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Dental implants are subjected to various force of magnitudes and direction during function. Implant design, implant stability, materials used in dental implants are the main factors required for the long-haul accomplishment of a dental implant. This article shall help the learner in making a judicious informed decision regarding the implant design.
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Introduction 
Dentistry has experienced remarkable advancements in dental restorative materials, techniques, and strategies that are predictably effective for the long-term management of tooth loss. The ultimate goal of dental implant therapy is to satisfy the patient’s desire to replace one or more missing teeth in an esthetic and functional manner with long-term success.1  Scientifically proven approaches have evolved that now provide the dental patient with esthetically and functionally excellent options for tooth replacement. The partially edentulous patient can now undergo replacement of a single tooth or several missing teeth with implant retained crowns that provide the same function and esthetics they had with their natural teeth.  Successful dental implant treatment requires careful treatment planning, meticulous surgical technique, and precise prosthetic restoration. The typical implant team consists of a restorative dentist, a properly trained and experienced surgeon, and a dental laboratory technician, who work together. 
Osseointegration is the key biologic and biophysical process that has made dental implant therapy predictably effective for replacing missing teeth. Histologically defined, osseointegration is the direct structural and functional connection between organized, living bone and the surface of a load-bearing implant without intervening soft tissue between the implant and bone. The features of the design of dental implants are one of the most critical factors that have an effect on primary stability and on the implant’s ability to sustain loading after osseointegration.2 
INFLUENCE OF IMPLANT MATERIAL ON OSSEOINTEGRATION
There are no excellent scientific studies from which it can be deduced which implant design or surfaces are superior. Most of the time, implant success will depend on treatment planning, surgical skills, prosthetic design, and patient behavior rather than on the implant surface. In a retrospective analysis of 2349 implants in 677 patients to identify risk factors associated with failures of Biocon implants using a multivariate regression analysis, it was determined that implant surface was not a factor, but that failures were due to tobacco use, implant length, staging, well size, and immediate implants.3 Osseointegration per se is not linked to any particular surface characteristics, because a great number of different surfaces achieve clinical osseointegration. However, the stronger or weaker bone responses may be related
to the surface characteristics.4 Five features can be used to describe the dental implant body: shape, surface macro- and micro-structure, length and diameter.
Implant Design 
Dental implants can be categorized into threaded and nonthreaded, cylindrical, or “press-fit” designs. Implant design can increase surface area of support. A threaded design implant has 30% to 200% greater surface area compared with a cylinder implant of the same size. Although more difficult to place, the threaded implant in poorer density bone is strongly encouraged. Biomechanical aspects of thread designs also affect the total increase in the surface area (i.e., thread pitch, shape, and depth).6 
Roughened surface conditions or hydroxyapatite coating on the implant has been shown to increase the rate of osseous adaptation to implants and provide greater initial rigid fixation. In addition, an increase of surface-to-bone contact and amount of lamellar bone and the relatively greater strength of the coronal bone around the roughened-surface implants occur when compared with machined or smooth titanium implants.7-8 Therefore, coatings or roughened surfaces on implant bodies are suggested in the compromised D3 or D4 bone density. 
Discussion 
The main focus of any implant design is to improve surgical success rate and reduce plaque-related complication after treatment. Surgical success rate can depend upon when proper osseointegration takes place. The rationale behind macro- and micro-features in implant design is that the bone is stronger when loaded in compression, contrary to when subjected to tensile force and loaded in shear. Thus, when an implant is placed, it should be attempted to increasing the compressive force excerted.9-10 It is offened supported Wolff’s law which states that “nature economizes on bone and tends to eliminate dispose of bone that is not optimally used”.11 
Implant shape can be on different types such as tapered or threaded cylindrical or smooth cylindrical. Cylindrical implants can be placed in anterior and posterior teeth regions but tapered only in anterior region. Smooth-sided cylindrical implants provide ease in implant placement; however, they supply greater shear conditions. 
Implant thread are incorporated into implants to improve initial stability 12, 13 enlarge implant surface area, and distribute stress favorably. 14,15 Kohn et al 16 demonstrated the presence of a bone-bridge from the depth of ‘1’ thread to another, when the implants were laterally loaded and concluded that strain is more concentrated within the area where bone contacts the crest of the thread and the strain decreased from the crest to the root of the thread.
Thread shape is set by the thread thickness and thread face angle. Knefel17 investigated five different thread profiles, and found the most favorable stress distribution to be demonstrated by an ‘asymmetric thread’, the profile of which varied along the length of an implant. Misch et al 9 suggested that “v”-shape (30° angle) generate higher shear force than reverse buttress thread (15° angle). Both sort of threads are shown to get forces which can result in defect formation. 18.  
Pitch is that the distance from the center of the thread to the center of the next thread, measured parallel to the axis of the screw. The pitch is thought to have a significant effect due to the available surface area (SA) for bone to implant contact (BIC). With lower pitch, the number of thread increase, which in turn gives higher SA and BIC results in a more favorable stress distribution. According to Kong 16 et al., 0.8mm is the optimal thread pitch for primary stability and optimum stress production on cylindrical implants with V-shape threads. Thread geometry includes thread pitch, depth and configuration or shape; which can all play a role in the stress distribution of an implant to the surrounding bone. This
distribution can be observed at primary placement, healing and during the loading phase of the implant.
Threads are used to maximize initial contact, improve initial stability, enlarge implant area,19 and favor dissipation of interfacial stress.20 Thread depth, thread thickness, thread face angle, thread pitch, and thread helix angle are some of the varying geometric patterns that determine the functional thread surface and affect the biomechanical load distribution of the implant.21 The influence of the threads can be easily understood as the greater the number of threads that are present as well as the greater the depth of the threads, the more functional surface area that is available. 
The Implant Diameter is measured from the crest of the widest thread to the identical point on the alternative side of the implant.22 According to the diameter, implants would also be classified as mini when diameter is ≤2.7 mm; narrow when the diameter is >2.7 mm but ≤3.75 mm; regular when it ranges from 3.75−5 mm; and wide when the diameter is >5 mm. An increase in the diameter of an implant is associated with an increase in its surface area. For instance, increasing the diameter in a 3 mm implant by 1 mm increases the surface area by 35% over the same length.23 Also, a 3.75 x 10 mm implant has 61% less surface area than a 6 mm diameter implant of the same length. The diameter of the roots is usually estimated at 2 mm apical to the cemento-enamel junction (Figure 4). With this measurement, an implant with a diameter that matches, or is slightly smaller than, the tooth being replaced is selected. In order to obtain a restoration with an optimal emergence profile, the implant platform is usually placed at about 2 mm apical to the cemento-enamel of the adjacent teeth. If an implant is placed deeply below the crest of bone, the crown height is increased, which may lead to mechanical failure of implant components and compromise aesthetic treatment outcomes. When the implant is placed more superficially, restoration may be deemed impossible and aesthetic treatment outcome is also compromised.24 It is important to distinguish between the implant diameter and platform diameter as they may not be equal. The implant platform represents the part of the implant that is connected to the prosthetic (abutment) counterpart.
According to Albrektsson (1981) et al, factors affecting implant osseointegration are surgical technique, host bed, implant design, implant surface, material biocompatibility and loading conditions.25Internal connections implant design shows about 0.2–0.3 mm of bone loss. While, external connection displays up to 1 mm of average bone loss. 
Multiple factors, however, influence the choice of the radiographic techniques used for any particular case. Such factors as cost, availability, radiation exposure, and the type of case must be weighed against the accuracy of identifying important anatomic structures within a given bone volume and the ability to perform the surgical placement without injury to these structures.26 
Table 1: The areas of study radiographically included
	1. The location of important structures

	A. Mandibular canal

	B. Anterior loop and extension of the mandibular canal

	C. Mental foramen

	D. Maxillary sinus (floor, septums, walls, pathologic features)

	E. Nasal cavity

	F. Incisive foramen

	2. Bone height

	3. Root proximity and angulation of existing teeth

	4. Evaluation of cortical bone

	5. Bone density and trabeculation

	6. Pathologic features (eg, abscess, cyst, tumor)

	7. Existence of anatomic variants (eg, incomplete healing of extraction site, impacted teeth)

	8. Cross-sectional topography and angulation (best determined using CT and CBCT)

	9. Sinus health (best evaluated using CT and CBCT)

	10. Skeletal occlusal classification (best evaluated using lateral cephalometric images)



      Table 2: The critical measurements specific to implant placement include the following
	· At least 1 mm inferior to the floor of the maxillary and nasal sinuses

	· Incisive canal (maxillary midline implant placement) to be avoided

	· Five millimeters anterior to the mental foramen

	· Two millimeters superior to the mandibular canal

	· Three millimeters from adjacent implants

	· One and one half millimeters from the roots of the adjacent teeth



A comparison of implant stability readings by Bailleri and colleagues27 failed to demonstrate a right way relationship between implant length and primary stability. Their results indicated that a short implant could be as stable as a long implant. Primary implant stability plays a vital role in successful osseointegration. In addition to length and width, thread shape and thread details also play a dominant
role on local stress patterns at the bone-implant interface. Thread geometry in terms of pitch, depth, and width will affect the stress distribution forces all around the implant contacted bone. The ultimate goal of the thread design should be to avoid or minimize stress peaks under loading. In this regard, thread depths (the distance between the major and minor diameter of the thread) seemed to play a very significant role on implant stability in both trabecular and cortical bone, whereas variations of pitch (the distance from the center of the thread to the center of the next thread) and the thread face angle (the angle between a face of a thread and a plane perpendicular to the long axis of the implant) do not influence implant stability in trabecular bone.28 Chung and colleagues29 found that implants with a pitch distance of 0.6 mm had more crestal cortical bone loss than implants with 0.5-mm pitch. These Implant Design and Osseointegration 30 suggestive of that as pitch decreased, the surface area increased, leading to a more favorable stress distribution. Implant with a higher number of threads is advisable in poor bone quality, areas with high occlusal forces, and in short implants. However, from a surgical point of view, the lesser the threads, the easier and faster it will be to insert the implant. Misch and colleagues9 stated that “the deeper the threads, the broader the surface area of the implant,” which is a design that is very advantageous in softer bone and higher occlusal force areas because of a higher functional surface area in contact with the bone itself. In summary, implant threads should yield allow for increased stability and more implant surface contact area.       
Conclusion 
The answer to the question of what constitutes success in implant dentistry remains complex. There’s no unanimous definition of clinical success for implants or teeth. Teeth and implants don’t permit a strict diagnosis of total health or failure. A tooth with periodontal pocket depths of 5 mm may have therapy but is still within a range of "success." Failure is usually easier to explain but if a dental unit does not qualify as failure, it does not necessarily qualify as a successful. The first criteria for assessing implant quality are pain and mobility. The presence of either factor greatly compromises the implant, and removal is typically indicated.
According to Misch [9 ] criteria for success in implant dentistry includes:
· Pain
· Rigid fixation                    
· Probing depth
· Bone loss
· Bleeding index
· Peri-implant disease
· Percussion
· Radiographic evaluation
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[image: ]Figure: 1 Different Implant Design
A - Non-threaded implant of Endopore system with hexagonal internal connection. B - Threaded implant with square threads and hexagonal external connection. 
C – Parallel body design with self-tapping thread design from Alpha Bio. 
D - Tapered body with variable thread design. 
E - Tapered implant from Nobel Biocare with triangular internal connection. 
F - Tapered internal connection implant.
G - Taper internal connection.
H - Soft tissue level single-stage implant from Straumann.
I - White sky zirconium implant. 
J - One-piece implant









[image: ]Figure: 2 
Implant Thread Design 

[image: ]Figure3: Thread Type









[image: ]Figure 4: Implant size chart


[image: ]Figure 5: Abutment Diameter Selection Guide for Non-Shouldered Abutments



	
*The chart above contains recommendations only. Actual clinical conditions and the clinician’s assessment of the patient should be the main criteria for choosing the size of an abutment for a particular situation.
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