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Abstract


The objective of this prospective clinical case series was to confirm the 5-year clinical and radiographic performance of titanium implants occlusally loaded after 12 weeks. Periapical X-rays for quantitative bone level assessment were taken immediately post-surgery, after loading, 6 and 12 months, and 5 years after loading. Pocket depth (PD) and clinical attachment level (CAL) were measured. One-hundred and fourteen implants were inserted in 71 consecutive patients; 111 (97%) implants/69 (97%) patients were followed for 5 years. One implant was lost before loading (acute infection of unknown origin). Another patient developed peri-implantitis in the healing phase, and underwent successful surgical revision. Mesial median bone level at 6 and 12 months, and 5 years was 1.2 (SD ± 0.7), 1.3 (SD ± 0.7) and 1.1 (SD ± 0.6) mm; distal values were: 1.1 (SD ± 0.7), 1.4 (SD ± 0.7) and 1.2 (SD ± 0.6) mm; below implant shoulder. Stable CAL (1.2–1.6 mm) and PD (2.0–3.0 mm) were found. After 5 years no implant was lost. Three crowns and one abutment screw were defective and replaced. Implant survival (1 failure/114) as well as minimal peri-implant bone loss confirmed the favorable outcome of the used implant line. Five years post-loading, crestal bone stabilized slightly below the machined/rough border.
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1. Introduction


Dental implants manufactured from pure titanium with rough endosseous surfaces are currently the gold standard for tooth replacement. In the past 30 years, replacement of missing teeth with implant-supported restorations has become a widely-accepted treatment modality for fully- or partially-edentulous patients. Clinical results with up to 10 years follow-up have demonstrated excellent survival and success rates using titanium implants [1]. Initially, implants with smooth “machined” endosseous surfaces were inserted and left to integrate into surrounding bone for some 3–6 months before occlusal loading. Today, implants with rough surfaces are standard: Increased roughness leads to a larger surface area and an ensuing higher potential for bone contact [2]. Additionally, improved osteoconductive properties stimulate bone formation near the implant surface, and result in accelerated osseointegration, thereby allowing for shorter healing times: from the classic 3–6 months, down to functional loading within 6 weeks after implant placement [3]. Several titanium implant brands are currently available, and vary considerably in their geometry, macrodesign and roughness. The tested implant line covers the entire range of indications, and is suitable for sub- as well as trans-gingival healing. Identical platforms and lengths allow easy selection and preparation of prosthetic parts. Informal reports from users in general practice have suggested their excellent survival rate and minimal peri-implant bone loss. These positive results are based on the design of the implant and the osteoconductive properties of the implant surface manufactured including sandblasting and thermic acid etching that promotes excellent implant-to-bone contact [4]. It was the objective of this prospective, observational study to investigate whether this clinical experience holds true under routine practice conditions. All patients amenable to implant supported rehabilitation were included i.e., no study-specific inclusion or exclusion criteria have been defined. The results of 114 evaluable implant reports inserted in 71 consecutive patients (from five general practices) are presented. The prospective assessment of peri-implant tissues from a clinical and radiological point of view is shown.




2. Materials and Methods


2.1. Ethical Conduct


The Investigations have been carried out following the rules of the Declaration of Helsinki (current revision). Ethics Committee approval was not sought for as the tested products are commercially available (CE certified). All treatments have been within the approved indication range i.e., the conducted cases series did not include any research aspect.




2.2. Materials and Methods


Between February 2006 and January 2009, 71 partially edentulous patients were recruited from five general practices in Switzerland. The first author acted as the coordinating investigator. Implant placement had to be the treatment of choice over conventional fixed or removable prosthetic treatments. All patients were asked to provide an informed consent to participate in the study so that their data could be used in an anonymized form for publication purposes. They were free to withdraw at any time, without any disadvantage to their further treatment. Patients were recruited consecutively from the general population when tooth replacement appeared to be the treatment of choice. No specific selection criteria were defined to ensure that the patient population was representative of that found in general practice. The participating dentists had been asked to report the cases immediately after surgery to avoid post-hoc case selection, i.e. positive or negative under-reporting. Reports were to be collected only for patients suitable for treatment with the ELEMENT® implant line (endosseous diameters: 3.5, 4.0, 4.5, and 5 mm; lengths: 8.0, 9.5, 11.0, 12.5, and 14 mm; Thommen Medical AG, Grenchen, Switzerland), according to the approved indication range (package insert).



Pre-surgical evaluation included assessment of general oral health, consisting of clinical and radiological documentation. Patients having risk factors (smoking and previously treated periodontitis) were not excluded from the study, thereby rendering the result of the study better applicable to the general patient population. It was intended to exclude implants which would not have achieved primary stability (none reported). Before implant insertion, the patient’s risk factors were recorded, together with periodontitis pre-treatment, if applicable, and planned implant position. Prior to surgery, patients used a chlorhexidine (0.2%) mouthwash for at least one-half minute. Previous and simultaneous implant site augmentation and bone quality (I–IV clinical assessment), along with the implant healing procedure (two stage, submerged versus one stage, non-submerged), was recorded after surgery. In selected cases, soft tissue augmentation using connective tissue graft harvested from the palatal mucosa, was performed at least two to three months prior to implant surgery. Insertion was performed into fully healed alveolar ridges, according to the manufacturer’s recommendations. Together with implant placement, bony augmentation procedure using osteoconductive material covered by collagen membrane was added if necessary. At the implantation, insertion torque force was recorded as an indicator of primary implant stability [5]. This was either a reading from the implant machine or estimated by the MONO torque ratchet (Thommen Medical, Grenchen, Switzerland). Implants were to be loaded 12-weeks post-surgery. The restoration type was recorded, i.e., single tooth replacement (cemented or screwed) or primary or secondary blocking of implants (fixed or removable prosthetic restoration, respectively). Data collection also included information if implant loading was only axial or extra-axial as well. Peri-implant parameters, i.e. clinical attachment level (CAL) and pocket depth (PD) were assessed at four sites around the implant [6], and evaluated 6 and 12 months, and 5 years after loading, along with the manual assessment of implant mobility. At the 1 and 5year assessments, the prosthetic reconstruction was checked and possible damage recorded. Periapical x-rays were taken post-surgery [7] and repeated immediately after functional loading, and at 6 and 12 months as well as 5 years post-implant placement using the parallel-perpendicular technique (standardized x-ray). The resulting non-digital radiographs were scanned, and the mesial and distal bone level of each individual implant was assessed using the following method: radiographs depicting dental implants were imported into ImageJ (Version1.42, National Institutes of Health, Washington, DC, USA). All images were scaled separately based on the 1.0 mm thread height of the ELEMENT® implant line. A dedicated plug-in (PeriImplant) that correct inhomogeneities among the different radiographs (light, direction, acquisition set-up, etc.) was written (AP) and used to provide objective measurements. Subsequently, the slope of each implant was calculated by selecting two points along the implant longitudinal axis on the same side of the implant (either mesial or distal; Figure 1).





 





Figure 1. Quantitative X-ray Evaluation: 1: The height of implant thread (vertical white bar = 1.00 mm); 2: Upper implant shoulder (horizontal white arrow); 3: The most coronal bone-to-implant contact point (horizontal red arrow). 






Figure 1. Quantitative X-ray Evaluation: 1: The height of implant thread (vertical white bar = 1.00 mm); 2: Upper implant shoulder (horizontal white arrow); 3: The most coronal bone-to-implant contact point (horizontal red arrow).









Perpendicular to this slope, a line at the minimal point of contact between implant and bone was calculated (PeriImplant). To evaluate the mesial and distal bone levels, the vertical distance between the top level of implant shoulder i.e. the edge of implant-abutment connection (common landmark on all radiographs) and the previously-determined line was calculated (PeriImplant). Results from all evaluated images were imported into Excel and represented graphically using the boxplot function (Matlab® Statistics Toolbox®, MathWorks, Bern, Switzerland). All radiographs have been evaluated by a single evaluator.





3. Results


For this study, 71 patients (both genders) with a mean age of 58 years (range 20–83 years) were treated with 114 implants, according to the requirements of the case collection. To enhance the validity of this study, patients with risk factors (smokers, previous periodontitis treatment) were also included (Table 1).





 





Table 1. Risk factors.







Table 1. Risk factors.







	
Risk factor

	
No. of patients






	
Smokers (patient self-assessment)

	
5 of 71 (7%)




	
Previous periodontitis treatment

	
12 of 71 (17%)









More than 50% of the implants were inserted in combination with an augmentation procedure for treating bone defects [8] and to support soft tissue for achieving an aesthetic reconstruction [9]. Bone quality was estimated to be sufficient and the terminal insertion torque was ≤50 Ncm to avoid tissue compression. According to clinical requirements, implants were placed either submerged or non-submerged (Table 2).





 





Table 2. Surgical characteristics.







Table 2. Surgical characteristics.







	
Insertion

	
Submerged

	
Non-submerged

	
Not known

	




	
No. of sites (%)*

	
86 (75)

	
12 (11)

	
16 (14)

	




	
Simultaneous bone augmentation

	
Yes

	
No

	
Not known

	




	
No. of sites (%)*

	
67 (59)

	
46 (40)

	
1 (1)

	




	
Bone quality

	
I

	
II

	
III

	
IV




	
No. of sites (%)*√

	
2 (2)

	
69 (61)

	
41 (36)

	
0 (0)




	
Terminal insertion torque (Ncm)

	
<20

	
20–30

	
31–40

	
>40




	
No. of sites (%)*∆

	
16 (14)

	
53 (46)

	
11 (10)

	
19 (17)








Notes: * 100% = 114 implants; √ not known 2 (2%); ∆ not known 15 (13%).







Implants were followed-up clinically and radiographically, up to 5 years post-loading. One implant (#31, Patient 69.5 years) was lost in the early healing phase due to infection of unknown etiology. Re-implantation was performed successfully 6 months later. Another patient developed a peri-implant infection (#21, 74.5 years old patient). The site was surgically revised, healed successfully and the implant was deemed to be a survivor at the 12-month assessment. Single tooth replacement and integration of at least two implants within a fixed reconstruction were the most common prosthetic rehabilitations (Table 3).





 





Table 3. Prosthetic parameters.







Table 3. Prosthetic parameters.







	
Restoration

	
No. of implants (100% = 114)






	
Single tooth replacement

	
43 (38%)




	
Fixed bridge

	
47 (42%)




	
Removable restoration

	
15 (13%)




	
Not known

	
9 (7%)









Within the observation period, three fractures of ceramic crowns and one fracture of a prosthetic screw occurred. These minor prosthetic problems were solved by minimal interventions; prosthetic parts were replaced immediately. PD and CAL were recorded 6 and 12 months and 5 years after loading (Figure 2a,b). Differences measured within the observation period did not reveal statistical significance.



Radiological changes (peri-implant bone level) post-loading, 6 and 12 months and 5 years after loading are shown in Figure 3a,b.



This prospective clinical study involved 71 patients from five different private dental practices, into whom 114 ELEMENT® (Thommen Medical AG, Grenchen, Switzerland) implants were inserted. The results presented here reflect the conditions in private practices, including patients with risk factors. All the treating dentists had many years of experience in implantology and use more than one implant system. The integration time was based on the manufacturer’s recommendations and included 12 weeks of unloaded osseointegration. During the observation period, only one implant was lost and another implant had to be revised due to a peri-implant infection, after which the further course was uneventful. Additionally, three crowns and one abutment screw were defective and were replaced without further complication.





 





Figure 2. Peri-implant Parameters: CAL (a) and PD (b) as determined at four different sites around implants, 6 months, 12 months and 5 years post-loading. 






Figure 2. Peri-implant Parameters: CAL (a) and PD (b) as determined at four different sites around implants, 6 months, 12 months and 5 years post-loading.











 





Figure 3. Radiological Parameters: Mesial (a) and distal (b) bone levels as determined by x-ray at baseline (immediately after loading), 6 months, 12 months and 5 years later. 
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4. Discussion


4.1. Risk Factors


The selection of patients reflects the general population found in private practices in Switzerland. Due to Swiss insurance regulations, most patients pay for their own implant reconstructions. Patients with risk factors were therefore not excluded from implant surgery [10]. In the presented study, 7% (5 of 71) of patients were smokers and 17% (12 of 71) had a history of previous periodontitis treatment. Smoking affects wound healing and alters microcirculation, which influences the quality and quantity of bone-to-implant contact [11]. Cessation of smoking, however, decreases the risk of implant failure to that observed in non-smokers [10]. Despite successful treatment, long-term implant success rates in patients with previous periodontitis are still lower than those of periodontaly-healthy individuals [12,13]. This indicates that implant survival rate in these patients is not only affected by local factors, but is also influenced by the innate host parameters. Only one implant was lost after 5 years of functional loading, which corresponds to an early implant failure ratio of <1% (1 of 114) [14]. However, the implant success rate has to be monitored over the long-term in order to definitely assess the failure rate in the context of the risk factors discussed above.




4.2. Surgical Characteristics


Implants have to be placed in such a way that a natural and harmonic emergence profile can be expected [15]. This requires submerged positioning of the fixture, often necessitating a soft tissue graft [16]. It is known that the implant success rate is not influenced by the integration modality (submerged, non-submerged) [17]. The relatively high percentage of submerged implants in our study reflected the preference of this surgical protocol by the authors. The favorable effect of soft tissue augmentation is shown in Figure 4.





 





Figure 4. Integrated autologous soft tissue graft before exposure of the implant. 






Figure 4. Integrated autologous soft tissue graft before exposure of the implant.









Simultaneous bone augmentation is mandatory to regenerate bony defects during placement of implants. It is also indicated for supporting soft tissues with aesthetic restorations [18]. The considerable number of simultaneous hard tissue augmentations can be attributed to the preference of implant sites mentioned above (Figure 5a–c).



One of the favorable characteristics of the used implants is its self-tapping thread that provides excellent primary stability, even in bone of lower quality. A strong relationship between bone density and primary stability has been demonstrated [19], whereas terminal insertion torque is directly correlated with implant failure rate [20]. In our study, about 35% of implants were placed in bone of low density (Class III); nevertheless, sufficient primary stability of >20 Ncm, was achieved.




4.3. Prosthetic Parameters


In our study, 79% (90) of the implants were reconstructed by single crowns (support of single tooth replacement) or were incorporated within a fixed prosthesis. Only 13% (15) were used in the context of removable prosthetic reconstruction. The long-term success rate of implants in fixed prosthetic reconstructions has been demonstrated to be better than that of implants that support removable prostheses [21]. In addition, implants that support single tooth replacement improve the long-term success rate of those remaining teeth that are used as pillars for removable prosthetic reconstructions [22]. Patients in our study were selected randomly according to clinical requirements for implant reconstruction. The results shown here clearly confirm that single tooth replacement or fixed prosthetic reconstructions are to be preferred (Figure 6).





 





Figure 5. Vestibular bone defect after implant placement in position 12 (a); Augmentation procedure using osteoconductive ceramic material and resorbable semipermeable membrane, fixed at the palatal mucosa (b); Wound closure (c). 






Figure 5. Vestibular bone defect after implant placement in position 12 (a); Augmentation procedure using osteoconductive ceramic material and resorbable semipermeable membrane, fixed at the palatal mucosa (b); Wound closure (c).











 





Figure 6. Final single crown restoration (cemented) three months after functional loading. 






Figure 6. Final single crown restoration (cemented) three months after functional loading.










4.4. Periodontal and Radiologic Parameters


PD and CAL were measured and recorded 6 and 12 months, and 5 years after functional loading. Mesial and distal measurements were, in general, slightly higher than buccal and lingual results. No significant changes could be demonstrated over time, thereby indicating stable soft tissue conditions during the observation period.



The dimensions of the peri-implant soft tissue, i.e. the biologic width, depend on: (i) positioning of the implant in relation to the alveolar crest; and (ii) the presence of a microgap between the implant and the abutment [23]. According to the manufacturer’s protocol, the implant can be placed at bone level or slightly below bone level. This implies an increase in the biologic width when compared to natural teeth, but it nevertheless should not jeopardize the position of the marginal soft tissue for the final restoration. Radiographic measurements were performed by using the standardized parallel-perpendicular technique. The accuracy of each measurement was improved by digitalization and calibration of each single x-ray, according to the method described above [24]. In our study, radiographic measurements immediately after implant loading (Figure 3) revealed an average level of bone to implant contact of 0.59 ± 0.68 mesially, and 0.55 ± 0.81 distally, below the implant shoulder (implant-abutment connection). Given that the dimension of the smooth implant collar is exactly 1.0 mm, the smooth/rough border of the fixture was placed slightly below bone level, as recommended before study start. During functional loading, the average level of the bone to implant contact increased to 1.3 ± 0.7 and to 1.4 ± 0.7, respectively. The mean bone level after one and five years of functional loading was therefore located 0.3–0.4 mm and 0.1–0.2 mm respectively below the rough/smooth border, slightly less than that reported by Hänggi and co-workers who used a similar type of implant [25], but more than was reported by Shin and co-workers who evaluated an implant with microthreads at the collar zone [26]. In this study, the finding of minimal, statistically not significant changes in the bone to implant contact distance over time was confirmed by stable peri-implant soft tissue, represented by PD and CAL at 6 months to 5 years of function. There is an average, statistically not significant increase of PD between 12 months and 5 years. However, the peri-implant bone remained stable at the level above the first thread during this period. Some individual sites with higher measurements of PD will be re-evaluated on a regular basis. The results of this quantitative assessment further support the clinical finding that the bone to implant contact stabilizes above or at the level of the first implant thread in the implants used in this study (Figure 2 and Figure 3). Similar observation was also concluded from a prospective clinical trial conducted with edentulous and partially dentate patients after followed 5 years follow up [27].



In the treated population, most of the restorations were cemented rather than being fixed with screws (Table 3). By using a screwed abutment connection, it seems to be possible to minimize the gap between the implant and the corresponding superstructure [28]. However, according to clinical requirements, crowns and other prosthetic elements often have to be cemented, which does not allow for gaps of less than 40 μm [29]. Finally, immunohistochemical evaluation of peri-implant soft tissue of cemented or screwed abutments did not reveal significant differences in the dimensions of the microgaps, but did reveal inflammatory tissue in the presence of screw loosening [29].





5. Conclusions


Within the limitations of this study, the excellent implant survival as well as the minimal peri-implant bone loss observed confirms the favorable outcome achieved with the tested implant line. Up to five years after loading, crestal bone stabilized slightly below the smooth/rough implant border. Similar outcome was recently shown for the tested implant line in a different study performed in a university setting [30].
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