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Abstract Background/purpose: Few studies have comprehensively assessed long-term pa-
tient-reported outcomes for overdentures supported by two immediate implants. The purpose
of the study was to evaluate patient-reported outcomes of immediately loaded two-implant-
supported overdentures retained by ball attachments over a 5-year evaluation period.
Material and methods: Nineteen participants with edentulous mandibles were provided with
immediately loaded two-unsplinted-implant-supported overdentures retained by ball attach-
ments. The participants completed the Japanese version of the Oral Health Impact Profile
(OHIP)-EDENT-19 and the Patient’s Denture Assessment (PDA). Additionally, patient satisfac-
tion was measured by a 100-mm visual analog scale (VAS). Measurements were performed at
baseline, and at 1 and 5 years following implant surgery.
Results: Seventeen participants and 14 participants were evaluated at the 1-year and 5-year
assessment, respectively. Considering the OHIP-EDENT-19, there was a significant decrease in
the total (pZ 0.046), “functional limitation” (pZ 0.021), and “physical disability” (pZ 0.034)
scores at 1 year and the total (pZ 0.045) and “physical disability” (pZ 0.024) scores at 5 years
following surgery, compared to the baseline scores. Considering the PDA, there was a significant
increase in the “function” (pZ 0.038) and “lower denture” (pZ 0.003) scores at 1 year and the
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“function” (pZ 0.032), “lower denture” (pZ 0.008), and “esthetic and speech” (pZ 0.043)
scores at 5 years following surgery, compared to the baseline scores. Patient satisfaction at 1
year following surgery was significantly greater than that at baseline (pZ 0.005).
Conclusion: Immediately loaded two-unsplinted-implant-supported overdentures retained by
ball attachments improved the oral health-related quality of life and self-assessment of den-
tures by the patients up to 5 years following implant surgery.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction

In Japan, complete dentures remain the first-line treat-
ment for tooth replacement in elderly edentulous in-
dividuals, although implant-supported overdentures are a
well-established treatment modality with a confirmed long-
term prognosis. Implant-supported overdentures may
become an advantageous treatment option for tooth
replacement in edentulous arches in the future because of
their cost-effectiveness.

With the immediate loading protocol, the prosthesis is
attached on the day of implant placement; this is in
contrast to conventional loading, in which the prosthesis is
attached following a 3e6-month healing period.1 Indeed,
the use of an immediate loading protocol in implant-
supported overdenture treatment has some advantages,
such as the reduced number of surgical procedures and
time to restoration of function, as well as the elimination of
the need to use unstable existing dentures during the
healing period. However, there is scarce evidence on the
efficacy of immediate-loaded versus conventional-loaded
two-unsplinted-implant-supported overdentures.

There are several studies on the laboratory-based out-
comes with immediate-loaded two-unsplinted-implant-sup-
ported overdentures, such as the implant survival rate and
peri-implant bone loss.2e18 In contrast, few studies have
evaluated patient-reported outcomes, especially over a
period of several years. Emami et al. reported significant
improvements in the Oral Health Impact Profile-Edentulous
(OHIP-EDENT) scores and the scores of questionnaire items
assessing the satisfaction among patients with immediate-
loaded mandibular two-implant-supported overdentures
retained by locator attachments, 2 years following loading.8

Kronstrom et al. reported a significant improvement in the
total score of the OHIP-EDENT-19 among patients with
immediate-loaded mandibular one- or two-implant-
supported overdentures retained by ball attachments for 5
years following implant surgery.14 Patient-reported outcomes
are the most important metric for treatment success or fail-
ure, in addition to laboratory-based outcomes. Combined
patient-reported and laboratory-based outcome assessment
is essential for comprehensive evaluation of treatment out-
comes involving implant-supported overdentures.19

The Patient’s Denture Assessment (PDA) is a question-
naire that has been developed for the assessment of the
patients’ perception of the impact of denture treatment.
The PDA comprises 22 items that capture both positive and
negative denture-related effects; these items are
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categorized into the following six subscales: “function,”
“lower denture,” “upper denture,” “expectation,” “es-
thetics and speech,” and “importance.” Its validity and
reliability have been confirmed by prior studies.20e22 While
the PDA assesses the impact of denture treatment on pa-
tient perception, consciousness, and subjective feelings
regarding the dentures, the OHIP assesses the functional,
social, and psychological effects of oral disease conditions
associated with prosthodontic treatment.

To date, no studies have comprehensively assessed long-
term patient-reported outcomes by evaluating not only the
changes in patient satisfaction and oral health-related
quality of life ([OHRQoL] using OHIP), but also patient
perception of the impact of denture treatment (using PDA),
following the provision of overdentures supported by two
immediate implants retained by ball attachments. There-
fore, the purpose of this study was to evaluate patient-
reported outcomes of immediate-loaded two-unsplinted-
implant-supported overdentures over a 5-year evaluation
period by comparing those obtained prior to the provision
of implant-supported overdentures with those obtained at 1
year and 5 years following implant loading. The null hy-
pothesis stated that there would be no difference in
patient-reported outcomes at 1 and 5 years following
implant loading compared to the baseline.
Materials and methods

Study design and population

This study utilized a pretest-posttest design. The study pro-
tocol was approved by the Ethics Committee of the Faculty of
Dentistry at Tokyo Medical and Dental University (approval
no. 441) and was registered in the University Hospital Medical
Information Network Center (UMIN-CTR Clinical Trial, regis-
tration no.: UMIN000032836). All participants provided writ-
ten informed consent prior to participation.

Participants were recruited at the Prosthodontics clinic
of Tokyo Medical and Dental University Hospital, Faculty of
Dentistry, from Month 2009 to Month 2011. Participants had
to meet the following inclusion criteria:

(1) A completely edentulousmandible,with no restrictions
on the status of the opposing maxillary dentition,

(2) Adequate bone volume in the anterior mandible for
placement of two implants with a minimum dimen-
sion of 4.0� 10.0 mm,
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(3) No need for bone augmentation,
(4) Willingness to wait at least 4 months for healing after

extraction,
(5) Good oral hygiene, and
(6) Possession of an adequate understanding of written

and spoken Japanese to respond to our questionnaire.

The following were the exclusion criteria:

(1) Uncontrolled systemic disease that might compromise
the implant surgery,

(2) History of chemotherapy or radiotherapy to the head
and neck region,

(3) History of smoking (heavy smokers),
(4) History of bisphosphonate administration, and
(5) Current infectious disease.
Surgical procedure

The surgical and prosthetic procedures followed the pro-
tocol described in a previous study.23 Panoramic radio-
graphs were utilized for preoperative clinical assessment of
each mandible. Participants received a new mandibular
complete denture or had their existing mandibular com-
plete denture relined to improve the fit prior to implant
placement. The treatment protocol also included
computed tomography scanning, preoperative planning,
manufacturing of surgical guides, and implant placement
procedures. Two implants (Nobel Speedy Groovy RP
4� 10e18mm, Nobel Biocare, Gothenburg, Sweden) were
inserted in the mandibular interforaminal area of each
participant according to the manufacturer’s protocol for a
flapless surgical procedure. The same implantologist, who
was associated with Tokyo Medical and Dental University
Hospital, Faculty of Dentistry, placed all the implants.

Prosthodontic procedure

On the same day as implant insertion, two ball attachments
(Nobel Biocare) were positioned and connected to each
implant using a torque of at least 35 Ncm; this was followed
by the incorporation of a gold cap (Nobel Biocare) into the
intaglio surface of the denture intraorally using autopoly-
merizing acrylic resin (Unifast III, GC, Tokyo, Japan). The
participants were instructed to wear their dentures for 24 h
to minimize postoperative swelling and to prevent the
dentures from being maladapted. They were instructed not
to remove their denture during the first week, except for
denture cleaning and oral hygiene procedures conducted by
the operator. The participants removed their dentures and
brushed the implants three times a day. The new implant-
supported overdentures were fabricated 6 months
following the operation. All participants received pros-
thetic treatment during the study period by a single pros-
thodontist who was associated with the Tokyo Medical and
Dental University Hospital, Faculty of Dentistry.

Postoperative antibiotics (750mg amoxicillin per day,
for 7 days) and analgesics (60 mg loxoprofen) were pre-
scribed to all the participants. The participants were
instructed to rinse with 0.2% benzethonium chloride
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solution three times per day for 2 weeks, and to start
brushing the individual implant attachments 1 week after
the surgery. No food restrictions were placed.

Outcomes

The outcome measurements described below were per-
formed for all the participants before implant placement
(baseline) and at 1 and 5 years following implant place-
ment. All outcomes were assessed by two dentists who
were not involved in the treatment provision.

OHIP-EDENT-19
OHRQoL was measured using the Japanese version of the
OHIP-EDENT-19 (Table 1), which is composed of 19 question
items and the same seven conceptual subdomains as the
English version: “functional limitation”, “pain”, “psycho-
logical discomfort”, “physical disability”, “psychological
disability”, “social disability”, and “handicap.”24 The Jap-
anese version of the OHIP-EDENT-19 has been validated.

For each question item, participants were asked how
frequently they had experienced a given event in the last
month. Responses were ascertained on a scale of 0e4
(0Z never, 1Z hardly ever, 2Z occasionally, 3Z fairly
often, and 4Z very often). OHRQoL impairment was char-
acterized by the OHIP-EDENT-19 summary score, which is
the sum of all 19 question item frequencies. The OHIP-
EDENT-19 summary score could thus range from 0 to 76,
with higher scores indicating a greater degree of OHRQoL
impairment.

PDA
The PDA comprises 22 question items encompassing the
following six subscales: “function,” “lower denture,”
“upper denture,” “expectation,” “esthetics and speech,”
and “importance.”20e22 Table 2 presents the 22 question
items of the PDA, which were translated from Japanese
into English for this article. The reliability and validity of
the Japanese version of the PDA have been confirmed.19 In
the questionnaire, each item was measured using a 100-mm
visual analog scale (VAS), which consisted of a horizontal
100-mm line anchored by words representing the worst
situation at the extreme left of the scale and words rep-
resenting the best situation at the extreme right. All par-
ticipants were instructed to complete the five subscale
scores of the PDA, except for “upper denture.” The five
subscale scores, with the exception of “upper denture,”
were calculated by summing the values for the question
items corresponding to each subscale.

Patient satisfaction
Patient satisfaction was measured using a 100-mm VAS.
Patients rated their general satisfaction with their dentures
on a VAS with the anchor words “completely dissatisfied”
and “completely satisfied”; each word was converted to a
score on a scale of 0 and 100mm.

Statistical analysis

Steel’s test was conducted to compare patient satisfaction,
OHIP-EDENT-19 total and subdomain scores, and PDA



Table 1 Question items in the Japanese version of Oral
Health Impact Profile-Edentulous.

Subdomain Questionnaire items

Functional
limitation

Q1. Have you had difficulty chewing any
foods because of problems with your
teeth, mouth or dentures?
Q2. Have you had food catching in your
teeth or dentures?
Q3. Have you felt that your dentures have
not been fitting properly?

Physical pain Q4. Have you had painful aching in your
mouth?
Q5. Have you found it uncomfortable to
eat any foods because of problems with
your teeth, mouth or dentures?
Q6. Have you had sore spots in your
mouth?
Q7. Have you felt dry in your mouth?

Psychological
discomfort

Q8. Have you been worried by dental
problems?
Q9. Have you been self conscious because
of problems with your teeth, mouth or
dentures?

Physical
disability

Q10. Have you had to avoid eating some
foods because of problems with your
teeth, mouth or dentures?
Q11. Have you been unable to eat well
with your dentures because of problems
with them?
Q12. Have you had to interrupt meals
because of problems with your teeth,
mouth or dentures?

Psychological
disability

Q13. Have you been upset because of
problems with your teeth, mouth or
dentures?
Q14. Have your been a bit embarrassed
because of problems with your teeth,
mouth or dentures?

Social disability Q15. Have you avoided going out because
of problems with your teeth, mouth or
dentures?
Q16. Have you been less tolerant of your
spouse or family because of problems with
your teeth, mouth or dentures?
Q17. Have you been a bit irritable with
other people because of problems with
your teeth, mouth or dentures?

Handicap Q18. Have you been unable to enjoy other
people’s company as much because of
problems with your teeth, mouth or
dentures?
Q19. Have you felt that life in general was
less satisfying because of problems with
your teeth, mouth or dentures?

Table 2 Question items in the Patient’s Denture
Assessment.

Subscale Questionnaire items

Function Q1. How much pain do you feel?
Q2. How easy is it to swallow foods and
liquids?
Q3. How pleasant is it to eat food?
Q4. How tired does your jaw feel?

Esthetics and
Speech

Q5. How concerned are you about being
stared at by others?
Q6. How difficult is it to engage in a
conversation with others?
Q7. How concerned are you about the
appearance of your mouth?
Q8. How often do your dentures click when
chewing?

Lower denture Q9. How often are food particles stuck in
your lower denture?
Q10. How stable is your lower denture?
Q11. How well does your lower denture fit
your gum?
Q12. How uncomfortable is your lower
denture?

Expectation Q13. Do you think your new dentures will
meet your expectations?
Q14. Do you think that there will be any
problems with your new dentures?
Q15. Do you think your new dentures will
suit you?

Upper denture Q16. How often are food particles stuck in
your upper denture?
Q17. How well does your upper denture fit
your gums?
Q18. How often does your upper denture fall
off?

Importance Q19. Do you think your dentures are a part
of your body?
Q20. How important are your dentures to
you?
Q21. How easy is it to take care of your
dentures?
Q22. Do you feel at ease when wearing your
dentures?
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subscale scores between the baseline and 1 year post-
surgery, and between the baseline and 5 years post-surgery.
All statistical analyses were performed using the statistical
software program JMP ver. 13 (SAS Institute, NC, USA).
Statistical significance for all tests was set at p< 0.05.
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Results

Of the 23 enrolled participants, 19 (9 males and 10 females;
mean age, 69.8 years) were provided with immediate-
loaded two-unsplinted-implant-supported overdentures
retained by ball attachments. These 19 participants were
followed up for 5 years following loading. Two participants
were excluded at the 6-month assessment. One participant
reported removing the denture for a 48-h period. This was
contrary to the instructions of not removing their dentures
during the first week. As the gingiva around the implants
had swollen, the denture could not be re-inserted into the
original and correct position; therefore, gingival plastic
surgery was subsequently performed. The second excluded
participant had lost a single implant, and was a smoker with
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diabetes. Two participants were excluded at the 2-year
evaluation; one participant was lost to follow-up and the
other participant had been diagnosed with a mental dis-
ease. One participant was excluded at the 3-year evalua-
tion due to loss of the lower denture. Thus, 17 participants
were evaluated at the 1-year assessment, while a total of
14 participants were evaluated at the 5-year assessment. In
terms of the prosthetic status of the opposing maxillary
arch, 12 participants had complete dentures and six had
removable partial dentures. One patient had a completely
dentate maxillary arch. At least seven maxillary teeth were
missing in each of the patients with a removable partial
denture. All participants had experience of having at least
one mandibular complete denture previously.

Compared with the baseline, there was a significant
decrease in the total, “functional limitation,” and “phys-
ical disability” scores of the OHIP-EDENT-19 at 1 year post-
surgery. Furthermore, there was a significant decrease in
the total and “physical disability” scores of the OHIP-
EDENT-19 at 5 years post-surgery (Table 3). On the other
hand, there was a significant increase in the “function” and
“lower denture” subscale scores of the PDA at 1 year post-
surgery, and in the “function,” “lower denture,” and
“esthetic and speech” scores at 5- year post-surgery,
compared with the baseline (Table 4). In addition, there
was a significant increase in patients’ satisfaction at 1 year
(pZ 0.005), but not at 5 years post-surgery (Table 5).
Discussion

In the present study, we assessed the long-term changes in
the total and subdomain scores of the OHIP-EDENT-19, as
well as the PDA and patient satisfaction scores, 1-year and
Table 3 Difference in the OHIP-EDENT-J scores between basel

Baseline (T0) 1 year (T1)

Total score 25 [16.5, 30] 17 [8, 21]
Functional limitation 6 [5, 7] 4 [3, 5]
Physical pain 5 [3, 6.5] 3 [3, 5]
Psychological discomfort 3 [2.5, 4] 2 [1, 4]
Physical disability 4 [3, 6] 3 [2, 4]
Psychological disability 2 [0.5, 2] 1 [0, 2]
Social disability 2 [0, 3] 0 [0, 3]
Handicap 2 [0, 2] 0 [0, 2]

*P-value< 0.05. OHIP-EDENT-J, Japanese version of the Oral Health I
a Data are presented as median [first quartile, third quartile].

Table 4 Difference in the PDA scores between baseline and th

Baseline (T0) 1 year (T1) p-

Function 297 [252, 352.5] 350 [330.5, 381] 0.
Lower denture 225 [156.5, 280] 322 [277, 355] 0.
Expectation 273 [249, 283] 285 [251, 290] 0.
Esthetic and Speech 240 [183.5, 354.5] 348 [290, 376] 0.
Importance 340 [306.5, 371.5] 342 [306, 380] 0.

*p-value< 0.05. PDA, Patient’s Denture Assessment.
a Data are presented as median [first quartile, third quartile].
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5-years following the provision of immediate-loaded two-
unsplinted-implant-supported overdentures. Since signifi-
cant improvements were observed in the total OHIP and
PDA scores (including some subdomain and subscale
scores), as well as patient satisfaction scores at 1 and 5
years following implant placement, the null hypothesis was
rejected. The results suggested that the immediate loading
of two unsplinted implants could provide sufficient stability
and retention of lower dentures, leading to improvements
in OHRQoL and patient perception of the impacts of den-
ture treatment on longer-term function.

In this study, the “lower denture” subscale scores of the
PDA, which consisted of four question items related to the
retention and stability of lower dentures, showed signifi-
cant improvement at both 1 and 5 years following surgery
compared with the baseline. In a previous study, the “lower
denture” subscale was identified as the greatest significant
independent variable among the six PDA subscales for
positive change in the OHIP-EDENT-19 total score at
approximately 2 months following new conventional den-
ture replacement among complete denture wearers.21

Therefore, the increase in retention and stability of lower
dentures after conversion to two-unsplinted-implant-
supported overdentures in the present study may have
contributed to not only short-term improvement of OHRQoL
but also long-term improvement up to at least 5 years.

The “physical disability” scores of the OHIP-EDENT-19
and the “function” scores of the PDA showed significant
improvements at both evaluations compared with the
baseline. In addition, the “functional limitation” sub-
domain scores of the OHIP-EDENT-19 showed significant
improvements only at 1-year post-surgery. The question
items of the “physical disability” and “functional limita-
tion” subdomains of the OHIP-EDENT-19 and the “function”
ine and the 1-year and 5-year evaluationsa.

p-value D (T0eT1) 5 years (T2) p-value D (T0eT2)

0.046* 11.5 [8, 24.5] 0.045*
0.021* 4 [3, 5.8] 0.087
0.431 3.5 [1.3, 4] 0.107
0.208 1 [1, 3] 0.058
0.034* 2 [1, 3.8] 0.024*
0.341 1 [0, 2] 0.572
0.368 0 [0, 2.5] 0.423
0.281 1 [0, 2] 1.000

mpact Profile (OHIP)-EDENT.

e 1-year and 5-year evaluations.a

value* D(T0eT1) 5 years (T2) p-value* D(T0eT2)

038* 375 [331.3, 386] 0.032*
003* 328.5 [276.3, 380.5] 0.008*
583 279 [265, 289.8] 0.520
120 376.5 [354.5, 386.5] 0.043*
844 373 [338.3, 388] 0.180



Table 5 Difference in the patient satisfaction scores between baseline and the 1-year and 5-year evaluationsa.

Baseline (T0) 1 year (T1) p-value* D(T0eT1) 5 years (T2) p-value* D(T0eT2)

Patient satisfaction 60 [50, 90] 90 [85, 98] 0.005* 86.5 [72.8, 97] 0.051

*p-value< 0.05.
a Data are presented as median [first quartile, third quartile].
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subdomain of the PDA are mainly related to eating. As
lower retention and stability of the mandibular denture in
combination with the maxillary denture potentially leads to
denture instability during chewing,25 the sole improvement
of the mandibular denture stability may still be sufficient to
contribute to an improvement in eating. These three vari-
ables showed significant and equivalent improvements at
both 1- and/or 5-year evaluations of the OHIP-EDENT-19,
similar to the “lower denture” subscale of the PDA.

On the other hand, the “esthetic and speech” sub-
domain scores of the PDA, which consisted of four question
items related to conversation and appearance, only showed
significant improvements at the 5-year evaluation. In a
previous study, the “esthetic and speech” subscale was
identified as a significant independent variable for positive
change in the total score of the OHIP-EDENT-19.20 Speech is
a complex skill requiring prolonged adaptation,26,27

whereas appearance does not require a long adaptation
period. In another study, there was a significant improve-
ment in speech 6 months following new complete denture
replacement.28 Hence, the adaptation period for speech
seems to be more than 6 months, although differences in
language and pronunciation are considered to influence the
adaptation period. While longer evaluation periods of 1 and
5 years were utilized in the present study, significant im-
provements in the “esthetic and speech” subscale scores of
the PDA were only observed at the 5-year evaluation; this
may have reflected the extended period of time required
for speech adaptation.

In the present study, there were significant improve-
ments in the OHIP-EDENT-19 total, “functional limitation,”
and “physical disability” scores at the 1-year evaluation,
and the total and “physical disability” scores at the 5-year
evaluation; the number of subdomains exhibiting significant
improvements was lower compared with previous studies.
Yunus et al. evaluated the OHIP-EDENT-19 total and sub-
domain scores among patients with conventionally loaded
mandibular two-implant-supported overdentures retained
by telescopic attachments 1 year following loading. They
reported significant improvements in the total OHIP-EDENT-
19 score, as well as five out of seven subdomains; these
included the “functional limitation,” “physical pain,”
“physical disability,” “psychological disability,” and “social
disability” subdomains.29 In another study, Emami et al.
evaluated the total and subdomain scores of the OHIP-
EDENT-19 among patients with immediately loaded
mandibular two-implant-supported overdentures retained
by locator attachments 2 years after loading; significant
improvements in the total score and all subdomain scores
were observed.7 On the other hand, conventional denture
and implant treatment has been shown to have little influ-
ence on the improvement of the “psychological discom-
fort,” “handicap,” and “social disability” subdomains, which
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consist of question items related to depression, social
interaction avoidance, and difficulties with relationships
and life satisfaction.30 Moreover, the OHIP provides greater
weightage to more severe and less common outcomes
among older people compared to the Geriatric/General Oral
Health Assessment Index, which places greater weightage
on common outcomes. This accounts for a higher prevalence
of zero scores in the OHIP, resulting in a floor effect.31 In
contrast to previous studies, the participants in the present
study were provided with new conventional dentures before
implant surgery, or had their existing mandibular complete
dentures relined; hence, they may have been less likely to
ascribe severe behavioral and psychological impacts to their
complete dentures at baseline.

In the present study, the total score of the OHIP-EDENT
showed significant improvements compared with the base-
line at both the 1-year and 5-year evaluations. Kronstrom
et al. evaluated the total score of the OHIP-EDENT-19 among
patients with immediately loaded mandibular one- or two-
implant-supported overdentures retained by ball attach-
ments for 5 years following implant surgery in a randomized
controlled study. They reported that the total score of the
OHIP was significantly improved with both one- and two-
implant-supported overdentures at 1, 3, and 5 years
following implant surgery,12e14 supporting the results of the
present study. These findings suggest that immediate-loaded
two-unsplinted-implant-supported overdentures may provide
sustained improvements in OHRQoL over the long-term.

Patient satisfaction significantly improved only at the 1-
year evaluation. This was consistent with the results of
previous studies that found the general satisfaction of pa-
tients with immediate-loaded two-unsplinted-implant-sup-
ported overdentures retained by locator attachments to be
significantly improved at 1 and 2 years following implant
surgery.8 Nevertheless, a high level of patient satisfaction
was not sustained at the 5-year evaluation in the present
study. Such a decrease may have been expected, as similar
findings have been reported with conventional complete
dentures over a 5-year period. Although different attach-
ment systems may influence patient-reported outcomes, a
previous study reported no significant differences among
three different attachment systems.32

As the technical quality of conventional dentures may
affect the OHRQoL,33 all the denture treatment in the
present study was performed by the same dentist, and the
dentures were fabricated by the same dental technician. In
addition, since men showed significantly better OHIP scores
than women in a previous study,14 sex could be one of the
factors that affect the OHRQoL. Therefore, the ratio of
men to women in the present study was distributed in a
ratio of one-to-one.

The present study had certain limitations. First, the
sample size was small and we did not compare the results
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to a control group because of the pre-post design; there-
fore, the results admittedly need to be interpreted with
caution. A randomized controlled study with a larger sam-
ple size is warranted to elucidate more fully the long-term
effects of immediate-loaded mandibular one- or two-
implant-supported overdentures on patient-reported out-
comes. Second, several participants wore maxillary
removable partial dentures while the majority of the par-
ticipants wore maxillary complete dentures, which seemed
to have influenced the results. Although a prior study has
reported a lack of differences in the OHIP-49 total and
subdomain scores, between complete denture wearers and
removable partial denture wearers,34 future studies should
be performed in participants with both edentulous maxilla
and mandible. Third, since all the participants in the pre-
sent study were recruited in a university hospital setting,
the participants’ personalities, as well as mucosal and
osseous tissue conditions, may not have been representa-
tive of the general population.

Within the limitations of the study, immediately loaded
two-unsplinted-implant-supported overdentures retained
by ball attachments could improve the oral health-related
quality of life and self-assessment of dentures mainly
regarding function by the patients up to 5 years following
implant surgery.
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