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ABSTRACT:

This review highlights the role of ultraviolet (UV) activation in enhancing the biological and clinical outcomes of dental
implants. UV-treated titanium surfaces exhibit increased hydrophilicity, efficient protein adsorption, and improved osteoblast
interactions, collectively leading to superior osseointegration. Clinical evidence demonstrates accelerated healing, higher
implant stability, reduced bacterial colonization, and preservation of crestal bone levels compared with conventional surface
treatments. By synthesizing current research, this article evaluates the mechanisms underlying UV photofunctionalization,
compares its efficacy with established modification techniques, and discusses future directions for integrating UV

technology into routine implant dentistry.

Keywords: UV, dental implant, hydrophilicity, osseointegration, photofunctionalization, crestal bone loss

Received: 13 September, 2025

Acceptance: 17 October, 2025

Published: 19 October, 2025

Corresponding Author: Manisha Yersong, 3rd Year PG, Department of Prosthodontics and Crown & Bridge, Santosh
Dental College and Hospital, Pratap Vihar, Ghaziabad, Uttar Pradesh, India;

This article may be cited as: Yersong M, Gupta RK, Dua B, Bhargava A, Goyat MK, Jain M. UV-activated implant
surfaces: enhancing stability and reducing crestal bone loss. J AdvMed Dent Scie Res 2025; 13(10):52-59.

INTRODUCTION

Dental implants have revolutionized restorative
dentistry by providing reliable and aesthetically
pleasing solutions for tooth replacement, yet persistent
challenges such as delayed osseointegration, peri-
implantitis, and crestal bone loss highlight the need
for ongoing innovation [3]. Crestal bone loss, defined
as bone resorption around the implant crest due to
inflammation or mechanical stress, significantly
threatens implant longevity and stability. Ultraviolet
(UV) activation, commonly referred to as
photofunctionalization, offers a promising solution to
these issues. Photofunctionalization is the process of
treating titanium implant surfaces with UV light to
enhance their biological compatibility, thereby
improving bone-implant integration and reducing
bone resorption at the crestal level [9]. By increasing
surface  hydrophilicity, eliminating hydrocarbon

contaminants, and enhancing protein and cellular
interactions,  photofunctionalization  fosters an
environment conducive to faster and stronger bone
integration [1, 4]. Modern dental implantology has
increasingly focused on such advanced surface
modification techniques to not only accelerate
osseointegration but also mitigate complications like
infections, prolonged healing times, and bone loss.
This review explores the science behind UV
photofunctionalization, its mechanisms, biological
responses, and clinical benefits, while comparing it to
traditional surface treatments and identifying future
research directions to optimize its application.
Through this analysis, we aim to demonstrate how UV
photofunctionalization can transform dental implant
outcomes and address longstanding limitations in
clinical practice.
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Figure 1. Pie chart illustrating the percentage distribution of surface modification techniques for dental

implants [11].
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Figure 2. Trends in commercial surface modifications for dental implants [11].
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Figure 4. Mechanism of action of UV activation on titanium surfaces.

Photocleaning

One of the primary mechanisms of UV activation is
the removal of organic contaminants from implant
surfaces. During manufacturing, storage, and
handling, titanium surfaces accumulate hydrocarbons
and other organic residues that hinder cell adhesion
and protein adsorption. UV light, particularly in the
UVC range (100-280 nm), has sufficient energy to
break the carbon-carbon and carbon-hydrogen bonds
in these contaminants, effectively degrading them into
smaller, volatile molecules [4]. This process restores
the implant surface to a clean, hydrophilic state,
facilitating improved interaction with biological
tissues. Photocleaning significantly enhances surface
wettability, a key factor in osseointegration [1].

Surface Chemistry Alterations

UV activation induces significant changes in the
surface chemistry of titanium implants, shifting them
from a hydrophobic to a hydrophilic state. This
transformation occurs through the formation of polar
functional groups, such as hydroxyl groups, on the
titanium dioxide (TiO:) layer of the implant surface.
These hydroxyl groups elevate surface energy, making
the implant more attractive to water molecules and
essential proteins, thereby facilitating cellular
adhesion. The enhanced hydrophilicity also promotes
the rapid adsorption of key extracellular matrix
proteins, such as fibronectin and vitronectin, which
act as scaffolds to support osteoblast attachment and

proliferation [5]. By altering the surface chemistry in
this way, UV activation creates an environment
conducive to robust biological interactions, critical for
the success of dental implants.

Generation of Reactive Oxygen Species (ROS)

The photocatalytic properties of UV-activated
titanium dioxide surfaces give rise to reactive oxygen
species (ROS), including hydroxyl radicals and
superoxide anions, which play a dual role in
enhancing implant performance. When UV light
interacts with the TiO: layer, it excites electrons,
creating electron-hole pairs. The holes react with
water molecules or hydroxide ions to produce ROS,
while the electrons reduce oxygen molecules to form
superoxide anions. The generation of ROS on UV-
activated surfaces, highlighting their contribution to
antibacterial effects [6]. These ROS exhibit potent
antibacterial properties, reducing bacterial
colonization on the implant surface and mitigating the
risk of peri-implant infections. Furthermore, ROS
influence cellular signaling pathways, promoting
osteoblast proliferation and differentiation, which are
essential for bone formation and integration.

Surface Topography Modifications

While UV activation primarily targets chemical
alterations, it also induces subtle changes in the
surface nanotopography of titanium implants. These
minor  modifications enhance the mechanical
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interlocking between the implant and surrounding
bone tissue, creating a more favorable
microenvironment  for osteogenic activity. By
improving the surface’s texture at the nanoscale, UV
activation supports better cell attachment and
strengthens the bone-implant interface, contributing to
the overall stability and success of the implant [7].

Synergistic Effects
The combined impact of photocleaning, surface
chemistry alterations, ROS generation, and

topographical modifications results in a synergistic
enhancement of UV-treated implants’ biological
performance. Together, these mechanisms facilitate
the rapid adsorption of proteins and robust attachment
of cells, accelerate bone healing and osseointegration,
and reduce the risk of peri-implant infections through
potent antibacterial effects [1, 5, 6]. This multifaceted
approach  ensures that UV-activated implants
outperform traditional surfaces, offering a promising
avenue for improving clinical outcomes in dental
implantology.

BIOLOGICAL RESPONSES TO UV-ACTIVATED SURFACES
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Figure 5. Biological responses induced by UV activation on implant surfaces.

Enhanced Protein Adsorption

llular matrix proteins, such as fibronectin, vitronectin,
and laminin, which serve as molecular bridges
connecting the implant surface to osteoblasts. This
improved protein adsorption is driven by the
hydrophilic nature of UV-activated surfaces, which
increases their affinity for these proteins, allowing a
dense and bioactive protein layer to form rapidly after
implantation. Figure 7 illustrates this by comparing

blood contact with UV-activated versus regular
titanium  implants, highlighting the  superior
wettability and protein adsorption of UV-treated
surfaces [1]. These proteins, particularly fibronectin
and vitronectin, play a pivotal role in facilitating cell
adhesion and signaling cellular processes essential for
osteoblast proliferation and differentiation, thereby
laying the groundwork for robust osseointegration [5].
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Figure 6. Surface charge alterations on implant after UV activation [5].

Improved Cellular Interaction

Osteoblasts, the primary cells responsible for bone
formation, exhibit enhanced adhesion, spreading, and
proliferation on UV-treated implant surfaces. The
increased hydrophilicity of these surfaces promotes
the expression of adhesion molecules, such as
integrins, which firmly anchor osteoblasts to the
implant, fostering a stable foundation for bone
growth. Additionally, the bioactive protein layer and
favorable surface chemistry created by UV activation
encourage rapid osteoblast proliferation, leading to
accelerated deposition of the bone matrix. This
enhanced cellular interaction, driven by the
synergistic  effects of  UV-induced surface
modifications, significantly improves the implant’s
integration with surrounding bone tissue [7].

Accelerated Bone Remodeling

Bone remodeling, a dynamic process involving the
coordinated activity of osteoclasts (bone-resorbing
cells) and osteoblasts, is significantly enhanced by
UV-treated surfaces, resulting in faster
osseointegration. UV activation may stimulate the
local release of osteogenic growth factors, such as
bone morphogenetic proteins (BMPs), which further
promote bone formation and strengthen the bone-
implant interface. This dynamic balance between bone
resorption and formation ensures continuous bone
turnover, creating a stable and durable connection
between the implant and surrounding bone, which is
critical for long-term implant success [1].

Formation of Bone-Implant Interface

The hallmark of successful osseointegration is the
direct apposition of bone to the implant surface
without intervening fibrous tissue, a process
significantly enhanced by UV activation. Histological
studies and micro-CT imaging, demonstrate that UV-
treated implants achieve higher bone-to-implant

contact (BIC) percentages compared to untreated
surfaces, indicating superior integration and stability.
This enhanced BIC reflects the ability of UV-activated
surfaces to foster a robust and direct bone-implant
interface, critical for ensuring the mechanical and
biological stability of dental implants [9].

CLINICAL OUTCOMES

The clinical performance of UV-treated dental
implants has been rigorously evaluated, revealing
significant improvements in both short-term and long-
term  outcomes, including implant stability,
osseointegration, crestal bone preservation, and
patient satisfaction [1, 9]. These benefits stem from
the unique surface modifications induced by UV
activation, which enhance the biological and
mechanical properties of titanium implants, making
them a promising advancement in implant dentistry.

Short-Term Outcomes

UV-activated implant surfaces demonstrate superior
initial stability, a critical factor in preventing
micromovement during the early healing phase and
reducing the risk of implant failure. This enhanced
stability arises from improved protein adsorption and
cellular adhesion, which foster a robust connection
between the implant and surrounding bone.
Measurements such as higher insertion torque and
Implant Stability Quotient (ISQ) values, obtained
through resonance frequency analysis (RFA), confirm
the improved primary stability of UV-treated implants
[10, 15]. Additionally, UV activation accelerates
osseointegration, allowing for faster loading of
prostheses and earlier restoration of function, which
significantly enhances patient outcomes [1]. The
clean, hydrophilic surfaces created by UV treatment
also reduce postoperative inflammation, promoting
faster recovery and greater patient comfort by
minimizing adverse immune responses [6].
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Long-Term Outcomes

The advantages of UV-treated implants observed
during the initial healing phase extend into long-term
benefits, ensuring sustained osseointegration and
implant durability [9]. A key long-term advantage is
the reduction in peri-implantitis, a major cause of
implant failure, driven by the antibacterial effects of
UV treatment. These effects minimize bacterial
colonization and biofilm formation on the implant
surface, fostering a  healthier  peri-implant
environment [6]. Furthermore, UV-activated implants
exhibit reduced crestal bone loss compared to
untreated implants, a critical factor for maintaining
long-term  implant  success. The  enhanced
hydrophilicity and antibacterial properties of UV-
treated surfaces mitigate peri-implant inflammation, a
primary driver of crestal bone resorption.

COMPARATIVE ANALYSIS WITH OTHER
SURFACE TREATMENTS

UV-treated dental implants have been evaluated
against traditional surface modification techniques,
such as sandblasting, acid etching, and plasma
spraying, to assess their relative efficacy in enhancing
implant performance [11]. This comparative analysis
underscores the unique advantages of UV activation
over conventional methods, particularly in terms of
biological compatibility and clinical outcomes.

Advantages of UV Activation

Sandblasted and Acid-Etched Surfaces
Sandblasting and acid etching are widely used surface
modification techniques that increase surface
roughness, thereby enhancing mechanical interlocking
with bone and improving initial implant stability [11].
These methods create a textured surface that promotes
early bone apposition, making them effective for
achieving primary stability. However, a notable
limitation is their susceptibility to contamination
during handling, which can introduce organic residues
or impurities that compromise long-term success by
hindering osseointegration and increasing the risk of
peri-implant complications [4].

Plasma-Sprayed Surfaces

Plasma spraying offers a distinct approach by
applying a bioactive coating that mimics the structure
of natural bone, facilitating osseointegration and
enhancing the implant’s integration with surrounding
bone tissue [11]. This technique is particularly
effective in creating a porous surface that supports
bone ingrowth. Despite these advantages, plasma-
sprayed surfaces face challenges, including the
potential for coating delamination over time, which
can weaken the implant-bone interface, and high
production costs that limit their widespread adoption
in clinical practice [11].

Regular dental implant

UV-activated dental implant

Figure 7. Differences between UV-treated and untreated dental implants.

Compared to traditional surface modification
techniques, UV activation provides distinct benefits
that enhance the performance of dental implants. By
leveraging the photocatalytic properties of titanium
dioxide, UV treatment significantly reduces bacterial
colonization on the implant surface without requiring
additional coatings, thereby lowering the risk of peri-
implant infections [6]. Furthermore, UV activation
directly alters surface chemistry to enhance

hydrophilicity and promote rapid protein adsorption,
creating an optimal environment for cellular adhesion
and bone integration [4]. Unlike sandblasting or
plasma spraying, UV activation demonstrates
consistent efficacy across various implant designs and
materials, offering a versatile and reliable approach to
improving both short-term stability and long-term
clinical outcomes [1].
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Factor

Surface Modification

Surface Stability

Biological Activation

Risk of Surface
Damage

Clinical Evidence
Treatment Time

Equipment

uwv

Photofunctionalization

Chemical activation

Short-term, can degrade

Enhanced surface energy

Low risk

Limited long-term data

Fast

Spedalized UV equipment

SLA

Roughness +
hydrophilicity

Stable long-term

Promotes cell
attachment

Possible surface damage

Extensive evidence
Moderate

Standard equipment

Plasma Spray

Coating + roughness

Stable long-term
coating

Promotes cell
attachment

Risk of inflammation

Extensive evidence
Moderate to long

Specialized equipment

Complexity

Cost High

Moderate High

Table 1: Comparing different UV activation methods, including wavelength and exposure time effects on
implant performance [12].

CHALLENGES AND FUTURE DIRECTIONS
While UV activation shows significant promise,
further research is needed to address existing gaps and
optimize its clinical application. uv
photofunctionalization enhances titanium implants'
surface  properties, but  maintaining  these
improvements over time remains a challenge. The
hydrophilic effect induced by UV treatment may
degrade due to environmental factors like moisture
and temperature fluctuations, reducing its long-term
effectiveness [12].

Another challenge lies in optimizing UV treatment
parameters, such as wavelength, intensity, and
exposure time. Overexposure can damage the titanium
surface, making it crucial to determine the right
conditions for consistent and reproducible results [12].
The biological response to UV-treated implants also
varies across patients, depending on factors like bone
quality and overall health. Standardizing protocols to
account for these variables, particularly for patients
with poor bone quality prone to crestal bone loss, is an
ongoing challenge [3]. Moreover, integrating UV

treatment with other surface modifications, such as
sandblasting or acid etching, requires more research to
understand their combined effects [11].

Cost and accessibility of UV treatment equipment also
pose barriers to widespread adoption. Specialized
systems can be expensive, limiting their availability to
dental professionals and reducing the technique's
clinical application [13].

Future Directions

Future research should focus on customizing UV
treatment protocols based on patient-specific factors,
which could improve treatment outcomes and reduce
crestal bone loss in high-risk cases [3]. Additionally,
combining UV with bioactive coatings such as
collagen  or  hydroxyapatite  could enhance
osseointegration [14]. Long-term in vivo studies are
necessary to assess the stability of UV-modified
surfaces [12]. Exploring alternative UV wavelengths
and automating the treatment process could further
enhance the technology's effectiveness and
accessibility [13].

Challenge

Future Direction

Surface stability and longevity

Integration with bioactive coatings to enhance osseointegration

Variability in biological response

Automating UV treatment to reduce costs and increase access

Equipment cost and accessibility

Customizing UV protocols for patient-specific factors

Optimizing UV treatment parameters

Long-term in vivo studies for stability and clinical outcomes

Table 2: Challenges and future directions for UV activation in dental implantology.
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CONCLUSION

UV activation represents a significant advancement in
the field of dental implantology, offering
transformative benefits for both patients and
clinicians. By enhancing the hydrophilicity of
titanium surfaces, reducing bacterial colonization, and
promoting faster osseointegration, UV treatment
addresses  critical challenges associated  with
traditional implant therapies [1, 6]. The technique’s
ability to accelerate healing, improve implant stability,
and reduce crestal bone loss makes it a valuable
addition to modern dental practice [9].

Clinical studies consistently demonstrate that UV-
treated implants achieve superior outcomes, including
higher  bone-to-implant  contact, reduced peri-
implantitis rates, and better crestal bone preservation
[1, 9]. These benefits are particularly pronounced in
patients with compromised healing conditions, such as
those with diabetes or osteoporosis, broadening the
scope of implant candidacy [3].

Clinical Implications

UV activation offers practical benefits for clinicians,
including reduced healing times, lower rates of peri-
implantitis, and improved crestal bone preservation,
particularly in patients with compromised bone
quality or systemic conditions like diabetes [3, 9].
These advantages enable faster prosthetic loading and
enhance patient satisfaction, making UV-activated
implants a valuable tool in modern implantology.
Looking ahead, further standardization of UV
protocols and large-scale clinical trials will be
essential to fully integrate this technology into routine
care [12]. Additionally, exploring its application
across diverse implant materials and developing cost-
effective UV systems for clinical use will help
maximize its potential [13]. By addressing critical
gaps in current implant therapy, UV activation holds
the promise of elevating dental implant success rates,
improving patient satisfaction, and setting new
benchmarks for innovation in restorative dentistry.
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