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The dental implant treatment method is being actively introduced 
into dental practice in the Russian regions, particularly in the 
sectoral healthcare institutions [1–4]. The experience of using 
the dental implants as the intraosseous support for dental 
prostheses in Russia dates back several decades, however, the 
statistically significant long-term results of the implant survival 

and the effectiveness of the implant-supported prostheses 
are inadequately represented in scientific literature. This leads 
to discrepancies in advising the patients with indications for 
dental implant treatment, provided by different dentists, as well 
as in teaching the clinical residents, and advanced training of 
dentists. 

Olesov EE1      , Ivanov AS2, Zaslavskiy RS2, Ragulin AV1, Romanov AS2 

CLINICAL AND RADIOLOGICAL ASSESSMENT OF THE CONDITION OF IMPLANTS WITH FIXED 
STRUCTURES IN THE DYNAMICS OF 20-YEAR FOLLOW-UP 

The statistically significant long-term results of the implant survival and the effectiveness of prostheses are inadequately represented in scientific literature. The study 

was aimed to assess the effectiveness of prosthetics with fixed structures on the intraosseous dental implants for the replacement of partially absent dentition in 

the dynamics of the 20-year follow-up. A total of 671 patients with partially missing teeth were examined at the Clinical Center of Dentistry of the FMBA of Russia, 

who were fitted with 1,700 intraosseous titanium dental implants with the terms from the moment of completion of prosthetics on implants of 5, 10, 15 or 20 

years. The criteria for clinical and radiological evaluation of the implant condition were as follows: no complications affecting the condition of periimplant tissues 

(normal), mucositis, periimplantitis with bone resorption at 1/3 or 1/2 of the implant height, implant removal. Based on 20 years of experience, prosthetics with 

fixed structures on implants is highly effective in replacing the partial defects of dentition. In total, 62.2% of implants remain functional for 20 years. The average 

life of implant-supported fixed prostheses is 15 years for bridges, and 20 years for single and combined implant-supported crowns. The most effective are single 

implant-supported crowns, and the least effective are prostheses supported by implants and teeth. The significantly preserved implant-supported prostheses make 

it possible to support the concept of the long-term implant installation with respect to the implant-supported non-removable prostheses. The view is thus confirmed 

that the effectiveness of the implant-supported prosthetics is reduced with the inclusion of teeth in the bridge support, along with implants. 
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КЛИНИКО-РЕНТГЕНОЛОГИЧЕСКАЯ ОЦЕНКА СОСТОЯНИЯ ИМПЛАНТАТОВ С НЕСЪЕМНЫМИ 
КОНСТРУКЦИЯМИ В ДИНАМИКЕ ЗА 20 ЛЕТ

Статистически значимые результаты выживаемости имплантатов и эффективности протезов на имплантатах в отдаленные сроки недостаточно 

представлены в научной литературе. Целью исследования было изучить эффективность протезирования несъемными конструкциями на внутрикостных 

дентальных имплантатах при замещении частичных дефектов зубных рядов в динамике за 20 лет. В Клиническом центре стоматологии ФМБА России 

обследованы 671 пациент с частичным отсутствием зубов, которым были установлены 1700 внутрикостных титановых дентальных имплантатов со 

сроками с момента завершения протезирования на имплантатах 5, 10, 15 и 20 лет. Критериями клинико-рентгенологической оценки состояния 

имплантатов были состояние периимплантатных тканей без осложнений (нормальное), мукозит, периимплантит с резорбцией костной ткани на 1/3 или 

1/2 высоты имплантата, удаление имплантата. Протезирование несъемными конструкциями на имплантатах, согласно 20-летнему опыту замещения 

частичных дефектов зубных рядов, характеризуется высокой эффективностью. В общей сложности 62,2% имплантатов сохраняют функциональность 

в течение 20 лет. Средний срок функционирования несъемных протезов на имплантатах составляет 15 лет для мостовидных протезов и 20 лет — для  

одиночных и объединенных коронок на имплантатах. Наиболее эффективны одиночные коронки на имплантатах, наименее — протезы с опорой на 

имплантаты и на зубы. Значительная сохранность протезов на имплантатах позволяет поддержать концепцию долгосрочной установки имплантатов 

относительно несъемных протезов на имплантатах. Подтверждается мнение о снижении эффективности протезирования на имплантатах при включении 

в опору мостовидных протезов зубов, наряду с имплантатами. 
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Table 1. Clinical and radiological dental implant assessment results based on the prosthesis design and the term from the moment of installation (quantity, %)

Characteristics No complications Mucositis Resorption at 1/3 Resorption at 1/2 Removed

Term (years) 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20

Single crowns
56 

40.0
27 

15.3
– –

28 
20.0

25 
14.2

10 
13.2

4 
3.7

33 
23.6

61 
 34.7

27 
35.5

29 
26.6

15 
10.7

23 
13.1

7 
9.2

20 
18.4

8 
5.7

40 
22.7

29 
38.2

56 
51.4

Combined 
crowns

18 
31.0

15 
18.5

– –
13 

22.4
24 

29.6
16 

17.8
2 

2.2
19 

32.8
10 

12.4
29 

32.2
27 

29.4
4 

6.9
13 

16.1
9

10.0
15 

16.3
4 

6.9
19 

23.5
36 

40.0
48 

52.2

Bridges
29 

24.0
17 

15.6
– –

35 
28.9

35 
32.1

50 
21.9

24 
9.0

34 
28.1

23 
21.1

56 
24.5

42 
15.7

14 
11.6

12 
11.0

24 
10.5

30 
11.2

9 
7.4

22 
20.2

107 
46.9

171 
 64.1

Combined with 
teeth

–
2

5.1
– – –

10 
25.6

10 
17.0

– –
8 

20.5
8 

13.5
– –

3 
7.7

12 
20.3

– –
16 

41.0
23 

39.0
55 

 100

Partially abscent 
dentition

103 
32.3

61 
15.1

– –
76 

23.8
94 

23.2
86 

19.0
30 
5.7

86 
27.0

102 
25.2

120 
26.5

98 
18.7

33 
10.4

51 
 

12.6

52 
11.5

65 
12.4

21 
6.6

97 
24.0

195 
43.1

330 
 63.1

The efficiency of prosthetics on implants depends on 
the clinical settings, especially on the full or partial absence 
of dentition, the prosthesis design (including the number of 
supporting implants), and the prosthesis lifespan [5–13].

In practice, the implant removal due to mobility, resulting 
from the surrounding bone tissue resorption, is the main 
criterion for evaluating the implant condition, however, the 
timely prevention of periimplant inflammation and the implant 
overloading requires a more detailed evaluation of periimplant 
tissue. 

In the Clinical Center of Dentistry of the FMBA, the dental 
implant treatment has been used as the main method for the 
complex dental rehabilitation of patients with partially missing 
teeth for 20 years. A wealth of experience has been gained in 
the dynamic analysis of longitudinal data on the dental implant 
condition depending on the prosthetic method in acordance 
with the international assessment criteria. 

The study was aimed to assess the effectiveness of 
prosthetics with fixed structures on the intraosseous dental 
implants for the replacement of partially absent dentition in the 
dynamics of the 20-year follow-up.

METHODS

A total of 671 patients were examined, who were fitted with 
1,700 intraosseous titanium dental implants. Among the 
patients there were 379 females and 292 males, and the 
average age of the patients was 26–81 years (149 individuals 
under the age of 40, 318 individuals aged 40–60, 204 
individuals over the age of 60). Inclusion criteria: non-removable 
prostheses on implants, the term from the moment of the 
implant installation and prosthetics completion exceeding 5 
years. Exclusion criteria: the presence of dental implants and 
removable prostheses; the service life of implant-supported 
prostheses of less than 5 years; the implants istalled in different 
healthcare provider organizations; the refusal of clinical and 
radiological examination. Based on the terms from the moment 
of the completion of prosthetics on implants, the patients were 
divided in the following way: 5 years — 120 individuals, 10 
years — 130 individuals, 15 years — 180 individuals, 20 years — 
241 individuals (the number of implants installed was 319, 405, 
453, and 52, respectively).

In terms of the design, the fixed prostheses (number of 
individuals and supporting implants) were represented by single 
crowns (201 individuals, 501 implants), combined crowns (132 
individuals, 321 implants), implant-supported bridges (285 
individuals, 725 implants), bridges supported by implants and 
teeth (53 individuals, 153 implants). 

The standard two-stage titanium intraosseous implant 
installation technique and the generally accepted method 

of fabricating the metal ceramic implant-supported fixed 
prostheses were used [14–15].

The majority of patients hardly ever contacted the dentist 
for professional oral hygiene or other follow-up care. 

In accordance with the aim of the study, the criteria 
for evaluation of the implant condition were as follows: no 
complications affecting the condition of periimplant tissues 
(normal), mucositis, periimplantitis with bone resorption at 1/3 
or 1/2 of the implant height, implant removal [16–18]. That is 
why the patients underwent orthopantomography in addition 
to the standard clinical examination of the teeth, periodontium, 
and implants. 

Statistical processing of the results was performed by 
standard methods with the use of the Microsoft Excel software 
(Microsoft; USA). 

RESULTS

After 5 years of functioning, the clinical and radiological 
assessment of the implant condition in the partial fixed 
dental prostheses revealed that normal condition, mucositis, 
periimplantitis with bone resorption at 1/3 or 1/2 of the implant 
height, and implant removal were found in 103, 76, 86, 33, 
and 21 implants, respectively, which accounted for 32.3%, 
23.8%, 27.0%, 10.4%, and 6.6% of all the implants installed 
in this clinical settings (Table 1). In patients with single crowns 
on implants, the 5-year period of functioning was characterized 
by 40.0% of implants with no complications (56 implants), 
mucositis in 20.0% of implants (28 implants), periimplantitis 
with bone resorption at 1/3 of the implant height in 23.6% 
(33 implants), and at 1/2 of the implant height in 10.7% (15 
implants), as well as by 5.7% of implants removed (8 implants). 
Based on the listed above criteria, the efficiency of the 
combined crowns was as follows: 31.0% (18 implants), 22.4% 
(13 implants), 32.8% (19 implants), 6.9% (4 implants), 6.9% 
(4 implants). After 5 years of loading, the implant-supported 
bridges showed no changes in the state of gums or bone tissue 
in 24.0% of observations (29 implants), mucositis was found 
in 28.9% (35 implants), periimplantitis with bone resorption at 
1/3 was found in 28.1% (34 implants), periimplantitis with bone 
resorption at 1/2 of the implant height was found in 11.6% (14 
implants), and 7.4% of implants were removed (9 implants). 
Bridges supported by teeth and implants were no longer used 
5 years ago. 

After 10 years, the listed above indicators of the implant 
condition in partial fixed dental prostheses (normal condition, 
mucositis, periimplantitis with bone resorption at 1/3 or 1/2 of 
the implant height, and implant removal) accounted for 15.1% 
(61 implants), 23.2% (94 implants), 25.2% (102 implants), 
12.6% (51 implants), and 24.0% (97 implants), respectively. 
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Table 2. Clinical and radiological dental implant assessment results based on the prosthesis design (quantity, %)

Characteristics No complications Mucositis Resorption at 1/3 Resorption at 1/2 Removed

Single crowns
83 

16.6
68 

13.4
150 
29.9

66 
13.0

133 
 26.5

Combined crowns
33 

10.3
55 

17.1
85 

26.5
41 

12.8
107 
33.3

Bridges
46 
 6.3

144 
19.9

155 
21.4

80 
11.0

309 
42.6

Combined with 
teeth

2 
1.3

20 
13.1

16 
10.4

15 
9.8

94 
61.4

Partially abscent 
dentition

164 
 9.6

286 
16.9

406 
23.9

201 
11.9

643 
37.8

Fig. 1. Comparison of clinical and radiological dental implant assessment results for different terms from the moment of prosthetics completion 

5 years

No complications Mucositis Resorption at 1/3 Resorption at 1/2 Removed
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The number of implants supporting the single crowns, being 
in the same condition as when installed 10 years before, was 
27 (15.3% of the implants installed); mucositis was found 
in 25 implants (14.2%), bone resorption at 1/3 or 1/2 of the 
implant height was observed in 61 and 23 implants (34.7% 
and 13.1%), respectively, a total of 40 implants were removed 
(22.7%). The combined implant-supported crowns showed the 
following figures: 18.5% (15 implants), 29.6% (24 implants), 
12.4% (10 implants), 16.1% (13 implants), 23.5% (19 implants). 
After 10 years, 15.6% of implants in the implant-supported 
bridges remained unchanged (17 implants), mucositis was 
observed in 32.1% of implants (35 implants), periimplantitis 
(bone resorption at 1/3 or 1/2 of the implant height) in 21.1% 
and 11.0% (23 and 12 implants), respectively, 22 implants 
were removed (20.2%). In patients with bridges supported by 
implants and teeth, normal tissue condition was found in 5.1% 
of implants (2 implants), the listed above complications were 
revealed in 25.6% (mucositis in 10 implants),  20.5% and 7.7% 
(periimplantitis at 1/3 or 1/2 of the implant height in 8 and 3 
implants), 41.0% of implants were removed (16 implants). 

After 15 years, the implant-supported partial fixed 
dental prostheses showed the following characteristics: 
no complications in 0% of implants, mucositis in 19.0% of 
implants (86 implants), п periimplantitis with bone resorption at 
1/3 of the implant height in 26.5% (120 implants), with bone 
resorption at 1/2 in 11.5% (52 implants), 43.1% of implants 
were removed (195 implants). The listed above indicators in 
the implant-supported single crowns were 0%, 13.2% (10 
implants), 35.5% (27 implants), 9.2% (7 implants), 38.2% (29 
implants); in the combined implant-supported crowns these 
were 0%, 17.8% (16 implants), 32.2% (29 implants), 10.0% 
(9 implants), 40.0% (36 implants), respectively. After the 15-
year loading, no implant-supported bridges preserved intact 
the periimplant tissue; mucositis was observed in 21.9% of 

implants (50 implants), periimplantitis with bone resorption at 
1/3 or 1/2 of the implant height in 24.5% and 10.5% of implants 
(56 and 24 implants), 107 implants were removed (46.9%). 
When combining the implant abutments and the natural teeth 
in bridges, the listed above characteristics were as follows: 0%, 
17.0% (10 implants), 13.5% (8 implants), 20.3% (12 implants), 
39.0% (23 implants), respectively. 

After 20 years of follow-up, no implants with intact 
periimplant tissues were found in partial fixed dental 
prostheses; mucositis was found in 5.7% of implants (30 
implants), periimplantitis with bone resorption at 1/3 or ½ of the 
implant height in 18.7% and 12.4% (98 и 65 implants), 63.1% 
of implants were removed (330 implants). Single and combined 
implant-supported crowns had the following characteristics: 
no complications in 0% of implants, mucositis in 3.7% and 
2.2% (4 and 2 implants), respectively, periimplantitis with bone 
resorption at 1/3 of the implant height in 26.6% and 29.4% (29 
and 27 implants), with bone resorption at 1/2 of the implant 
height in 18.4% and 16.3% (20 and 15 implants), 51.4% and 
52.2% of implants were removed (56 and 48 implants). After 
the 20-year follow-up, the implant-supported bridges together 
with bridges, supported by implants and teeth, showed no 
unchanged periimplant tissues; mucositis was observed in 
9.0% and 0% of implants (24 and 0 implants), respectively, 
periimplantitis at 1/3 of the implant height in 15.7% and 0% 
(42 and 0 implants), periimplantitis at 1/2 of the implant height 
in 11.2% and 0% (30 and 0 implants), 64.1% and 100% of 
implants were removed (171 and 55 implants).

Summarizing the data on the condition of periimplant tissue 
obtained during the 20-year follow-up period regardless of the 
specific lifespan of the fixed prosthesis, it must be stated that 
no complications were observed in 9.6% of implants, mucositis 
in 16.8% of implants, periimplantitis with bone resorption at 
1/3 of the implant height in 23.9% of implants, and with bone 
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Fig. 2. Maximum and average service life of non-removable implant-based prostheses (years)

Maximum term

On average with partially abscent 
dentition

Combined with teeth

Bridges

Combined crowns

Single crowns

Average term

years

0 5 10 15 20

resorption at 1/2 of the implant height in 11.8% (164, 286, 
406, 201 implants, respectively); 643 implants were removed 
(37.8%) (Fig. 1).  

Summarizing the correlations between the periimplant 
tissue condition and the type of the fixed prosthesis, revealed 
during the whole 20-year follow-up period, it must be stated 
that the most effective are the implant-supported single 
crowns, and the least effective are the prostheses supported 
by implants and natural teeth (removals accounted for 26.6% 
and 61.4%, respectively). Based on their efficiency, the implant-
supported crowns and bridges are in between (33.3% and 
42.6% removed during the 20-year period, respectively) (Table 2). 

The average lifespan of the implants is defined by the time, 
when the patients have more than a half of implants removed. 
Based on the examination results, the average lifespan of the 
implant-supported fixed prostheses was as follows: 20 years 
for single and combined crowns when teeth are partially 
missing, and 15 years for bridges (including those supported 
by implants and natural teeth) (Fig. 2).

DISCUSSION

The results, obtained by assessing the large amount of clinical 
material, elaborate on the conflicting data on the time limits of 
functioning for the intraosseous implants supporting the dental 
prostheses. The current knowledge about the rate of implant 
removal, limited due to the follow-up period not exceeding 10 

years, has been supplemented by the implant survival data 
obtained during 15–20 years of service life [6, 7, 9, 10, 13]. 
The significantly preserved implant-supported prostheses 
make it possible to support the concept of the long-term 
implant installation with respect to the non-removable implant-
supported prostheses. The view is thus confirmed that the 
effectiveness of the implant-supported prosthetics is reduced 
with the inclusion of teeth in the bridge support, along with 
implants.

CONCLUSIONS

The non-removable dental prosthetics on implants used with 
partially abscent dentition showed high efficiency during 20 
years of the partial dentition defects replacement. Regardless 
of the low patient compliance with the follow-up visits for 
professional oral hygiene or bite correction, 62.2% of implants 
remain functional for 20 years. The average lifespan of the 
implant-supported fixed prostheses is 15 years for bridges, 
and 20 years for single and combined crowns. Among the 
non-removable prostheses, the most effective are the implant-
supported single crowns, and the least effective are the 
prostheses supported by implants and natural teeth. High rate 
of chronic inflammation in the periimplant zone at every stage 
of the prosthesis life explain the need for the strict compliance 
of the patients, having the implant-based prostheses installed, 
with the follow-up dental care. 
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