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Abstract

Background: Implant supported mandibular overdentures (OVD) have been proposed as the
gold standard for the treatment of edentulous mandibles. Although immediate loading may
reduce the treatment time and improve the patient comfort without jeopardizing implant success,
yet there is limited evidence on the clinical outcomes of immediate loading of 2 unsplinted
implants supporting a mandibular OVD. The purpose of this randomized controlled trial was to
evaluate the performance of 2 unsplinted implants supporting a Locator™ retained mandibular
OVD in a 12-month post surgical period, using either an immediate or a delayed loading
protocol.

Methods: Each patient received 2 implants 4.0mm in diameter and length ranging from
8-15mm. Locator™ retained mandibular overdentures were connected to the implants either
immediately (IL) or 3 months post surgery (DL). The primary response variable was
radiographic bone level change (RBLC) at 6 and 12 months post-surgery. Implant length,
insertion torque value (IT), implant failure, prevalence of maintenance visits and prosthetic
complications were also recorded.

Results: Thirty participants (15 in the IL and 15 in the DL groups) were evaluated at 12
months. The implant cumulative survival rate (CSR) was 100% and 93% for DL and IL,
respectively. The mean RBLC from baseline to 1 year was 0.54 (±0.5) mm and 0.25 (±0.5) mm
for DL and IL, respectively. A statistically significant difference was observed at 12 months
interval (p<0.02) with a smaller RBLC in the IL group. IT and implant length were not
correlated with RBLC. Also, no difference in frequency of maintenance visits and prosthetic
complication was reported between the groups.

Conclusions: Immediate loading of 2 unsplinted implants supporting a Locator™ retained
mandibular OVD seems to be a suitable treatment option. A significantly smaller RBLC was
observed after 1 year of loading on IL implants when compared to DL. Furthermore, neither
implant length nor IT seemed have an effect on RBLC 1 year after surgical placement.

Introduction

Progressive bone resorption of the edentulous ridge is a major concern when rehabilitation of the

mandible with a complete denture is considered (1, 2). Complete mandibular dentures seem

insufficient in re-establishing oral function, chewing efficacy and bite force (3). The introduction

of implant-retained overdenture (OVD) prostheses has led to a paradigm shift in the management

of complete edentulism. Hence, implant supported OVD have been proposed as the gold



standard treatment for the fully edentulous mandible (4). The long-term efficacy, clinical

efficiency and patient satisfaction with this type of restorative solution have been successfully

established in many retrospective and longitudinal trials (4, 5). According to the traditional

loading protocol, dental implants are connected to the prosthesis when the process of

osseointegration is considered completed. The recommended timelines before implants loading

were established at 6 months and 3 months of undisturbed healing of maxilla and mandible

respectively (6). For a long time, immediate loading of dental implants was considered

detrimental for osseointegration. Evolution of implant systems, designs and surfaces has allowed

for a shortened healing time without jeopardizing osseointegration and implant success rate (7).

The new generation of implant surfaces were characterized by a moderately rough configuration

that demonstrated higher bone to implant contact and faster bone deposition during the early

healing phase (8). An average surface roughness (Sa) ranging between 1 to 1.5 μm seemed to

provide a significantly higher bone to implant contact when compared to either smoother or

rougher surface topographies (9). In addition to surface geometry, the chemical modification of

the metal surface seemed to influence the rate of bone deposition, favoring faster bone

maturation (10, 11). Recently a sandblasted surface treated with fluoride ions (11) was

introduced. In vitro and preclinical animal studies showed a faster rate of bone formation around

implants with fluoridated surface when compared to the same surface without fluoride ions (11)

(12). There has been indications that utilization of these enhanced surfaces may improve implant

success in patients with systemic conditions such as diabetes and osteoporosis, in compromised

sites as well as for immediate or early loading protocol(8, 13).

The use of immediate loading protocols may offer several advantages when compared to a

delayed loading approach including: shortened treatment period, improved function, reduced



chair time for provisional relining, improved patient acceptance and no need for a second

surgical intervention. A recent systematic review reported similar implant success rate when

immediate loading protocols are compared to a conventional approach (14) but also advocated

the need for more data based on randomized control clinical trials to enhance the quality of the

available evidence (15). Immediate loading using 2 or 4 implants splinted with a bar supporting

mandibular overdentures has been validated and documented by case series and prospective

studies (5). However, limited evidence exists based on randomized controlled clinical trials

comparing 2 unsplinted implants supporting OVD with immediate loading versus conventional

approach.

Locator™ (Zest Anchors, Escondido, CA, USA) is a self-aligning, dual retentive attachment

available with different retention values (16). When compared to magnets and ball attachments,

Locator™ show higher retention and stability (16). Despite use of Locator™ attachment is

becoming popular among clinician, limited clinical data are available on this retention system. In

particular, scarce data are available when Locator™ is used in combination with immediate

loading of dental implants.

The aim of this single blind randomized control clinical trial was to evaluate clinically and

radiographically the performance of 2 unsplinted fluoride-modified micro-rough titanium surface

implants (OsseoSpeed™TX ,Astra-tech DENTSPLY Implants, Mölndal, Sweden) supporting a

Locator™-retained mandibular overdenture, with either an immediate or a delayed loading

protocol in a 12-month post surgical period.

Materials and Methods



The study was a single blind parallel arms randomized controlled clinical trial, whereby each

patient received 2 implants supporting a mandibular OVD retained by Locator™ abutments. The

patients were randomly assigned to either one of the following groups: Test group (IL) – the

implants were immediately loaded, or Control group (DL) - the implants were submerged under

mucosa and loaded after 3 months of healing.

The Institutional Review Board, at the University of Connecticut, approved the research protocol

(IRB#10-305-3). Participants were recruited among patients with existing mandibular denture,

who were seeking to have implant-retained OVD at the University of Connecticut Health Center,

Graduate Periodontology Clinic, from October 2010 to December 2012.

An initial evaluation was conducted to determine whether the patient met the study inclusion

criteria. Inclusion and exclusion criteria are summarized in Fig.1. This evaluation consisted of a

medical history questionnaire, a clinical examination and a radiographic assessment.

Orthopantomograms were obtained for all patients. In cases with severe bone resorption, a cone

beam computerized tomography (CBCT) was taken. A preoperative prosthetic evaluation of the

existing prostheses was performed by a certified prosthodontist (S.R). Based on the inclusion

criteria, the dentures had to be in function for at least 4 months with adequate stability and

occlusion. Once the patient was deemed eligible, the mandibular denture was duplicated and

used as radiographic / surgical guide.

Visit schema and study timelines are reported in Fig.2.



Randomization and Allocation

Every patient was given a participant identification number. An independent investigator, not

involved with patient treatment, generated the allocation list. Computer software was used to

randomize the participant identification numbers into one of the two groups. This information

was concealed in sealed opaque envelopes, which were opened after implants were placed.

Neither the surgeon, nor the patient was aware of the group assignment until after implant

insertion.

Surgical Procedure

The same experienced operator (GPS) performed all the surgeries. Two TX 4.0 S OsseoSpeed™

implants (DENTSPLY Implants, Mölndal, Sweden) were inserted in each participant under local

anaesthesia obtained with lidocaine 2% with 1:100,000 epinephrine. Each participant received a

prophylactic antibiotic regimen consisting of 2 grams of amoxicillin one hour prior to the

surgical procedure. After a crestal incision, a full thickness flap was elevated. A vertical

releasing incision at the facial midline aspect of the mandibular ridge was raised, if deemed

necessary. The osteotomy sites were prepared following the drilling sequence provided by the

manufacturer’s surgical manual. To increase the implant primary stability, the implant site was

underprepared in relation to bone quality(17). The 3.2 and 3.7 mm twist drills were used as the

final drill for Class III –IV and I – II quality bone respectively (18). The implants were inserted

in the canine /lateral incisor position following the surgical guide. During the implant insertion

the maximum value of insertion torque (IT) was recorded. In case the IT was lower than 20 Ncm

the implants were submerged, the patient was excluded from the study and the implant treatment



completed following the delayed protocol. For the DL group a cover screw was placed and the

implants were submerged under the oral mucosa. For the IL group, Locator™ abutments were

secured on the implant using hand torque and the flaps were sutured. Primary closure was

achieved using 5-0 nylon (Monosoft; Syneture, Covidien, Mansfield, MA, USA) interrupted

sutures. Patients of the DL group were not allowed to wear the denture for 14 days. Patients of

the IL group had the denture connected immediately and were instructed not to remove the

denture for 7 days (19). During 14-day post-surgical phase, the patients were asked not to brush

the operated areas but to rinse with 0.12% chlorhexidine solution (Peridex; 3M ESPE, St Paul,

MN, USA) twice a day, for one minute. Pain control was provided with 600 mg Ibuprofen as

needed. Sutures were removed after two weeks.

Stage II Surgery: Implant Un-covery (DL Group Only) - Participants in the DL group were seen

at 12 weeks for second stage surgery. After local anesthesia the crest was sounded to locate the

cover screws. A crestal incision was made and a conservative full thickness flap elevation done.

Cover screws were replaced with Locator™ abutments and the flaps secured with resorbable 5-0

chromic gut (Chromic gut; Perma Sharp, Hu-Friedy, Chicago, IL, USA) interrupted sutures.

Prosthetic Treatment

The Locator™ attachments were connected intraorally using cold curing resin (Super T; Amco,

Philadelphia, PA, USA) following the manufacturer instructions (Zest Anchors, Escondido, CA,

USA). The length of the Locator™ abutment was chosen based on the thickness of the

peri-implant mucosa. No angled abutments were used. To avoid contact of the resin with the

sutures and the surgical wound, a circular portion of sterile rubber dam sheet was adapted on the

abutment during the pickup procedure (19). Occlusion and adaptation on the residual ridges was



then checked and adjusted if necessary and the patient dismissed. The blue (extra light retention)

plastic insert patrix was used. No limitations to chewing function were given. In the IL group,

the denture was immediately connected to the implants after surgery. In the DL group, the

participants resumed the use of the denture in 2 weeks after implant placement. The dentures

were used with soft reliner until the implants were uncovered. Implants uncovery and denture

connection were performed in 12 weeks after implant placement.

Follow – Up Visits

Patients were recalled at 1, 2, 12, 24 and 52 weeks (±1week) after surgery. At the post-operative

visits, occlusion, stability, and retention of the prostheses were evaluated and adjusted as

required. At the 12 weeks visit the abutments were torqued at 25 Ncm using a torque wrench

following manufacturer recommendations (Astra-tech DENTSPLY Implants, Mölndal, Sweden).

Radiographic Evaluation

Standardized periapical radiographs were taken at implant placement, at 6- and 12-month follow

up visits using the paralleling technique and a customized Rinn® (Dentsply Rinn, Elgin, Illinois,

USA) film holder. The film holder was indexed on the Locator™ attachment in order to allow

for film position reproduction.

Primary and secondary outcomes

The primary dependent outcome variable used in the study was the radiographic bone level

change (RBLC). The secondary outcome variables were: implant failure and prosthetic

complications rate. Other independent variables recorded were: patient age, gender, plaque



control record (PCR), smoking status, restorative condition of the opposing arch, implant length,

implant maximum insertion torque.

Radiographic Bone Level Change

Radiographic bone level change (RBLC) was measured on standardized periapical radiographs

(Fig.3). A calibrated blinded examiner (A.D) made the measurements. Image analysis software

(Image J, v 1.42., NIH, Bethesda, Maryland) was used to measure the distance between the

implant platform and the most coronal bone level in contact with the implant surface. The first

bone-to-implant contact at surgery was defined as baseline. The bone level at or coronal to the

implant platform was considered as 0. The RBLC was calculated as the difference between the

measurement at 1 year, at 6 months and the baseline value. Mesial and distal bone height

measurements were averaged for each implant. The value of the average RBLC of the 2 implants

for each participant was used for the analysis at patient level.

Implant failure criteria

Implants were considered as failed if at least one of the following condition was present: 1)

implant mobility 2) radiolucency surrounding the implant,3) pain ,discomfort or ongoing

pathologic process requiring implant removal  (20). Implants were considered survived if in

function at 12 months visit. The implant cumulative survival rate (CSR) was expressed as

percentage of implants in function over the total number of implants placed.

Oral hygiene assessment

The oral hygiene was evaluated at 12-month visit. The Plaque Control Record (PCR) was used

(21). The presence of plaque visible on the mesial, distal, buccal and lingual aspect of each



abutment was recorded. PCR was reported for each participant as the percentage of sites with

plaque.

Prosthetic maintenance and complications

A record of the number of maintenance visits made in addition to the anticipated visit schema

was documented for every patient. The reason for the extra-maintenance visit, nature of

complaint and management measures were also recorded.

Maximum Insertion Torque

During the implant placement, IT was recorded during the seating of the most coronal implant

threads by means of the surgical unit (W&H, Burmoos, Austria) and reported in the 20, 30, 40,

50 Ncm category. In case the torque to insert the implant was superior to the maximum value

measurable with the surgical unit (50 Ncm) the hand wrench was used and the IT was recorded

in the >50Ncm category. (20)

Statistical Analysis

A RBLC of 0.5 mm was considered to be of clinical relevance (22). Sample size analysis was

calculated based on an α error of 5% and a power of 80%. A minimum sample size of 14

participants (28 implants) for each group was needed to detect a difference of 0.5 mm between

the groups with a standard deviation of the change of 0.5 mm (Primer of Biostatistic 5.0,

Statistical package). Considering 20% attrition, 18 participants per group were enrolled.

Kolmogorov-Smirnov goodness of fit test was computed for the response variable to assess

normal distribution. The patient was considered statistical unit. “Intent-to-treat” analysis was

used. Parametric data were compared using Student-t test for independent groups and paired-t



test for intra group comparison. Non-parametric data were compared using Mann-Whitney Rank

Sum test and Wilcoxon Signed Rank test for independent groups and intra group analysis

respectively. Data relative to patient demographics, number of extra visits, prosthetic

complications and implant failure rates were considered as nominal and presented with

descriptive statistics. Nominal data were compared using a Chi-square analysis of contingency

table. Correlations between IT and implant length to RBLC were evaluated using Spearman

Rank Correlation test. The level of significance was set at 5% for all statistical tests.

Results

The patient flow and allocation during the study is reported in Fig.4. Thirty-two patients were

consecutively treated.  A summary of the patient population is presented in Tab.1. Four

participants were smokers, 2 in the DL and 2 in the IL group, respectively. All the participants

were wearing a complete denture in the maxillary arch with the exception of 2 participants in the

DL group and 3 participants in the IL group. The participants in the DL group had natural

dentition and implant supported fixed prosthesis respectively. The subjects in the IL group had

implant supported OVD.

Since all patients completed the study, no clinical dropout occurred. All participants healed with

minor discomfort. No swelling or surgical complications were reported. No premature exposure

of implants was reported in the DL group. Sixty-four implants were placed. Two implants in 1

patient in the IL group did not reach IT of 20 Ncm at the time of placement. The implants were

submerged ,the patient was treated with a delayed protocol and, hence, excluded from the study.

No implants were lost in the DL group  (0/30) for a CSR of 100%. In the IL group, 2 implants

failed in one participant (2/30) resulting to a CSR of 94%. The difference in CSR between the



groups was not statistically significant (p=0.5, Chi-square). The failed implants were 13 mm

long, inserted with >50 Ncm IT in a 70 years old man, non smoker, with history of previous

implant failure. The implants were found mobile and were removed at 4- week visit. The patient

refused to have the implants replaced and remained with his complete denture.  As per “intent to

treat” analysis, the data relative to the failed implants were included in the analysis for IT and

implant length. A total of 15 participants and 30 implants per group were available for statistical

analysis at the 12 months visit.

Radiographic bone level change

RBLC distribution at patient and implant level for DL and IL is reported in Table 2.

The intra-group comparison of RBLC from baseline to 6 months and from baseline to 1 year

showed loss of marginal bone in both IL and DL group and the difference was statistically

significant (Fig.5) RBLC from baseline to 6 months was 0.39 mm (±0.3) and 0.27 (±0.4) for DL

and IL, respectively. The mean RBLC from baseline to 1 year was 0.54 (±0.5) mm and 0.25

(±0.5) mm for DL and IL, respectively.

Since the RBLC data for the IL group resulted non-normally distributed  (p<0.001,

Kolmogorov-Smirnov goodness of fit test), the median RBLC values between DL and IL were

compared using Mann-Whitney Rank Sum test. Tab.3. A statistically significant difference was

observed at 12-month interval (p<0.02, Mann-Whitney Rank Sum) with a smaller RBLC in the

IL group.

Implant Length



Implant length distribution for DL and IL groups was reported in Tab.4. A statistically significant

difference was observed for the implant length between DL and IL (p= 0.034, Mann-Whitney

Rank Sum test), with shorter implants in the IL group. A Spearman Rank test was carried out to

evaluate the effect of implant length on RBLC and no correlation was observed

(DL; r=0.6, IL; r=0.13, Spearman Rank Correlation test)

Insertion Torque

IT distribution amongst DL and IL group is reported in Tab.5. No difference was observed for IT

between DL and IL implants (p=0.92, Mann-Whitney Rank Sum test). Spearman Rank

Correlation test was carried out to evaluate the RBLC in relation to IT and the correlation was

not statistically significant (DL; r=0.26, IL; r=0.65, Spearman Rank Correlation test).

Plaque Control Record

The median PCR score 12 months after implant placement for IL and DL group was 43.75% and

37.5% (range 0-100%), respectively. No statistical difference was observed between the groups

(p<0.4 Mann-Whitney Rank Sum test).

Prosthetic maintenance visit and complications

The number of extra maintenance visit is presented in Table 6. No statistically significant

difference was observed between the groups (p=0.7,1 Chi-square).

Discussion

With this single blind parallel arms randomized controlled clinical trial, we aimed to provide

more evidence on the clinical   and radiographic outcome of implants immediately loaded using

a Locator™-retained mandibular OVD. The overall implant CSR was 97% one year after



surgical placement. No implant failure was reported in the DL group, whereas 2 implants failed

in the IL group for a CSR of 94%.

The present CSR data are in agreement with previous investigations, which showed an overall

CSR between 81 to 100% (23) (24) (25) (26) (27), In addition, a CSR similar to our results was

reported in recent randomized controlled studies (28, 29) Although immediate loading may

provide similar CSR when compared to delayed loading, a trend toward a higher implant failure

has been reported with immediate loading, as indicated in a recent systematic review and

meta-analysis (14).

The primary outcome variable used in this study was RBLC. RBLC is a generally accepted

parameter to assess implant success (30) (31) (32) and bone response to occlusal loading (33).

The mean RBLC reported in this study for the IL group was 0.25 mm±0.5 consistent with

previous data obtained using fluoride-modified micro-rough titanium surface implants (34) (35).

However, higher RBLC values were reported by others using immediate loading  with different

implant designs and surface configurations (19) (28, 29, 36) .When comparing the RBLC

between IL and DL group, a statistically significant difference was observed with smaller change

of marginal bone level recorded for the IL group. These results are consistent with our previous

report and others (37). (38). Moreover, these observations have been further confirmed in a

recent meta analysis reporting a statistically significant smaller RBLC on immediately loaded

implants when compared to delayed loading (14). A biological explanation of the positive effect

of loading improving the initial phase of bone healing has been showed in both in-vitro and

in-vivo studies (39) (40) (41) (42). Qi et al (40) evaluated the response of mesenchymal stem

cells to mechanical strain and their consequent gene expression patterns. Their results suggested



that mechanical strain might act as a stimulator to induce differentiation of stem cells into

osteoblasts. Indeed, cyclic tensile strain has been shown to increase osteoprotegerin synthesis

and decrease soluble receptor activator of nuclear factor kappa-B ligand (RANKL)(43), thus

favoring bone formation. Duyck et al (44)tested this theory in a rabbit model and concluded

mechanical loading stimulated bone formation and led to higher bone fraction.

Our findings are in conflict with a recent randomized controlled study comparing 2

unsplinted implants supporting a Locator™ retained mandibular OVD either loaded immediately

or following conventional loading(29). The implants loaded immediately, presented significantly

higher vertical bone loss when compared to the delayed loading group after 1 year of function.

The difference between these outcomes and our results can in part be explained by the

performance of the implant material utilized in our study. In particular, the combination of

implant design and surface properties may have contributed to enhance the bone response under

immediate loading condition. The OsseoSpeed™- TX implants features a switching platform

connection. Several animal and human studies provide evidence that implant with switching

platform connection showed significantly less RBLC (45). Also, the micro-threaded design in the

most coronal aspect of the implant may justify the improved marginal bone response. (46) (47,

48). The fluoride-modified micro-rough implant surface of the implant used in this trial has

showed to improved bone to implant contact both in vitro and in animal studies (11) (12). In

particular, bone deposition seems to be accelerated during the early stage of bone healing when

compared to a traditional sandblasted surface (49). Though, the enhanced early bone formation

may have contributed to the small RBLC and to the marginal bone level stability observed both

in the DL and IL group.



Implant primary stability has been considered a very important factor when immediate

loading is applied (15). Since IT value correlated with implant primary stability (50) (51-53), ,

we used this parameter to quantify implant primary stability and bone quality at time of insertion.

Also, we used the under-preparation of the osteotomy site as meaning to increase the IT value

(17)..  Although some authors have raised concerns on the use of high IT as possible cause of

compression necrosis of the bone (54) (55), animal and human studies have showed no

detrimental effect of high IT (>50 Ncm) on peri-implant bone healing (56) (20) (57) (51).

The lower limit of IT to allow immediate loading of implants has not yet been determined.

Ottoni et al. suggested an IT of ≥32 Ncm (58). Norton et al (59), reported a 100% CSR of

implants immediately placed and loaded with single crowns in the aesthetic zone using a IT <25

Ncm. In our study the IT value between the groups was similar. The lower IT value used for IL

was 20 Ncm. About 38% (12/32) of the implants in the IL group were placed with ≤30 Ncm IT

and none of the implants placed with this IT value were lost. Furthermore, no correlation

between IT values and loss of marginal bone was observed.

Implant length has been considered critical factor for the success of immediate loading

protocols as it may be associated with higher primary stability (60). Several studies

recommended implant length of at least 13 or 15 mm (34, 36, 50) when immediate loading of

unsplinted implants is performed. In the present investigation we used implants 8 mm or longer

with a diameter of 4 mm. In addition, the IL group had shorter implant when compared to the DL

group. Fifty percent of implants placed in the IL group were <13 mm long and none were lost

during the observation period. Hence, our findings do not seem to support the use of long



implants to increase clinical success with immediate loading protocols as the length did not

correlate with RBLC 12 months after placement.

Loading forces may play a role in determining the different response on RBLC around  dental

implants.  A factor that need to be discussed in relation to occlusal forces, is the presence, in our

study population, of participants presenting opposing occlusion with either natural dentition or

implant supported prosthesis. The detrimental effect of antagonist natural teeth  or implant

supported prosthesis  on  survival /success of implants retaining an opposing  mandibular OVD,

has never been  demonstrated (61). Therefore, the presence of implant supported  prosthesis or

natural dentition in the maxillary arch was not an exclusion criteria in our investigation.

Nevertheless, to control for the heterogeneity of our sample, we run a sub-group analysis

including only participants wearing complete maxillary dentures and the statistically significant

difference of RBLC between the groups was still confirmed (p<0.02-data not shown).

To optimize the clinical performance of implant supported OVD, the prosthesis should have

adequate soft tissue support and stable occlusion (62, 63) (19).  Each mandibular denture in the

present investigation was evaluated prior to entering the trial. Adequate soft tissue support and

stable occlusion were required inclusion criteria. One of the limitations of our study was that

dentures were fabricated with different techniques by outside providers. This may explain the

higher number of extra visit for adjustments reported in this study when compared to others (34).

However, when evaluating the number of maintenance visits between the IL and DL group, no

difference was observed. Previous reports indicated that maintenance needs for implant

supported OVD were higher during the first year of function (64). Main reasons for maintenance



appointments were denture adjustment and patrix/matrix repair or replacement (64). This is

consistent with our observation. In fact, the most common reason for extra-visit appointment in

our study were denture adjustments followed by patrix replacement. It can be speculated that the

utilization of a standardized technique for the fabrication of the prosthesis could have reduced

the number of maintenance appointments. Nevertheless, the use of dentures fabricated with

different methodologies may provide evidence for a more generalized applicability of the

immediate loading approach utilized in the present study.

Conclusions

Within the limits of the present trial, it can be concluded that:

1) Immediate loading of 2 unsplinted fluoride-modified micro-rough titanium surface implants

supporting Locator™ retained mandibular OVD seems to be a suitable alternative treatment

option.

2) A significantly smaller RBLC after 1 year of loading was observed on IL implants when

compared to implants placed with conventional protocol

3) Neither implant length nor IT values seemed have an effect on RBLC, 12 months after

surgical placement.

Further investigations are needed to confirm these results.

Acknowledgments

The authors thank Astra Tech Dentsply Implant, Molndal, Sweden for funding the study.



Bibliography

1. Kapur KK, Soman SD. Masticatory performance and efficiency in denture wearers. 1964.
The Journal of prosthetic dentistry 2004;92:107-111.
2. Tallgren A. The continuing reduction of the residual alveolar ridges in complete denture
wearers: a mixed-longitudinal study covering 25 years. 1972. The Journal of prosthetic dentistry
2003;89:427-435.
3. Gunne HS, Bergman B, Enbom L, Hogstrom J. Masticatory efficiency of complete
denture patients. A clinical examination of potential changes at the transition from old to new
denture. Acta odontologica Scandinavica 1982;40:289-297.
4. Feine JS, Carlsson GE, Awad MA, Chehade A, Duncan WJ, Gizani S, et al. The McGill
consensus statement on overdentures. Mandibular two-implant overdentures as first choice
standard of care for edentulous patients. Montreal, Quebec, May 24-25, 2002. The International
journal of oral & maxillofacial implants 2002;17:601-602.
5. Gallucci GO, Morton D, Weber HP. Loading protocols for dental implants in edentulous
patients. The International journal of oral & maxillofacial implants 2009;24 Suppl:132-146.
6. Branemark PI, Hansson BO, Adell R, Breine U, Lindstrom J, Hallen O, et al.
Osseointegrated implants in the treatment of the edentulous jaw. Experience from a 10-year
period. Scandinavian journal of plastic and reconstructive surgery Supplementum
1977;16:1-132.
7. Meyer U, Joos U, Mythili J, Stamm T, Hohoff A, Fillies T, et al. Ultrastructural
characterization of the implant/bone interface of immediately loaded dental implants.
Biomaterials 2004;25:1959-1967.
8. Albrektsson T, Wennerberg A. Oral implant surfaces: Part 2--review focusing on clinical
knowledge of different surfaces. The International journal of prosthodontics 2004;17:544-564.
9. Sul YT, Johansson C, Wennerberg A, Cho LR, Chang BS, Albrektsson T. Optimum
surface properties of oxidized implants for reinforcement of osseointegration: surface chemistry,
oxide thickness, porosity, roughness, and crystal structure. The International journal of oral &
maxillofacial implants 2005;20:349-359.
10. Sul YT, Jeong Y, Johansson C, Albrektsson T. Oxidized, bioactive implants are rapidly
and strongly integrated in bone. Part 1--experimental implants. Clinical oral implants research
2006;17:521-526.
11. Ellingsen JE, Johansson CB, Wennerberg A, Holmen A. Improved retention and
bone-tolmplant contact with fluoride-modified titanium implants. The International journal of
oral & maxillofacial implants 2004;19:659-666.
12. Berglundh T, Abrahamsson I, Albouy JP, Lindhe J. Bone healing at implants with a
fluoride-modified surface: an experimental study in dogs. Clinical oral implants research
2007;18:147-152.
13. Ellingsen JE, Thomsen P, Lyngstadaas SP. Advances in dental implant materials and
tissue regeneration. Periodontology 2000 2006;41:136-156.
14. Esposito M, Grusovin MG, Maghaireh H, Worthington HV. Interventions for replacing
missing teeth: different times for loading dental implants. The Cochrane database of systematic
reviews 2013;3:Cd003878.



15. Esposito M, Grusovin MG, Coulthard P, Worthington HV. Different loading strategies of
dental implants: a Cochrane systematic review of randomised controlled clinical trials. European
journal of oral implantology 2008;1:259-276.
16. Chung KH, Chung CY, Cagna DR, Cronin RJ, Jr. Retention characteristics of attachment
systems for implant overdentures. Journal of prosthodontics : official journal of the American
College of Prosthodontists 2004;13:221-226.
17. Friberg B, Ekestubbe A, Sennerby L. Clinical outcome of Branemark System implants of
various diameters: a retrospective study. The International journal of oral & maxillofacial
implants 2002;17:671-677.
18. Lekholm U, Zarb G. Patient selection and preparation. In: P.I. Brånemark, G.A. Zarb, T.
Albrektson (Eds.). Tissue-integrated prostheses: osseointegration in clinical dentistry. . Chicago:
Quintessence, 1985.
19. Marzola R, Scotti R, Fazi G, Schincaglia GP. Immediate loading of two implants
supporting a ball attachment-retained mandibular overdenture: a prospective clinical study.
Clinical implant dentistry and related research 2007;9:136-143.
20. Schincaglia GP, Marzola R, Scapoli C, Scotti R. Immediate loading of dental implants
supporting fixed partial dentures in the posterior mandible: a randomized controlled split-mouth
study--machined versus titanium oxide implant surface. The International journal of oral &
maxillofacial implants 2007;22:35-46.
21. O'Leary TJ, Drake RB, Naylor JE. The plaque control record. Journal of periodontology
1972;43:38.
22. Bragger U. Radiographic parameters for the evaluation of peri-implant tissues.
Periodontology 2000 1994;4:87-97.
23. Romeo E, Chiapasco M, Lazza A, Casentini P, Ghisolfi M, Iorio M, et al.
Implant-retained mandibular overdentures with ITI implants. Clinical oral implants research
2002;13:495-501.
24. Attard NJ, David LA, Zarb GA. Immediate loading of implants with mandibular
overdentures: one-year clinical results of a prospective study. The International journal of
prosthodontics 2005;18:463-470.
25. Gatti C, Chiapasco M. Immediate loading of Branemark implants: a 24-month follow-up
of a comparative prospective pilot study between mandibular overdentures supported by Conical
transmucosal and standard MK II implants. Clinical implant dentistry and related research
2002;4:190-199.
26. Kronstrom M, Davis B, Loney R, Gerrow J, Hollender L. A prospective randomized
study on the immediate loading of mandibular overdentures supported by one or two implants: a
12-month follow-up report. The International journal of oral & maxillofacial implants
2010;25:181-188.
27. Roe P, Kan JY, Rungcharassaeng K, Lozada JL. Immediate loading of unsplinted
implants in the anterior mandible for overdentures: 3-year results. The International journal of
oral & maxillofacial implants 2011;26:1296-1302.
28. Elsyad MA, Al-Mahdy YF, Fouad MM. Marginal bone loss adjacent to conventional and
immediate loaded two implants supporting a ball-retained mandibular overdenture: a 3-year
randomized clinical trial. Clinical oral implants research 2012;23:496-503.
29. Elsyad MA, Elsaih EA, Khairallah AS. Marginal bone resorption around immediate and
delayed loaded implants supporting a locator-retained mandibular overdenture. A 1-year
randomised controlled trial. Journal of oral rehabilitation 2014;41:608-618.



30. Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term efficacy of currently
used dental implants: a review and proposed criteria of success. The International journal of oral
& maxillofacial implants 1986;1:11-25.
31. Roos J, Sennerby L, Lekholm U, Jemt T, Grondahl K, Albrektsson T. A qualitative and
quantitative method for evaluating implant success: a 5-year retrospective analysis of the
Branemark implant. The International journal of oral & maxillofacial implants 1997;12:504-514.
32. Salvi GE, Lang NP. Diagnostic parameters for monitoring peri-implant conditions. The
International journal of oral & maxillofacial implants 2004;19 Suppl:116-127.
33. Ma S, Payne AG. Marginal bone loss with mandibular two-implant overdentures using
different loading protocols: a systematic literature review. The International journal of
prosthodontics 2010;23:117-126.
34. Roe P, Kan JY, Rungcharassaeng K, Lozada JL, Kleinman AS, Goodacre CJ, et al.
Immediate loading of unsplinted implants in the anterior mandible for overdentures: a case
series. The International journal of oral & maxillofacial implants 2010;25:1028-1035.
35. Cooper LF, Moriarty JD, Guckes AD, Klee LB, Smith RG, Almgren C, et al. Five-year
prospective evaluation of mandibular overdentures retained by two microthreaded, TiOblast
nonsplinted implants and retentive ball anchors. The International journal of oral & maxillofacial
implants 2008;23:696-704.
36. Liao KY, Kan JY, Rungcharassaeng K, Lozada JL, Herford AS, Goodacre CJ. Immediate
loading of two freestanding implants retaining a mandibular overdenture: 1-year pilot
prospective study. The International journal of oral & maxillofacial implants 2010;25:784-790.
37. Schincaglia GP, Marzola R, Giovanni GF, Chiara CS, Scotti R. Replacement of
mandibular molars with single-unit restorations supported by wide-body implants: immediate
versus delayed loading. A randomized controlled study. The International journal of oral &
maxillofacial implants 2008;23:474-480.
38. Assad AS, Hassan SA, Shawky YM, Badawy MM. Clinical and radiographic evaluation
of implant-retained mandibular overdentures with immediate loading. Implant dentistry
2007;16:212-223.
39. Kusumi A, Sakaki H, Kusumi T, Oda M, Narita K, Nakagawa H, et al. Regulation of
synthesis of osteoprotegerin and soluble receptor activator of nuclear factor-kappaB ligand in
normal human osteoblasts via the p38 mitogen-activated protein kinase pathway by the
application of cyclic tensile strain. Journal of bone and mineral metabolism 2005;23:373-381.
40. Qi MC, Zou SJ, Han LC, Zhou HX, Hu J. Expression of bone-related genes in bone
marrow MSCs after cyclic mechanical strain: implications for distraction osteogenesis.
International journal of oral science 2009;1:143-150.
41. Vandamme K, Naert I, Geris L, Sloten JV, Puers R, Duyck J. Histodynamics of bone
tissue formation around immediately loaded cylindrical implants in the rabbit. Clinical oral
implants research 2007;18:471-480.
42. Vandamme K, Naert I, Geris L, Vander Sloten J, Puers R, Duyck J. Influence of
controlled immediate loading and implant design on peri-implant bone formation. Journal of
clinical periodontology 2007;34:172-181.
43. Grassi R, Rebaudi A, Trisi P, Covani U, Barone A. Bone loss around immediately loaded
transitional implants: histologic and microcomputed tomographic analysis--a case report. The
International journal of periodontics & restorative dentistry 2012;32:e195-203.



44. Duyck J, Slaets E, Sasaguri K, Vandamme K, Naert I. Effect of intermittent loading and
surface roughness on peri-implant bone formation in a bone chamber model. Journal of clinical
periodontology 2007;34:998-1006.
45. Strietzel FP, Neumann K, Hertel M. Impact of platform switching on marginal
peri-implant bone-level changes. A systematic review and meta-analysis. Clinical oral implants
research 2014.
46. Orsini E, Giavaresi G, Trire A, Ottani V, Salgarello S. Dental implant thread pitch and its
influence on the osseointegration process: an in vivo comparison study. The International journal
of oral & maxillofacial implants 2012;27:383-392.
47. Shin YK, Han CH, Heo SJ, Kim S, Chun HJ. Radiographic evaluation of marginal bone
level around implants with different neck designs after 1 year. The International journal of oral &
maxillofacial implants 2006;21:789-794.
48. Bratu EA, Tandlich M, Shapira L. A rough surface implant neck with microthreads
reduces the amount of marginal bone loss: a prospective clinical study. Clinical oral implants
research 2009;20:827-832.
49. Berglundh T, Abrahamsson I, Lang NP, Lindhe J. De novo alveolar bone formation
adjacent to endosseous implants. Clinical oral implants research 2003;14:251-262.
50. Turkyilmaz I, McGlumphy EA. Influence of bone density on implant stability parameters
and implant success: a retrospective clinical study. BMC oral health 2008;8:32.
51. Trisi P, Berardi D, Paolantonio M, Spoto G, D'Addona A, Perfetti G. Primary stability,
insertion torque, and bone density of conical implants with internal hexagon: is there a
relationship? The Journal of craniofacial surgery 2013;24:841-844.
52. Trisi P, De Benedittis S, Perfetti G, Berardi D. Primary stability, insertion torque and
bone density of cylindric implant ad modum Branemark: is there a relationship? An in vitro
study. Clinical oral implants research 2011;22:567-570.
53. Trisi P, Perfetti G, Baldoni E, Berardi D, Colagiovanni M, Scogna G. Implant
micromotion is related to peak insertion torque and bone density. Clinical oral implants research
2009;20:467-471.
54. Abrahamsson I, Berglundh T, Linder E, Lang NP, Lindhe J. Early bone formation
adjacent to rough and turned endosseous implant surfaces. An experimental study in the dog.
Clinical oral implants research 2004;15:381-392.
55. Bashutski JD, D'Silva NJ, Wang HL. Implant compression necrosis: current
understanding and case report. Journal of periodontology 2009;80:700-704.
56. O'Sullivan D, Sennerby L, Meredith N. Influence of implant taper on the primary and
secondary stability of osseointegrated titanium implants. Clinical oral implants research
2004;15:474-480.
57. Khayat PG, Arnal HM, Tourbah BI, Sennerby L. Clinical outcome of dental implants
placed with high insertion torques (up to 176 Ncm). Clinical implant dentistry and related
research 2013;15:227-233.
58. Ottoni JM, Oliveira ZF, Mansini R, Cabral AM. Correlation between placement torque
and survival of single-tooth implants. The International journal of oral & maxillofacial implants
2005;20:769-776.
59. Norton MR. The influence of insertion torque on the survival of immediately placed and
restored single-tooth implants. The International journal of oral & maxillofacial implants
2011;26:1333-1343.



60. Mesa F, Munoz R, Noguerol B, de Dios Luna J, Galindo P, O'Valle F. Multivariate study
of factors influencing primary dental implant stability. Clinical oral implants research
2008;19:196-200.
61. Ohkubo C, Baek KW. Does the presence of antagonist remaining teeth affect implant
overdenture success? A systematic review. Journal of oral rehabilitation 2010;37:306-312.
62. Zitzmann NU, Marinello CP. A review of clinical and technical considerations for fixed
and removable implant prostheses in the edentulous mandible. The International journal of
prosthodontics 2002;15:65-72.
63. Chee WW. Considerations for implant overdentures. Journal of the California Dental
Association 1992;20:25-28.
64. Payne AG, Solomons YF. The prosthodontic maintenance requirements of mandibular
mucosa- and implant-supported overdentures: a review of the literature. The International journal
of prosthodontics 2000;13:238-243.



Fig. 1:



Fig. 2:



Fig. 3:



Fig. 4:



Fig. 5:



Table 1.  Demographic Characteristics of Treatment Groups

Age Gender Smoking Status Opposing Arch

Mean (SD) Range Male Female Smoking
Non-smoki

ng
Complete
Denture Dentate

Implant
supported
prosthesis

DL
(n=15)

66.2 (8.6) 57-85 10 5 2 13 13 1 1

IL
(n=17)

66.6 (10.2) 53-79 10 7 2 15 14 0 3

Total
(n=32)

66.4 (9.3) 53-85 20 12 4 28 27 1 4



Table 2 . Distribution of Radiographic Bone Level Change (RBLC)

Implant level

RBLC (mm) < 0.5 0.5 - 1 <1 - 1.5 <1.5 - 2 < 2 - 2.5 >2.5

DL
n. of patients (%)

(n=30)
17 (57%) 9 (30%) 2 (7%) 1 (3%) 0 1 (3%)

IL
n. of patients (%)

(n=30)
26 (87%) 3 (10%) 0 0 0 1 (3%)

Patient level

RBLC (mm) < 0.5 0.5 - 1 <1 - 1.5 <1.5 - 2 < 2 - 2.5 >2.5

DL
n. of patients (%)

(n=15)
8 (53%) 6 (40%) 0 0 1(7%) 0

IL
n. of patients (%)

(n=15)
13 (87%) 1 (6.5%) 0 0 1(6.5%) 0



Table 3. Radiographic Bone Level Change (RBLC)
Between Group Analysis at Patient Level

RBLC
DL

Median (Range)
IL

Median (range)
P value

(Mann-Whitney U test)

∆ T6-T0
6 months

0.29 (0-.9)
n=15

0.07 mm (0-1.7)
n=15 0.1

∆ T12-T0
12 months

0.48 mm (0-2.19)
n=15

0.05 mm (0-2.18)
n=15 0.019



Table 4.  Implant Length Distribution

Implant length 8mm 11mm 13mm 15mm
DL

n. of implants (%)
(n=30)

0 10 (33.5%) 14 (46.5%) 6 (20%)

IL
n. of implants (%)

(n=32)
2 (2%) 14 (48%) 16 (50%) 0

Mann Whiteny Rank Sum test (p=0.034 ):



Table 5.  Insertion Torque Distribution
Peak IT (Ncm) 20 30 40 50 >50

DL
n. of implants (%)

(n=30)
3 (10%) 6 (20%) 11 (37%) 4 (13%) 6 (20%)

IL
n. of implants (%)

(n=32)
5 (15%) 7 (22%) 5 (15%) 6 (19%) 9 (28%)

Mann Whiteny Rank Sum test (level of significance: p = 0.92 )



Table 6.  Prosthetic Complication and Maintenance Visits

DL IL

Denture fracture 2 2

Insert change 4 3

Abutment loosening 2 2

Denture adjustment 10 14

TOTAL 18 21

Chi Square test (level of significance :p = 0.488).



Legend for figures

Figure 1: Inclusion and exclusion criteria.

Figure 2: Visit schema and study timelines.

Figure 3: Radiographs at baseline (T0) and at 12 months (T12). The first bone-to-implant contact
at surgery was defined as baseline (B). The bone level at or coronal to the implant platform was
considered as 0. RBLC was measured as the distance between the implant platform and the most
coronal level of the bone deemed to be in contact with the implant surface at T12. (Δ = T12- T0).

Figure 4: Patient flow and allocation.

Figure 5: Intragroup comparison of Radiographic Bone Level Change (RBLC):
DL; 0-6m (p<0.001◉), 0-12m (p<0.02❖), 6-12m (p<0.08) Paired T test,
IL: 0-6m (p<0.01*), 0-12m (p<0.01✪), 6-12m (p<1.0) Wilcoxon Singed Rank test


