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Abstract:

The influence of oral hygiene instructions on peri-implant health and osseointegration remains insufficiently established. Therefore, it
is of interest to compare the conventional oral hygiene instructions with an enhanced maintenance protocol in 50 implant patients.
The enhanced protocol significantly reduced plaque index and probing depth while improving preservation of peri-implant bone.
Patients receiving conventional instructions showed greater bone loss and poorer peri-implant clinical parameters over 12 months.
Thus, data shows the enhanced oral hygiene education with interdental care supports improved implant maintenance and long-term

peri-implant tissue stability.
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Background:

Adequate dentition is crucial for overall well-being and quality
of life. Tooth loss or the complete loss of natural teeth poses a
significant public health challenge among the elderly and is
regarded as an indicator of oral health disease burden. It can
result from periodontal disease, dental decay and injuries [1].
The absence of teeth can impair chewing and speech and may
lead to compromised aesthetics, negatively impacting overall
quality of life [2]. To preserve oral health, it is important to
replace missing teeth and surrounding tissues with artificial
alternatives that restore function, shape and aesthetics. The
management of partially edentulous patients includes fixed
partial dentures (FPDs), removable partial dentures (RPDs),
tooth-supported bridges and implant-supported prostheses [3].
FPDs and RPDs remain widely used due to affordability, non-
invasive approach and shorter treatment time, especially for
individuals with limited financial resources or systemic health
issues [4]. However, FPDs and RPDs are linked to drawbacks
such as oral discomfort, reduced chewing efficiency, speech
difficulties, aesthetic concerns, alveolar bone resorption and
damage to abutment teeth. Their lifespan is 5-15 years and
cleaning difficulties increase the risk of gum disease and decay
[5]. Dental implants provide effective long-term replacements,
preserving the integrity of neighboring teeth. They mimic
natural tooth roots, offering enhanced retention, stability,
aesthetics and jawbone preservation, with improved oral health-
related quality of life and long-term outcomes. However, higher
cost, surgical procedures and longer treatment duration may
limit accessibility [6]. Implant procedures require strict
sterilisation protocols, including steam, ethylene oxide and
hydrogen peroxide plasma sterilisation. A multidisciplinary
approach and regular follow-up with radiographic assessment
are essential for longevity [7]. Maintenance is critical, as biofilms
are the main cause of peri-implant diseases, including peri-
implant mucositis and peri-implantitis, leading to inflammation
and bone loss [8]. Peri-implantitis is characterized by probing
depth 25 mm, bleeding on probing (BoP), suppuration and
radiographic bone loss [9]. Clinical parameters such as plaque
index, probing depth and radiographic bone loss are essential
for diagnosis and monitoring. BoP and probing depth are key

. S

indicators distinguishing health from disease [10]. Long-term
success depends on effective home care and professional
maintenance. Oral hygiene practices such as modified bass
brushing, interdental brushes, flossing and chlorhexidine rinses
are recommended [11]. Therefore, it is of interest to assess the
effects of implementation of oral hygiene instructions and
maintenance protocol on osseointegration of endosseous
implants.

Methodology:

The study was conducted as an experimental, in vivo design in
the Department of Prosthodontics, Crown and Bridge and
Implantology. A total of 50 participants were selected through
simple random sampling. The inclusion criteria for participation
included patients who were partially or completely edentulous
with sufficient bone height and width, candidates for
prosthodontically driven implant placement, in sound physical
and mental health and with moderate to well-nourished
nutritional status. Exclusion criteria ruled out individuals with
medical complications, periodontal disease, tobacco use, or
obvious cognitive impairments. The participants were randomly
assigned to two study groups: the control group (Group I),
which received conventional oral hygiene instructions and the
test group (Group II), which received enhanced oral hygiene
instructions, including the use of interdental aids. The study
began after obtaining approval from the Institutional Ethical
Committee (IEC). Participants underwent a thorough screening
process, including a pre-treatment assessment of dental and
medical history. Following inclusion, all subjects were informed
about the study both verbally and through written information
sheet and informed consent was obtained. Pre-operative
assessments included a CBCT evaluation to analyze the bone
structure prior to implant placement. The CBCT scans were
performed using the Rainbow™ CT (Dentium Co., model ICT-
RO1) with specific imaging parameters set at 76 kVp, 6 mA and a
9.3-second exposure time. The scans were analyzed in standard
orthogonal planes (axial, sagittal and coronal), along with
multiplanar reformation (MPR) for creating detailed slices and
3D volume-rendered images. Implant surgery was conducted
using a prosthetically driven surgical stent. Following aseptic
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procedures, a full-thickness flap was raised at the implant site
and an osteotomy was prepared. The implant fixture was
inserted at a torque of 15-20 Nm and a cover screw was placed
before suturing the flap. After the 90-day osseointegration
period, patients returned for second-stage surgery, where the
implant was exposed and a transgingival abutment was placed
for implant superstructure fabrication. At this stage, the test
group received instructions on brushing techniques, types of
toothbrushes to be used, brushing frequency, mouth rinsing and
the use of interdental aids. Regular professional scaling and
monitoring were conducted every 6 months. In contrast, the
control group received only the conventional oral hygiene
instructions of brushing twice daily using the Modified Bass
Technique with a soft toothbrush and fluoride toothpaste, along
with the use of a 0.2% chlorhexidine mouthwash. After 120 days,
the implants were loaded with prosthesis and the clinical
examination was repeated to assess plaque index, bleeding on
probing (BOP), probing depth (PPD) and marginal bone loss
(MBL). Data were collected from each implant site using visual
assessments, gentle probing with a plastic periodontal probe and
the Loe and Silness plaque index. Post-operative CBCT scans
were taken at the end of the treatment period for a
comprehensive evaluation of bone loss. The scans were again
analyzed with the rainbow™ CT system for assessing marginal
bone loss. Statistical analysis was conducted using SPSS software
(version 23), with intergroup comparisons of clinical variables
performed through independent t-tests or Mann-Whitney tests.
The significance level was set at 5%. The data were analyzed
using SPSS software version 26.0. The level of significance was
kept at 5%. The data was subjected to normality assessment
using the Shapiro- Wilk test, which showed that the data of bone
width followed a normal distribution, whereas the data of
plaque index and probing depth did not follow a normal
distribution. Therefore, comparison of plaque index and probing
depth between the two groups was done using the Mann-
Whitney test and comparison of bone width between the two
groups was done using the independent t-test. Comparison of
pre- operative and post-operative bone width within each group
was done using a paired t- test.

Results:

Table 1 presented the demographic details. The average age in
the control group was 44.84 years and the average age in the
test group was 49.38 years. The spread of ages was similar in
both groups. The control group has an almost even split
between males (12 participants, 48%) and females (13
participants, 52%). Similar to the control group, the test group
also shows a near-even distribution of gender, with males
comprising 13 participants (52%) and females 12 participants
(48%). Table 2 compared the plaque index between the test
and control groups. The control group showed a higher mean
plaque index (2.24) compared to the test group (1.40). Since the
p-value of 0.003 is less than the significance level of 0.05 (p <
0.05), the difference observed between the two groups is
considered statistically significant. Based on these results,
there is a statistically significant reduction in plaque index in
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the test group compared to the control group. Table 3
compared the probing depth between the test and control
groups. The control group showed a higher mean probing
depth (3.44) compared to the test group (1.96). Since the p-
value of <0.001 is less than the significance level of 0.05 (p <
0.05), the difference observed between the two groups is
considered statistically significant. Based on these results,
there is a statistically significant reduction in probing depth in
the test group compared to the control group. Table 4
compared the pre-operative and post- operative bone length
within each group. The control group showed a substantial
reduction in bone length from pre-operative (10.80) to post-
operative (8.82). The difference of 1.98 is statistically
significant (p < 0.001). The test group also showed a reduction
in bone length from pre-operative (10.88) to post-operative
(9.63). The difference of 1.25 is also statistically significant (p <
0.001). Both groups experienced a statistically significant
reduction in bone length from pre-operative to post-operative
measurements. However, the magnitude of the decrease was
much larger in the control group compared to the test group.
Table 5 compared the mean difference in bone length of the
test and control groups at two distinct time points: pre-
operative and post- operative. The mean pre-operative bone
length difference between the two groups is 0.08 mm less
than post-operative, but the difference is statistically non-
significant. The mean post-operative bone length is -of both
groups is -0.81 mm, which is higher than the preoperative
bone length, but the difference is statistically nonsignificant.
Table 6 compared the percentage change in bone length
between the test and control groups. The control group
experienced a mean decrease in bone length of 18.66%,
whereas the test group also saw a mean decrease in bone
length of 11.75%. Since 0.001 is less than the significance level
of 0.05 (p < 0.05), the difference in the percentage change in
bone length between the two groups is considered statistically
significant. This table provides strong evidence that the
intervention or condition in the control group led to a
significantly greater percentage decrease in bone length
compared to the test group.

Table 1: Demographic details

Variable Category  Control group  Test group

Age (in years) - 44.84 +£9.21 49.38 +9.64
Male 12 (48%) 13 (52%)

Gender Female 13 (52%) 12 (48%)

Table 2: Comparison of plaque index between the test and control groups

Group Mean plaque SD Difference  z- p-
index value value

Test group 1.4 0.96

Control -0.84 -2.933 0.003*

group 2.24 0.97

Mann-Whitney test; * indicates a significant difference at p<0.05

Table 3: Comparison of probing depth between the test and control groups

Mean z- value
probing

depth

Group SD  Difference p-value
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Test group 1.96 1.1
Control group -1.48 -3.803 <0.001*
3.44 1.3

Mann-Whitney test; * indicates a significant difference at p<0.05

Table: 4 Comparison of pre-operative and post-operative bone length within each

group
Pre- Post-
operative operative
Group Mean SD Mean SD Diffe  z- P-
rence  value value
Control 10.8 1.84 882 1.8 1.98 -4.421 <0.001*
group
Test 10.88 1.87 9.63 185 125 -4.399 <0.001*
group

Wilcoxon signed test; * indicates a significant difference at p<0.05

Table 5: Comparison of pre-operative and post-operative mean difference of both

groups
Control Test

Group Mean SD Mean SD  Difference z- P-
value value

Pre- 10.8 1.84 1088 187 -0.08 -0.06 0.982

operative

Post- 8.82 1.8 9.63 1.85 -0.81 -1.447  0.148

operative

Mann-Whitney test

Table 6: Comparison of the change in bone length (%) between the test and control

groups
Group Mean SD  Difference  z-value  p-value
Control group  18.66  4.85

Test group 11.75 274 691 4.567 <0.001*

Mann Whitney test; * indicates a significant difference at p<0.05

Discussion:

Tooth loss, which can result from periodontal disease, dental
caries, or trauma, poses significant challenges in maintaining
oral health. The replacement of lost teeth with dental implants
has become a crucial method in modern dentistry, as it
restores both function and aesthetics [12]. Dental implants not
only offer the benefit of preserving adjacent natural teeth but
also significantly improve a person's appearance, self-esteem
and overall quality of life. The success of dental implants,
however, depends on achieving osseointegration the process
where bone directly bonds with the implant surface, ensuring
stability and long-term functionality [13]. Osseointegration is a
critical factor for the success of dental implants. It ensures that
the implant remains stable under the functional forces of
chewing. However, this process is influenced by several
factors such as the quality of the bone, the material and surface
properties of the implant and the surgical techniques used
[14]. Additionally, systemic conditions like diabetes and
osteoporosis can interfere with bone healing and
osseointegration. Proper understanding of osseointegration
mechanisms and how they are affected by these factors is
crucial for optimizing clinical outcomes [15]. The formation of
a fibrin matrix at the bone-implant interface serves as a
scaffold for osteoprogenitor cells, which eventually
differentiate into osteoblasts. These osteoblasts deposit
hydroxyapatite crystals, which mature into lamellar bone over
approximately 12 weeks [16]. Successful osseointegration also
depends on the surface characteristics of the implant, with
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titanium alloys, especially Ti-6Al-4V, being the most
commonly used materials due to their biocompatibility and
ability to support bone growth. However, implant failures can
often be traced back to insufficient knowledge of prosthesis
management, including poor oral hygiene [17]. Microbial
biofilms, especially those that form around implants, are a
leading cause of peri-implant diseases such as peri-implantitis.
Bacterial colonization on implant surfaces begins soon after
placement and by four weeks, a complete subgingival
microbial community is established [18]. Peri-implant diseases,
including mucositis and peri-implantitis, are caused by the
accumulation of plaque, with the latter condition leading to
inflammation and bone loss. Studies have shown that bacterial
colonization can increase the risk of peri-implantitis, which is
marked by inflammation, bleeding on probing and progressive
bone loss [19]. In this context, the importance of regular and
effective oral hygiene cannot be overstated. Studies by Eagle et
al. (2025) [20] emphasized the role of mechanical plaque
control, such as the use of powered or manual toothbrushes, in
preventing peri-implant mucositis and peri-implantitis.
Furthermore, the use of interdental aids like interdental
brushes and oral irrigators has been shown to enhance plaque
removal from hard-to-reach areas around implants. These
aids, when combined with traditional brushing, significantly
reduce plaque accumulation and inflammation, thus
contributing to improved peri-implant health. In the present
study, the test group, which received enhanced oral hygiene
instructions including the use of interdental brushes, floss and
oral irrigators showed significantly lower plaque index scores
compared to the control group. This result suggests that
enhanced oral hygiene, particularly the use of interdental aids,
plays a critical role in reducing plaque buildup around dental
implants. The control group, which received conventional oral
hygiene instructions, exhibited a higher plaque index,
indicating that a more basic oral care routine may not be
sufficient to manage plaque in the presence of dental implants.
Another key parameter evaluated in the study was probing
depth (PPD), which is an indicator of gingival inflammation
and potential implant complications. The control group
exhibited a significantly higher probing depth compared to the
test group, suggesting that the enhanced oral hygiene regimen
helped prevent the progression of peri-implant mucositis to
peri-implantitis. This finding aligns with studies by
Ramanauskaite et al. (2020) [21] who highlighted the
importance of regular maintenance and the use of adjunctive
therapies like chlorhexidine mouthwashes in reducing probing
depth and bleeding on probing. Marginal bone loss (MBL) is
another important indicator of implant success. In this study,
the control group experienced a greater reduction in bone
height compared to the test group, which had a smaller
percentage of bone loss. This difference can likely be attributed
to the more through and consistent oral hygiene protocol
followed by the test group, which may have reduced the
microbial load and inflammation around the implant, thus
preserving the surrounding bone. The reduction in bone
height in the control group suggests that inadequate oral
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hygiene and failure to maintain proper oral care can accelerate
marginal bone loss [22]. In summary, the findings of this study
confirm that enhanced oral hygiene instructions, including the
use of interdental aids, play a significant role in improving
clinical outcomes for dental implants. Regular maintenance,
proper plaque control and professional scaling and root
planing help reduce plaque accumulation, probing depth and
marginal bone loss, thereby enhancing the longevity and
success of dental implants. As noted by previous studies, a
rigorous oral hygiene regimen, combined with professional
care, is essential for preventing peri-implant diseases and
ensuring the long-term success of osseointegrated implants.

Conclusion:

Plaque index is reduced more significantly in the test group
compared to the control group. A greater reduction in probing
depth is observed in the test group compared to the control
group. Control group and test group showed significant
reduction in bone length from pre-operative to post-operative,
but the magnitude of decrease was larger in the control group

compared to the test group.

References:
[1] Kaurani P et al. BMC Oral Health. 2024 24:838. [PMID:
39049002]
[2] Alshehri MD et al | Family Med Prim Care. 2021 10:307.
[PMID: 34017745]
[3] Awawdeh M et al. Cureus. 2024 16:51793. [PMID:
38322077]
Alageel O et al. | Prosthet Dent. 2020 124:357. [PMID:
31810612]

[4]

©Biomedical Informatics (2026)

[5] Vladutu DE et al. | Clin Med. 2026 15:1471. [PMID:

41753157]

Bentour E et al. Dent | (Basel). 2025 13:99. [PMID: 40136727

Sartoretto SC et al. | Funct Biomater. 2023 14:142. [PMID:

36976066]

Perussolo ] & Donos N. Br Dent J. 2024 236:781. [PMID:

38789755]

Nayyar A et al. Oral Sphere ]. Dent. Health Sci. 2026 2:47.

[DOI: 10.63150/ 0sjdhs.2026.08]

[10] Kang B et al. | Periodontal Implant Sci. 2025 55:273. [PMID:
40047185]

[11] Aratjo TG et al. Braz Dent J. 2024 35:246178. [PMID:
39476119]

[12] Miiller-Mundt G et al. BMC Oral Health. 2025 25:705.
[PMID: 40348998]

[13] Taban M et al. Eur | Transl Myol. 2023 33:11727. [PMID:
37990970]

[14] Pandey C et al. Biomed Res Int. 2022 2022:6170452. [PMID:
35747499]

[15] ChenJ et al. Theranostics. 2024 14:3859. [PMID: 38994021]

[16] Percival KM et al. Int | Mol Sci. 2024 25:6012. [PMID:
38892199]

[17] Tchinda AP et al. Materials 2022 15:1018. [PMID: 35160961]

[18] De Campos Kajimoto N et al. Dent | (Basel). 2024 12:299.
[PMID: 39452426]

[19] Scarano A et al. | Funct Biomater. 2023 14:210. [PMID:
37103300]

[20] Eagle IT et al. Front Oral Health. 2025 6:1657025. [PMID:
41487703]

[21] Ramanauskaite E et al. Oral Health Prev Dent. 2020 18:889.
[PMID: 33215481]

[22] D'Ercole S et al. | Clin Med. 2020 9:284. [PMID: 31968610]

- - I

[6]
[7]

8]
[9]

Caveat Emptor is applicable among the literate community where
required and possible. The publisher, its journal, editors and the
internal/external reviewers take adequate steps to check, evaluate, correct,
edit, revise and improve content where possible and required.

4345



