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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) – regularly 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 0,47±0,18 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, 

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)×100%. 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). IHI was calculated as the sum of 
points divided by the number of crowns. An IHI 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 c2 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 IHI 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 IHI 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 IHI was significantly higher af-
ter 12 months of follow-up compared to groups 1 
and 2 (Table 1).

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 9 months 12+ months

Group 1 
(n=22)

0.89±0.34 0.75±0.26 0.81±0.28 0.83±0.24**,***

Group 2 
(n=19)

0.59±0.27* 0.47±0.18* 0.51±0.21* 0.58±0.16*,***

Group 3 
(n=7)

- - - 1.36±0.49*,**

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.А, 4.В and 4.C).
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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) Group 2 (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 РD

3 months 6 months 9 months ≥12 months

Group 1  
(n=22)

2.55±0.54 2.45±0.53 2.44±0.54 2.36±0.49

Group 2  
(n=19)

2.45±0.43 2.37±0.41 2.33±0.46 2.28±0.47

Group 3  
(n=7)

- - - 2.56±0.51

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.

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

Groups SPT

3 months 6 months 9 months ≥12 months

Group 1  
(n=22)

0.73±1.06 0.55±0.79 0.45±0.70 0.64±0.93

Group 2  
(n=19)

0.53±0.83 0.42±0.66 0.32±0.53 0.42±0.66

Group 3  
(n=7)

- - - 2.29±2.12

ВОР

Group 1  
(n=22)

1.99±3.43 1.14±2.07 1.76±3.04 1.59±2.63**,***

Group 2  
(n=19)

1.64±2.94 0.99±1.87 1.32±2.35 1.32±2.35*,***

Group 3  
(n=7)

- - - 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 3. Percentage of patients with different levels of hygiene (Good/
Satisfactory/Unsatisfactory) around implants after 12 months of follow up.

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.  
С. 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. 
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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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Обгрунтування динамічного моніторингу 
та застосування різних видів засобів 
індивідуальної гігієни ротової порожнини 
в пацієнтів із компенсованою формою 
цукрового діабету 2-го типу при протезуванні 
незнімними конструкціями з опорою на 
імплантати
У.Р. Василишин, В.С. Скібіцький
Національний медичний університет ім. О.О. Богомольця

Резюме. Цукровий діабет значною мірою сприяє периімплантним захворю-
ванням, навіть із добре контрольованою формою цукрового діабету 2-го типу 
пацієнти є в зоні  підвищеного ризику. Оскільки гігієна ротової порожнини має 
вирішальне значення для функціонування імплантату, план профілактичного 
догляду з регулярним контролем, професійною гігієною та ефективні 
щоденні гігієнічні засоби є необхідною умовою довгострокових результатів 
імплантації. Мета дослідження – підвищення ефективності ортопедичного 
лікування пацієнтів із компенсованою формою цукрового діабету 2-го типу 
незнімними супраконструкціями з опорою на внутрішньокісткові імплантати 
шляхом оптимізації подальшого догляду та підбору індивідуальних засобів 
гігієни порожнини рота. Матеріал і методи. У дослідженні брали участь  
48 пацієнтів із частковою втратою зубів віком від 28 до 57 років із компенсо-
ваною формою цукрового діабету 2-го типу, які зверталися до Національного 
медичного університету ім. О.О. Богомольця впродовж 2021-2023 років із 
метою протезування на внутрішньокісткових імплантатах. Усі суб’єкти от-
римали рекомендації з гігієни порожнини рота та підлягали подальшому 
догляду та моніторингу через 3, 6, 9 та 12 місяців для виявлення візуальних 
ознак периімплантату, а також визначення тесту SPT, PD, BOP, MBL, IHI. Згідно 
з дотриманням рекомендацій пацієнти були поділені на 3 групи: група 1 
(n=22) – регулярно приходили на повторні огляди, застосовували механічну 
зубну щітку і міжзубні засоби гігієни, інші засоби використовували епізодично; 
група 2 (n=19) – регулярно приходили на повторні огляди, застосовували 
всі рекомендовані засоби особистої гігієни, включаючи ультразвукову щітку 
та іригатор; група 3 (n=7) – на повторний огляд з’явилися через 12 місяців 
і більше, були помилки в догляді. Результати. Через 3 місяці в пацієнтів 1 
групи середнє значення IHI становило 0,89±0,34, у пацієнтів 2 групи IHI зни-

зився до 0,59±0,27, через 6 місяців відповідно 0,75±0,26 і 0,47±0,18. Найкращі 
значення IHI були зафіксовані в 6-місячний період спостереження. Серед 
пацієнтів усіх груп не було статистично значущої різниці в показниках SPT, 
PD, BOP, MBL. Висновки. Використання ультразвукової щітки та іригатора по-
казало статистично значуще покращення гігієнічних показників порівняно з 
ручною щіткою. Регулярний професійний догляд із періодичністю кожні три 
місяці протягом першого року після протезування з опорою на імплантати 
забезпечує тривалий успіх імплантації та периімплантне здоров’я в пацієнтів 
із контрольованим цукровим діабетом 2-го типу.
Ключові слова: цукровий діабет 2-го типу, незнімні супраконструкції з опо-
рою на імплантат, індивідуальні засоби гігієни порожнини рота, периімплант.
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