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Abstract

Introduction

The present study aimed to determine how chlorhexidine treatment as an additional therapy
affects the first radiographic results which include marginal bone level (MBL) changes and
grayscale radiographic density proxy values. The research design consisted of a prospective
randomized controlled clinical study which studied 48 patients through one dental implant
per participant. The investigators used random assignment to place participants into either
the chlorhexidine adjunct protocol group or the standard postoperative care group. The ex-
amining team took standardized periapical radiographs at both the beginning and six months
after the start of the study through a paralleling technique with established exposure set-
tings. The MBL measurement occurred through software calibration which enabled the sys-
tem to measure the distance both from the mesial and distal sides while using a specific area
for grayscale density proxy analysis. The research used paired and independent tests to ana-
lyze both within-group and between-group data through repeated-measures analysis which
studied time—group interactions at a significance level of p < 0.05. The two groups experi-
enced time-dependent changes in their crestal bone structure, yet the chlorhexidine group
achieved better results through its lower mean MBL change and higher grayscale density
proxy values than the control group (p < 0.05). Implant survival was high in both groups, with
no statistically significant difference. The measurement reliability proved satisfactory
through the results of calibration testing. The using chlorhexidine as an additional treatment
resulted in better initial radiographic signs of peri-implant health. The present data shows a
possible biological link between treatment responses and patient results, but additional pre-
sent study needs to confirm these findings by tracking patients for extended periods and
measuring biological indicators.

soft tissue structures around the implants
[1]- The preservation of marginal bone tissue

The dental implant therapy method now
serves as a standard treatment for restoring
dental function in patients who have lost
some or all their teeth. The long-term
achievement of dental implant therapy de-
pends on the maintenance of stable hard and
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around implants serves as a biological
marker which shows the balance between
microbial exposure and host inflammatory
reactions and mechanical forces. The devel-
opment of peri-implant mucositis and peri-

Open Access
Citation: Abusanna MM et al. (2026) Radiographic Im-
pact of Adjunctive Chlorhexidine on Early Peri-Implant
Bone Remodeling. Dentistry 3000. 1:a001
doi:10.5195/d3000.2026.1362
Received: May 9, 2026
Accepted: May 10, 2026
Published: June 4, 2026
Copyright: ©2026 Abusanna MM et al. This is an open
access article licensed under a Creative Commons Attrib-
ution Work 4.0 United States License
Email: Montazerm641@gmail.com

implantitis occurs when the equilibrium be-
tween the oral environment and implant sur-
face becomes disrupted because of plaque
formation and initial biofilm development
[2-4]. The pathogenic process of peri-im-
plant disease involves a biofilm-induced in-
flammatory  response  which  shares
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similarities with periodontitis but presents
distinct features because of its different tis-
sue structure and immune system response.
The peri-implant connective tissue contains
a minimal blood vessel network, and its col-
lagen fibers arrange differently than those in
the periodontal ligament which could lead to
faster inflammatory bone deterioration
when disease affects implants [5]. The pro-
tection of peri-implant tissues needs preven-
tive methods which block microbial develop-
ment from the start and control the local in-
flammatory responses [6]. The antiseptic
agent chlorhexidine functions as the first
choice because it eliminates various micro-
organisms while maintaining its presence on
oral tissues to deliver prolonged defense [7].
The cationic bis-biguanide structure of this
compound allows it to break down bacterial
cell membranes and stop bacteria from
building biofilms which results in lower mi-
crobial numbers during essential healing
stages [8,9]. Present study shows that chlor-
hexidine used as an extra procedure during
periodontal and surgical treatments helps
patients achieve lower plaque amounts and
less gingival inflammation, but results de-
pend on the strength of the solution and
method of application and patient compli-
ance with instructions [10].

Research has been conducted to determine if
chlorhexidine works as a perioperative im-
plant dentistry tool which helps prevent
early microbial contamination during surgi-
cal procedures and after implant component
placement. Present findings indicate that an-
tiseptic protocols containing chlorhexidine
reduce bacterial counts and initial inflamma-
tory markers in implant sites but there is no
scientific evidence which demonstrates that
these microbiological changes result in
measurable bone preservation according to
radiographic assessments [11,12]. The study
shows that biological reasoning makes
sense, but investigators need to verify re-
sults through radiographic assessment dur-
ing controlled clinical tests.

The standard radiographic evaluation of
marginal bone level functions as a vital clini-
cal marker which shows peri-implant tissue
stability when authors follow standardized
imaging protocols and perform their meas-
urements in a consistent manner. The meas-
urement of crestal bone height changes over
time serves as an independent evaluation
method to assess implant success in research
studies and consensus documents. The first
year after implant placement or loading
serves as the critical period for bone remod-
eling because it should stay within specific
boundaries [13,14]. Biological mechanisms
can be linked to measurable treatment re-
sults through the connection between
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preventive antiseptic methods and radio-
graphic bone responses.

The present investigated whether chlorhexi-
dine treatment during implant healing pe-
riod would lead to better radiographic signs
which show stable peri-implant tissues. The
research team analyzed radiographic results
through an established antimicrobial and
host-response system which previous mech-
anistic studies had validated. Scientists use
present methods to extract findings from
their data while following restricted proce-
dures which prevent them from creating
false cause-effect relationships.

Subjects and Methods

Study Design and Ethical Approval

The research followed a prospective paral-
lel-group randomized controlled clinical
study design to assess how chlorhexidine ad-
dition affects peri-implant tissue changes
through radiographic evaluation during the
initial healing period.

Participant Selection

The Department of oral surgery conducted
consecutive screenings of patients who
wanted single-tooth implant treatment for
their posterior jaw area .The authors estab-
lished their eligibility criteria in advance to
minimize the differences between partici-
pants.

The research participants needed to fulfill
specific requirements

(1) adults aged 218 years,

The (2) requirement exists to ensure a single
endosseous dental implant can be used.

(3) The bone tissue present in this area pro-
vides enough support for implant placement
so additional grafting procedures at the
same time are not required.

(4) acceptable general health status compat-
ible with routine implant surgery.
Exclusion criteria included:

(1) uncontrolled systemic disease (e.g., un-
controlled diabetes mellitus),

(2) current smoking or heavy tobacco use,
(3) pregnancy or lactation,

(4) ongoing immunosuppressive or long-
term corticosteroid therapy,

(5) active untreated periodontal disease, and
(6) recent use of systemic antibiotics or anti-
septic mouthrinses within the preceding
four weeks.

A total of 48 eligible participants met the se-
lection criteria and were enrolled in the
study.

Due to the nature of the postoperative anti-
septic intervention, participant and operator
blinding was not feasible. However, outcome
assessment was performed under assessor
blinding conditions. The radiographic exam-
iner maintained no knowledge about which
groups the subjects belonged to while per-
forming the evaluation of all images which

received anonymous coding for measure-
ment purposes. The research team per-
formed statistical analysis through group-
coded datasets which helped them achieve
analytical objectivity. The same experienced
operator conducted all surgical procedures
through a standardized protocol which min-
imized performance differences between
procedures.

Randomization and Allocation Conceal-
ment

The investigators used a 1:1 random assign-
ment to place participants into either the
chlorhexidine adjunct group or the control
group through a computer-generated ran-
domization sequence which an independent
researcher created without participating in
clinical care or outcome evaluation. Alloca-
tion concealment was implemented using se-
quentially numbered, opaque, sealed enve-
lopes opened only at the time of intervention
assignment. The examining team used this
method to reduce selection bias while main-
taining the random process of participant al-
location.

Interventions and Clinical Procedures

All implant surgeries were performed by the
same experienced implant surgeon to reduce
operator-related variability. The surgical
team performed all procedures according to
a standardized protocol which involved local
anesthesia and crestal incision and full-
thickness flap elevation when needed and
sequential osteotomy preparation according
to the manufacturer's drilling instructions.
The surgical team performed all procedures
with implants from one commercial brand
which had a surface finish classified as mod-
erately rough (sandblasted, large-grit, acid-
etched — SLA or equivalent) and an internal
conical connection. The design needed plat-
form-switching geometry to function as its
fundamental requirement. The dental im-
plant sizes included diameters between 3.5
mm and 5.0 mm and lengths between 8 mm
and 12 mm which were chosen based on
bone availability at each site while maintain-
ing uniform macro-design throughout all
cases.

The chlorhexidine group patients received a
standardized antiseptic treatment which in-
cluded chlorhexidine gluconate 0.12%
mouthrinse for twice daily use during 14
days beginning right after their surgical pro-
cedure. In addition, a 0.2% chlorhexidine gel
was applied to the peri-implant sulcus at the
surgical visit and at the first postoperative
review (7 + 2 days). The research team es-
tablished both concentration levels and de-
livery methods before beginning to reduce
participant variations which would result in
more reliable findings. The patient received
verbal and written instructions about the
postoperative rinsing protocol which they
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needed to follow. The research team asked
participants to monitor their drug adherence
and medication side effects during both the
1-week and 1-month duration. Patients
needed to follow their scheduled medication
schedule for the first 14 days of treatment
unless their doctor gave them alternative in-
structions.

The control group patients followed the
same surgical and postoperative guidelines
but they skipped chlorhexidine usage and
used sterile isotonic saline for twice daily
rinsing during the 14-day period to create
equal chemical rinsing conditions without
any antiseptic properties. The study em-
ployed the same mechanical oral hygiene
procedures and identical systemic medica-
tions with analgesics to evaluate the antisep-
tic protocol as the main treatment for both
groups.

The study did not use systemic antibiotics as
standard treatment but doctors documented
all antibiotic prescriptions along with their
medical reasons which they treated all pa-
tients equally to prevent any bias from oc-
curring.

Outcome Measures

Primary Radiographic Outcome — Mar-
ginal Bone Level (MBL)

The study measured its main outcome
through changes in marginal bone levels
which occurred relative to the implanted de-
vices. The authors took standardized digital
periapical radiographs right after implant
placement (TO) and again during the six-
month follow-up period (T1). The investiga-
tors used paralleling technique with an indi-
vidualized positioning device to achieve
standardized positioning through a system
which maintained equal angulation between
different time points. The maintained con-
stant exposure parameters which included
kVp and mA and exposure time for all pa-
tients.

The measurements took place through the
use of calibrated image analysis software
which had been properly calibrated. The ver-
tical distance from the implant platform ref-
erence point to the first bone-to-implant
contact was measured on both mesial and
distal aspects, and the mean value was rec-
orded for analysis. The examining team used
known implant thread pitch and implant
length as internal references to normalize
their measurements for radiographic magni-
fication effects (Figure 1).
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Figure 1. Standardized radiographic meas-
urement protocol showing the implant plat-
form reference line, marginal bone level
(MBL) measurement axis, and the prede-
fined grayscale region of interest (ROI).
Secondary Radiographic Outcome —
Grayscale Density Proxy

The assessment of peri-implant radiographic
density used grayscale values to show the
density of the surrounding tissue which cov-
ered the implant surface inside a specified
ROLI. The ROI size and position followed es-
tablished definitions which researchers used
to analyze both baseline and follow-up im-
ages. The two-dimensional radiograph gray-
scale values depend on exposure and pro-
cessing variables so this parameter func-
tioned as a relative radiographic density in-
dicator instead of a direct bone mineral den-
sity measurement. The acquisition of all im-
ages occurred through the same device set-
tings which minimized technical differences
between images.

Examiner Calibration and Measurement
Reliability

Ablinded examiner who did not know which
group the participants belonged to per-
formed all radiographic measurements. The
examiner needed to complete a calibration
process which involved using a limited set of
images that he measured twice during a two-
week period. The intraclass correlation coef-
ficient (ICC) measured the degree of ob-
server agreement between their multiple ob-
servations. The investigators started their
measurements after they reached acceptable
results for repeatability which had an ICC
value of 0.85 or higher. The present study
team conducted a review of all discrepant
readings which they then combined to gen-
erate an average value.

Follow-Up and Clinical Monitoring

The medical team performed scheduled fol-
low-up evaluations of patients at 1 week, 1
month, 3 months and 6 months after surgery.
The team conducted clinical evaluations of

implant stability together with peri-implant
soft tissue health assessments at all sched-
uled appointments while recording all treat-
ment-related issues. The survival of implants
depended on their continued presence in the
body while showing no signs of mobility or
pain or infection or bone deterioration that
exceeded typical early bone remodeling
boundaries.

Sample Size Consideration
Sample size was calculated based on the pri-
mary outcome (change in marginal bone
level, AMBL) using a two-group comparison
of mean differences. An expected standard-
ized effect size of approximately 0.7 was de-
rived from previously reported variability
and between-group differences in early peri-
implant marginal bone level changes in con-
trolled implant studies. The study required
22 participants for each group to achieve sta-
tistical power of 80% while maintaining a
0.05 significance level. The authors deter-
mined 24 participants for each group to ac-
count for possible participant dropout which
they predicted [13,14].

Statistical Analysis

Data analysis was conducted using SPSS soft-
ware. Continuous variables were tested for
normal distribution using the Shapiro-Wilk
test. Descriptive statistics were expressed as
mean * standard deviation.

The research team performed paired t-tests
to evaluate the changes which occurred be-
tween baseline data and six-month assess-
ment results for all groups. The present
study team performed independent-samples
t-tests to determine if groups showed differ-
ent changes through their A scores which
equal T1 minus TO. In addition, a two-way
repeated-measures ANOVA was applied to
examine the interaction effect between time
and treatment group for the principal radio-
graphic outcomes. The examining team per-
formed Fisher’s exact test to evaluate cate-
gorical data between implant survival rates
and all other measured outcomes. The pre-
sent finding established p < 0.05 as its statis-
tical significance threshold. Homogeneity of
variance between groups was evaluated us-
ing Levene’s test before applying independ-
ent-samples comparisons. In addition to p-
values, 95% confidence intervals (95% CI)
for mean differences and change scores were
calculated to support effect size interpreta-
tion.

Results

Participant Flow and Baseline Character-
istics

A total of 48 patients were enrolled and ran-
domized equally into two arms (chlorhexi-
dine adjunct group, n=24; control group,
n=24). All participants completed the six-
month radiographic follow-up and were
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included in the final analysis. The docu-
mented no deviations from the protocol
which impacted the assessment of results.
The investigators assessed initial demo-
graphic and clinical data through which they
measured age distribution and sex break-
down and implant locations and first radio-
graphic measurements, but they did not de-
tect any meaningful differences between
groups (p > 0.05). (Table 1) and (Figure 1).

| Assessed for eligibility (n=58) |

Excluded (n=10)
= Not meeting criteria (n=6)
- Declined (n=4)

| Randomized (n=48) |

IAIIocalod to CHX group (n=24)| Allocated to Control (n=24)

| Followed up (n=24) | I Followed up (n=24) |

| Analyzed (n=24) | I Analyzed (n=24) |

Figure 1. CONSORT flow diagram of patient
screening, exclusion, randomization, alloca-
tion, follow-up, and final analysis.

Marginal Bone Level Changes

The researchers calculated marginal bone
level changes through AMBL measurements
which compared each patient's present con-
dition to their baseline measurement. Both
groups demonstrated time-related crestal
remodeling over six months; however, the
magnitude of AMBL differed between the in-
tervention arms.

The within-group analysis showed that both
study groups experienced a statistically sig-
nificant increase in their mean marginal
bone loss when compared to their baseline
measurements (paired t-test, p < 0.05). Nev-
ertheless, the chlorhexidine adjunct group
exhibited a smaller mean MBL change com-
pared with the control group at six months.
The analysis of change scores (AMBL) be-
tween groups showed that the between-
group difference in AMBL was statistically
significant because the chlorhexidine group
achieved a 0.29 mm better result (95% CI:
0.16 to 0.42 mm, p < 0.01). indicating a more
favorable radiographic bone preservation
pattern in the antiseptic-supported protocol.
The Two-way repeated-measures ANOVA
results showed that MBL demonstrated a
significant time x group interaction effect (p
< 0.05) which proved that treatment ap-
proaches produced different bone level
changes throughout time instead of showing
typical physiological bone remodeling pat-
terns. (Table 2, Figure 2).

The study used TO measurements as internal
references to evaluate implant marginal
bone level changes throughout the study
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period. The investigators used TO measure-
ments as their reference point to measure
bone level changes instead of establishing
zero as an errorless value.

0.8

—e— CHX group

Control grou
0.7 group

0.6

0.5

0.4

Mean MBL change (mm)

0.0

Baseline 6 Months

Time
Figure 3. Mean marginal bone level (MBL)
change from baseline to six months in the
chlorhexidine and control groups.

Radiographic Grayscale Density Proxy
The quantitative grayscale analysis of the de-
fined peri-implant region of interest showed
that chlorhexidine group mean grayscale
values rose in a specific pattern during the
study period, but the control group showed
either no change or a smaller increase in val-
ues. The grayscale measurements function
as a relative radiographic density proxy
which makes direct mineral density meas-
urement impossible, so we used them for
comparative pattern analysis under con-
trolled exposure conditions.

The present study results from within-group
analysis demonstrated that the chlorhexi-
dine group showed a significant increase
from TO to T1 (p < 0.05) but the control
group did not achieve statistical significance
in their changes. The analysis of grayscale
changes scores between groups showed that
the chlorhexidine protocol produced better
results than the other protocol (p < 0.05).
The repeated-measures ANOVA interaction
term for grayscale values showed statistical
significance (p < 0.05) which proved that the
two groups demonstrated different time-de-
pendent patterns (Table 3).

No external radiographic density calibration
phantom or step wedge was used; therefore,
grayscale values were not interpreted as ab-
solute bone mineral density measurements.
The mean between-group difference in gray-
scale proxy change was 13.6 units (95% CI:
2.1 to 25.0 units, p = 0.03) which showed a
more radiopaque peri-implant pattern un-
der controlled imaging conditions.

Implant Survival and Clinical Events

The six-month evaluation showed that all
implants in the chlorhexidine group sur-
vived but the control group reached 95.8%
survival because one implant failed to meet
stability requirements thus being considered
unsuccessful. The results from Fisher’s exact
test showed no statistically significant differ-
ences between groups because the p value

exceeded 0.05 despite the small number of
actual events. The antiseptic protocol proved
safe because it did not lead to any major
postoperative infections or tissue reactions
during the present study period. The results
for implant survival and clinical events ap-
pear in Table 4.

Measurement Reliability

The calibration process required multiple
measurements which showed that the radio-
graphic linear measurements and grayscale
ROI assessment between different examin-
ers produced similar results. The intraclass
correlation coefficient exceeded the estab-
lished acceptability threshold (ICC = 0.85)
which showed that the measurements
demonstrated sufficient consistency.

Discussion

The study used randomization to show that
chlorhexidine treatment during the first
stage of implant healing produced better ra-
diographic results and produced higher
grayscale values which indicated a more ra-
diopaque implant environment under con-
trolled imaging protocols.

The method requires precise control of expo-
sure geometry and detector behavior be-
cause two-dimensional grayscale analysis
produces relative radiographic patterns
which should not be used as actual densito-
metric measurements.

The present work data shows that local anti-
septic control methods help maintain peri-
implant tissue stability during the first pe-
riod when authors depend on radiographic
assessment instead of biological tests.

The mechanistic view of early marginal bone
remodeling in implants shows that this pro-
cess results from multiple factors which in-
clude surgical damage to tissues and the
body's inflammatory reaction and the way
the body responds to mechanical forces and
the growth of microorganisms on implant
surfaces. The consensus reports demon-
strate that plaque-induced inflammation be-
comes the main cause of peri-implant tissue
deterioration after biofilm reaches its ma-
ture stage [2,3].

The reduction of initial microbial growth
through any intervention will create a nega-
tive impact on the inflammatory processes
which activate osteoclasts to cause bone loss
in the alveolar crest. The wide antimicrobial
spectrum and ability to bond with surfaces of
chlorhexidine makes it the main oral anti-
septic for chemical plaque control [8,9].

The chlorhexidine group showed a smaller
MBL change which can be explained through
its antimicrobial-inflammatory mechanism.
present work findings from laboratory stud-
ies and medical facilities show that biofilm
formation near implant collar edges creates
a new environment which leads to changes
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in cytokine levels that result in higher IL-13
and TNF-a production which causes bone
destruction. The early inflammatory re-
sponse becomes less severe because chlor-
hexidine protocols decrease bacterial num-
bers and extend the period needed for bio-
film formation to begin. Studies about perio-
dontal and peri-implant areas demonstrate
that chlorhexidine mouthrinses and gels de-
crease plaque formation and gingival inflam-
mation, but the level of success depends on
how long and how the products are applied
[10].

The radiographic results we obtained match
the preventive pattern, but they also show
how bone tissue near implants reacts to the
situation.

The results need to be evaluated against the
established biological boundaries which
control bone transformation during the ini-
tial period of implant integration. The first
year following implant placement or loading
needs significant crestal bone changes to
achieve successful implant results based on
traditional success criteria.

The present study detected between-group
differences which indicate remodeling oc-
curs at different levels of intensity rather
than complete elimination of the process.
The antiseptic adjunct seems to influence the
bone remodeling process instead of stopping
bone transformation from occurring.

The antiseptic group showed higher gray-
scale radiographic density proxy values
which indicate better peri-implant bone re-
sponse, but investigators need to exercise
caution when analyzing this parameter. The
grayscale values from standardized periap-
ical radiographs function as relative density
indicators which do not represent actual
bone mineral density measurements. Stud-
ies about imaging have shown that grayscale
values remain affected by exposure settings
and device specifications when examining
team perform their studies under controlled
environments. The main advantage of their
method stems from their ability to evaluate
different data points across each study ra-
ther than their ability to measure density
precisely. The researchers use this data as a
longitudinal proxy under fixed acquisition
conditions to identify important biological
changes which impact mineralization and
trabecular organization patterns between
groups.

The implant survival results showed higher
numbers in the chlorhexidine group but no
significant difference between groups be-
cause of the small number of events and
small sample. The current consensus reports
show that implant survival rates stay high
during short implantation times when sur-
geons execute procedures with correct con-
trol methods, but investigators need to study
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large numbers of patients to demonstrate
survival rate variations [3]. The lack of sta-
tistical separation between survival results
does not oppose the observed radiographic
benefits because it demonstrates how small
groups with infrequent events will behave
statistically.

The results from this study follow the same
pattern as previous interventional studies
which demonstrate that infection-control
protocols during implant healing bring ben-
efits through antiseptic rinses and local anti-
microbial measures [11,12]. The previous
reviews showed that authors employed dis-
tinct methods and antiseptic concentrations
which they delivered through different sys-
tems to record their effects by using multiple
assessment parameters. This work adds new
controlled radiographic information to the
field but fails to address the existing differ-
ences between studies because it lacks
standardized antiseptic methods and com-
mon radiographic assessment criteria.

The evaluation needs to identify various ele-
ments which might result in wrong assess-
ments about cause-and-effect relationships.
The used radiographic results as its main
data but it did not measure biological mark-
ers including peri-implant crevicular fluid
cytokines or microbiological profiles so the
study cannot prove the biological process di-
rectly. Second, grayscale density analysis fol-
lows standardized internal procedures, but
it does not match the precision of calibrated
densitometry. The follow-up period shows
the initial stages of tissue recovery and re-
construction instead of demonstrating how
the body responds to extended functional
stress. The present work included enough
participants to analyze radiographic changes
through statistical methods although the
limited number of participants made it diffi-
cult to identify rare implant failure occur-
rences.

The study data shows a methodical yet re-
stricted understanding which demonstrates
that chlorhexidine treatment as an adjunct
therapy produces superior first radiographic
assessments of peri-implant tissues because
of its antimicrobial and anti-inflammatory
properties. The present work requires addi-
tional studies which will link biomarkers to
longer observation periods to validate the
obtained results. The following stage for bio-
logical-radiographic correlation develop-
ment needs scientists to combine their radi-
ographic measurement data with their mo-
lecular inflammatory data analysis results.
Limitations

The current study contains multiple method-
ological restrictions which need to be recog-
nized. The results focused on radiographic
data because scientists did not measure any
biological or molecular indicators which

would show peri-implant inflammation or
microbial load so the results cannot be used
to prove any mechanisms. Second the gray-
scale radiographic density values function as
a relative measurement which does not cor-
respond to standardized bone mineral den-
sity values. The duration study was six
months allowed investigators to observe ini-
tial tissue recovery, but it did not show how
the treatments would affect patients' long-
term functional abilities. The used an appro-
priate number of participants to identify ra-
diographic changes but the small participant
count restricted from achieving sufficient
power to measure rare clinical events which
include implant failures and complications.
The study evaluated one antiseptic treat-
ment method with its specific concentration
which could limit the application of results to
different chlorhexidine protocols and appli-
cation techniques. Operator and participant
blinding were not possible due to the nature
of the antiseptic intervention, which may in-
troduce performance-related bias despite
assessor blinding. The failure to register tri-
als in advance before their start constitutes a
problem with reporting..

Conclusion

The current study data from this randomized
clinical study showed that chlorhexidine
treatment during the first stage of peri-im-
plant healing produced better results than
standard treatment because it led to small
bone level changes and better radiographic
density results. The current findings align
with biological principles because scientists
have established that interrupting biofilm
development at its beginning stage mini-
mizes implant site inflammation while pro-
tecting tissue health. The current results de-
pend on radiographic markers instead of di-
rect molecular or microbiological evidence
so the observed benefit should be viewed as
an association between results rather than
as proof of biological processes. Research
studies need to validate their findings
through the connection of X-ray data to med-
ical documents and biomarker assessment
which should continue throughout the entire
period [2,3].
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