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ABSTRACT

Purpose: The aim of this 1-year randomized trial was to evaluate and compare the clinical 
and radiographic performance of four immediately loaded Mini Dental Implants (MDIs) 
and two immediately loaded, standard-sized, tissue level (STL) implants, placed in the 
interforaminal region of the mandible and used to retain mandibular overdentures (IODs) 
in completely edentulous patients. 

Materials and methods: A total of 50 patients wearing conventional maxillary dentures 
and complaining about insufficient retention of their mandibular dentures were divided 
into two groups: 25 patients received four MDIs and 25 patients received two STL 
implants. The marginal bone loss (MBL) at the mesial and distal sides of each implant 
was assessed by means of standardized intra-oral radiographs after a period of 1-year. 
Implant success and survival rates were also calculated. 

Results: Immediate loading was possible for all patients in the first group. In the second 
group an immediate loading protocol could not be applied for ten patients. These patients 
were treated with a delayed loading protocol. A mean MBL of 0.42 ± 0.56 mm for the MDIs 
and 0.54 ± 0.49 mm for the immediately loaded STL implants was recorded at the end of 
the evaluation period. There was no statistically significant difference between the MDIs 
and the immediately loaded STL implants. Two MDIs failed resulting in a survival rate of 
98%. The success rate was 91%. For the immediately loaded conventional implants the 
survival rate was 100% and the success rate 96.7% after one year of function. 

Conclusions: Considering the limitations of this short term clinical study, immediate 
loading of four unsplinted MDIs or two interconnected STL implants to retain mandibular 
overdentures seems to be a feasible treatment option. The marginal bone level changes 
around the MDIs were well within the clinically acceptable range. There were no signs of 
inflammation of the peri-implant soft tissue for both types of implants.
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INTRODUCTION

Implant-retained overdentures are now considered a valid treatment modality for patients 
who experience problems such as lack of stability and retention of their mandibular 
dentures.1 Although initially a healing period of at least three months was required for 
successful osseointegration,2 it has been shown that immediate loading protocols for 
standard-sized, implant-retained mandibular overdentures can achieve comparable 
success to delayed loading protocols, at least in the short-term.3 The use of conventional 
dental implants to retain an overdenture is, however, a relatively costly treatment and 
requires a minimum width of the residual ridge to accommodate the implants. It also 
involves additional parts, such as a bar-and-clip attachment system, a ball or locator 
type of abutment. In cases where the residual bone width of the denture bearing areas is 
limited due to bone resorption, a bone augmentation procedure might be needed before 
the implants can be inserted.4 

An alternative treatment is to use implants with a reduced diameter, the so-called Mini 
Dental Implants (MDIs). The MDI is a one-piece implant that does not require a separate 
abutment. This simplifies the restorative phase resulting in reduced costs for the patient. 
This type of treatment involves the placement of four MDIs in the interforaminal region 
which are loaded immediately, provided that certain insertion criteria are fulfilled. 

Several studies have been published which showed positive clinical and radiographic 
outcomes of immediately loaded MDIs used for long-term stabilization of implant 
overdentures (IODs). Studies on implants with a reduced diameter of 1.8 and 2.1 mm 
loaded immediately to retain overdentures in the edentulous mandible showed short 
and medium term survival rates similar to those of standard-sized implants (≥3.3 mm).5,6 
A recent retrospective study with a main observation period of 33 months, showed a 
high survival rate (94.9%) of MDIs used to retain IODs when the maxilla was provided 
with complete dentures.7 These results might suggest a reliable treatment option, but 
evaluation of the success of the employment of MDIs should not be carried out exclusively 
by documentation of implant survival. Data on implant success and marginal bone level 
changes should be also included.8 This is particularly true for implants with a reduced 
surface area since there are exposed to higher risk of detrimental forces concentrated 
on the implant-bone interface. Although there are studies showing positive clinical and 
radiographic peri-implant tissue responses for immediately loaded MDIs,9 prospective 
clinical trials that compare the clinical performance of MDIs to that of standard-sized 
implants have not yet been reported in the literature. 

Therefore, this randomized controlled clinical trial aimed to investigate whether treatment 
of the edentulous mandible with four immediately loaded MDIs to retain an overdenture 
can lead to marginal bone level changes, peri-implant soft tissue responses and 
prosthodontic outcomes that are comparable to those achieved when the edentulous 
mandible is rehabilitated with an overdenture retained by two immediately loaded 
standard-sized implants connected with a bar-and-clip attachment system. 
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MATERIALS AND METHODS

Study population
The sample consisted of patients who had been edentulous for at least six months and 
were not satisfied with the function of their existing conventional mandibular dentures. 
The main complaint was lack of stability and insufficient retention. The study protocol was 
approved by a local ethical review board (METc VUmc registration number 2013/208). 
The study was conducted in accordance with the Helsinki Declaration of 1975, as revised 
in 2000, at the department of Oral Implantology and Prosthetic Dentistry, Academic 
Centre for Dentistry Amsterdam (ACTA), University of Amsterdam and Vrije Universiteit 
Amsterdam from September 2013 to September 2016. A number of patients was 
recruited through internal referral at ACTA. These patients were previously provided with 
conventional dentures and experienced problems with the retention of the mandibular 
dentures. Patients were also recruited following advertisements placed in local 
newspapers circulated within the city of Amsterdam, the Netherlands. 

Inclusion criteria dictated that the patients should be completely edentulous for at least 
six months, have a maladaptive mandibular denture, and adequate bone for an implant 
length of at least 10 mm and diameter of at least 3.3 mm. The exclusion criteria were: 
(1) patients who received radiotherapy to the head or neck region for malignancies, (2) 
patients on long-term steroids, immunosuppressants, or bisphosphonates, (3) smokers, 
(4) patients with physical and mental disabilities which interfere with the maintenance of 
implants and (5) patients with systemic diseases precluding implant surgery.

The nature of the study was discussed with the patients at an early information session. 
Each subject was informed about the purpose of the study and potential risks. Patients 
were given a period of one week to consider participation in the study. All volunteers 
signed an informed consent form. All patients underwent an initial screening by means of  
clinical and radiographic examination. The radiographic examination included panoramic 
and lateral cephalograms to get an insight whether there was sufficient height and width 
of the mandible present in the region of interest to fulfil the inclusion criteria. Each denture 
was examined in vivo separately for retention, stability and border extension. The dentures 
were then examined together to assess occlusion, vertical dimension, aesthetics and 
phonetics. In cases where the existing dentures were insufficient in terms of aesthetics, 
intermaxillary relationships and over- or under extendedness, new sets of dentures were 
fabricated first. These participants were allowed to use their new dentures for 4 weeks to 
verify proper adaptation. In cases where the only inadequacy was lack of retention of the 
mandibular denture, the existing ones were used. 

For patients who were eligible for the study, cone beam computed tomography (CBCT) 
scans (3D Accuitomo 170, Morita, Kyoto, Japan, exposure settings of 9.0/17.5 seconds, 
90 kV, 5 mA and NewTom 5G, QR, Verona, Italy, exposure settings of 3.6-4.0 seconds, 110 
kV, 2.36-3.48 mA) were made with the mandibular denture in situ. Metallic markers were 
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incorporated into the dentures before making the CBCT scan and used as landmarks for 
the assessment of the prospective implant location and related anatomic structures of 
the mandible.

The randomization sequence was generated using a computer script (PHP), stratifying for 
gender and age. The enrollment of the participants, all surgical and prosthodontic treatments, 
as well as the postoperative follow-up clinical examinations have been performed by the 
same clinician who was not blinded for the random allocation sequence and the interventions. 
Each patient was informed of the type of implants they were going to receive on the day of  
implant surgery.

Patients participating in the study were randomly allocated into two groups: group 1, in 
which the mandibular overdentures were retained by four immediately loaded MDIs with 
an O-ring attachment system and group 2, in which the mandibular overdentures were 
retained by two immediately loaded implants with a bar-and-clip attachment system. 

Sample size calculation 
Monitoring marginal bone loss (MBL) around implants is regarded as the most important 
criterion in determining the success of implants. The mean MBL in standard-sized 
immediately loaded implants during the first year of function was expected to be 0.7 mm 
± 0.7 mm.10,11 By contrast the MBL around MDIs used to retain IODs, as reported in a 
randomized trial, was 1.2 mm ± 0.96 mm one year after loading.9 Therefore, we set the 
limit at 0.6 mm, meaning that the largest clinically acceptable difference in MBL between 
the groups was assumed to be 0.6 mm. With a power of 80%, a two-sided significance 
level of 5%, mean ± standard deviation for the control group of 0.7 mm ± 0.7 mm and 
1.3 mm ± 1.0 mm for the experimental group, 32 patients per group were needed. With 
regard to the other outcome measures, no difference was expected either.

Interventions
The patients rinsed with chlorhexidine digluconate solution (0.12%) for one minute before 
the operation. No prophylactic antibiotic regimen was prescribed. The surgical field was 
infiltrated with articaine (Ultracaine® D-S Forte Sanofi-Aventis Deutschland GmbH).

Group 1: Four MDIs with O-ring attachments
Surgical procedures 
The implant sites were determined according to the position previously estimated based 
on the radiographic markers that had been incorporated to the denture before making the 
CBCT scans. After a midcrestal incision, a mucoperiosteal flap was raised exposing both 
labial and lingual aspects of the crestal ridge. If bone irregularities were present, slight 
vertical ridge reduction was performed to flatten the crestal ridge. The mental foramen 
was exposed bilaterally prior to implant placement to ascertain its position. The most 
distal implant was placed 5-7 mm anterior of the mental foramen as a security margin 
in the presence of an anterior loop. The implants were symmetrically positioned through 
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the midline at a distance of at least 5 mm apart, to allow space for the metal housings 
used to fix the denture base. The implants were placed according to the surgical protocol 
recommended by the manufacturer. A pilot drill was used to make an initial opening to an 
average depth of one-third to one-half the threaded length of the implant. Each implant 
was inserted into the initial opening by rotating it clockwise while exerting downward 
pressure (self-tapping insertion technique). The implant was advanced to its final position 
with the torque wrench to a minimum of 35 Ncm to allow immediate loading. 

Each patient received four MDIs (3M ESPE MDI, Seefeld, Germany) in the interforaminal 
mandibular region. The diameter of the implants was 1.8 mm, 2.1 mm or 2.4 mm and 
their length ranged from 10 to 18 mm. The mucoperiosteal flap was repositioned using 
interrupted and horizontal mattress sutures.

Prosthetic procedures
An indirect restorative protocol was applied to modify the existing prosthesis to an 
implant-retained overdenture. An impression was made using the closed tray impression 
technique. For this purpose, the O-ball impression copings were snapped directly onto 
each O-ball MDI Implant. In some cases, the soft tissue prevented full engagement of the 
copings because the implants were seated too deeply into soft tissue. In these cases, an 
impression was made of the O-ball head of the implant without using impression copings. 
The existing mandibular dentures were hollowed out and utilized as impression trays. 
Polyether impression material was used (3M ESPE Impregum) to record each implant’s 
position accurately. The appropriate MDI lab analogs were inserted and pressed into 
the copings until a snap fit was observed. Standard stone model fabrication techniques 
were used to fabricate the models. The dentures were modified in the laboratory by 
embedding the metal housings and removable O-ring attachments parallel to each other 
in the denture base. They were placed in immediate functional loading at the same day 
of implant placement. 

Group 2: Two STL implants with a bar-and-clip attachment 
Surgical procedures
The surgical protocol for the STL implants (institute Straumann AG, Basel, Switzerland) 
was similar to the one described in the study by Stoker and Wismeijer.12 The location of 
the implants was established at an area corresponding to the contact point between the 
mandibular lateral incisor and the canine, at which a perforation was made starting at 
the deepest point of the fitting surface of the denture. Two transmucosal center points 
were generated within the bone using a round bur and using the mandibular denture 
as a surgical guide for positioning the implants. The surgical procedure started with an 
intraoral crestal incision in the middle of the keratinized tissue on the alveolar ridge crest 
with a midcrestal releasing incision. A mucoperiosteal flap was raised both on the labial 
and lingual aspects. When indicated a flattening of the alveolar crest was performed 
with a bur. The implant sites were prepared using consecutive twist drills according to 
the standard Straumann protocol. Two endosseous implants (SLActive Straumann or 
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Straumann plus, Regular Neck, Straumann®, Institute Straumann AG, Basel, Switzerland) 
were inserted and tightened with a torque of at least 30 Ncm. The diameter of the implants 
was either 3.3 mm or 4.1 mm and their length 10 mm or 12 mm. Insertion torque and 
implant stability quotient (ISQ) measurements were recorded for each implant site. The 
frequency distribution of implant length and diameter for both groups is shown in Table 1.

Prosthetic procedures
For the implants that achieved the desired primary stability, transfer copings were inserted 
and a pick-up impression was made using the closed tray impression technique. The intaglio 
surface of each prosthesis opposing the implant sites was hollowed out to create space for 
the impression copings. Each denture was used as an impression tray, and an impression 
was made under light occlusal pressure using a polyether impression material (3M  
ESPE Impregum). 

In the dental laboratory, an egg-shaped Dolder bar (CMST53012P20, Cendres et 
Métaux SA, Biel, Switzerland) was constructed soldering the bar gold copings (048.204, 
Straumann AG) with bar segments. A metal clip was incorporated in the intaglio surface 
of each denture as a retention attachment. The following day, two SynOcta® abutments 
(048.601, Straumann AG) were connected to the implants and torqued to 25 Ncm with a 
standardized manual torque. The accuracy of the bar fit was checked in the mouth visually 
to ensure that the copings fit passively on the abutments. In particular, it was checked 
whether tightening of one screw did not cause any clinically detectable elevation of the 
other unscrewed coping on the contralateral side. The bar then was torqued according to 
the manufacturer’s instructions and the overdenture was seated on the bar. 

For those patients of group 2, for whom immediate loading (group 2A) was not possible, a 
delayed loading protocol was followed (group 2B). Implants did not meet the requirements 
for immediate loading for two reasons. At the time of the insertion of the implants, if one 
or both of the implants would fail to achieve a torque of 30 Ncm, then healing abutments 
were placed, and the flap was repositioned using interrupted or horizontal mattress 
sutures. At the time of fitting of the suprastructure, if the torque-control screwing of the 
synOcta abutments would cause rotation of the implants, then healing abutments were 
inserted and the dentures were relined with a soft relining material. In these cases, the 
immediate loading protocol was abandoned and a delayed loading protocol was adopted. 

All patients, for both groups, were advised to rinse with chlorhexidine digluconate solution 
(0.12%) twice a day for one week after the operation. They were instructed not to remove 
their mandibular overdentures for the first 48 hours to prevent tissue overgrowth. After 
this initial period, they were instructed to take the dentures out at night. All patients were 
advised to maintain a soft diet with the implant-retained overdenture for four weeks. The 
subjects were instructed in a plaque control protocol at the time of the surgery and regular 
follow-up appointments were scheduled. All surgical and prosthodontic treatments, as 
well as the postoperative follow-up clinical examinations, have been performed by the 
same clinician who was not blinded for the treatment conditions.
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Table 1. Frequencies of implant lengths and diameters

MDIs Diameter  Length
1.8 mm 2.1 mm 2.4 mm 10 mm 13 mm 15 mm 18 mm

Number of implants 37 46 17 18 45 34 3

Straumann  
immediate loading

Diameter  Length
3.3 mm 4.1 mm 10 mm 12 mm

Number of implants 12 18 10 20

Straumann 
delayed loading

Diameter Length
3.3 mm     4.1 mm 10 mm 12 mm

Number of implants 7 13 14 6 

Outcomes
Marginal bone loss
The primary outcome of this study was the marginal bone level changes around the 
inserted implants on basis of the information provided by standardized intra-oral 
radiographs. The radiographs were taken at baseline (1 week after implant placement) 
and again during the first annual visit. Appropriate aiming devices were used for acquiring 
standardised images of marginal bone levels in the transversal plane at the two different 
time intervals. The long-cone paralleling technique was applied and a standardised jig 
locator was fabricated. For standardisation of radiographic film position in relation to 
the beam during subsequent film exposures, light-cured acrylic resin (multi LC tray Multi 
Dent transparent) was secured to the lower part of the holder. With regard to the MDIs, 
two individually constructed radiographic acrylic templates (right and left) were utilised. 
More specifically, indentations made on the ball attachments of the two implants on the 
right side and the acrylic resin was light-cured. The same material was then secured 
in the upper part of the film holder and the patient was asked to close gently so that 
indentations of the maxillary teeth could be made onto the acrylic resin which was then 
light-cured (Figure 1). The same procedure was followed for the other two implants on 
the left side. With regard to the STL implants, a metal clip was incorporated into the 
acrylic resin so that the lower part of the holder would fit onto the bar (Figure 2).

For all intra-oral radiographs the same xray device was used (Planmeca, Helsinki, 
Finland, exposure settings of 0.125s, 63kV and 8mA). All films were processed using 
the same digital apparatus (Dürr VistaScan; Dürr Dental GMbH&CO. KG, Bietigheim-
Bissingen, Germany). Radiographs’ assessment was done by Emago® software [(Oral 
Diagnostic Systems, Amsterdam, Netherlands), Figures 3,4]. This software calibrates the 
radiographs based on the known pixel size and gives the opportunity to standardize the 
length measurement.13 To illustrate the changes in the bone level around the inserted 
implants, digital intra-oral radiographs were obtained. For groups 1 and 2A (immediate 
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loading of the STL implants) the radiographs were taken one week after placement and at 
the 12 months follow-up examination. For group 2B (delayed loading of the STL implants) 
the baseline radiographs were taken at the time of the fitting of the suprastructure. 

The marginal bone level was assessed at the mesial and distal aspects of each implant. 
For the MDIs, in order to calculate the vertical bone level, the location of the upper part 
of the polished transgingival collar of the implant and the first crestal bone-to-implant 
contact were identified as reference points. The distance in millimetres was measured 
at each side. For the STL implants the top part of the polished collar was used as the 
top reference point. Two calibrated observers evaluated the digital images independently 
(blinding for the treatment condition was not possible). Each observer measured the 
distance from the respective reference points to the most coronal point where the 
bone was in contact with the implant. The observers were calibrated in the course of a 
previous pilot study during which each of the two observers performed all marginal bone 
level measurements twice within a 1-week interval. The intraobserver and interobserver 
reliability appeared to be excellent in that study.14

Figure 1. Standardized intra-oral radiographs for measuring MBL around MDIs

Figure 2. The individualized film holder device with the bite block equipped with the retention clip
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Figures 3 and 4. Measurements of MDIs’ bone level on intra-oral radiographs using standardized 
aiming devices

Success and survival rates
The success rate was based on the clinical and radiographic criteria as defined by 
Albrektsson et al.15 These were: (a) absence of persistent subjective complaints (pain, 
foreign body sensation and/or dysesthesia), (b) absence of recurrent peri-implant infection 
with suppuration, (c) absence of mobility, (d) absence of a continuous radiolucency around 
the implant, and (e) peri-implant MBL less than 1.5 mm for the first year. An implant was 
categorized as survived if it was still in place but did not meet the success criteria after 
one year of functional loading.

Peri-implant soft tissue condition
Peri-implant conditions consisted of peri-implant pocket depth (PPD) in millimeters, 
modified Sulcus Bleeding Index (mSBI), modified Plaque Index (mPI)16 as well as the 
presence or absence of suppuration on probing. The peri-implant pocket depth was 
measured around each implant using a manual periodontal probe (Hu-Friedy, Chicago, 
IL, USA), applying approximately a force of 0.25N. The investigator calibrated himself 
by using the standardized click-probe (Kerr, Hawe). Four measurements were recorded 
at the middle of the four surfaces (buccal, lingual, mesial, and distal). The mean of the 
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four measurements was considered as the pocket depth of that implant. The mean per 
patient was calculated as the mean of all implants. Readings were done to the nearest 
millimetre. Evaluation of peri-implant condition was carried out at 3, 6, and 12 months 
after the insertion of the IODs. 

Prosthetic maintenance
Mechanical complications of the implants, attachments, mandibular overdentures and 
maxillary complete dentures were recorded. 

Statistical analysis
To assess the interobserver reliability between the two observers who independently 
scored marginal bone levels, the intraclass correlation coefficient was computed 
(average measure, two-way mixed model, consistency). In addition, the standard error of 
measurement (SEM) was calculated by the formula SEM=SDdiff √(1-rdiff). Next, the mean 
of the observers was calculated for each site. A 2-way mixed ANOVA was conducted 
to assess the change in marginal bone level between baseline and 12 months (time 
effect, within subjects factor). In addition, type of implant was added as a between-
subjects factor to assess whether change in marginal bone level is equal for both types 
of implants (interaction effect). This analysis was conducted for an overall mean score of 
marginal bone loss per patient and for all sites separately. With respect to the soft tissue 
parameters, the same analysis was conducted. The Pearson Chi-Square test was used 
to compare the prosthodontic complications between the groups. 

RESULTS

The final sample size consisted of 50 patients, 24 men and 26 women aged between 47 
and 83 years (mean age 67.9 ± 7.7). 25 patients were allocated to group 1 (four MDIs) 
and 25 patients to group 2 (two STL implants). Immediate loading was possible for all 
patients in group 1. By contrast, in group 2 immediate loading was possible in only 15 
out of the 25 patients (group 2A, n=15), whereas for the remaining 10 patients a delayed 
loading protocol was followed (group 2B, n=10). One patient from group 2A had attended 
the 6 weeks follow-up appointment during which he reported no complications and no 
complaints about implant treatment, but he failed to attend the subsequent appointments. 
The flow of the study participants from the time of screening to 1-year follow-up is shown 
in Figure 5. The sample size of 50 patients was considered sufficient to conclude that 
treatment of 14 additional patients, to reach the 64 patients that were indicated by the 
sample size calculation, would not change the trend that was already evident. Therefore, 
only 50 patients were included.
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Figure 5. Flow diagram of participants in the study

For the patients allocated to the delayed loading protocol, the 12 months follow-up 
evaluation was also performed for all clinical and radiographic parameters and the 
prosthodontic complications. The data on MBL are presented in the tables, but were 
omitted from the statistical comparisons. These data are not directly comparable with 
the data obtained from the patients allocated to the immediate loading groups, since the 
baseline time point was different for the immediate and delayed loading protocols. The 
intraclass correlation coefficient for the reliability between the two observers in assessing 
MBL was 0.990 (95% CI 0.988-0.992). The SEM was 0.1187*√(1-0.98)=0.002. With regard 
to the overall mean score of MBL per patient, the two-way ANOVA showed that the 
marginal bone level increased between baseline and 12 months (F1,37=29.41, p<0.001) in 
the immediate loading groups (group 1 and 2A). This increase was equal for both groups, 
since the interaction effect with type of implant was not statistically significant (F1,37=0.45, 
p=0.509). The same pattern emerged for marginal bone level per implant site. In Table 2 
the mean MBL between baseline and 12 months is presented for groups 1, 2A and 2B. 



4

67

1-year randomized trial: Clinical and radiographic outcomes

With regard to survival and success rates, two MDIs in one patient failed (two months after 
placement) in group 1. The cause of failure was lack of osseointegration with no signs 
of peri-implant infection. These implants were replaced at a later stage and the intaglio 
surface of the prosthesis was modified. At the end of the study the overall MDI survival 
rate was 98%. None of the remaining implants showed signs of pain, clinical mobility, 
suppuration, or radiolucency. Seven MDIs were not classified as successful because they 
showed MBL greater than 1.5 mm, leading to a success rate of the MDIs of 91.0%. 
With regard to group 2, immediate loading was possible in 15 out of 25 patients (60%). 
None of the implants were lost in Group 2A, resulting in 100% survival rate of those STL 
implants that could be loaded immediately. One implant in group 2A did not meet the 
success criterion of MBL less than 1.5 mm, resulting in an implant success rate of 96.7% 
in this group. Concerning the patients allocated to group 2B (delayed loading protocol), 
four implants were lost during the osseointegration period, resulting in a survival rate of 
80% (Table 3). These implants were lost the first few weeks after placement, because of 
failure to osseointegrate. They were removed and replaced after allowing adequate time 
for bone healing. The suprastructures in these patients were fitted three months after 
insertion of the replaced implants. 

Peri-implant pocket depth scores, bleeding and plaque indices are presented in Table 4 
for groups 1, 2A (immediate loading) and 2B (delayed loading). There was no statistically 
significant difference between the measurements at the different observation times with 
regard to PPD (F2,44=0.244 p=0.784), mSBI (F2,44=1.267, p=0.292), and mPI (F2,44=1.472, 
p=0.240). There were no differences between the three groups either (PPD: F4,90=0.594, 
p=0.668; mSBI: F4,90=0.621, p=0.649; mPI: F4,90=1.199, p=0.317). 

Table 2. Marginal Bone Loss between baseline* and 12 months for the immediate loaded implants

Group N Mean SD
Group 1 25 0.42 mm 0.56
Group 2A 14 0.54 mm 0.49
Group 2B 10 0.16 mm 0.36

*For Group 2B (delayed loading protocol) the baseline was 3 months after implant placement

Table 3. Implant survival and success rates at 1-year follow-up

No of 
implants 
inserted

No of 
implants 
failed

Survival 
rate (%)

Number of implants did 
not meet success criteria

Success 
rate (%)

Group 1 100 2 98 7 91
Group 2A 30 0 100 1 96.7
Group 2B 20 4 80 N/A N/A
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Table 5. Prosthetic complications and maintenance 

Complication/
Maintenance time Group 1 Group 2A Group 2B

 % %
Denture 
adjustments due 
to pressure point

0-6 weeks 9 36 6 40.0 1 10
6 weeks to 3 
months 2 8 2 14.3 0 0

3 to 6 months 0 0 0 0 0 0
6 to 12 months 0 0 1 7.1 1 10

Occlusal 
adjustments

0-6 weeks 2 8 0 0 0 0
6 weeks to 3 
months 0 0 2 14.3 0 0

3 to 6 months 0 0 0 0 0 0
6 to 12 months 0 0 0 0 0 0

Denture rebasing 0-6 weeks 1 4 0 0 0 0
6 weeks to 3 
months 2 8 1 7.1 0 0

3 to 6 months 1 4 1 7.1 0 0
6 to 12 months 3 12 5 35.7 1 10

Rubber O-ring 
replacement

0-6 weeks 0 0 N/A N/A 0 0
6 weeks to 3 
months 1 4 N/A N/A 0 0

3 to 6 months 1 4 N/A N/A 0 0
6 to 12 months 4 16 N/A N/A 0 0

Bar-clip 
activation

0-6 weeks N/A N/A 1 6.7 0 0
6 weeks to 3 
months N/A N/A 0 0 0 0

3 to 6 months N/A N/A 1 7.1 0 0
6 to 12 months N/A N/A 0 0 0 0

Rebasing of 
upper denture

0-6 weeks 0 0 0 0 0 0
6 weeks to 3 
months 0 0 0 0 0 0

3 to 6 months 0 0 0 0 0 0
6 to 12 months 1 4 0 0 0 0

Broken tooth 
from IOD

0-6 weeks 0 0 1 6.7 0 0
6 weeks to 3 
months 0 0 0 0 0 0

3 to 6 months 1 4 0 0 0 0
6 to 12 months 0 0 0 0 0 0

Matrix 
replacement  

0-6 weeks 1 4 2 13.3 0 0
6 weeks to 3 
months 0 0 0 0 0 0

3 to 6 months 1 4 1 7.1 0 0
6 to 12 months 0 0 1 7.1 0 0
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After the 1-year observation period all IODs were in function. Table 5 provides an overview 
of the complications and maintenance needed at different time frames per group. At 
an early stage, the most common intervention for both the immediate loading groups 
was the need for adjustment of the fitting surface of the prosthesis, because of patients’ 
complaints of pain and discomfort. At the end of the observation period, seven patients 
(28%) in group 1 and seven out of 14 patients for whom these data were available in group 
2A (50%) needed a rebasing and/or flange addition of their overdentures. By contrast, for 
the remaining patients for whom a delayed loading protocol was applied, rebasing of the 
prosthesis was necessary for only one patient (10%). In total, at the end of the study there 
was no need for any prosthodontic maintenance for eight patients in group 1 (32%), 4 
patients in group 2A (26.7%) and 8 patients in group 2B (80%) (X2=8.44, df=2, p=0.025).

DISCUSSION 

The present study was designed to evaluate whether a mandibular overdenture retained 
by four immediately loaded MDIs could be an acceptable treatment alternative to a bar 
overdenture retained by two immediately loaded standard-sized, tissue level implants. 
There was no difference in MBL between patients who received MDIs and patients who 
received two standard-sized implants. Moreover, the 1-year MBL around the immediate 
loaded MDIs and the STL implants were within the estimated range reported in the 
literature for delayed loaded conventional implants. With regard to the MDIs, less MBL 
was noted in our study compared to the study by Elsyad et al, where the recorded vertical 
MBL around MDIs was -1.2 ± 0.96 mm 12 months after loading.9 Peri-implant marginal 
bone level changes comparable to those in the present study were recorded in a recent 
cohort study around non-splinted, single piece MDIs with ball attachments that were 
used as overdenture retainers. The authors noticed insignificant changes in MBL over 
time with a value of -0.40 ± 1.24 mm.17 

Although the MBL results reported in the present study are at short term, it has been shown 
that most changes in the marginal bone level take place during the first year of function. 
Elsyad et al reported that most of the MBL around immediately loaded MDIs occurred 
during the first year after loading and no significant bone loss was recorded in subsequent 
years. The authors attributed this minimum MBL to the self-tapping characteristics of the 
MDIs which may increase the density of the bone in contact with them, the resilience of 
the O-ring metal housing acting as a shock absorber, and the flapless technique applied 
which might have preserved the bone height around the implants after surgery.9 Although 
in the present study the same MDI system was used, there was a difference in the flap 
design, because in all cases a mucoperiosteal flap was elevated. Flap elevation did not 
seem to have a negative effect on the MBL, but it might have facilitated a more favorable 
spread of the implants, compensating at the same time for the potential presence of 
an anterior loop. In the literature, however, there is insufficient data to suggest which is 
the best flap design. Clinicians should consider the limitations and risks of the flapless 
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surgery and decide whether to place implants flapless or not with a great deal of caution 
in relation to their own clinical skills and experience.18

The success and survival rates of the MDIs that were used to stabilize the IODs in the present 
study are in agreement with other data published in the literature. More specifically, in a 
prospective study by Elsyad et al, it has been shown that the periimplant tissue response 
of immediately loaded MDIs supporting mandibular overdentures was satisfactory after 
3 years. The cumulative survival and success rates of the MDIs were 96.4% and 92.9% 
respectively.9 Short to medium term implant survival rates in mandibular overdentures 
retained by MDIs were reported by Mundt et al.19 After 7 to 61 months of function, the 
survival rate was 95.7%. Contrary to these results, a randomized trial in which a delayed 
loading protocol was followed, reported lower implant survival rates of MDIs compared 
with standard-sized fixtures (89 % vs 99 %).20 

In the present study, for the standard-sized implants, the bar-and-clip attachment system 
has been utilized to connect the mandibular overdentures. This attachment system has 
been extensively used for the rehabilitation of edentulous patients and proved to  be 
successful and predictable. The present study revealed a success rate of 96.7% for the 
immediately loaded standard-sized tissue level implants after a 1-year follow-up period. 
These results confirm previously reported data, which showed that two interconnected 
implants could be successfully loaded immediately (within 48 hours) by an overdenture. 
In a clinical trial, Stoker and Wismeijer treated 124 edentulous patients with a mandibular 
overdenture retained by two immediately loaded, bar-splinted SLActive implants. The 
survival rate of the implants was 98.8% after an average evaluation period of 2.0 years.12 

The high survival rates and the small amount of MBL observed in the present study 
might also be related to the fact that the opposing maxilla was in all cases rehabilitated 
with conventional dentures. This probably results in less load on the implants than when 
implants are opposed by natural dentition or by a combination of natural dentition and 
partial dentures. Indeed, a retrospective analysis showed that MDIs’ survival differed 
significantly based on whether the maxilla was provided with complete or with partial 
dentures. The difference in the survival rates was attributed by the authors to the 
overloading of the MDIs during the osseointegration period.7

For both groups, there were no signs of inflammation of the peri-implant soft tissue 
evaluated at the different time intervals. Peri-implant pocket depth as well as plaque 
and bleeding indices remained constant throughout the observation time. None of the 
implants were associated with PPD greater than 4 mm, while in the vast majority of the 
implant sites a PPD of 3 mm or lower was recorded. The mean of the measured probing 
depth around both MDIs and the conventional implants remained stable at the different 
observation times. This might be explained by the fact that the first measurement was 
performed at three months after implant insertion; at that time, the soft tissue levels might 
have already been stabilized. 
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In addition to the clinical and radiographic outcomes, the provision of implant-retained 
overdentures requires a regular prosthetic maintenance program to ensure long-term 
clinical success. In the present study, a number of patients required several maintenance 
appointments. The most common intervention during the first six weeks after insertion 
of the IODs, was the need for adjustment of the intaglio surfaces of the prostheses. 
Because of the initial swelling and trauma after surgery, 36% of the patients from the MDI 
Group and 40% of the patients from the STL group had to return soon after treatment 
for adjustments due to complaints about pain and discomfort. A common complication 
for both groups was the need for rebasing and/or flange addition of the mandibular 
overdenture (most commonly in the anterior area related to the surgical site). Overdenture 
relining/rebasing is a procedure that has been observed in several other studies reported 
on IODs retained by immediately loaded implants.21,22 It might be related to the soft tissue 
changes associated with the immediate loading protocol and the need for adjustment 
of the intaglio surfaces of the prostheses at an early stage due to the postoperative 
swelling. Scepanovic et al reported several prosthetic complications associated with 
IODs retained by MDIs, relining of the overdentures and occlusal adjustment being the 
most frequent ones.23 Similar to the above-mentioned study, at the end of the observation 
period of the present study, the attachment mechanisms with the O-rings were with only 
minimal problems. On the contrary, a prospective clinical study reported that after 5 years 
of function the most common complications were damage of the O-rings and O-ring 
replacement, followed by relining of the maxillary dentures.24 In our study, overdenture 
fractures were not observed. This is in contrast with the study of Preoteasa et al, where 
overdenture fractures were encountered with a moderate frequency.25 Although it is 
difficult to summarize the incidence of prosthetic complications with IODs, one should 
not underestimate the need for maintenance associated with implant overdentures  
retained by MDIs.7

The short follow-up time should be mentioned as one of the study limitations. Furthermore, 
based on the initial sample size calculation, 64 patients should have been included. As 
the study progressed however, it was clear from the results that the difference in MBL 
between the two groups was much smaller than the limit of 0.6 mm that was set at 
the beginning of the study. The sample size of 50 patients was considered sufficient to 
conclude that the inclusion of 14 additional patients would not alter this tendency on the 
difference of MBL between the groups. This is in accordance with the statement made 
by Mundt et al that a sample size calculation is inherently hypothetical, since it requires 
assumptions that cannot be tested until the data have been gathered.26 

Furthermore, immediate loading was possible in only 60% of the patients who received 
the conventional standard-sized implants, indicating that this treatment modality might 
not always be applicable. On the other hand, immediate loading was possible in all 
patients that received the MDIs. This difference is most probably related to the design of 
the mini implants, contributing to their stability in soft and dense bone which is essential 
for immediate loading. More specifically, the MDI is placed through a small pilot hole and 
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not into a full osteotomy, utilizing a fully self-tapping protocol, which allows the implant 
to advance itself from the initial point to completion. In addition, the study design might 
have also favored the immediate loading of the MDIs, because the minimum width of the 
mandible at the implant sites was 5.5 mm, meaning that it was possible to remove the 
mini implant and place another one with a slightly larger diameter if the initial primary 
stability was less than ideal. In case of the standard-sized implants this was rarely 
possible, since it is a prerequisite that the implant should be surrounded by at least 1 mm 
of bone at both the buccal and lingual sites. Moreover, the narrow diameter of the MDI’s 
allowed relocation of the surgical site slightly mesial or distal of the initial osteotomy to 
compensate for minor surgical errors or lack of primary stability.

CONCLUSIONS

Within the limitations of this study, at 1-year follow-up there were no statistically significant 
differences between four immediately loaded Mini Dental Implants and two immediately 
loaded standard-sized, tissue level interconnected implants retaining mandibular 
overdentures, with regard to the clinical and radiographic parameters. The marginal bone 
level changes were within the expected range reported in the literature. There were no 
signs of infection of the peri-implant soft tissue for both types of implants. At the end 
of the observation period the immediate loading of implants used to retain mandibular 
overdentures seemed to be a viable treatment procedure, although a considerable 
amount of minor prosthetic interventions was required. Mini dental implants have the 
potential to be an adjunct for retention and comfort for the edentulous patient offering a 
potentially more cost-effective option, associated with simplified restorative procedures. 
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