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ABSTRACT 

Statement of the problem. The cost of rehabilitation of the 

problematic mandibular complete denture with an implant-retained 

overdenture, or implant-supported fixed prosthesis, is outside the 

financial scope of many compromised denture patients. A more 

affordable treatment alternative is therefore desirable. 

Purpose: The purpose of this study was to ascertain whether 

simplifying mandibular overdenture treatment utilising single stage 

surgery and immediate prosthetic loading of a single implant, will 

achieve similar implant success rates and functional improvement 

to that expected using conventional techniques. As part of this 

study, the Mk III Brånemark implant with an oxidised surface 

(TiUnite™ Nobel Biocare AB, Göteborg, Sweden) was compared to 

the classical machined Mk III Brånemark fixture. 

Materials and Methods: 35 patients with a mean age of 68 years 

and problematic mandibular dentures were treated. The primary 

complaints among the patients referred to the clinic for treatment 

related to poor retention of the mandibular denture, instability, 

denture sores and phonetic problems. Patients were initially placed 

randomly into the “machined surface” or “oxidised surface” group. A 

single implant was placed into the mandibular midline with high 

initial stability. A ball attachment was placed and the retentive cap 

incorporated into the existing denture. Reviews took place at 3,12 
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and 36 months. Clinical assessments, radiographs made with 

custom film holders, and stability measurements by both manual 

and resonance frequency analysis methods were recorded. All 

complications, failures, maintenance and reasons for dropout were 

noted. Visual analogue scale questionnaires were utilised to record 

patient satisfaction. (ANOVA p<.05) 

 Results: Three out of 8 machined surface implants failed, 

representing an unacceptably high failure rate (37.5%). The 

machined surface was therefore discontinued for this study. Three 

oxidised surface implants did not achieve sufficient primary stability 

to be immediately loaded, so were treated with a two stage delayed 

loading protocol. The 25 immediately loaded oxidised surface 

implants were all classified as surviving at the 36-month recall. 

Patient satisfaction was very high with a significant increase in all 

comfort and functional parameters.  

Conclusions: Within the limitations of this study and research 

design, it appears that the immediately loaded single implant 

retained mandibular overdenture, using an oxidised implant surface 

in a small group of maladaptive patients, can provide a beneficial 

treatment outcome over a three year observation period. 

If insufficient stability at insertion is not achieved for immediate 

loading, then a delayed loading protocol should be utilised. 
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INTRODUCTION 

 

An overdenture is defined as “a removable partial or complete denture that 
covers and rests on one or more remaining natural teeth, roots and/or dental 
implants; a prosthesis that covers and is partially supported by natural teeth, 
tooth roots and/or dental implants”1 
 
Edentulism, defined as having no teeth, is usually the result of 

dental caries or periodontal disease. These processes have a 

deleterious cumulative effect on the dentition such that the 

percentage of edentulous people in the population increases with 

age. This increase is exponential and rises sharply around 70 years 

of age in industrialised countries.2 The percentages can be 

disparate however but in general; less educated, poor and rural 

patients are more likely to be edentulous. Cultural and psychosocial 

factors also play an important role in explaining the differences 

between regions and countries. Edentulism is declining at a rate of 

about 1% per year for the total population in most industrialised 

countries, however the average lifespan has risen. The number of 

people aged over 65 years of age is increasing in all countries. This 

demographic growth, in absolute numbers, is projected to outpace 

the decline in edentulism.2 Hence, the need for dentures will not 

diminish over the next quarter century and those in need of 

dentures are most likely to be among society’s poorest and least 

advantaged.3 
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With prolonged life expectancy, chronic illness is the major health 

care problem in Western society. Consequently, management 

rather than cure of a chronic disorder is the primary challenge 

facing all health care professions.3 Edentulism is a chronic condition 

and therapy is palliative, aimed at improving function and quality of 

life.4 

The residual alveolar ridge supporting a complete denture is 

inherently unstable due to unpredictable resorption and remodelling 

of the alveolar bone when natural teeth are removed, thus the 

retention and stability of a denture are adversely affected.5 This is 

more pronounced in the mandibular arch. 

A mandibular residual ridge provides a complete denture with less 

than one quarter of the support offered by the periodontium to 

natural teeth, yet some patients expect the prosthesis to replace 

natural teeth in every respect. Obviously, this expectation is 

unrealistic and many denture wearers cannot cope with their 

dentures, no matter how well they have been made. These 

"maladaptive" denture patients may have been adaptive initially, 

however the regressive or degenerative changes in the supporting 

tissues and neuromuscular control militate against a continuum of 

an adaptive functional and aesthetic experience.6 

Although the presence of teeth may not be a prerequisite for 

digestion, a reduced number of teeth can make mastication more 

difficult and lead to the avoidance of specific foods that require 
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rigorous chewing, especially when there are less than 10 occluding 

pairs of teeth.7  An impaired dentition in geriatric patients also may 

render food digestion more complicated, as often the elderly have 

reduced gastric secretion, intestinal motility and changes in 

absorption patterns. Such changes in food selection can cause 

patients to favour more highly processed foods at the expense of 

harder, coarser foods which are more difficult to chew. This may 

lead to a dietary deficiency with regard to vitamins, minerals, fibre 

and proteins and may lead to calorific compensation of a diet higher 

in fats and cholesterol.8 Edentulous individuals living independently 

have been shown to have a lower nutrient intake compared to 

dentate individuals.9 Overall, it is clear that edentulous people 

without dentures or those with dentures that are loose, unstable, or 

for other reasons are unable to cope with the edentulous 

predicament, restrict their selection of nutritious foods. 

 

Edentulous patients with fixed or removable implant prostheses 

have reported an improvement in their ability to chew foods and 

report eating a wider range of foods. Data exist to support a higher 

nutritional state, improvement in several blood parameters and 

anthropometric measures post treatment, in comparison to a group 

treated with conventional dentures. 10 

The disability of edentulousness affects psychologic health, life 

satisfaction and self-esteem. Tooth loss, like the loss of other 
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important parts of the body, precipitates bereavement, reduction of 

self-confidence, disturbance of self-image, shame and secrecy. As 

with other events, bereavement for lost teeth proceeds through the 

predictable stages of denial, anger depression, adaptation and 

acceptance. Some denture wearers never get over the anger and 

depression associated with the indignity of tooth loss and they 

become very disturbed by chronic self-conscious feelings of being a 

“lesser person” with a disfigured and unattractive appearance.11 

Teeth, therefore, are a major element of emotional expression and 

a focus of self. This psychological health and function, together with 

socio-economic status, life satisfaction and self-esteem contribute 

to the individual’s quality of life. 

Fortunately, most complete denture wearers are able to adapt and 

cope with their disability effectively without significant disturbance to 

their quality of life. Nonetheless, other denture wearers suffer 

substantially from chronic dysfunction, pain, low self-esteem, and 

reduced quality of life. For these patients, dentures supported by 

implants, especially in the mandible, would offer relief, comfort and 

optimism.3  There is an increased appreciation within the health care 

professions for the need to incorporate patient preferences into the 

treatment decision-making process. The interest has broadened 

beyond survival into the areas of psychosocial function and 

perceived health. Patient based measures therefore become an 

important outcome of treatment.4 
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Satisfaction describes the patient’s evaluation of a specific aspect of 

treatment and can be measured using self-administered 

questionnaires. Scaling of the results is achieved by the use of 

multi-step answers or visual analogue scales (VAS). Two 

randomised trials by Awad et al 12,13 in Canada, compared post 

treatment satisfaction in a middle aged12 (35-65 years) cohort of 

new complete dentures and two implant bar retained mandibular 

overdentures with a new complete maxillary denture. The second 

study13 followed the same protocol, however the patients were in 

the elderly (65-75 years) category and the overdenture design was 

two non-splinted implants with ball attachments.  Both groups of 

overdenture patients showed significantly higher levels of general 

satisfaction than the patients receiving conventional dentures.12,13 

Self reported functional data were collected using a VAS 

questionnaire and showed that implant patients’ general ability to 

chew and to chew all types of food was significantly higher, 

compared to the conventional denture group two and six months 

after treatment. 

A trial by Geertman et al14,15 included 151 dissatisfied denture 

patients randomly allocated to receive new complete dentures or 

implant retained mandibular overdentures. The overdenture group 

rated their ability, one year post treatment, to chew hard and tough 

foods significantly higher than did the conventional denture group. 
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Thus the data from randomised trials confirm superior outcomes 

than do conventional dentures. These positive outcomes included 

psychosocial outcomes such as satisfaction and oral health-related 

quality of life, as well as functional outcomes such as chewing 

ability.16 

 

Rehabilitation of the completely edentulous mandible utilizing 

implants to retain fixed bridgework is a highly predictable long term, 

treatment modality.17,18 High implant success rates have also been 

achieved by Engquist et al 19 (99%), Johns et al 20 (96.2%), and 

Bergendal et al 21 (100%) using two or more implants to anchor an 

overdenture. Two implant retained overdentures with separated 

implants have been reported with similar implant success rates (97-

100%) and functional improvement.21-24  There is consensus that 

two implants splinted 25-27 or unsplinted 22,28,29  in the interforaminal 

region of the mandible is sufficient to support an overdenture.30,31 

Indeed, the McGill consensus statement, the result of a symposium 

of clinicians and researchers from several countries held in Canada 

in 2002, has suggested that the two implant overdenture should be 

the first choice of treatment for the edentulous mandible.32  A 

systematic review however, while supporting the concept of the two 

implant mandibular overdenture, has failed to show sufficient 

evidence to support a single universally superior treatment modality 

for the edentulous mandible. 33 
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Awad et al 12 made the point that, patients should be informed that, 

to date, there is no evidence that implant-supported prostheses can 

restore oral function to the extent of the patient’s own natural teeth. 

However, with proper communication, clinicians can discuss a 

patient’s individual needs, and can reach a decision about the most 

appropriate and suitable treatment modality from both a clinical and 

patient’s personal perspective.  

The success of current implant based treatment modalities, while 

excellent, is unfortunately outside the financial scope of many 

compromised edentulous patients. A comparative study on the 

microcosting of time and materials required for fabrication between 

an unsplinted two-implant mandibular overdenture using single 

stage surgery, and a conventional complete mandibular denture, 

showed the direct cost of the overdenture to be 2.4 times the cost of 

the complete denture.34 The indirect cost, patient time and 

transportation was slightly higher for the implant group and 

amounted to three additional visits for the implant group. A similar 

study on microcosting utilising two implants with a single bar 

attachment and a two stage surgical protocol showed a direct cost 

3.08 times that of a conventional denture.35  It is therefore desirable 

for clinicians to be able to offer a significant functional improvement 

of the problematic mandibular complete denture, in a cost effective 

manner. Concomitantly, a reduction in the overall time frame of 



 

 
 

  
  

18

clinical, technical and maintenance procedures needed to achieve 

this goal would be advantageous.  

 
Use of a single implant with a two stage approach placed in the 

symphyseal midline, to retain an overdenture has been documented 

by Cordioli et al 36 in 1997 with excellent success according to the 

success criteria of Albrektsson et al.37 In this 5 year prospective 

study, 21 patients with a mean age of 74.2 years were treated with 

single machined or hydroxyapatite coated 3i (Biomet 3i, Palm 

Beach Gardens, Florida, USA) implants of greater than 7mm in 

length. These were inserted at the mandibular midline using a 4 

month submerged protocol followed by healing abutments for 3 

weeks. Subsequently O-ring abutments (Biomet 3i) or ball 

attachments (Nobel Biocare) were placed and the denture either 

relined (17 patients) or new dentures constructed (4 patients). 

Patients were reviewed up to 5 years recording bone loss, peri-

implant condition and patient satisfaction through the use of visual 

analogue scale questionnaires (VAS). 

All patients had successful implants up to the 3-year review with a 

mean bone loss of 1.25 ± 0.13mm. VAS questionnaire results 

showed a "remarkable" improvement of all parameters compared to 

pretreatment scores. No soft tissue or peri-implant complications 

were noted. Prosthodontic complications included poor fit and 

retention of the prosthesis. This was mainly attributed to wear of the 
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O-ring attachment, which had to be changed every 5-6 months. Ball 

attachment problems were significantly less.  The authors 

concluded that single implants inserted at the mandibular midline 

can be successfully used, at least over a medium-term period, for 

mandibular overdenture anchorage. 

In a similar study in 2001 by Krennmair et al,38 9 dissatisfied 

complete denture patients with a mean age of 82.2 years were 

followed for 18 months. All patients had a single IMZ (Interpore 

International Irvine, California, USA) or Frialit-2 (Dentsply Friadent, 

Manheim, Germany) roughened surface implant, using a two stage 

submerged protocol of 3 months healing, followed by stage 2 

implant uncovering and a healing abutment for 2-4 weeks. A Friatec 

ball attachment was provided and the existing denture was adapted 

to the retentive element, or a new denture was constructed. All 

implants were successful at the 18-month follow-up.  A significant 

increase in satisfaction and a significant decrease in complaints 

were noted throughout the 18-month observation period. The 

authors concluded that elderly patients experiencing discomfort and 

functional difficulties with a conventional mandibular complete 

denture, can be restored with a single implant overdenture involving 

minimal surgical and prosthetic treatment, at a low total cost. 

Carlsson 39 in an article on future directions commenting on these 

two papers expressed the opinion that the single implant 

mandibular overdenture deserves further investigation. 
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Delayed prosthetic loading of dental implants was established over 

40 years ago by the Brånemark group in Göteborg.40 This involved 

a submerged healing phase of between 3 and 6 months depending 

on bone quality.41  The concept of immediate loading 42, whereby 

implants with adequate primary stability are occlusally loaded with a 

provisional prosthesis at the same clinical visit 29,43, or soon 

after44,45,  is appealing to the dentist and patient alike to provide 

faster treatment time and simplified logistics.  Early or immediately 

loaded unsplinted implants to retain mandibular overdentures have 

been reported with excellent implant success rates (100%).29,44 

There are no data to show that dense bone will necessarily provide 

higher implant success rates, however initial stability of the implant 

is an indication for future success and considered a prerequisite for 

immediate loading. The anterior region of the mouth has been 

studied extensively for immediate loading.29,42-45,48-54,59,64,65 It has the 

most consistently high quality of bone where type 1 or 2 bone is 

most often encountered.47 Therefore a greater potential exists for 

high initial stability of the implant. Most studies support conventional 

drilling protocols for placement of implants in the anterior mandible 

in comparison to underpreparation of the implant site in order to 

increase insertion torque77. Generally, authors agree that the quality 

of bone is significant for success in immediate loading, as poor 

bone quality, often encountered in the posterior maxilla is 
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associated with higher failure rates.48  However, there have been no 

studies that have specifically tested this hypothesis 49,50 No data 

exist to support the superiority of implant length or implant diameter, 

49,50 however most authors have stipulated a minimum length of 

10mm for immediately loaded implants. Screw type implants have 

shown a significant superiority compared to press fit implants 

because their design allows a greater initial bone contact within the 

threads and a mechanical locking to achieve initial stability. 

Therefore the threaded implant does not require osseointegration to 

resist load at the time of placement. When considering immediate 

loading, this aspect becomes more important.50-54 
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Furthermore, recently, emphasis has been placed on the effect of 

surface modifications to enhance the osseointegration process.46,55-

57 Osseointegration with immediate loading is dependent on bone 

formation, bone resorption and micromotion effects on peri-implant 

osteogenesis. Osteogenesis occurs over time so maintenance of 

implant stability is critical. The initial stability of the implant reduces 

in the first 3-6 weeks after placement due to remodelling and an 

increased ratio of woven to lamellar bone. The implant bone 

interface thus becomes more susceptible to the effects of 

micromotion; 150μm is generally considered the threshold at which 

osteogenesis will be detrimentally affected.54,58,59 

Clinical studies have shown a higher failure rate with immediately 

loaded machined implants compared to a modified surface.48,60 The 

TiUnite surface has been studied at both the basic research level 

and clinically.46,55-57,61,62  Albrektsson et al have shown a higher 

bone to implant contact compared to the machined surface as well 

as significantly higher removal torque values in the rabbit model. 46 

Henry et al have also shown higher removal torque values in 

greyhound dogs.55  Rompen et al showed maintenance of the initial 

stability of TiUnite implants compared to a significant decrease in 

the stability of machined implants, measured with resonance 

frequency analysis (RFA) over a six week period in the dog 

mandible.56 Glauser et al showed a similar pattern in immediately 
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loaded maxillary posterior implants in a human clinical study.57 In a 

clinical prospective study on immediate loading of machined 

implants placed in all jaw regions, Glauser et al reported a failure 

rate of 17.3% after 1 year.62 The same group using a similar 

protocol and TiUnite surfaced implants experienced only a 3% 

failure rate.63  Most recent systematic reviews 49,50,64,65 now 

recommend modified surface implants. The postulated superiority 

may be due to an increased surface area providing a greater bone 

to implant contact, stabilisation of the blood clot and fibrin network 

thereby initiating contact osteogenesis with bone formation against 

the surface of the implant. This is in comparison to the traditional 

machined surface mechanism of distance osteogenesis whereby 

bone from the walls of the implant osteotomy grows toward the 

implant surface.50,51,53,54,64 

 
Smoking has been associated with a significantly higher implant 

failure rate.66-68  De Luca et al 67 showed a relative risk (RR) rate of 

1.69 over a 20 year period after analysing 1852 implants, 

concurring with the study of  Moy et al.(RR=1.56)66  Rocci et al 48 

however, in a randomised comparison between machined and 

oxidised surface implants supporting immediately loaded 

prostheses in the posterior mandible, found an increased failure 

rate was experienced in smokers receiving the machined surface. 

The oxidised surface however showed no statistically increased 
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failure rate even though more smokers and more implants were 

placed in the oxidised surface group.  

The most recent review by Strietzel et al 68  entailed a systematic 

review of 35 published studies and completion of a meta-analysis 

on 29 studies comparing the statistical analysis of the biologic 

complications or implant failure among smokers compared to non-

smokers. The strength of the relationship was assessed by odds 

ratio (OR). The meta-analysis revealed a significantly enhanced risk 

for implant failure among smokers (OR 2.25) compared to non-

smokers. Five studies revealed no significant impact of smoking on 

implant success with particle blasted, acid etched or anodic 

oxidised surfaced implants. The systematic review also indicated a 

significantly greater risk for biologic complication among smokers.  

Eleven studies showed a significantly greater degree of peri-implant 

bone loss in smokers compared to non-smokers, although in 

surface modified implants this correlation was not found. 

 
Resonance frequency analysis (RFA) was first proposed by 

Meredith et al69 in 1996 and involved excitation of a transducer 

beam over a range of frequencies. A frequency response analyser 

subsequently analysed the response of the beam, based on the 

stiffness of the beam, implant and bone interface. The resonance 

frequency is expressed as an implant stability quotient (ISQ) with 

values from 1- 100. Today RFA is extensively used in clinical 
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research to monitor implant stability.70 Clinical studies have shown a 

significant correlation between decreasing RFA values and failing 

implants.71,72 It is also possible to detect a failing implant before the 

failure is clinically manifested 72 and if due to occlusal overload, 

regain stability by unloading the implant.71 It has been suggested 

that an ISQ of 60 reflects the lower limit when performing immediate 

loading however caution must be exercised where bruxism or a 

crown-to-implant ratio is greater than 1:1.63 Conversely, Glauser et 

al showed no difference in initial stability between implants that 

finally failed, and implants that remained stable. However, after 2 

months, the failing implants showed a mean ISQ of 43 and the 

successful implants maintained a stability around 68.72 

 
The aim of this study was to determine the predictability of 

simplifying mandibular overdenture treatment using single stage 

surgery and immediate prosthetic loading of a single implant.  In 

addition the classical machined surface was compared to an 

enhanced oxidised surface (TiUnite™ Nobel Biocare AB, Göteborg, 

Sweden) on identical macroscopically configured implants 

(Brånemark Mk III Nobel Biocare AB, Göteborg, Sweden) 
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MATERIALS AND METHODS  

 

Thirty five completely edentulous subjects, 10 male and 25 female 

50 to 89 years of age (mean age 68 years) who had been 

completely edentulous in the mandibular arch for at least 1 year 

were included in the study. All patients signed an informed consent 

form (Appendix 1) in accordance with the Declaration of Helsinki 

(1989).( Appendix 2) Ethical approval for the project was granted by 

The Human Research Ethics Committee of The University of 

Western Australia. The primary complaints among the patients 

referred to the clinic for treatment related to poor retention of the 

mandibular denture, instability, denture sores and phonetic 

problems. 

 

Preoperative panoramic and conventional lateral cephalometric 

radiographs with the dentures in situ, with a thin strip of lead foil 

outlining the outer surface of the denture in the midline position. 

These images were used for surgical evaluation of the proposed 

implant installation site to avoid potential complications with 

important anatomy in this region 73,74      (Figs 1 and 2A)      
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Fig 1 Lead foil adapted to the external surface of the denture in the 

midline. 
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Determination of the implant length and angulation was made with 

radiographic overlays (Fig 2B). 

 

 

 

Fig 2A Lateral cephalometric view of a denture and lead foil in situ.  

Fig 2B Closer view of the radiographic overlay to plan implant 

position and dimension. 

This analysis enabled the angulation of the implant to be 

determined in relation to the bone and the need for ridge 

remodelling.  

A pilot hole for the initial 2mm twist drill was made in the patient's 

existing denture for use at the time of surgery. (Figs 3A and B)   
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Figs 3A and B Pilot hole in the denture to guide direction of initial 

2mm twist drill. 3A Occlusal surface. 3B Mucosal fitting surface. 
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Inclusion criteria dictated that the patient have been completely 

edentulous for at least 12 months, be maladaptive to the mandibular 

denture and have enough bone for an implant length of at least 10 

mm and diameter of 4mm.  Exclusion criteria included substance 

abuse, health condition precluding surgery, logistic or physical 

reasons that could affect follow up, psychiatric problems, disorders 

to the implant area eg radiation, neoplasia or bone regeneration to 

the implant site. 

 

All existing dentures were evaluated with the California Dental 

Association (CDA) quality evaluation system.75 The dentures were 

required to be assessed as satisfactory for all categories including: 

consideration of aesthetic tooth position, size and shade, adequate 

extension of the denture bases with an absence of tissue irritation. 

The assessment also included an evaluation of even masticatory 

forces with centric occlusion in harmony with centric jaw relation at 

the correct occlusal vertical dimension, acceptable stability and 

retention of the mandibular denture consistent with that achievable 

considering the patient's residual ridge. Remake of both dentures 

was indicated if these criteria were not met. 

 

Smokers were encouraged to quit but were not excluded from the 

study. 
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The components used were regular platform Brånemark MkIII 

implants of 4 mm diameter (Nobel Biocare AB, Göteborg, Sweden). 

All implants were identical except for the surface treatment which 

consisted of either the traditional machined (turned) surface or the 

oxidised (TiUnite™) surface. The Nobel Biocare 3.5mm diameter 

ball attachment with  a plastic cap and rubber O-ring was used to 

provide the prosthetic anchorage.   

 

The implant surface received was chosen randomly by drawing 

identical envelopes, with the type of surface enclosed within, from a 

box just prior to implant installation.  

 

 Surgical Procedures 

 

All patients were provided with a single implant of greater than 

10mm length installed in the mandibular midline.  Single dose 

prophylactic antibiotic coverage (2g amoxicillin or 600mg 

clindamycin) was given orally 1 hour before the surgery.76 A 

mouthrinse (chlorhexidine 0.2%) was utilised for 1 minute just prior 

to the local anaesthetic. Bilateral mental nerve blocks and local 

infiltration in the buccal and lingual sulcus was administered with 

lignocaine 2% with 1:80 000 adrenaline. Bupivacaine 0.5% and 

1:200 000 adrenaline was additionally injected regionally to prolong 

the postoperative analgesia.  
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A minimal crestal incision was made and a mucoperiosteal flap 

raised both on the labial and lingual aspects to enable adequate 

visualisation of the lingual aspect of the mandible and to evenly 

divide the available keratinized tissue. This enabled the abutment to 

be surrounded by attached gingiva wherever possible.  One patient, 

with a broad band of keratinised mucosa, had the implant inserted 

with a flapless tissue punch approach. All implant installation sites 

were prepared using a standard dense bone drilling protocol 

following the manufacturer’s guidelines and all sites were tapped 

with a 4mm diameter screw tap to the full implant length. Bicortical 

stabilisation was achieved if possible and minimal if any 

countersinking was performed. Enhanced initial stability techniques 

for implant site preparation 77 were considered unnecessary due to 

the generally dense cortical bone encountered in this region. The 

bone quality and jaw shape was noted according to criteria 

established by Lekholm and Zarb where bone quality is rated on a 

scale from 1-4 and jaw shape A-E.47 (Figs 4A and B) 
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Fig 4A Jawbone quality (1) almost the entire jaw is comprised of homogeneous 

compact bone;(2) a thick layer of compact bone surrounds a core of dense trabecular 

bone;(3) a thin layer of cortical bone surrounds a core of dense trabecular bone of 

favourable strength;(4) a thin layer of cortical bone surrounds a core of low density 

trabecular bone. (from Lekholm and Zarb)47 

 

 

 

Fig 4B Jaw Shape (A) most of the alveolar ridge is present; (B) moderate residual ridge 

resorption has occurred; (C) advanced residual ridge resorption has occurred and only 

basal bone remains; (D) some resorption of the basal bone has started; (E) extreme 

resorption of the basal bone has taken place. (from Lekholm and Zarb)47 

 

 

 

 

Insertion torque was measured with the aid of the drilling unit 

(Osseoset 100; Nobel Biocare) and with a manual torque wrench 

(Nobel Biocare). An insertion torque of at least 45 Ncm and 

Resonance Frequency Analysis (RFA)(Osstell, Integration 

Diagnostics, Sävedalen, Sweden) Implant Stability Quotient (ISQ) of 
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at least 60 was required before considering connection of the 

abutment. The RFA transducer was connected to the implant head 

in a labiolingual direction and was hand tightened. (Fig 5) 

 

 

 

Fig 5 Connection of the RFA transducer to the implant head. 

 

 

 

 

 

. 
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Fig 6 LCD readout of Implant Stability Quotient (ISQ) and graph 

showing frequency response. 

 

Resonance frequency analysis (Osstell, Integration Diagnostics, 

Sävedalen, Sweden) was recorded (Fig 6) and a reference 

radiograph utilising a customised film holder was exposed.  

 

The film holder was a modified version of that described by 

Galasso78   except that abutment level impression copings were 

replaced with 2 open tray implant level impression copings (29072 

Nobel Biocare AB) laser welded in parallel. It is not possible to 

rigidly fixate a film holder to the ball abutments used in this study. 

The film holder therefore needed to be attached at the implant level. 

Two 30mm guide pins were utilized to protrude through a shortened 

Rinn (Rinn XCP; Dentsply, Elgin, Illinois, USA) anterior film holder 

drilled with two holes to correspond with the guide pins. To prevent 

rotation, two 30 mm guide pins (29096 Nobel Biocare AB) were 

placed to protrude through a shortened anterior film holder drilled 
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with 2 holes to correspond with the guide pins. This provided 

antirotation to the device. (Figs 7 and 8) 

 

Fig 7. Alignment and 

positioning of implant level 

impression copings and film 

holder. 

 

 

 

 

 

Fig 8. Lateral view of modified radiographic film holder. Note: film 

holder bends when film is in place to parallel aiming device. 

 

One impression coping was attached to the implant. The non-

engaging coping was shortened by 5 mm so as not to interfere with 
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adjacent soft tissue. The film was then held in place in the normal 

manner or fastened with elastic bands if the floor of the mouth was 

particularly shallow. This method, allowed not only a parallel film but 

also a reproducible film in respect to rotation of the beam axis. (Fig 

9) 

 

Fig 9. Representative periapical radiograph. 

 

The ball attachment was connected ensuring 2mm of abutment 

collar height above the mucosa and tightened to 32 Ncm with a 

torque wrench. The wound was then sutured. (Fig 10) 
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Fig 10 Postoperative view of implant placement. 

 

Prosthetic Procedures 

 

The first 15 patients had the retentive element secured to their 

denture with acrylic resin (GC Unifast, GC Dental Products 

Corporation Tokyo, Japan) immediately. (Fig 11A and B) 
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Fig 11A and B  A Denture at the time of implant placement with the 

retentive cap incorporated into the denture with autopolymerising 

acrylic resin. A  Mucosal fitting surface, B  Occlusal surface. 

 

This resulted in some tissue proliferation and a delayed healing 

response in 6 patients. Subsequent patients had the denture 
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relieved around the ball attachment (Fig 11A) and relined with 

tissue conditioner (Viscogel, Dentsply, De Trey, Konstanz, 

Germay). (Fig 12 B and C) This change in protocol resulted in 

greater post operative comfort and uneventful healing.  

 

 

 

Fig 12A Complete relief of the denture from touching the ball 

attachment and immediate surgical region. 
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Fig 12 B and C Tissue conditioner relining of surgical region 

immediately after implant placement. B Labial view, C Mucosal 

fitting surface. 
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A denture reline impression (Extrude, Kerr Corporation, 

Michigan,USA) was made 6 weeks after implant placement to 

incorporate the retentive element (plastic cap with O-ring ref DCB 

113-0 Nobel Biocare) and reline of the entire intaglio surface of the 

denture with high strength heat polymerized acrylic resin (Implacryl; 

Vertex, Zeist, The Netherlands) as illustrated in Fig 13. The denture 

was reinserted and subjected to conventional relining evaluation 

and occlusal adjustment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 13 Denture with retentive element 

 

The author carried out all surgical and prosthetic procedures. 
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Radiographic  visualisation of an implant placement is shown in Fig 

14 A and B. 

 

Fig 14 A Sagittal cephalometric view of an implant placement. 
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Fig 14 B Frontal panoramic view of an implant placement. 

 

 

 

All patients were limited to a soft diet for 6 weeks and were 

instructed to leave the denture out at night. The subjects were 

instructed in plaque control protocol at the time of implant 

placement and reinforced at subsequent reviews. A dental hygienist 

performed professional maintenance in accordance with patient 

needs. 
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The implants were assessed individually to fulfil the requirements 

for Grade 1 quality of success advocated by Roos et al79 as follows:  

 

1. Absence of mobility was assessed at 3,12 and 36 months 

by removal and reattachment of the abutment together 

with retorquing of the abutment screw to 32 Ncm without 

simultaneous counteracting of the force. Mobility or 

sensation/pain was regarded as a sign of lost 

osseointegration. 

2. Resonance frequency analysis was performed whilst the 

abutment was removed at 3,12 and 36 months. 

3. Periapical radiographs were obtained at insertion, 3, 12 

and 36 months postoperatively. The distance from the 

collar of the implant to the most coronal point where the 

bone was in contact with the implant was measured with 

the aid of a graduated 7X magnification loupe. 

4. Soft tissue was inspected visually with the abutment 

removed with regard to colour and morphology. Soft tissue 

problems such as  infections, persistent pain, paraesthesia 

and discomfort were noted. 

In this way, each individual implant was tested and could be defined 

as either a failure, failing or surviving. 
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Self-administered questionnaires (Appendix 4) that followed the 

Visual Analogue Scale (VAS) method were filled out by patients 

preoperatively and at each scheduled recall to assess oral comfort 

and function. 23,80 

 

Each VAS questionnaire consisted of a 100 mm line anchored at 

the beginning and end by opposing responses/statements such as 

"not at all satisfied" to "totally satisfied". The participants marked a 

vertical line on the horizontal VAS line to indicate their feelings.  (Fig 

15) Scores were determined by measuring the distance (in mm) 

from the left starting point of the line to the intersection of the 

response line. There were 10 questions, in 5 categories: general 

satisfaction, social life, mastication of hard food, comfort and fit. 

Data were entered into a spreadsheet (Microsoft Excel version 10 

Microsoft, Redmond, WA) and all statistical analyses were 

performed using statistical software (SPSS Version 12; SPSS, 

Chicago, Illinois, USA). One way repeated Analysis of Variance 

(ANOVA) was used to determine differences between means 

(P<.05). 
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    General Satisfaction 

 

“In general, are you satisfied with your current lower denture?” 

 

 Not at all ________________|_____________________Totally 

 satisfied                                    Satisfied 

 

 

 

Fig 15 A sample VAS question with the patient’s response as a 

vertical line across the horizontal line. 
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RESULTS 

 
In total, 35 patients had 35 implants inserted. Three implants did not 

fulfil the requirement for sufficient implant stability, i.e. did not have 

an insert torque greater than 35 Ncm or a resonance frequency 

analysis of 60 ISQ or greater.  These implants had a cover screw 

placed and the soft tissue closed. The implants were uncovered, 

ball attachment placed and the prosthesis relined 3 months later. 

These implants (1 machined and 2 TiUnite) successfully integrated 

and were all in function at a 36 month follow-up period, however 

have not been included in the statistical analysis as they were not 

immediately loaded. 

 

The 24 immediately loaded TiUnite implants were all tested 

individually at the 3-year recall, yielding a survival rate according to 

Roos et al 79 of 100%. 

 

The machined implants in contrast, experienced 3 failures from 7 

immediately loaded implants. One machined implant did not have 

sufficient stability to be immediately loaded so was treated with the 

two stage protocol. Two implants failed within 6 weeks and the 

other failure was determined to be failed at 8 weeks, due to pain on 

percussion and attempted rotation, however the patient did not wish 

the implant to be touched until the implant had essentially 
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exfoliated. Consequently, considerable bone loss occurred at the 

site. This patient was subsequently successfully treated utilising two 

implants and a ball attachment overdenture. These failures 

occurred early in the study when only 8 machined implants had 

been placed. It was therefore decided to abandon use of the 

machined implants on ethical grounds due to an unacceptably high 

failure rate (37.5%) when correlated with accepted criteria for 

assessment of implant performance. 37,79 

 
The distribution of bone quality and jaw shape for the immediately 

loaded machined surface implants is listed in Table 1A and for 

TiUnite implants in Table 1B. 

 

Table 1A The distribution of patients’ mandibles by shape and 

quality, defined according to Lekholm and Zarb47 for machined 

implants. 

 

 

 Jaw Shape 
Bone Quality A B C D E 

 
       1 
       2 
       3 
       4 

 
0 
0 
0 
0 

 
0 
0 
2 
0 

 
0 
1 
1 
0 

 
0 
3 
0 
0 

 
0 
0 
0 
0 
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Table 1B The distribution of patients’ mandibles by shape and 

quality, defined according to Lekholm and Zarb47 for TiUnite 

implants.  

 

 

The distribution of implant and abutment length for the machined 

surface is illustrated in Table 2A and for TiUnite implants in Table 

2B. 

 

Table 2A The distribution of implant length (mm) and height of the 

abutment collar (mm) for machined surface implants. 

 Implant length 
Abutment height 10 11.5 13 15 18 
 
           3 
           4 
          5.5 

 
 0 
 0 
 0 

 
  0 
  1 
  0 

 
 0 
 1 
 1 

 
 1 
 1 
 0 

 
 0 
 2 
 0 

 

 
 

 Jaw Shape 
Bone Quality A B C D E 

 
       1 
       2 
       3 
       4 

 
0 
0 
0 
0 

 
0 
0 
3 
0 

 
0 
6 
5 
0 

 
2 
3 
4 
0 

 
2 
0 
0 
0 
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Table  2B. The distribution of implant length (mm) and height of the 

abutment collar (mm) for TiUnite surface implants. 

 Implant length 
Abutment height 10 11.5 13 15 18 
 
           3 
           4 
          5.5 

 
 0 
 1 
 0 

 
  0 
  7 
  2 

 
 1 
 5 
 2 

 
 0 
 4 
 0 

 
 0 
 3 
 0 

 

 

Denture remake was required for 1 patient where the dentures did 

not meet the inclusion criteria. This was undertaken prior to the 

surgical procedure. Remaking of the dentures did not solve the 

patient's fundamental complaint, being poor retention related to 

severe ridge resorption. 

 

The distribution of immediately loaded implant length and surface 

failure is illustrated in Table 3 with individual patient details given in 

Table 4. 

 

 

 

 

 

 

 



 

 
 

  
  

54

Table 3 Details of patients with failed machined implants. 

 
 

Table 4 Details of immediately loaded implants placed. 

 

 

 

Patient 

age 

(years) 

Sex 

 
Bone  

shape 

Bone  

quality 

Implant  

length 

(mm) 

Abutment 

length 

(mm) 

Cortical  

stability 

Unicortical 

or Bicortical

Smoker Initial 

ISQ 

Med History

60 F C 2 13 5.5 B 20/day 68 Asthmatic,  

chronic back 

pain 

64 M C 3 18 4 U N/S 75 NAD 

69 F D 2 13 4 B 6-10/day 81 NAD 

 Machined TiUnite 

Length(mm) Placed Failed Placed Failed 

10 0 0 1 0 

11.5 1 0 9 0 

13 3 2 6 0 

15 3 0 4 0 

18 2 1 4 0 

Total 8  3(37.5%) 24  0  (0%) 
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At the 3-year review, one patient had died 18 months after implant 

placement from unrelated causes. All remaining patients were 

available for follow up examination. 

 

All patients tolerated the surgical procedure well with no need for 

any level of sedation. Almost all patients reported no need for 

postoperative pain control. All patients reported the procedure as 

being easier than expected and would have the implant placement 

repeated if required. 

  

Minor soft tissue swelling localised to the site of implant installation 

is a normal post operative occurrence. Immediate rigid connection 

of the retentive element did not allow for postoperative swelling to 

occur. This resulted in greater postoperative discomfort from tissue 

impingement and difficulties with self-administered placement of the 

denture. In two patients, due to the inability to seat the denture 

completely, tissue hypertrophy occurred, necessitating removal of 

this excess tissue in one patient. (16A and B) This patient was the 

only patient to receive a 3mm abutment collar. Subjects receiving a 

collar height of 4mm or more did not experience this problem. 
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Fig 16A Tissue hyperplasia 3 weeks following implant placement 

 

 

Fig 16B The appearance after excision of excess soft tissue. 

 

The use of the soft liner eliminated dead space around the 

abutment collar but allowed some tissue expansion in the 
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immediate postoperative period. The peri-implant tissue therefore 

healed more rapidly with a subjectively improved comfort level. 

 

One patient developed a habit of rubbing her lower lip over the 

abutment when not wearing the denture. Trauma to the tissues 

resulted in the immediate post operative phase and continued for a 

few weeks. (Fig 17) 

 

 

 

 

 

 

 

 

 

 

Fig 17 Trauma from lip posturing habit. 

 

This resolved through continual wear of the denture relined with 

tissue conditioner until resolution and there has been no recurrence. 

The patient did not wear her denture whilst sleeping. 
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The VAS questionnaires filled out by all patients at pre-treatment, 

3,12 and 36 months after implant placement showed a very 

significant improvement in all parameters of oral comfort and 

prostheses function. Maintenance of this satisfaction level at the 3 

year recall.  (Figs 18A and B)  
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Fit

Fig 18A  Patient reported improvement in comfort and function from 

pre-treatment to 3 years. Machined group. 
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Fig 18B  Patient reported improvement in comfort and function from 

pre-treatment to 3 years. TiUnite group. 

 

ANOVA were done in each group with two degrees of freedom. 

Significant improvement (p>0.05) in all parameters were noted from 

pretreatment to all post treatment recalls. No significant differences 

were seen between post treatment recall periods. Comparing the 
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TiUnite group with the machined group (one-way ANOVA) showed 

no significant differences (p>0.05) however the numbers are too 

small (n=5) in the machined group for reliability in comparison to a 

group of 24.  

 

Direct questioning indicated that common pretreatment problems, 

such as recurrent denture ulceration had been eliminated and non-

masticatory functions such as yawning, laughing and singing could 

be accomplished without complications. 

 

Radiographic follow-up was difficult in this study due to the clinical 

problems associated with film placement that directly impinged on 

the lingual frenum coupled with superimposition of the genial 

tubercles and the marginal bone. (Figs 19A and B) 
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Fig 19 A Lateral cephalometric and B Periapical films showing 

superimposition of the genial tubercles. 

 

Periapical radiographs were obtained at insertion, 3, 12 and 36 

months postoperatively. The distance from the collar of the implant 

to the most coronal point where the bone was in contact with the 

implant was measured. The left and right measurements were 

made with the aid of a 7X magnification loupe. Approximately 48% 

of the oxidised surface group patients had quantitatively assessable 

radiographs. (Table 5) No peri-implant radiolucency was noted. 
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Table 5 Mean Bone Loss(mm) from baseline for both groups 

             3months             12 months            3 years 

Left (SD) Right(SD) Left (SD) Right (SD) Left (SD) Right(SD)

Machined 1.42(1.47) 1.80(1.2) 1.88(1.11) 2.15(0.66) 2.12(0.66) 2.3(0.74) 

TiUnite 0.32(0.51) 0.49(0.5) 0.58(0.52) 0.69(0.52) 0.87(0.68) 0.91(0.65) 

 

 

There was a significant increase in bone loss over time for both 

groups (p=0.001). The TiUnite bone loss was only significant 

between 0 and 36 months (p<0.05). The bone loss from 3 months 

to 12 months was clinically measurable but not statistically 

significant (p=0.247).  

For the machined group the bone loss was statistically significant 

between 0 and 3 months, 0 and 12 months and 0 and 36 months 

(p<0.05). 

Comparing the groups showed significantly more bone loss in the 

machined groups, however due to the size of the machined group 

the statistics derived are unreliable.  

 

Three denture base fractures occurred at the site of the implant 

attachment. These occurred within three months of attaching the 



 
 

63 
 

retentive cap with autopolymerising acrylic resin at the time of 

surgery. No denture base fractures have been recorded since the 

protocol was changed to a heat cured reline. At the three year 

follow-up period, no ball attachment retentive caps have failed and 

no rubber O-rings required replacement. No discernable wear of the 

ball attachment has been detected and abutment screw loosening 

did not occur. 

 

Resonance frequency analysis was carried out on all implants at 

insertion and at each recall visit by removal of the ball attachment 

and collar followed by attachment of an implant level transducer 

facing labio-lingually.  
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Fig 20 Mean ISQ values with the abutment removed at various 

recall intervals. The difference between groups is significant at three 

months only. (p=0.007) 

 

 

 

The results showed a generally high mean initial value of ISQ = 

72.25 ± 3.4 for the Machined group and ISQ = 74.76 ± 5.6 for the 

TiUnite group. Maintenance of this high value up to the 3 year 

review was noted for both groups (ISQ=72.5 ± 3 for the machined 

group and ISQ=75.5 ± 4.2 for the TiUnite group). The Machined 

group showed a statistically significant (p=0.007) drop in ISQ at  the 

three month recall. (Fig 20) The stability then recovered by 12 
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months. Many TiUnite  implants showed a small increase in ISQ 

value after 3 months although this was not statistically 

significant.(P=0.630)  There was no statistical difference between 

baseline, 3,12 and 36 month values for the TiUnite implants 

(P=0.311) 

 

Plaque control was considered acceptable for most patients and 

considered relatively simple by the patients themselves. Soft tissue 

health was acceptable in all patients with no evidence of mucosal 

enlargement at review appointments as shown in Figs 21 A, B and 

C at the 6-week and 12 and 36 month observation times. Calculus 

build up that impeded seating of the retentive cap was encountered 

on two occasions and was controlled by more diligent oral hygiene. 
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Fig 21A Soft tissue appearance at 6 weeks. 
 
 

Fig 21 B Soft tissue maturation at 1 year. 
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Fig 21 C Soft tissue appearance at 3 years.
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DISCUSSION
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DISCUSSION 

 

The purpose of this study was to ascertain whether simplifying 

mandibular overdenture treatment utilising single stage surgery and 

immediate prosthetic loading of a single implant, would achieve 

similar implant success rates and functional improvement to that 

expected using conventional techniques. In addition, the classical 

machined surface was compared to an enhanced oxidised surface 

(TiUnite™ Nobel Biocare AB, Göteborg, Sweden) on identical 

macroscopically configured implants (Brånemark Mk III Nobel 

Biocare AB, Göteborg, Sweden). 

 

Presurgical workup of the patient for this procedure is simplified due 

to use of the patient’s existing denture and the relatively 

inexpensive lateral cephalometric and panoramic radiographs. 

These important diagnostic aids, together with adequate 

visualisation of the lingual surface of the bony ridge after flap 

elevation, cannot be understated in light of reports of life threatening 

haemorrhage from the floor of the mouth during routine implant 

placement in this region.73,74 The use of the patient's denture as 

radiographic and surgical template allows the implant to be placed 

in a prosthetically driven position. This was particularly critical when 

relatively large prosthetic components that consume a significant 
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volume of the denture space are used in the mandibular midline 

symphysis. The fit of the denture base is also critical to ensure 

correct seating of the denture during both the radiographic and 

surgical procedures.  

 

A careful, conventional placement of the implant was achieved with 

the use of a dense bone protocol specified by the manufacturer, 

including screw tapping to the entire implant length. This is different 

to bone compression techniques with high insert torques.77 The 

initial insert torque, once seated, was over 45 Ncm however, and 

the resonance frequency analysis recordings always above 60, 

before placing the abutment. All but 3 patients achieved the 

required implant stability for immediate loading. This can be 

attributed to the generally excellent host site of the midline 

symphysis in terms of both the dense nature of the bone, with a 

high cortical component, and the generous height and width 

dimension that precludes the need for bone augmentation in all but 

the most resorbed cases. Three patients that did not achieve 

sufficient initial stability were treated with a two-stage approach and 

loaded 3 months after implant placement. As expected, these 3 

patients had a successful treatment outcome at the 36-month stage 

of follow-up and although satisfied with the outcome, would have 

preferred not to have had a second stage surgical procedure, as 

compared to the single stage surgery patients. This successful 
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treatment outcome is in agreement with Cordioli et al 36 where a 3 

month submerged protocol was followed. A quantitative method for 

evaluating implant stability at the time of placement was not used, 

however it was mentioned that cortical bone contact was noted at 

the time of implant placement. In the present study only those 

implants that did not achieve the desired stability were submerged.  

The follow -up in the Cordioli et al study was for 5 years in 

comparison to the 3 years of this study. Generally, implants fail 

within a 2 year period, thereafter reaching a steady state.17 

Therefore, the results of this small aspect of the present study 

compare favourably.   The lack of initial stability could be related to 

individual bone type and surgical protocol. Of the 3 patients, one 

was a former smoker, one a non-smoker and one smoked less than 

5 cigarettes per day. Medical history was unremarkable for these 3 

patients. 

 

The 3 failures encountered in the machined surface group showed 

no significant differences in terms of initial implant stability, implant 

size, bone parameters, age or medical history to suggest a higher 

risk for failure. That 2 were smokers may be construed as 

significant, however as with the study by Rocci et al 48, more 

smokers were in the TiUnite group than in the machined group. As 

has been suggested by Strietzel et al 68, the determining effect of 

smoking appears to be more pronounced when the implant used 
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has a machined surface however more research is required in this 

area.  

 

Conceptually, engagement of the inferior cortical plate is considered 

to be fundamental to achieving implant stability particularly in the 

context of immediate loading. Clinical conditions and morphological 

differences do not allow this to be achieved in all instances. 

Bicortical stabilisation was achieved in 23 of 35 implants placed, 

however this did not influence the survival rate outcome. 

Nevertheless, this outcome would not change the accepted surgical 

protocol of achieving bicortical stabilisation wherever possible for 

immediate loading. 

 

Of interest is the ISQ values that remained high and even increased 

despite being above 67-70, considered the value that most 

functioning implants attain.57 This may be attributed to the higher 

bone density in this area.  A small but significant drop in ISQ was 

recorded at the 3-month recall in the machined group that was not 

recorded in the TiUnite group. This is in accordance with the studies 

of Glauser et al 57,63,72 showing a drop in initial implant stability of 

machined implants followed by similar values at the one year point. 

The TiUnite implants maintained the initial stability values. This 

study showed a similar trend in accordance with Glauser et al. The 
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maintenance of initial stability with TiUnite implants may explain the 

higher success rate of the oxidised surface implants in this study.  

In a systematic review of biomechanical testing of the implant/bone 

interface, Aparicio et al70 concluded that RFA is able to indicate 

decreasing stability of an implant with sequential readings 

measured over time and noted extensive use of RFA in clinical 

research. Further research is required, however, to establish 

normative ranges of ISQ values. A single reading does not define 

the implant/bone interface or provide quantitative evaluation of 

tissue integration. 

 

Implant overdentures in general have less controlled loading when 

compared to fixed prostheses.81 It can be postulated therefore that 

forces, both axial and lateral, generated by an overdenture on a 

single implant have the potential to be greater than those produced 

by a multiple implant-retained overdenture. This may explain the 

high failure rate of the machined surface implant despite excellent 

initial stability. A recent study by Maeda et al 82 examined the 

biomechanical rationale of a single implant-retained mandibular 

overdenture using an in vitro model. The model revealed statistically 

significantly smaller lateral forces to ball abutments with single 

compared to two implant overdentures and molar load. A higher 

load was observed when the denture was loaded in the midline 

region. No significant difference in 3D denture base movement was 
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observed between single and two implant overdentures in the 

midline and molar regions with ball abutments. They concluded that, 

overall, the single implant overdenture had similar biomechanical 

effects to a two implant overdenture in terms of lateral forces to the 

abutment and denture base movements under molar functional 

loads. The authors did stress, the in vitro nature of the model and 

the need for follow-on studies performed in the clinical setting. 

 

A study by Tawse-Smith et al 60, comparing two different types of 

implant systems with delayed and early loading protocols for 

support of mandibular overdentures, experienced a higher failure 

rate with unsplinted machined implants that underwent early 

loading. In comparison studies, the TiUnite surface has been shown 

to maintain primary stability compared to the machined surface, 

which has shown a drop in implant stability during the early healing 

phase.56,57 Furthermore, the healing time required to achieve 

secondary stability is also shortened.46,55 Clinical studies have 

shown a superiority in performance of the TiUnite surface in 

immediate function.48,63,83 The benefits of immediate loading and the 

predictability of osseointegration has led to innovative solutions for 

providing the definitive prosthesis using CAD/CAM technology at 

the time of implant placement. 84,85 A human histologic study on 

retrieved delayed and immediately loaded implants showed higher 

bone to implant contact with immediately loaded TiUnite implants. 61 
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The results of this present study are in accordance with the results 

found in the above studies, when TiUnite implants are placed in 

immediate function. That the TiUnite surface performed without 

failure in this application appears to show a clear superiority in 

function compared to the machined surface, under the rigorous 

conditions of this study. 

 

Soft tissue impingement with an immediate attachment of the 

retentive cap hampered gingival healing, leading to discomfort. 

Whilst no wound dehiscence occurred, hypertrophy was a problem 

in two patients with one requiring excision of the excess tissue at 

the 8 week period. Only this patient had a 3 mm abutment collar. 

The insufficient collar height above the level of the mucosa allowed 

the tissue to creep over the shoulder of the abutment and, thus, was 

traumatised by denture insertion and movement. Where the collar 

height was at least 2 mm above the tissue level, this problem was 

not encountered. Payne et al 29 encountered similar problems in a 

comparable study utilising 2 implants. Their protocol dictated a 2 

week healing period prior to definitive relining. The rationale in this 

present study of delaying relining and connection of the attachment 

cap for 6 weeks, was to allow more complete maturation of the peri-

implant mucosa. Given the increased function reported by the 

patients during the healing phase this was not regarded as an 

undue hardship.  The use of a viscoelastic relining material not only 
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inhibited tissue proliferation by eliminating dead space but was 

more comfortable for the healing soft tissue, and is in agreement 

with another report.60 Both patients with tissue hypertrophy had a 

normal soft tissue profile after tissue conditioning and maintained 

the healthy level after a heat polymerized acrylic resin reline 

procedure. No patients developed late mucosal enlargement 86 as 

has been reported in other studies, such as by Engquist et al,19 

experiencing an incidence of 25% and Wright et al 27 having 35%. A 

significantly greater incidence of mucosal enlargement has been 

associated with bar splinted implants compared to freestanding ball 

attachments or magnets, even with similar levels of plaque control 

28,29  The findings in the present study are in accordance with those 

of Cordioli et al, 36 and Krennmair et al 38, also reporting no mucosal 

enlargement. The overall oral hygiene compliance for the group was 

considered acceptable, however, on two occasions patients had 

calculus formation around the ball attachment that prevented 

seating of the attachment. The lack of dead space with this 

attachment mechanism and relining procedure is thought to 

contribute to the favourable tissue response. Geriatric patients 

frequently possess impaired manual skills and reduced visual 

acuity. They are likely to have difficulties following cleaning 

instructions and may have to rely on care providers for plaque 

control. Whilst the plaque control in this patient cohort was 

considered acceptable, it may not continue with advancing age. The 
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dental profession has to be cognizant of the future needs of our 

patients with respect to maintenance requirements. Relying on care 

providers, whether family or professional, to perform adequate 

plaque control under bar structures or complex fixed bridgework 

may not be realistic. The single ball attachment located in a readily 

accessible area of the mouth is the simplest retention device 

available to cleanse. The overdenture itself can be easily removed 

and washed by a care provider, being similar to conventional 

dentures from a cleaning perspective. 

Conventional gingival and periodontal indices from the literature 

were not used in this study, as their use was not a requirement for 

the success criteria of Roos et al 79 employed. Albrektsson et al 37 

commenting on the omission of gingival indices from their widely 

used success criteria, stated that while a "nuisance " index of 

gingival change can be determined, it does not appear to be 

germane to implant success.37 

The change in protocol to 6 weeks of tissue conditioner instead of 

rigid fixation could be construed as a change from immediate 

loading to progressive or early loading.29,42 Sixty percent of the 

patients in this study had immediate loading. No changes in 

measurable parameters were noted between the immediate and 

progressive loading groups other than a subjectively more 

comfortable post operative period. 
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Prosthetic problems were relatively few compared to other studies 

30,31,87 with all attachments functioning well at the 3 year review; 

relines were not necessary. Payne et al 87, in a review of 

prosthodontic maintenance requirements of mandibular implant 

overdentures, found generally component specific problems were 

encountered, however there was an absence of uniformed reporting 

in the literature. Unsplinted implants have been associated with 

greater problems than splinted implants in some short to medium 

term studies30,31 and less in others.21,22 There is a general lack of 

consensus on the appropriate attachment system regardless of 

implant system used. The greatly reduced unplanned prosthodontic 

appointments in this study may in part be due to implant placement. 

The traditional position for mandibular overdentures utilising two 

implants is for implant placement in the canine region. This places 

the implants posterior to the incisal edge and may create bending 

moments about the implant as it acts as a fulcrum. This is 

particularly important with a tapering arch form where more 

significant bending moments on unsplinted ball attachments or 

cantilever loading of an offset connecting bar may lead to increased 

stress on the retentive components. Stress on these prosthetic 

components manifests as loosening of clips and retentive caps, and 

screw loosening or fracture. Implants placed more anteriorly reduce 

this potential and for this reason, it has been suggested to place two 

implants in the lateral incisor regions.88 In addition, if the implants 
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are not placed parallel, the off-axis insertion and removal places 

greater wear and tear on the componentry. This study placed the 

implant in the most anterior position possible and as a single 

attachment, does not have another implant to act as an antagonist. 

 

Other studies used metal retentive caps, whereas this study used 

plastic caps with a vertical spacer and rubber o-rings. The inherent 

resiliency with this attachment may allow more movement and 

hence less strain and potential for wear. The denture with this type 

of attachment is primarily tissue borne and implant retained. 

Therefore satisfactory stability of the denture is critical to avoid 

overloading the implant.  Placement of an implant does not abdicate 

responsibility for sound prosthodontic practice. The retentive cap 

used in this study is however substantially larger resulting in a 

reduced amount of denture base around the attachment particularly 

in the frequently narrow labio-lingual dimension encountered in the 

anterior mandible. If the implant is not placed in the ideal position 

from a prosthodontic perspective, through the correct use of 

surgical guidance as described, then an unfavourable overbulking 

of the denture base would result. This is less of a problem with 

smaller retentive caps. 

The three fractures of the denture base at the attachment site were 

due to a small labio-lingual dimension around the implant site and 

occurred subsequent to fixation of the attachment with chair-side 
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autopolymerising acrylic resin. No fractures occurred following the 

heat polymerised acrylic resin laboratory fabricated reline protocol. 

No specific reinforcement material was used around the retentive 

element and a conventional acrylic resin reline material for complete 

dentures was utilised (Implacryl; Vertex, Zeist, The Netherlands) 

Attard and Zarb89 reporting on along term study (10-19 years) of 

overdenture patients showed longevity of the overdenture 

prosthesis of 10.4 +/- 5.6 years with relining required every 4.4 +/- 

2.8 years. Reline of the opposing denture was required earlier at 2.8 

+/- 1.2 years and thereafter every 3.89 years. The time limit of this 

study  was too short for correlation however the reline requirement 

is not greater than reported by Attard and Zarb. 

Denture tooth wear was within normal limits for this patient group 

with the exception of one patient who demonstrated severe wear 

within a year and again at 3 years of denture fabrication, 

necessitating teeth replacement. The fit, stability and comfort of the 

denture bases were still acceptable, and implant parameters (RFA, 

bone levels, soft tissue health) were favourable.  

 

One notable aspect of this study was that no advanced 

prosthodontic denture construction was advocated. All dentures had 

been made previously by the referring dentists and were required to 

fit minimal guidelines on denture adequacy.75 Hence, stability and 

retention were adequate with even bilateral occlusal contacts. No 
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dentures had balanced occlusion.  One of the primary goals of this 

study was to provide significant improvement in mandibular denture 

function at a low cost. It was therefore important to establish that 

the procedure had a broad range of applicability within the general 

dental community, rather than one confined to specialist or 

university practice. Another aspect of modifying the patient’s 

existing denture was that of attempting to define the treatment 

impact to be solely originating from placement of the implant. RCTs 

that have compared satisfaction of implant retained overdentures to 

conventional dentures have constructed new dentures as part of the 

trial.12,14 Satisfaction scores have increased in both the implant and 

conventional denture groups albeit to a greater extent in the implant 

group. By using the patient's existing denture with which they are 

accustomed to functioning with, in regards to aesthetics, phonetics 

and mastication; this study tests, as close as possible, the effect of 

the implant with fewer confounding variables.  

 

The resorbed mandible is a difficult region to radiograph due to 

impingement of the film into the floor of the mouth.  This has been 

reported in numerous studies. 20,25,26,78 This study, with all implants 

installed in the symphyseal midline, had a greater incidence of 

superimposition of the genial tubercles.  Of the radiographed 

implants, 52% could not be read accurately for this reason, as it 

was impossible to differentiate the marginal bone around the 
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implant from the superimposed cortical bone of the genial tubercles.  

All implants demonstrated a lack of peri-implant radiolucency. 

Qualitatively, many patients showed no discernible bone loss and 

others were consistent with remodelling of bone to the first thread, 

typical of two piece implants in function, however this could not be 

measured quantitatively in many cases.  

The success criteria used in this study79 specified not more than 

1mm of marginal bone resorption during the first year of loading and 

not more than 0.2mm resorption per year. As this could not be 

measured quantitatively in all implants, the term “success” could not 

be applied. Each implant was tested individually for mobility, 

adverse symptoms and peri-implant pathosis however, so can be 

categorised as surviving using these criteria. The measurable (48% 

of patients) bone remodelling findings compared favourably with 

those reported by Petersson et al 18 in a split mouth study of 7 

patients comparing 1 and 2 stage surgery. It was postulated that the 

lack of a second stage surgical procedure would limit coronal bone 

loss especially in the initial phases of prosthetic loading. The 

authors demonstrated a similar bone remodelling comparing 2 

stage, delayed 1 stage and early loading after 18 months of follow 

up with little change to the 5 year follow up stage. Bone levels in 

this present study were significantly different between the two 

surfaces, with mean bone loss for the TiUnite group less than 1mm 

for the entire 3 year recall period and bone resorption at a mean of 
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0.13mm per year after the first year of loading. The machined 

implant, within the very small sample size, showed a mean of 2mm 

bone loss to the first year, compared with the TiUnite surface bone 

loss of 0.63mm, and 0.1mm bone resorption per year to the 3-year 

recall. It appears, although the statistics are unreliable, that once 

bone maturation has taken place, the implant surface may not have 

a significant role to play in maintenance of osseointegration with 

respect to bone levels, however in the initial healing phases the 

TiUnite surface shows a distinct advantage. 

 

The statistical data show that edentulous patients tend to come 

from households with below average income 90 For this reason, the 

cost of treatment becomes a more significant determinant of 

treatment acceptance compared to other groups. Any reduction in 

cost to the patient becomes more critical. Studies measuring the 

cost of implant overdenture therapy have been done with a 

microcosting technique which examines the direct to the patient 

cost and also indirect costs like time and transportation.34 Measured 

in this way, the difference in cost between 1 and 2 implants would 

be primarily half the component costs, as the time differential from 

both the surgical and prosthodontic viewpoint would be minimal. 

The nature of this treatment modality is such that there are no 

expensive laboratory costs involved, so that the implant 

components represent a significant overhead. Therefore, from this 
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author’s perspective, provision of a 2 implant overdenture with ball 

attachments would cost around 1.7 times more to provide compared 

to a single implant overdenture. From a psychological view, the 

surgical trauma is less and this is appealing to the prospective 

patient. The site of implant placement is easily accessible, requires 

only local anaesthesia with a resultant minimal time and morbidity 

for the patient. This is particularly advantageous for geriatric 

patients with general medical risk factors.  

The minimal reporting of prosthetic problems to the 3-year point is 

interesting from a maintenance cost standpoint. If this type of 

overdenture design and attachment component has a lower 

maintenance requirement, then this has favourable implications with 

respect to cost-effectiveness. From clinical experience with other 

attachment mechanisms, the choice of a resilient, robust 

attachment exhibiting some degree of movement, with a primarily 

tissue borne prosthesis, appears to be critical from a maintenance 

perspective.  

 

Satisfaction with treatment is a highly complex phenomenon 

influenced by numerous factors, and not strictly related to the 

stomatognathic system.91 An 8-year follow-up to a randomised 

clinical trial by Timmerman et al 92 compared three types of 

attachment mechanism for mandibular overdentures: a tissue 

retained overdenture on two implants with ball attachments, a 
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combined tissue–implant-retained overdenture on two implants with 

a single bar, or an implant retained overdenture on four implants 

with a triple bar. All three strategies showed significantly increased 

patient satisfaction with respect to function, retention, stability and 

social functioning over the 8-year follow-up period. Although there 

was a significant slight decrease in early high satisfaction levels 

when compared to those after 19 months. The authors propose that 

this decrease is probably caused by patients becoming more 

accustomed to their improved dental health. The study showed that 

having more than two implants did not lead to a more satisfied 

individual however participants with two implants and ball 

attachments were less satisfied than those with splinted implants at 

the 8-year point. At 19 months, similar levels of satisfaction between 

the groups were evident. The authors postulated that unsplinted 

implants result in a primarily tissue-borne prosthesis and that all 

clinical data had not been taken into account. The study did not 

detail prosthodontic maintenance requirements, planned or 

unplanned. Component problems, as noted in other studies 30,31,94, 

may lead to decreased satisfaction levels. Naert et al 93,94, in a 

randomised clinical trial of two implant retained mandibular 

overdentures, compared splinting with a bar, ball attachments and 

magnets. All had significantly improved levels of satisfaction at the 5 

year follow-up although stability and chewing comfort were 

significantly lower among patients in the magnet group (P=.05). All 
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patients said they would have the treatment again even though 

expectations in the magnet group were not met. This was explained 

by the dramatic improvement in comparison to the patients’ 

previous dentures. Similarly, the patients in this present study, with 

the exception of one patient who had an early failure prior to 

receiving the retentive cap and hence did not experience any 

functional improvement, stated that they would have the treatment 

again if required. Quantitatively measured satisfaction levels in this 

study were significantly improved at the 3-month time period with 

maintenance of this satisfaction to the 3-year recall. This is in 

contrast to the decrease in satisfaction observed by the Timmerman 

group.92 The lack of component problems may account for this 

difference. 

 

The McGill consensus statement suggests that the two implant 

overdenture should become the first choice of treatment for the 

edentulous mandible.32  Fitzpatrick,33 in a 2006 review of the 

standard of care for the edentulous mandible, stated that the McGill 

consensus should be viewed as a milestone, as well as a desirable 

stepping stone in the pursuit of a universally acceptable standard of 

care for all edentulous patients. However, the standard of care in 

the edentulous mandible is the intervention judged by the well-

informed patient, in consultation with an appropriately trained and 

experienced dental health care provider, to best meet the needs 
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and circumstances of the patient. Fitzpatrick went on to say that it is 

generally accepted that principals of prosthodontic treatment 

demand that clinicians pursue the safest, least invasive, least 

costly, least complex treatment solution to meet the reasonable 

needs and expectations of edentulous patients. The need for 

mechanical and biological stability, longevity and low maintenance 

for the life of the prosthetic device is required. The present 3 year 

prospective study on the immediately functioning single implant 

overdenture, shows excellent survival rates using an oxidised 

surface implant and dramatically improved patient reported 

satisfaction levels in patients with pretreatment denture problems. It 

is difficult to postulate whether 2 implants are twice as effective as 

one, or even whether there is any discernible difference from a 

patient perspective. A limitation of this study is the lack of a 

comparison group with the more conventional 2-implant 

overdenture or prostheses optimized to operator best standards. 

Therefore, a randomized clinical trial comparing single implant 

overdentures and 2-implant overdentures with particular regard to 

patient satisfaction would be appropriate. Given the clear 

improvements and reduced costs with this modality, serious 

consideration for longer term and more extensive clinical trials is 

warranted. In the long term, with favorable results, the McGill 

consensus statement may well be challenged.  
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This thesis, reporting on 3 years of follow up for the single implant 

retained mandibular overdenture using oxidised surface implants, 

indicates that it is a positive treatment modality, which should make 

it advantageous for more completely edentulous patients with 

limited resources to benefit from an implant assisted prosthesis. It 

may well be considered to be the entry level treatment option for 

rehabilitation of the edentulous mandible in selected patients, 

especially the underprivileged geriatric groups. 
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CONCLUSIONS 

 

Within the limitations of this study's research design, it appears that 

the immediately loaded single implant retained mandibular 

overdenture, using an oxidised implant surface in a small group of 

prosthetically maladaptive patients, can provide a beneficial 

treatment outcome over a three year observation period. 

If insufficient stability at insertion is not achieved for immediate 

loading, then a delayed loading protocol should be utilised.   

The relatively simple treatment protocol and reduced component 

and laboratory involvement should mean that a greater number of 

edentulous patients could benefit from an implant-retained 

prosthesis. Indeed, this modality may be considered to be the entry 

level option for the rehabilitation of the edentulous mandible in 

selected patients. 
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APPENDIX 1 

Patient Consent 
 

 

 The University of Western Australia 

  Dr Glen J. Liddelow  and Prof J K. 
McGeachie  
School of Dentistry 
179 Wellington Street, Perth,   
Western Australia 6000 
Telephone  (08) 9220 5820 

  Facsimile   (08) 9221 3829 
Email: johnmcg@cyllene.uwa.edu.au 
Email: gliddelo@cyllene.uwa.edu.au 

 
 
 
Project:   A comparison between two implant surfaces used to retain mandibular 
overdentures. 
 
PATIENT CONSENT 
 
 
 I (the participant) have read the information sheet and any questions I have asked have 

been answered to my satisfaction.  I agree to participate in this activity, realising that I 
may withdraw at any time without reason and without prejudice.  

 
 I understand that all information provided is treated as strictly confidential and will not be 

released by the investigator unless required to by law. 
  
 I realise that my participation in this study does not prejudice any right to compensation, 

which I may have under statute or common law. 
 
 I agree that research data gathered for the study may be published provided my name or 

other identifying information is not used. 
 
 
 
 ______________________________________  
        Signature  
 
 ______________________________________ _______________________________ 
 Name of Participant Date 
 
  
The Human Research Ethics Committee at The University of Western Australia requires that all participants are 

informed that, if they have any complaint regarding the manner, in which a research project is 
conducted, it may be given to the researcher or, alternatively to the Secretary, Human Research Ethics 
Committee, Registrar’s Office, The University of Western Australia, 35 Stirling Highway, Crawley, WA 
6009 (telephone number 9380-3703). All study participants will be provided with a copy of the 
Information Sheet and Consent Form for their personal record.  

mailto:johnmcg@cyllene.uwa.edu.au�
mailto:gliddelo@cyllene.uwa.edu.au�
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Introduction letter 
 
Dear Patient, 
 
You are hereby invited to participate in a clinical investigation where you 
will receive one titanium implant to help retain your existing lower 
denture.   This is simply a small metallic titanium post which is inserted 
into the bone of the lower jaw.  The top protrudes through the gum into 
a recess in your lower denture.  It acts to help retain and stabilize the 
lower denture. 
Titanium has been used as an implant material in dentistry for more than 
30 years, and it is very compatible with living tissues. Technical and 
clinical investigations through the years have shown that titanium is very 
suitable in the field of implantology.  Success rates for implants in the 
lower jaw are some of the highest of any treatment modality in medicine. 
The lower complete denture, as you know, has historically been 
problematic due to a lack of supporting bone compared to that in the 
upper jaw.  Implants have revolutionized this problem but the time 
frames have been long and the treatment cost very high.  The goal is 
now to reduce these time frames so that patients may function earlier 
and to reduce the cost through reducing the number of procedures and 
the time in between procedures. 
 
The procedure will be, after suitability assessment, to place one implant 
in the middle front of your lower jaw.  This is placed in a gentle manner 
under sterile conditions with a local anaesthetic. You will feel some 
pressure but no pain or discomfort.  It is similar to having a simple 
extraction. A couple of stitches will be placed in the gum afterwards and 
remain in place for about one week. 
 
The top of the implant will protrude through the gum and a small 
titanium ball placed. Your denture will then be fitted with a clip that fits 
over the ball and holds the denture in place.  
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You will notice an immediate improvement in the stability and retention of 
your denture, however it is best to take it easy with hard foods for the first 
week. 
 
The aim of this investigation is to evaluate an implant with a modified 
surface in contact with the bone against the conventional implant 
surface, where pre-clinical studies have shown an improved initial 
stability. Initial stability of the implant is an important factor for continued 
success of the treatment. The treatment (including implant placement / 
surgery) will be performed in the same way as a routine treatment with 
Brånemark implants. The implant surface type (conventional or surface 
modified) you will receive, will be entirely randomized and you will not be 
told which type you have received until the end of the study.  
 
The progress of your treatment will be very carefully monitored at 1,3and 
6 weeks and 3,12 and 36 months. At these reviews, a thorough 
assessment will be made and small X-rays will need to be taken. You will 
also be asked to fill out a simple questionnaire at 3 weeks and at 12 and 
36 months. Of course, if you experience any problems, you will be seen 
promptly, in between these times. The information gathered will be 
computer processed, but your identity will not be given out. 
 
A small percentage (previous studies indicate ~8%) of implants fail to 
integrate with the bone.  If this happens, you will be given the options 
of; 
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1. No further treatment. 
2. Replacement of the implant after a healing period of 3 months. 
3. Replacement of the implant using a delayed loading protocol 

where the implant is not connected to your denture for 3 
months. 

 
If you decide to partake in this investigation, this decision must be made 
voluntarily by you. Please be aware that you can withdraw from the 
investigation at any time and for any reason, and that if you choose to do 
so this will definitely not interfere with your future treatment. 
 
 
 
 
 

Approximate size of the implant  
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APPENDIX 2 
 
THE DECLARATION OF HELSINKI 
 
Recommendations guiding physicians in biomedical research involving human subjects. 
 
Adopted by the 18th World Medical Assembly, Helsinki, Finland, June 1964, amended by 
the 29th World Medical Assembly, Tokyo, Japan, October 1975, the 35th World Medical 
Assembly, Venice, Italy, October 1983, and the 41st World Medical Assembly, Hong 
Kong, September 1989. 
 
Introduction 
 
It is the mission of the physician to safeguard the health of the people. His or her 
knowledge and conscience are dedicated to the fulfillment of this mission. 
 
The Declaration of Geneva of the World Medical Association binds the physician with the 
words “The health of my patient will be my first consideration”, and the International 
Code of Medical Ethics declares that “A physician shall act only in the patient’s interest 
when providing medical care which might have the effect of weakening the physical and 
mental condition of the patient”. 
 
The purpose of biomedical research involving human subjects must be to improve 
diagnostic, therapeutic and prophylactic procedures and the understanding of the 
etiology and pathogenesis of disease. 
 
In current medical practice most diagnostic, therapeutic or prophylactic procedures 
involve hazards. This applies especially to biomedical research. 
 
Medical progress is based on research which ultimately must rest in part on 
experimentation involving human subjects. 
 
In the field of biomedical research a fundamental distinction must be recognized 
between medical research in which the aim is essentially diagnostic or therapeutic for a 
patient, and medical research, the essential object of which is purely scientific and 
without implying direct diagnostic or therapeutic value to the person subjected to the 
research. 
 
Special caution must be exercised in the conduct of research which may affect the 
environment, and the welfare or animals used for research must be respected. 
 
Because it is essential that the results of laboratory experiments be applied to human 
beings to further scientific knowledge and to help suffering humanity, the World Medical 
Association had prepared the following recommendations as a guide to every physician 
in biomedical research involving human subjects. They should be kept under review in 
the future. It must be stressed that the standards as drafted are only a guide to 
physicians all over the world. Physicians are not relieved from criminal, civil and ethical 
responsibilities under the laws of their own countries. 
 
I   Basic Principles 
 

1. Biomedical research involving human subjects must conform to generally 
accepted scientific principals and should be based on adequately performed 
laboratory and animal experimentation and on a thorough knowledge of the 
scientific literature. 
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2. The design and performance of each experimental procedure involving human 
subjects should be clearly formulated in an experimental protocol which should 
be transmitted for consideration, comment and guidance to a specially 
appointed committee independent of the investigator and the sponsor provided 
that this independent committee is conformity with the laws and regulations of 
the country in which the research experiment is performed. 

 
3. Biomedical research involving human subjects should be conducted only by 

scientifically qualified persons and under the supervision of a clinically 
competent medical person. The responsibility for the human subject must 
always rest with a medically qualified person and never rest on the subject of 
research, even though the subject had given his or her consent. 

 
4. Biomedical research involving human subjects cannot legitimately be carried out 

unless the importance of the objective is in proportion to the inherent risk to the 
subject. 

 
5. Every biomedical research project involving human subjects should be preceded 

by careful assessment of predictable risks in comparison with foreseeable 
benefits to the subject of to others. Concern for the interests of the subject 
must always prevail over the interests of science and society. 

 
6. The right of the research subject to safeguard his or her integrity must always 

be respected. Every precaution should be taken to respect the privacy of the 
subject and to minimize the impact of the study on the subject’s physical and 
mental integrity and on the personality of the subject. 

 
7. Physicians should abstain from engaging in research projects involving human 

subjects unless they are satisfied that the hazards involved are believed to be 
predictable. Physicians should cease any investigation if the hazards are found 
to outweigh the potential benefits. 

 
8. In publication of the results of his or her research, the physician is obliged to 

preserve the accuracy of the results. Reports of experimentation not in 
accordance with the principles laid down in the Declaration should not be 
accepted for publication. 

 
9. In any research on human beings, each potential subject must be adequately 

informed of the aims, methods, anticipated benefits and potential hazards of the 
study and the discomfort it may entail. He or she should be informed that he or 
she is at liberty to abstain from participation in the study and that he or she is 
free to withdraw his or her consent to participation at any time. The physician 
should then obtain the subejectOs freely-given informed consent, preferably in 
writing. 

 
10. When obtaining informed consent for the research project the physician should 

be particularly cautious if the subject is in a dependent relationship to him or 
her or may consent under duress. In that case the informed consent should be 
obtained by a physician who is not engaged in the investigation and who is 
completely independent of this official relationship. 

 
11. In case of legal incompetence, informed consent should be obtained from the 

legal guardian in accordance with national legislation. Where physical or mental 
incapacity makes it impossible to obtain informed consent, or when the subject 
is a minor, permission from the responsible relative replaces that of the subject 
in accordance with national legislation. 
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12. The research protocol should always contain a statement of the ethical 
considerations involved and should indicate that the principles enunciated in the 
present Declaration are complied with. 

 
 
II     Medical Research Combined With Professional Care 
        (Clinical Research) 
 

1. In the treatment of the sick person, the physician must be free to use a 
new diagnostic and therapeutic measure, if in his or her judgment it offers 
hope of saving life, reestablishing health or alleviating suffering. 

2. The potential benefits, hazards and discomfort of a new method should be 
weighed against the advantages of the best current diagnostic and 
therapeutic methods. 

 
3. In any medical study, every patient D including those of a control group, if 

any D should be assured of the best proven diagnostic and therapeutic 
method. This does not exclude the use of inert placebo in studies where no 
proven diagnostic or therapeutic method exists. 

 
4. The refusal of the patient to participate in a study must never interfere with 

the physician-patient relationship.  
 

5. If the physician considers it essential not to obtain informed consent, the 
specific reasons for the proposal should be stated in the experimental 
protocol for transmission to the independent committee (1,2) 

 
6. The physician can combine medical research with professional care, the 

objective being the acquisition of new medical knowledge, only to the 
extent that medical research is justified by its potential diagnostic or 
therapeutic value for the patient. 

 
 
III   Non-therapeutic Biomedical Research Involving Human Subjects 
      ( Non-clinical biomedical research) 
 

1. In the purely scientific application of medical research carried out on a   
human being, it is the duty of the physician to remain the protector of 
the life and health of that person on whom biomedical research is being 
carried out. 

 
2. The subjects should be volunteers D either healthy persons or patients 

for whom the experimental design is not related to the patient’s illness. 
 

3. The investigator or the investigating team should discontinue the 
research if in his/her or their judgment it may, if continued, be harmful 
to the individual. 

 
4. In research on man, the interest of science and society should never 

take precedence over considerations related to the well-being of the 
subject. 
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APPENDIX 3 - Patient Forms 
 
 
 
PRE TREATMENT FORM        SIOD 1  
 
Patient Name: ______________________ 
 
Date of Birth: __________________________ 
 
Sex: __________________________________ 
 
Confidential Medical History 
 
Family Doctor’s Name:_______________________________________________________ 
 
Address: _________________________________________________________________ 
 
Telephone Number:________________________________________________________ 
 
Are you being treated by a doctor at present?( If so, please list) 
 
________________________________________________________________________ 
 
Are you taking any medicines, pills, tablets, drugs now (or have you in the recent past?)  If so, 
please list. 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
Have you been hospitalised for or had any of the following (if so, please tick and list year). 

□ Heart Disease, Open Heart Surgery, Pacemaker  □  Thyroid Conditions: 

_ Prosthetic Heart Valve, Heart Murmur  □  Liver or Kidney Dysfunction 

□ Rheumatic Fever  □  High Blood Pressure  

□ Hepatitis or Jaundice  □  Stroke: 

□ Epilepsy  □  Joint Replacements 

□ Diabetes 
 
Do you suffer from Asthma and/or are you allergic to anything? (eg drugs, medicines, antiseptics, 
dental materials)  
 
________________________________________________________________________ 
 
Have you ever had radiotherapy/chemotherapy? (If yes please state area of body) 
 
________________________________________________________________________ 
 

If female, are you pregnant?         □  YES  □  NO 
 

Have you ever had an unfavourable reaction to dental treatment?   □  YES  □  NO 
 

Are you in a susceptible category for contracting or passing AIDS, Hepatitis B or C?  □  YES  □  NO 
 

Do you smoke?  □  NO    □  YES □  0 – 5 per day     □  6 – 10 per day 

 □  11 – 15 per day  □  > 15 per day 
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Signature__________________________________ 
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INITIAL EXAMINATION FORM      SIOD 2 
 
Patient Name: ______________________ 
 
Date of Birth: _______________________ 
 
Patient Number: _____________________ 
 
Totally edentulous: ___________________ 
 
Time mandible edentulous: _________________________________________ 
 
Exclusive Criteria 
 
History of drug/alcohol abuse: ________________________________________ 
 
Health condtion precluding surgery: ____________________________________ 
 
Administrative or physical reason that may effect follow up: ____________________ 
 
Psychiatric problem: _______________________________________________ 
 
Disorder to implant area: ___________________________________________ 
 
Bone regeneration to fixture site: ______________________________________ 
 
Informed Consent    YES   NO 
 
Intraoral Examination    Absence of disease       YES  NO     Details: ________ 
 
 
Assessment of Current Dentures 
      Maxilla   Mandible 
   
Retention      _______   _______ 
 
Stability      _______              _______ 
 
Occlusal Wear     _______   _______ 
 
Aesthetics      _______   _______ 
 
Age      _______   _______ 
 
Dentures satisfactory    YES    NO  Requirements to correct: ________ 
 
 
Smoker           NO     YES    encourage to quit – info given  
Duplication of denture    NO    YES   
 
Photos     Extraoral   Intraoral 
 
Radiographs    OPG    Lat ceph 
 
Suitability for study inclusion   YES        NO  Details: __________________ 
 
 
Anticipated implant length: ______________ 
 
Implant surface allocation:     Standard     Tiunite   
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IMPLANT INSERTION APPOINTMENT FORM    SIOD 3 
 
 
Patient Name: ________________________     Date: ________________ 
 
Date of Birth: ________________________ 
 
Insertion according to protocol:         YES          NO   Details: ______________ 
 
 
 
Surgical 
 
Withdrawal of medication_________________________________________ 
 
Pre-med____________ Antibiotic____________ Anti-anxiety_____________ 
 
Anti-inflammatory__________________  Local anaesthetic_______________ 
 
Type of Implant   Standard    Tiunite 
 
Implant Length___________mm  Width___________mm 
 
Bone Quality (1-4) ________ 
 
Bone Quantity (A-E) _______ 
 
Resonance Frequency Value (RFA) _______________________ 
 
Initial Stability    Poor    Good     Excellent 
 
Cortical Anchorage   None    Unicortical   Bicortical 
 
Pre-tapping    YES    NO 
 
Countersinking      YES    NO 
 
Prosthetic 
 
Ball Attachment Length__________mm 
 
Radiograph   copy to Nobel Biocare 
 
Oral Hygiene Instructions 
 
Comments __________________________________________________ 
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REVIEW  -  1 WEEK               SIOD 4 
 
Patient Name: ___________________  Date: ________________ 
 
Date of Birth: ___________________ 
 
Remove Sutures 
 
Check Healing 
 
Adverse Event     NO    YES 
 
Components 
 
Implant loose     NO    YES 
 
Implant fracture     NO    YES 
 
Ball attachment loose    NO    YES 
 
Screw fracture     NO    YES 
 
Denture fracture    NO    YES 
 
Details: _______________________________________________________ 
 
 
 
Tissue Related 
 
Dehiscence Fenestration    NO    YES 
 
Haematoma     NO    YES 
 
Sequestrum     NO    YES 
 
Abscess      NO    YES 
 
Fistula      NO    YES 
 
Other      NO    YES 
 
Details: _______________________________________________________ 
 
 
 
Next appointment: __________________________ 
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REVIEW  -  3 WEEKS       SIOD 5 
 
Patient Name: ______________________   Date: ___________ 
 
Date of Birth: ______________________ 
 
Questionaire (VAS) 
 
Clinical Assessment 
 
Oral hygiene    excellent (no plaque)   acceptable          poor 
 
Adverse event – unexpected reaction        NO        YES – fill out adverse reaction form    
 
Check mobility (manual)    immobile    mobile – failure 
 
Remove abutment 
 
RFA value: _____________ 
 
Radiograph PA duplicate   One sent to Nobel Biocare  
 
Assess mandibular denture: 
 
 Retention   excellent   acceptable  unacceptable 
 
 Stability    excellent   acceptable       unacceptable 
 
 Resistance   excellent   acceptable       unacceptable 
 
 Occlusion   excellent   acceptable       unacceptable 
 
Assess maxillary denture: 
 
 Retention   excellent   acceptable  unacceptable 
 
 Stability    excellent   acceptable       unacceptable 
 
 Resistance   excellent   acceptable  unacceptable 
 
 Occlusion   excellent   acceptable       unacceptable 
 
 
 
 
 
 
Next review appointment: _____________________________ 
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REVIEW  -  6 WEEKS       SIOD 6 
 
Patient Name: ______________________   Date: ___________ 
 
Date of Birth: ______________________ 
 
 
Clinical Assessment 
 
Soft tissues   healthy   gingivitis  
 
    hyperplastic    problematic – fill out adverse reaction form 
 
Adverse event – unexpected reaction    NO        YES  -  fill out adverse reaction form  
 
Mobility test manual     immobile       mobile – fill out adverse event form 
 
RFA value: _____________ 
 
Radiograph PA duplicate   One sent to Nobel Biocare  
 
Assess mandibular denture: 
 
 Retention   excellent   acceptable      unacceptable 
 
 Stability    excellent   acceptable           unacceptable 
 
 Resistance   excellent   acceptable           unacceptable 
 
 Occlusion   excellent   acceptable           unacceptable 
 
Assess maxillary denture: 
 
 Retention   excellent   acceptable      unacceptable 
 
 Stability    excellent   acceptable           unacceptable 
 
 Resistance   excellent   acceptable      unacceptable 
 
 Occlusion   excellent   acceptable           unacceptable  
 
Adverse event/unexpected reaction       NO         YES – fill out adverse event form 
   
 
Next review appointment: ______________________________ 
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REVIEW  -  3 MONTHS       SIOD 7 
 
Patient Name: ______________________   Date: ___________ 
 
Date of Birth: ______________________ 
 
Clinical Assessment 
 
Oral hygiene    excellent (no plaque)   acceptable          poor 
 
Soft Tissues    healthy    gingivitis 
    
     hyperplastic    problematic – fill out adverse event 
form 
 
Adverse event – unexpected reation        NO        YES – fill out adverse reaction form    
 
Mobility test manual        immobile           mobile – fill out adverse event form 
 
RFA value: _____________ 
 
Radiograph  PA duplicate   One sent to Nobel Biocare  
 
Assess mandibular denture: 
 
 Retention   excellent   acceptable      unacceptable 
 
 Stability    excellent   acceptable           unacceptable 
 
 Resistance   excellent   acceptable           unacceptable 
 
 Occlusion   excellent   acceptable           unacceptable 
 
Assess maxillary denture: 
 
 Retention   excellent   acceptable      unacceptable 
 
 Stability    excellent   acceptable           unacceptable 
 
 Resistance   excellent   acceptable      unacceptable 
 
 Occlusion   excellent   acceptable           unacceptable 
 
Assess rubber ring acceptable      needs replacement of O-ring 
 
          requires replacement of cap 
 
 
 
Next review appointment: ______________________________ 
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REVIEW  -  1 YEAR          SIOD 8 
 
Patient Name: ______________________   Date: ___________ 
 
Date of Birth: ______________________ 
 
Questionaire (VAS) 
 
Clinical Assessment 
 
Soft tissues   healthy   gingivitis  
 
    hyperplastic    problematic – fill out adverse reaction form 
 
Adverse event – unexpected reaction    NO        YES  -  fill out adverse reaction form  
 
Mobility test manual     immobile       mobile – fill out adverse event form 
 
RFA value: _____________ 
 
Radiograph PA duplicate   One sent to Nobel Biocare  
 
Assess mandibular denture: 
 Retention   excellent   acceptable      unacceptable 
 
 Stability    excellent   acceptable       unacceptable 
 
 Resistance   excellent   acceptable       unacceptable 
 
 Occlusion   excellent   acceptable       unacceptable 
 
Assess maxillary denture: 

Retention   excellent   acceptable      unacceptable 
 
 Stability    excellent   acceptable       unacceptable 
 
 Resistance   excellent   acceptable      unacceptable 
 
 Occlusion   excellent   acceptable       unacceptable  
 
Assess rubber ring and cap acceptable      needs replacement of O-ring 
 
            requires replacement of cap 
 
Assess for parafunctional wear    no wear     minor wear 
 
       problematic – fill out adverse event form
      
   
 
Next review appointment: ______________________________ 
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REVIEW  -  3 YEARS          SIOD 9 
 
Patient Name: ______________________   Date: ___________ 
 
Date of Birth: ______________________ 
 
Questionaire (VAS) 
 
Clinical Assessment 
 
Soft tissues   healthy   gingivitis  
 
    hyperplastic    problematic – fill out adverse reaction form 
 
Adverse event – unexpected reaction    NO        YES  -  fill out adverse reaction form  
 
Mobility test manual     immobile       mobile – fill out adverse event form 
 
RFA value: _____________ 
 
Radiograph PA duplicate   One sent to Nobel Biocare  
 
Assess mandibular denture: 
 
 Retention   excellent   acceptable      unacceptable 
 
 Stability    excellent   acceptable       unacceptable 
 
 Resistance   excellent   acceptable       unacceptable 
 
 Occlusion   excellent   acceptable       unacceptable 
 
Assess maxillary denture: 
 
 Retention   excellent   acceptable      unacceptable 
 
 Stability    excellent   acceptable       unacceptable 
 
 Resistance   excellent   acceptable      unacceptable 
 
 Occlusion   excellent   acceptable       unacceptable  
 
Assess rubber ring and cap acceptable      needs replacement of O-ring 
 
            requires replacement of cap 
 
Assess for parafunctional wear    no wear     minor wear 
 
       problematic – fill out adverse event form
      
   
Next review appointment: ______________________________ 
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ADVERSE EVENT/UNEXPECTED REACTION FORM             SIOD 10 
 
Date of adverse event: _______________________ 
 
Component related 
 
Implant did not integrate (mobile)  
 
Implant fracture    
 
Screw fracture     
 
Screw loosening    
 
O-ring problem    lost              broken   worn needing replacement 
 
Cap problem    dislodged   broken   worn needing replacement 
 
Denture problem   fracture    occlusal   require reline/rebase/remake 
 
Other    
 
Details of above and action taken: _________________________________ 
 
_____________________________________________________________ 
 
 
Tissue related 
 
Dehiscence/fenestration    
 
Sequestrum     
 
Heamatoma     
 
Abscess      
 
Fistula formation    
 
Gingiva      
 
Attachment loss     
 
Other      
 
Details of above and action taken: _____________________________________ 
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COMPLETION OF INVESTIGATION FORM    SIOD 11 
 
Patient Name: ______________________ 
 
Date of Birth: ______________________ 
 
The investigation has been carried out and completed according to protocol    YES   

      NO 
 
Date of completion: _________________ 
 
Withdrawal from Investigation 
 
Patient withdrew from investigation on _______________________________ 
 
Reason for Withdrawal 
 
   Deceased 
 
   Poor compliance 
 
   Subject wished to withdraw 
 
   Adverse event 
 
   Other 
 
Details: _____________________________________________________ 
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APPENDIX 4  (Lines not to scale) 
 
 
 
VISUAL ANALOGUE SCALE (VAS) QUESTIONNAIRE   SIOD 12 
 
Patient Name: ______________________ 
 
Date of Birth: __________________________ 
 
Sex: __________________________________ 
 
ASSESSMENT OF PRESENT DENTURES 
 
Please answer the following questions in relation to your current lower denture.  Place a vertical line through the line at the 
point where you think best fits your current situation. 
 
Eg  Do you like football? 
 
I hate it ____________________|____________________________ I love it 
 
 
General Satisfaction 
 
In general, are you satisfied with your current lower denture? 
 
Not at all ________________________________________________  Totally satisfied 
satisfied 
 
Ability to speak 
 
How would you rate your ability to speak with regards to your lower denture? 
 
Always      _______________________________________________ never difficult 
difficult 
 
How often do your dentures affect your social life?    
 
Always      _______________________________________________ Never  
 
Are there activities that you avoid because of the possibility of being embarrassed by your dentures?    
 
Yes,many  _______________________________________________ No, none 
 
 
Eating ability 
 
How would you rate your ability to bite into hard food eg raw carrots? 
 
Impossible ________________________________________________ easy 
 
How would you rate your ability to chew hard food eg raw carrots? 
 
Impossible ________________________________________________  easy 
 
How would you rate your ability to bite into soft foods eg bread 
 
Impossible ________________________________________________ easy 
 
How would you rate your ability to chew soft foods eg bread 
 
Impossible ________________________________________________  easy 
 
Denture comfort  
 
How often do you have ulcers or denture sores under your lower denture? 
 
Always      ________________________________________________   Never  
 
How would you describe the fit of your lower denture? 
 
Very loose ________________________________________________ No looseness 
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APPENDIX 5 

Statistics for Resonance Frequency Analysis (RFA) 

 
RFA means and SD of the Machined group  
 
See means over time by group RFA1 = 0 months, RFA 3 = 3 
months, RFA12 = 12 months and RFA36 = 36 months 
 Descriptive Statistics 
 

  N Minimum Maximum Mean Std. Deviation 
RFA1 4 69 77 72.25 3.403
RFA3 4 54 75 65.75 8.732
RFA12 4 68 75 71.50 3.109
RFA36 4 68 74 72.50 3.000
Valid N (listwise) 4
 

 
 
 
RFA means TiUnite group 
 
 Descriptive Statistics 
 

  N Minimum Maximum Mean Std. Deviation 
RFA1 25 66 87 74.76 5.577
RFA3 25 66 82 73.12 3.833
RFA12 25 67 84 74.28 4.228
RFA36 24 68 84 75.50 4.181
Valid N (listwise) 24
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Differences over time, significance tests: TiUnite group. See p 
values (no significant changes over time) 
 
 ANOVA 
 
RFA1  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 73.598 3 24.533 1.207 0.311
Within Groups 1930.240 95 20.318
Total 2003.838 98
 

 
 Multiple Comparisons 
 
Dependent Variable: RFA1  
LSD  

(I) time (J) time 

Mean 
Difference (I-

J) Std. Error Sig. 95% Confidence Interval 
 

Lower Bound
Upper 
Bound 

Lower 
Bound Upper Bound

Lower 
Bound 

0 3 1.640 1.275 0.201 -0.89 4.17  
12 0.480 1.275 0.707 -2.05 3.01  
36 -0.740 1.288 0.567 -3.30 1.82  

3 0 -1.640 1.275 0.201 -4.17 0.89  
12 -1.160 1.275 0.365 -3.69 1.37  
36 -2.380 1.288 0.068 -4.94 0.18  

12 0 -0.480 1.275 0.707 -3.01 2.05  
3 1.160 1.275 0.365 -1.37 3.69  
36 -1.220 1.288 0.346 -3.78 1.34  

36 0 0.740 1.288 0.567 -1.82 3.30  
3 2.380 1.288 0.068 -0.18 4.94  
12 1.220 1.288 0.346 -1.34 3.78  
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Machined group: 
 
 
 ANOVA 
 
RFA1  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 122.500 3 40.833 1.534 0.256
Within Groups 319.500 12 26.625
Total 442.000 15
 

 
 Multiple Comparisons 
 
Dependent Variable: RFA1  
LSD  

 
 

 

(I) time (J) time 

Mean 
Difference (I-

J) Std. Error Sig. 95% Confidence Interval 

Lower BoundUpper BoundLower Bound Upper Bound Lower Bound 
0 3 6.500 3.649 0.100 -1.45 14.45

12 0.750 3.649 0.841 -7.20 8.70
36 -0.250 3.649 0.947 -8.20 7.70

3 0 -6.500 3.649 0.100 -14.45 1.45
12 -5.750 3.649 0.141 -13.70 2.20
36 -6.750 3.649 0.089 -14.70 1.20

12 0 -0.750 3.649 0.841 -8.70 7.20
3 5.750 3.649 0.141 -2.20 13.70
36 -1.000 3.649 0.789 -8.95 6.95

36 0 0.250 3.649 0.947 -7.70 8.20
3 6.750 3.649 0.089 -1.20 14.70
12 1.000 3.649 0.789 -6.95 8.95
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Compare the TiUnite group with the machined group, over time 
at beginning, 3, 12 and 36 months. 
 
Diffs between groups at 0 months 
 
 
 Report 
 
RFA1  

Group Mean N Std. Deviation 
1 72.25 4 3.403
2 74.76 25 5.577
Total 74.41 29 5.355
 

 
 ANOVA Table 
 

    
Sum of 

Squares df 
Mean 

Square F Sig. 
RFA1 * GroupBetween Groups (Combined) 21.724 1 21.724 0.751 0.394
  Within Groups 781.310 27 28.937
  Total 803.034 28
 

 

 
 
At three months. This was significant, red mean values below, 
the machined group value were lower. 
 
 Report 
 
RFA1  

Group Mean N Std. Deviation 
1 65.75 4 8.732
2 73.12 25 3.833
Total 72.10 29 5.240
 

 
 ANOVA Table 
 

    
Sum of 

Squares df Mean Square F Sig. 
RFA1 * 
Group 

Between 
Groups 

(Combined) 187.300 1 187.300 8.698 0.007

  Within Groups 581.390 27 21.533
  Total 768.690 28
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At 12 months: 
 
 Report 
 
RFA1  

Group Mean N Std. Deviation 
1 71.50 4 3.109
2 74.28 25 4.228
Total 73.90 29 4.161
 

 
 ANOVA Table 
 

    
Sum of 

Squares df Mean Square F Sig. 
RFA1 * 
Group 

Between 
Groups 

(Combined) 26.650 1 26.650 1.571 0.221

  Within Groups 458.040 27 16.964
  Total 484.690 28
 

 
At 36 months: 
 
 Report 
 
RFA1  

Group Mean N Std. Deviation 
1 72.50 4 3.000
2 75.50 24 4.181
Total 75.07 28 4.127
 

 
 ANOVA Table 
 

    
Sum of 

Squares df 
Mean 

Square F Sig. 
RFA1 * 
Group 

Between 
Groups 

(Combined) 30.857 1 30.857 1.870 0.183

  Within Groups 429.000 26 16.500  
  Total 459.857 27  
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Statistics for Bone Loss 
 
Mean bone loss by group: 
 
R3 = right side at 3 months, L3 = left at three months etc. 
 
 
 
 
Machined group: 
 
 Descriptive Statistics 
 

  N Mean Std. Deviation 
L3 4 1.425 1.4705 
R3 4 1.800 1.2000 
L12 4 1.875 1.1117 
R12 4 2.150 0.6608 
L36 4 2.125 0.6602 
R36 4 2.300 0.7394 

Valid N (listwise) 4 
 

 
 
TiUnite group. 
 
 
 Descriptive Statistics 
 

  N Mean Std. Deviation 
L3 11 0.327 0.5159 
R3 11 0.491 0.5009 
L12 11 0.582 0.5250 
R12 11 0.691 0.5166 
L36 11 0.873 0.6813 
R36 11 0.909 0.6549 

Valid N (listwise) 11  
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Right side – TiUnite 
 
There was a significant increase in bone loss over time (p =0.001), 
see green value. This was significant between 0 and 36 months 
(p=0.000) see red value, but not between 0 and 3, or 0 and 12 
months.  
 
 
 
ANOVA 
 
R3  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 4.970 3 1.657 7.000 0.001 
Within Groups 9.467 40 0.237   
Total 14.437 43  
 

 
 Multiple Comparisons 
 
Dependent Variable: R3  
LSD  

(I) time (J) time 
Mean 

Difference (I-J) Std. Error Sig. 95% Confidence Interval 
 

    Lower Bound
Upper 
Bound Lower Bound Upper Bound 

Lower 
Bound 

0 3 -.4909(*) 0.2074 0.023 -0.910 -0.072  
  12 -.6909(*) 0.2074 0.002 -1.110 -0.272  
  36 -.9091(*) 0.2074 0.000 -1.328 -0.490  
3 0 .4909(*) 0.2074 0.023 0.072 0.910  
  12 -0.2000 0.2074 0.341 -0.619 0.219  
  36 -0.4182 0.2074 0.051 -0.837 0.001  
12 0 .6909(*) 0.2074 0.002 0.272 1.110  
  3 0.2000 0.2074 0.341 -0.219 0.619  
  36 -0.2182 0.2074 0.299 -0.637 0.201  
36 0 .9091(*) 0.2074 0.000 0.490 1.328  
  3 0.4182 0.2074 0.051 -0.001 0.837  
  12 0.2182 0.2074 0.299 -0.201 0.637  
 

*  The mean difference is significant at the .05 level. 
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Left –TiUnite 
 
Same as above, significant increase from 0 to 36 months (p=0.002), 
but not between other time periods. 
 
 ANOVA 
 
l3  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 4.549 3 1.516 6.029 0.002
Within Groups 10.060 40 0.252
Total 14.609 43
 

 
 Multiple Comparisons 
 
Dependent Variable: l3  
LSD  

 
 

*The mean difference is significant at the .05 level. 
 

(I) time (J) time 

Mean 
Difference (I-

J) Std. Error Sig. 95% Confidence Interval 

  Lower Bound
Upper 
Bound Lower Bound Upper Bound Lower Bound 

0 3 -0.3273 0.2138 0.134 -0.759 0.105
12 -.5818(*) 0.2138 0.010 -1.014 -0.150
36 -.8727(*) 0.2138 0.000 -1.305 -0.441

3 0 0.3273 0.2138 0.134 -0.105 0.759
12 -0.2545 0.2138 0.241 -0.687 0.178
36 -.5455(*) 0.2138 0.015 -0.978 -0.113

12 0 .5818(*) 0.2138 0.010 0.150 1.014
3 0.2545 0.2138 0.241 -0.178 0.687
36 -0.2909 0.2138 0.181 -0.723 0.141

36 0 .8727(*) 0.2138 0.000 0.441 1.305
3 .5455(*) 0.2138 0.015 0.113 0.978
12 0.2909 0.2138 0.181 -0.141 0.723
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Left – Machined 
 
Same as above, (0 to 36 months) p=0.04. This was significant 
between 0 and 12 months AND 0 and 36 months. 
 
 ANOVA 
 
L3  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 10.817 3 3.606 3.762 0.041
Within Groups 11.503 12 0.959
Total 22.319 15
 

 
 Multiple Comparisons 
 
Dependent Variable: L3  
LSD  

 
 

The mean difference is significant at the .05 level. 

(I) time (J) time 

Mean 
Difference (I-

J) Std. Error Sig. 95% Confidence Interval 

    Lower Bound 
Upper 
Bound Lower Bound Upper Bound Lower Bound 

 
0 3 -1.4250 0.6923 0.062 -2.933 0.083
  12 -1.8750(*) 0.6923 0.019 -3.383 -0.367
  36 -2.1250(*) 0.6923 0.010 -3.633 -0.617
3 0 1.4250 0.6923 0.062 -0.083 2.933
  12 -0.4500 0.6923 0.528 -1.958 1.058
  36 -0.7000 0.6923 0.332 -2.208 0.808
12 0 1.8750(*) 0.6923 0.019 0.367 3.383
  3 0.4500 0.6923 0.528 -1.058 1.958
  36 -0.2500 0.6923 0.724 -1.758 1.258
36 0 2.1250(*) 0.6923 0.010 0.617 3.633
  3 0.7000 0.6923 0.332 -0.808 2.208
  12 0.2500 0.6923 0.724 -1.258 1.758
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Right- Machined 
 
Same as above, p= 0.004 This was significant after only 3 months 
(0 to 3), also 12 (0 to 12) and also 36 months.(0 to 36) 
 
 ANOVA 
 
R3  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 13.548 3 4.516 7.454 0.004
Within Groups 7.270 12 0.606
Total 20.818 15
 

 
 Multiple Comparisons 
 
Dependent Variable: R3  
LSD  

(I) time (J) time 

Mean 
Difference 

(I-J) Std. Error Sig. 95% Confidence Interval 
 

Lower 
Bound 

Upper 
Bound Lower Bound Upper Bound Lower Bound 

0 3 -1.8000(*) 0.5504 0.007 -2.999 -0.601  
12 -2.1500(*) 0.5504 0.002 -3.349 -0.951  
36 -2.3000(*) 0.5504 0.001 -3.499 -1.101  

3 0 1.8000(*) 0.5504 0.007 0.601 2.999  
12 -0.3500 0.5504 0.537 -1.549 0.849  
36 -0.5000 0.5504 0.382 -1.699 0.699  

12 0 2.1500(*) 0.5504 0.002 0.951 3.349
3 0.3500 0.5504 0.537 -0.849 1.549  
36 -0.1500 0.5504 0.790 -1.349 1.049  

36 0 2.3000(*) 0.5504 0.001 1.101 3.499  
3 0.5000 0.5504 0.382 -0.699 1.699  
12 0.1500 0.5504 0.790 -1.049 1.349  

 
*  The mean difference is significant at the .05 level. 
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Compare the TiUnite group with the machined group by left and 
right (same problem as before, only 4 compared with 11). There 
were significant differences between the groups (more bone loss in 
machined) after 3, 12 and 36 months. See all p values were smaller 
that 0.05 in red.  
 
Between the two groups after 3 months: RIGHT SIDE 
 
 ANOVA 
 
R3  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 5.027 1 5.027 9.569 0.009
Within Groups 6.829 13 0.525
Total 11.856 14
 

 
After 12 months: 
 ANOVA 
 
R3  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 6.245 1 6.245 20.403 0.001
Within Groups 3.979 13 0.306
Total 10.224 14
 

 
After 36 months: 
 ANOVA 
 
R3  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 5.675 1 5.675 12.443 0.004
Within Groups 5.929 13 0.456
Total 11.604 14
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Between groups after 3 months: LEFT SIDE 
 
 ANOVA 
 
L3  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 3.535 1 3.535 5.022 0.043
Within Groups 9.149 13 0.704
Total 12.684 14
 

 

 
 
 
After 12 months: 
 ANOVA 
 
L3  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 4.905 1 4.905 9.866 0.008
Within Groups 6.464 13 0.497
Total 11.369 14
 

 
After 36 months: 
 ANOVA 
 
L3  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 4.600 1 4.600 10.052 0.007
Within Groups 5.949 13 0.458
Total 10.549 14
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Statistics for VAS questionnaire 
 
All participants  
 
 
 

  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 
N Valid 26 26 26 26 26 25 26 26 26 26

Missing 0 0 0 0 0 1 0 0 0 0
Mean 31.65 57.81 46.85 58.58 26.96 25.52 67.96 71.62 40.27 23.00
Std. Deviation 29.844 28.494 35.875 36.833 32.476 27.533 24.901 23.403 32.837 22.670

 
 
  
 

  Threeq1 Threeq2 Threeq3 Threeq4 Threeq5 Threeq6 Threeq7 Threeq8 Threeq9 Threeq10
N Valid 26 26 26 26 26 25 26 25 26 26

Missing 0 0 0 0 0 1 0 1 0 0
Mean 90.50 93.23 94.35 90.12 76.92 85.08 94.38 94.76 88.88 90.69
Std. Deviation 10.397 9.061 7.003 14.578 25.519 20.060 8.533 7.535 13.715 10.468

 
 
  
 
 

  Oneq1 Oneq2 Oneq3 Oneq4 Oneq5 Oneq6 Oneq7 Oneq8 Oneq9 Oneq10 
N Valid 26 26 26 26 26 26 26 26 26 26

Missing 0 0 0 0 0 0 0 0 0 0
Mean 89.31 94.46 92.04 89.50 79.42 82.65 94.77 94.50 84.58 89.65
Std. Deviation 14.127 6.211 9.506 16.192 21.502 21.069 6.947 7.262 18.940 10.837

  
 
 
 
 

 Year31 Year32 Year33 Year34 Year35 Year36 year37 Year38 Year39 Year10 
N Valid 26 26 26 26 26 26 26 26 26 26

Missing 0 0 0 0 0 0 0 0 0 0
Mean 88.54 94.73 89.81 91.04 81.19 83.96 92.69 94.42 91.12 84.46
Std. Deviation 11.445 5.668 10.515 9.000 19.079 18.829 8.726 7.256 10.584 18.902
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TiUnite Group 
 
 
 

  
 
 

 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 
N Valid 22 22 22 22 22 21 22 22 22 22

Missing 0 0 0 0 0 1 0 0 0 0
Mean 30.27 56.91 47.32 57.36 26.23 21.71 65.55 70.00 36.95 23.50
Std. Deviation 30.304 30.322 35.260 38.903 30.755 23.529 25.241 23.739 33.642 24.219

 
  
 

  Threeq1 Threeq2 Threeq3 Threeq4 Threeq5 Threeq6 Threeq7 Threeq8 Threeq9 Threeq10
N Valid 22 22 22 22 22 21 22 21 22 22

Missing 0 0 0 0 0 1 0 1 0 0
Mean 91.64 93.09 94.95 88.91 77.55 84.19 95.36 94.19 89.41 89.64
Std. Deviation 8.931 9.222 5.661 15.556 25.452 21.001 6.701 8.078 13.686 11.013

 
 

  

 
 
 

  

 
 
 
 

 Oneq1 Oneq2 Oneq3 Oneq4 Oneq5 Oneq6 Oneq7 Oneq8 Oneq9 Oneq10 
N Valid 22 22 22 22 22 22 22 22 22 22

Missing 0 0 0 0 0 0 0 0 0 0
Mean 90.55 94.59 92.23 91.36 78.05 83.32 94.55 94.45 87.05 89.00
Std. Deviation 12.066 6.486 9.481 10.653 22.481 20.010 7.443 7.639 15.342 11.600

 Year31 Year32 Year33 Year34 Year35 year36 year37 Year38 Year39 Year10 
N Valid 22 22 22 22 22 22 22 22 22 22

Missing 0 0 0 0 0 0 0 0 0 0
Mean 90.14 94.68 91.73 92.55 81.91 84.18 94.18 94.09 91.18 83.91
Std. Deviation 9.790 5.971 7.395 7.136 19.265 19.834 6.638 7.770 10.693 20.118
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Machined group 
 
 

  
 
 
 
  
 
 

 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 
N Valid 4 4 4 4 4 4 4 4 4 4

Missing 0 0 0 0 0 0 0 0 0 0
Mean 39.25 62.75 44.25 65.25 31.00 45.50 81.25 80.50 58.50 20.25
Std. Deviation 30.049 17.076 44.851 25.316 46.282 41.717 20.710 22.249 23.231 12.842

  
  Threeq1 Threeq2 Threeq3 Threeq4 Threeq5 Threeq6 Threeq7 Threeq8 Threeq9 Threeq10
N Valid 4 4 4 4 4 4 4 4 4 4

Missing 0 0 0 0 0 0 0 0 0 0
Mean 84.25 94.00 91.00 96.75 73.50 89.75 89.00 97.75 86.00 96.50
Std. Deviation 16.761 9.381 12.910 2.754 29.558 15.628 15.706 2.217 15.599 3.317

 
 

  Oneq1 Oneq2 Oneq3 Oneq4 Oneq5 Oneq6 Oneq7 Oneq8 Oneq9 Oneq10 
N Valid 4 4 4 4 4 4 4 4 4 4

Missing 0 0 0 0 0 0 0 0 0 0
Mean 82.50 93.75 91.00 79.25 87.00 79.00 96.00 94.75 71.00 93.25
Std. Deviation 23.896 5.123 11.045 34.999 14.989 29.586 3.464 5.560 32.424 4.031

 
 
  
 

  Year31 Year32 Year33 Year34 Year35 year36 year37 Year38 Year39 Year10 
N Valid 4 4 4 4 4 4 4 4 4 4

Missing 0 0 0 0 0 0 0 0 0 0
Mean 79.75 95.00 79.25 82.75 77.25 82.75 84.50 96.25 90.75 87.50
Std. Deviation 17.289 4.243 19.050 14.500 20.271 14.080 14.844 3.304 11.529 11.387
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Significance tests: 
 
One-way repeated measures ANOVA were done in each group. 
Degrees of freedom in all cases were 2. It indicated significant 
improvement over three years in all categories for both groups.  
 
TiUnite group: 
Category 1: p=0.000    
Category 2: p=0.001 
Category 3: p=0.002 
Category 4: p=0.001 
Category 5: p=0.002 
 
Machined group: 
Category 1: p = 0.002 
Category 2: p = 0.003 
Category 3: p = 0.006 
Category 4: p = 0.000 
Category 5: p = 0.000 
 
The TiUnite group were compared with the Machined group across 
the five categories and over time (One-way ANOVA), but no 
statistical significance were found, in all groups p > 0.05. This 
statistical test is not reliable or statistically sound to compare a 
group of only 4 individuals with a group of 22 as chance influences 
the outcome adversely. 
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Appendix 6 

Error!
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	Statement of the problem. The cost of rehabilitation of the problematic mandibular complete denture with an implant-retained overdenture, or implant-supported fixed prosthesis, is outside the financial scope of many compromised denture patients. A more affordable treatment alternative is therefore desirable.
	Purpose: The purpose of this study was to ascertain whether simplifying mandibular overdenture treatment utilising single stage surgery and immediate prosthetic loading of a single implant, will achieve similar implant success rates and functional improvement to that expected using conventional techniques. As part of this study, the Mk III Brånemark implant with an oxidised surface (TiUnite™ Nobel Biocare AB, Göteborg, Sweden) was compared to the classical machined Mk III Brånemark fixture.
	INTRODUCTION
	Awad et al 12 made the point that, patients should be informed that, to date, there is no evidence that implant-supported prostheses can restore oral function to the extent of the patient’s own natural teeth. However, with proper communication, clinicians can discuss a patient’s individual needs, and can reach a decision about the most appropriate and suitable treatment modality from both a clinical and patient’s personal perspective. 
	The success of current implant based treatment modalities, while excellent, is unfortunately outside the financial scope of many compromised edentulous patients. A comparative study on the microcosting of time and materials required for fabrication between an unsplinted two-implant mandibular overdenture using single stage surgery, and a conventional complete mandibular denture, showed the direct cost of the overdenture to be 2.4 times the cost of the complete denture.34 The indirect cost, patient time and transportation was slightly higher for the implant group and amounted to three additional visits for the implant group. A similar study on microcosting utilising two implants with a single bar attachment and a two stage surgical protocol showed a direct cost 3.08 times that of a conventional denture.35  It is therefore desirable for clinicians to be able to offer a significant functional improvement of the problematic mandibular complete denture, in a cost effective manner. Concomitantly, a reduction in the overall time frame of clinical, technical and maintenance procedures needed to achieve this goal would be advantageous. 
	Furthermore, recently, emphasis has been placed on the effect of surface modifications to enhance the osseointegration process.46,55-57 Osseointegration with immediate loading is dependent on bone formation, bone resorption and micromotion effects on peri-implant osteogenesis. Osteogenesis occurs over time so maintenance of implant stability is critical. The initial stability of the implant reduces in the first 3-6 weeks after placement due to remodelling and an increased ratio of woven to lamellar bone. The implant bone interface thus becomes more susceptible to the effects of micromotion; 150(m is generally considered the threshold at which osteogenesis will be detrimentally affected.54,58,59
	Clinical studies have shown a higher failure rate with immediately loaded machined implants compared to a modified surface.48,60 The TiUnite surface has been studied at both the basic research level and clinically.46,55-57,61,62  Albrektsson et al have shown a higher bone to implant contact compared to the machined surface as well as significantly higher removal torque values in the rabbit model. 46 Henry et al have also shown higher removal torque values in greyhound dogs.55  Rompen et al showed maintenance of the initial stability of TiUnite implants compared to a significant decrease in the stability of machined implants, measured with resonance frequency analysis (RFA) over a six week period in the dog mandible.56 Glauser et al showed a similar pattern in immediately loaded maxillary posterior implants in a human clinical study.57 In a clinical prospective study on immediate loading of machined implants placed in all jaw regions, Glauser et al reported a failure rate of 17.3% after 1 year.62 The same group using a similar protocol and TiUnite surfaced implants experienced only a 3% failure rate.63  Most recent systematic reviews 49,50,64,65 now recommend modified surface implants. The postulated superiority may be due to an increased surface area providing a greater bone to implant contact, stabilisation of the blood clot and fibrin network thereby initiating contact osteogenesis with bone formation against the surface of the implant. This is in comparison to the traditional machined surface mechanism of distance osteogenesis whereby bone from the walls of the implant osteotomy grows toward the implant surface.50,51,53,54,64
	Resonance frequency analysis (RFA) was first proposed by Meredith et al69 in 1996 and involved excitation of a transducer beam over a range of frequencies. A frequency response analyser subsequently analysed the response of the beam, based on the stiffness of the beam, implant and bone interface. The resonance frequency is expressed as an implant stability quotient (ISQ) with values from 1- 100. Today RFA is extensively used in clinical research to monitor implant stability.70 Clinical studies have shown a significant correlation between decreasing RFA values and failing implants.71,72 It is also possible to detect a failing implant before the failure is clinically manifested 72 and if due to occlusal overload, regain stability by unloading the implant.71 It has been suggested that an ISQ of 60 reflects the lower limit when performing immediate loading however caution must be exercised where bruxism or a crown-to-implant ratio is greater than 1:1.63 Conversely, Glauser et al showed no difference in initial stability between implants that finally failed, and implants that remained stable. However, after 2 months, the failing implants showed a mean ISQ of 43 and the successful implants maintained a stability around 68.72
	The aim of this study was to determine the predictability of simplifying mandibular overdenture treatment using single stage surgery and immediate prosthetic loading of a single implant.  In addition the classical machined surface was compared to an enhanced oxidised surface (TiUnite™ Nobel Biocare AB, Göteborg, Sweden) on identical macroscopically configured implants (Brånemark Mk III Nobel Biocare AB, Göteborg, Sweden)
	MATERIALS AND METHODS
	MATERIALS AND METHODS 
	 Surgical Procedures
	    General Satisfaction
	RESULTS

	The purpose of this study was to ascertain whether simplifying mandibular overdenture treatment utilising single stage surgery and immediate prosthetic loading of a single implant, would achieve similar implant success rates and functional improvement to that expected using conventional techniques. In addition, the classical machined surface was compared to an enhanced oxidised surface (TiUnite™ Nobel Biocare AB, Göteborg, Sweden) on identical macroscopically configured implants (Brånemark Mk III Nobel Biocare AB, Göteborg, Sweden).
	Within the limitations of this study's research design, it appears that the immediately loaded single implant retained mandibular overdenture, using an oxidised implant surface in a small group of prosthetically maladaptive patients, can provide a beneficial treatment outcome over a three year observation period.
	The relatively simple treatment protocol and reduced component and laboratory involvement should mean that a greater number of edentulous patients could benefit from an implant-retained prosthesis. Indeed, this modality may be considered to be the entry level option for the rehabilitation of the edentulous mandible in selected patients.
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	APPENDIX 2
	THE DECLARATION OF HELSINKI
	APPENDIX 3 - Patient Forms
	PRE TREATMENT FORM        SIOD 1 
	Patient Name: ______________________
	Confidential Medical History
	Totally edentulous: ___________________
	Exclusive Criteria

	Intraoral Examination    Absence of disease       YES  NO     Details: ________
	Assessment of Current Dentures
	      Maxilla   Mandible
	IMPLANT INSERTION APPOINTMENT FORM    SIOD 3
	Surgical
	Prosthetic
	Comments __________________________________________________
	REVIEW  -  1 WEEK               SIOD 4
	Components
	Tissue Related
	REVIEW  -  3 WEEKS       SIOD 5
	REVIEW  -  6 WEEKS       SIOD 6
	REVIEW  -  3 MONTHS       SIOD 7
	REVIEW  -  1 YEAR          SIOD 8
	REVIEW  -  3 YEARS          SIOD 9
	ADVERSE EVENT/UNEXPECTED REACTION FORM             SIOD 10
	COMPLETION OF INVESTIGATION FORM    SIOD 11
	APPENDIX 4  (Lines not to scale)
	VISUAL ANALOGUE SCALE (VAS) QUESTIONNAIRE   SIOD 12
	Patient Name: ______________________
	ASSESSMENT OF PRESENT DENTURES
	General Satisfaction
	Ability to speak
	How often do your dentures affect your social life?   
	Always      _______________________________________________ Never 
	Are there activities that you avoid because of the possibility of being embarrassed by your dentures?   
	Yes,many  _______________________________________________ No, none
	Eating ability
	Denture comfort 


