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ABSTRACT 

 
 
Objective : The main objective is to study the implant parameters that influence 
marginal bone loss around osteointegrated implants, with the aim of preventing this 
phenomenon from the development of the treatment plan. 
 
Methodology : An electronic research made on Pubmed and Medline, conducted to 
the selection of 38 articles that were discussed to analyze the influence of some 
parameters on marginal bone loss around implants. 
 
Discussion of results : Marginal bone loss around implants has a multifactorial 
etiology, but there are parameters over which the practitioner has some leeway to limit 
bone loss. There is no consensus about an optimal implant length but implant diameter 
is a more influent parameter. Some implant design features, as the microthreads, have 
impact on crestal bone stability. Subcrestal implant position associated with platform-
switching presents some advantages, as well as the internal connection, and the long 
abutments. Platform-switching concept allows a better bone preservation thanks to the 
inward reposition of the microgap and by improving the distribution of forces. When 
thin, the soft tissue can be thickened with grafts to achieve the thickness needed to 
prevent bone loss. 
 
Conclusion : Lower bone loss is expected for implants with microthreads, wide 
diameter, internal connection, platform-switching, long abutments, and when the initial 
soft tissue thickness was of minimum 2mm. 
Further studies would be needed to further improve protocols of prevention of marginal 
bone loss around implants. 
 
Key words : marginal bone resorption, crestal bone loss, crestal bone stability, and/or 
platform switching, microgap, microthreads, implant position, internal connection, 
external connection, abutment disconnection, soft tissue thickness, soft tissue 
thicknening, abutment height.    



  

RESUMEN 

 
 
Objetivo : El objetivo principal es estudiar los parámetros del implante que influyen 
en la pérdida de hueso marginal alrededor de los implantes osteointegrados, con el fin 
de prevenir este fenómeno desde la elaboración del plan de tratamiento. 
 
Metodología : Una investigación electrónica realizada en Pubmed y Medline, condujo 
a la selección de 38 artículos que fueron discutidos para analizar la influencia de 
algunos parámetros en la pérdida ósea marginal alrededor de los implantes. 
 
Discusión de los resultados : La pérdida ósea marginal alrededor de los implantes 
tiene una etiología multifactorial, pero existen parámetros sobre los que el profesional 
tiene cierto margen de maniobra para limitar la pérdida ósea. No hay consenso sobre 
la longitud óptima del implante, pero el diámetro del mismo es un parámetro más 
influyente. Algunas características del diseño de los implantes, como las micro-roscas, 
influyen en la estabilidad del hueso crestal. La posición subcrestal del implante 
asociada al cambio de plataforma presenta algunas ventajas, así como la conexión 
interna y los pilares largos. El concepto de cambio de plataforma permite una mejor 
preservación del hueso gracias a la reposición hacia dentro del microgap y a la mejora 
de la distribución de las fuerzas. Cuando son delgados, los tejidos blandos pueden 
engrosarse con injertos para conseguir el grosor necesario para evitar la pérdida de 
hueso. 
 
Conclusión : Se espera una menor pérdida ósea en los implantes con microrroscas, 
diámetro ancho, conexión interna, Platform-switching, pilares largos y cuando el 
grosor inicial del tejido blando era de un mínimo de 2 mm. 
Se necesitan más estudios para mejorar los protocolos de prevención de la pérdida 
ósea marginal alrededor de los implantes. 
 
Palabras clave : reabsorción ósea marginal, pérdida ósea crestal, estabilidad ósea 
crestal, y/o Platform-switching, microgap, micro-roscas, posición del implante, 
conexión interna, conexión externa, desconexión del pilar, grosor del tejido blando, 
engrosamiento del tejido blando, altura del pilar. 
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INTRODUCTION 

 

Dental implants have experienced a considerable boom since the 1980s and are now 

part of the therapeutic possibilities offered by dentists to cope with edentulism. Implant 

treatment has one advantage: except in cases of total edentulousness, restoration by 

implant supported prosthesis makes it possible to avoid mutilation of adjacent teeth 

which are often healthy.  

These days, the survival rates for implant treatments on the long-term are very high, 

there are many clinical evidences of successful outcomes, and the complication rates 

are lower. (1) 

 

Implants went through considerable evolutions in terms of materials, designs and 

techniques, thanks to the hindsight gained in clinical experience over time, that has 

enabled improvements. There is a constant evolution, new ideas and concepts are 

constantly emerging, in order to improve bone healing, stability, success rate, 

esthetics, to simplify the techniques, to broaden the field of possible indications. 

 

Dental implants allow to restore function, comfort, and esthetics with even better 

results compared to removable prosthesis, and with a certain reliability, but they 

require a rigorous protocol. 
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1. OSTEOINTEGRATION 

 

The implant therapy success relies on the principle of Osteointegration, initially 

highlighted by Branemark. (2) (3)  It is the biological basis of Implantology, based on 

the necessity of obtaining a direct and functional connection at the interface between 

bone and implant without the presence of a fibrous component. Osteointegration is the 

result of direct bone regeneration on the implant, the actual definition being a direct 

functional anatomical junction of the reshaped bone with the surface of the implant. 

Osteointegration is manifested by the lack of implant mobility, and is visually 

appreciated, radiologically, by a direct bone contact with the surface of the implant. 

Maintaining this mechanical and biological stability is primordial for the success of the 

implant treatment on the long-term. 

Osteointegration is based on two steps :  

- Primary stability : the degree of mechanical anchoring obtained when the 

implant is put in place. It is influenced by the bone quality and volume, the 

surgical technique and the morphology of the implant.  

- Secondary stability : the biological stability obtained after bone remodeling, 

when new areas of direct contact between bone and implant surface are 

established. As the bone remodeling progresses, secondary stability replaces 

primary stability, as shown in figure 1. (4) 
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Figure 1 : Implant primary and secondary stability (94) 

 

The interface between bone and implant surface will undergo many changes from 

implant placement to healing, and is susceptible to various factors such as 

biocompatibility of the implanted material, design and surface of the implant, surgical 

technique and skills of the surgeon, bone quality, loading, presence of trauma or 

micromovements, etc. (5) Osteointegration is achieved when adequate bone formation 

around the implant occurs. But when there is fibrous tissue formation in interposition 

between the bone and the surface of the implant, there is failure of osteointegration, 

and this phenomenon is called fibrointegration. It usually occurs in presence of trauma 

or micromovements. 

 

Once osteointegration is established, it is relatively resistant, but some prolonged 

adverse conditions may lead to bone resorption, which may result in treatment failure 

and the loss of the implant. Crestal bone stability affects the implant survival, in terms 
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of function and esthetics (especially in the anterior sector) : it is primordial for the 

success on the long-term. 

 

Preservation of osteointegration depends mostly on the health of soft tissues 

surrounding the dental implant, and on the control of occlusal forces. Indeed, dental 

implants are associated with a good prognosis in the long term, but they are very 

susceptible to the biological environment and functional constraints. (6) 

 

 

 

2. PERI-IMPLANT TISSUES 

 

A. SOFT TISSUES 

 

Soft tissue thickness has a role of protection of the peri-implant bone thanks to the 

“sealing”. Junctional epithelium is a protection mechanism against bacterial invasion. 

Indeed, in case of invasion of the biologic space, bone loss occurs to keep distance 

with the bacteria. The bigger the contact height, the better the peri-implant bone 

protection, keeping a bigger distance between oral bacteria and bone. (7) 

 

Several soft tissue parameters must be taken into account before implant placement: 

horizontal soft tissue thickness, vertical or crestal soft tissue thickness covering the 

edentulous ridge (involved in the concept of biological width), soft tissue biotype, the 
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amount of attached gingiva. It is found in the literature that the limit between thick of 

thin biotype is at 2mm. (8) 

 

Biological space is the distance from the bottom (apical part) of the sulcus to the 

alveolar bone crest. It encompasses the attachment system around a tooth, that 

includes epithelial and conjunctive attachments. According to Lindhe and Berglundh, 

it measures 2.04mm with average values of 0.97mm for the junctional epithelium, and 

1.07mm for the connective tissue. (9) These values were also confirmed by Gargiulo 

& Al. (10) These values vary depending on the individual, the presence of periodontal 

disease. The conjunctive attachment being constant, the variable part is the epithelial 

attachment. 

 

Peri-implant soft tissues are different from peri-dental soft tissues, but with some 

similarities. Both epithelial attachments are composed of hemidesmosomes, but 

conjunctive attachment is richer in fibroblasts and poorer in collagen for a healthy tooth, 

being the opposite for implants. The orientation of collagen fibers are also different : 

the insertion being perpendicular to the tooth surface, and parallel to the implant 

surface without inserting fibers. Soft tissues around implants are poorly vascularized. 

Also, the root of a tooth is not in direct contact with bone due to the presence of the 

periodontal ligament that doesn’t exist in the direct interface between bone and 

implant. These differences show a weakened defense capacity of the peri-implant soft 

tissues, especially against bacterial plaque. 
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Figure 2 : Comparative scheme of soft and hard tissue  

around teeth and implants (95) 

 

Peri-implant soft tissues result from a healing process following the surgical placement 

of an implant. The formation of biological width starts when the implant is exposed to 

the oral environment with the healing abutment, the prosthetic abutment or the 

provisional restoration. Biological space around implants corresponds to the distance 

from the alveolar bone crest to the outer surface of the peri-implant mucosa. It includes 

sulcular epithelium, junctional epithelium and connective tissue, with measurements of 

2.14mm of epithelial attachment (sulcular and junctional epithelium), and 1.66mm of 

connective tissue, so a biological width of 3.8mm. Indeed, the epithelial attachment is 

longer on implants, being almost the double than on a healthy tooth.  

According to Berglundh & Lindhe, a minimum vertical width of 3.5 mm for the peri-

implant mucosa is required to allow a correct formation of attachment tissues and to 

limit bone resorption and the establishment of angular bone defect. Indeed, because 
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of the existence of a microgap at the junction between the abutment and the platform 

of the implant, the biological space forms apically to this microgap, so a minimum width 

is required. 

The literature supports the influence of vertical soft tissue thickness and crestal bone 

stability. Also, it was proposed in a study realized by Tomasi & Al, an optimal vertical 

soft tissue thickness at about 4mm in terms of function and esthetics. (11) 

 

 

B. BONE 

 

Bone assessment is important in the preparation of the treatment planning, since bone 

factors have direct impact on primary stability and so on the success of the treatment. 

(12) Bone is assessed in terms of quantity and quality. A classification was proposed 

by Lekholm U, Zarb GA. (13) (14) 

- Bone quantity or volume is classified in 5 groups from A to E, in relation with jaw 

shape and bone resorption :  

o Group A : without bone resorption 

o Groups B and C : with bone resorption 

o Groups D and E : with basal bone resorption 
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Figure 3 : Lekholm and Zarb classification of bone loss in the edentulous jaws (14) 

 

- Bone quality or density, is classified in 4 groups from type I to type IV  

o Type I : almost only homogeneous compact/cortical bone 

o Type II : thick cortical bone surrounding very dense trabecular bone 

o Type III : thin cortical bone surrounding dense trabecular bone 

o Type IV : very thin cortical bone surrounding low density trabecular bone 

 

 

 

Figure 4 : Lekholm and Zarb classification of bone quality (96) 
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Studies evaluated bone parameters and their effects on stress distributions around the 

implant: a greater cortical bone thickness and bone density reduce stress 

concentration around the implant and give a higher chance of survival rate. (15) 

Implant placed on poor quality bone such as type IV have a higher risk of failure. 

Indeed, due to the low density, stability of the implant is difficult to achieve with type IV 

bone. The type II is ideal due to its cortical / trabecular bone ratio. The type I has the 

highest proportion of cortical bone; this high density allows to obtain a good implant 

stability or anchorage, but the low vascularization limits bone remodeling and therefore 

makes osteointegration more difficult.  

 

However, a study conducted by Ibanez et al found a correlation between marginal bone 

loss and the proportion of cortical bone : unlike the majority of the literature, this study 

showed lower results of marginal bone loss for type IV than for type II or I. (16)  High 

trabecular bone proportion would facilitate repartition of stress through the bone 

avoiding microfractures and so the marginal bone loss around the implant. 

 

 

3. MARGINAL BONE LOSS 

 

A physiological bone loss appears after functional loading, despite a successful 

osteointegration. The existence of this phenomenon represents a consensus in the 

literature.  

Marginal bone loss around implants is the bone loss area circumscribed between the 

distance from the outer edge of the implant platform to the first visible crestal bone, in 
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a vertical and horizontal way. It has a multifactorial etiology, and can initially appear in 

response to surgical trauma, invasion of the biological width due to the prosthesis and 

imbalance of osteointegration. (17) (18) 

 

 

 

 

 

 

 

 

 

Figure 5 : Marginal bone loss area around implant (86) 

 

The values commonly accepted are a 1.5mm of initial marginal bone loss in the year 

after the prosthetic loading of the implant, and a maximum of 0.2mm of annual marginal 

bone loss in the following years. These values were suggested by Albrektsson et al in 

his criteria of success. (19) According to Palmer, the acceptable marginal bone loss 

would be of maximum 2mm over a period of 5 years after loading. (20) 

 

This accepted crestal bone loss evocated by Albrektsson should be questioned 

nowadays since it has been suggested that it’s possible to reduce these values thanks 

to literature background, progress and evolution of implant design. 
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4. RISK FACTORS FOR MARGINAL BONE LOSS AROUND IMPLANTS  

 

Marginal bone loss around implants is one of the major issues related to implant 

treatments. When developing the treatment plan, the dentist that is considering placing 

dental implants must assess and take into consideration the general condition of the 

patient, it means the host characteristics, but also the environmental factors and local 

parameters. These are parameters over which the dentist has little or no influence, but 

which can impact the successful outcome of the treatment. 

 

When developing the treatment plan, the dentist considering the placement of implants 

must assess the general condition of the patient (pathologies, systemic diseases, etc.) 

as well as all the parameters or general triggering factors that increase the patient's 

susceptibility to develop a peri-implant infection.  

 

 

A. RISK FACTORS RELATED TO THE HOST 

 

• Genetics and host susceptibility : specific immune response of the patient 

can have a role in bone loss : pro-inflammatory cytokines promote inflammation 

and bone resorption. A high level of pro-inflammatory cytokines may play a role 

in the severity of periimplantitis. There could be an association between 

interleukin-1 polymorphism and peri-implantitis but studies are still insufficient. 

(21) 
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• Diabetes : Diabetes is a risk factor that influences the risk of treatment failure. 

In diabetes, a failure in production or utilization of insulin prevents the uptake 

and metabolization of glucose within the cells. The hormone then accumulates 

in the blood causing hyperglycemia. Chronic hyperglycemia can be the cause 

of many complications : vascular and renal complications, healing alterations, 

xerostomia increasing the risk of caries and periodontal diseases.  

Gingival inflammation is due to an increase in pro-inflammatory cytokines. This 

inflammatory reaction has been recognized to be more prominent in patients 

with uncontrolled diabetes. These patients present with a higher prevalence of 

periodontitis and periimplantitis. A bad metabolic control in diabetic patient 

impacts also negatively osteointegration. Indeed, it is associated with a deficient 

and delayed bone formation around the implant. The bone loss progression is 

increased, due to the augmentation in osteoclasts. Diabetes is a risk factor 

because of the risk of healing alteration and of infection. However, if the 

diabetes is controlled, the risk is lower, and antibiotic prophylaxis may be 

performed to minimize the risk of infection. Controlling the balance of diabetes 

is essential to the success of implant treatment.  (22) (23) (24) (25) 

 

• Hypertension : It is an important parameter to take into account, even if the 

patient is well controlled with medication. It has an impact on post-surgery 

recovery since it can lower and delay the healing capacity, especially due to a 

bad oxygen delivery to the cells. Also, antihypertensive medications may 

influence the peri-implant tissue especially on the risk of periimplantitis. (26)  
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• Osteoporosis :  Osteoporosis is a disease affecting bone mass and quality, 

where it is observed a reduced density and bone structure alterations : indeed 

the risk of bone fracture is higher and osteoporotic patients present higher rate 

of implant loss. This condition is more common in women, especially older than 

50 years old. Bisphosphonates administered orally are the drug of choice for 

the treatment of osteoporosis, reducing osteoclastic activity, and bone 

remodeling. A possible adverse effect of Bisphosphonate therapy is the 

osteonecrosis of the jaw, but it is frequent in patients for whom bisphosphonates 

are administered intravenously. According to some studies, osteointegration 

would be affected by osteoporosis, but literature states that implant treatment 

can be performed in patients with osteoporosis. Also the treatment plan can be 

adapted with for example larger implant diameter, surface treatment, etc. 

Analysis of bone quality is primordial for the treatment planning. (27) (28) 

 

• History of cervico-facial irradiation : Radiotherapy has impact on epithelium, 

skin, mucous membrane, but it also affects the salivary glands, with the effect 

of a decrease and modification of salivary secretion (hyposialia), xerostomia, 

and therefore has an impact on caries and periodontal diseases incidence. At 

the muscular and articular level, the presence of trismus and fibrosis can be 

observed. Osteo-radionecrosis is a risk associated to irradiation therapy, due to 

alteration of osseous vascularization, the higher susceptibility to infection, and 

the altered healing capacity. That is why it was for a long time considered an 

absolute contraindication for implant placement. In the context of implant 

placement in an irradiated patient, bone remodeling is altered due to the altered 
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vascularization and the diminution of osteoblasts. Osteointegration is therefore 

compromised. Implant failure rate is higher in irradiated bone. However it has 

been demonstrated through studies that osteointegration is possible in 

irradiated bone, but it is slower. The factors of radiation dose and time in the 

expectation of success : the more the dose and the time of radiotherapy 

increase, the more the implant failure rate increases. To consider implant 

placement, the patient should be considered cured of cancer and many 

precautions must be taken because the risk is high. (29) (30) (31) 

 

• Bisphosphonate treatment : Bisphosphonates are used for preventive and 

curative treatment for Osteoporosis, Paget’s disease, Cancer, etc. 

Osteonecrosis of the jaw is an adverse effect that can occur in patients under 

Bisphosphonate therapy : the risk is high when Bisphosphonates are 

administered intravenously, but lower for oral treatment. Surgeries affecting 

bone can trigger this adverse reaction. According to the AAOMS1, for dental 

implant treatment, in patients under oral bisphosphonates treatment, for more 

than 4 years or with risks factors such as diabetes or tobacco, it is 

recommended to interrupt the treatment at least 2 to 3 months before implant 

surgery. In patients under Bisphosphonate treatment administered 

intravenously, implant placement is an absolute contraindication. (32) (33) 

 
 

 

 
1 AAOMS : American Association of Oral and Maxillofacial Surgeons 
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B. ENVIRONMENTAL FACTORS 

 

• Tobacco : tobacco is a very important behavioral parameter. It has been widely 

demonstrated in the literature that it is a risk factor for failure in implant 

treatments. Studies show inflammatory complications, reduced vascularization, 

delay and alteration in healing with altered clot formation, and increased bone 

loss by alteration of osseous metabolism. Nicotine and other components such 

as Carbon monoxide affect the osteoblast's activity and the immune response, 

provoking alteration in bone healing and increasing the patient's susceptibility 

to infection. Tobacco therefore compromises osteointegration, increases the 

rate of bone loss, and puts patients at risk of developing peri-implantitis. (34) 

The frequency and duration of smoking have been shown to have an impact on 

the level of complications, and in particular on the quantity and rate of bone loss 

: for heavy smokers (more than 20 cigarettes per day), it was reported a 

significantly increased marginal bone loss compared to non-smokers, patients 

who stopped smoking, and occasional / light smokers. For these patients, a 

significantly lower success rate of dental implants is expected. Studies consider 

that smoking cessation is required 1 week before surgery, and for up to 8 weeks 

after implant placement. (35) However, as it was said before, the consumption 

of tobacco has deleterious effect on the overall success of osteointegrated 

implants, and interruption of smoking is the best option to promote the success 

of the treatment on the long-term.  
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• Stress : there is no direct clinical evidence between psychological stress and 

marginal bone loss around implants but influence parafunctional habits, oral 

hygiene, patient behavior etc, that will increase the risk of developing 

periodontal disease, inflammation and bone resorption. (36) 

 

• Alcohol : There are few studies that investigate a direct causal link between 

alcohol consumption and bone loss around osteointegrated implants. However, 

it has been shown that patients with a frequent and significant consumption of 

alcohol show a higher prevalence of periodontitis due to plaque and pH 

modification. A study conducted by P. Galindo Moreno in 2005 shows that bone 

loss around osteointegrated implant is increased in patients drinking more than 

10g of alcohol per day. (37) However, more studies are needed, as the patients 

in the study conducted by P. Galindo Moreno were also smokers. Moreover, 

alcoholism can be associated to behaviors such as poor oral hygiene, and thus 

increasing bone loss and failure of the implant treatment. (38) 

 

• Bruxism and other parafunctional habits : Bruxism and other parafunctional 

habits can considerably complicate a treatment plan in dentistry, due to the 

application of excessive forces, and non-axial loads on teeth, prosthesis and 

implants, for long periods. The implants do not have an occlusal overload 

adjustment system, as can be the case for natural teeth with the periodontal 

ligament. From this parafunctional habit can originate significant dental wear, 

muscle and joint pain, loss of attachment and mobility. The intensity of the forces 

generated impacts the success of the implant treatment on the long term. 
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Indeed, in addition to the fractures that can take place (fractures of the 

prosthesis, screw, abutment, etc.), micromovements will cause bone 

microfractures, leading to a loss of osteointegration, and to bone resorption 

along the surface of the implant, especially due to a concentrated stress at the 

marginal bone around the implant. Failures and complications are common with 

bruxist patients. Bruxism is a complex parafunctional habit, that has a 

multifactorial etiology. It often requires a multidisciplinary approach with occlusal 

splints, psychological and pharmacological treatment. (39) Bruxism can be seen 

as a contraindication to implant treatment, but treatment can be considered in 

some cases if precautions are taken, for example occlusal forces should follow 

the axis of the implant. It’s recommended to use implants with a wider diameter 

for a better repartition of the forces and a better resistance to fracture. Adequate 

occlusal scheme is primordial for a good distribution of the forces, and occlusal 

equilibration can be performed. Occlusal splints may be recommended for 

optimal load distribution and to prevent prosthesis fractures. (40) 

 

 

C. LOCAL RISK FACTORS 

 

• Oral hygiene and plaque control: Presence of plaque is an important factor 

that causes the development of biofilm around teeth and implants. Implants are 

very susceptible to plaque related diseases. Indeed, studies showed a strong 

correlation between peri-implant bone loss associated to periimplantitis and 

poor oral hygiene. In addition to general poor oral hygiene, the lack of 
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accessibility to hygiene around prostheses can also induce the development of 

periimplantitis. (41) 

 

• History of periodontal diseases : Studies show higher rates of bone 

resorption in the presence of periodontal diseases. Indeed, patients with a 

previous history of periodontal disease, or patients with present active 

periodontal disease have a higher risk of developing a periimplantitis, due to the 

bacterial flora present in the mouth. However, a history of periodontitis is not a 

contraindication to implant placement, if the patient could be treated, and strictly 

follows the maintenance protocol and hygienic measures. Indeed, studies have 

shown that patients with residual pockets show a higher prevalence of peri-

implant bone loss. That’s why patients with active periodontal disease or 

residual pockets require periodontal treatment, stabilization, and a good 

maintenance and follow-up before starting the implant treatment. (41) (42) 

 

• Influence of soft tissue thickness : The study of the soft tissue thickness 

before implant placement can be important for the prognosis, and the 

expectations for marginal bone loss. Studies demonstrated a strong correlation 

between peri-implant bone loss and soft tissue thickness : thick peri-implant soft 

tissues are associated with smaller marginal bone loss around implants. It’s an 

important factor for marginal bone stability. (7) (8) (43) According to a study 

conducted by T. Berglundh and J. Lindhe (9), a minimum peri-implant mucosa 

thickness is required to limit bone resorption and the establishment of angular 

bone defect. In patient with thin vertical soft tissues, the situation should be 
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corrected to ensure crestal bone stability. A minimum of 3mm of vertical soft 

tissue thickness should be present to limit bone loss. (44) 

An increase of the soft tissue thickness can be considered, especially with a 

graft that showed good results on the long-term. (45) 

 

• Bone quantity and quality assessment is important in the treatment planning, 

since it has direct impact on primary stability and on the implant survival rate. 

(12) 

 

• Adequate prosthetic space : the available interocclusal distance and crown 

height space must be assessed because it influences the possibility of 

treatment, the choice of materials and prosthetic solutions, for example a 

minimum of 8 mm is necessary for a cement-retained implant prosthesis. (46)  

 

• Limited mouth opening : the professional have to evaluate if enough space is 

available to perform the surgery. 

 

• Proximity of anatomical structures : it must be taken into account in the 

treatment planning for example for the choice of implant length and diameter, 

for the respect of distances between implants and with remaining teeth. 
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5. DECLENCHING FACTORS OF MARGINAL BONE LOSS 

 

Implants are associated with a very good prognosis on the long term. But they are very 

susceptible to the biological environment and functional constraints. Infectious process 

and occlusal overload are the main factors involved in the explanation of marginal bone 

loss around implants. 

 

• Occlusal factor : Implant surface is in direct contact with bone, implants do not 

have an occlusal overload adjustment system that allows shock absorption, as 

it is the case for natural teeth with the periodontal ligament that have 

mechanoreceptors. For implants, occlusal stress is directly transmitted to the 

bone, so an adequate distribution of forces is necessary. 

Occlusal overloads such as interferences, prematurities, parafunctional 

activities, are susceptible to provoke bone loss around implant, and therefore 

represent a risk factor in the development of periimplantitis. 

It was demonstrated that occlusal overload can cause mechanical or prosthetic 

complications such as screw fracture, implant fractures, chipping, etc, but also 

biological complications such as marginal bone loss. (45) (47) 

There is a consensus on the fact that it disturbs the formation of 

osteointegration, affecting the secondary stability of the implant at a cellular 

level, and leading to fibrointegration. 

But this biomechanical parameter can be controversial : according to some 

authors, there is a lack of correlation between loss of osteointegration and 

occlusal overload, because once achieved, osteointegration is very resistant to 
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occlusal overload. (48) (49) Indeed, it can be observed a densification of the 

peri-implant bone when subjected to occlusal overload (50) , and the number of 

peri-implantitis of occlusal origin would be much higher, especially on the most 

posterior implants where the occlusal forces are the greatest. But in certain 

situations, such as bad bone quality and insufficient bone volume, the influence 

of occlusal overload is observed. (51)  

Thus, there is no consensus on the exact mechanics by which occlusal overload 

causes marginal bone loss, but the role of inflammation of soft tissues is clearly 

shown, and occlusal overload can lead to marginal bone loss in the presence 

of inflammation of the mucosa. 

It must be remembered that occlusion plays a very important role in 

Implantology, and it is essential that it is well controlled. 

 

• Peri-implantitis : Peri-implantitis is a pathological condition affecting the peri-

implant tissues. It is a destructive inflammatory process, characterized by 

inflammation in the peri-implant soft tissues, bleeding on probing, deep pockets, 

suppuration and progressive loss of supporting bone. This set of complications 

of biological origin is similar to periodontal disease. There is a progressive 

evolution from mucositis (reversible inflammatory reaction without bone 

damage) to periodontitis. The persistence of unresolved mucositis rapidly 

evolves into peri-implantitis. (52) The formation of dental plaque and the 

accumulation of bacteria in the peri-implant groove are the main factors 

triggering the induction of inflammatory lesions in the adjacent mucosa. (53) It 

is well exposed in the literature that maintaining in good health the tissues 
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surrounding the implant is imperative for the protection of underlying bone, and 

so for the success on the long term of the implant treatment. 

 

   

 

6. IMPLANT PARAMETERS INFLUENCING MARGINAL BONE LOSS 

AROUND IMPLANTS  

 

Unlike the previously mentioned factors, there are some parameters over which the 

dentist has a certain flexibility which allows him to make choices in order to prevent or 

limit the risk of marginal bone loss around implants. These parameters are therefore 

part of a prevention protocol of marginal bone loss around implants. 

 

A. IMPLANT-ABUTMENT CONNECTION 
 

There are different types of connection to join the implant-abutment system.  

• The external connection (usually hexagonal, on the model of the Branemark 

implant) : it is the oldest type of connection and is characterized by an hexagon 

that surmount the implant platform and fits into the abutment 

- The internal connection : it exists several design such as the hexagon, octagon 

(usually hexagonal). For this type of connection, the abutment fits into the 

implant, which constitutes the female part. 

- The conical internal connection (Morse taper) : this type of internal connection 

can be considered apart. The principle consists of the interlocking of two cones, 

whose friction locks the system, called “wedging effect” : the abutment is 
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screwed in, the connection rotates generating a friction which will "block" the 

abutment on the implant. 

 

These different types of connection behave differently from a biological and 

mechanical point of view. The distribution of forces is different. The type of connection 

influences the amount of marginal bone loss. The choice of the type of connection is 

therefore part of a strategy to prevent marginal bone loss around implants. (54) 

 

 

B. PLATFORM-SWITCHING 
 

Platform-switching is a concept that was highlighted by Lazzara (55), and appeared by 

accident in the 1980s due to due to the absence on the market of an abutment that 

would match wide diameter implants. This concept consists in associating an implant 

with a smaller diameter abutment. 

Figure 6 : platform switched and platform-matched implants (78) 
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This mismatch between the abutment and the implant platform will allow the implant-

abutment interface to be moved centrally, away from the bone to reduce bone 

resorption by limiting the spread of bacterial infiltration as well as better redistributing 

the occlusal forces. 

 

 

C. OTHER PARAMETERS 
 
Other parameters such as implant length and diameter may also influence the marginal 

bone loss, as well as the position of the implant in horizontal, sagittal and vertical plane. 

The position of the implant has several impacts, both functionally and aesthetically, as 

it influences the stability of the soft and hard tissues of the implant. (56) 

There are some rules to respect in order to limit the appearance of complications, 

aesthetic defects, or even failure of the treatment. In the same way, soft tissues 

thickness and abutment height must be considered with a view to preventing bone 

loss. 

 

Other prosthetic parameters also have an influence on marginal bone loss, such as 

the type of prosthesis (cemented or screw-retained, in particular because of the 

presence of cement), the angulation of the abutment (straight or angulated), etc.  
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OBJECTIVE 
 

The purpose of this writing work was to cover and understand a sufficient number of 

parameters, causes and risk factors associated to marginal bone loss around implants, 

to be able to elaborate protocols of prevention based on scientific evidence. 

Marginal bone loss around implants has a multifactorial etiology. The mechanisms and 

risk factors involved are many and varied : it involves host related factors, parameters 

linked to the operator (experience and surgical technique), but also among others 

some factors directly related to the implant itself. Patient related factors (systemic 

conditions, environmental factors, etc.) are already well covered in the existing 

literature, with a lot of published reviews and studies. That is why it was decided to 

focus this writing work on the implant parameters affecting the marginal bone loss 

around implants with, as orientation, the prevention directly from the treatment 

planning. 

 

Main objective : to study the implant parameters that influence marginal bone loss 

around osteointegrated implants, with the aim of preventing this phenomenon from the 

development of the treatment plan. 

Secondary objectives :  

- to study some aspects of the implant design 

- to study the influence of the position of the implant 

- to study the impact of the implant-abutment connection  

- to study the influence of Platform-switching 

- to study the impact of soft tissue thickness 

- to study the influence of abutment height  
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METHODOLOGY 

For this project, sources were selected by using the most scientific and impartial 

sources of information as possible such as governmental website, scientific articles or 

public website not controversed by any brand. The authors of the selected studies don’t 

have any conflict of interest related to their studies and reviews. 

For the 1st stage of selection, a primary electronic research of articles in the university 

library website (Biblioteca CRAI Dulce Chacon de la Universidad Europea de Madrid), 

on Pubmed and Medline, was conducted in October 2020, using the Key words : 

“MBL”, “marginal bone resorption”, “crestal bone loss”, “dental implants”, “peri-

implantitis”, “overloading”, “tissue thickness”.  

Articles were included if : 

- Correspondence with the subject was found by reading the title and the abstract, 

with adequately registered data regarding marginal bone loss around implants 

- Articles was written in English or Spanish 

- Only the articles of maximum 10 years old (published after 2010) were included  

- Articles from individual papers, major journals, or published in international 

peer-reviewed literature 

This basic search resulted 147 of potentially relevant papers. 

For the 2nd stage of selection, the abstracts and full texts of the preselected studies of 

the 1st stage were further evaluated according to specific inclusion and exclusion 

criteria to select only the relevant papers : 

- Assessment of factors related to implant characteristics, other than patient 

related factors (pathologies, systemic conditions, genetics …) 
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- Exclusion of papers dealing with implants related to locally or systematically 

compromised sites and conditions 

It was taken into account that not all articles don’t have the same level of influence in 

the impact of their results : case reports don’t have the same incidence than 

randomized controlled trials or systematic analysis, just as the results obtained from 

studies on animals must be put into perspective.  

For the 2nd stage, a total of 104 papers had to be excluded and a total of 43 papers 

fulfilled the inclusion criteria. 

During the research work, some key words were added to extend the selection of 

studies, such as :  “platform switching”, “microgap”, “machined neck”, “machined 

collar”, “microthreads”, “implant position”,  “internal connection”, “external connection”, 

“abutment disconnection”, “soft tissue thickness” , “soft tissue thicknening”, “abutment 

height”,etc.   

Finally, after further research and filtering on the basis of the inclusion and exclusion 

criteria, it resulted (final review) the selection of 38 articles : 17 for the results analysis 

completed by 21 articles for the discussion. 

The decision was made to produce summary tables, sorted by themes, to synthesis 

the information and facilitate the writing work. These tables allowed to highlight : titles, 

authors, date of publication, population, implant characteristics (such as number of 

implant placed, type of connection, platform switching, position of implant, etc.), some 

important results, elements of discussion and conclusion. 
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A reflection on the objectives was carried out, and the decision was taken to focus the 

work of discussion on the parameters related to the implant characteristics in the 

prevention of marginal bone loss, since the factors related to patient’s characteristics 

(pathologies, systemic diseases, genetics) and environmental risk factors (tobacco, 

stress..) are already very present in the literature. 

A detailed plan was drawn up and discussed in order to cover sufficient parameters 

influencing marginal bone loss around osteointegrated implants. 

During the writing of the review, the reference management software Mendeley was 

used, in connection with the processing software Word, in order to manage citations 

and bibliographic references. 
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RESULTS 
 

1. THE IMPLANT DESIGN 
 
 

A. MICROTHREADS 
 
A systematic review proposed by W. Niu and published in 2016, included 5 randomized 

clinical trials for the synthesis, and 3 articles for the systematic review to differentiate 

the impact of roughened microthreaded neck and polished neck, and the influence 

microthreads on marginal bone loss. (57) 

 

Results from the Systematic review by Niu (57), showing the influence of the 
microthreads on marginal bone loss 

STUDIES COMPARISONS CHARACTERISTICS MBL 1 year 
after loading  
(in mm) 

CONCLUSIONS 

Bratu et al 
(2009) 

Comparison of 
roughened 
microthreaded and 
polished neck 

Polished neck 1.47 ± 0.4 Microthreads 
help to reduce 
MBL 

Rough microthreaded 0.69 ± 0.25 

Kang et al 
(2012) 

Comparison 
implants with 
roughened neck, but 
with or without 
microthreads 

Rough  0.15 ± 0.14 Microthreads 
size doesn’t 
influence 
marginal bone 
loss 

Rough microthreaded 0.13 ± 0.14 

Lee et al Comparison 
implants with 
roughened neck, but 
with or without 
microthreads 

Rough 0.28 ± 0.19 Microthreads 
help to reduce 
MBL 

Rough microthreaded 0.14 ± 0.11 

Song et al Comparison 
implants with 
roughened neck, but 
with or without 
microthreads 

Rough without 
microthread at the top 
0.5mm 

0.30 ± 0.22 Microthreads 
help to reduce 
MBL 

Rough with microthread 
at the top 

0.16 ± 0.19 

Nickenig et 
al (2013) 

Comparison of 
roughened 
microthreaded and 
polished neck 

Polished neck 0.8 Microthreads 
help to reduce 
MBL 

Rough microthreaded 0.4 
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It is well known that marginal bone loss has a multifactorial etiology, and in most 

studies, cofounding factors were not excluded. But it was concluded in 4 of the 

Randomized Clinical Trials that a roughened neck with microthreads have a positive 

effect on marginal bone loss limitation. On the contrary, Kang et al concluded implant 

neck threads don’t have an impact on marginal bone preservation.  

 

Another systematic review conducted by S. T. Lovatto was published in 2018, with 10 

others randomized controlled clinical trials. Important variations of marginal bone loss 

between the studies was reported. But It was observed that implants with microthreads 

in the neck presented lower bone loss values compared to implants with straight or 

smooth neck. Also, differences were observed between different implant shapes. 

Indeed, marginal bone loss after 1 year was lower for cylindrical implants (0.12 mm 

with a range of 1.32 mm) than for tapered implants (0.14 mm with a range of 1.66 mm), 

but these differences in the results were not considered significant. (58) 

 

A non-randomized retrospective study proposed by Z. Ormianer and published in 

2016, regrouped 3 types of implants : (59) 

- Group A : 388 spiral implants (SPI) with progressive thread design with tapered 

body and core, and a double lead thread design, with a wide step between 

threads (Lead = 2.1mm, pitch = 1.05) 

- Group B : 911 dual fit implants (DFI) with progressive thread as in group A, but 

with smaller lead (Lead = 1.2mm, pitch = 0.6mm) 

- Group C : 62 arrow implants with single lead V-thread design (pitch = lead) 

 A B C 
Mean marginal bone 
loss (mm) 2.02 ± 1.70 2.10 ± 1.73 1.90 ± 1.40 
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It was concluded that the thread design influence bone loss over time. More bone loss 

was observed in group B compared to group A, but better bone preservation was 

obtained for the V-thread design. It was concluded that smaller marginal bone loss is 

associated with larger pitch, deeper apical threads, and narrower implant core. 

 
 
 
 
 

B. IMPLANT LENGTH AND DIAMETER 
 

A systematic review of 3 randomized controlled trials and 2 non-RCT was realized by 

A. Monje, and published in 2013, with the following results : (60) 

 

 

Similar marginal bone loss values were obtained for short implant (< 10 mm) and 

conventional implants (> 10 mm), meaning implant length would not influence marginal 

bone loss around short implants. But these results are not significant and sufficient to 

confirm or exclude the influence of implant length on marginal bone loss around 

implants. More articles with longer follow up are needed. 

Results from the Systematic review by Monje (60), showing the influence of the 
Implant length on marginal bone loss 

STUDIES IMPLANT 
LENGTH (mm) 

IMPLANT 
DIAMETER (mm) 

CONNECTION MEAN MARGINAL 
BONE LOSS (mm) 

Esposito et al 
(2011) 

5 6 Internal 0.97 ± 0.56 

Telleman et al 
(2011) 

8.5 4.1 - 5 Internal 0.74 ± 0.61 

Gulje et al (2012) 6 4 Internal 0.2 ± 0.22 
11 4 Internal 0.41 ± 0.46 

Romeo et al 
(2006) 

8 3.75 – 4.1 External 1.6 ± 1.5 
10 3.75 – 4.1 External 1.7 ± 1.4 

Rossi et al (2010) 6 4.1 – 4.8 External 0.75 ± 0.71 
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A review article proposed by E. Borie, and published in 2014, evaluates the impact of 

implant diameter and length on marginal bone stress. (61) 

Stress distribution in surrounding bone might be influenced by various factors such as 

the implant position and angulation, implant-abutment, bone quantity and quality, 

implant design. There are differing opinions in the literature about the possible 

influence of implant length on marginal bone loss around implants. 

 

Results from the review by Borje (61), showing the influence of the Implant length 
on marginal bone loss 

C. Bourauel et al (2012) Short implants have smaller contact area with bone, and less 

homogeneous stress distribution 

JH. Rubo et al (2010) By increasing of 10mm the implant length, there is a decrease in stress 
of 14% 

C.S. Pietri et al (2005) By increasing the length, the stress reduces on the bone ridge for 

narrow and tapered implants 

Pierrisnard et al (2003) Shear stress associated with oblique forces is concentrated on the first 

7mm 

No differences associated to implant length 

J.P. Geng et al (2004) Implant length don’t impact bone loss  

Kong et al (2009) increasing implant length can reduce bone stress on bone 

 

But there is a consensus in the literature about the diameter of the implant : diameter 

is a more influent parameter, compared to implant length. Diameter influence the stress 

distribution : implants with increased diameter have a larger contact area with bone. 

So for a same load, stress in the marginal bone of wider implant is smaller than for 

narrower implants. 
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2. THE IMPLANT POSITION 
 
The positioning of the implant is considered along 3 axes: horizontal (mesio-distal), 

sagittal (vestibulo-lingual) and vertical (apico-coronal). The question of optimal 

positioning arises because it plays a decisive role in the stability of the soft and hard 

tissues, and therefore in the success of the treatment. 

 
 

A. HORIZONTAL POSITION 
 

An animal study conducted by N. Elian and published in 2011, focused on the influence 

of inter-implant distance on bone loss. 72 platform-switched implants with internal 

abutment morse taper where placed in 12 minipigs : 3 implants with inter distance of 

3mm on one side, and 3 implants with inter-distance of 2 mm on the other side. (62) 

8 weeks after implant placement, similar bone levels were obtained in both groups : 

BONE LOSS (in mm) 2mm group 3mm group 

Vertical bone loss 0.48 ± 0.52 mm 0.31 ± 0.68 mm 

Horizontal bone loss 0.31 ± 0.30 mm 0.57 ± 0.51 mm 

 

Platform-switching may allow clinicians to place adjacent implants closer than 3 mm 

thanks to the internal repositioning of the microgap, without affecting inter-implant 

crestal bone height, but studies with longer follow-up periods are necessary to confirm 

this idea. 
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A retrospective study conducted by X. Vela, and published in 2012 focused on the 

influence of the distance tooth-implant by analyzing the marginal bone loss around 70 

platform-switched implants placed at a distance inferior at 1.5 mm of the adjacent tooth, 

the mean distance being 0.99 mm ± 0.35 mm. On average, the marginal bone loss 

was of 0.36 ± 0.26 mm horizontally, and 0.46 ± 0.37 mm vertically. The results showed 

that Platform-switching allows to place implants with a distance tooth-implant of 1mm, 

while preserving the crestal bone level. It is especially important for areas with limited 

mesio-distal space, such as anterior sector.(63) 

 

B. VERTICAL POSITION 
 

A systematic review elaborated by N. Palacios-Garzon, and published in 2019, 

included 16 studies : 9 randomized control trials and 7 non-randomized control trials. 

The objective was to study the influence of implant vertical position (sub-crestal and 

crestal level) on the marginal bone loss. (64) 

It was observed controversial results, as shown in the table below : 

Results from the Systematic review by Palacios-Garzon (64), showing the impact of 
crestal and sub-crestal implant position on marginal bone loss 

Romanos et al (2015) Non-RCT No significant results 

Al amri et al (2017) Non-RCT No significant results 

Pellicer et al (2016) RCT Bigger MBL for subcrestal position 

Palaska et al (2016) RCT No significant results 

Nagarajan et al (2015) Non-RCT No significant results 

De Siqueira et al (2017) RCT No significant results 

Koutouzis et al (2014) RCT No significant results 

Koh et al (2011) RCT No significant results 

Vervaeke et al (2018) RCT Smaller MBL for subcrestal position 

Kutan et al (2015)  RCT Bigger MBL for subcrestal position 

Ercoli et al (2017) Non- RCT No significant results 

Veis et al (2010) Non- RCT No significant results 
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Degidi et al (2011) Non- RCT Smaller MBL for subcrestal position 

Al Amri et al (2007) RCT No significant results 

Kim et al (2017) Non- RCT Bigger MBL for subcrestal position 

Fickl et al (2010) RCT Smaller MBL for subcrestal position 

 

It appeared there was no significant differences for most of the studies between the 2 

positions studied (subcrestal and crestal). In three studies, it was observed a bigger 

marginal bone loss around implants placed in subcrestal position, compared to crestal 

implants. For other 3 studies, it was the opposite. 

No significant conclusion was proposed because of variations in studies, implant 

parameters, protocols, measurements, etc. 

 
 
 

3. IMPLANT-ABUTMENT CONNECTION 
 

A. INFLUENCE OF THE TYPE OF IMPLANT-ABUTMENT CONNECTION 
 

Studies focused on the influence of the type of implant-abutment connection on the 

marginal bone loss. A systematic review of 11 randomized clinical trial and 3 

prospective studies was proposed by R. Caricasulo in 2018, to evaluate the influence 

of the connection type on marginal bone loss after loading. (54) All studies compared 

at least the impact of two different types of connection on the marginal bone 

preservation : one external and one internal connection (internal conical or hexagonal). 

For all the studies, the external connections had platform-matched abutment. The 

studies conducted by Kielbassa, Arnhart and Cooper compared 3 types of connection, 

but the study proposed by Cooper compared external connection to internal connection 

(with platform-matching and platform-switching). One study conducted by Hsu et al 
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(2016) compared the influence of platform-switching on the marginal bone loss around 

implants with internal connection (some with platform-matching, and some with 

platform switching). 

 

Results from the Systematic review by Caricasulo (54), showing the Influence of the 
connection on marginal bone loss 

Authors Number 
of 

implants 

Connection Platform 
switching 

MBL (in mm) Conclusion 

Crespi et al 
(2009) 

34 External  0.78 ± 0.45  No significant differences 
30 Morse 

taper 
PS 0.73 ± 0.52 

Kielbassa et al 
(2009) 

117 Conical PS 0.95 ± 1.37 No significant differences 
82 External  0.64 ± 0.97 
126 Internal  0.63 ± 1.18 

Pieri et al 
(2011) 

19 Morse 
taper 

PS 0.19 ± 0.17 Lower MBL values with Morse 
Taper connection 

19 Internal  0.49 ± 0.25 
Arnhart et al 
(2012) 

84 Conical PS 0.89 ± 1.65 No significant differences 
66 External  0.16 ± 1.06 
86 Internal  0.85 ± 1.32 

Koo et al 
(2012) 

20 External  0.29 ± 0.35 Higher MBL values with external 
connection 20 Internal PS -0.07 ± 0.21 

Peñarrocha-
Diago et al 
(2012) 

69 External  0.38 ± 0.51 Higher MBL values with external 
connection 72 Internal PS 0.12 ± 0.17 

Gultekin et al 
(2013) 

52 Conical PS 0.35 ± 0.13 Lower MBL values with conical 
connection 52 Internal  0.83 ± 0.16 

Pozzi et al 
(2012) 

44 Conical PS 0.51 ± 0.34 Lower MBL values with conical 
connection 44 External  1.10 ± 0.52 

Pozzi et al 
(2014) 

44 Conical PS 0.67 ± 0.39 Lower MBL values with conical 
connection 44 External  1.24 ± 0.47 

Cooper et al 
(2015) 

53 Conical PS 0.22 ± 0.28 Lower MBL values with conical 
connection 53 Internal  1.20 ± 0.64 

50 Internal PS 1.32 ± 1.01 
Esposito et al 
(2015) 

173 External  0.98 No significant differences 
154 Internal PS 0.85 

Esposito et al 
(2016) 

96 External  1.13 No significant differences 
107 Internal PS 1.21 

Hsu et al 
(2016) 

13 Internal PS 0.21 ± 0.56 Better bone preservation with 
platform-switched implants 13 Internal  0.74 ± 0.47 

Pessoa et al 
(2016) 

12 External  1.17 ± 0.44 Better bone preservation with 
Morse taper connection 12 Morse 

taper 
PS 0.17 ± 0.54 

 



 37  

Even if the results obtained by Crespi, Arnhart, Kielbassa and Esposito were not 

considered significant, in all the studies analyzed the results showed that lower values 

of marginal bone loss were obtained with internal conical connection, and the highest 

values of bone loss were attributed to external connection. However, the extent of 

marginal bone loss did not affect the survival rate and external connection is reliable 

on the long term. Only 1 study conducted by Arnhart showed better results for external 

connection, but it was not considered significant.  

In the end, it was observed a better bone preservation with internal connection implants 

compared to external connection, and Platform-switching has a positive impact on 

marginal bone preservation, no matter the connection type it was applied to. 

 

In a study conducted by J. Szymanska and published in 2017, it was assessed the 

marginal bone loss around implants in 28 patients over 46 months: 91 implants with 

conical Morse Taper connection (group I) and 149 implants with internal hexagonal 

connection (group II), both types being present in each patient. Radiographic 

assessment was performed with orthopantomograms. (65) 

Results from the study by Szymanska (65) showing  
the influence of the connection on marginal bone loss - 

Comparison between Conical Morse Taper and Internal hexagonal connections 
Observation period MBL (mm) /month for Conical 

Morse Taper connection 

MBL (mm) /month for Internal 

hexagonal connection 

Before loading 0.112 0.123 

After loading 0.010 0.030 

 

From implant placement to loading, there was no significant differences. During the 

time period from loading to the 46th month, marginal bone loss was significantly greater 

for the group II with internal hexagonal connection. At the 46th month after loading the 
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difference in MBL between the 2 groups was of 0.696mm. In the end, better bone 

preservation was observed with conical Morse Taper implant-abutment connection 

compared to internal hexagonal connection. 

 
 
 
 

B. INFLUENCE OF THE NUMBER OF ABUTMENT DIS-
RECONNECTIONS 

 

Some studies have examined the influence of the number of disconnections and 

reconnections of abutments on the peri-implant marginal bone loss. 

A systematic review was proposed by T. Koutouzis in 2017. (66) It includes 6 

randomized controlled clinical studies and 1 controlled clinical trial. 

Various types of connection system were used, but all with platform switching. 

The studies conducted by Degidi, Grandi chose to evaluate four abutment dis-

reconnections, Luongo and Grandi (in another study) evaluated three abutment dis-

reconnections, Koutouzis focused on two abutment dis-reconnections.  

For the randomized clinical trial conducted by Canullo (67), the number of abutment 

dis-reconnection was not as clear as for the others : A 25 patients were included, they 

received a post-extractive implant of wide diameter, and they were reparted as follows: 

- Provisional abutment group (PA) : 10 patients received a platform-switched 

provisional abutment with a provisional crown. After 3 months, impressions with 

coping-transfer was done, abutments were disconnected and reconnected 

several time to obtain the definitive prosthesis restoration 

- Definitive abutment group (DA) following the “one abutment-one time concept” 

: 15 patients received a platform-switched definitive abutment with a provisional 
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crown. After 3 months, definitive restoration was placed with metal prefabricated 

copings, without any abutment disconnection. 

 

For all studies, smaller marginal bone loss was observed in the final abutment 

placement group, and greater bone loss was observed when associated to multiple 

abutment dis-reconnections, being the highest with 3 and 4 disconnections. 

 

A Randomized controlled trial, published in 2019, was conducted by L. Praça on 24 

patients with single unit implants and screw-retained prosthesis. (68) 

They were randomly separated into 2 groups : 

- Definitive Abutment group (DEF) in which implants and definitive abutments 

(divergent design) were connected at the same time 

- Healing Abutment group (HEA) in which the protocol includes 3 disconnections 

and reconnections of the straight healing abutments with initially a straight and 

narrow healing abutment, and then a divergent healing abutment 

Results from the Systematic review by Koutouzis (66), showing the influence of the 
number of abutment dis-reconnection on marginal bone loss 

Studies 

Number of 

abutment 

disconnections 

Mean MBL changes 

Multiple abutment 

placement group 

Final abutment 

placement group 

Canullo et al (2010) Not clear 0.55 ± 0.09 mm 0.34 ± 0.07 mm 

Degidi et al (2011) 4 0.15 ± 0.28 mm 0.07 ± 0.27 mm 

Grandi et al (2012) 4 0.43 ± 0.02 mm 0.09 ± 0.02 mm 

Koutouzis et al (2013) 2 0.28 ± 0.16 mm 0.13 ± 0.20 mm 

Grandi et al (2014) 3 0.58 ± 0.11 mm 0.11 ± 0.06 mm 

Degidi et al (2014) 4 0.75 ± 0.11 mm 0.71 ± 0.1 mm 

Luongo et al (2015) 3 0.09 ± 0.2 mm 0.08 ± 0.16 mm 
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In both groups divergent abutments have the same diameter and divergent design, but 

different height. The results of marginal bone loss obtained with radiographic analysis 

are shown in the table below : 

Bone loss changes HEA group DEF group 
0 – 2 months -0.355 ± 0.102 mm -0.696 ± 0.120 mm 

2 – 6 months -0.648 ± 0.135 mm -0.112 ± 0.113 mm 

0 – 12 months -1.009 ± 0.140 mm -0.759 ± 0.100 mm 

0 – 24 months -0.808 ± 0.148 mm -0.608 ± 0.097 mm 

 

There are no overall significant differences between the two groups, but some 

significant differences between 0-2 months and 2-6 months, with the most important 

values of bone loss in the first 6 months.  

 
 
 

4. PLATFORM SWITCHING CONCEPT 
 
Studies evaluated the influence of the Platform Switching concept on the marginal 

bone loss around implants. 

A systematic review produced by Santiago et al and published in 2016 includes 25 

studies : 17 randomized controlled trials, and 8 controlled prospective studies. All 

studies analyzed the influence of platform-switching on marginal bone loss over 

periods ranging from 1 to 5 years. For some studies, the type of implant-abutment 

connection system was not known, but 9 studies used internal connection, 2 chose 

external hexagonal, and 1 was with Morse taper. (69) 
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Results from the Systematic review by Santiago (69), showing the influence of the 
Implant length on marginal bone loss 

Authors Studies Implant-abutment 
diameter 

difference on 
each side (mm) 

Marginal bone level 
changes (mm) 

Conclusion 

Canullo et al 
(2010) 

RCT Control group : 0 
G1 :  0.25  
G2 : 0.5  
G3 : 0.85  

CG : 1.49 ± 0.54 
G1 : 0.99 ± 0.42 
G2 : 0.82 ± 0.36 
G3 : 0.56 ± 0.31 

Statistically significant 
results : less bone loss 
with platform-switching  

Canullo et al 
(2009) 

RCT CG : 0 
G1 : 0.85 

CG : 1.19 ± 0.35 
G1 : 0.3 ± 0.16 

Statistically significant 
results : less bone loss 
with platform-switching 

Canullo et al 
(2011) 

RCT Control group : 0 
G1 :  0.25  
G2 : 0.5  
G3 : 0.85 

CG : 1.358 ± 0.3939 
G1 : 0.832 ± 0.3939 
G2 : 0.486 ± 0.2242 
G3 : 0.375 ± 0.1234 

Statistically significant 
results : less bone loss 
with platform-switching 

Cappiello et al 
(2008) 

Prospective CG : 0 
G1 : 0.4 

CG : 0.95 ± 0.32 
G1 : 1.67 ± 0.37 

Statistically significant 
results : less bone loss 
with platform-switching 

Crespi et al 
(2009) 

Prospective NC CG : 0.73 ± 0.52 
G1 : 0.78 ± 0.45 

No statistically significant 
results 

Dursun et al 
(2014) 

Prospective CG : 0 
G1 : 0.37 

CG : 0.76 ± 0.41 
G1 : 0.84 ± 0.36 

No statistically significant 
results 

Enkling et al 
(2011) 

RCT 0.35 CG : 0.58 ± 0.55 
G1 : 0.53 ± 0.35 

No statistically significant 
results 

Fernandez 
Formoso et al 
(2012) 

RCT NC CG : 2.23 ± 0.22 
G1 : 0.68 ± 0.88 

Statistically significant 
results : less bone loss 
with platform-switching 

Hurzeler et al 
(2007) 

Prospective 0.45 CG : 2.02 ± 0.49 
G1 : 0.22 ± 0.53 

Statistically significant 
results : less bone loss 
with platform-switching 

Kielbassa et 
al (2009) 

RCT NC CG : 0.63 ± 1.18 
IH : 0.95 ± 1.37 
EH : 0.64 ± 0.97 

No statistically significant 
results 

Pieri et al 
(2011) 

RCT 0.35 CG : 0.51 ± 0.24 
G1 : 0.2 ± 0.17 

Statistically significant 
results : less bone loss 
with platform-switching 

Pozzi et al 
(2014) 

RCT NC CG : 1.15 ± 0.34 
G1 : 0.68 ± 0.34 

Statistically significant 
results : less bone loss 
with platform-switching 

Prosper et al 
(2009) 

RCT 0.25 (mandible) 
0.35 (maxilla) 

CG : 0.193 ± 0.474 
G1 : 0.055 ± 0.234 

Statistically significant 
results : less bone loss 
with platform-switching 

Telleman et al 
(2014) 

RCT 0.35 or 0.4 CG : 0.85 ± 0.65 
G1 : 0.53 ± 0.54 

Statistically significant 
results : less bone loss 
with platform-switching 
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Telleman et al 
(2012) 

RCT 0.35 or 0.4 CG : 0.73 ± 0.48 
G1 : 0.51 ± 0.51 

Statistically significant 
results : less bone loss 
with platform-switching 

Trammell et al 
(2009) 

RCT 0.45 CG : 1.19 ± 0.58 
G1 : 0.99 ± 0.53 

Statistically significant 
results : less bone loss 
with platform-switching 

Vandeweghe 
and De Bruyn 
(2012) 

RCT 1 CG : 0.94 ± 0.42 
G1 : 0.66 ± 0.47 

Statistically significant 
results : less bone loss 
with platform-switching 

Vigolo and 
Givani (2009) 

Prospective 0.5 CG : 1.1 ± 0.3 
G1 : 0.6 ± 0.2 

Statistically significant 
results : less bone loss 
with platform-switching 

Enkling et al 
(2013) 

RCT 0.35 CG : 0.74 ± 0.57 
G1 : 0.69 ± 0.43 

No statistically significant 
results 

Del Fabbro et 
al (2015) 

Prospective 0.5, 0.75, 1.25 CG : 0.48 ± 0.26 
G1 : 0.33 ± 0.19 

Statistically significant 
results : less bone loss 
with platform-switching 

Glibert et al 
(2014) 

Prospective 0.45 CG : 1.02 ± 0.14 
G1 : 0.63 ± 0.18 

Statistically significant 
results : less bone loss 
with platform-switching 

Meloni et al 
(2014) 

RCT 0.35 CG : 0.93 ± 0.26 
G1 : 0.84 ± 0.23 

No statistically significant 
results 

Pozzi et al 
(2014) 

RCT 0.2 CG : 1.29 ± 0.42 
G1 : 0.83 ± 0.27 

Statistically significant 
results : less bone loss 
with platform-switching 

Wang et al 
(2015) 

Prospective 0.6 CG : 0.19 ± 0.16 
G1 : 0.04 ± 0.08 

No statistically significant 
results 

Guerra et al 
(2014) 

RCT 0.3, 0.35 CG : 0.69 ± 0.68 
G1 : 0.40 ± 0.46 

Statistically significant 
results : less bone loss 
with platform-switching 

 

It was observed a greater bone loss for the control group in all studies. On average, 

over all the studies included in this review, the bone loss around implants with platform-

switching is 0.57mm, and for implants with matching abutment-platform diameter, the 

bone loss is 0.98mm. In the comparison of marginal bone loss between platform-

switched and platform-matched implants : the mean difference is of -0.41mm in favor 

of platform-switching. It was concluded that the platform-switching concept allows 

better marginal bone preservation. 

Moreover, in the RCT conducted by Canullo in 2009, the influence of the degree of 

mismatching was analyzed : a significant inverse correlation was observed between 
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marginal bone loss and the diameter mismatching : the more the mismatching, the 

lower the marginal bone loss. 

 
 
 

5. SOFT TISSUE THICKNESS 
 

A systematic review and meta-analysis proposed by F. Suarez in 2016 included 13 

articles to analyze the influence of soft tissue thickness on marginal bone loss. 

In the meta-analysis 5 articles were included : 4 articles placed the limit between thin 

and thick at 2mm (articles by Linkevicius et al, and by Puisys and Linkevicius). Jeong 

used the threshold of 3mm. Moreover, Linkevicius (2015) and Puisys and Linkevicius 

(2015) analyzed also thin soft tissues thickened with allograft.  (7) 

Results from the Systematic review by Suarez (7), showing the impact of the soft 
tissues thickness on marginal bone loss 

Studies Thick soft tissues Thin soft tissues 

Linkevicius et al (2009) 1.59 ± 0.56 mm 1.83 ± 0.52 mm 

Linkevicius et al (2009) 0.175 ± 0.11 mm 1.445 ± 0.26 

Linkevicius et al (2009) 0.24 ± 0.36 mm 1.35 ± 0.33 mm 

Linkevicius et al (2015) 0.39 ± 0.09 mm 1.73 ± 0.11 mm 

Puisys and Linkevicius (2015) 0.39 ± 0.09 mm 1.18 ± 0.08 mm 

Jeong et al (2011) 0.3 ± 0.6 mm 0.3 ± 0.2 mm 

 
 
It was observed a better marginal bone preservation when initial soft tissues are thick. 

The differences of results between the groups were more significant for the studies 

that set the threshold between thin and thick soft tissues at 2 mm. It can be concluded 

that for a soft tissue thickness of less than 2mm, the risk of marginal bone loss 

increases. 
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Another Prospective clinical trial was proposed by T. Linkevicius in 2015. (70) The 

objective was to study the possible preservation of crestal bone stability after soft tissue 

thickening with allogenic membrane. The patient sample was divided in 3 groups 

according to the soft tissue thickness, with a threshold of 2mm to determine the 

biotype. The following results were obtained after 1 year: 

Results from the prospective clinical trial by Linkevicius (70), showing the amount of 
marginal bone loss associated with different types of soft tissue thickness 

 Thin soft tissues Thin soft tissues 
thickened with 
allogenic membrane 

Thick soft tissues 

Mesial bone loss -1.65 ± 0.08 mm -0.31 ± 0.05 mm -0.44 ± 0.06 mm 
Distal bone loss -1.81 ± 0.06 mm -0.34 ± 0.05 mm -0.47 ± 0.07 mm 

 

The differences between the thickened and thick soft tissues were not considered 

significant. But it was observed a more important marginal bone loss in patients with 

initial thin soft tissues, It was concluded that the thickening of the soft tissues 

compensated the thinness of the initial biotype, allowing a better bone preservation. 

 

 

6. ABUTMENT HEIGHT 
 

A systematic review and meta-analysis was proposed by Chen in 2019, to study the 

influence of abutment height on marginal bone loss. For that purpose, 14 articles were 

included in the systematic review to compare the effects of short and long abutments 

on bone loss. (71) 

Most of the studies observed a better bone level preservation with long abutment 

(>2mm), and bigger amount of bone loss with short abutment (<2mm). Indeed, 

according to Blanco et al (2018), with a short abutment, the distance between the bone 
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and the crown-abutment interface is shorter, the bone being closer to a bacterial 

reservoir. However, in the studies of Tan et al (2010) and Herrero-Climent (2014), more 

bone loss was associated to long collar. These results are questionable as the implants 

were positioned subcrestally, and additional bone loss was due to other factors 

(implant position), acting simultaneously. 

It was concluded that marginal bone loss is determined by the height of the abutment, 

and that a longer abutment allows to preserve marginal bone. 

 

 
A retrospective study conducted by Spinato and published in 2018, focused on a 

possible optimal abutment height to prevent marginal bone loss. (72) 2 groups were 

differentiated : 25 patients with platform-switched implants, and 26 patients with 

matching implant-abutment diameter. Marginal bone loss was evaluated on a period 

of 12 months after loading. 1 year after loading, the following results were obtained : 

Results from the retrospective study by Spinato (72) 
 

 Platform-switched implants Conventional implants 

Mesial MBL 0.30 ± 0.34 mm 0.78 ± 0.68 mm 

Distal MBL 0.38 ± 0.37 mm 0.90 ± 0.67 mm 

Mesial abutment height 1.88 ± 0.78 mm 1.67 ± 1.04 mm 

Distal abutment height 1.87 ± 0.84 1.66 ± 1.05 mm 

 

The results show that the shorter the height, the greater the bone loss. Indeed, an 

inverse relation was found between the marginal bone loss and the abutment height : 

by increasing the abutment height, the risk of marginal bone loss decreases. 

Spinato suggested that the minimum abutment height necessary to avoid marginal 

bone loss is of 2.5 mm for implants with platform-switching. 



 46  

DISCUSSION 
 
 

1. IMPLANT DESIGN 
 
Implants undergone changes of design through the time in order to increase success 

rate through increased stability and decreased marginal bone loss.  

Implant design and surface have impact on primary stability, on the osteointegration 

process, and on the marginal bone preservation. Many implants are available on the 

market with different diameters, lengths, shape, surfaces, connections. 

In the literature, some limitations appear due to the lack of homogeneity in studies 

design, sample selection, etc. Harmonization is needed to be able to perform direct 

comparison. (57) (58) (59) 

 

Regarding the implant length, there is no consensus in the literature about the possible 

influence of implant length on marginal bone loss around implants and about an optimal 

implant length. (61) According to some articles, short implants present a higher failure 

rate. In other studies, short implants present fewer complications. But factors vary 

between studies, making it impossible to validate this hypothesis. Longer-term studies 

are necessary to draw conclusions. 

Short implants can be a solution in cases of insufficient bone volume, limited mouth 

opening, proximity with some anatomical structures (i.e. inferior alveolar nerve), 

reducing the risk of complication and avoiding bone augmentation procedures or sinus 

lift procedure. Moreover, marginal bone loss around short implants may have more 

impact on implant stability. Short implants have a smaller contact surface with the 

bone, that’s why having adequate bone is even more important for short implants. 
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Regarding the implant diameter, it can be an important parameter especially in cases 

of insufficient amount of bone, where increasing implant diameter can compensate the 

limited implant length and increase the implant-bone contact surface.  

This parameter has an important impact on marginal bone loss, especially knowing 

that the greater stress concentration is located at the cervical area of the implant.  

By increasing the diameter, we obtain a better primary stability, better resistance to 

fracture. Wider diameter implants have a bigger contact surface with the bone, 

reducing the stress for marginal bone and improving its distribution. Diameter is a more 

influent parameter, compared to implant length. Implant length does not have as much 

influence on the force distribution as the diameter. The diameter influences the stress 

distribution : implants with increased diameter have a larger contact area with bone. 

So, for a same load, stress in the marginal bone of wider implant is smaller than for 

narrower implants. (60) (61) (73) 

 

Microthread is a design parameter that allows to increase the contact surface between 

the implant and the bone, improving the primary stability and the distribution of forces. 

It has influence for the healing period and on the long term. Microthreads at crestal 

level (implant neck) help to reduce marginal bone loss because they produce 

compression on the crestal bone, and reduce shear stress. (59) 

There are various types of threads designs. 4 parameters define the thread : the pitch, 

the lead, the shape and the depth. The more influent parameter is the pitch. A small 

pitch means a bigger number of threads, and so a bigger contact surface between 

bone and implant. In the same way, the lead influences the contact surface. The shape 

influence also the stress distribution. Thread depth influence the surface area : by 

increasing the depth, the surface is increased. 
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Lower marginal bone loss is associated with larger pitch, deeper apical threads, and 

narrower implant core.(59) The use of rough surfaced microthreaded implants is 

recommended to maintain crestal bone levels. (57) (58) 

 

Regarding the microstructure, several types of implant surface exist, created by 

addition or subtraction techniques such as Titanium plasma sprayed, Etched surface, 

Titanium oxide blasted, Hydroxyapatite coated. It gives a roughness aspect to the 

surface, increasing the contact surface between implant and bone, and improves the 

osteointegration. Better results were obtained with blasting/etched surfaces, compared 

to machined surface in the crestal area. But roughened surface can provide niches for 

bacterial colonization, and so can have negative effect on the long-term marginal bone 

loss. (78)  

 
 
 
 

2. IMPLANT POSITION 
 
Despite the requirements of soft tissue thickness to avoid bone resorption for the 

reestablishment of the biological width, some other measurements have to be 

respected.  

The position of the implant has several impacts, both functionally and aesthetically, as 

it influences the stability of the soft and hard tissues of the implant. 

There are rules to respect in order to limit the appearance of complications, aesthetic 

defects, or even failure of the treatment. 

 

 



 49  

A. HORIZONTAL POSITION 
 
Horizontally, the mesio-distal positioning of the implant depends on the clinical context. 

Between the implant and the adjacent tooth, it is commonly accepted that a certain 

distance must be respected : a minimal interproximal distance of 1.5 mm must be 

maintained (taking into account the periodontal ligament) to limit crestal bone loss. This 

distance allows a correct bone remodeling since it has been estimated that the bone 

lysis extends over 1.5 mm. (74) The respect of this rule allows the preservation of the 

interproximal crestal bone, and thus the maintenance of the papilla, which represents 

an important esthetic factor. If the interproximal distance is too small, the 

vascularization will be decreased, and complications will appear such as bone 

resorption and external radicular resorption. Indeed, in the elaboration of the treatment 

plan, the choice of the implant diameter in relation to the minimum space required to 

place the implant is made as follows: minimum space = implant diameter + 2 x 1.5mm. 

Attention should be paid to neighboring anatomical structures such as the roots of 

adjacent teeth which may sometimes be converging. 

 

When placing multiple adjacent implants, an inter-implant distance of 3mm must be 

maintained to preserve the interproximal bone crest and avoid further bone loss. (75)  

Once again, the crestal bone level influence the position of marginal soft tissues, and 

a loss of crestal bone leads to a diminution in bone support for the papilla. Studies 

have shown an absence of papilla in case of inter-implant distance lower than 3mm. 

(76) Due to the lower vascularization, the distance to respect is greater than in the 

presence of a tooth.  
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However, it appears possible to be able to slightly reduce theses distances (inter-

implant and with adjacent teeth) thanks to platform-switching. This concept allows an 

inward shift of the microgap, increasing the distance between bone and bacteria. 

According to the studies conducted by N. Elian and X. Vela, platform-switching would 

allow to place adjacent implants closer than 3 mm and to reduce the distance tooth-

implant to 1mm. (62) (63) 

In the literature, there is no consensus on the optimal distance to adopt, and more 

studies are needed with longer term follow up. (77) 

 
 
 

B. SAGITTAL POSITION 
 
In the sagittal plane, especially for the anterior sector, the distance between the implant 

and the vestibular cortical plate must be minimum 2mm to maintain good 

vascularization, to allow adequate bone remodeling, but also to preserve the biological 

space. The objective is to obtain a good soft tissue support and avoid resorption of the 

vestibular bone wall. (78) 

 
 
 
 

C. VERTICAL POSITION 
 
 
The vertical position of the dental implant influences the marginal bone loss around 

implants. More parameters come into consideration when choosing the vertical 

positioning of the implant, in particular the periodontal biotype, the available occlusal 

height, the implant design, aesthetic expectations (anterior or posterior area), the 

patient's ability and motivation to maintain oral hygiene, etc. 
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Limitations inherent to the analyzed studies reduced the impact of the results. Indeed, 

there is a lack of standardization : different implant protocols, different implant depth 

position (supra-crestal, crestal, sub-crestal), different connection systems, different 

surfaces. These differences in parameters may have influenced the results. Others 

studies more standardized with long-term follow up are needed. (64) 

 

The possibilities of implant placement depth are related with the implant design. The 

ideal is to respect the manufacturer instructions. 

We can differentiate tissue level implants and bone level implants. Tissue level 

implants have their implant-abutment connection at the level of the gum. The polished 

collar will be visible, that is why, for esthetic reasons, it is not recommended. 

It was suggested by Linkevicius, in order to improve the esthetic aspect, to place 

implants without polished components, at bone level, with platform switching and 

internal conical connection. (78) 

 

Bone level implants can be placed supracrestally, crestally or subcrestally. Supra-

crestal position of the implant allows to keep the microgap away from the bone, 

maintaining a good distance between the bacteria and the bone, and avoiding bacterial 

microleakage. That’s why it is the position recommended for implants without platform-

switching. Nevertheless, the risk of developing periimplantitis may be higher due to the 

direct contact between the rough surface of the implant and the soft tissues. A supra-

crestal implant with polished neck would allow to keep the microgap away from the 

bone without exposing the soft tissues to the rough surface. (64) 
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Crestal position is a possibility if the vertical soft tissue thickness is adequate. The gap 

is not kept away from the bone, unless platform switching is used.  

For the sub-crestal position, there is no consensus on whether it is associated with 

greater marginal bone loss or not. But for some authors, subcrestal implant position is 

associated with a lower risk of having, on the long term, exposure of the implant. (79) 

On one hand, the microgap is located under the bone crest level, increasing the risk of 

bacterial leakage, and so the risk of marginal bone loss; but on the other hand, the 

stability is increased, especially if conical connection and platform-switching are used. 

Implants placed subcrestally should be platform-switched implants, to increase the 

distance between the bone and bacteria. However, a depth higher than 3mm is not 

recommended. Indeed, a too deep placement increase the risk of bone loss.(78) 

This position allows, especially in esthetic areas, to obtain an adequate emergence 

profile and gingival mask. This implant position can be chosen to avoid a steep 

emergence profile in cases of short clinical crowns. It can be also a solution in some 

cases where vertical soft tissue thickness is insufficient. 

Due to handling difficulty, it is possible to place an intermediate abutment, to shift the 

impressions and prosthetic procedures to the abutment level. 
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3. THE CONNECTION 
 

A. INFLUENCE OF THE TYPE OF IMPLANT-ABUTMENT 
CONNECTION 

 
 
It is well understood that the connection system is a parameter influencing the marginal 

bone loss around implants since biomechanical and biological consequences are 

related to the type of connection. (80) (81) 

From a biomechanical point of view, the differences in the extent of the contact area 

between the abutment and the implant influence the distribution of the forces. The 

external connection having a shorter contact zone, a higher stress is reported in the 

peri-implant area. With internal connection, stress is better distributed, and load is 

centralized and transmitted apically, reducing the effect on marginal bone. As it was 

observed in the systematic review elaborated by Caricasulo (54), internal connection 

allows a better bone preservation. Also internal connection system are more stable 

and face fewer complications, compared to external connection system that are more 

susceptible to complications due to micromovements, such as screw loosening and 

component fracture.  

 

From a biological point of view, it exists an accumulation of inflammatory cells at the 

implant-abutment interface. Internal connection, and especially conical internal 

connection have a better implant-abutment interface (80), reducing the risk of bacterial 

invasion into the bone. Indeed, the misfit value is lower for internal connection, despite 

some heterogeneity in the values in the literature due to the heterogeneity in evaluation 

methods. (81) 
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Conical internal connections are more stable. The larger surface contact between 

implant and abutment improve the system stability and the sealing. Implants 

associated to this type of connection face fewer biological and mechanical 

complications, and marginal bone loss around implants is reduced. (55) It is 

recommended to prefer internal connection implant especially if additional risk factors 

can influence marginal bone loss. (80) 

 

However, despite its poorer stability, higher susceptibility to complications, and its 

association with increased marginal bone loss, external connection is reliable over 

time. (56) And there is no affectation of the survival rate linked to the connection type.  

 

Some limitations appear in the analyzed articles. There is a lack of homogeneity 

between the studies in terms of protocols, implant design, surface texture, implant 

position (healed or fresh-extraction site), platform-switching, time of loading, follow-up 

periods. Uncontrolled factors related to patient was not taken into account, with the 

exception of the study conducted by J. Szymanska in which both type of implant 

system were placed in each patient, so the patient parameters didn’t influence the 

results. (65) Differences in evaluation methods appeared, and studies mostly used a 

conventional 2D radiographic analysis, with only mesial and distal appreciation of 

marginal bone loss.  

 

The bone loss results obtained with internal connection systems, compared to external 

connection, were improved by the use of platform switching. Platform switching may 

be a more important factor than the type of connection. (82) 
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Indeed, Vandeweghe and Bruyn compared the marginal bone loss values obtained 

around implant with external hexagonal connection with and without platform 

switching. It resulted that even for external connection implants, bone loss was smaller 

when it was associated to platform switching. (83) 

 

Also, Intermediate abutment may be necessary for the prosthesis placement. They can 

be used to transform an internal connection into an external connection. It is well known 

that the use of intermediate abutments influence the distribution of forces. (84) It would 

be interesting to focus on the impact of intermediate abutment on marginal bone loss 

on the long term. 

 

 

B. INFLUENCE OF THE NUMBER OF ABUTMENT 
DIS/RECONNECTIONS 

 
The number of disconnections – reconnections has an influence on the crestal bone 

stability. Repeated disconnections-reconnections would be associated with a higher 

marginal bone loss, compared to protocols of single connection of abutments 

(immediate positioning of abutment and implant). The greater the number of 

disconnections, the greater the resulting bone loss. Protocols of treatment that reduce 

the number of dis-reconnections may help to limit marginal bone loss around implants.    

(66) (67) (68) 

But there is a lack of standardization between the studies, with a variability in the 

protocols (number of dis-reconnections), surgical sites (fresh alveolar socket or healed 

site that imply differences in bone remodeling), location of the implants, variations in 
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implant and abutment design (diameter, divergence), presence of other influencing 

factors such as tobacco. Also, the evolution of soft tissue was not always examined. 

These variations can explain some variations of marginal bone loss between the 

studies. 

Since disconnections interfere with the adhesion of soft tissues, which can cause 

repeated injuries of the mucosal barrier, possible penetration of microorganisms, 

additional bone loss due to the readaptation of the biological space, it is therefore 

recommended to reduce the handling, avoiding disconnection of the abutment as 

suggested by the “one abutment-one time” concept. (67) 

 

 

4. PLATFORM SWITCHING CONCEPT 
 

The use of the Platform switching concept showed a significant influence on the 

marginal bone loss, since higher levels of bone preservation was observed with 

platform-switched implants (69). It appeared that the degree of Platform-switching is 

inversely proportional to the bone loss, which means that the greater the mismatching, 

the lower the marginal bone loss. (85) And according to T. Linkevicius, a minimum 

mismatch of 0.4 mm is required for platform switching to be effective. (78) 

 

However, there are some limitations that can explain the different rates of bone loss 

between the studies analyzed. Some limitations are due to the realization of mostly 

conventional radiographic assessments that allow only the appreciation of mesial and 

distal values of marginal bone loss, and not the vestibular and lingual sides.  

There is also a lack of homogeneity between the studies analyzed, especially in terms 
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of surgical protocol, implant design and connection, some used long implants (Canullo, 

Tramemell, Kielbasa, Pozzi…). Also, in some studies (Canullo et al 2010), the 

abutment diameters remain unchanged, but it was the implant platform diameter that 

was increased between the study groups to create the mismatch. (69) And it was 

shown that implant diameter has influence on the marginal bone loss. (86) Despite 

these limitations, and according to the literature, better preservation of marginal bone 

loss can be attributed to Platform-switching. 

 

In the literature, the process by which platform-switching help to reduce marginal bone 

loss remains unclear. Some authors advocated for biological theory, but later it was 

shown that it was also associated to biomechanical reasons. (69) 

First, a biological theory allowed to give an explanation to the impact of this concept to 

the bone loss. Due to the mismatch of diameters, the interface between implant and 

abutment is smaller, and is repositioned inwardly, as well as the microgap. So the 

horizontal distance increases between the inflammatory cells due to bacterial 

colonization and the marginal bone. The platform-switching allows the biological width 

repositioning, and a good mucosal sealing.  

 

The biomechanical theory supports a reduction of stress at the implant-bone interface 

and a better distribution of the forces lead to a diminution of the microfractures in the 

marginal bone, limiting the marginal bone loss. 

Some model analyzes were realized to understand the mechanism by which the 

platform switching concept influence the marginal bone loss around implants. (87) (88) 

(89) 
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K Juanes et al (87) studied the distribution of oblique and axial forces on a 3D finite 

element model in an article published in 2015, with 2 implants of 4.1mm diameter, one 

with an abutment of 4.1mm (matching implant-abutment diameters), another one with 

an abutment of 3.2mm diameter. Results showed that Platform-switching reduces the 

maximum stress level of axial loads in the cortical bone by 36%. With oblique loads, 

this concept allowed a reduction of 41% of the maximum stress level in the cortical 

bone. The values obtained in the trabecular bone were not considered significant.  

Another study on two 3D finite element models was conducted by Se-Young Moon et 

al in 2017 (88), with 2 wide diameter implant : one connected to a wide diameter 

abutment, and the other one using the platform-switching concept, connected to a 

regular diameter abutment. It was observed that stress area was mainly located at the 

contact area between the abutment and the implant platform in both models, with 

higher values for the abutment. Indeed, in the platform switching model it was observed 

higher stress values, especially for the abutment (830 MPa) for which values were 8 

times greater than for the matching implant-abutment model (107.41 MPa). For the 

abutment screw, higher stress values was observed (340 MPa) compared to the 

matching model (28.19MPa). 

In the same way, another study conducted by Tabata et al in 2011 (89) used 3D finite 

element models with external hexagonal implant system and : 

- Regular platform group (RP) : matching 4.1mm implant diameter with a regular 

4.1mm UCLA abutment diameter 

- Platform switching group (PS) : 5 mm wide implant diameter with a regular 

4.1mm UCLA abutment diameter 
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- Wide platform group (WP): 5mm wide implant diameter with 5 mm UCLA 

abutment diameter 

Results showed that most stress was concentrated at implant abutment connection, 

implant neck and in the peri-implant bone. Less intense stress and better distribution 

was associated with Platform Switching group (PS) and Wide Platform group (WP), 

compared to the Regular Platform group (RP), showing the influence of wider implant 

diameter. Even better results were obtained for the PS group, compared to the WP 

group, showing the efficacity of the platform-switching concept. But for the PS group, 

it was observed an increase of the stress values on the abutment screw.  

Some limitations appeared due to the experimental nature of these experimental 

studies, the differences in methods, the difficulty in reproducing complex structures 

and the simplification of some parameters in the implant design (use of glue, rings 

instead of micro-threads). But despite these limitations, it was validated that the inward 

shifting of the loads at the interface implant-abutment limits stress at the margin of the 

implant platform. It was also observed that this modification in the repartition of forces 

shift the higher stress level inward, increasing stress on the abutment and on the 

screw. Centralizing stress can provoke mechanical complications such as abutment 

screw deformation, screw loosening, or component fractures. According to Tabata et 

al (89), since the loads don’t reach the yield limit of Titanium (620-725 MPa), platform-

switched implants are not more susceptible to screw fractures. However, it would be 

good to have longitudinal clinical trials to rule out this possible susceptibility to fractures 

due to repeated forces on the long term. 
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5. SOFT TISSUE THICKNESS 
 

Despite a certain heterogeneity between the studies and the presence of cofounding 

factors such as platform-switching, screwed or cemented prosthesis, surgical 

technique with or without flap, etc, it has been established that a minimum of 2 mm 

thick initial crestal soft tissues is necessary to prevent marginal bone loss and to allow 

for the establishment of the biological space. 

The reflection was also carried out in relation with the concept of platform switching. 

Most studies assessing the influence of the Platform-switching didn’t take into account 

the initial thickness of the soft tissues. 

Studies by Linkevicius have shown that soft tissue thickness is an important factor in 

peri-implant bone preservation. (7) A first study by Linkevicius (2009) showed that soft 

tissue thickness is a factor in peri-implant crestal bone stability, and that an initial 

vertical thickness of 2 mm is required for bone preservation. (90)  A link was made with 

platform-switching : indeed, without this initial vertical thickness, platform-switching 

does not limit early marginal bone loss, which is due to the establishment of the 

biological width. He reconfirmed his results with his 2010 study, but this time with a 

larger sample. (91) 

Likewise, Vandeweghe and De Bruyn (2012) have shown that platform-switching only 

has its full effect if required soft tissue thickness is present for the establishment of the 

biological space, otherwise early bone loss occur for the establishment of the biological 

width. (83) 

More bone loss is associated with thin tissues biotypes. Increasing soft tissue 

thickness would be a possible solution to reach the required thickness threshold and 

thus prevent bone loss. Studies have shown that this solution works, and that crestal 
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bone stability is maintained over time. There are different types of grafts such as 

autogenous graft from the palate, allogeneic graft (membrane), xenograft; but Porcine 

derived xenograft is recommended because a better bone augmentation can be 

expected than with autogenous, and it undergoes less shrinkage than allogeneic 

grafts. (70) (92) (78) 

 

 

6. ABUTMENT HEIGHT 
 

Abutment height has an impact on marginal bone loss, by influencing, among other 

things, the biological space reestablishment.  

The selection of the abutment must be considered with a view to preventing bone loss. 

The quality and quantity (or thickness) of the gingival tissue will guide the practitioner 

in his choice. 

Longer abutments are preferred to prevent marginal bone loss, since short abutments 

are associated with higher levels of bone loss. There are several explanations for this. 

One the one hand, with a short abutment, the distance between the bone and the 

interface crown-abutment is shorter. So, the bone is closer to the microgap that acts 

as a bacterial reservoir. An inflammatory reaction occurs, leading to bone loss. 

On the other hand, short abutment (< 2mm) are associated with thin soft tissue biotype, 

that are the cause of bone loss due to biological width re-establishment. 

According to Derks, short abutments impede a correct soft tissue sealing, provoking 

bone loss in response to bacterial invasion. But also, due to the shorter distance 

between the bone and the crown-abutment interface, especially if lower than 1.5mm, 
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the prevalence of periimplantitis increases. Indeed, several factors act simultaneously. 

(71) (72) 

In order to prevent bone loss, an optimal distance of 2mm from the crown to the bone 

crest was given by Galindo-Moreno. (93)  

 Moreover, an additional aspect of the importance of abutment height appeared with 

cemented prosthesis, compared to screw-retained prothesis : a short abutment 

associated with a cemented prosthesis with deep margins considerably increases the 

risk of bone loss due to the difficulty of removing cement remains. 
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CONCLUSION 
 
Marginal bone loss around implants has a multifactorial etiology and can be explained 

by biological and mechanical factors. Of course, prevention includes diagnosis and 

treatment planning with the control of risk factors, a prior sanitation of the oral cavity, 

the therapeutic aspect, motivation for hygiene and professional maintenance. But there 

are some parameters over which the dentist has a certain flexibility which allows him 

to make choices in order to prevent or limit the risk of marginal bone loss around 

implants. These parameters are therefore part of a prevention protocol of marginal 

bone loss around implants.  

 

• There is no consensus in the literature about an optimal implant length, but 

implant diameter appeared to be a more influent parameter : wider diameter 

implants have a bigger contact surface with the bone, reducing the stress for 

marginal bone and improving its distribution. 

 

• For the positioning of the implant, It was commonly accepted that some rules 

must be respected in terms of horizontal distance: 3 mm for the inter-implant 

distance, and  1.5 mm for the tooth-implant distance. But it appears possible to 

reduce them, especially thanks to the platform-switching. However, there is no 

consensus about an optimal vertical positioning. Subcrestal implant position 

associated with platform-switching can present some advantages in terms of 

primary stability, emergence profile and esthetics. 
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• The selection of the type of connection has influence on the marginal bone loss, 

since the different systems behave differently. Internal connection, especially 

conical internal connection, allows a better loads distribution and a reduction of 

the risk of bacterial invasion into the bone. As part of a protocol to prevent 

marginal bone loss, it is also relevant to develop a treatment plan where the 

number of abutment disconnection-reconnection is limited, such as an 

immediate positioning and single abutment connection. 

 

• Moreover it was demonstrated that Platform-switching allows a better bone 

preservation thanks to the inward reposition of the microgap, and to the better 

distribution of the forces.  

 

• I should be remembered that a minimum of 2 mm of initial vertical soft tissue 

thickness is necessary to prevent marginal bone loss and to allow for the 

establishment of the biological space.  

 
• Longer abutments are preferred to prevent marginal bone loss, since short 

abutments are associated with higher levels of bone loss 

 

As part of a prevention protocol, it would be interesting to combine an implant with a 

sufficient diameter, an internal connection, platform-switching, a long abutment with a 

single abutment connection. Initial soft tissue thickening procedure may be necessary, 

for example with a xenograft. 

More studies with a better homogeneity, would be needed to further improve protocols 

of prevention of marginal bone loss around implants. 
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RESPONSIBILITY 
 

Dental implant treatment objective is to restore function, comfort, and esthetics with 

even better results compared to removable prosthesis, and with a certain reliability. 

Implant treatment has the advantage, except in cases of total edentulousness, of 

allowing prosthetic restauration without adjacent teeth mutilation which are often 

healthy. 

The development of marginal bone loss prevention protocols can improve the durability 

and the success rates of the implant treatment and therefore the quality of life of the 

patient. This review allows dentists to highlight certain parameters influencing marginal 

bone loss in order to facilitate the development of the treatment plan, with the aim of 

prevention 
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