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Objective: This retrospective clinical study aimed to investigate the long-term
clinical success of dental implants restored with splinted or non-splinted posterior
prostheses with different retention systems.
Materials and Methods: Fifty patients who had undergone dental implant surgery
and prosthesis treatment and had a follow-up period of at least 2 years were
included in this study. Marginal bone loss was measured from the surrounding bone
levels on the mesial and distal surfaces of the implants using a millimetre ruler on
panoramic radiographs. The plaque index (PI), gingival index (GI) and bleeding on
probing (BOP) were also measured. The Mann-Whitney U test and ANOVA test were
used for statistical analysis.
Results: The mean values of mesial and distal bone loss were 0.72±0.81 and
0.62±0.58, respectively. The correlation coefficient between mesial and distal bone
loss was 0.431; thus, a significant difference was found (p<0.05). A significant
relationship was found between the GI (p=0.004) and PI (p=0.000) of dental
implants with different retention types. No significant relationship was observed
between BOP and retention type (p>0.05).
Conclusion: Clinically, given the long-term maintenance of soft and hard tissue
health, successful results can be achieved with a two-member fixed prosthetic
rehabilitation plan on two implants.

Öz

Amaç: Bu retrospektif klinik çalışma, posterior bölgedeki farklı retansiyon
sistemlerine sahip splintli veya tek başına planlanan protetik tedavinin dental
implantların uzun vadeli klinik başarısına etkisini değerlendirmektedir.
Gereç ve Yöntemler: Çalışmaya, dental implant cerrahisi ve sonrasında protetik
tedavi uygulanan ve en az iki yıllık takip süresi olan 50 hasta dahil edildi. Marjinal
kemik kaybı, panoramik radyografiler üzerinde milimetrik bir cetvel kullanılarak
implantların mezial ve distal yüzeylerini çevreleyen kemik seviyeleri göz önüne
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alınarak değerlendirildi. Ayrıca plak indeksi (PI), diş eti indeksi (GI) ve sondalama sırasında kanama (BOP) değerleri kaydedildi.
İstatistiksel analiz için Mann-Whitney U testi ve ANOVA testi kullanıldı.
Bulgular: Mezial ve distal kemik kaybı ortalamaları sırasıyla 0,72±0,81 ve 0,62±0,58 bulundu. Mezial ve distal kemik kaybı arasındaki
korelasyon katsayısı 0,431 olduğu için istatistiksel olarak anlamlı bir fark olduğu sonucuna varıldı (p<0,05) Farklı retansiyon tiplerine
sahip diş implantlarının GI (p=0,004) ve PI (p=0,000) değerleri arasında istatistiksel olarak anlamlı bir ilişki bulundu, fakat BOP ile
retansiyon tipi arasında istatistiksel olarak anlamlı bir ilişki olmadığı görüldü (p>0,05).
Sonuç: Klinik olarak, yumuşak ve sert doku sağlığının uzun süreli idamesi göz önüne alındığında iki implant üzerine planlanan iki
üyeli sabit protetik rehabilitasyon ile başarılı sonuçların elde edilebileceği düşünülmektedir.

Introduction
Dental implants are the preferred treatment
method for the rehabilitation of missing teeth
because of their predictable results and high survival
and success rates. To achieve predictable long-term
results and obtain a favorable prognosis, the number
and position of the implants, intermaxillary distance,
and quality and quantity of alveolar bone should be
comprehensively evaluated before implant surgery
(1). Dental implants have several advantages, including
a long-term success rate of up to 97%, reduced risk
of caries and endodontic problems of corresponding
teeth, and preservation of bone in the edentulous
site, compared with conventional prostheses (2).
Successful implant treatment results depend on
the continuity of the volume and quality of the bone
surrounding the implant. Although the diseases that
occur in the tissues around dental implants and
natural teeth show many common clinical features,
the significant structural differences between them
are clearly obvious, especially in relation to the
surrounding tissues and biological attachment (3).
The most important difference is the absence of
cement and periodontal ligament around the dental
implant, which can limit bacterial penetration. There
are also differences in the connection between the
tooth and the dental implant with alveolar bone.
While there is a direct structural and functional
connection between the dental implant and alveolar
bone defined as osseointegration, natural teeth also
attach to the alveolar bone through Sharpey fibers
and the periodontal ligament (4).
Implant-supported superstructures can be fixed
using two methods: Cement-retained and screwretained. Both methods can be performed for single,
multiple, and full-arch fixed dental prostheses, and
both have pros and cons. The screw-retained type
has predictable retrievability and easier maintenance,
Meandros Med Dent J 2021;22:85-92

but the screw hole can cause esthetic and occlusal
problems. As for the cement-retained type, although it
is easy to achieve passivity of fit and provide occlusion
control, leaving excess cement is the principal
reason for peri-implant tissue disease. The choice of
retention type can affect the survival rate of dental
implant treatment and influence the development
of complications (1). Therefore, it is the clinician’s
responsibility rather than scientific research to decide
on the most suitable retention system. Both systems
are subject to technical and biologic complications (57). Biologic complications include peri-implant disease,
crestal bone loss, and implant failure. Adequate
clinical and radiographic examination methods are
required to detect these complications (3,7). Dental
radiographs are commonly used before treatment
(in the diagnosis and planning of implant surgery)
and after treatment (in assessing the adaptation of
prosthetic restorations and detecting bone loss).
Peri-implant diseases are classified as peri-implant
mucositis and peri-implantitis. Peri-implant mucositis
is defined as peri-implant soft tissue inflammation
characterized by redness, swelling, and short-term
bleeding without bone loss (8). Peri-implantitis is
described as a plaque-related pathological condition
characterized by inflammation in the surrounding
mucosa of the dental implant and progressive bone
loss around the implant. Peri-implantitis shows
signs of clinical inflammation, such as bleeding or
exudation, increased probe depth, and increased
resorption of peri-implant bone compared with
previous radiographs (9).
Various studies have proved that the retention
type of implant prosthesis has an important effect on
the incidence of peri-implantitis (10-12). Physicians
should develop a plan to predict potential periimplant diseases, evaluate risk factors, and consider
alternative treatment methods. They should also
have comprehensive knowledge of overall treatment
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options. In the current study, the long-term success
and periodontal health of dental implants restored
with splinted or non-splinted posterior prostheses
and different retention systems with at least two
years of follow-up were investigated.

Materials and Methods
This retrospective clinical study was carried out
at Uşak University with ethical committee approval
number 41-11-20 (date: 22.07.2020). The protocol of
the study was conducted according to the principles
described in the Declaration of Helsinki, including all
changes and revisions. A total of 50 patients, including
28 males and 22 females, who had previously
undergone dental implant surgery and prosthesis
treatment at Uşak University Faculty of Dentistry
from 2016 to 2020 and attended regular follow-up
appointments for at least two years were included.
All patients were informed and included in the study
after obtaining their consent.
The patients were systemically healthy but
partially edentulous in the posterior region. Patients
were excluded from the study in case of implant
treatment failure, parafunctional habits, signs of
wear on the occlusal surface of the teeth, or failure
to attend follow-up appointments. Radiographs were
taken immediately after prosthetic treatment and at
annual controls. Marginal bone loss was measured
from the surrounding bone levels on the mesial and
distal surfaces of the implants using a millimeter ruler
in the instruments section of the radiographic imaging
application (PCH-2500 Digital X-Ray Imaging System,
PaX-i, VATECH, Hwaseong-si, Korea). To provide
calibration, the margin of error was calculated by
comparing the implant length in the image with the
accurate implant size. The calibration process allowed
for more definitive results and standardization
of radiographic measurements. The difference
between measurements in after-loading and control
radiographs was recorded while considering bone
loss. When there was more than one image in the
region where the implant was in contact with the
crest, the most apical contact point was evaluated.
In addition to bone loss measurements from each
patient’s control radiographs, six points of plaque
index (PI) (13), gingival index (GI) (14), and bleeding on
probing (BOP) were measured from the surrounding
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region of the implants to evaluate clinical success. The
bleeding values in pocket depth and probing were
measured and recorded by taking the average of the
obtained data. By comparing the number of members
and the type of retention, the relationship between
bone loss and periodontal health was investigated.
Statistical Analysis
Statistical analysis was performed using the IBM
SPSS version 25.0 (IBM Corp., NY, USA) program. The
normality assumption was checked using the ShapiroWilk test as the first step of data analysis. The MannWhitney U test was applied to examine the difference
between the two groups without a normal distribution
and independently. The ANOVA test was conducted
to examine the difference between the means of
variables with more than two independent groups
with a normal distribution. The Kruskal-Wallis test
was used to examine the difference in the averages
of variables with more than two independent groups
that did not have a normal distribution. In the analysis
of categorical variables, Fisher’s Exact test was used
in cases in which the assumption of sample size was
not provided. The relationship between continuous
data without a normal distribution was tested
using Spearman’s correlation. The G* Power 3.1.9.2
program was used to calculate the adequacy of the
sample size at a 95% confidence level. The level of
statistical significance was set to p<0.05.

Results
The mean follow-up duration of the patients was
3.4 years. The distribution of the participants according
to their demographic characteristics is shown in Table
1. According to gender, 44.0% of the patients were
female and 56.0% were male (Table 1). The distribution
Table 1. Distribution of people participating in the
research according to demographic features
Demographic
features
Gender

Age

n

%

Female

22

44.0

Male

28

56.0

31 year and younger

3

6.0

32-43

14

28.0

44-55

13

26.0

56 year and older

20

40.0
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of dental implants according to retention type and
number of units is shown in Table 2. The averages
of mesial (0.72±0.81) and distal (0.62±0.58) bone
loss are shown in Table 3. The correlation coefficient
between mesial and distal bone loss was found to
be 0.431, with p=0.000 lower than the alpha value

(0.05), and thus a statistically significant difference
was determined (Table 4).
A statistically significant difference was found
between the mesial and distal bone loss of single
and splinted two-unit and three-unit prosthetic
superstructures (p=0.043). However, there was no

Table 2. Distribution of dental implants examined by cementation and number of members
Total dental implants

Cementation and number of units

Cementation

Number of units

n

%

Single cement

19

16.0

Single screw-retained

12

10.1

2-Unit cement

24

20.2

2-Unit screw-retained

16

13.4

3-Unit cement

26

21.9

3-Unit screw-retained

22

18.4

Cement

69

58.0

Screw-retained

50

42.0

Single

31

26.1

2-Units

40

33.6

3-Units

48

40.3

Table 3. Mesial and distal bone loss averages and standard deviations
Total dental implants

n

Minimum

Maximum

x̄

SD

Mesial bone loss

119

0.00

4.10

0.7271

0.81083

Distal bone loss

119

0.00

2.42

0.6246

0.58113

SD: Standard deviation

Table 4. The relationship between mesial bone loss and distal bone loss
Distal bone loss
Mesial bone loss

Rho

p

0.431

0.000*

*p<0.05

Table 5. Comparison of mesial and distal bone loss averages according to cementation and number of units
Mesial bone loss
Cementation

Distal bone loss

Number of units

Cementation

Cement

ScrewSingle
retained

2-Unit

3-Unit

n

69

50

31

40

x̄

0.7350

0.7163

0.7519

0.5751

SD

0.81793

0.80909

0.98836

0.56414

Mean rank

59.93

60.09

56.24

56.91

*p

0.981

*p<0.05, SD: Standard deviation
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0.428

Number of units

Cement

Screwretained

Single

2-Unit

3-Unit

48

69

50

31

32

44

0.8378

0.6712

0.5602

0.6920

0.4268

0.7458

0.85466 0.57385

0.59074

0.55577

0.41628

0.67499

65.00

55.09

65.71

48.85

65.60

63.56
0.186

0.043*
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statistically significant difference between retention
type and marginal bone level (p>0.05) (Table 5).
A statistically significant relationship was found
between the GI (p=0.004) and PI (p=0.000) of dental
implants with different retention types (p<0.05) (Table
6). However, there was no statistically significant
relationship between BOP and retention type
(p>0.05). The relationship between different prosthetic
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superstructures was not statistically significant in
terms of GI, PI, and BOP (p>0.05) (Table 7).

Discussion
The survival rate of dental implants is a key
factor in achieving long-term clinical success in
dental implant treatment aimed at esthetic and
functional improvement. Oral diagnosis and

Table 6. Comparison of plaque index, gingival index and bleeding on probing index with different cementation, cross
chart and Pearson chi-square test results
Cementation
Cemented

GI score

PI score

BOP

Screw-retained

n

%

n

%

0

19

39.6

29

60.4

1

40

70.2

17

29.8

2

10

71.4

4

28.6

3

0

0.0

0

0.0

0

19

36.5

33

63.5

1

39

75.0

13

25.0

2

11

73.3

4

26.7

3

0

0.0

0

0.0

+

58

55.8

46

44.2

-

11

73.3

4

26.7

Pearson chi-square

p*

11.187

0.004*

17.447

0.000*

1.660

0.198

*p<0.05, PI: Plaque index, GI: Gingival index, BOP: Bleeding on probing

Table 7. Comparison of plaque index, gingival index and bleeding on probing index with different number of units cross
chart and Fisher’s Exact test results
Unit number
1
n

GI

PI

BOP

2
%

n

3
%

n

%

0

11

22.9

20

41.7

17

35.4

1

15

26.3

18

31.6

24

42.1

2

5

35.7

2

14

7

50.0

3

0

0.0

0

0.0

0

0.0

0

11

21.2

22

42.3

19

36.5

1

14

26.9

16

30.8

22

42.3

2

6

40.0

2

13.3

7

46.7

3

0

0.0

0

0.0

0

0.0

+

25

24.0

38

36.5

41

39.4

-

6

40.0

2

13.3

7

46.7

Fisher’s Exact test

p

3.893

0.421

5.129

0.274

3.553

0.169

*p<0.05, PI: Plaque index, GI: Gingival index, BOP: Bleeding on probing
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planning are essential to accomplish desirable dental
implant outcomes. A comprehensive preoperative
assessment consists of medical history and intraoral
and radiographic evaluation. In the examination
before implant surgery, width, height, and quality
of bone should be evaluated, and the presence of
pathology should be investigated. In dental implant
treatment, rehabilitation is considered successful
if the osseointegration can function properly and
physiologically (15,16).
In the present study, the long-term success and
periodontal health of single and splinted two-unit and
three-unit prosthetic superstructures with different
retention systems were investigated.
In the first year, surrounding bone loss of a dental
implant after loading of up to 1.0 mm is expected in
the healing process, but radiographic evidence of any
additional bone loss suggests peri-implant disease
(17). However, during the first year of dental implant
rehabilitation, greater bone loss may occur due to the
irregular distribution of stress or excessive occlusal
force (18,19). The opinion that has been accepted in
previous decades is that bone loss around the dental
implant greater than 2.0 mm after the first year of
prosthetic loading is a peri-implantitis finding (20).
When the parameters affecting bone loss are
examined, implant-abutment connection, retention
type, prosthetic treatment plan, and patient habits
should be considered (21-24). According to the
results of the current study, there is a significant
relationship between the prosthetic treatment plan
and marginal bone loss (p=0.043). These results are
similar to those of a previous study that compared
narrow and wide implants and also observed greater
bone loss in the distal area with wide implants (22).
In terms of prosthetic superstructures, the singleunit prosthesis group had more distal bone loss than
the two-unit splinted on two implant prostheses. A
significant difference was found in a previous study,
but contrary to the current study, the marginal loss
was higher in the splinted group than in the single-unit
prosthesis (25). Conversely, other researchers found
no significant difference (22,26,27). These conflicting
results may originate from the implant location in
the jaw or prosthetic features. The current study
concluded that there was a statistically significant
difference between the two-unit and three-unit
splinted on two implant prostheses, and the presence
Meandros Med Dent J 2021;22:85-92

of pontic between the two implants increased bone
loss in the distal implant. Higher bone loss between
the splinted groups may be due to insufficient oral
care, especially under pontic, and progressive occlusal
force. The effect of meticulous cleaning and hygiene
around molars, which are more difficult to reach than
anterior teeth, on long-term bone loss should not be
ignored (25,26)
Although not statistically significant, it is worth
mentioning that marginal bone loss was affected by
retention type and that there were higher marginal
bone loss values in the cemented type. Repeated
abutment replacement in the cemented type during
the whole prosthetic treatment is considered to break
down the integrity of the surrounding periodontal
tissue and to rupture the connective tissue, facilitating
the penetration of bacteria compared with the screwretained type. These outcomes are consistent with
previous studies (28-31).
Bleeding, probing depth (PD), and bone loss values
are important for the long-term success of implant
treatment (32). There are many studies on the
relationship between clinical periodontal status and
marginal bone loss (20,33,34). Malmstrom et al. (34)
found no significant relationship between bone loss
and the GI, PI, and PD measurements of dental implants
of different lengths in the maxilla and mandible. On
the contrary, according to the present study, there was
a significant difference between GI (p=0.004) and PI
(p=0.00) in both retention groups. The highest values
were recorded around the cemented type compared
with the screw-retained type. However, the absence
of a significant difference in PD indicates that there
was no significant difference in terms of bone loss
according to retention type. Biological complications
are more common in cemented-type prostheses due
to the large quantity of cement remnants present
in the peri-implant sulcus after cementation (1012). Similar to the present study, Weber et al. (35)
mentioned that during follow-up, cemented-type
prostheses always had a greater degree of gingival
bleeding and plaque buildup than screw-retainedtype prostheses.
Radiographic and clinical findings of the implants
were observed during at least two follow-up
appointments, which might explain the high survival
rates in the short follow-up period. The short implant
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follow-up time and not utilizing advanced statistical
analyses, such as the Kaplan-Meier test, are among
the limitations of this study.

Conclusion
Within the limitations of the study, the following
conclusions can be drawn:
1. In all prosthesis planning compared in the
study, more bone loss was observed around the distal
implant than around the mesial implant.
2. Although it was not statistically significant,
cemented-type prostheses had more marginal bone
loss than screw-retained-type prostheses due to
the repeated disconnections and reconnections
of abutments during prosthetic treatment. Perimucositis clinical findings were mostly seen in
cemented-type prostheses.
3. The results suggest that the two-unit splinted
on two implants can preserve the marginal bone
level. The increase in bone loss in the prosthetic
superstructure planned with pontic may be due to the
fact that oral care cannot be easily maintained there.
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