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Abstract
Background: Complications of distal extension mandibular removable partial dentures are: loss

of retention, irritation, and so forth. Dental implants have been used to support distal extension

removable partial dentures. However, many patients have limited bone support in which to

place conventional-size dental implants.

Purpose: To compare the clinical outcomes of using immediate-loaded mini dental implants and

immediate-loaded conventional-size dental implants, when used to retain mandibular Kennedy

class I removable partial dentures.

Materials and Methods: Thirty patients were randomly divided into two groups. Mini dental

implants and conventional-size dental implants were placed in participants in the first molar

region on both sides. The dentures were connected immediately. Patients were recalled on 1, 3,

6, and 12 months after surgery. Digital periapical radiographs were made, and patient satisfac-

tion was recorded. Data were analyzed by independent samples t-test and paired samples t-test

(P = .05).

Results: Twenty eight of the implants survived (survival rate = 93.3%) in each group. Mean

radiographic bone loss was 0.47 � 0.42 and 1.03 � 1.07 mm in groups 1 and 2, respectively.

Conventional-size implants revealed significantly greater marginal bone loss than mini implants

(P = .01). Patient satisfaction showed significant improvement after treatment in both groups.

Conclusions: Immediate-loaded mini dental implants can be applied for retaining mandibular

Kennedy class I removable partial dentures with very favorable results.
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1 | INTRODUCTION

The number of partially edentulous patients has been increasing in

the past few years and is likely to increase in the future,1–4 because

people seem to lose only a few teeth as a result of the significant

improvement of public oral health care in many countries. The

demand for complete dentures may decline, the opposite of that

for partial dentures. There are two treatment options for partial

edentulism: (1) removable prosthesis (eg, removable partial den-

tures [RPDs]) and (2) fixed prosthesis (eg, fixed implant-supported

prosthesis, bridge). The second option is much more expensive

than the first option and many patients cannot afford it. Many

patients have anatomical and medical features that complicate the

fabrication of complete fixed prostheses.5 Removable prostheses
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seem to be a better choice for patients of average to low socioeco-

nomic status.

The most frequent complications of distal extension mandibular

RPDs are loss of retention and irritation or ulceration6; other problems

are unesthetic retentive clasps and discomfort when chewing.5 The

resiliency of soft tissue can cause the rotational movement of the

dentures. Long-term use results in ill-fitting prostheses and pain as a

result of the edentulous ridge resorption. Many published studies rec-

ommend using dental implants to overcome these problems.7–10

The combination of dental implants and RPDs has been used for

many years.5,11 Dental implants can be used for increased retention

in patients who have lost their primary abutment teeth (canine or

premolar) or to replace retentive clasps in patients who are greatly

concerned with esthetics. Dental implants can be used to increase

the support and to improve the denture stability in patients with

Kennedy classes I and II partial dentures who suffer from tissue irri-

tation or lack of stability.12 Implants can be used to change the clas-

sification of a planned prosthesis from a tooth-tissue-supported RPD

to a tooth-implant-tissue-supported RPD13 and also to allow the

patient to increase bite force.5 Ohkubo and colleagues14 reported

that implant-supported RPDs allow patients to experience greater

mastication force and less denture displacement than the conven-

tional RPDs. The center of occlusal force is positioned distally com-

pared to conventional RPDs.14 Verri and colleagues15 recommended

the use of an implant with the greatest diameter and length possible,

because such an implant results in minimum stress and denture dis-

placement. But the implant can be reduced in diameter and length

with minimal effect on stress concentration in the finite element

analysis (FEA) result, because the implant and attachment only func-

tion to retain the denture and partially support the occlusal force.16

Ohkubo and colleagues17 recommend only one implant per edentu-

lous side. The success rate of implant-supported RPDs is more than

90%.11,18

Flanagan and Mascolo19 described mini dental implants as having

diameters ranging from 1.8 to 3.3 mm and lengths ranging from 10 to

15 mm. Standard-diameter implants range from 3.4 to 5.8 mm. One

advantage of mini dental implants is that in some sites they may be

placed without raising a surgical flap, thus making the procedure mini-

mally invasive.20–22 Mini dental implants may be appropriate with nar-

row and atrophic edentulous ridges. Mini implants also maybe

immediately loaded in appropriate osseous situations.

Mini dental implants can retain maxillary or mandibular removable

dentures. When placed in dense bone, mini implants can be immedi-

ately loaded to retain removable complete and partial dentures with a

survival rate of more than 90%.19,23–25 The advantages of mini

implant are: less surgical trauma, cost effectiveness, possibility of

immediate loading, possibility of use in atrophy edentulous ridge, and

the dramatically smaller percutaneous circumference that may reduce

the implant exposure to bacterial invasion.20,26

The aim of this study was to compare the clinical outcomes of

using immediate-loaded mini dental implants with Equator attach-

ments and conventional-size dental implants with Equator attach-

ments when used to retain mandibular Kennedy class I RPDs.

2 | MATERIALS AND METHODS

This clinical study was conducted with the approval of the Committee

on Human Rights Related to Human Experimentation, Chiang Mai

University (No 04/2558). All participants were informed of the risks

and benefits of participation in the study and signed an approved

informed consent document prior to enrollment. The participants

were randomly selected from the patients visiting the Department of

Prosthodontics, Faculty of Dentistry, Chiang Mai University, following

the inclusion and exclusion criteria listed in Table 1. The participants

TABLE 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Patients

Partially edentulous mandible
with proper prosthesis

Maxillary single denture

No contra-indication for minor
oral surgery (ASA ≤ 2)

Unhealthy, uncontrolled systemic
disease, bleeding disorder, ASA
class III

No psychosis, dementia, or other
psychiatric disorders

Alcoholism or drug abuse and
heavy smoking (≥10 cigarettes
per day)

No uncontrolled bleeding
disorders

On intravenous-injection
bisphosphonate medication

No smoking or smoking of less
than 10 cigarettes per day
during the previous 5
y(questionnaire)

Experience of head and neck
radiotherapy

No intravenous injection of
bisphosphonate drugs

Poor attitude toward implants and
prostheses

Never received radiotherapy of
the mandibular or cervical
regions

Ill-fitting denture or improper
prosthesis

Ability to maintain good oral
health, denture, and dental
implant care

Unable to maintain good oral
hygiene or to clean prosthesis

Good attitude for denture
insertion and understanding
of treatment procedures

Conditions that would prevent
completion of study
participation

To be able and to agree to
undergo treatment and
follow-up at least 7-10 times

Implant sites

Mandibular Kennedy class I
edentulism with two canines
present and at least missing
first and second molars on
both sides

Well-functioning mandibular
Kennedy class I removable
partial prosthesis with proper
marginal fit, and the dentures
must have been fabricated
within the previous 5 y

Distance from alveolar ridge to
tip of maxillary first molar ≥
6 mm

No parafunctional habit

Bone labio-lingual width ≥ 5 mm,
height ≥ 14 mm from alveolar
crest to inferior alveolar canal
in the first molar region

Normal soft tissue and underlying
bone at implant site,
keratinized mucosa ≥ 4 mm
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received a complete oral examination. The treatment plan and treat-

ment sequence were explained to them. The next step was to check

their prosthesis border, occlusion, and functionality. A cone beam

computed tomography scan was recorded with their prosthesis as a

radiographic stent. Every participant was given a subject identification

number. A blinded investigator (one who was not involved in the

screening, treatment, follow-up, data collection, or analysis) used com-

puter software (List Randomizer, Waterloo, Ireland) to randomize the

subject identification numbers into two groups (group 1: test group;

group 2: control group). Each group contained 15 patients (sample size

analysis was calculated based on an α error of 5% and a power of

80%). This information was concealed in sealed envelopes, which

were opened before surgical treatment. Neither the surgeon nor the

participant was aware of the group assignment until the surgery visit

(Figure 1).

3 | SURGICAL PROTOCOL

Mini dental implants (PW Plus 3.0 mm in diameter × 10 mm in length,

PWSE Co Ltd, Nakornpathom, Thailand) were surgically implanted in

the areas of teeth 36 and 46 in patients in group 1, and conventional-

size dental implants (PW Plus 3.75 mm in diameter × 10 mm in length,

PWSE Co Ltd) were surgically implanted in the same areas in patients

in group 2. The same operator performed all the surgeries. Partici-

pants were prescribed premedication with 2 g of amoxicillin 1 hour

before the surgical procedure. A flapless surgical technique was used

under local anesthesia in both groups. The gingiva was punched out

(Figure 2) using a tissue punch with a diameter of 4.0 mm, and the gin-

gival height was measured. The implant bed was prepared using a

round bur, a pilot drill with a diameter of 2.0 mm and a length of

10 mm plus the gingival height; and 2.6 mm twist drills were used as

the final drills. The implants were placed at the bone level with a range

of insertion torque value of 30-55 N cm. Implant stability quotient

(ISQ) values were measured using an Osstell measuring device

(Osstell, Göteborg, Sweden) and calibrated against a standard curve.26

If the insertion torque was lower than 20 N cm or the ISQ value was

less than 70, the implants were submerged, and the patient was

excluded from the study, but the implant treatment was completed

following the standard delayed protocol.

Equator attachments were used to attach the prosthesis to the

implants. The features of the Equator attachment are a low-profile

titanium abutment, a stainless steel housing, and a yellow retentive

cap with retentive force of 0.6 kg. The prosthesis was connected to

the implant and functionally loaded in both groups 1 and 2, immedi-

ately after implantation (Figure 3). Pink, self-cured acrylic resin

(TOKUYAMA REBASE II, Tokuyama Dental Corp, Tokyo, Japan)

was used to reline the denture base, and the prosthesis was

attached to the retentive caps intra-orally (Figure 4). The occlusion

and the adaptation of the denture to the residual ridges were

checked and adjusted if necessary. Patients were recalled on the

postoperative day as well as 12 months after surgery. At the post-

operative visits (3, 6, and 12 months), ISQ values and digital periapi-

cal radiographs were recorded. The occlusion, stability, and

retention of the prosthesis, patient satisfaction, and overall evalua-

tion were assessed.

MDI= Mini dental implant 
CDI = Conventional size dental implant

Success rate, Radiographic bone changes, RFA analysis, 
Prosthodontic complication, and Patient satisfaction

Follow-up at 12 months 

Recruitment of 30 patients 

Pre-evaluation before implant placement 
(Patient satisfaction) 

Randomization 

2 MDI  N= 15 

Immediate 
loading 

  2 CDI    N= 15 

Immediate 
loading 

FIGURE 1 Flow chart of the clinical study

FIGURE 2 Flapless surgery technique was applied in this study [Color

figure can be viewed at wileyonlinelibrary.com]
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4 | EVALUATION OF OUTCOME VARIABLES

4.1 | Resonance frequency analysis

Resonance frequency analysis (RFA) is the one of the favorable

implant stability measurement method to test the implant mobility.

RFA was performed immediately after dental implant surgery and

after 12 months using an Osstell measuring device (Osstell). In group

1, the ISQ values were calibrated against a standard curve26 and com-

pared between the two groups.

4.2 | Radiographic evaluation

Periapical radiographs of each implant were recorded at the implant

placement visit after surgery and at every visit until 12 months after

surgery, using the paralleling technique with a customized Rinn

(Dentsply Rinn, Elgin, Illinois) posterior region film holder for repro-

ducible projections (separately for quadrants 3 and 4) (Figure 5) and a

portable x-ray device (NOMAD Dental X-ray Systems East Orem,

Utah; the exposure parameters were replicated for all exposures). The

film holder was indexed on the Equator attachment so that the film

position could be reproduced for the follow-up radiographs. Pano-

ramic radiographs were recorded only 6 months after the surgery.

Radiographic bone loss was measured on digital periapical radio-

graphs. Radiographs were scanned and read using image analysis soft-

ware (I Green PACS System, Bangkok, Thailand). A blinded examiner,

who was unaware of the treatment protocol rendered, measured the

bone height. The distance between the implant platform and the most

coronal level of the bone deemed to be in contact with the implant

surface was measured. Mesial and distal bone height measurements

were averaged for each implant. The measurement of the bone level

at implant placement was considered as baseline.

4.3 | Patient satisfaction

The patient satisfaction was evaluated before the treatment compared

to 12 months after the treatment. The satisfaction questionnaires

(Table 2) consisted of eight questions related to three categories—com-

fort, retention, and chewing performance. Patients were asked to com-

plete the questionnaire based on a 100-mm visual analog scale (VAS).

The patients were asked to mark a cross (X) on the line to express the

level of satisfaction. Higher scores corresponded to greater patient

satisfaction.

4.4 | Success rate evaluation

Implant success was evaluated at 12 months using the following Pisa

Consensus Conference 2007’s criteria27:

1. no pain or tenderness upon function

2. no mobility

3. less than 2 mm radiographic bone loss

4. no exudates history

Satisfactory survival was considered following these criteria:

1. no pain on function

2. no mobility

3. two to four millimeter radiographic bone loss

4. no exudates history

FIGURE 3 The prosthesis was attached to the retentive caps [Color

figure can be viewed at wileyonlinelibrary.com]

FIGURE 4 Implant position and RPD [Color figure can be viewed at

wileyonlinelibrary.com]
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4.5 | Statistical analysis

The data were analyzed using the Statistical Package for Social Sci-

ences version 17 for Windows (SPSS Inc, Chicago, Illinois). Paired

samples t-test and independent sample t-test with a significance level

of P = .05 were used in this study

5 | RESULTS

The 30 patients (10 males and 20 females), who had been randomly

selected, were aged 64.1 � 5.56 years (range 55-75 years), with Ken-

nedy class I RPDs participated in this study. The patients were ran-

domly divided into two groups: 15 patients in group 1, aged

63.4 � 5.38 years (range 57-74 years), who received 30 mini dental

implants (diameter 3.0 mm; length 10 mm); and 15 patients in group

2, aged 64.9 � 5.83 years (range 55-75 years), who received 30 mini

dental implants (diameter 3.75 mm; length 10 mm). None of the

patients was lost to the study. Two mini implants in group 1 and two

in group 2 failed to osseointegrate (6.67%).

5.1 | RFA analysis

The ISQs immediately after implant placement were 68.3 � 2.94 in group

1 and 77 � 2.35 in group 2. The ISQs 12 months after implant place-

ment were 70.3 � 2.42 in group 1 and 77.6 � 1.90 in group 2. There

was no statistically significant difference between the two groups.

5.2 | Radiographic evaluation

The average radiographic bone loss after 1 year was 0.47 � 0.42 and

1.03 � 1.07 mm in groups 1 and 2, respectively. Statistical analysis

revealed that radiographic bone loss was significantly higher in group

2 than in group 1.

5.3 | Patient satisfaction

The VAS questionnaire was used to evaluate patient satisfaction

before and after treatment. Overall patient satisfaction with implant-

retained RPDs was significantly higher than with conventional RPDs

in both groups (P < .05). There was no significant difference between

the two groups. (Figure 6)

5.4 | Success rate evaluation

Twelve months after treatment, of 30 mini dental implants placed in

15 patients in group 1, two mini dental implants in two patients failed

to osseointegrate. All of the remaining mini dental implants were clas-

sified as successful (93.3%). Of 30 implants placed in 15 patients in

group 2, 2 implants in 2 patients failed to osseointegrate, 25 implants

were classified as successful (83.3%), and 3 implants (10%) were clas-

sified as satisfactory survival (Table 3).

6 | DISCUSSION

Mini dental implants have been suggested for using to retained over-

denture. The purpose of this randomized clinical study was to com-

pare the clinical outcome between mini dental implant- and

conventional-size-implant-retained mandibular Kennedy class I RPDs

with an immediate loading protocol. The Kennedy class I RPDs, also

known as bilateral distal extension RPDs, are a commonly used treat-

ment option for patients who have lost the posterior dentition. The

most frequent complication of such RPDs is loss of retention and den-

ture irritation.6 Many publications7–13,18,28 recommend the use of

dental implants to retain and support RPDs, with success rates greater

than 95%; however, those studies involved the use of delayed load

implants. Several studies29 have shown the success of immediate-load

implant-retained complete dentures. However, reports on immediate-

load mini-implant-retained RPDs are extremely rare. The results of

our study showed 93.3% success for mini dental implants compared

with 83% success and 10% satisfactory survival in conventional-size

dental implants. Two of 30 implants in 2 patients failed to osseointe-

grate in group 1 and in group 2; all of the failed implants were

described as “early failure,” according to Heydenrijk and colleague-

s’30criteria. Mini dental implants failed within the first month, but

conventional-size implants failed 3 months after placement. No sign

of infections were detected.

One factor that influences the force around an implant is implant

position; Memari and colleagues31 and Cunha and colleagues,32 in

FEA studies, suggested that the best implant location for implant-

retained distal extension RPDs is the first molar region, because this

area shows better stress distribution and less tension around implant

FIGURE 5 The customized film holder for reproducible projections

[Color figure can be viewed at wileyonlinelibrary.com]

TABLE 2 Questionnaires for patient satisfaction evaluation

1 How well does your prosthesis remain in place?

2 How well can you eat with your prosthesis?

3 How well can you talk with your prosthesis?

4 Describe the extent of discomfort with your lower denture.

5 How would you rate the fit of your lower denture?

6 Do you have difficulties speaking with your prosthesis?

7 How difficult is it for you to bite soft foods?

8 How difficult is it for you to bite hard foods?

9 How difficult is it for you to chew soft foods?

10 How difficult is it for you to chew hard foods?
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than other areas. However, Grossmann and colleagues12 and Ohkubo

and colleagues14 recommended placing the implant in the second

molar region to enhance support and stability. In this study, all the

patients had lost at least the mandibular first and second molars on

both left and right sides. The implants were placed in the first molar

region, using their prosthesis as a surgical guiding device. The second

factor influencing the force around an implant is implant size. This

study compared implants of the same length but with diameters of

3.0 and 3.75 mm. The results show that conventional-size implants

had significantly greater radiographic bone loss than mini implants at

12 months (P < .05). Sallam and colleagues33 compared microstrain

around 3.0 and 3.75 mm implants supporting fixed partial prosthesis

and concluded that mini implant revealed higher microstrains than

standard-sized implants. Verri and colleagues15 concluded that an

increase in the diameter of the implant did not influence the displace-

ment values measured by the FEA system but decreased tension

around the implant, whereas an increase in length decreased both dis-

placement and tension. However, most posterior partially edentulous

patients do not have sufficient bone height for placement of implants

longer than 10-12 mm.

The load on the bone with mini implants is twice that of

standard-sized implants, and the load imparted by removable dentures

is less than the load imparted by fixed prostheses.33–35

Implant inclination is an important factor influencing stress and

tension around implant-retained overdentures. Elsyad and col-

leagues36 concluded that the strain around implants was greater in

distally inclined implants than in noninclined implants, correlating with

Atashrazm and colleagues,37 who suggested that implant inclination

should be less than 10�. Santos and colleagues38 concluded that

straight or slightly inclined implants do not represent biomechanical

risks. In this study, the difference in radiographic bone level may have

been as a result of the implant inclination. Implant inclination that is

not in the same direction as the path of insertion of the denture can

cause tension and shear force to the implant, and the implant may fail

to osseointegrate, or there may be loss of marginal bone around the

implant.

Attachment height influences the bending moment of the

implant.28 A high-profile attachment causes a greater bending

moment than does a low-profile attachment. A low-profile and

resilient-type attachment was selected in this study. The Equator

attachment height is ~2.1 mm above the gingiva. The advantages of

this attachment are: (1) a low-profile attachment reduces the bending

moment because less interocclusal space is needed than a high-profile

attachment (no prosthesis fracture was found in this study); (2) a resil-

ient attachment can reduce stress to the implant; (3) in the case of an

inclined implant, the attachment allows for up to 30� of angulations

compensation between implants; and (4) it provides adequate reten-

tion. The disadvantage is low retentive component durability; the

retentive caps need to be changed every 3-6 months. The caps are

prone to wear and to tear, resulting in decreased retention; however,

these components are easy to replace.

The maxillary dentitions in this study also play an important role

for the occlusal load on lower mandibular implant-retained RPD, for

example, a maxillary complete denture does not impart as much of

occlusal load as natural dentition. However, in our study, the maxillary

dentitions are complete natural teeth and partial edentulous with

RPD. These factors are also considered to influence the success of the

treatment.

The occlusal loading and maximum bite force could have affected

the outcome of the proposed treatment from our study.39 However,

because of the limitation of the study, we have not measured those

factors in our study. Further study should include this measurement,

because it may correlate to failure.

The most likely reason for failure was micromovement of

implants. Denture movement during function may have distributed

shear force to the supported implants. Rocha and colleagues40

reported that the denture movement was greater in distal extension

mandibular RPD models than in tooth-supported RPD models. There-

fore, the attachment may have been forced by the movement and

may have caused a bending moment, followed by micromovement of

the implant. The micromovement may have disturbed the osseointe-

gration process; then fibrous tissue may have been created instead of

the bone, so that the implant may have failed to osseointegrate,41 cor-

relating with the clinical signs of failed implants in this study.

Patient satisfaction, evaluated using a VAS showed a significant

increase in all three aspects—comfort, retention, and chewing

performance—compared to their previous conventional RPDs, similar

to the findings of many studies.11,12,18,38,42–44 Gonçalves and col-

leagues44 reported significant increases in retention, comfort, occlu-

sion, and speaking in patients wearing implant-retained and

-supported distal extension RPDs compared to their previous

0
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GroupII After

FIGURE 6 Bar graph showing mean patient satisfaction score in

terms of comfort, retention, and chewing performance before and

after treatment [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 3 Implant evaluation 6 mo after treatment

Implant results Group 1 Group 2

Success 28 (93.3%) 25 (83.3%)

Satisfactory survival … 3 (10%)

Failure 2 (6.67%) 2 (6.67%)

Total 30 30
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conventional RPDs. Prosthodontic complications were not found in

this study except the tear or loose of Equator retentive cap. The yel-

low cap was replaced within 6 months (30 times in 15 patients in both

groups). No prosthesis fracture or damage was found

The key success factors in this study were high primary stability

and a good maintenance program. Primary stability is the most impor-

tant factor for immediate-load implants.45 Primary stability can be

measured using many techniques, including RFA, Periotest, and inser-

tion torque value.46 Gallucci and colleagues47 suggested that more

than 30 N cm of insertion torque and an ISQ value greater than

60 should be achieved before immediate loading in implant-supported

overdentures. Javed and Romanos48 concluded that many factors

influence the primary stability, including the density and quality of the

bone, implant shape and design, implant surface characteristics, and

surgical technique. Normally, smaller implants have less surface area

and bone-to-implant contact area than larger ones; so, high primary

stability is more difficult to achieve with mini implants. Therefore, the

implant design, shape, and drilling protocols play key roles in gaining

high primary stability for immediate loading.

In conclusion, within the limitations of this study, the use of mini

dental implants to retain mandibular distal extension RPD can improve

patient satisfaction significantly, to a similar degree to conventional-

size dental implants. Immediate-load mini dental implants can be used

to retain mandibular Kennedy class I RPDs successfully, if high primary

stability is achieved.
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