
Betthäuser et al. 
International Journal of Implant Dentistry            (2022) 8:38  
https://doi.org/10.1186/s40729-022-00439-x

RESEARCH

Clinical outcomes of different implant types 
in mandibular bar-retained overdentures: 
a retrospective analysis with up to 20 years 
follow-up
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Abstract 

Purpose: To determine the clinical and radiological outcomes of hybrid‑design‑ (HD) and bone‑level (BL) implants 
for bar‑retained mandibular implant‑overdentures (IODs).

Methods: For this retrospective study, edentulous patients who had received maxillary complete dentures and 
mandibular bar‑retained IODs were invited for a follow‑up assessment. Implant survival, implant success and health of 
peri‑implant tissues were assessed on an implant level‑based analysis. Patient‑based parameters served to identify risk 
factors for peri‑implant bone loss, presence of peri‑implantitis and success.

Results: Eighty patients (median age 72.72 [67.03; 78.81] years, 46 females) with 180 implants (median follow‑up 
12.01 [10.82; 21.04] years) were assessed. There was no difference concerning the rate of implant failure (p = 0.26), 
or peri‑implantitis (p = 0.97) between HD and BL implants. Solely in one study group, there was the presence of 
peri‑implant pus. Implant success was higher in BL implants with one group being notably higher than the compar‑
ing groups (p = 0.045). For bone loss, a width of keratinized mucosa (KM) ≤ 1 mm (p = 0.0006) and the presence of 
xerostomia (p = 0.09) were identified as risk factors. Smoking (p = 0.013) and a higher body mass index (BMI) (p = 0.03) 
were a risk factor for peri‑implantitis. As risk factors for reduced implant success, a small width of KM (p = 0.003) and 
the presence of xerostomia (p = 0.007) were identified.

Conclusions: For mandibular bar‑retained IODs, both BL and HD implants are mostly successful. A minimum of 
1 mm KM around implants and normal salivary flow are relevant factors for implant success and stable peri‑implant 
bone levels. Smoking and a high BMI are potential risk factors for peri‑implantitis.

Keywords: Implant overdentures, Bar‑attachments, Peri‑implant bone‑level changes, Implant success, Implant 
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Background
Implant overdentures (IODs) retained by two implants 
have been defined as the recommended standard of care 
for the edentulous mandible, due to their superiority 

compared to mucosa-borne complete dentures in terms 
of clinical- and patient-reported outcomes [1].

Survival rates of dental implants in edentulous jaws are 
high, with slightly higher survival rates in fixed compared 
to removable restorations [2, 3]. Nevertheless, a consid-
erable number of patients experience implant failure 
with subsequent reduced quality of life and high costs 
for replacement and denture modification [4]. While 
early implant failure is often caused by impaired or failed 
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osseointegration, late implant failure occurs when osse-
ointegration cannot be maintained. Often, inflammation 
of the peri-implant tissues (peri-implant mucositis or 
peri-implantitis) is a causal factor. While peri-implant 
mucositis—if treated early—may resolve without seque-
lae, progression of the disease usually involves osseous 
structures (i.e., peri-implantitis), thus increasing the risk 
of failure with subsequent implant loss [5]. Today, there is 
very little scientific evidence on the peri-implant health 
of dental implants supporting overdentures [6].

The macro-design of endosseous dental implants is 
extremely variable, but can be broadly described as bone-
level (BL), or tissue-level with machined neck surfaces 
in various configurations. Depending on the implant 
manufacturer, tissue-level type implants are also called 
hybrid-design (HD) implants [7]. Furthermore, there is a 
multitude of implant surfaces from machined surfaces to 
various surface modifications, such as the SLA®, SLAac-
tive®, TiUnite® or the SICMatrix® surface.

Derks et  al. reported in their population-based stud-
ies, that the implant brand, and therefore the macro- and 
micro-design as well as the implant surface, might play a 
role in implant survival and peri-implant health. In their 
analysis, there is indirect evidence that HD tissue-level 
implants might perform better in regard to implant fail-
ure and peri-implant tissues reaction than BL-implants. 
However, they did not distinguish between partially or 
completely edentulous indications [8, 9].

Hence, there is still no conclusive evidence which 
implant might perform best for the retention of an IOD 
in terms of implant success and implant survival. Differ-
ent available implant surface characteristics complicate 
the decision and there is preliminary evidence that the 
implant surface might play a role in the development of 
peri-implant inflammation [10].

The choice of implant brand and design for retaining 
IODs mostly depend on the preference of the dentist—
evidence-based guidelines are missing and manufactur-
ers rarely give recommendations for a specific indication. 
Therefore, the aim of this retrospective controlled study 
with clinical and radiological examination was to report 
mean peri-implant bone-level changes (– ∆MBL) as well 
as clinical conditions in completely edentulous patients 
provided with mandibular implant-bar supported IODs. 
The tested null-hypothesis H0 was: "Edentulous patients 
with mandibular bar-retained IODs show the same 
prevalence and severity of peri-implantitis/peri-implant 
mucositis irrespective of the implant type.”

Materials and methods
This retrospective controlled cohort study with clinical 
and radiological assessment was conducted according 
to the guidelines published as the STROBE statement 

[11] and was carried out in compliance with Good 
Clinical Practice and the ethical standards by the cur-
rent version of the Declaration of Helsinki. The study 
protocol was approved by the Ethics Committee of 
Bern, Switzerland (KEK-Nr. 268/15).

Patient records of the Department of Reconstruc-
tive Dentistry and Gerodontology, University of Bern, 
Switzerland were screened systematically. Inclusion 
criteria were: being fully edentulous, having received 
a mandibular bar-retained IOD (implants in the inter-
foraminal region) between 1999 and 2015 and hav-
ing a baseline radiograph. Exclusion criteria were: any 
condition interfering with the capability of providing 
written informed consent, pregnancy or lactation, com-
promising medical conditions like immunosuppressive 
therapy, history of head and neck radiation or chemo-
therapy or change of attachment during follow-up.

Study protocol
The patient record screening resulted in a list of poten-
tial study participants. They were contacted by tel-
ephone and invited to participate in the present study. 
After written informed consent was obtained, partici-
pants attended a free follow-up assessment providing 
medical and dental history, clinical and radiological 
assessment between November 2018 and May 2020.

Two dentists not involved in the initial treatments of 
the patients performed the clinical assessments. In this 
context, the first six subjects were evaluated twice by 
each dentist for calibration purposes according to pre-
defined standard examination procedures.

Xerostomia was evaluated with the German version 
of the Xerostomia Inventory (XI-G). It comprises 14 
questions that related to a dry mouth and throat using 
a 5-point ordinal scale; the sum score ranges from 0 to 
56 with higher values indicating more symptoms of dry 
mouth [12].

Participants were grouped according to the type of 
implant they had received: tissue-level implants with 
machined neck (“hybrid design implants”, HD) with 
SLA/SLActive surface which is created by aluminum 
oxide blasting and acid etching (HD-SLA, Institut 
Straumann, Basel, Switzerland, Fig. 1), TiUnite surface 
which is created by anodic oxidation, and machined 
neck (HD-TiUnite, Nobel Biocare AB, Zurich, Swit-
zerland, Fig. 2), bone-level implants (BL) with TiUnite 
surface (BL-TiUnite, Nobel Biocare AB, Zurich, Swit-
zerland, Fig. 3), or BL with SICmatrix surface which is 
created by blasting with round zirconia granules and 
acid etching (BL-SIC, SICmatrix at the SICace implant; 
SIC invent AG, Basel, Switzerland, Fig. 4).
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Clinical examination
In the present study, bleeding on probing (BOP, yes/
no), and probing depth (PD) using a millimeter-scaled 
probe (largest value per implant) were assessed at 4 sites 
per implant (mesial/distal/buccal/oral) [13]. For PD, the 
difference between initial value at implant loading and 
study-related assessment was calculated (∆PD (mm)). 
The keratinized mucosa (KM) was evaluated at 2 sites per 
implant (buccal/oral) and for statistical analyses, KM was 
defined as a binary factor, with levels < 1 mm and ≥ 1 mm, 
based on the smaller of the two measurements at fol-
low-up. Furthermore, the O’Leary Plaque Index on four 
aspects of each implant were assessed and the mean of 
the measurements were used for statistical analysis [14].

Radiological examination
Baseline radiographs from the patient files and the radi-
ographs taken during the study-related examination 
served to evaluate –  ∆MBL. For groups HD-SLA, HD-
TiUnite, BL-TiUnite, the assessment was performed on 
panoramic radiographs, for the group BL-SIC standard-
ized peri-apical radiographs were available both for base-
line and follow-up [15].

The software package ImageJ version 1.44 (https:// 
imagej. nih. gov/ ij/) was used with 200% digital magnifi-
cation of the images. All measurements were performed 
after calibrating the software based on the known length 
of the thread pitch: 1.25  mm for HD-SLA, 0.64, 0.75, 
1.2 mm depending on the implant diameter for HD-TiU-
nite and BL-TiUnite and 0.8 mm for BL-SIC. The distance 
between implant shoulder and first bone–implant con-
tact was measured on the mesial and distal aspect. The 
error of the method was calculated by repeating a sample 
of 15 measurements per group for calibrating reasons of 
the investigator (MB).

– ∆MBL was calculated for each implant separately as 
the maximum difference in distances between implant 
shoulder and first bone–implant contact from the day of 
implant placement to date of study-related assessment. 
Bone-loss is reported as –  ∆MBL. The mean of mesial 
and distal served as – ∆MBL/implant for statistical anal-
ysis [16].

Diagnosis of peri‑implantitis and peri‑implant mucositis
Peri-implantitis was assessed, based on the criteria 
described by Berglund et  al. (2018). Briefly, the pres-
ence of bleeding and/or suppuration on gentle probing, 
increasing probing depths compared to previous exami-
nations and presence of radiographic bone loss compared 
to implant placement would qualify for the diagnosis. 
In the absence of previous examination data, follow-
ing indices in combinations were applicable criteria: 

probing depth (PD) of ≥ 6 mm, bone levels ≥ 3 mm api-
cal of the most coronal portion of the intraosseous part 
of the implant [17]. Its precursor, peri-implant mucositis, 
is characterized by bleeding on gentle probing and may 
comprise erythema, swelling or suppuration.

Implant success and survival
Implant success and survival was assessed according to 
Misch et al. (2008). An implant was considered a success 
if grade 1 (optimum health) was diagnosed according to 
the following criteria: no pain or tenderness upon func-
tion, no mobility, < 2  mm radiographic bone loss from 
initial surgery and no exudates history. An implant was 
considered unsuccessful with grades 2–4 according to 
Misch et  al. (2008). Satisfactory survival (grade 2) com-
prises the factors 2–4  mm radiographic –  ∆MBL and 
otherwise no pain or tenderness upon function and no 
mobility. Compromised survival (grade 3) was defined as 
– ∆MBL of ≥ 4 mm or clinical outcomes such as no sen-
sitivity on function, PD > 7  mm or an exudates history. 
Failure (grade 4) comprises the factors pain on function, 
mobility, a –  ∆MBL > ½ implant length, uncontrolled 
exudate or the implant being lost [18].

Statistical analysis
Sample size calculation was based on the main outcome 
parameter “prevalence of peri-implantitis” based on pre-
viously published effects sizes [19]. Accordingly, a mini-
mum of n = 30 implants must have been included in 
every group to achieve an odds ratio (OR) > 1. Descriptive 
analysis comprised medians [1st quantile; 3rd quantile] 
for metric and percentages for binary outcomes.

Demographic parameters age, gender (binary), smok-
ing habits (binary), diabetes mellitus type 1/type 2 
(binary yes/no), anticoagulants (binary yes/ no), body 
mass index (BMI), XI-G and recall interval were recorded 
and assessed patient-wisely while clinical parameters 
implant loss (binary), presence of pus (binary), BOP 
(binary), changes in PD (∆PD), plaque index (binary), 
KM (binary, ≥ 1 mm and < 1 mm), changes in mean bone 
loss (– ∆MBL), peri-implantitis (binary) and implant suc-
cess (binary, grade 1 [optimum health], and grade 2 or 
higher [compromised success] [18]), were recorded and 
assessed implant-wisely.

Patient- and implant-related outcomes were tested for 
differences between implant groups HD-SLA, HD-TiU-
nite, BL-TiUnite, BL-SIC and between implant types (HD 
vs. BL) using either Mann–Whitney tests or Kruskal–
Wallis tests on a global scale with Mann–Whitney tests 
post hoc for metric outcomes or exact Fisher tests on a 
global scale (extended version if design larger than 2 × 2) 
and post hoc for binary outcomes. Furthermore, it was 

https://imagej.nih.gov/ij/
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tested whether the parameters age, gender, BMI, smok-
ing habits, diabetes mellitus, anticoagulants, xerostomia, 
recall interval, KM, plaque index and implant groups 
have an impact on outcomes –  ∆MBL, peri-implantitis 
and implant success. To assess the impact on –  ∆MBL, 
a univariate screening was first conducted using Mann–
Whitney tests and Spearman rank-correlation. All signifi-
cant parameters from screening with more than n = 150 
observations were then carried over to a final multivari-
ate linear regression model. A similar procedure was 
used for binary outcomes peri-implantitis and implant 
success, but using logistic regression models this time 
(for screening and final model). Finally, all final mod-
els (linear and logistic) underwent a backward stepwise 
selection algorithm minimizing the Akaike Information 
Criterion (AIC), reducing all models to only “risk param-
eters” for the respective outcome [20]. Goodness-of-fit 
of final models were assessed by checking for normality 
of residuals and homoscedasticity (linear regression) and 
by checking residuals and applying the Hosmer–Leme-
show test (logistic regression). Implant-related outcomes 
were not corrected for patients, leading to a possible bias 
in these assessments. Throughout, p-values smaller or 
equal to 0.05 were considered as statistically significant. 
All p-values for post hoc tests were corrected using the 
method of “Holm”. All analyses in this report were per-
formed with the statistics software R, version 3.5.0 and 
by a specialist biostatistician (significantis GmbH, Bern, 
Switzerland).

Results
After screening the patient records, a total number of 
246 eligible subjects were identified (Fig. 1). All of them 
were contacted by telephone and 80 patients (median age 
72.72 [67.03; 78.81] years, 46 females, 34 males) agreed to 
participate.

All participants wore upper complete dentures and 
mandibular bar-retained IODs supported by 2–4 
implants (Figs. 2, 3, 4, 5). In sum, n = 180 implants were 
assessed. There were 52 implants in the HD-TiUnite 
group (28.9%), 54 implants in the BL-TiUnite group 
(30.0%), 52 implants in the HD-SLA group (28.9%) and 
22 implants in the BL- SIC group (12.2%). The implants 
had been in place for a median of 12.01 [10.82; 21.04] 
years (Table 1).

In the sample, there were 15 smokers (18.8%), 10 with 
diabetes mellitus (12.5%) and 32 taking anticoagulants 
(40.0%). Median body mass index (BMI was 27.29 [23.84; 
30.75] kg/m2, 29 missing values) and median XI-G was 
10.50 [2.75; 16.00]. The median recall interval was 10.40 
[8.40; 12.20] months (Table 2).

Radiological and clinical outcomes
Median –  ∆MBL was 1.57  mm [0.69, 2.68] and median 
∆PD was 2.00 mm [1.41, 2.50]. 35 patients suffered from 
peri-implantitis (19.7%), 102 had a positive BOP (56.7%). 

Fig. 1 Flowchart of the study enrollment

Fig. 2 Exemplary radiograph of the implant group HD‑SLA (Institut 
Straumann, Basel, Switzerland)

Fig. 3 Exemplary radiograph of the implant group HD‑TiUnite with 
machined collar (Nobel Biocare AB, Zurich, Switzerland)
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Table 1 Descriptive of implant characteristics, time under function, presence of bleeding on probing and implant loss

HD‑TiUnite n (%) HD‑SLA
n (%)

BL‑SIC
n (%)

BL‑TiUnite
n (%)

Implant diameter  ≤ 4 mm 17 (32.69) 13 (25) 22 (100) 12 (22.22)

 > 4 mm 35 (67.31) 39 (75) 0 (0) 42 (77.78)

Time under function 5–10 years 22 (42.31) 4 (7.69) 4 (18.18) 1 (1.86)

11–15 years 30 (57.69) 34 (65.38) 18 (81.82) 53 (98.15)

16–21 years 0 (0) 14 (26.92) 0 (0) 0 (0)

Bleeding on probing Yes 32 (61.54) 26 (50) 6 (27.27) 16 (29.63)

No 20 (38.46) 26 (50) 16 (72.73) 38 (70.37)

Loss of implant No 49 (94.23) 52 (100) 22 (100) 51 (94.44)

Late loss (≥ 1 year after placement) 0 (0) 0 (0) 0 (0) 2 (3.70)

Early loss (< 1 year after placement) 3 (5.77) 0 (0) 0 (0) 1 (1.85)

Fig. 4 Exemplary radiograph of the implant group BL‑TiUnite with 
surface on collar (Nobel Biocare AB, Zurich, Switzerland)

Fig. 5 Exemplary radiograph of the implant group BL‑SIC (SIC invent 
AG, Basel, Switzerland)

Implant success was recorded in 107 patients (60.1%) 
(Table 3).

Assessment of implant groups
Implants were also grouped according to their 
macro-design, HD and BL and group-wisely for both 
patient- and implant-related parameters (Tables  2, 3). 
Considering patient-related parameters, no significant 
differences were found on implant level, although the 
p-value comparing the XI-G score was low (HD: 12.00, 
BL: 6.00, p = 0.08). Between implant groups, the recall 
interval was significantly different (p = 0.005) and post 
hoc tests showed significant differences between BL-
TiUnite and BL-SIC implants to that respect (BL-TiUnite: 
8.85 months, BL-SIC: 11.70 months, p = 0.005).

Considering implant-related parameters, significant 
differences were found for the presence of pus on both 
implant and group level (p = 0.01). However, post hoc 
tests comparing groups did not reveal significant differ-
ences as pus was only observed in the BL-TiUnite group 
and group-wise comparison was underpowered. Com-
parison of implant success was statistically significant on 
implant level (HD: 53.8%, BL: 68.9%, p = 0.045) and close 
to significance on group level (p = 0.07). BOP differed 
significantly on group level (p = 0.004) and post hoc tests 
found again statistically significant differences between 
BL-TiUnite and BL-SIC implants (BL-TiUnite: 70.4%, BL-
SIC: 27.3%, p = 0.005). Finally, differences between groups 
regarding ∆PD failed to be significant by little (p = 0.07).

Assessment of risk factors for – ∆MBL
Multivariate linear regression identified KM and xerosto-
mia as risk factors for – ∆MBL with – ∆MBL being 0.77 
units smaller (less bone loss) in average for KM ≥ 1  mm 
compared to < 1 mm (p = 0.0006) and an average increase of 
0.02 units in – ∆MBL per additional XI-G score (p = 0.09).
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Assessment of risk factors for peri‑implantitis
Of all assessed parameters, the risk for peri-implantitis 
was only significantly enhanced from smokers in com-
parison to non-smokers (OR 2.87, p = 0.013) according 
to multivariate logistic regression. There was a significant 
impact of BMI in univariate analysis (OR 0.88 for one 
additional BMI unit kg/m2, p = 0.03), but only based on 
n = 112 observations. A higher plaque score was associ-
ated with a risk for peri-implantitis, but failed to reach 
the significance level (OR 1.36, p = 0.07).

Assessment of risk factors for implant success
Multivariate logistic regression (on success grade 
1 = optimum vs grade 2 +  = complications) then identi-
fied that more KM (≥ 1  mm vs < 1  mm) was associated 
with a significantly higher implant success (OR 2.82, 
p = 0.003) and that an additional XI-G score decreased 
the odds for success (OR 0.95, p = 0.007).

Discussion
Statement of principal findings
The current study aimed to assess possible differences 
concerning implant survival and success as well as various 

Table 2 Differences between possible risk factors by implant‑level and implant‑type

* P-value comparing HD- with BL-implants, **P-value comparing implant types. aGroups with same letter show statistically significant post hoc tests

Variable Total HD‑implants BL‑implants p‑value* HD‑TiUnite HD‑SLA BL‑TiUnite BL‑SIC p‑value**

Age 72.72
[67.03, 78.81]

70.92
[66.46, 78.58]

73.97
[69.66, 78.78]

0.40 69.08
[64.40, 76.30]

75.83
[68.95, 79.33]

74.08
[69.89, 82.08]

73.09
[69.23,77.00]

0.18

Smoking
Ref: yes

15/80
(18.8%)

5/46
(10.9%)

10/34
(29.4%)

0.30 3/24
(12.5%)

2/22
(9.1%)

7/23
(30.4%)

3/11
(27.3%)

0.21

Diabetes
Ref: yes

10/80
(12.5%)

8/46
(17.4%)

2/34
(5.9%)

0.18 3/24
(12.5%)

5/22
(22.7%)

1/23
(4.3%)

1/11
(9.1%)

0.32

Anticoagulants
Ref: yes

32/80
(40.0%)

20/46
(43.5%)

12/34
(35.3%)

0.50 11/24
(45.9%)

9/22
(40.9%)

8/23
(34.8%)

4/11
(36.4%)

0.89

BMI 27.29
[23.84, 30.75]

27.34
[24.39, 31.14]

25.99
[22.95, 28.08]

0.20 29.09
[25.56, 31.64]

26.28
[23.12, 28.04]

25.99
[23.43, 27.85]

24.52
[22.64, 26.40]

0.24

Xerostomia 10.50
[2.75, 16.00]

12.00
[4.25, 16.00]

6.00
[1.25, 14.75]

0.08 13.00
[6.00, 18.00]

11.50
[4.25, 14.00]

3.00
[0.50,18.00]

9.00
[4.00, 12.00]

0.33

Recall interval (m) 10.40
[8.40, 12.20]

10.45
[8.43, 12.20]

10.40
[8.40, 12.10]

0.93 10.00
[7.73, 11.75]

11.25
[9.83, 12.75]

8.85a

[7.50, 10.70]
11.70a

[10.90, 18.55]
0.005

Gender
Ref: female

46/80
(57.5%)

29/46
(63.0%)

17/34
(50.0%)

0.26 14/24
(58.3%)

15/22
(68.2%)

13/23
(56.5%)

4/11
(36.4)

0.40

Table 3 Differences of tested parameters and possible risk factor by implant‑level and implant‑type

* P-value comparing HD- with BL-implants, **P-value comparing implant types. aGroups with same letter show statistically significant post hoc tests

Variable Total HD‑implants BL‑implants p‑value* HD‑TiUnite HD‑SLA BL‑TiUnite BL‑SIC p‑value**

Loss of implant
Ref: yes

6/180
(3.3%)

3/104
(2.9%)

3/76
(3.9%)

0.70 3/52
(5.8%)

0/52
(0.0%)

3/54
(5.6%)

0/22
(0.0%)

0.26

BOP
Ref: yes

102/180
(56.7%)

58/104
(55.8%)

44/76
(57.9%)

0.88 32/52
(61.5%)

26/52
(50.0%)

38/54a

(70.4%)
6/22a

(27.3%)
0.004

KM
Ref: KM ≥ 1 mm

120/176
(68.2%)

73/104
(70.2%)

47/72
(65.3%)

0.51 39/52
(75.0%)

34/52
(65.4%)

31/52
(57.4%)

16/20
(80.0%)

0.24

Peri‑implantitis
Ref: yes

35/178
(19.7%)

20/104
(19.2%)

15/74
(20.3%)

1.00 11/52
(21.2%)

9/52
(17.3%)

11/52
(21.2%)

4/22
(18.2%)

0.97

PUS
Ref: yes

5/178
(2.8%)

0/104
(0.0%)

5/74
(6.8%)

0.01 0/52
(0.0%)

0/52
(0.0%)

5/52
(9.6%)

0/22
(0.0%)

0.01

Plaque index
Ref: yes

167/178
(93.8%)

97/104
(93.3%)

70/74
(94.6%)

1.00 49/52
(94.2%)

48/52
(92.3%)

50/52
(96.2%)

20/22
(90.9%)

0.83

ΔPD 2.00
[1.41, 2.50]

2.13
[1.41, 2.50]

1.75
[1.25, 2.75]

0.60 1.69
[1.22, 3.03]

2.25
[1.94, 2.50]

1.75
[1.25, 2.28]

2.25
[1.75,2.94]

0.07

‑ΔMBL 1.57
[0.69, 2.68]

1.95
[0.90, 3.02]

1.48
[0.48, 1.96]

0.21 1.83
[0.83, 2.78]

1.82
[0.86,2.91]

1.60
[0.68, 2.61]

1.23
[0.48, 1.90]

0.37

Implant success
Ref: optimal health

107/178
(60.1%)

56/104
(53.8%)

51/74
(68.9%)

0.045 26/52
(50.0%)

30/52
(57.7%)

33/52
(63.5%)

18/22
(81.8%)

0.07
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parameters of the peri-implant tissues between common 
implant macro- and micro-design, namely BL and HD 
implants, for the use in mandibular overdentures. The 
study revealed within the limits of a retrospective con-
trolled cohort study, that there was no difference concern-
ing the rate of implant failure, or per-implantitis. However, 
only in one study group there was the presence of peri-
implant pus. Implant success according to the Misch cri-
teria was higher in BL-implants with one group being 
notably higher than the comparing groups, which might 
have introduced a bias into the results. For bone loss, a 
width of KM < 1 mm and the presence of xerostomia were 
identified as risk factors. Smoking and a higher body mass 
index (BMI) were a risk factor for peri-implantitis. As risk 
factors for reduced implant success, a small width of KM 
and the presence of xerostomia were identified.

Strengths and weaknesses of the study
The current study had some inherent shortcomings, as 
a retrospective design had to be chosen. Hence, there 
might have been an inclusion bias, as patients who were 
very unsatisfied with their previous treatment might have 
not followed the invitation for the study-related assess-
ment. However, more relevant for the rather low follow-
up rate might have been that predominantly old and 
very old patients who had  received the initial implant 
treatment, and hence, more general factors like reduced 
mobility, multimobidity, or cognitive impairment might 
have precluded study participation. In total 80 out of 
246 possible study participants agreed to the clinical and 
radiological follow-up examination, which constitutes 
a high drop-out rate. First, this might have affected the 
results directly, and secondly might have led to statisti-
cal analyses that might be underpowered for the sec-
ondary parameters. A strength was that the sample size 
calculation was based on the primary outcome parameter 
“prevalence of peri-implantitis”, and hence, a real conclu-
sion can be drawn out of the current results about this 
parameter.

Identifying predictors of long-term success and absence 
of peri-implant disease, the present study extends the evi-
dence to very old patients with results for at least a decade 
living with a mandibular bar-retained IOD. When inter-
preting the results, it also must be considered that this 
retrospective report and investigated parameters were not 
predefined, medical records of study participants were 
manually extracted out of the non-digital archive.

Further, it needs to be considered that to avoid statis-
tical fitting problems, implant-related outcomes were 
not corrected for patients. This means that patients with 
a higher number of implants are slightly overweighted 
regarding implant-related outcomes, leading to a small 
bias for these outcomes.

Strengths and weaknesses in relation to other studies, 
discussing particularly any differences in results
Contrary to previous studies, a cause–effect relation-
ship between plaque accumulation and peri-implant 
mucositis in elderly patients [21] could not be confirmed 
[21, 22]. A Reason could be the fact that plaque index at 
time of the follow-up examination does not represent the 
condition over time. In previous studies, we have found 
initial clinical evidence, that in elderly patients, peri-
implant inflammation might be less severe compared to 
younger patients and that peri-implant bone loss might 
be reduced in elderly individuals [23, 24].

Surprisingly, there is very little specific evidence on 
peri-implant tissue parameters in edentulous patients 
provided with IODs. Enkling et  al. recently published 
such a report and reported peri-implant bone loss in this 
indication of −  0.96 ± 0.89  mm. Taking into account, 
that in the current study, 75% of the implant had been in 
function between 11 and 15 years, the currently reported 
peri-implant bone loss seems to be comparably low.

The SLA surface shows a roughness of about 
Ra = 2–4  μm between the peaks, created by sandblast-
ing with grains of 250–500 μm size followed by an acid 
bath. Implants with an increased surface “SLActive” con-
tain an enhanced biological activity in comparison with 
SLA by a purged and directly sealed layer. Under N2 gas 
protective atmosphere in vials with an isotonic NaCl pro-
cess, a clean TiO2 passivation layer is created. The spe-
cifically SIC invent AG surface treatment method “SIC 
Matrix” is SLA with zirconia granulate for sandblasting 
followed by etching and results in a conditioned surface 
of the implant. The clean SIC Matrix surface achieves a 
moderate roughness Sa of around 1 µm and a high homo-
geneity of the topography of the implant surface. A dif-
ferent technique of surface roughening has been applied 
to “TiUnite” implants that are electrochemically modified 
by anodic oxidation to increase the thickness of the tita-
nium oxide (TiO2) layer from 17–200 nm in conventional 
titanium implants to 600–1000 nm. Thus, a porous sur-
face microstructure with pore sizes of about 1.3–2.0  mm2 
and a moderate degree of surface roughness of Sa = 1 μm 
is generated [25, 26]. In the current study, peri-implant 
pus, and implant losses only occurred in implants with 
the TiUnite surface. Furthermore, BOP-positive implant 
sites were most frequent in the two TiUnite groups. This 
is in accordance with results of an animal study, where 
the TIUnite surface demonstrated enhanced tissue loss 
in artificial peri-implantitis conditions [27] However, 
the findings of the present study did not result in differ-
ences between the implant types in terms of bone-level 
changes. A similar outcome was demonstrated in recent 
evidence, that analyzed bone-level changes among differ-
ent implant types, including implants with an SLA and 
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TiUnite surface [28–30]. The authors of the review could 
neither show a significant effect in terms of the implant 
micro-design between the SLA and TiUnite implants 
nor of the macro-design within the respective groups, on 
peri-implant bone-level changes. Consequently, it may 
be concluded that volume-stable peri-implant condi-
tions can be achieved with all evaluated micro-designs, 
whereas peri-implant health and survival may be com-
promised with specific micro-designs [8, 9, 27].

Meaning of the study: possible mechanisms 
and implications for clinicians or policymakers
It would be a step backward to interpret no significant 
association between plaque and disease as an encourage-
ment to forget the best possible oral hygiene in general. 
Rather, the confidence intervals and missing correla-
tions between plaque and peri-implant diseases contra-
dictory to previous evidence raise the suspicion that 
still unknown mechanisms underlie the edentulous and 
elderly patient group [31]. Out of the range of potential 
explanations, the influence on HD implants, health of 
the salivary glands as well as the presence of keratinized 
mucosa around implants might play a key role in peri-
implant conditions.

It is interesting to note that a higher BMI was identi-
fied as a risk factor for developing peri-implantitis, but 
this is in line with recent findings from general medicine 
that may show a link between obesity and inflammation. 
Ellulu et  al. state that adipose tissues release inflam-
matory mediators and is associated with a multitude 
of diseases [32]. In this line of thought, a recent review 
showed a dose–response relationship between the met-
abolic syndrome and severity and periodontitis [33]. 
Furthermore, it was demonstrated that obese implant 
patients show higher BOP, PD and MBL than non-obese 
controls [34].

Unanswered questions and future research
In addition to the reduction of risk factors, the estab-
lishment of stability factors such as investigation in the 
relationship between salvia, soft tissue composition and 
peri-implant health, is a sensible future-oriented invest-
ment. Understanding better biological interactions admit 
modifying risk- and health-stabilizing factors to reduce 
the potential for disease occurrence or progression.

It can be stated that no validated predictors for 
long-term peri-implant health exist and no real esti-
mation of factors triggering peri-implant disease can 
be made. In future reports, applying accurate deline-
ation of the cohort register with consideration of 
biological conditions is the most important factor to 
attribute the prevalence of the disease to detect influ-
encing factors.

Conclusions
For mandibular bar-retained IODs, both bone-level and 
hybrid-design implants, are mostly successful. A mini-
mum of 1 mm keratinized mucosa around the implants as 
well as the absence of xerostomia seems to be important 
for implant success and stable peri-implant bone levels. 
Besides the well-known risk factor smoking, a high BMI 
seem to be counterproductive for peri-implant health.

Abbreviations
IOD: Implant overdenture; – ∆MBL (mm): Mean peri‑implant bone‑level 
changes; HD: Hybrid‑design implants, i.e., tissue‑level implants with machined 
neck; HD‑SLA: HD with SLA/SLActive surface and machined neck (Institut 
Straumann, Basel, Switzerland); HD‑TiUnite: HD with TiUnite surface and 
machined neck (Nobel Biocare AB, Zurich, Switzerland); BL: Bone‑level 
implants; BL‑TiUnite: Bone‑level implants with TiUnite surface (Nobel Biocare 
AB, Zurich, Switzerland); BL‑SIC: BL with SICmatrix surface (SIC invent, Basel, 
Switzerland); BOP: Bleeding on probing; PD (mm): Probing depth; ∆PD (mm): 
PD difference between initial value at implant loading and study‑related 
assessment; KM: Keratinized mucosa; XI‑G score: Xerostomia inventory (Ger‑
man version).

Acknowledgements
Statistical analysis was performed by significantis Gmbh, Bern, Switzerland.

Author contributions
MB contributed to the study design, gathered data, participated in the 
statistical analysis and wrote a first draft of the manuscript. RS was responsi‑
ble for data entry and contributed to the manuscript. NE contributed to the 
clinical patient treatment and provided support in the study planning and 
critically revised the manuscript. VGAS critically revised the manuscript. SAA 
contributed to the study design contributed significantly to the manuscript. 
MS initiated the study, developed the study design, obtained ethics approval, 
provided funding and contributed to the final version of the manuscript. All 
authors read and approved the final  manuscript.

Funding
The study was entirely funded by the Department of Reconstructive Dentistry 
and Gerodontology, University of Bern.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Ethics Committee of Bern, Switzer‑
land (KEK‑Nr. 268/15). All participants have signed an informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they do not have any competing interests.

Author details
1 Department of Reconstructive Dentistry and Gerodontology, School of Den‑
tal Medicine, University of Bern, Bern, Switzerland. 2 Department of Prostho‑
dontics, Preclinical Education and Dental Materials Science, Medical Faculty, 
University of Bonn, Bonn, Germany. 3 Department of Oral Surgery and Stoma‑
tology, School of Dental Medicine, University of Bern, Bern, Switzerland. 
4 Division of Gerodontology and Removable Prosthodontics, University Clinics 
of Dental Medicine, University of Geneva, Geneva, Switzerland. 



Page 9 of 9Betthäuser et al. International Journal of Implant Dentistry            (2022) 8:38  

Received: 12 July 2022   Accepted: 8 September 2022

References
 1. Feine JS, Carlsson GE, Awad MA, Chehade A, Duncan WJ, Gizani S, et al. 

The McGill consensus statement on overdentures. Quintessence Int. 
2003;34:78–9.

 2. Schimmel M, Srinivasan M, Herrmann FR, Müller F. Loading proto‑
cols for implant‑supported overdentures in the edentulous jaw: a 
systematic review and meta‑analysis. Int J Oral Maxillofac Implants. 
2014;29(Suppl):271–86.

 3. Kern JS, Kern T, Wolfart S, Heussen N. A systematic review and meta‑anal‑
ysis of removable and fixed implant‑supported prostheses in edentulous 
jaws: post‑loading implant loss. Clin Oral Implants Res. 2016;27(2):174–95.

 4. Molinero‑Mourelle P, Al‑Haj Husain N, Abou‑Ayash S, Burak Y, Iizuka T, 
Schimmel M. Single‑visit chairside adjustment of a metal‑acrylic resin 
implant‑supported fixed complete dental prosthesis on an unloaded 
implant by using a novel fixed attachment system. A case report. J Med 
Case Rep. 2021;15:236.

 5. Salvi GE, Cosgarea R, Sculean A. Prevalence and mechanisms of peri‑
implant diseases. J Dent Res. 2017;96(1):31–7.

 6. Enkling N, Kokoschka F, Schumacher D, Kraus D, Schimmel M, Abou‑
Ayash S. Influence of the loading protocol and platform switching in 
two‑implant bar‑retained overdentures: 3‑year results from a randomized 
controlled equivalence clinical trial. Clin Oral Implants Res. 2021. https:// 
doi. org/ 10. 1111/ clr. 13872.

 7. Tarnow DP. Dental implants in periodontal care. Curr Opin Periodontol. 
1993:157–62.

 8. Derks J, Hakansson J, Wennstrom JL, Tomasi C, Larsson M, Berglundh T. 
Effectiveness of implant therapy analyzed in a Swedish population: early 
and late implant loss. J Dent Res. 2015;94(3 Suppl):44S‑51S.

 9. Derks J, Schaller D, Håkansson J, Wennström JL, Tomasi C, Berglundh T. 
Peri‑implantitis—onset and pattern of progression. J Clin Periodontol. 
2016;43(4):383–8. https:// doi. org/ 10. 1111/ jcpe. 12535.

 10. Garaicoa‑Pazmino C, Lin GH, Alkandery A, Parra‑Carrasquer C, Suarez‑
Lopez Del Amo F. Influence of implant surface characteristics on the 
initiation, progression and treatment outcomes of peri‑implantitis: a 
systematic review and meta‑analysis based on animal model studies. Int J 
Oral Implantol (Berl). 2021;14(4):367–82.

 11. Vandenbroucke JP, von Elm E, Altman DG, Gotzsche PC, Mulrow CD, 
Pocock SJ, et al. Strengthening the reporting of observational studies in 
epidemiology (STROBE): explanation and elaboration. Ann Intern Med. 
2007;147(8):W163–94.

 12. Jünger H, Jaun‑Ventrice A, Guldener K, Ramseier C, Reissmann D, 
Schimmel M. Anti‑inflammatory potential of an essential oil‑containing 
mouthwash in elderly subjects enrolled in supportive periodontal 
therapy: a 6‑week randomised controlled clinical trial. Clin Oral Invest. 
2020;4:3203–11.

 13. Schou S, Holmstrup P, Stoltze K, Hjørting‑Hansen E, Fiehn NE, Skov‑
gaard LT. Probing around implants and teeth with healthy or inflamed 
peri‑implant mucosa/gingiva: a histologic comparison in cynomolgus 
monkeys (Macaca fascicularis). Clin Oral Implant Res. 2002;13:113–26.

 14. O’Leary TJ, Drake RB, Naylor JE. The plaque control record. J Periodontol. 
1972;43(1):38.

 15. Afrashtehfar K, Brägger U, Hicklin S. Reliability of interproximal bone 
height measurements in bone‑ and tissue‑level implants: a methodologi‑
cal study for improved calibration purposes. Int J Oral Maxillofac Implants. 
2020;35:289–96.

 16. Brägger U, Gerber C, Joss A, Haenni S, Meier A, Hashorva E, et al. Patterns 
of tissue remodeling after placement of ITI® dental implants using an 
osteotome technique: a longitudinal radiographic case cohort study. Clin 
Oral Implant Res. 2004;15:158–66.

 17. Berglundh T, Armitage G, Araujo MG, Avila‑Ortiz G, Blanco J, Camargo PM, 
et al. Peri‑implant diseases and conditions: consensus report of work‑
group 4 of the 2017 World Workshop on the Classification of Periodontal 
and Peri‑Implant Diseases and Conditions. J Periodontol. 2018;89(Suppl 
1):S313–8.

 18. Misch CE, Perel ML, Wang HL, Sammartino G, Galindo‑Moreno P, Trisi P, 
et al. Implant success, survival, and failure: the International Congress of 

Oral Implantologists (ICOI) Pisa Consensus Conference. Implant Dent. 
2008;17(1):5–15.

 19. Derks J, Schaller D, Hakansson J, Wennstrom JL, Tomasi C, Berglundh 
T. Effectiveness of implant therapy analyzed in a Swedish population: 
prevalence of peri‑implantitis. J Dent Res. 2016;95(1):43–9.

 20. Sakamoto Y, Ishiguro M, KGD. Akaike information criterion statistics. 
Dordrecht, The Netherlands: Reidel Publishing Company; 1986.

 21. Meyer S, Giannopoulou C, Courvoisier D, Schimmel M, Müller F, Mombelli 
A. Experimental mucositis and experimental gingivitis in persons aged 
70 or over. Clinical and biological responses. Clin Oral Implants Res. 
2017;28(8):1005–12.

 22. Werbelow L, Weiss M, Schramm A. Long‑term follow‑up of full‑arch 
immediate implant‑supported restorations in edentulous jaws: a clinical 
study. Int J Implant Dent. 2020;6(1):34.

 23. Ramseier C, Fischer J, Fischer G, Schimmel M. Effect of age on bleeding 
on probing (BOP) as an indicator of periodontal inflammation in patients 
enrolled in supportive periodontal therapy. Oral Health Prev Dent. 
2021;19(1):43–50.

 24. Enkling N, Moazzin R, Geers G, Kokoschka S, Abou‑Ayash S, Schimmel 
M. Clinical outcomes and bone level alterations around one‑piece mini 
dental implants retaining mandibular overdentures: 5‑year follow‑up of a 
prospective cohort study. Clin Oral Implants Res. 2020. https:// doi. org/ 10. 
1111/ clr. 13591.

 25. Sul Y‑T, Johansson CB, Roser K, Albrektsson T. Qualitative and quantitative 
observations of bone tissue reactions to anodised implants. Biomaterials. 
2002;23:1809–17.

 26. Smeets R, Stadlinger B, Schwarz F, Beck‑Broichsitter B, Jung O, Precht C, 
et al. Impact of dental implant surface modifications on osseointegration. 
BioMed Res Int. 2016. https:// doi. org/ 10. 1155/ 2016/ 62856 20.

 27. Fickl S, Kebschull M, Calvo‑Guirado JL, Hurzeler M, Zuhr O. Experimen‑
tal peri‑implantitis around different types of implants—a clinical and 
radiographic study in dogs. Clin Implant Dent Relat Res. 2015;17(Suppl 
2):e661–9.

 28. Norton MR, Astrom M. The influence of implant surface on mainte‑
nance of marginal bone levels for three premium implant brands: a 
systematic review and meta‑analysis. Int J Oral Maxillofac Implants. 
2020;35(6):1099–111.

 29. Kruse AB, Wild V, Ratka‑Kruger P, Vach K, Frisch E. Peri‑implant bone‑level 
changes in the second decade of loading with regard to the implant‑
abutment connection: a retrospective study on implants under system‑
atic aftercare. Int J Implant Dent. 2021;7(1):104.

 30. Rothamel D, Heinz M, Ferrari D, Eissing A, Holtmann H, Schorn L, et al. 
Impact of machined versus structured implant shoulder designs on 
crestal bone level changes: a randomized, controlled, multicenter study. 
Int J Implant Dent. 2022;8(1):31.

 31. Müller F, Srinivasan M, Krause K, Schimmel M. Periodontitis and peri‑
implantitis in the elderly with institutional and hospital confinement. 
Periodontology 2000. 2022. https:// doi. org/ 10. 1111/ prd. 12454.

 32. Ellulu MS, Patimah I, Khaza’ai H, Rahmat A, Abed Y. Obesity and inflam‑
mation: the linking mechanism and the complications. Arch Med Sci. 
2017;13(4):851–63.

 33. Campos JR, Martins CC, Faria SFS, Carvalho AP, Pereira AG, Costa FO, et al. 
Association between components of metabolic syndrome and peri‑
odontitis: a systematic review and meta‑analysis. Clin Oral Investig. 2022. 
https:// doi. org/ 10. 1007/ s00784‑ 022‑ 04583‑x.

 34. Alkhudhairy F, Vohra F, Al‑Kheraif AA, Akram Z. Comparison of clinical 
and radiographic peri‑implant parameters among obese and non‑obese 
patients: a 5‑year study. Clin Implant Dent Relat Res. 2018;20(5):756–62.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1111/clr.13872
https://doi.org/10.1111/clr.13872
https://doi.org/10.1111/jcpe.12535
https://doi.org/10.1111/clr.13591
https://doi.org/10.1111/clr.13591
https://doi.org/10.1155/2016/6285620
https://doi.org/10.1111/prd.12454
https://doi.org/10.1007/s00784-022-04583-x

	Clinical outcomes of different implant types in mandibular bar-retained overdentures: a retrospective analysis with up to 20 years follow-up
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Study protocol
	Clinical examination
	Radiological examination
	Diagnosis of peri-implantitis and peri-implant mucositis
	Implant success and survival
	Statistical analysis

	Results
	Radiological and clinical outcomes
	Assessment of implant groups
	Assessment of risk factors for – ∆MBL
	Assessment of risk factors for peri-implantitis
	Assessment of risk factors for implant success

	Discussion
	Statement of principal findings
	Strengths and weaknesses of the study
	Strengths and weaknesses in relation to other studies, discussing particularly any differences in results
	Meaning of the study: possible mechanisms and implications for clinicians or policymakers
	Unanswered questions and future research

	Conclusions
	Acknowledgements
	References


