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and use of different types of
individual oral hygiene means
In patients with compensated
form of type 2 diabetes
mellitus during prosthetics
with implant-supported fixed
superstructures

Bogomolets National Medical University

Abstract. Diabetes mellitus significantly contributes to peri-implant diseases, with even well-controlled type 2 diabetic patients
at higher risk. Oral hygiene is crucial for implant success, making a preventive care plan with regular monitoring, professional
cleaning, and effective daily hygiene products essential for long-term implant outcomes. The aim of the study was to improve
the effectiveness of orthopedic treatment for patients with a compensated form of type 2 diabetes mellitus (T2DM) undergoing
prosthetics with implant-supported fixed superstructures by optimizing follow-up care and the selection of individual oral
hygiene means. Material and methods. This study included 48 partially edentulous patients aged 28 to 57 years who applied
to the Bogomolets National Medical University between 2021 and 2023 for prosthetics on endosseous implants and were
diagnosed with a compensated form of T2DM. All subjects received oral hygiene instructions and participated in maintenance
and follow-up exams at 3, 6, 9, and 12 months to identify visual signs of peri-implant inflammation, also the Schiller-Pisarev
test (SPT) Probing Depth (PD), Bleeding On Probing (BOP), Marginal Bone Loss (MBL); oral hygiene and the level of plaque
control were assessed using the Implant Hygiene Index (IHI). Patients were divided into 3 groups based on compliance with
recommendations: group 1 (n=22) — reqularly came for examination, used a mechanical toothbrush and interdental hygiene
products, with other means used, occasionally; group 2 (n=19) — regularly came for examination, all recommended personal
hygiene products were used, including an ultrasound brush and an irrigator; group 3 (n=7) — for re-examination appeared after
12 months or more, there were errors in care. Results. After 3 months the average value of the IHI was 0,89+0,34 in patients of
group 1,in patients of group 2 the IHI decreased and became 0,59+0,27, after 6 months — 0,75+0,26 and 0,4740,18 respectively.
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The best IHI values were recorded after 6-month examination period. There was no statistically significant difference in SPT,
PD, BOP, MBL among patients in all groups. Conclusions. The use of an ultrasonic brush and irrigator showed a statistically
significant improvement in hygiene performance compared to a manual brush. Regular professional maintenance with a recall
periodicity of every 3 months during the first year after implant restoration ensures long-term implant success and peri-implant

health in patients with controlled T2DM.

Keywords: type 2 diabetes mellitus, implant-supported fixed superstructures, individual oral hygiene means, peri-implant.

Despite advancements in healthcare and the de-
velopment of preventive programs and new dental
technologies, partial edentulism remains a critical
issue in modern dentistry and medicine as a whole.
Statistics indicate a progressive rise in tooth loss,
with prevalence rates ranging from 40% to 84.5%,
depending on region and research methodology [1].
Currently, the preferred approach in prosthetic den-
tistry for dental arch defects is implant-supported
prosthetics, offering effective, long-term dental reha-
bilitation [2], according to the World Health Organ-
ization, is aimed at achieving an optimal standard of
living (QoL — quality of life) and allows achieving
a highly aesthetic and functional treatment results.
The rise in dental implants has led to more implant
failures, threatening long-term prosthetic success
due to inflammatory responses, such as mucositis, in
the surrounding soft tissues [3, 4].

Peri-implant mucositis is defined as an inflam-
mation of the peri-implant soft tissues with BOP,
without loss of supporting bone, with or without
increased PD and with visual signs of inflammation
[5]. Untreated peri-implant mucositis can progress
to peri-implantitis with progressive soft tissue and
bone loss [6]. A significant factor in this process
is the presence of specific pathogenic microorgan-
isms in the peri-implant sulcus, which, combined
with inadequate oral hygiene and biofilm buildup,
instigates early inflammatory reactions and can ul-
timately lead to implant rejection [6, 7]. Implant
health checks include probing depth, bleeding on
probing, evaluation of prosthetic/abutment com-
ponents, implant stability, occlusion, and signs of
disease activity (e.g., pain) [8].

Numerous clinical studies, systematic reviews,
and meta-analyses have identified various risk indi-
cators for peri-implant mucositis and peri-implanti-
tis [9]. Diabetes mellitus is a significant factor con-
tributing to these conditions, with an estimated rise
in affected people from 537 million in 2021 to 783
million by 2045 [10]. T2DM, accounting for over
90% of cases globally and with 45% undiagnosed,
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impairs tissue regeneration and slows recovery,
leading to infected, non-healing wounds and seri-
ous dental and gum diseases [11, 12].

Dental implants were previously avoided in
diabetic patients due to concerns about delayed
healing and complications [13]. However, research
shows that implantation is feasible in compensat-
ed diabetes, where blood sugar remains normal for
2-3 months or more [14]. The results of the studies
demonstrate that even with well-controlled glyce-
mia, patients with T2DM are still at a higher risk
of developing peri-implant diseases [15]. This sug-
gests that, despite effective management of blood
sugar levels, individuals with T2DM remain more
susceptible to complications around dental im-
plants compared to non-diabetic individuals [16].

That is why, to achieve success in servicing
structures based on dental implants in patients with
T2DM, a team of specialists is required to carry out
professional preventive procedures for implant care
[17]. Special attention should be paid to the plan-
ning stages, the dental implantation itself, the de-
sign of the prosthetic structure, and the choice of
materials [18].

Oral hygiene is essential for the success of dental
implants and managing metabolic and inflamma-
tory processes in patients with T2DM [8, 19, 20].
Studies show that consistent oral hygiene can help
reduce hyperglycemia and improve peri-implant
tissue health [21]. Regular maintenance visits, in-
cluding professional cleaning, evaluation of clinical
parameters, radiographs, and proper home care, are
key to ensuring implant longevity by lowering bac-
terial levels and reducing the risk of peri-implant
complications, ultimately promoting better clinical
outcomes [22].

The study authors emphasize the effectiveness
of oral hygiene practices, including the use of var-
ious brushing techniques and specialized tools for
brushing. Interproximal cleaning, mouthwashing,
etc., should be highlighted to promote the long-
term success of the implant and its restoration. Pa-
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tient education and motivation play vital roles in
preventing complications and maintaining implant
stability over time [23, 24]. This is why a well-de-
signed preventive care plan, which includes regu-
lar monitoring with professional cleaning and the
selection of effective personal hygiene products for
daily use, is a key factor in ensuring the long-term
success of dental implants.

The aim of the study was to improve the effec-
tiveness of orthopedic treatment for patients with a
compensated form of T2DM undergoing prosthet-
ics with implant-supported fixed superstructures
by optimizing follow-up care and the selection of
individual oral hygiene means.

Material and methods

The study protocol was approved by the Eth-
ic Committee of the Bogomolets National Medi-
cal University (Protocol number 188, 28 October
2024). Parcipitans gave their informed consent
during the primary data collection.

This study included 48 partially edentulous pa-
tients aged 28 to 57 years who applied to the De-
partment of Prosthetic Dentistry at Bogomolets
National Medical University between 2021 and
2023 for prosthetics on endosseous implants and
were diagnosed with diabetes. Given evidence of
the impact of stress factors, including the ongoing
war in Ukraine, on blood glucose levels and oral
health in diabetic patients, this study focused on
patients with a compensated form of T2DM (glyco-
sylated hemoglobin HbA1c¢ remained stable within
6.0% during the study period) [25].

Patients received 143 bone-level implants load-
ed using a two-stage approach, with osteointegra-
tion extended by 5-6 weeks. Professional and indi-
vidualized oral hygiene training was provided be-
fore placing gum formers, extending gum contour
shaping with standard or customized formers. Pros-
thetics included first-type fixed dentures on dental
implants, replicating natural tooth crowns, crafted
from zirconium dioxide and secured with screw fix-
ation on standard titanium abutments [26, 27].

All subjects were given a standardized basic
oral hygiene instruction, contained a description
of the «Bass» brushing technique using ultrasound
and mono-beam ultrasound brushes. Patients were
instructed to use an oral irrigator once a day with
50 mL of water after toothbrushing and interprox-

imal cleaning in the evenings around the implants,
using interdental hygiene products such as floss
and interdental brushes. All patients returned for
follow-up examinations and data collection after
3, 6,9, and 12 months. In accordance with the rec-
ommendations, the patients were divided into 3
groups: group 1 (n=22) — regularly came for exam-
ination every 3 months, used a mechanical tooth-
brush and interdental hygiene products, with other
means used, occasionally; group 2 (n=19) — regu-
larly every 3 months came for examination, all rec-
ommended personal hygiene products were used,
including an ultrasound brush and an irrigator;
group 3 (n=7) — for re-examination appeared after
12 months or more, there were errors in care.

The follow-up visits included the measurement
of clinical data, professional oral hygiene, rein-
struction, and remotivation. Periodontal /peri-im-
plant maintenance program included full-mouth
scaling on teeth and implant surfaces with an ul-
trasonic scaler and plastic tips for implant hygiene,
air polishing with a Kavo Prophyflex 4 handpiece
using glycine, manual instruments such as plastic
curettes, and polishing with cups and brushes with
paste, if necessary. During follow-up exams were as-
sessed oral hygiene, plaque control and visual signs
of peri-implant inflammation. Evaluations included
PD, BOP, occlusion monitoring and radiographic
examination. A baseline periapical radiograph was
taken before the installation of gum formers to
determine the levels of crestal bone for prospective
radiographic assessments. MBL was evaluated in pa-
tients who had suspected peri-implant mucositis and
recorded in millimeters on peri-apical radiographs.
Clinical data were measured at four sites around the
implant (mesio-buccal, disto-buccal, mesio-lingual,
disto-lingual) [28]. The following clinical param-
eters were assessed: (a) PD in mm using a standard
probe (Perio probe 549/4 Medesy CP15 UNC) from
the mucosal margin to the bottom of the sulcus; (b)
BOP - positive sites, evaluated by the presence or ab-
sence of bleeding within 30 seconds after probing, and
presented as mean percentages per individual using
the formula BOP = (number of bleeding points/num-
ber of measurement points)x100%. The hygiene index
of implant-supported superstructures was assessed
using the IHI, modified based on the Green-Vermil-
lion index (Debris index) [29]. Plaque presence on
the abutment and crown was visually assessed af-
ter staining with biphasic dye (Paroplak). The scale
ranged from 0 (no plaque) to 3 (plaque covering one-
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third of the crown). THI was calculated as the sum of
points divided by the number of crowns. An THI of 0—
0.6 (low) indicated good hygiene in the implant site;
0.7—1.6 (average) — satisfactory; 1.7-2.5 (high) — un-
satisfactory; and >2.5 (very high) — poor hygiene.

The gum condition around implants was assessed
visually (local swelling, redness, shininess, altered
contour, fistulas) and with the SPT using Lugol’s
solution to detect glycogen, which increases dur-
ing inflammation. The test was interpreted visually
or numerically: no color change (negative), yellow
(slightly positive), brown (positive). Quantitative-
ly, SPT was scored with Svrakov’s iodine number:
0 (straw-yellow), 2 (brown papilla), 4 (brown gingi-
val margin), 8 (brown alveolar gums).

Statistical data analysis was conducted using the
statistical package R v. 4.3.2 (EZR). To assess the
normality of data distribution, Pearson’s y? criteri-
on was applied. Statistical processing of the results
included the following indicators: for parameters
with a normal distribution: mean (M), standard de-
viation (SD), and one-way ANOVA analysis with a
95% confidence interval; for parameters with a dis-
tribution different from normal: mean (M), medi-
an error (ME), and nonparametric Kruskal-Wallis
analysis with a 95% confidence interval. P-values
<0.05 were considered statistically significant.

Results and discussion

In the study of the level of hygiene in patients of
groups 1 and 2, it was established that at 3, 6,9 and
12 months follow-up IHI was significantly higher
among patients in group 1 as compared to group 2
(Table 1). Higher THI in group 1 indicates a worse
state of hygiene around the implants. It can be con-
cluded that the use of irrigator and ultrasonic brush
has contributed to a decrease IHI compared to per-
sons who did not use these devices.

The best THI values were recorded at the
6-month examination, which may suggest increased
patient motivation following their first follow-up
visit after 3 months, when the hygienic state of
their teeth and implants was demonstrated using
dyes (Figures 1, 2).

We have the opportunity to compare the indi-
cators of patients in group 3 only at the 12-month
mark, as their data are missing from previous stud-
ies. In group 3, the THI was significantly higher af-
ter 12 months of follow-up compared to groups 1
and 2 (Table 1).
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Table 1. The results of the study on the hygiene of implant-supported
superstructures using the IHI (M+SD)

Groups IHI

3 months 6 months 9months 12+ months
Group 1 0.89+0.34 0754026  081+0.28  0.83+0.24%****
(n=22)
Group2  059+027%  04740.18% 0.51+£021%  0.58+0.16%***
(n=19)
Group3 - - - 1.36+0.49%**
(n=7)

Note. * — p<0.05 compared to group 1, ** - p<0.05 compared to group 2,
**¥* —p<0.05 compared to group 3.

Figure 1. After the 3-month follow-up, a patient from group 2 with im-
plant-supported crowns on teeth 25, 26, and 36 had an IHI of 1,7; indicat-
ing an unsatisfactory level of hygiene at the implant site.

Figure 2. After the 6 months’ follow-up, the same patient from group 2.
IHI=0.9, satisfactory hygiene level at the implant site.

When comparing groups 1, 2, and 3 in terms of
the percentage of patients with different hygiene
levels after 12 months of follow-up, we can con-
clude that there is a tendency for an increase in the
number of patients with a good level of hygiene in
group 1, with the maximum in group 2, compared
to group 3. In contrast, group 3 shows a higher per-
centage of patients with satisfactory and unsatis-
factory hygiene levels (Figure 3).

The decrease in clinical BOP and SPT in group 2
compared to group 1 after 3, 6, and 9 months and sig-
nificant predominance of the indicator SPT in group
3 compared to groups 1 and 2 after 12 months of
follow-up is statistically insignificant (p>0.05) and
may indicate the need for longer follow-up or the in-
volvement of a larger sample of patients (Table 2).

However, higher values of SPT correlated with
visual signs of peri-implant mucositis — local swell-
ing, redness and shininess of the soft tissue surface
(Figures 4.A, 4.B and 4.C).
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Figure 3. Percentage of patients with different levels of hygiene (Good/
Satisfactory/Unsatisfactory) around implants after 12 months of follow up.

Table 2. The results of the study of the SPT and BOP

Groups SPT

3months 6 months 9months >12months
(Gnrfggﬂ 073106 055£079 045:070 0.64+093
(Gnrf#g)z 053083 042066 0324053 042+066
Group 3
) - - - 2294212

BOP

Group | 1994343 1144207 1764304  1.50£2.63%%%%
(n=22)
fnrf:*g)z 1644294  099+187 1324235 1324235%%
Group 3 * %
) 8.04+9.18

Note. * — p<0.05 compared to group 1, ** — p<0.05 compared to group 2,
*¥¥* — p<0.05 compared to group 3.

Figure 4. A. After 3 months, the patient from group 2. Slightly positive
reaction of SPT, with Svrakov’s iodine number = 4. B. After 6 months, the
patient from group 2. Negative test of SPT, with Svrakov’s iodine number = 2.
C. After 6 months, the same patient from group 2. Visual signs of peri-im-
plant mucositis are missing.

Since the p-value is <0.05 in the case of the study
BOP at 12 months, we can conclude that there is
an effect of compliance with all recommendations
and the use of an irrigator and ultrasound brush on
means of BOP.

Analysis of the percentage of patients with existing
signs of peri-implant mucositis at 12 months shows
an increase of 6.2% of patients with these signs in the
group 1, not using an ultrasound brush and irrigator
compared to group 2, whose patients use all recom-
mended hygiene products, and a more than two-fold
increase in the percentage of individuals with mucosi-
tis in group 3 who did not follow the recommenda-
tions and monitoring schedules (Table 3).

Table 3. The percentage of patients with existing signs of peri-implant
mucositis and positive SPT at 12 months, n (%)

Category  Group 1(n=22) Group2(n=19) Group 3 (n=7)
Yes 6 (27.30%) 4(21.10%) 4(57.10%)
No 16 (72.70%) 15 (78.90%) 3 (42.90%)

At 3, 6,9 and 12 months of follow-up, there was
no statistically significant difference in peri-im-
plant PD among all groups (Table 4).

Table 4. The results of the study of PD

Groups PD

3 months 6 months 9months =12 months
Group 1 2.55+0.54 2454053 2444054  236+049
(n=22)
Group 2 2.45+043 2374041 233046  2.28+047
(n=19)
Group 3 - - - 2.56+0.51
(n=7)

There was no statistically significant difference in
peri-implant MBL among patients in all groups due
to inflexible sampling, and the values were within
2 mm at the 12-month follow-up, excluding 2 pa-
tients from group 3. These patients showed gingival
margin hyperemia and bleeding around the implant,
with a bone pocket and MBL of 2,5-4,5 mm. Ad-
ditionally, exacerbated chronic periodontitis and
supra- and subgingival deposits resulted in a high
hygiene index, indicating poor oral hygiene.

Conclusions

This study demonstrated an increase in the level
of implant hygiene with the integrated application
of all cleaning products and interpoximal hygiene.
However, the use of ultrasonic brush and irrigator
showed a statistically significant improvement in
hygiene performance compared to a manual brush.
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At the same time, a higher percentage of people
with poorer oral hygiene and in particular implants, as
well as with visual signs of peri-implant mucositis in
the group that did not comply with the recommended
monitoring deadlines, indicates the need for regular
professional maintenance, with recall appointments
every 3 months for the first year after implant resto-
ration. Maintenance should be consistent and involve
an evaluation of the restoration and surrounding tis-
sues, followed by professional cleaning of prostheses,
implants, and abutments. Additionally, it should in-
clude updated instructions to enhance the patient’s
home care routine, by remotivating the patient ensur-
ing long-term implant success and tissue health.

Despite these findings, more long-term,
well-controlled clinical studies are necessary to
better define the relationship between oral hygiene
levels and peri-implant health in patients with con-
trolled T2DM, particularly when using multiple
oral hygiene devices. Such research would provide
clearer insights into how specific hygiene practices
impact on implant success in this population.
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Ta 3aCTOCYBAHHA pi3HNX BMAiB 3acobis
IHAMBIAYaNbHOI FIriEH POTOBOI MOPOKHNHN

B NALIEHTIB I3 KOMNEHCOBAHO POPMOLD
LyKpoBoro fiaberty 2-ro Tuny npn npoTe3yBaHHi
HE3HIMHUMM KOHCTPYKUIAMYN 3 ONOPOI0 Ha
iMnnaHTaT

Y.P. BacunuwuH, B.C. CKi6iubKuin
HauioHanbHnint MeanyHmi yHisepcuteT iM. O.0. boromonbua

Pe3tome. LlyKpoBuii fiabeT 3HauHOI0 MipOI0 CMIPYIAE NepUiMMAAHTHYIM 3axBOPIO-
BaHHAM, HaBITb i3 JOOPE KOHTPO/bOBaHOID GOPMOIO LIYKPOBOTO AiabeTy 2-ro Tuny
MaLIEHTV € B 30Hi NiBYLLEHOTO pr3iKy. OCKiNbKM rifieHa POTOBOI MOPOXHVHM Ma€e
BMpiLLANbHE 3HaYeHHA 1A QYHKUIOHYBaHHA IMMAaHTATY, NaaH NpodinakTYHOro
LOMAY 3 PErynApHUM KOHTpOMeM, MpodeciiiHo TirieHo Ta edeKTVBHI
WOAEHHI TirieHiuHi 3acobu € HeobXiaHOI0 YMOBOIO JOBFOCTPOKOBYIX PE3yNbTaTia
iMnnaHTauii. MeTa BoCnigKeHHA — NiABULLEHHA eQeKTUBHOCTI OPTONeANYHOro
NiKyBaHHA NALlIEHTIB 13 KOMMEHCOBAHOIO GOPMOIO LIYKPOBOTO AiabeTy 2-ro Tuny
HE3HIMHVIMM CYNPAKOHCTPYKLIAMM 3 OMOPOI0 Ha BHY TPILLIHBOKICTKOBI iMMIaHTaT/
LWNAXOM OMTUMI3aLi NoAanbLIOro AoMmAaY Ta Niadopy iHAMBIAyanbHMX 3acobis
ririeHn NopoXHVHM poTa. MaTepian i meTogu. Y AocrimKeHHi Opann yyacTb
48 naLlieHTiB i3 YaCTKOBOK BTPATOK 3y6iB BiKOM Bifl 28 10 57 POKIB i3 KOMMEHCO-
BaHOI0 GOPMOIO LIYKPOBOTO AiabeTy 2-ro Ty, AKi 38epTanuca Ao HaujoHanbHoro
menmuHoro yHisepcutety im. O.0. boromonbua 8npogosx 2021-2023 pokis i3
METOI0 NPOTe3yBaHHA Ha BHYTPILUHGOKICTKOBYX iMMnaHTatax. Yci cyb'ektn oT-
pyIManyi pekomeHaauii 3 ririeHn NopOXHWUHM POTa Ta NifAranM Noganbliomy
JOrNAZY Ta MOHITOPUHIY Yepe3 3, 6, 9 Ta 12 MICALIB 114 BUABNEHHA Bi3yaNbHNX
03HaK MepuiMMAaHTaTy, a Takox Br3HaueHHa TecTy SPT, PD, BOP, MBL, IHI. 3rigHo
3 [JOTPMMAHHAM peKoMeHaaLlii nauienTy Gynu nogineri Ha 3 rpynu: rpyna 1
(n=22) — perynapHoO NPUXOAMNM Ha MOBTOPHI OrNAAM, 33CTOCOBYBANMN MEXaHIUHY
3yOHy LWITKY | MiX3yOHI 3aC00U ririeH, IHLWI 3aCO6K BUKOPUCTOBYBANH €Mi30ANUHO;
rpyna 2 (n=19) — perynAapHO NPYXoAMAM Ha NOBTOPHI OFNAAN, 33aCTOCOBYBANM
BCi peKOMeH/0BaHi 3aCo0K 0COBKCTO TiriEHM, BKUAKOUM YTPA3BYKOBY LLITKY
Ta ipuratop; rpyna 3 (N=7) — Ha NOBTOPHWIA OrAx 3'ABMACA Yepe3 12 micAuiB
i Ginblue, bynu nomunki 8 aornAai. Pesynbratn. Yepes 3 wmicAui B nauieHTis 1
rpynu cepeaHe 3HaueHHs IHI cranosnno 0,89+0,34, y nauieHTis 2 rpynu IHI 3Hu-

3vBcA 1o 0,59+0,27, yepes 6 micAuiB BianosiaHo 0,75+0,26 1 0,47+0,18. Haikpatwi
3HaueHHa IHI bynn 3adikcosaHi B 6-MicAUHMIA Nepiod crnocTepexerHa. Cepen
naLieHTiB ycix rpyn He Oyno CTaTUCTAYHO 3HaJyLIOl Pi3HNLI B NOKa3HMKax SPT,
PD, BOP MBL. BucHoBKM. BrkopurcTaHHA ynsTpa3ByKoBOI LLiTKM Ta ipuratopa no-
Ka3arno CTaTVCTUYHO 3HauyLLIe MOKPALLEHHA TireHIYHIX MOKA3HUKIB MOPIBHAHO 3
PyuUHoIO WiTKOO. PerynapHmii npodeciiHmii AornAg, i3 NepioaUUHICTIO KOXHI TpK
MICALLi MPOTATOM MEepLIOro POKY MiC/A NPOTe3yBaHHA 3 OMOpPOI0 Ha IMMaHTaTh
3abe3neuye TpUBaNMiA yCrix iMnnaHTaLi Ta nepuiMnaaHTHe 300POB'A B NaLliEHTIB
i3 KOHTPOMBOBAHMM LIKPOBYM AiabeToM 2-70 TUMy.

KniouoBi cnoBa: LykpoBuii iabeT 2-ro Tvny, He3HIMHI CynpakoHCTPYKLT 3 orno-
POI0 Ha IMMAGHTAT, iHAVBIYyanbHi 3aco6V ririEHM MOPOXHUHYM POTa, NEPYIMMNIAHT,
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