
INTRODUCTION 

One of the primary goals of modern 
dentistry is to restore patient's 

aesthetics and functionality effectively. 
Biocompatible titanium implants have 
emerged as the best alternative in 
restorative dentistry for replacing 

1missing teeth.

Osseointegration serves as a critical 

measure of implant stability. Early 
implant failure is more frequently 
observed in younger patient's  receiving 
mandibular implants, while delayed 
failures are more common in the 

2maxillary bone.  Bone density, as 
assessed through CBCT, correlates 
strongly with implant stability and 

3insertion torque values.  Implant 
success, in terms of stability and 

surrounding bone healing, can be 
effectively and non-invasively assessed 
by measuring the implant stability 

4quotient (ISQ).  Implant stability is 
categor ized as  e i ther pr imary 
(mechanical) or secondary (biological). 
Primary stability depends on factors 
such as insertion torque, drill accuracy, 
bone quality, and implant dimensions. 
Secondary stability, also known as 
biological stability, develops over time 
as a result of osseointegration. Both 
types of stability are critical for the 
short- and long-term success of dental 
implants. Changes in ISQ values are 
directly correlated with implant 
stability, where a decrease in ISQ 
indicates a poor prognosis and potential 

5implant failure.  

The osteoconductivity and bioactivity of 
dental implants can be significantly 
enhanced through the application of 

6 , 7u l t r a v i o l e t  ( U V )  l i g h t .  
Photofunctionalization of implants prior 
to placement has greatly improved the 
predictability of successful outcomes in 
areas with minimal bone density. This 
process promotes osseointegration by 
recruiting osteogenic cells, thereby 
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ABSTRACT

Objectives: To evaluate the effect of ultraviolet A (UVA) and ultraviolet C (UVC) 
irradiation on sandblasted, large-grit, acid-etched (SLA) coated titanium implants 
by measuring their impact on implant stability and osseointegration in the 
surrounding bone.

Methods: This interventional experimental study was conducted jointly by 
Combined Military Hospital (CMH) Lahore Medical College and Universiti Sains 
Malaysia from July 2017 to December 2018, with ethical approval obtained from 
both institutions. Sixty-six SLA-coated titanium implants (10 mm length, 4.5 mm 
width) were placed in partially edentulous patients aged >20 years, randomized 
into three groups: Group A (control, untreated implants), Group B (implants 
irradiated with UVA), and Group C (implants irradiated with UVC). Implant 
stability quotient (ISQ) and osseointegration speed index (OSI) were measured 

tm thusing the Ostell  Mentor device at baseline (day 0), the 8  week, and after 26 
weeks of functional loading. Statistical analysis included linear regression and t-
tests.

Results: Baseline ISQ levels were 62.1, 65.2, and 69.3 for Groups A, B, and C, 
threspectively. At the 8  week, ISQ levels increased significantly to 77.0, 81.5, and 

82.5. Group B (UVA) demonstrated the highest OSI (8.5±3.3), with significant 
ISQ improvement compared to the control group (p=0.009). UVC irradiation 
(Group C) showed no statistically significant difference in ISQ compared to the 
control group (p=0.191). Patients with lower baseline ISQ showed greater 
improvement across all groups.

Conclusion: Photofunctionalization with UVA significantly enhanced implant 
stability and osseointegration, suggesting its potential for improving clinical 
outcomes in dental implantology. Further research is needed to explore the long-
term effects of UVC irradiation.

Clinical trial registration number: NCT05467488

Keywords: Implant Stability Quotient (Non-MeSH); Photo Functionalization 
(Non-MeSH); Ultraviolet A Irradiation (Non-MeSH); Ultraviolet C Irradiation 
(Non-MeSH); Osseo integration speed index (Non-MeSH); Resonance 
Frequency Analysis (MeSH).
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enhancing the biological integration of 
8the implant.  Additionally, the use of 

ozonated water has shown promise in 
improving diseased gum tissue, further 
supporting the overall success of dental 

9implant procedures.  

U l t r a v i o l e t  l i g h t - f a c i l i t a t e d  
photofunctionalization of titanium 
implants has gained considerable 
attention for its ability to enhance the 
biological activity and osteoconductivity 

10 of titanium fixtures. The combined 
b ioact ive and phys icochemica l  
properties resulting from this process 
are collectively referred to as 

11photofunctionalization.  In clinical 
practice, areas with compromised bone 
quality are frequently encountered. 
Photofunctionalization has significantly 
improved implant success in such cases 
by increasing the osseointegration 
speed index (OSI), thereby enhancing 
implant stability. Notably, unloaded 
photofunctionalized implants have 
demonstrated no adverse effects during 
the initial healing stages of the 
surrounding bone, compared to 

12,13untreated implants.  

In vitro studies have shown that UVC 
irradiation enhances hydrophilicity on 
sandblasted acid-etched (SLA) coated 
implants more effectively than UVA 

14,15 irradiation.  Animal studies and 

clinical trials have also reported 
favorable outcomes following the 
insertion of photofunctionalized 
titanium implants in compromised bone 
areas, even when using immediate 

16loading protocols.  Furthermore, UVC 
has demonstrated a stronger host 
response, including improved bone 
density as observed radiographically, 

17compared to UVA.  Implant failure 
rates have been significantly reduced by 
decreasing healing times and promoting 
osseointegration, even in cases where 
primary stability was sufficient at 

13,18placement.

Photofunctionalization of titanium 
implants and titanium mesh in aesthetic 
zones has also shown promising 
radiographic evidence of bone growth 

19 around the implant. However, despite 
the growing body of research 
supporting the beneficial effects of UV 
light on implant stability, limited 
evidence exists regarding the most 
effective wavelength of ultraviolet 
radiation for achieving optimal implant 
outcomes.

This study was planned to address this 
gap by investigating the effects of UVA 
and UVC irradiation on SLA-coated 
titanium implants. It explores the novel 
approach of irradiating these implants 
with specific wavelengths using UVA 

and UVC lamps and measuring their 
impact on implant stability and the 
surrounding bone.

METHODS

This interventional experimental study 
was a collaborative effort between 
CMH Lahore Medical College, Lahore-
Pakistan and Universiti Sains Malaysia. It 
was conducted in the Prosthodontic 

st thDepartment from 1  July 2017 to 30  
December 2018, with ethical approval 
obtained from the Ethical Review 
Committee of CMH Lahore Medical 
College, Inst itute of Dentistry 
(32/ERC/CMH/LMC), and the Human 
Research Ethics Committee of 
U n i v e r s i t i  S a i n s  M a l a y s i a  
(USM/JEPem/17060290). The study 
was registered as a clinical trial 
(NCT05467488).

After obtaining informed consent, sixty-
six SLA-coated titanium dental implants 
(DIO, Korea) were placed in patients, 
recruited through the Prosthodontic 
OPD. The inclusion criteria included 
systemically healthy patients aged >20 
years with at least one missing tooth, 
requiring implants to replace single or 
multiple missing teeth following a 
minimum healing period of 5 months. 
Both maxil lary and mandibular 
posterior regions were included, and 
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Figure 1: Flow diagram of the study
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preoperative CBCTs were used for 
assessment.

Patients were randomly assigned to 
three groups (n=22 each) through 
block randomization using a lottery 
method (drawing cards). G Power 
software was used to determine the 
minimum sample size required for this 
analysis. The central and non-central 
distribution protocol of power analysis 
was selected along with the F-test 
family. The ANOVA: Fixed effects, 
omnibus, a one-way statistical test was 
used. The input had effect size f= 0.4, α 
err prob= 0.05, Power (1- β err prob) 
= 0.8 in 3 number of groups. The out 
for no centrality parameter λ= 
10.5600000, critical F= 3.1428085, 
numerator df= 2, denominator df= 63. 
A total of sixty-six sample size was 
obtained with actual power of 

200.8180744.  Thus, sixty-six SLA-coated 
titanium dental implants (length, 10 
mm; width, 4.5 mm) were selected for 
placing in the mandible or maxilla 
alveolar bone. Implants were also 
randomly divided into three groups (n 
= 22): Group A, control group, and 
groups B and C, photofunctionalized for 

210 min with UVA (382 nm, 25 mW/cm ) 
2and UVC (260 nm, 15 mW/cm ) 

irradiation, respectively, by placing 
samples in UVACUBE 100 (Honle, 
Germany). The sampling technique 
used was purposive sampling.

Surgical procedure: DIO dental 
implants are inserted in the respective 
osteotomy site prepared with the 
surgical drill after detailed clinical and 
radiographic assessment. The surgical 
procedure involved using local 
anesthesia (benzocaine 20%) to make 
the procedure pain-free. A full thickness 
mucoperiosteal flap was raised in 
maxillary and mandibular posterior 

21region planned for implant placement. 

Group B patients receive titanium SLA 
c o a t e d  d e n t a l  i m p l a n t s  
photofunctionalized for 10mins with 
UVA lamp (wavelength 382nm, 

2intensity 25 mWcm ). Group C patients 
receive dental implants pretreated with 
UVC lamp (wavelength 260 nm, 
intensity 15 mWcm2). Group A patients 
receive untreated dental implants. All 
t h e  d e n t a l  i m p l a n t s  w e r e  
photofunctionalized with UVA CUBE 
100 (Honle). Bone level implants were 

Figure 2: Patient images of the digital readings shown on the Ostelltm mentor device on the 
chairside. (A) A cable used to attach probe to the instrument. (B) Smart peg screwed onto the
implant fixture. (C) The measurement probe is brought closer to upper part of the smart peg
(D).The probe was held in mesiodistal and buccolingual direction.

Figure 3: RFA values analysis through Ostelltm mentor (A) Diagrammatic illustration of the
smart peg and (B) Measurements of RFA values were taken both in mesiodistal and buccolingual 
direction.Digital RFA values of 79 represented ISQ.

thFigure 4: Line graphs depicting the change between day 0 and the 8  week for individual 
subjects in each group.
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used, later loaded with adequate size 
abutments. Insertion torque and ISQ 
measurements are assessed through 
Ostelltm Mentor device.

Sutures were removed after one week. 
Patients were recalled after eight weeks 
for ISQ and OSI measurement and final 
prosthesis. Reading was compared for 
the three groups. Final evaluation done 
at twenty sixth week mark. CBCT 
radiographic assessment was again 
immediately obtained after placing the 
fixture to determine baseline and 

repeated during follow-up before (8 
weeks) and after (26 weeks) functional 
loading. All recorded images were 
saved locally and transferred into the 
Romexis software.

ISQ and OSI measurement through 
Ostelltm mentor device: The implant 
stability was measured following the 
protocol designed in a previous study 

22(Youssef M, et al., ) (Figure 1A).   The 
Ostelltm device was initially calibrated 
using a test peg called the ISQ. A smart 
peg was used for assessment.

The smart peg tightened with 5 Ncm 
torque is then mounted on implant 
fixture and the transducer connected 
perpendicular to the implant (Figure 
1B). The measuring probe is brought 
closer to the smart peg without 
touching it (Figure 1C & D). A beeping 
sound displays the reading on the 
monitor. Two successive readings are 
taken mesiodistally along the jaw and 
buccolingually perpendicular to the jaw 

23 (Figure 2). The RFA measurements 
taken twice during implant treatment 
are recorded. All the ISQ values were 
recorded from one to hundred and 
means were taken.

Implant stability was calculated at the 
eight-month mark by the formula (ISQ2 
– ISQ1 / healing time in months). 
Implant stability was measured on day 
zero in the start (ISQ1) and was 

thremeasured at 8  week of implant 
stability (ISQ2) before functional 
loading. The categories of ISQ were 
defined as follows: ISQ < 60 depicts low 
stability, implants are at high risk of 
failure not suitable for loading; ISQ 60-
65 depicts medium stability, where 
traditional loading or two-stage implant 
placement is recommended; ISQ 65-70 
also depicts medium stability, however a 
single stage of loading or two-stage 
loading protocol can be considered, but 
ISQ > 70 shows high stability range, and 
so single stage loading protocol 
(immediate loading) may be considered. 
24stical analysis was performed using 
SPSS version 26.0. Mean ± SD was used 
to represent ISQ levels and OSI data for 
each group. Line graphs illustrated 
variations between ISQ1 (baseline) and 

thISQ2 (8 -week values) for each 
treatment group, showing individual 
unit trends. Box plots were utilized to 
depict the distribution of ISQ1 and ISQ2 
values across the three groups, while 
multiple bar diagrams demonstrated 
changes in ISQ relative to baseline 
values for each group.

Regression analysis was conducted to 
determine the effect of UVA and UVC 
irradiation on ISQ2, accounting for 
baseline ISQ values. A t-test was applied 
to compare the effects of UVA and UVC 
irradiation and assess statistical 
differences between the groups. 
Furthermore, a multiple l inear 
regression model was employed to 

th Figure 5: Box plot depicting ISQ values for each group at day 0 and 8 week.

Figure 6: Multiple bar diagram showing the change in ISQ level concerning baseline status 
category, irrespective of the group.
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evaluate the impact of UVA and UVC 
treatments compared to the control 
group, while adjusting for baseline ISQ 
values.

A p-value of <0.05 was considered 
statistically significant for all analyses. 
This comprehensive approach ensured 
a robust evaluation of the treatment 
effects on implant stability and 

osseointegration.

RESULTS

Line graphs depicted that subject with 
low ISQ at baseline had more chances of 
progression, as visible in (Figure 3). The 
control group presented less than 65 
ISQ at baseline, while in UVC, they 
mostly had ISQ over 65. There were 

numerous cases in the UVA group with 
baseline ISQ less than 60, 60-65, and 
more than 70.

The mean ISQ levels were 62.1 for the 
control group, while 65.2 for UVA and 
69.3 for the UVC group (Table I). The 
difference at baseline between the 
three groups was found significant. The 
mean OSI (change in ISQ per month) 
was 7.4±1.7 for the control group, 
8.5±3.3 for the UVA group, and 
6.8±1.8 for the UVC group. The 
maximum gain was in the UVA group. 
The maximum increase in OSI was 
observed in UVA, followed by the 
control group and the UVC treated 
group (Table I), but baseline ISQ values 
were the highest for the UVC group. So, 

ththe mean ISQ levels in the 8  week were 
not directly comparable.

The box plot also reflected the 
deployment of ISQ at baseline and 8th 
week time (Figure 4). The control group 
and UVA had close allocation at 
baseline. On the contrary, the UVC 
group had a varied and high median ISQ 
level at baseline compared to control 

thand UVA, both after 8  weeks (Figure 
4).

A compar i son was  conducted 
irrespective of the group based on 
baseline ISQ levels. There were 23 
subjects with ISQ < 60, which rose on 
average to 75. In 10 subjects with ISQ 61 
to 65, the mean level improved to 81. It 
was seen that the subjects with lower 
ISQ at baseline had more improvement 
and the cases with higher ISQ levels at 
baseline had minor progress. This could 
also be followed within each group, i.e., 
lower the ISQ level at baseline and more 
probability of gain, as illustrated in the 
multiple bar diagram (Figure 5 and 6). 

linear regression model was utilized to 
thobserve if the treatment affected the 8  

week ISQ level, keeping in view the 
baseline values. In contrast, a t-test was 
applied to see the implication of the 
regression coefficient. The average ISQ 

thlevel at the 8  week was 42.02 
(significantly more than baseline) with a 
p-value < 0.001 (Table II). The influence 
of baseline value was also extremely 
significant with a p-value < 0.001 and 

thtriggered a change of 0.56 per 8 -week 
ISQ, maintaining treatments constantly. 
It was observed that the UVA had 2.83 

thunits greater ISQ at the 8  week than 

Figure 7: Multiple bar diagram depicting a change in ISQ level concerning baseline status 
category, concerning the group by treatment.

Groups
Day 0

th
8  week Healing Time (OSI)

Mean SD Mean SD Mean SD

Control 62.1 6.1 77.0 6.7 7.4 1.7

UVA 65.2 8.2 81.5 3.7 8.5 3.3

UVC 69.3 5.0 82.5 3.9 6.8 1.8

thTable I: Mean ISQ levels at baseline and 8  week with OSI change 
per month

UVA: Ultraviolet A; UVC: Ultraviolet C; ISQ: implant stability quotient; OSI: Osseointegration integration 
speed index

Table II: Multiple linear regression model showing effects of baseline 
thISQ values and groups on ISQ value at 8  week along with t-test

Coefficient
Model 

Unstandardized 
Coefficients

Standardized
 Coefficients

t p-value

B Std. Error Beta

(Constant) 42.02 4.12 – 10.20 <0.001*

ISQ1 0.56 0.07 0.73 8.61 <0.001*

UVA 28.3 1.04 0.25 2.72 0.009*

UVC 1.49 1.12 0.13 1.32 0.191

a. Dependent Variable: ISQ2, B: Regression Coefcient;*p-value of <0.05 was considered statistically 
signicant 
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control, holding the baseline consistent 
with a p-value of 0.009. The UVC group 
had no significant influence compared to 
t h e  c o n t r o l  a n d  t h e  p - v a l u e  
documented was 0.191 (Table II).

DISCUSSION

The results of this study demonstrate 
that photofunctionalization of SLA-
coated titanium implants with UVA 
irradiation significantly enhances 
implant stability and osseointegration 
compared to untreated implants, as 
evidenced by higher ISQ and OSI values 

that the 8 -week follow-up. UVA-treated 
implants exhibited a mean increase in 
ISQ by 8.5 ± 3.3 per month, surpassing 
both the control and UVC-treated 
groups. Although the UVC group 
showed higher baseline ISQ values, its 
impact on ISQ progression during the 
study period was less pronounced, and 
the difference compared to the control 
group was not statistically significant 
(p=0.191). These findings suggest that 
UVA irradiation may offer a more 
consistent and significant enhancement 
in implant stability, particularly for 
implants with lower baseline ISQ values, 
which showed greater improvement 
regardless of the treatment group. This 
h i g h l i g h t s  t h e  p o t e n t i a l  o f  
photofunctionalization as a promising 
intervention for optimizing implant 
success in areas of compromised bone 
quality.

Photofunctionalization has positive 
e f f ec t  on  imp lan t s  ab i l i t y  to  
Osseointegrate with the bone. 7,25 UV 
irradiated implants promotes better 
healing then non-UV irradiated ones 
16,26 and the implant stability is 

27assessed clinically though ISQ values. 

The implant stability was significantly 
more in the UVA group compared to 
control and UVC groups, respectively. 
Although both UVA and UVC were 
under strict observation, the results are 
in concordance with the previous 
literature showing UV irradiated 
implants with maximum increase in 

26implant stability. 

ISQ measurement varied among the 
three groups at initial stage showing 
individual variation. Direct comparison 
between ISQ values among the three 
groups cannot be made from baseline 
values. However, an increase in implant 

stability can be significantly appreciated 
at 8 weeks interval, even after applying 
the baseline values. The results are in 
accordance with a previous study 
suggesting increase in ISQ values at 12 
weeks on SLA-coated implants although 

28without photofunctionalization.   
However, our study demonstrated an 
increase in ISQ values at eight weeks.

UVC implants irradiated before 
thinsertion showed lowest values at 8  

week mark despite a higher baseline 
reading initially. A valid reason behind 
the increased baseline ISQ values in the 
UVC group (at the time of placement of 
implants) can be that the quality of the 
compact bone at the implant site might 
be much higher than the other two 
groups. Thus, resulting in initial higher 

25ISQ values, as pointed out previously.   

Keeping in view the changes seen at the 
baseline values, it was further noted that 
UVA irradiated implant fixtures 
depicted a maximum increase in ISQ 

thvalues at the 8  week of treatment in 
comparison to the control and UVC 
irradiated groups. The theory behind 
the UVA group showing the highest rise 
in implant stability while UVC irradiated 
group depicting lower values can be 
explained by previous studies, which 
stated that photofunctionalized 
implants significantly increased the ISQ 
and OSI values in all complicated cases. 
Photofunctionalization has no significant 
effect on implants with higher baseline 

12initial values and stability. 

We can deduce that the implants were 
placed in completely healed sockets 
with relatively good initial implant 
stability (initial ISQ values > 60 in all 
three groups). Hence, an increase in 
ISQ and OSI values over eight weeks in 
photofunctionalized groups was not 
remarkable. It is emphasized that 
photofunctionalization is effective for 
implants with reduced primary stability, 

12helping deal with complex cases.  
Recent studies suggest using metformin 
to positively affect osseointegration in 

29laboratory studies.  The effect of 
photodynamic therapy also showed 
promise in immediately loaded implants 
combined with scaling and root 

30planning.  

One limitation of this study was the 
relatively small sample size, as the 
project did not receive any assistance or 

funding from the government of 
Pakistan. Another significant challenge 
was the time constraint, which 
necessitated limiting the follow-up 
period to six months rather than the 
ideal duration of one year. Future 
studies are recommended to explore 
the long-term effects of UVA and UVC 
irradiation on peri-implant bone and 
implant stability, particularly in the 
context  of  immediate implant  
placement. Extending the follow-up 
period to one to five years would 
provide more comprehensive insights 
into the comparative efficacy and 
d u r a b i l i t y  o f  t h e s e  
photofunctionalization.

CONCLUSION  

This study demonstrated that UVA 
photofunctionalization significantly 
enhances implant stabi l i ty and 
osseointegration in SLA-coated 
titanium implants, showing a strong 
correlation with improved ISQ and OSI 
values compared to untreated and 
UVC-treated implants. Baseline ISQ 
values played a key role in determining 
changes in ISQ, with UVA proving 
particularly effective in promoting 
treatment prognosis, especially in areas 
with compromised bone quality. These 
findings highlight the potential of UVA 
photofunctionalization as a reliable tool 
for improving dental implant outcomes. 
However, further research with larger 
sample sizes and extended follow-up 
periods is needed to validate these 
results and explore the long-term 
effects of UVA and UVC treatments.
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