
replacement of lost orofacial structures. The most common 
15type of dental implant is endosseous , comprising a discrete, 

single implant unit (screw- or cylinder-shaped are the most 
typical forms) placed within a drilled space within dento-
alveolar or basal bone to serve as foundation for 
prosthodontic restoration. The clinical situations in which 
dental implants are used have increased tremendously over 
the past several years from merely treating completely or 
partially edentulous patients to treating people with 

15extensive loss of oral and facial tissues . Dental implants 
have been shown to be a highly successful and predictable 
treatment modality for replace missing teeth by providing 
adequate support to crowns, bridges, dentures and 

16,17obturators . 
The advantages of implant over other treatment modalities 
include no preparation of tooth/adjacent teeth, bone 
stabilization and maintenance, retrievability, improvement 
of function, improved support, a more stable occlusion, 
simplification of the prosthesis  and psychological 

18improvement . Disadvantages include risk of screw 
loosening, risk of fixture failure, length of treatment time, 

19,20need for multiple surgeries and challenging aesthetics .

History of Implant 
Dental implants date back thousands of years during the 
ancient Chinese, Egyptians, Greeks and Etruscans 
civilizations. History shown then that it has always made 
sense to replace a tooth with an implant in the approximate 
shape of a tooth. About 4000 years ago, Chinese carved 
bamboo sticks in the shape of pegs and drove them into the 
bone for tooth replacement.  Also, skulls of Egyptians dated 
to more than 2000 years ago showed peg shaped precious 
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Dentistry and oral health care has evolved over the course of 
time from a primitive form of medicine to modern day use of 
preventative dental care, state of the art diagnostics and 

1modern age treatment . During the past several centuries, 
dentistry had seen many improvements and changes 
especially in the area of replacing missing teeth. 
Traditionally, treatment modalities for tooth loss include 
removable partial dentures (RPDs) and fixed partial dentures 

2,3(FPDs) .  Removable partial denture is cheap and easy to 
fabricate. Furthermore, it helps in the restoration of 
appearance, improved masticatory function, prevention of 
undesirable morphological effects of tooth loss including 
alveolar bone resorption, alteration of the occlusal plane and 

4,5,6movement of the remaining teeth . However, research has 
shown that it is less acceptable to patients and has been 
associated with some significant adverse complications such 
as plaque accumulations, increased incidence of caries and 
periodontal breakdown, occlusal loading of soft tissues, 

6,7,8gingival discomfort and direct trauma . Fixed partial 
dentures are more acceptable than RPDs, but may involve 
preparation of intact teeth which may sometimes lead to 

9pulpal necrosis .
In modern era, dental implants have become increasingly 

10useful in the management of tooth loss . The clinical success 
of implant therapy in edentulous and partially edentulous 

11,12 patients is well documented and many clinicians realize 
the benefits of adopting implant therapy in their practices. 
Research has shown that they are acceptable and improve 

10,13,14quality of life when compared to RPDs and FPDs . 
Dental implants are inert, alloplastic materials surgically 
inserted into the residual alveolar ridge of the maxilla and/or 
mandible for the management of tooth loss and to aid 
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metals inserted in the jaws obviously to replace missing 
teeth. A skull was found in Europe with a ferrous metal tooth 
dated back to the time of Christ. Pieces of seashells were 
carved by the Incas from Central America and inserted into 

21the jaw bones to replace missing teeth . 

Various attempts were made at developing tooth 
replacement implants in the late eighteen and nineteen 
centuries but were met with failures. For example a 
prototype of the hollow cylinder implants used today, and 
made of an iridium-platinum alloy was first introduced by 
Greenfield in 1906.  Around 1930s, it was reported that 

2 2Strock  anchored a vitallium (cobalt-chromium 
molybdenum alloy screw) within bone and immediately 
loaded the implant with porcelain crown.  Also, Mueller was 
credited with the placement of an implant, made of iridium 
platinum. From the 1950s, numerous implantologists began 

21-25to develop implant procedures . 

Modern oral implantology began when Branemark, a 
physician was conducting experiments in vivo using 
Titanium chambers placed within bone, discovered the 
particular connection this metal was able to develop within 

26the recipient tissue . In 1965, Branemark proposed a ''bone-
anchored bridge'' to treat edentulous mandibles. The concept 
of osseointegration was originally proposed and developed 

27-29in two fundamental publications . Following one year of 
observation, no inflammation was detected in the peri-
implant bone; meanwhile, soft tissue had formed an 

30attachment to the metal(titanium) and bone . As a result of 
Branemark's extensive studies, titanium has become the gold 
standard in implant dentistry. However, the great revolution 
in the field of ceramic materials with the use of zirconium 
dioxide and also other materials has opened a new, 
challenging way in implantology. 

Implant Biomaterials and properties
Commercially, pure titanium (CpTi) and extra low 
interstitial Ti-6Al 4V (ELI) are the two most common 

31titanium based materials .The evolution of titanium as a 
biomaterial for implant has dramatically increased in the 
past few years because of its favourable combination of 
mechanica l  s t rength ,  chemical  s tabi l i ty,  and  

32biocompatibility . 
The first generation of titanium implants, which were 
machined with a smooth surface texture presented a history 
of 50 years of success. As the implant surfaces were 
recognized to play an important role in molecular 
interactions, cellular response and osseointegration, the 
second generation implants were developed with surfaces 
which can accelerate and improve implant osseointegration. 
To enhance early osseointegration, nanoscale features that 
have the ability to induce the differentiation of stem cells 
along the osteogenic pathway and help cell attraction and 
adhesion to extracelluar matrix causing clustering of 
integrins into focal adhesion complexes (FA), and activate 
intracellular signaling cascade, all leading to a better 

33osseointegration were developed . These second generation 
of clinically used implants underwent mechanical blasting 
coupled or not, with acid etch, bioactive coatings, anodized 
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34and, more recently, laser modified surfaces . The properties 
of titanium are lightweight, biocompatible, corrosion 
resistant (dynamic inert oxide layer), and good strength. 
However, alternative materials include ceramics such as 
a luminum oxide and other  a l loys  (gold and 
nickel–chrome–vanadium). Ceramic materials for oral 
implants were already investigated and clinically used some 

35,3630–40 years ago . Research and manufacturing 
technology have allowed production of advanced 
bioceramic. Initially, the ceramic material utilized was 
aluminum oxide (Alumina), but the introduction of new 
materials such as Yttria, partially stabilized tetragonal 
Zirconia polycrystals (Y–TZP), Zirconia toughened 
Alumina (ZTA), and new manufacturing techniques such as 

37Powder Injection Molding (PIM)  and Hot Isostatic 
Pressing (HIP) have revolutionized the field of bioceramics. 
Currently the material of choice is Yttria-stabilized 
tetragonal Zirconia polycrystal (Y–TZP). However, a newly 
proposed ceramic material is Ce–TZP (ceria stabilized 

37,38TZP)  but neither in-vitro data, nor in-vivo tests have been 
published so far.

Treatment Guidelines
A key principle of implant treatment is that the placement of 

39implant should be prosthetically driven . Hence, implant 
fixture placement and the design of the final prosthesis must 
align with the goal of treatment which is to improve function 
and aesthetics without compromising oral hygiene and the 

40health of the remaining oral tissues .
Patient selection
As with other areas of dentistry, careful patient section is a 
prerequisite for overall success. Care must be taken to 
properly assess and select the right type of patient for 
treatment. There are very few absolute medical 
contraindications for dental implant treatment. Some of 
these are: Inability to maintain good oral hygiene after 
repeated motivation, History of periodontal disease, 
Presence of intraoral pathology or malignancy, Drug and 
alcohol abuse, Recent history of myocardial infarction, 
stroke or valvular prosthesis surgery, Intravenous 
bisphosphonate (anti-resorptive) therapy, Immuno 
compromised patients following organ transplant or 
treatment of systemic disease.
Other conditions considered as relative contraindications 
are: 
1. Age and Gender: There is no convincing evidence to 
suggest that age or gender affect the outcome of 

41osseointegration in the short or long term . This is somewhat 
a surprising finding, given that, a sudden decline in bone 
volume and bone mass occurs as a result of ageing and 
particularly in postmenopausal women. However, younger 
patients may show greater crestal bone resorption around 

42dental implants . It is therefore recommended that implant 
placement be delayed until growth and development have 

43ceased or are minimal . For this reason implants are not 
placed until the facial skeleton has stopped growing; this 
being usually about 18 years of age. However, implant 

41failure does not correlate with age . Increasing age has no 
effect on osseointegration or the rate of crestal bone 

42resorption around dental implants . Therefore, increasing 
age is not a barrier to successful dental implants, although 

 

Esan TA



(c)2016 Nigerian Journal of Restorative Dentistry.

79

medical conditions associated with increasing age may 
require modifications to the implant treatment plan.
2. Smoking: There is strong evidence that smoking 

44-47interferes with osseointegration , and it is also associated 
with high risk of poor wound healing, peri-implant 

48infection  and accelerates bone resorption around dental 
49,50implants . There is a consensus that smoking could 

increase the risk of complications from poorly controlled 
diabetes, immunosuppression and, untreated periodontal 
disease. Smoking cessation during the healing phase 

51following implant surgery improved implant survival . 
Hence conventional denture or fixed partial prosthesis may 
be preferable to dental implants for patients who continue to 
smoke.
3. Diabetes Mellitus: Studies have shown reduced bone 
contact area and bone thickness around hydroxyapatite and 

52-55titanium implants in diabetic rats . and  significantly less 
bone-to implant contact in the insulin-controlled diabetic 

56rats compared with normal rats . However, insulin therapy 
has been shown to increase peri-implant bone formation in 
the diabetic rat model. A study suggested that diabetic 
patients who are well controlled with insulin are suitable for 

57implant surgery under antibiotic cover . Also many studies 
58-60have reported implant success in diabetic patients . In a 

recent retrospective study, the survival rate of dental 
implants in controlled diabetic patients was slightly lower 
than that documented for the general population. The 
increased failure rate occurred during the first year following 

61prosthetic loading . It is concluded that dental implants are 
usually successful in patients with diabetes, however, 
uncontrolled diabetes contraindicates dental implant 
placement. 
4. Osteoporosis: Osteoporosis is a progressive systemic 
disease characterized by low bone mass and deterioration of 

62bone tissue, leading to bone fragility and fracture . The 
prevalence of osteoporosis increases with age and after 
menopause. The effect of osteoporosis on implant success 
has been widely studied.  A study showed that steroid-
induced osteoporosis had no effect on mandibular implants 

63in rabbits . Another report described successful implants in 
an 80-year-old female with severe osteoporosis and chronic 
polyarthritis receiving methotrexate disodium and 

64acemetacin . Hence on the balance of evidence, 
65,66osteoporosis appears not to influence implant survival . 

Moreover, dental implants may actually stimulate 
67mandibular bone formation in a load-dependent manner .

5. Osteoradionecrosis: Head and neck irradiation following 
dental implant placement carries a significant risk of 

68osteoradionecrosis . Many studies have examined implant 
experience in head and neck radiotherapy patients with 

69-72varying degrees of failures ranging from  5% - 30% . 
Some authors have recommended a 6 to 12 month recovery 

73period after irradiation prior to dental implant placement . 
Pre-surgical hyperbaric oxygen have been shown to reduce 
the rate of dental implant failure in irradiated jawbone from 

7460% to 5% . Whatever the method, strict long-term follow-
up is required to monitor the condition of the peri-implant 
tissues when implants are placed in irradiated jawbone. 
Similarly, if irradiation is to be performed in areas where 
titanium implants have been placed, it is recommended that 

all prostheses, frameworks and abutments be removed 
before irradiation. Osseointegrated implants can remain in 

68situ, although they should be covered with skin or mucosa .
6. Oral lesions:  Oral lesions such as oral lichen planus 
(OLP) are associated with the Koebner phenomenon, and 

75surgical trauma is known to exacerbate oral lesions . Hence, 
dental implant surgery may exacerbate OLP lesions. 
Endosseous dental implants may be used in patients with 
non-erosive forms of OLP, although patients should be 
warned of possible lesion exacerbation related to surgery and 
possible implant failure if gingival lesions become erosive.  
There is little or no scientific information on dental implants 
and oral mucosal diseases including recurrent aphthous 
ulcer, stomatitis, pemphigus vulgaris, cicatricial 
pemphigoid, discoid lupus erythematosus, erythema 
multiforme, hyperkeratosis, dysplasia, herpes zoster, or 
recurrent oral herpes. Little is known about endosseous 
dental implants and oral bone diseases including sclerosis 
and exostosis, Paget disease, fibrous dysplasia, cherubism, 
osteomalacia, hyperparathyroidism, Langerhans cell 
histiocytosis, or central giant cell granuloma.
7. Human Immuno-deficeincy Virus (HIV): Patients with 
AIDS may be at greater risk of peri-implantitis, endosseous 
dental implants have been placed successfully in HIV-

76positive patients . Diligent hygiene and long-term follow-
up are required for implants placed in HIV-positive patients.
8. Patient on drugs for systemic diseases: Placement of 
implant is contraindicated in patients undergoing cytotoxic 
chemotherapy. Furthermore, peri-implant soft tissue 
hyperplasia is said to occur in patients taking dilantin sodium 

77,78(phenytoin) or nifedipine . Therefore, careful follow-up of 
dental implant patients taking calcium channel blockers or 
other drugs associated with gingival hyperplasia is essential. 
Also, patients taking anticoagulants (including aspirin) are 
at risk of severe hemorrhage during implant surgery. Patients 
on long-term systemic corticosteroids are at risk of steroid 
crisis during implant surgery. Furthermore, steroid-induced 

66osteoporosis may complicate dental implant treatment . 
Hence consultation with the patient's physician prior to 
dental implant placement is desirable for patients on 
anticoagulants or long-term systemic corticosteroids
9. Periodontal disease: Implant treatment in individuals 
with periodontitis-associated tooth loss is frequently 
debated. Many of previously published systematic review 
articles believed that there are no enough evidence to suggest 
that patients with periodontitis many not benefit from 

79-81implant treatment . Another systematic review noted that 
the survival rates are high for supra structures and implants 
in individuals with a history of periodontitis-associated tooth 
loss but concluded that Implant treatment in periodontitis-
susceptible patients is not contraindicated. However, the 
higher incidence of peri-implantitis may jeopardize the 
longevity of the implant treatment. Therefore, implant 
treatment in periodontitis-susceptible patients has to include 
adequate infection control and an individualized 

82maintenance programme . 
10. Occlusal conditions and loading: Patients with previous 
history of heavy occlusal load require careful long-term 
management and monitoring of their occlusion because 
dental implants lack the benefit of a periodontal ligament and 
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6. Incisal edge position of the maxillary centrals and 
occlusal plane: The position of the centrals is evaluated 
in rest and related to the upper lip length, as well as 
during smiling in relation to the height of the smile line. 
Patients with a high smile line generally expose the 
entire clinical crown with surrounding gum tissues, 
while with an average smile line, the central incisors are 
mainly visible, and with a low smile line less than 75 per 
cent of the incisors' length is exposed. When the alveolar 
ridge is displayed in patients with a high smile line, 
special consideration has to be given to the aesthetic 
aspects and the predictability of the outcome of a 

92possible implant treatment ;
7. Temporomandibular joint movement and function: TMJ 

pains, contraction or hypertrophy of  the facial 
musculature occurring concurrently with abrasion and 
wear facets on the occlusal surfaces can be an indicator 

92of parafunctional habits .

Intra-oral examination 
1. Dental examination including existing restorations and 

reconstructions, decayed and filled teeth, oral hygiene 
assessment, periodontal exam and dental pulp test; 
detection of malpositioned teeth (elongation, intrusion, 
ectopic tooth position); midline between upper central 
incisors corresponding to the philtrum position;

2. Occlusal status and functional examination: the 
diagnosis of parafunctional habits (bruxism, clenching) 
can be deduced from clinical findings of muscular 
tension and hypertrophy, dental abrasion, attrition and 
wear facets. Although parafunction itself is not a 
contraindication for implant placement it can, if 
uncontrolled, cause technical complications such as 
screw or framework fractures due to overloading. 
Therefore, initial therapy of temporomandibular 
disorders is indicated pre-surgically to reduce the 
eventual occlusal stresses and provide better chances of 

93long-term success .

Site Evaluation
Number of teeth and edentulous segment. During the 
planning phase the number of teeth present and existing 
conditions should be documented. There must be adequate 
space between implants, and between natural teeth and 
implants, for proper integration and tissue health. In general, 
there should be 3 mm between implants and between teeth 

91and implants . Thus, the space needed for two implants of 4 
mm diameter to be placed between natural teeth is 17 mm. 
Generally, the anterior mandible has adequate bone for 

94placement of 4 to 6 implants . Where the mesio-distal space 
is more than 10 mm, a single tooth implant is not 
recommended.
Periodontium – oral mucosa. The mucosal quality and 
quantity with the underlying bone can be assessed by 
palpation and/or sounding. A thick keratinized mucosa is 
easier to mould for a papillary-like inter-implant trigonum 
than a thin, flappy, non-keratinized ridge tissue. Sufficient 
mucosal thickness helps to hide the abutment margin and 
better facilitates correct emergence profile of the clinical 

39crown .

its proprioceptive function. Natural teeth are supported by 
periodontal ligaments with receptors that help protect teeth 
and the periodontium from excessive occlusal forces that can 

84,85cause trauma to the supporting bone . These 
neuromuscular reflexes are absent in osseointegrated 
implants. Hence, a poorly developed occlusion on implant-
supported restorations could have a deleterious effect on the 
supporting bone as well as on the accompanying prosthesis 

86components . Opinion varies as regards the effect of 
occlusal forces and implant. While some authors believed 
that occlusal overloading was the primary reason for bone 

86,87loss around implants , others have demonstrated that the 
magnitude or direction of occlusal forces does not appear to 
have an effect on the stability of supporting implants and 

88,89 90bone . However, Isidor , in an animal study, demonstrated 
bone loss surrounding implants subjected to extremely high 
off axis loading forces. Though opinion are varied, the 
occlusal scheme for an implant-supported restoration should 
be designed to decrease cuspal interferences, centralize 
forces along the long axis, and minimize lateral forces; in 
other words it should be like that of a similar restoration 

91supported by a natural dentition .  

Patient evaluation 
The patient should be thoroughly evaluated before arriving 
at any treatment option, after which treatment planning can 
commence. During the planning stages, it is important to 
consider the patient's expectations, medical health, financial 
and time constraints.  Clinical examination comprises 
several extra and intra-oral aspects giving special attention 
to the alveolar bone and soft tissue contour and the possible 

92implant reconstruction. Zitmann et al.  suggested a 
systematic approach that addresses the following extra-oral 
and intra-oral parameters;
1. Correct facial proportions: Divided into 3 thirds: from 

hairline to eyebrow, to the subnasal point, to the chin.
2. Facial symmetry on front and in profile: parallelism 

among bipupilar line, smile line, occlusal plane and 
camper's plane;

3. Need for lip and cheek support: patients with removable 
prosthesis should be evaluated with and without the 
existing restoration in place so that a prosthesis flange 
for adequate support can be planned if deemed 
necessary;

4. Facial skeletal classification (normal, prognathic, 
retrognathic), need for compensation of a concave 
profile: check relation of the upper and lower lip to the 
aesthetic plane (line from the end of the nose to the chin) 
for "best balance of lips'', which is given with equal 
distances or the lower lip slightly closer to this plane;

5. Intermaxillary relation: Occlusal vertical dimension 
(correct, reduced, increased); Interocclusal distance at 
rest position (correct with 2–4 mm, reduced, increased). 
In situations with a reduced occlusal vertical dimension, 
it is important to evaluate whether the interocclusal 
distance is increased and the OVD can be raised up to the 
desired dimension, or whether a muscular adaptation 
has occurred and interocclusal distance decreased 
concurrently so that a staged rise of OVD is required;
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However, there are disagreements on the type of tissues that 
should be around implants. A 5-year longitudinal study by 

96Schoo and van der Veldon  indicated that alveolar mucosa 
around teeth is not more likely to develop recession or 
inflammation than attached gingival. Similar observations 

97were made by Krekeler et al.  concerning soft tissue around 
implants. Clinical observations suggest that the presence or 
absence of attached gingiva around implants does not appear 
to affect long-term soft tissue health, bone loss, or implant 
survival rates. However, when alveolar mucosa directly 
surrounds the abutments, chronic trauma as a result of 
muscle influence in severely resorbed jaws can cause 

98 99marginal irritation . Han et al. , in a case report describing a 
surgical technique, indicated that replacement of unattached, 
non-keratinized mucosa with keratinized gingiva provided 
attached gingiva around implants that was healthier and 

100more resistant to inflammation. Azzi et al.  indicated that an 
adequate zone of attached gingiva is necessary around 
anterior restorations to conceal the junction between an 
implant and a restoration. A comparative study by 

101Wennstrom et al. , focusing on implants placed in 
keratinized tissues, non-keratinized tissues, and mobile soft 
tissues, indicated that the lack of attached masticatory 
mucosa around an implant did not jeopardize the 
maintenance of healthy soft tissues. Also because of the 
average bone loss of 1mm reported at 1st year post-op it is 
important to submerge the implant during surgery. 
Periodontium - Bone support. Bone quality is often referred 
to as the amount (and their topographic relationship) of 
cortical and cancellous bone in which the recipient site is 
drilled. A poor bone quantity and quality have been indicated 
as the main risk factors for implant failure as it may be 
associated with excessive bone resorption and impairment in 

102-104the healing process compared with higher density bone . 
Clinical studies have reported dental implants in the 
mandible to have higher survival rates compared to those in 

105,106the maxilla, especially for the posterior maxilla . Bone 
quality has been considered as the basic cause of this 
difference. In the posterior maxilla, there is commonly 
thinner cortical bone combined with thicker trabecular bone 

107-109compared to the mandible . Clinically, a poor degree of 
bone mineralization or limited bone resistance is observed in 
bones with poor densities, which are often referred to as “soft 

107-109bones” . It has been shown that achieving optimum 
primary stability in soft bones is difficult and is also related 
to a higher implant failure rate for the implants placed in such 

102,110 111bones . Turkyilmaz et al.  reported the bone quality 
around the implant to be superior in the mandible compared 

112to the maxilla. A clinical study  with 158 implant sites from 
85 patients indicated a strong correlation between bone 
density and dental implant stability. Results by Miyamoto et 

113al.  demonstrated that dental implant stability is positively 
associated with the thickness of cortical bone thickness. In 
contrast to the previous studies, additional studies in the 
posterior mandible showed high failure rates due to the poor 

114-115bone quality as well as other additional factors .
116The Lekholm and Zarb (1985)  Classification (Types I-IV) 

is based on cortical thickness and trabecular sparseness, 
although not validated, is used commonly for diagnostic and 
surgical purposes. Type I and Type II bones are relatively 

dense as they mostly consist of thick cortical bone. Type III 
bone is softer with more trabecular whereas Type IV bone is 
very soft, consisting of only a very thin layer of outer cortex 
with very sparse inner core of trabecular bone. The maxilla 
has Type III bone in the anterior and premolar regions and 
Type IV in the molar areas. The mandible may have Type I 

116 112,113anteriorly and Types II and III elsewhere . Studies  have 
demonstrated that higher implant failures occur in softer 
Type IV bone. Modified surgical techniques, bone 
augmentation procedures and implants with certain surface 
design and characteristics are routinely used to improve the 
chance of success in case of unfavourable bone quality such 
as Type IV bone. Bone density and volume can be 
determined clinically and radiologically. The only validated 

39method of doing so, however, is the CT or CBCT scanning .
Anatomical structures: The major anatomical structures that 
needs to be taken into consideration when planning dental 
implant placement are the maxillary sinus, nasal floor, 
inferior dental nerve and mental nerve. It should be 
remembered that the mental nerve sometimes has an anterior 

39loop of up to 4mm .

Investigations
a. Radiographs: Pre-operative radiographs are required 
not only to evaluate the existing bone quantity but also to 
identify neighboring anatomic and topographic structures 

117which have to be preserved . Important anatomic structures 
are the roots of the adjacent teeth, the course of the inferior 
alveolar nerve, the floor of the nose, the diameter of the 
incisal canal, and the morphology of the maxillary sinus 
including bony septi. Dental panoramic radiographs and 
periapical radiographs can be used to evaluate sites for dental 
implant placement. Magnification distortions are usually 
associated with panoramic radiographs and hence require 
radiopaque markers for correction of the magnification 
factor. They should be employed with caution when placing 
implants close to vital structures. Periapical radiographs 
may be dimensionally accurate but are limited in their ability 
to fully incorporate crucial anatomical structures including 
the inferior dental nerve and the maxillary sinus.  Presently, 
Cone beam CT (CBCT) is the best because it gives an 
accurate three-dimensional image of the jaws and can be 
used to measure bone density however, the radiation dose is 
higher.  Computerized tomography (CT) has been regarded 
as the best radiographic method for analyzing the 
morphological and qualitative analysis of the residual 

118-120bone . It is also a valuable means for evaluating the 
39,121relative distribution of cortical and cancellous bone . 

b. Clinical photography showing the site and all standard 
39views .

39c. Study casts for planning and diagnostic wax-up .

Treatment Plan
The desired final restoration must be carefully planned and 
be used as a guide for the positioning of the dental implant.  
If this cannot be readily achieved, site development (both 
hard and soft tissue) and regenerative procedures should be 
considered to allow the correct positioning of the implants 
according to the restorative requirements of the final case. 
Treatment planning should include the recommended 
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comparable with those obtained with longer implants and 
125those of a standard diameter .

Treatment 
An implant can be placed either in a fresh extraction socket at 
the time of tooth removal (immediate) or later in native 
alveolar bone (delayed). Although many classifications exist 
but for the purpose of this review, it will be limited to 
immediate, delayed immediate and delayed.

Immediate Implant
This involves placement of dental implants directly into a 

126fresh extraction socket . The advantages of such option are 
numerous to the patients and the clinician but, it requires 
expertise and experience. The advantages are that post 
extraction healing and osseointegration occur 
simultaneously, surgical procedure and time are minimized 

126and it is cost effective on the long run . However, some 
disadvantages of such procedure include difficulty in 
obtaining primary implant stability, need for additional 
procedures like grafting to fill up the space between implants 
and the bone, presence of residual infection which may lead 

126to peri-implantitis . 

Delayed Immediate and Delayed Implant
Delayed immediate (usually about 8-10 weeks) and delayed 
placements (usually about 9-10 months or longer) have the 
disadvantage that the treatment is more protracted compared 

39,127with immediate placement . However, delaying the 
implantation allows for soft tissue coverage over the socket, 
which in return makes primary wound closure and graft 
containment easier. Deferral of implant placement also 
allows any pre-existing area of infection to subside. Late 
placement means overall treatment time is longer, however 
when preparing recipient sites in healed bone, the osteotomy 

39may be positioned optimally . Delayed placement is usually 
the treatment option for multi-rooted sites thus allowing the 
implant to be placed centrally in the available space. Late 
placement is also indicated when the tooth has been 
chronically infected or the socket requires substantial 
regeneration using the Guided Bone Regeneration or socket 

39augmentation techniques .

Surgical procedure
Dental implantology is a restoratively guided discipline with 
a significant oral surgical component. It should be 
meticulously planned and executed to ensure the highest 
probability of success both functionally and aesthetically 
with minimum morbidity and discomfort for the patient and 
the minimum risk of damage to vital structures. Successful 
implant surgery should follow the sound principles of oral 
surgery. Hence there is need for proper planning before 
undertaking the procedure.
In preparation for implant surgery, oral and dental diseases 
should be treated. In addition, provision of surgical stent is 
critical for achieving an ideal surgical aesthetic result. It is 
used during fixture installation as guide for optimal bucco-
lingual and mesio-distal positioning.
 Also, oral prophylaxis such as scaling and polishing and oral 
hygiene instruction should be done. Preoperative medication 

treatment and other reasonable alternatives such as 
 No treatment
 Dentures
 Bridges (adhesive or conventional)
 Implant treatment (and its different options)
The implantologist must make the patient to be fully aware 
of all possible risks and how best to manage potential 
complications, expected outcome of treatment and its long-
term prognosis.  
Once the treatment option is decided, it is important to plan 
the restorative and surgical phase of the treatment. 
Restorative Planning 
Restorative planning should include the emergence profile, 
aesthetic analysis and implant occlusion. The prosthesis 
should appear to emerge from the gingiva in a very natural 

121way . Clinicians should avoid “tomato on a stick” crowns 
39because periodontal problems may develop . Aesthetic 

analyses should include the analysis of the smile line, which 
is usually high in the maxilla and low in the mandible. The 
shape of the lips of the patient and existing ridge defect must 
be taken into consideration, if visible with high smile line 

39then the ridge will need augmentation .

Occlusal analysis
Occlusal analysis is very important in the success of an 
implant. It is important to have the diagnostic casts mounted 

86,87on an articulator.  Studies  have shown less implant 
success in patients with parafunctional habits and patients 
who had tooth loss due to occlusal trauma.  

39In summary, the basic guidelines to implant occlusion are :
1. Provide even bilateral contacts in centric position. 
2. Prepare the mutually protective occlusion, if possible. 
3. Reduce the occlusal contacts in cantilever area. 
4. Avoid or reduce the occlusal contacts in excursive 

movements.

Surgical Planning
Surgical planning follows on directly from restorative 
planning which starts with a diagnostic wax-up to determine 
the ideal restorative position. This will allow the practitioner 
to see where implants should be placed in order to support 

39the planned prosthesis optimally . 
Choice of implant length/diameter
Among the implant designs, implant diameter and length 
have been intensively studied and well accepted as key 
factors, since they directly influence the primary stability, 

122placement, and removal torque values of dental implant . 
The length of implant fixture to be used is determined by 
quantity of bone apical to extraction site or anatomical 
structures. It is advisable to use the longest implant safely 
possible. Also the diameter is dictated by corresponding root 

123anatomy at crest of bone. Horiuchi et al.  suggested that 
implants should be at least 10 mm long to ensure a high 

124success rate. Chiapasco et al.  proposed that it would be 
better to use implants more than 14 mm in length and more 
than 4 mm in diameter. However, a review of the literature 
suggested that when adequate surgical preparation is made 
and indications for implant treatment duly considered, the 
survival rates for short and for wide-diameter implants are 
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should be given in good time to be effective. Non-steroidal 
anti-inflammatory drugs and antimicrobials work best as 
preventive drugs and should be administered with sufficient 

39time for them to be absorbed before surgery commences .
Aseptic Surgical Technique: cross infection control is 
critical not only to prevent cross contamination but also to 
reduce the bacterial count within the surgical field. This 
would normally involve the use of full sterile set of surgical 
drapes and gowns for the operating team and the patient. 
Preoperative use of mouthwashes and skin disinfection are 
considered good practice. Sterilization and safe storage of 
large number of surgical instruments that may be needed for 
each case should conform to current policies and guidelines.
Pain and Anxiety Control: Implant surgery can be prolonged. 
The administration of appropriate type and dosage of local 
anesthesia is crucial to ensure that the surgical field is 
anaesthetized adequately for the duration of the operation 
without overdosing. 
Advanced implant surgery may include regenerative 
procedures such as guided bone regeneration (GBR), bone 
condensation, ridge splitting (Figs.1a-1c), particulate 
grafting, autogenous block grafting, sinus augmentation, 
connective tissue grafting and further special methods such 
as inferior dental nerve repositioning and distraction 
osteogenesis. 
Proper surgical technique during implant placement is 
critical; there should be minimal heat generation during 
preparation of the implant well. Ideally less than 47º Celsius 
for one minute or less provides the most predictable healing 

39response .

Surgical Phase
The original Branemark protocol required a vestibular flap 
with a two stage approach. The implant is placed and buried 
under the soft tissue and after an adequate period of healing 
(three months mandible, six months maxilla) (Fig 1c), 
Stage I - implant fixture placement with cover screw 
(submerged)
Stage I - healing phase
3 months minimum (mandible) - usually 6 months for 
posterior regions
6 months minimum (maxilla) - usually 6-9 months for all 
regions
Stage II - Uncovering and placement of healing abutment 
(Fig. 2a). A second stage surgery is performed with crestal 
incisions to expose the fixtures and connect a trans-epithelial 
abutment (healing abutment). During this stage the mucosa 
over the implant is incised and the implant head located. The 
cover screw is unscrewed and healing abutment placed.  

Healing abutment is a cylindrical component that is screwed 
into the implant and may be used at first stage surgery, or 
more commonly at second stage surgery (Fig. 2a). It extends 
through the gingival tissues to help contour the tissues 
(Healing phase: 4 - 6 weeks for soft tissue healing) to receive 
the final restoration (Fig. 2b).
One stage surgical protocol was developed by ITI in 

128Switzerland . It requires a crestal incision or a flapless 
approach, drilling directly through the soft tissues. It also 
allowed the implant fixture to extend through the soft tissues 
during the period of initial healing.  One stage is suitable in 
cases with adequate bone width with sufficient keratinized 
soft tissue. 

 Restorative phase
The restorative phase of treatment such as fabrication of 
surgical guides starts before the implants are placed. Also 
provisional restorations that maintain appearance and 
function during implant treatment are also fabricated during 
this phase.

Provisional restorations
Before starting implant treatment a provisional or 
transitional restoration should be made that will be durable 
throughout what can sometimes be a lengthy course of 
treatment. The requirements of a provisional restoration are 
that it should allow for the implant sites to be minimally 
loaded immediately after initial surgery. They should also be 
designed so that they are easily adapted following placement 
of healing abutments and subsequent implant restorative 
procedures. 

Abutment selection
Abutments are components that attach to the implant head 
and are retained to the implant by an abutment screw that 
extends through the abutment into the body of the implant. 
The abutment extends through the gingiva into the oral 
cavity and it provides the support for the restoration. It could 
be straight or angled to overcome severe alignment problems 
between implants.
The healing abutment is unscrewed and the height of soft 
tissue from the rim of the implant head to the gingival margin 
measured with a periodontal probe. If possible and where 
necessary, the abutment is selected so that the margin for the 
restoration is placed 1–2 mm subgingivally.
Seating the abutment
Once the appropriate abutment has been selected it is then 
seated onto the implant head. It is essential that full seating is 
ensured and as the abutment-implant junction is commonly 
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Fig. 1a: Preparation of implant well with 
surgical drills after ridge split

Fig. 1b: Two regular size implants in 
splitted bone with cover screws

Fig. 1c: Site sutured
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Maintenance Phase
The following parameters are important the maintenance 
phase, 
1. Home-care regimen: This involves reinforcement of oral 

hygiene instructions.  Patients should be advised to use 
super-floss or interdental brushes for interproximal 
cleaning of prosthesis and abutment surfaces. Metal tip 
should never be used during professional scaling and 

39polishing .
2. Periodic recalls reinforcing regimen: Recall visits 

should be scheduled for immediate post-delivery, 24 
hours, one week, two weeks (re-torque if needed), 6 
months bi-annual or annual evaluation and there should 

39be strict adherence to recall schedule .
During the recall visits the following clinical parameters 
should be evaluated.
1 Oral hygiene including plaque index:  Plaque is primary 

etiologic factor in tissue destruction (peri-implant and 
natural tooth) so it is important to review oral hygiene 
instructions by monitoring through plaque indices.

2. Implant stability: Implant stability (evaluate mobility) 
may be the key indicator of fixture health. Minimal 
mobility of around 17 - 57 um buccal and 17 - 66 um 
lingual is compatible with implant health. 

3. Peri-implant tissue health: Visual inspection should be 
done or signs of pathoses such as alterations in color, 
contour and consistency of alveolar mucosa. 

4. Crevicular probing depths is the most accurate means of 
detecting peri-implant tissue destruction (use plastic 
probes). Probing measurements closely approximate 
actual bone levels. However, probing should be avoided 
during first 3 months after abutment connection to avoid 
damaging weak epithelial attachment. 

5. Bleeding: There is controversy as to the significance of 
bleeding on gentle probing at peri-implant interface. 
BOP may precede clinical signs of inflammation. BOP 
and radiographic changes are most valid indicators of 
peri-implant breakdown. It is recommended that 
continued use of peri-implant sulcus probing be done to 

subgingival, checking with an intra-oral radiograph may be 
needed. When full seating has been verified, the abutment 
screw can be tightened to the manufacturer's recommended 
level of force using a torque wrench. 

Impression taking
The aim of an impression for implant restorations is to record 
the implant positions in a master working cast. There are two 
types of implant impression coping: pick-up and transfer 
copings. 

Laboratory techniques
Many of the laboratory techniques for implant restorations 
are essentially the same as for conventional prosthodontic 
treatment. Working casts are made using precise replicas of 
the abutments and machine-made gold cylinders that fit the 
abutments accurately can be incorporated into conventional 
framework wax-ups and then cast in a suitable precious gold 
alloy. Casts are normally made with a flexible silicone 
rubber gingival cuff, which is removable from the cast, 
allowing the dental technician to make sure that there is an 
accurate fit of the abutment/restoration in the subgingival 
region and to help visualize and create emergence crown 
contours and profiles that are consistent with the gingival 
margin.

Restoration insertion
If all other procedures have been performed correctly the fit 
appointment should be reasonably straightforward. The 
occlusion and appearance need to be checked and the patient 
given appropriate oral hygiene instruction. The bridge 
screws can then be progressively tightened in sequence in an 
order that will not produce stress within the bridge. 
Occlusion
For single tooth restorations or limited span bridges, occlusal 
contacts need to be examined in light and heavy contact. It 
should be remembered that the implant is in effect ankylosed 
and so will not move under occlusal contact when compared 
with a tooth. Therefore the implant restoration should be in 
enough contact to lightly mark occlusal indicator paper but 
should not hold shim stock. It is important that the 
restoration is not totally out of occlusion because the risk is 
that there may be uncontrolled overeruption of the opposing 
teeth resulting in a loss of occlusal stability and occlusal 
interferences.
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Fig. 2a Showing healing abutment in place

Figure 3b: Gingival cuff created by the healing abutment
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monitor implant success.
6. Radiographic assessment (serial): Serial radiographic 
assessment is one of the most valuable ways to monitor 
implant success  and it could help to accurately 
determine amount of bone loss. Bone levels are compared 
with stable landmarks such as implant threads. It should be 
noted however, that about 1.0mm marginal bone loss is 
expected during first year post insertion and thereafter about 
0.1mm per year should be anticipated. Greater bone loss is 
also usually   observed in maxilla. Rapid bone loss is seen if 
there is fractured fixture, initial osseous trauma at insertion, 
fixture over-tightening, occlusal trauma, poor adaptation of 
prosthesis to abutment, plaque-associated infection (peri-

39implantitis) .
7. Proper torque on screw joints: Loose screws can cause 
localized inflammation, loose restorations, and discomfort.  
However, it should be noted that excessive force can fracture 

39screw/implant or create increased stresses in the bone .
8. Occlusion: Excessive force concentrations can result in 
extensive bone loss and implant fracture.  Major causes 
include poor abutment prosthesis adaptation, poor force 
distribution and improperly planned occlusal schemes. 
Therefore the best occlusal scheme should be balanced 
occlusion and it is important to have "light centric" occlusion 

39only. There should be no contact in lateral excursions .

Problems of implant treatments:
1.   Soft tissue reactions - This occur commonly due to loose 
screws and poor oral hygiene which can lead to “peri-
implantitis” and may progress to gradual bone loss and 

39subsequent lack of attached peri-abutment soft tissue .
2. Fractured or loosened screws -This can occur when 
using wrong screwdriver or excessive force. Also excess 
force can “round off” the hex hence making it difficult for the 
screwdriver to engage the hex.  Screws can be retrieved by 
gently teasing out fractured screw with caution not to 
damage the hex. Screws removing kits are generally sold 
with implant kit and are very useful in the removal of 

39fractured screws .
3. Failing/failed implant - These conditions are 
characterized by progressive crestal bone loss, soft tissue 
pocketing, bleeding on gentle probing with possible pus and 
tenderness to percussion or torque. Causes of failing implant 
include: Overheating of bone, lack of initial stability, too 
rapid initial loading, functional overload, inadequate screw 
joint closure and infection. Management of this condition 
should first be symptomatic i.e treat infection and  re-
evaluate the condition. In the interim it is advisable to 
remove the prosthesis and abutments followed by copious 
irrigation of the area with chlorhexidine, implant 
components should also be disinfected before being 
replaced. However if symptoms persist, it is advisable to 
remove the implant and replace with larger diameter 

39fixture .
Clinical signs of failed implants includes: mobility; “dull” 
percussion sound; peri-implant radiolucency (connective 
tissue implant encapsulation may not be visible on 
radiograph). 

Broken attachments/ components: The treatment is to 

remove offending attachment (if possible) and replace but 
care must be taken not to scratch titanium fixture or 

39abutment .

Criteria for success: 
·no peri-implantitis
·no associated radiographic radiolucency
·marginal bone loss 1.0-1.5mm first year; then < 0.1mm 

annually thereafter
·tissue integration: bone/soft tissue “osseointegration”
·absence of mobility
·no progressive soft tissue changes or bone loss
·stable clinical attachment level
·absence of bleeding upon probing/excessive probing 

depths
·absence of discomfort

Conclusion
The success rate of implant varies with bone quality, loading 
dynamics, and maintenance. The anticipated 10-year 
success rate is about 97% in anterior mandible, 90% in 
anterior maxilla and decreases in posterior quadrants due to 
poorer bone.
More importantly, careful patient selection, proper treatment 
planning, proper surgical procedure, careful restorative 
planning and consistent maintenance phase will guarantee 
long survival rates of dental implant.

References
1. Guerini V. A history of dentistry from the most ancient 

times until the end of the eighteenth century. 1909 
Philadelphia, Lea & Febiger, p 280-336.

2. Rich B, Goldstein GR. New paradigms in prosthodontic 
treatment planning: a literature review. J Prosthet Dent 
2002;88(2):208-214.

3. Mericske-Stern R. Removable partial dentures. Int J 
Prosthodon 2008; 22(5):508-511.

4. McCord F, Smales R. Oral diagnosis and treatment 
planning: part 7. Treatment planning for missing teeth. 
Br Dent J 2012;213:341-351. 

5. Shugars DA, Bader JD, Phillips SW, White BA, 
Brantley CF. The consequences of not replacing a 
missing posterior tooth. J Am Dent Assoc  
2000;131(9):1317-1323.

6. Wostmann B, Budtz-Jorgensen E, Jepson N, Mushimoto 
E, Palmqvist S, Sofou A, Owal B. Indications for 
removable partial dentures: a literature review. Int J 
Prosthodon 2005;18(2): 

7. Saito M, Notani K, Miura Y, Kawasaki T. Complications 
and failures in removable partial dentures: a clinical 
evaluation. J Oral Rehabil 2002;29(7):627-633.

8. Jepson NJA, Moynihan PJ, Kelly PJ, Watson GW, 
Thomason JM. Restorative dentistry: Caries incidence 
following restoration of shortened lower dental arches in 
a randomized controlled trial. Br Dent J 2001, 191(3), 
140-144.

9. Budtz-Jorgensen E. Isidor F. A 5-year longitudinal study 
of cantilevered fixed partial dentures compared with 
removable partial dentures in a geriatric population. J 

    Implants Guidelines for Restorative Dentists



(c)2016 Nigerian Journal of Restorative Dentistry.

Reconstr Surg 1969; 3(1):81–100.
29. Albreksson T, Wennerberg A. The impact of oral 

implants - past and future, 1966–2042. J Can Dent Assoc 
2005;71:327a-327d.

30. Worthington P (2003) Introduction: history of Implants. 
In: Worthington P, Lang BR, Rubestain JE (eds) 

Osseointegrating in dentistry: an overview. 
Quintessence, Illinois p, p 2

31. Suraksha S, Sarita J. Current Concepts in Biomaterials 
in Dental Implant. Science Res 2014; 2(1):7-12. 

32. Brunette DM, Tengvall P, Textor M, Thomsen P. 
Titanium in medicine: material science, surface science, 
engineering, biological responses, and medical 
applications. Berlin, Germany: (2001) Springer (eds).

33. Bauer S, Schmuki P, von der Mark K, Park J. 
Engineering biocompatible implant surfaces Part I: 
ma t e r i a l s  and  su r f ace s .  Prog  Mate r  Sc i  
2013;58:261–326.

34. Branemark R, Emanuelsson L, Palmquist A, Thomsen P. 
Bone response to laser induced micro- and nano-size 
t i t an ium su r f ace  f ea tu r e s .  Nanomed ic ine  
2011;7(2):220-7.

35. Juhasz JA, Best SM. Bioactive ceramics: processing, 
s t r u c t u r e s  a n d  p r o p e r t i e s .  J  M a t e r  S c i  
1992;47(2):610–624. 

36. Doremus  RH.  B ioce ramics .  J  Mater  Sc i  
1992;27:285–297. 

37. Park YS, Chung SH, Shon WJ. Peri-implant bone 
formation and surface characteristics of rough surface 
Zirconia implants manufactured by powder injection 
molding technique in rabbit tibiae. Clin Oral Impl Res 
2013;24:586–591.

38. Vagkopoulou TKS, Koidis P, Strub JR. Zirconia in 
dentistry: part 1. Discovering the nature of an upcoming 
bioceramic. Eur J Esthet Dent 2009;4:130–151.

39. The Association of Dental Implantology. A Dentist's 
Guide to Implantology. London 2012

40. Jivraj S, Chee W. Treatment planning of implants in the 
aesthetic zone. Br Dental J 2006;201(2):77-89.

41. Dao TT, Anderson JD, Zarb GA. Is osteoporosis a risk 
factor for osseointegration of dental implants? Int J Oral 
Maxillofac Implants 1993;8:137–144.

42. Bryant SR. The effects of age, jaw site, and bone 
condition on oral implant outcomes. Int J Prosthodont 
1998;11: 470–490.

43. Kurol J, Odman J. Treatment alternatives in young 
patients with missing teeth. Aspects on growth and 
development. In: Koch G, Bergendal T, Kvint S, 
Johansson U-B (eds). Consensus Conference on Oral 
Implants in Young Patients. Stockholm: Forlagshuset 
Gothia, 1996:77–107.

44. Bain CA, Moy PK. The association between the failure 
of dental implants and cigarette smoking. Int J Oral 
Maxillofac Implants 1993;8:609–615.

45. De Bruyn H, Collaert B. The effect of smoking on early 
implan t  fa i lu re .  Cl in  Ora l  Implan ts  Res  
1994;5:260–264.

46. Gorman LM, Lambert PM, Morris HF, Ochi S, Winkler 
S. The effect of smoking on implant survival at second-
stage surgery: DICRG Interim Report No. 5. Dental 

Prosthet dent 1990:64(1):42-47.
10. Jivraj S, Chee W. Rationale for dental implants. Br Dent 

J  2006;200:661-665. 
11. Adell R, Eriksson B, Lekholm U et al. A long term 

follow up study of osseointegrated implants in the 
treatment of totally edentulous jaws. Int J Oral 
Maxillofac Implants 1990;5: 347–359.

12. Lindhe T, Gunne J, Tillberg A et al. A meta analysis of 
implants in partial edentulism. Clin Oral Implants Res 
1998;9:80.

13. Hebel K, Gajjar R, Hofstede T. Single-tooth 
replacement: bridge vs. implant-supported restoration. J 
Can Dent Assoc 2000;66(8):435-438.

14. Budtz-Jorgensen E. Restoration of the partially 
edentulous mouth—a comparison of overdentures, 
removable partial dentures, fixed partial dentures and 
implant treatment. J Dent 1996;24(4):237-244.

15. Porter JA, von Fraunhofer JA. Success or failure of 
dental implants? A literature review with treatment 
considerations. General Dent 2004;53(6):423-32.

16. Jyothi, S. G., Triveni, M. G., Mehta, D. S., & 
Nandakumar, K.. Evaluation of single-tooth 
replacement by an immediate implant covered with 
connective tissue graft as a biologic barrier. J Ind Soc 
Periodontol  2013,17(3), 354–360

17. Clark D, Levin L. Dental implant management and 
maintenance: How to improve long-term implant 
success? Quintessence Int 2016;47(5):417-23.

18. Wetherell J, Smales R. Partial denture failure, a long 
term clinical survey. J Dent 1980; 8: 333–340.

19. Salinas T, Eckert S. Implant-supported single crowns 
predictably survive to five years with limited 
complications. J Evid Based Dent Pract 2010;10:56-57.

20. Palmer R. Palmer P, Leslie H. Dental implants: 
complications and maintenance. Br Dent J 
1999;187(12): 653-658.

21. Anjard R. Mayan Dental wonders. Oral Impl 
1981;?:423–426.

22. Strock AE. Experimental work on a method for the 
replacement of missing teeth by direct implantation of a 
metal support into the alveolus. Am J Orthod 
1939;25:467–472.

23. Marziani L. Dental implants and implant dentures. Their 
theory, history and practice. Dent Impl 1954;4:459–481.

24. Small IA, Chalmers J Lyons memorial lecture: metal 
implants and the mandibular staple bone plate. J Oral 
Surg 1975;33:571–585.

25. Linkow LI. Endosseous blade-vent implants: a two-year 
report. J Prosthet Dent 1970;23:441–448.

26. Branemark PI. Osseointegration and its experimental 
background. J Prosthet Dent 1983;50:399–410.

27. Branemark PI, Hansson BO, Adell R, Breine U, 
Lindstrom J, Hallen O et al. Osseointegrated implants in 
the treatment of edentulous jaw. Experience from a 10-
year period. Scand J Plast Reconstr Surg 1977;16 
Suppl:1–192.

28. Branemark PI, Breine U, Adell R, Hansson BO, 
Lindstrom J, Ohlsson A. Intraosseous anchorage of 
dental prostheses. I. Experimental studies. Scand J Plast 

86Esan TA



(c)2016 Nigerian Journal of Restorative Dentistry.

87

Implant Clinical Research Group. Implant Dent 
1994;3:165–168. 

47. Kan JY, Rungcharassaeng K, Lozada JL, Goodacre CJ. 
Effects of smoking on implant success in grafted 
maxillary sinuses. J Prosthet Dent 1999;82:307–311.

48. Haas R, Haimbock W, Mailath G, Watzek G. The 
relationship of smoking on peri-implant tissue: A 
retrospective study. J Prosthet Dent 1996;76:592–596.

49. Lindquist LW, Carlsson GE, Jemt T. A prospective 15-
year follow-up study of mandibular fixed prostheses 
supported by osseointegrated implants. Clinical results 
and marginal bone loss. Clin Oral Implants Res 
1996;7:329–336. 

50. Lindquist LW, Carlsson GE, Jemt T. Association 
between marginal bone loss around osseointegrated 
mandibular implants and smoking habits: A 10-year 
follow-up study. J Dent Res 1997;76:1667–1674.

51. Bain CA. Smoking and implant failure—Benefits of a 
smoking cessation protocol. Int J Oral Maxillofac 
Implants 1996;11:756–759.

52. Takeshita F, Iyama S, Ayukawa Y, Kido MA, Murai K, 
Suetsugu T. The effects of diabetes on the interface 
between hydroxyapatite implants and bone in rat tibia. J 
Periodontol 1997;68:180–185.

53. Nevins ML, Karimbux NY, Weber HP, Giannobile WV, 
Fiorellini JP. Wound healing around endosseous 
implants in experimental diabetes. Int J Oral Maxillofac 
Implants 1998;13:620–629.

54. Takeshita F, Murai K, Iyama S, Ayukawa Y, Suetsugu T. 
Uncontrolled diabetes hinders bone formation around 
titanium implants in rat tibiae. A light and fluorescence 
microscopy, and image processing study. J Periodontol 
1998; 69:314–320.

55. McCracken M, Lemons JE, Rahemtulla F, Prince CW, 
Feldman D. Bone response to titanium alloy implants 
placed in diabetic rats. Int J Oral Maxillofac Implants 
2000;15:345–354.

56. Fiorellini JP, Nevins ML, Norkin A, Weber HP, 
Karimbux NY. The effect of insulin therapy on 
osseointegration in a diabetic rat model. Clin Oral 
Implants Res 1999;10:362–368.

57. Adell R. The surgical principles of osseointegration. In: 
Worthington P, Branemark P-I (eds). Advanced 
Osseointegration Surgery. Chicago: Quintessence, 
1992:94–107.

58. Shernoff AF, Colwell JA, Bingham SF. Implants for type 
II diabetic patients: Interim report. VA Implants in 
Diabetes Study Group. Implant Dent 1994;3:183–185.

59. Kapur KK, Garrett NR, Hamada MO, et al. A 
randomized clinical trial comparing the efficacy of 
mandibular implant supported overdentures and 
conventional dentures in diabetic patients. Part I: 
Methodology and clinical outcomes. J Prosthet Dent 
1998;79:555–569.

60. Balshi TJ, Wolfinger GJ. Dental implants in the diabetic 
patient: A retrospective study. Implant Dent 
1999;8:355–359.

61. Fiorellini JP, Chen PK, Nevins M, Nevins ML. A 
retrospective study of dental implants in diabetic 
patients. Int J Periodontics Restorative Dent 

2000;20:366–373.
62. Baxter JC, Fattore L. Osteoporosis and osseointegration 

of implants. J Prosthodont 1993; 2:120–125.
63. Fujimoto T, Niimi A, Sawai T, Ueda M. Effects of 

steroid induced osteoporosis on osseointegration of 
titanium implants. Int J Oral Maxillofac Implants 
1998;13:183–189.

64. Eder A, Watzek G. Treatment of a patient with severe 
osteoporosis and chronic polyarthritis with fixed 
implant-supported prosthesis: A case report. Int J Oral 
Maxillofac Implants 1999;14:587–590.

65. Becker W, Hujoel PP, Becker BE, Willingham H. 
Osteoporosis and implant failure: An exploratory case-
control study. J Periodontol 2000;71:625–631.

66. Friberg B. Treatment with dental implants in patients 
with severe osteoporosis: A case report. Int J 
Periodontics Restorative Dent 1994;14:348–353.

67. Fujimoto T, Niimi A, Nakai H, Ueda M. Osseointegrated 
implants in a patient with osteoporosis: A case report. Int 
J Oral Maxillofac Implants 1996;11:539–542.

68. Granstrom G, Tjellstrom A, Albrektsson T. 
Postimplantation irradiation for head and neck cancer 
treatment. Int J Oral Maxillofac Implants  
1993;8:495–501.

69. Franzen L, Rosenquist JB, Rosenquist KI, Gustafsson I. 
Oral implant rehabilitation of patients with oral 
malignancies treated with radiotherapy and surgery 
without adjunctive hyperbaric oxygen. Int J Oral 
Maxillofac Implants 1995;10:183–187.

70. Weischer T, Schettler D, Mohr C. Concept of surgical 
and implant-supported prostheses in the rehabilitation 
of patients with oral cancer. Int J Oral Maxillofac 
Implants 1996;11:775–78.

71. Esser E, Wagner W. Dental implants following radical 
oral cancer surgery and adjuvant radiotherapy. Int J Oral 
Maxillofac Implants 1997;12:552–557.

72. Werkmeister R, Szulczewski D, Walteros-Benz P, Joos 
U. Rehabilitation with dental implants of oral cancer 
patients. J Craniomaxillofac Surg 1999;27:38–41.

73. Visch LL, Scholtemeijer M, Denissen HW, Kalk W, 
Levendag PC. Use of implants for prosthetic 
rehabilitation after cancer treatment: Clinical 
experiences. J Invest Surg 1994;7:291–303.

74. Granstrom G, Jacobsson M, Tjellstrom A. Titanium 
implants in irradiated tissue: Benefits from hyperbaric 
oxygen. Int J Oral Maxillofac Implants 1992;7:15–25.

75. Katz J, Goultschin J, Benoliel R, Rotstein I, Pisanty S. 
Lichen planus evoked by periodontal surgery. J Clin 
Periodontol 1988;15:263–265.

76. Rajnay ZW, Hochstetter RL. Immediate placement of an 
endosseous root-form implant in an HIV-positive 
pat ient :  Report  of  a  case.  J Periodontol  
1998;69:1167–1171.

77. Chee WW, Jansen CE. Phenytoin hyperplasia occurring 
in relation to titanium implants: A clinical report. Int J 
Oral Maxillofac Implants 1994;9:107–109.

78. Silverstein LH, Koch JP, Lefkove MD, Garnick JJ, 
Singh B, Steflik DE. Nifedipine-induced gingival 
enlargement around dental implants: A clinical report. J 
Oral Implantol 1995;21:116–120.

    Implants Guidelines for Restorative Dentists



(c)2016 Nigerian Journal of Restorative Dentistry.

recessions with and without attached gingiva. A five 
year longitudinal study. J Periodontal Res 1985;20:209-
11.

97. Krekeler G, Schilli W, Diemer J. Should the exit of the 
artificial abutment tooth be positioned in the region of 
the attached gingiva? Int J Oral Surg 1985;14:504-8.

98. van Steenberghe D. Periodontal aspects of 
osseointegrated oral implants modum Branemark. Dent 
Clin North Am 1988;32:355-70.

99. Han TJ, Klokkevold PR, Takei HH. Strip gingival 
autograft used to correct mucogingival problems around 
implants. Int J Periodontics Restorative Dent 
1995;15:404-11.

100.Azzi R, Etienne D, Takei H, Fenech P. Surgical 
thickening of the existing gingiva and reconstruction of 
interdental papillae around implant-supported 
restorations. Int J Periodontics Restorative Dent 
2002;22:71-7.

101.Wennstrom JL, Bengazi F, Lekholm U. The influence of 
the masticatory mucosa on the peri-implant soft tissue 
condition. Clin Oral Implants Res 1994;5:1-8

102.Jaffin RA, Berman CL. The excessive loss of 
Branemark fixtures in type IV bone: a 5-year analysis. J 
Periodontol 1991;62(1):2–4. 

103.Ulm C, Kneissel M, Schedle A, Solar P, Matejka M, 
Schneider B, Donath K. Characteristic features of 
trabecular bone in edentulous maxillae. Clin Oral 
Implants Res 1999;10(6):459–467. 

104.Herrmann I, Lekholm U, Holm S, Kultje C. Evaluation 
of patient and implant characteristics as potential 
prognostic factors for oral implant failures. Int J Oral 
Maxillofac Implants 2005;20(2):220–230.

105.Jemt T, Stenport V. Implant treatment with fixed 
prostheses in the edentulous maxilla. Part 2: prosthetic 
technique and clinical maintenance in two patient 
cohorts restored between 1986 and 1987 and 15 years 
later. Int J Prosthodont 2011;24(4):356–362.

106.Jemt T, Stenport V, Friberg B. Implant treatment with 
fixed prostheses in the edentulous maxilla. Part 1: 
implants and biologic response in two patient cohorts 
restored between 1986 and 1987 and 15 years later. Int J 
Prosthodont 2011;24(4):345–355. 

107.Jacobs R. Preoperative radiologic planning of implant 
surgery in compromised patients. Periodontol 2000 
2003;33:12–25. 

108.Shibli JA, Mangano C, Mangano F, Rodrigues JA, 
Cassoni A, Bechara K, Ferreia JD, Dottore AM, Iezzi G, 
Piattelli A. Bone-to-implant contact around 
immediately loaded direct laser metal-forming 
transitional implants in human posterior maxilla. J 
Periodontol 2013;84(6):732–737. 

109.Lazzara R, Siddiqui AA, Binon P, Feldman SA, Weiner 
R, Phillips R, Gonshor A. Retrospective multicenter 
analysis of 3i endosseous dental implants placed over a 
f ive-year  period.  Clin Oral  Implants  Res  
1996;7(1):73–83.

110.Johns RB, Jemt T, Heath MR, Hutton JE, McKenna S, 
McNamara DC et al. A multicenter study of 
overdentures supported by Brånemark implants. Int J 
Oral Maxillofac Implants 1992;7(4):513–522.

79. van der Weijden GA, van Bemmel KM, Renvert S. 
Implant therapy in partially edentulous, periodontally 

compromised patients: a review. J Clin Periodontol 
2005;32:506– 511.

80. Schou S, Holmstrup P, Worthington HV, Esposito M. 
Outcome of implant therapy in patients with previous 
tooth loss due to periodontitis. Clin Oral Implants Res 
2006;17(Suppl. 2):104–123.

81. Klokkevold PR, Han TJ. How do smoking, diabetes, and 
periodontitis affect outcomes of implant treatment? Int J 
Oral Maxillofac Implants 2007;22(Suppl.):173–198

82. Schou S. Implant treatment in periodontitis-susceptible 
patients: a systematic review. J Oral Rehabil 
2008;35(Suppl.1);9–22.

83. Ramfjord SP, Ash MM Jr. Significance of occlusion in 
the etiology and treatment of early, moderate, and 
advanced periodontitis. J Periodontol 1981;52:511-7.

84. Standlee JP, Caputo AA, Ralph JP. Stress trajectories 
within the mandible under occlusal loads. J Dent Res 
1977;56:1297-302.

85. Branemark PI. Osseointegration and its experimental 
background. J Prosthet Dent 1983;50:399-410.

86. Lindquist LW, Rockler B, Carlsson GE. Bone resorption 
around fixtures in edentulous patients treated with 
mandibular fixed tissue-integrated prostheses. J 
Prosthet Dent 1988;59:59-63.

87. Lundgren D, Laurell L. Occlusal forces in prosthetically 
restored dentitions: a methodological study. J Oral 
Rehabil 1984;11:29-37.

88. Asikainen P, Klemetti E, Vuillemin T, Sutter F, Rainio V, 
Kotilainen R. Titanium implants and lateral forces. An 
experimental study with sheep. Clin Oral Implants Res 
1997;8:465-8.

89. Celletti R, Pameijer CH, Bracchetti G, Donath K, 
Persichetti G, Visani I. Histologic evaluation of 
osseointegrated implants restored in nonaxial functional 
occlusion with preangled abutments. Int J Periodontics 
Restorative Dent 1995;15:562-73.

90. Isidor F. Loss of osseointegration caused by occlusal 
load of oral implants. A clinical and radiographic study 
in monkeys. Clin Oral Implants Res 1996;7:143-52.

91. Hobo S, Icida E, Garcia LT. Osseointegration and 
occlusal rehabilitation. Chicago: Quintessence; 1989. 
pp. 78,79,325.

92. Zitzmann NU, Margolin M.D, Filippi A, Weiger R, 
Krastl G. Patient assessment and diagnosis in implant 
treatment. Aus Dental J 2008;53(s1), S3-S10.

93. Henry PJ. A review of guidelines for implant 
rehabilitation of the edentulous maxilla. J Prosthet Dent 
2002;87:281–288.

94. Desjardins RP. Tissue-integrated prostheses for 
edentulous patients with normal and abnormal jaw 
relationships. J Prosthet Dent 1988;59:180-7.

95. Wood MR, Vermilyea SG. A review of selected dental 
literature on evidence-based treatment planning for 
dental implants: report of the Committee on Research in 
Fixed Prosthodontics of the Academy of Fixed 
Prosthodontics. J Prosthet Dent 2004;92(5):447-462.

96. Schoo WH, van der Velden U. Marginal soft tissue 

88Esan TA



(c)2016 Nigerian Journal of Restorative Dentistry.

89

111.Turkyilmaz I, Tozum TF, Tumer C. Bone density 
assessments of oral implant sites using computerized 

tomography. J Oral Rehabil 2007;34(4):267–272.
112.Turkyilmaz I, McGlumphy EA. Influence of bone 

density on implant stability parameters and implant 
success: a retrospective clinical study. BMC Oral Health 
2008;24;8:32. 

113.Miyamoto I, Tsuboi Y, Wada E, Suwa H, Iizuka T. 
Influence of cortical bone thickness and implant length 
on implant stability at the time of surgery – clinical, 
prospective, biomechanical, and imaging study. Bone 
2005;37(6):776–780.

114.Schwartz-Arad D, Samet N, Samet N. Single tooth 
replacement of missing molars: a retrospective study of 
78 implants. J Periodontol 1999;70(4):449–454.

115.Becktor JP, Eckert SE, Isaksson S, Keller EE. The 
influence of mandibular dentition on implant failures in 
bone-grafted edentulous maxillae. Int J Oral Maxillofac 
Implants 2002;17(1):69–77.

116.Lekholm U, Zarb GA. In: Patient selection and 
preparat ion.  Tissue in tegrated pros theses :  
osseointegration in clinical dentistry. Branemark PI, 
Zarb GA, Albrektsson T, editor. Chicago: Quintessence 
Publishing Company; 1985. p. 199–209.

117.Dula K, Mini R, Van Der Stelt PF, Buser D. The 
radiographic assessment of implant patients: decision-
making criteria. Int J Oral Maxillofac Implants 
2001;16:80–89.

118.Turkyilmaz I, Tözüm TF, Tumer C, Ozbek EN. 
Assessment of correlation between computerized 
tomography values of the bone, and maximum torque 
and resonance frequency values at dental implant 
placement. J Oral Rehabil 2006;33(12):881–888. 

119.Lee S, Gantes B, Riggs M, Crigger M. Bone density 
assessments of dental implant sites: 3. Bone quality 
evaluation during osteotomy and implant placement. Int 
J Oral Maxillofac Implants 2007;22(2):208–212. 

120.Al-Askar M, O'Neill R, Stark PC, Griffin T, Javed F, Al-
Hezaimi K. Effect of single and contiguous teeth 
extractions on alveolar bone remodeling: a study in 
dogs. Clin Implant Dent Relat Res 2013;15(4):569–575.

121.Neale D, Chee WW. Development of implant soft tissue 
emergence profile: a technique. J Prosthet Dent 
1994;71(4):364-368.

122.Dilek O, Tezulas E, Dincel M. Required minimum 
primary stability and torque values for immediate 
loading of mini dental implants: an experimental study 
in nonviable bovine femoral bone. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 2008;105(2):e20–e27.

123.Horiuchi K, Uchida H, Yamamoto K, Sugimura M. 
Immediate loading of Branemark system implants 
following placement in edentulous patients: a clinical 
repor t .  In t .  J .  Ora l  Maxi l lo fac  Implants  
2000;15(6):824–830.

124.Chiapasco M., Abati S., Romeo E., Vogel G. Implant-
retained mandibular overdentures with Branemark 
system MKII implants: a prospective comparative study 
between delayed and immediate loading. Int J Oral 
Maxillofac Implants 2001;16(4):537–546.

125.Renouard F, Nisand D. Impact of implant length and 

diameter on survival rates. Clin Oral Implants Res 
2006;17(S2):35-51.

126.Chen ST, Wilson TG, Hammerle CH. Immediate or 
early placement of im-plants following tooth extraction: 
review of biologic basis, clinical procedures, and out-
comes. Int J Oral Maxillofac Implants 2004;19 
Suppl:12–25.

127.Zitzmann NU, Naef R, Scharer P. Resorbable versus 
nonresorbable membranes in combination with Bio-oss 
for guided bone regeneration. Int J Oral Maxillofacial 
Implants 1997;12:844–52.

128.Buser D, Weber H, Bragger U, Balsiger C. Tissue 
integration of one-stage ITI implants: 3-year results of a 
longitudinal study with hollow-Cylinder and Hollow-
Screw Implants. Int J Oral Maxillofac Implants 
1991;6:405–412.

129.Howe L, Barrett V, Palmer P. Basic restorativ 
techniques. Br Dental J 1999;187(9):473-479.

    Implants Guidelines for Restorative Dentists


	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52

