undergoes a process of revascularization and integration
with the surrounding tissues. Patients may experience
some swelling, discomfort, and temporary changes in the
appearance of the soft tissues during the initial healing
phase. Long-term Outcome: Over time, the augmented soft
tissues mature and adapt to the implant surface, resulting in
improved tissue contour, stability, and aesthetics. Regular
follow-up appointments allow for monitoring of healing
progress and assessment of treatment outcomes.

4.6. Barrier membranes

Guided bone regeneration (GBR) procedures often involve
the use of barrier membranes to protect the bone graft
and promote tissue regeneration. Selecting membranes with
properties conducive to soft tissue integration can enhance
soft tissue healing and stability. Resorbable membranes may
offer advantages by avoiding the need for a second surgical
intervention for membrane removal.16

4.7. Growth factors

Growth factors, such as platelet-rich plasma (PRP) or
platelet-rich fibrin (PRF), can be used to stimulate
tissue regeneration and wound healing around dental
implants. These bioactive substances can enhance soft tissue
healing, vascularization, and cellular proliferation, leading
to improved soft tissue quality.17

4.8. Tissue engineering

Tissue engineering approaches involve the fabrication of
biomimetic scaffolds seeded with cells and growth factors
to regenerate functional soft tissues around dental implants.
Engineered constructs can mimic the extracellular matrix
and support cell proliferation, differentiation, and tissue
integration, leading to enhanced soft tissue formation.18

4.9. Proper implant positioning

Optimal implant placement and angulation are essential for
ensuring adequate soft tissue support and esthetic outcomes.
Placing implants subcrestally or slightly subgingivally can
help preserve keratinized mucosa and prevent soft tissue
recession.

4.10. Comprehensive treatment planning

A thorough assessment of soft tissue characteristics,
including quantity, quality, and contour, should be
performed during treatment planning. Incorporating soft
tissue management techniques into the overall treatment
plan can help address any deficiencies and optimize peri-
implant soft tissue condition.19

4.11. Maintenance of oral hygiene

Educating patients about the importance of oral hygiene
and regular maintenance visits is crucial for preserving peri-
implant soft tissue health. Proper oral hygiene practices can
prevent inflammation, infection, and peri-implant diseases,
promoting favorable soft tissue outcomes.20

5. Conclusion

In conclusion, soft tissue augmentation techniques play a
crucial role in optimizing peri-implant soft tissue health
and ensuring the long-term success of dental implants. By
addressing deficiencies in soft tissue volume, thickness,
and quality, these procedures contribute to improved
esthetics, stability, and function around dental implants.
Overall, soft tissue augmentation represents an important
component of comprehensive implant therapy, contributing
to the preservation of peri-implant health and the long-
term stability of dental implants. Continued research and
advancements in soft tissue management techniques will
further refine and improve the outcomes of soft tissue
augmentation procedures in implant dentistry, ultimately
benefiting patients and clinicians alike.
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