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Abstract

Background: Implant survival and implant success (freedom of biologic complications) are important factors in
assessing the success of implant therapy. However, these factors are not the only determinants. Patients’satisfaction
also plays a very important role in daily practice. Therefore, the aim of this study was to assess patients’satisfaction
regarding function (phonetics, chewing comfort, stability, cleanability) and aesthetics in patients treated with XiVE
and Frialite implants in a private periodontal practice ten years after implant placement. Furthermore, oral health-
related quality of life (OHRQol) was evaluated.

Methods: Patient-reported outcome measures (PROMs) regarding overall satisfaction, phonetics, chewing comfort,
stability, cleanability, and aesthetics were examined on a Visual Analog Scale (VAS) 10 years 6 months after implant
placement in a cross-sectional survey. OHRQoL and psychological impact were assessed via the Oral Health Impact
Profile (OHIP) and Psychosocial Impact of Dental Aesthetics Questionnaire (PIDAQ). Potential influence of patient-related
factors (age, gender, smoking, peri-implantitis, implant position, type of restoration) on VAS, OHRQoL and PIDAQ were
investigated using regression analyses.

Results: High satisfaction with implant-supported restorations was seen in all 95 patients ten years after implant
placement. Mean VAS-score for general satisfaction with implant-supported restoration was 93.0% (SD 4 9.4, median:
96.3%, range 50.0-100%). Mean OHIP score was 11.3 (SD 4 10.8, median: 9.0, range 0-45), mean PIDAQ score 20.5
(SD+£11.37, median: 17.0, range 0-52). A slight tendency that presence of a moderate/severe peri-implantitis lowers
satisfaction could be detected (overall satisfaction: ordinal, p=0.012, VAS, p =0.026). Also, the factors age, implant
position and type of restoration might have an impact on patient’s satisfaction.

Conclusions: Patients restored with mostly fixed implant-supported restorations showed a very high patient
satisfaction regarding function and aesthetics 10-year after implant placement. The presence of a moderate/severe
peri-implantitis showed a slight tendency for influencing patient satisfaction. Due to the cross-sectional design results
have to be interpreted with care.
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Background

Implant-supported restorations have become stand-
ard for the therapy of lost or missing teeth. Survival
rates of implants are high [1, 2]. However, the time an
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implant remains in situ is not the only factor determin-
ing the success of implant therapy. Much more relevant
for implant success is, whether the hard and soft tissues
around implants are free of inflammation. Other impor-
tant aspects are functional and aesthetic outcomes of the
implant-supported restorations. Altogether, these criteria
are essential for the aspired improvement in life qual-
ity. Patients experience the improvement of life quality
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individually. This phenomenon is referred to as patients
satisfaction [3-5].

Health is one of the important dimensions regarding
quality of life (c). Even though oral diseases with local
symptoms, such as pain or tooth loss, are generally not
life threatening, they can greatly affect the health-related
quality of life (called oral health-related quality of life,
OHRQoL). The extent of the impairment is influenced
by position and distribution of the affected or lost teeth
[6]. Patients ask for solutions in order to compensate
such kind of impairment and to re-establish their qual-
ity of life. Since the introduction of dental implants, one
of the most common impairments—missing teeth—can
be treated very effectively. Thus, the improvement in
quality of life is a major treatment goal for implant-sup-
ported restorations and the patient satisfaction should
be regarded as a central feature for treatment quality and
success of therapy [7].

Patients’ self-awareness reflects their need for therapy;
patient-reported outcome measures (PROMs) are able to
show whether a treatment was able to improve their qual-
ity of life, for example by use of an implant-supported
restoration. Additionally, PROMs can be used to evalu-
ate the patients’ understanding of the performed treat-
ment; a sufficiently good understanding can positively
influence the commitment of the patient. Also, PROMs
can be helpful for communication between decision-
makers within the health care system, as therapies such
as implant-supported restorations can be mediated in a
tangible language that is easier to understand. In addi-
tion, PROMs are also potentially useful for the economic
evaluation of various treatment methods [8].

Oral Health Impacted Profile (OHIP) is an interna-
tionally recognized instrument for evaluating the oral
health-related quality of life [9-14]. For the purpose of an
intercultural and international comparability of this psy-
chometric instrument, this questionnaire was translated
in 2002 with cultural adaptation into German. Four ques-
tions were added, which were specifically regarded as
meaningful to the German population [15]. The culture-
specific German version of the questionnaire has also
proven its validity and sensitivity both in cross-sectional
and longitudinal studies [16—18].

The Psychosocial Impact of Dental Aesthetics Ques-
tionnaire (PIDAQ) was developed in 2006 in order to
investigate the effects of aesthetics on quality of life [19].
It is a well-validated psycho-social method for assessing
the need for treatment as well as the treatment outcomes
[19-23].

Since patients are no longer focused on the healing
process with possible pain, swelling or bleeding, long-
term follow-up studies over five years or more involv-
ing patient satisfaction survey provide reasonable
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information on real treatment benefit [4]. Although sev-
eral long-term data regarding survival and success rates
over periods of at least ten years are available for different
implant systems [24-27], long-term results on patient
satisfaction and individual improvement in quality of life
are still rare [8]. Especially for the implant system XiVE
and Frialite (Fa. Dentsply Sirona Implants, Mannheim,
Germany), only one study concerning patient-reported
outcomes is available with an observation period of
7.5 years [28].

Therefore, the aim of this study was to collect data of
patient-reported outcomes in patients with XiVE and
Frialite implants in a private periodontal practice 10 years
after implant placement. Furthermore, factors potentially
influencing patient satisfaction are investigated.

Methods

The study was performed in accordance with the Dec-
laration of Helsinki 1975, as revised in 2013, and was
approved by the Institutional Review Board for Human
Studies of the Medical Faculty of Heidelberg University
(Application# S-210/2013). All patients were informed
about possible risks and benefits as well as the proce-
dures of the study and all gave written informed consent.

Study population

As described in a previous paper on implant survival
and success [29] all invited patients were treated in a
private periodontal practice by implant placement of at
least one XIVE or Frialite implant (Fa. Dentsply Sirona
Implants, Mannheim, Germany). All patients were
incorporated in an individual hygiene program prior to
implant placement. If a periodontal disease was diag-
nosed, patients additionally received an active periodon-
tal therapy (APT) prior to implant surgery. After implant
placement all patients were invited in a recall program.
10 years £ 6 months after implant placement a re-exami-
nation was conducted.

All patients had to fulfill the following criteria:

+ Available panoramic radiograph at implant place-
ment (+3 months) and/or time of inserting the
implant-supported prostheses (orthopantomogramm
or x-ray)

+ Available attachment level or panoramic radiograph/
complete x-ray status to classify patient’s periodontal
diagnosis at baseline

+ Age> 18 years at re-examination

+ Non-pregnant or breastfeeding

« Partially edentulous dentition

+ Completed questionnaires
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Clinical examination

After complete clinical re-examination performed by one
independent examiner (AB) patients were asked to fulfill
three questionnaires (clinical examination is described in
detail in Baumer et al. [29]):

Patients satisfaction

Patients answered six questions regarding their satisfac-
tion on (1) general state, (2) phonetics, (3) chewing com-
fort, (4) stability, (5) cleanability, and (6) aesthetics using
a four-grade categorizing scale: (a) “yes, very satisfied’,
(b) “yes, mostly satisfied’, (c) “less satisfied’, (d) “not at all
satisfied”

In addition, patients were asked to mark for each ques-
tion the respective Visual Analog Scale (VAS) [30] which
is a 100 mm straight horizontal line with the left end
indicating “not at all satisfied” and the right end “very
satisfied” The satisfaction value was determined by the
distance from the left end of the scale to the mark in
millimeters and expressed as percentage (10 mm corre-
sponds to 10%, 20 mm 20%, etc.)

Oral health impact profile (OHIP)

Oral health-related quality of life (OHRQoL) was meas-
ured by using the German version of Oral Health Impact
Profile (OHIP, 49 items) [13, 15]. For international com-
parability, the four German-specific questions were
excluded. Patients were asked about the frequencies of
complains during the last month.

A total of 49 OHRQoL-factors were rated on a scale
of 0-4 (0="never, 1l="“rarely’, 2="occasionally’,
3="often’, 4="“very often”). There was no weighting of
each single factor [15, 31]. The OHIP summary score was
calculated as the sum of the 49 sub-scores (range 0-212)
and characterized impairment. A higher OHIP score
indicates a poorer OHRQoL. If more than five questions
in total, two questions in a subgroup, or one of the three
questions on problems specific to patients with pros-
theses were not answered, the patient was excluded. For
all other cases, a statistical estimate gained via multiple
imputation was used to supplement missing responses.

Psychosocial impact of dental aesthetics questionnaire
(PIDAQ)

Influence of aesthetic perception of teeth in daily life
was evaluated by consents to 23 statements. The con-
sents to aesthetic-negative statements were rated on a
scale of 0—4 (0="not at all’, 1="a little”, 2="“somewhat’,
3="strongly” or 4="“very strongly”). Since the subgroup
“dental self-confidence” consisted of aesthetic-positive
statements, the scales were rated reversed. Thus, a total
score of 0 would represent an absolute satisfaction of
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aesthetics and a maximum total score of 115 would rep-
resent absolute dissatisfaction.

Statistical analysis

Data was imported by two independent examiners (YW,
DB) into the software “Microsoft® Excel for Mac 2011”
(Microsoft Corporation, Redmond). For statistical analy-
sis the statistics software R 3.2.2 (R Foundation for Sta-
tistical Computing, Vienna, Austria, www.r-project.com)
was used. A descriptive analysis with mean, standard
deviation, median, minimum, and maximum for continu-
ous data was conducted. For categorial data percentages
are given.

Statistical significance of potentially influencing factors
(age, sex, smoking, peri-implantitis, implant position,
type of restoration) on ordinal measurements of patient
satisfaction was determined by ordinal or in one case
logistic regression analysis. For continuous measurement
variables (VAS, OHIP or PIDAQ) linear regression analy-
ses were used. Estimates (odds ratio, mean difference)
are given with corresponding 95% confidence interval
and p value. If more than five OHIP score questions in
total, two questions in an OHIP score subgroup, or one
of the three questions on problems specific to patients
with prostheses were not answered, the patient was
excluded. For all other cases, a statistical estimate gained
via multiple imputation was used to supplement miss-
ing responses. Thereby, the mice function in the mice
package in R, which generates multivariate imputations
by chained equations was used. Due to the descriptive
nature of this study no adjustment for multiple testing
was carried out and the significance level was set to be
0.05.

Results

Study population data

103 out of 210 patients could be reexamined. In these
analyses, 95 patients (60.0% female) are incorporated.
Reasons for exclusion of eight patients are given in Fig. 1.

At baseline 33 patients showed a mild/moderate
chronic periodontitis (ChP), 20 a severe ChP, 4 a local-
ized aggressive periodontitis (AgP), and 11 a generalized
AgP. All enrolled patients graduated at least from sec-
ondary school, 56.8% were also college/university gradu-
ates. At time of re-examination 9.5% of the patients were
smokers and 44.2% were former smokers.

Patients were aged 28-86 years (mean 63.4 years,
SD£10.4 years). Follow-up time was 10 years+ 6 month
(mean 10.0 years, SD£0.3 years) after implant place-
ment. The patients received one to nine implants (mean
2.5, SD+1.6). Only five patients (5.3%) got implant-
supported prostheses, while 90 (94.7%) were restored
with fixed single crowns or partial bridges. 40.0% of all


http://www.r-project.com

Wang et al. BMC Oral Health (2021) 21:30
210 patients
Passed away 11
Living far from center of study 9
Lack of time 16
No interest in participation 21
Unable to come because of general health
conditions 10
Address unknown 40

103 patients examined

Different Implant System (Biomed 3i) 3
Immediate implant loss/

no implant in situ 2
Incomplete questionnaires 3

95 patients included into analysis

Fig. 1 Recruitment of patient

patients suffered from mild peri-implantitis and 16.8%
from moderate/severe peri-implantitis (Table 1).

Patient satisfaction (PROMs)

Overall satisfaction. 87.4% of all patients were
strongly satisfied with their implant therapy. Only
11.6% responded with “yes, mostly” satisfied. Mean
VAS was 93.1% (SD £ 9.4, median 96.3%, range 50.0—
100%) (Fig. 2a, b and Additional file 1).

Phonetics. 100% of the patients were strongly sat-
isfied with their phonetics. Mean VAS was 96.7%
(SD £ 5.8, median 98.0%, range 53.8—100%).
Chewing comfort. 91.6% of patients were strongly
satisfied with their chewing comfort, 8.4% of
patients responded “yes, with slight restrictions”
Mean VAS was 94.2% (SD = 8.6, median was 97.3%,
range 47.0-100%).

Stability. 87.4% of patients answered “yes, very’
11.6% with “yes, for the most part” Mean VAS was
94.1% (SD £ 8.3, median 97.3%, range 54.3—100%).
Cleanability. 66.3% of the patients had no problems
with the cleanability of their restoration. 31.6% of
the patients had mostly no problems and one patient
(1.1%) perceived the cleanability to be inferior. Mean
VAS was 90.0% (SD+11.76, median 96.3%, range
52.3-100%).

Aesthetics. 84.2% of the patients were very satisfied
with the aesthetics of the implant-supported resto-
ration, 12.6% responded to be mostly satisfied, and
1.1% of patients less satisfied with the aesthetics.
Mean VAS was 93.3% (SD=+11.37, median 97.0%,
range 23.0-100.0%).
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Table 1 Patient characteristics

Patient characteristics Total (n=95)

57 (60%)
63.4+£10.3 (range 28-86)
1040.3 (range 9.5-10.7)

Sex (female)

Age (years)

Follow-up time (years)
Smoking at reexamination

Current smoker 9 (9.5%)
Former smoker 42 (44.2%)
Never smoker 44 (46.3%)

Educational status

Secondary school graduates 95 (100.0%)

College/university graduates 54 (56.8%)
Position of implants

Anteriors 28 (29.5%)

Premolars 35 (36.8%)

Molars 32 (33.7%)
Prosthetic treatment

Implant supported single crown 63 (66.3%)

Implant supported fixed prosthesis 27 (28.4%)

Removable denture 5(5.3%)

Number of implants 25416 (range 1-9)

Implant type
XiVE 84 (88.4%)
Frialit 11 (11.6%)
Peri-implantitis at reexamination
No peri-implantitis 41 (43.2%)
Mild peri-implantitis 38 (40.0%)
Moderate/severe peri-implantitis 16 (16.8%)

¥ Chronic periodontitis, Saggressive periodontitis

Patients who answered the questions with “very satis-
fied” did give higher VAS than patients that answer with
“mostly satisfied” (Additional file 1: Fig. S1).

To summarize, these results indicate a profound patient
satisfaction. This is also reflected by the fact that 98.9%
of the patients would choose the treatment option of an
implant-supported restoration again, if indicated. Only a
single patient (1.1%) would not.

OHIP

For four of the 95 patients, the OHIP scores could not
be determined, because 5 or more questions of the ques-
tionnaire were not answered. The answers for all 49 ques-
tions of the 91 evaluable questionnaires are summarized
in Table 2.

Mean OHIP score was 11.3 (SD £ 10.8, median 9, range
0-45, 1st quantil 3, 3rd quantil 16.5). The median of 9.0
signifies that half of all patients rank on the top 5% of the
OHIP scale. 11 patients (11.6%) experienced no impair-
ment of OHRQoL in the last month, thus exhibit the best
possible OHIP score of zero. In sum, this indicates once
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Fig. 2 Patient satisfaction. a Bar plot depict the relative frequency of the ordinal answers possibility of patient satisfaction answered by ordinal
categories. b Box and whisker plots show the distribution of the VAS of the patient satisfaction

more that therapy with implant-supported restorations is
a favorable treatment option for eligible patients.

The most common limitations were reported in the
subgroups “functional limitations” and “physical pain’.
Almost half of all patients (48.4%) complained about
“food catching between teeth or underneath denture”
(functional limitations) “occasionally’, “often” or “very
often”. Prevalence between 15.0% and 25.0% was shown

by impairments “bad breath” (functional limitations),

“sensitive teeth” (physical pain), “sore spots” (physi-
cal pain) and “worried by problems” (psychological
discomfort).

Psychosocial impact of dental aesthetics questionnaire:
PIDAQ

The average PIDAQ score of all 95 patients was 20.5
(SD£11.3, median 17.0, range 0-52). One patient was
perfectly satisfied with the aesthetics and showed a score



Wang et al. BMC Oral Health (2021) 21:30 Page 6 of 14

Table 2 Summary of the answers from 91 evaluable OHIP questionnaires

Prevalence of impairment in the past month Never (%) Rarely (%) Occasionally (%) Often (%) Very often (%)

Functional limitation

Difficulty chewing 67 24.2 8.8 0 0
Trouble pronouncing words 94.5 33 22 0 0
Noticed tooth that doesn't look right 89 33 6.6 1.1 0
Appearance affected 83.5 13.2 2.2 1.1 0
Breath stale 65.9 19.8 132 1.1 0
Taste worse 90.1 9.9 0 0 0
Food catching 286 23.1 30.8 121 55
Digestion worse 87.9 9.9 22 0 0
Dentures not fitting 989 0 1.1 0 0
Physical pain

Painful aching 725 16.5 99 1.1 0
Sore jaw 703 17.6 1 1.1 0
Headaches 912 6.6 2.2 0 0
Sensitive teeth 59.3 16.5 209 33 0
Toothache 79.1 176 33 0 0
Painful gums 63.7 275 8.8 0 0
Uncomfortable to eat 85.7 6.6 5.5 2.2 0
Sore spots 67 16.5 16.5 0 0
Uncomfortable dentures 98.9 1.1 0 0 0

Psychological discomfort

Worried by dental problems 68.1 13.2 154 2.2 1.1
Self-conscious 84.6 12.1 2.2 1.1 0
Dental problems made you miserable 86.8 132 0 0 0
Felt uncomfortable about the appearance 84.6 11 44 0 0
Felt tense 84.6 8.8 33 22 1.1
Physical disability

Speech unclear 94.5 44 1.1 0 0
Others misunderstood 912 8.8 0 0 0
Less flavor in food 923 7.7 0 0 0
Unable to brush teeth 79.1 143 6.6 0 0
Avoid eating 90.1 55 22 2.2 0
Diet unsatisfactory 91.2 7.7 1.1 0 0
Unable to eat (dentures) 100 0 0 0 0
Avoid smiling 879 9.9 22 0 0
Interrupt meals 96.7 1.1 2.2 0 0
Psychological disability

Sleep interrupted 879 7.7 4.4 0 0
Upset 90.1 6.6 33 0 0
Difficult to relax 63.7 275 8.8 0 0
Depressed 879 8.8 33 0 0
Concentration affected 87.9 11 1.1 0 0
Been embarrassed 91.2 7.7 1.1 0 0
Social disability

Avoid going out 97.8 2.2 0 0 0
Less tolerant of others 84.6 14.3 1.1 0 0
Trouble getting on with others 89 11 0 0 0
Irritable with others 86.8 11 2.2 0 0
Difficulty doing jobs 89 11 0 0
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Table 2 (continued)

Prevalence of impairment in the past month Never (%) Rarely (%) Occasionally (%) Often (%) Very often (%)
Handicap

Your general health has worsened 85.7 99 44 0

Financial loss 72.5 18.7 8.8 0

Unable to enjoy people’s company 89 8.8 0 1.1 1.1

Life unsatisfying 769 19.8 33 0

Unable to function 89 11 0 0

Unable to work 91.2 8.8 0 0

of 0. The frequencies of the answer categories to all 23
questions are summarized in Table 3.

Dental  self-confidence. Mean score was 13.9
(SD£5.2, median 14.0, range 0—24). The statements
of this subgroup, which describe a positive dental

self-awareness, do not have many agreements as pre-
sented in Table 3.

Psychological impact. Mean score was 4.6 (SD +4.4,
median 3.0, range 0-16). In this subgroup impair-
ments have a relatively high prevalence.

Social impact. Mean score was 1.8 (SD 2.9, median
0.0, range 0-18).

Table 3 Summary of distribution to answers to all 23 PIDAQ-Statements

Statements Very stronly Strongly (%) Somewhat (%) A little (%) Not at all (%)
(%)
Dental self-confidence
Proud of own teeth 5 14 30 17 33
Like to show own teeth 6 31 28 16 18
Pleased to see own teeth in mirror 7 21 33 26 13
Own teeth look attractive to others 3 5 35 23 35
Satisfied with own teeth’s appearance 13 39 19 19 10
Find own teeth position nice 8 23 30 19 21
Social impact
Hold back while smile 0 1 6 9 84
Concerned what others think about my teeth 0 1 6 7 85
afraid of offensive remarks from others 0 1 1 3 95
Inhibited in social contacts because of own teeth 1 0 0 8 91
Hiding own teeth with hand 0 0 0 5 95
People stare at my teeth 0 2 3 8 87
Irritated on remarks 2 3 13 17 64
other gender find my teeth ugly 0 0 4 7 89
Psychological impact
Envy others for their teeth 5 13 21 19 41
Distressed because of others'nice teeth 1 9 16 17 57
Unhappy about own teeth’s appearance 0 1 10 27 63
Think others have nicer teeth 1 4 20 16 59
Feel bad about own teeth’s appearance 0 1 7 24 68
Wish own teeth to look better 4 4 18 32 42
Aesthetic concern
Don't like own teeth in mirror 0 3 12 26 59
Don't like own teeth on photos 0 3 15 16 65
Don't like own teeth on video 1 8 24 65
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Aesthetic concern. Mean score was 1.7 (SD=%1.9,
median 1.0, range 0-7). This indicates that patients
were less affected from social impact and aesthetic
concern. Most negative statements in these two
subgroups did not find more than 5% consents for
“strongly” or “very strongly” (Fig. 3).

Influencing factors on PROMs
Patient satisfaction. A slight tendency that presence of
a moderate/severe peri-implantitis had an impact on
satisfaction could be detected (Table 4). Patients with
moderate/severe peri-implantitis showed a lower overall
satisfaction compared to patients with no peri-implantitis
on the ordinal scale (ordinal: p=0.012, VAS: p =0.026).
A higher odds ratio refers to a higher ordinal score that
corresponds to a lower satisfaction whereas a lower VAS
refers to a lower satisfaction. For the items “less stabil-
ity” and “less satisfaction with aesthetics” this tendency
is also seen for both the ordinal scale and VAS (p <0.001,
VAS: p=0.010; p=0.050, VAS: p=0.009; respectively).
For the small subgroup of patients with removable pros-
theses, a statistical significant effect was also observed for
the item ‘less stability’ on the ordinal scale (p=0.034).
Younger patients showed rather ‘less satisfaction with
aesthetics’ on the VAS (p=0.037). Regarding the item
‘phonetic’ patients with implants in the frontal region
were less satisfied on VAS (p=0.017).

Two models, ie. the model for “Treatment would
be chosen again” and ordinal “Phonetics’, could not
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be conducted because of the too negligible differences
between patient choices.

OHIP and PIDAQ. Statistical analysis showed no statis-
tically significant impact on OHIP. On PIDAQ the factor
removable prostheses had an impact (p =0.007).

Discussion

At the VIII. European Workshop on Periodontology
Tonetti and Palmer [5] proposed that clinical research in
implant dentistry should not only assess biological com-
plications (like implant loss, peri-implant mucositis or
peri-implantitis) and technical complications, but also
focus on patient’s satisfaction and aesthetic outcomes.
Therefore, next to biological and technical complications
contained in a previous paper (Bdumer et al. [29]), long-
term study data on patient satisfaction with implant-sup-
ported restorations 10 years after implant placement are
presented.

Patient satisfaction

Overall, the patient survey shows a very high degree of
satisfaction with implant-supported restorations, both
functionally and aesthetically. All patients were highly
satisfied with their phonetics and most with their chew-
ing comfort, cleanability and stability of the restora-
tion. Except for one patient, all were very or mostly
satisfied with the aesthetics and would choose this treat-
ment again. These results are comparable with a cohort
study from Switzerland [32] with 104 patients recruited
5-15 years (mean: 10.2 years) after implantation for fol-
low-up examination. In both studies, over 90% of patients

40+

30+

204

PIDAQ Score

10+

PIDAQ Total Dental Selfconfidence

Social Impact

Psychological Impact Aesthetic Concern

Fig. 3 PIDAQ. Box and whisker plots show the distribution of the PIDAQ score and its subgroups
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are fully satisfied with implant-supported restorations.
This is also in accordance with another retrospec-
tive study from France, which reported on satisfaction
10-16 years after implantation [24]. Sligthly lower sub-
jective satisfaction of patients were found in a retrospec-
tive study from Germany with 37 hypodontia patients
recruited 0.5-16 years after implantation, however the
results were then improved by using objective assess-
ments [33]. Despite of the small sample size of patients
with implant-supported removable prostheses in our
study (only five patients), a great OHRQoL among the
patients with implant-supported removable prostheses
could also be confirmed, even though none of the remov-
able prostheses were free from clinical complications and
require more prosthetic maintenance [34].

In OHIP some impairments could be found in this
patient group. For example, half of the patients com-
plained about food impaction between their teeth/
implants. Additionally, to the fact that interdental spaces
between implants and teeth—especially in the molar
regions—are wider than in natural dentitions, most of the
patients were periodontally compromised, which include
wider interdental spaces with increased food catching
problems also between teeth. Further impairments such
as sensitive teeth are also caused by recessions in peri-
odontally compromised situations and do not have an
association with the conducted implant therapy.

The similarity of the results regarding patient-reported
quality of life (OHIP) in this study with the result found
for the population with natural teeth without dentures
from the German cross-sectional study also reflects the
positive effect of implant-supported restorations for
patients [17]. Based on frequency distribution of the
OHIP scores, the patient population presented here com-
pares better to the group with natural teeth (without
removable dentures) than to the group with natural teeth
and removable dentures. The average age of the patients
in this study is higher than the patient group studied by
John et al. [17]. Also, the education level of the patients
is higher in comparison. Only 8.1% of all subjects in the
German cross-section study obtained a college or uni-
versity degree, whereas more than 57% of patients in this
study graduated from college or university. The gender
distribution was slightly different (60% women in our
study, 52% women by John et al.).

Thus, it can be assumed that by means of fixed implant-
supported restorations, patients are almost as satisfied as
the population with natural teeth regarding function and
aesthetics. This is in agreement with two other studies
using OHIP-G14, a short-form of OHIP in German with
only 14 questions. They report an improved quality of
life for patients that received therapies with implant-sup-
ported restorations. One of the studies started out from a
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periodontally compromised situation [16]. The other one
surveyed the identical implant system (XiVE), but with
an observation period of 7.5 years [28]. Compared to the
OHIP-Scores (32.6+30.1) reported in a 10-year follow-
up study in the Netherlands on 28 oligodontia patients
rehabilitated with implant-based fixed prosthodontics
[35], the results of the present study (10.8 +10.8) appear
more homogenous and patients reported higher satisfac-
tion. Aesthetic satisfaction seems to be more challeng-
ing with oligodontia patients, since bone augmentation
is almost mandatory due to the lack of native bone, both
in vertical and horizontal dimension. Nevertheless, both
studies suggested implant treatment to be a predictable
and satisfactory treatment modality for missing teeth.

PIDAQ shows implant-supported restorations posi-
tively affect not only oral and dental health, but also the
dental aesthetics-related quality of life. Only “dental self-
confidence” showed reduced results, and reflects the self-
critical attitude of the patient population. Developed for
the assessment of psychosocial impact of dental aesthet-
ics after orthodontic treatments, this questionnaire could
only be found once in the literature relating to implanta-
tion: gender and educational differences were suggested
to exist [21]. Gender influence has not been confirmed in
the present study, but a direct comparison between these
two studies is difficult, since Chen et al. [21] weighted the
single questions additionally.

All together, this indicates again that therapy with
implant-supported restorations is a favorable treatment
option for eligible patients.

Limitations

The cross-sectional nature of data collection in this study
as well as the absence of baseline data to assess changes
due to the treatment ‘implant placement’ is a major limi-
tation in this study. The patient expectation at baseline
regarding the therapeutic outcome, which may also influ-
ence satisfaction [36], is not available. To overcome these
limitations and also to avoid a possible ‘recall bias’ i.e.
to recruit more satisfied than dissatisfied patients, since
dissatisfied patients might seek further treatment some-
where else [37], prospective studies are required in the
future.

Also, the examined patients did not represent an
average population. All patients were highly educated,
showed a high average age (63.4410.4 years) and most
patients were restored with fixed-implant supported
restorations.

Furthermore, the analysis regarding influencing factors
on patient’s satisfaction has to be interpreted with care.
On the one hand, there might be relevant factors, that
were excluded in multiple regression analyses, and other
not relevant factors were included. On the other hand,
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included factors were biased due to study design. So, in
case of the factor peri-implanitits in this study it has to be
borne in mind that patients were informed on their peri-
implantitis before they completed the questionnaires.
Accordingly, an association should be assumed.

Conclusions

Patients treated with XIVE and Frialite implants showed
a high patient’s satisfaction 10 years after implant place-
ment. The factors moderate/severe peri-implantitis, age,
implant position and type of restoration were identified
as potentially influencing patient’s satisfaction, but these
results have to be interpreted with care due to the cross-
sectional design.
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