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SUMMARY To investigate whether there are

differences in patients’ denture satisfaction when

an implant placed in the midline of the edentulous

mandible is loaded either immediately or three

months later, after second-stage surgery. One

hundred and fifty-eight edentulous patients

received a single implant in the midline of the

mandible. After randomisation, it was loaded either

immediately after implant placement (N = 81,

group A) or three months later, after a submerged

healing phase and a second-stage surgery (N = 77,

group B). Patients’ denture satisfaction aspects were

assessed, using visual analogue scales (VAS), before

treatment, one month after implant placement

during the submerged healing phase (only group B)

and one and four months after implant loading. The

statistical analysis was performed using the

Wilcoxon signed-rank and rank-sum tests. One

month after loading, a significant improvement in

comfort, function and stability of the mandibular

denture could be observed in both groups (P ≤ 0�05).
A slight but not significant improvement was found

between one and four months after loading.

Patients with second-stage surgery and delayed

loading rated the stability and fit of the mandibular

denture as significantly better than patients who

had immediate loading. A single implant in the

edentulous mandible significantly increased

patients’ denture satisfaction. After four months,

stability and fit of the mandibular denture were

considered better when a delayed loading protocol

had been followed. A single mandibular implant in

the edentulous mandible significantly increases

patients’ denture satisfaction, regardless of the

loading protocol.
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Background

Implants in the edentulous mandible are known to

improve function and stability of complete mandibular

dentures and show high success rates (1–4). They also

have a positive impact on chewing function and oral

health-related quality of life (5–7) in elderly patients.

Although it is still unclear whether or how oral health

influences cognitive status (8), there may be an associa-

tion between frailty and oral health (9). According to a

systematic literature review, patients rated implant

overdentures to be more satisfactory than conventional
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dentures at a clinically relevant level (10). Other inves-

tigations revealed a significant improvement in patient

satisfaction after implant therapy (7, 11, 12). Walton

et al. (13) compared patient satisfaction with mandibu-

lar overdentures retained by one implant versus two

implants and concluded that there was no difference

between the two treatment options. After five years of

observation, there was still no significant difference

between the two groups (14). Different investigations

using a single mandibular implant to retain a complete

overdenture have been conducted, and this treatment

option resulted in a significant improvement in satisfac-

tion after implant therapy, independent of the loading

protocol (15–17).

An earlier improvement in patient satisfaction may

be achieved using an immediate loading protocol.

Elderly patients, who are often less willing to undergo

invasive procedures to improve their denture (18),

could benefit from an immediate loading protocol, as

it makes a second surgical intervention unnecessary.

Therefore, this study was conducted to investigate

whether there are differences in denture satisfaction

of elderly patients when an implant placed in the

midline of the edentulous mandible is loaded, either

immediately or three months later, after a submerged

healing period. The null hypothesis was that there

would be no differences between the two treatment

groups regarding denture satisfaction.

Methods

The study design of this multicentre investigation was

approved by the ethics committees of all participating

centres (19). All patients were treated within a uni-

versity setting, and no private practitioners were

involved. The study has been conducted in full accor-

dance with ethical principles, including the World

Medical Association Declaration of Helsinki. The trial

was registered at the Deutsches Register Klinischer

Studien (German register of clinical trials) under

DRKS-ID: DRKS00003730.

Edentulous patients aged 60–89 years who were

interested in participating gave their informed written

consent and underwent a multistage screening pro-

cess. Patients who fulfilled all inclusion criteria

received one implant (3�8 9 11 mm, Promote plus*)

in the midline of the edentulous mandible. After

implant placement, patients were randomised to

either the immediate loading group (group A) or the

conventional delayed loading group (group B) by

opening a sealed envelope. Randomisation was per-

formed centrally, by the trial statistician, using block

randomisation with variable block size and an alloca-

tion ratio of 1:1. Stratification was according to the

patient’s residual bone height (class II or III according

to McGarry et al.) (20) and the study centre. Due to

the differences between the two treatment groups,

neither the investigator nor the patient could be

blinded.

All implants were connected to the denture base

using a ball attachment (Dalbo-Plus Elliptic†). All

matrices were integrated into the denture base intrao-

rally using a self-curing bis-acrylate resin (Luxa Pick-

up‡). All study participants paid a reduced treatment

fee within the clinical trial. The surgical approach, the

randomisation process and the prosthodontic proce-

dures have already been described in detail in previ-

ous articles (19, 21).

All baseline data were recorded before implant

placement. Follow-up examinations were performed

one month after implant placement during the sub-

merged healing phase (only group B), and one and

four months after implant loading (Fig. 1). The fol-

lowing parameters, regarding patients’ denture satis-

faction, were evaluated separately for maxilla and

mandible according to Walton et al. (13) using visual

analogue scales with no markings between the two

endpoints (interpreted as 0% and 100%): pain, com-

fort, appearance, function, cleaning, stability/fit and

overall evaluation. Speech ability was evaluated sepa-

rately (Table 1).

Patients assessed the different criteria by placing a

vertical mark between the two endpoints. Taking into

account patients’ individual variation for each denture

parameter, the differences between the baseline value

and the value gathered during the follow-up exami-

nations were calculated and used to compare both

groups. As the assumption of normal distribution was

not fulfilled, nonparametric statistical analyses were

applied. Wilcoxon signed-rank tests were used for

within-group comparisons, and Wilcoxon rank-sum

*Camlog Biotechnologies, Basel, Switzerland.

†Cendres+M�etaux, Biel, Switzerland.
‡DMG, Hamburg, Germany.
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tests were used for comparisons between groups. The

level of significance was set to P ≤ 0�05 and not

adjusted for multiple testing, as exploratory but not

confirmatory analyses of all secondary study parame-

ters were performed.

Results

Using randomisation, 81 patients were allocated to

group A, and 77 patients were allocated to group B.

During the first four months, nine implants failed in

group A and one implant failed in group B. One

patient from group B did not attend the second-stage

surgery due to medical conditions and was excluded

from the study. Seventy-six patients from group B

attended the recall visit one month after implant

placement. One month after loading, 75 patients from

both groups were available for recall, and four

months after loading, 72 patients from group A and

74 patients from group B attended the recall visit.

One month after implant placement, implants from

group A were already loaded, while implants from

group B remained submerged during healing. At this

time, comfort, function and stability/fit of the

mandibular denture, speech and overall evaluation

were rated as significantly better by patients from

group A than by patients from group B (P ≤ 0�05)
(Table 1).

One month after implant placement, during the

submerged healing phase, patients from group B rated

the parameters ‘pain’ (P = 0�008) and ‘comfort’

(P = 0�002) of the mandibular denture as significantly

improved compared to the baseline data.

One month after loading, a significant improvement

compared to the baseline data in comfort (A and B:

P ≤ 0�001), function (A and B: P ≤ 0�001), stability (A

and B: P ≤ 0�001) and overall evaluation (A and B:

P ≤ 0�001) of the mandibular denture was observed in

both groups. A slight but not significant improvement

of these parameters was found between one and four

Fig. 1. Study flow chart. [Colour

figure can be viewed at wileyonline

library.com]
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months after loading within both groups. One month

after loading, there was a significant difference

between the two groups regarding comfort

(P = 0�034) and stability/fit (P = 0�002) of the

mandibular denture. Patients from group B were

more satisfied than patients from group A. Four

months after loading, a significant difference was still

present for the parameter stability/fit (P = 0�031), but
no longer for comfort (P = 0�111) (Fig. 2a–d).

During the first four months after loading, six over-

dentures from group A had to be relined once, and

four overdentures had to be relined twice. Eight over-

dentures from group B required relining. The differ-

ence was not statistically significant.

Four months after loading, there was a significant

difference between the two groups regarding pain in

the maxilla. Patients with immediate loading reported

significantly more pain than patients with delayed

loading.

Discussion

Implant failure rate in the immediate loading group

during the first four months is relatively high but

lower than in another clinical trial with immediately

loaded single implants (22). Kronstr€om et al. (22)

reported a survival rate of only 82% when using

immediately loaded single mandibular implants

within 12-month observation time despite using

implants with a rough TiUnite surface. In contrast,

after three-year observation time, Liddelow and

Henry reported a single mandibular implant survival

rate of 100% in 25 immediately loaded implants with

oxidised surfaces. However, the survival rate dropped

to 62�5% when implants with machined surfaces

were used (15). In both investigations, implants were

provided with ball attachments and the corresponding

matrices were integrated into the denture base extrao-

rally. In the present investigation, all matrices were

integrated intraorally. The implant survival rate

reveals that this technique-sensitive procedure should

be considered carefully.

Throughout the study, patients from both groups

rated the satisfaction with their mandibular denture

as significantly improved after implant loading com-

pared to the baseline situation without an implant.

This is in agreement with previous clinical trials

showing that one implant in the edentulous mand-

ible, independently of the healing protocol, signifi-

cantly improves patients’ satisfaction (23, 24).

Implants from group A were loaded immediately,

and patients from this group could benefit earlier

from improved satisfaction. It is not surprising that

those patients rated the mandibular denture parame-

ters one month after implantation significantly better

than patients from group B, whose implants were still

healing while submerged.

When comparing both groups after the same load-

ing time, patients from group B rated the mandibular

denture comfort and stability/fit significantly better

than those from group A. Therefore, the null hypoth-

esis that there would be no difference between the

two treatment groups has to be partly rejected. It

might be that a second-stage surgery is a minor surgi-

cal procedure compared to implant placement with

fully raised flaps, so one month after implant loading,

healing in group A might not have been as advanced

as in group B.

Omura et al. (25) compared patient-reported out-

comes between immediately and conventionally

loaded mandibular overdentures retained by two

implants placed using a flapless surgical approach. In

the mandibular denture section of patients’ denture

Table 1. Statistical comparisons using Wilcoxon rank-sum tests

between groups A and B at different follow-up times (relative

satisfaction is considered)

Follow-up

1 month

after

implantation

1 month

after

loading

4 months

after

loading

Test group (number

of attending

patients)

A (75) A (75) A (72)

B (76) B (75) B (74)

Pain maxilla 0�896 0�959 0�039
Pain mandible 0�821 0�430 0�161
Comfort maxilla 0�058 0�016 0�717
Comfort mandible 0�040 0�034 0�111
Appearance maxilla 0�409 0�281 0�264
Appearance

mandible

0�242 0�869 0�324

Function maxilla 0�204 0�717 0�837
Function mandible <0�001 0�139 0�198
Stability/fit maxilla 0�279 0�315 0�859
Stability/fit mandible <0�001 0�002 0�031
Speech 0�008 0�402 0�828
Cleaning maxilla 0�223 0�067 0�174
Cleaning mandible 0�259 0�135 0�288
Overall evaluation <0�001 0�163 0�260

Statistically significant P-values (group B significantly better

than group A) are indicated in bold characters.
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assessment, the immediate loading group showed a

statistically higher score at three months than the

conventional loading group, but there was no statisti-

cally significant difference regarding general satisfac-

tion between the two groups. In the present

investigation, all implants were placed after elevating

a full-thickness flap. Overdentures from group A were

connected to the implant immediately after surgery,

while overdentures from group B were connected

after a second-stage surgery. All overdentures were

relieved in the implant area to create a recess for the

matrix, and the matrices were integrated into the

denture base intraorally, resulting in a stable fit

directly after surgery. During wound healing, the soft

tissue in the implant area adapted to the new con-

tours, which, one month after loading, might have

resulted in a slightly unstable denture seating in

group A. The different numbers of required relines,

which were necessary within the two treatment

groups, support this assumption.

Four months after loading, a significant difference

between the groups was still visible regarding stabil-

ity/fit but not for comfort. This finding might be an

indicator of the time necessary to adapt to a new

prosthodontic situation. In different clinical investiga-

tions using a within-subject comparison design,

patients wore their overdentures for at least two to

three months to allow adaptation before treatment

effects in the evaluated parameters could be detected

(26–28).

Patients from group B had to endure the submerged

healing period, but were expecting a significant

improvement of the mandibular denture immediately

after the denture base was connected to the implant.

In an investigation on patients’ expectations before

and evaluation after dental implant therapy, patients’

post-treatment completion ratings significantly

exceeded their initial expectations (29).

It is interesting that patients from group B rated the

parameters ‘pain’ (P = 0�008) and ‘comfort’
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Fig. 2. (a) Visual analogue scales (VAS) scores of mandibular denture comfort in both groups. (b) VAS scores of mandibular denture

function in both groups. (c) VAS scores of pain related to the mandibular denture. (d) VAS scores of mandibular denture stability/fit.
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(P = 0�002) of the mandibular denture during the

submerged healing phase as significantly improved.

The mandibular dentures were relined with a soft

resin in the surgical area after implant placement,

which may have resulted in the more comfortable fit

of these overdentures.

Four months after loading, patients with immediate

loading reported significantly more pain in the max-

illa than patients with delayed loading. The reason

for this interesting phenomenon remains unknown.

However, if a single mandibular implant is immedi-

ately loaded, denture satisfaction of elderly patients

will be improved earlier, as a conventional healing

phase is not required. Nevertheless, the immediate

loading protocol has to be carefully considered, as

after four months of loading, stability and fit of the

mandibular overdentures were rated significantly bet-

ter when a conventional delayed loading protocol

had been chosen. Geriatric patients, especially, might

benefit from an immediate loading protocol, as a

second surgical intervention is not needed and

complications, which are associated with surgical

interventions, do not occur. Investigations over a

longer follow-up period are necessary to evaluate the

long-term clinical outcome of these treatment

concepts.

Conclusions

A single mandibular implant in the edentulous mand-

ible significantly improves patients’ denture satisfac-

tion.

After four months of implant loading, stability and

fit of the mandibular denture are rated higher if a

conventional delayed loading protocol is chosen,

compared to immediate implant loading.
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