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Abstract  

Osseointegrated implants have become a revolutionary treatment for routine and reliable 

achievement of tissue replacement. However, although dental implant can achieve a fair 

rate of survival, still, some of them fail. The risk for implant failures is not evenly 

distributed among patients, which indicates that there are biological, mechanical, or 

behavioral risk factors that can cause implant failure. Among biological risk factors, drugs 

taken by patients are of special interest, due to the fact that most implant patients are elder 

adults that are often polymedicated. 

The success of implants relies mainly on osseointegration, a direct functional and structural 

interlocking between implants and bone. The process of osseointegration around implants 

is similar to the biological events occurring during bone repair and fracture healing. 

Dysregulation of bone metabolism is known to have a negative impact on bone healing and 

implant osseointegration. Many of the patients receiving implant treatments are taking 

different kinds of medications. Some drugs interfere with biological processes involved in 

bone metabolism. 

We hypothesize that medications interfering with bone metabolism could influence implant 

survival. The aim of our research is to identify risk associated with implant failure. Some 

example of such drugs are antihypertensive medications, selective serotonin reuptake 

inhibitors (SSRIs), and proton pump inhibitors (PPIs), etc., which are commonly 

prescribed for patients suffering from highly prevalent conditions such as hypertension, 

depression, and gastric acid reflux, respectively. The impact of these drugs on 

osseointegration is unexplored and important to know whether they could affect bone, 
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osseointegration, and dental implants. In fact, our research is looking into the relationship 

between pharmacology, osseointegration and dental implants. It also may help to open the 

door for new pharmacological innovation that might improve the success of 

osseointegrated implants, and avoid unnecessary complications. This research project is of 

great relevance in health care science in general, and in dentistry in particular, as well as 

for dental implant patients taking certain medications. Accordingly, we believe that this 

project is of great importance to healthcare researchers, practitioner and patients. 

The three retrospective cohort studies included a cohort of patients with osseointegrated 

dental implant placement at the East Coast Oral Surgery clinic in Moncton, Canada, from 

January 2007 to September 2015. Kaplan-Meier estimator was used to describe the hazard 

function of dental implant failure in terms of the use of SSRIs, antihypertensive drugs, and 

PPIs, respectively. Multilevel mixed effects parametric survival analyses were used to test 

the association between medication exposure and risk of implant failure adjusting for 

potential confounders. The findings suggest that treatment with SSRIs or PPIs may be 

associated with an increased risk of osseointegrated dental implant failure, whereas 

antihypertensive drugs usage is associated with higher survival rate of dental implants. 

The publication of “Selective Serotonin Reuptake Inhibitors and the Risk of 

Osseointegrated Implant Failure: A Cohort Study” has been the most-read article of 2014 

in the Journal of Dental Research. This article has been downloaded 13763 times and cited 

12 times, amongst the highest ever scored in this journal (ranked #13 of 1,118). Also, it 

was picked up by 11 news outlets, including the Wall Street Journal, RCI-Radio Canada 

International, ScienceDaily, McGill news, etc. 



xix 
 

The publication of “Antihypertensive Medications and the Survival Rate of 

Osseointegrated Dental Implants: A Cohort Study” has been highlighted by Dentistry 

Today.  
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Résumé 

Implants ostéo-intégrés sont devenus un traitement révolutionnaire pour la réalisation 

systématique et fiable de remplacement des tissus. Cependant, bien que l'implant dentaire 

peut atteindre un juste taux de survie, encore, certains d'entre eux échouent. Le risque 

d'échec implantaire n’est pas répartie uniformément entre les patients, qui indiquent qu'il 

existe des facteurs de risque biologiques, mécaniques ou comportementaux qui peuvent 

causer l'échec implant. Parmi les facteurs de risques biologiques, les médicaments pris par 

les patients présentent un intérêt particulier, en raison du fait que la plupart des patients 

adultes plus âgés sont les implants qui sont souvent polymédicamentés. 

Le succès des implants repose principalement sur l'ostéointégration, une imbrication 

fonctionnelle et structurelle directe entre les implants et les os. Le processus 

d'ostéointégration autour des implants est similaire aux événements biologiques qui se 

produisent lors de la réparation de l'os et la guérison des fractures. Dysrégulation du 

métabolisme osseux est connu pour avoir un impact négatif sur la cicatrisation osseuse et 

l'ostéointégration de l'implant. Un grand nombre de patients recevant des traitements 

d'implants prennent différents types de médicaments. Certains médicaments interfèrent 

avec les processus biologiques impliqués dans le métabolisme osseux. 

Nous émettons l'hypothèse que les médicaments interférant avec le métabolisme osseux 

pourraient influencer la survie implant. Le but de notre recherche est d'identifier les risques 

associés à l'échec de l'implant. Quelques exemples de ces médicaments sont des 

médicaments antihypertenseurs, les inhibiteurs de recapture de la sérotonine (ISRS), et les 

inhibiteurs de la pompe à protons (IPP), etc., qui sont couramment prescrits pour les 
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patients souffrant de maladies très répandues telles que l'hypertension, la dépression et le 

reflux d'acide gastrique, respectivement. L'impact de ces médicaments sur 

l'ostéointégration est inexploré et important de savoir si elles pourraient affecter les os, 

l'ostéointégration, et les implants dentaires. En fait, notre recherche se penche sur la 

relation entre la pharmacologie, l'ostéointégration et les implants dentaires. Il peut 

également aider à ouvrir la porte à une nouvelle innovation pharmacologique qui pourrait 

améliorer le succès des implants ostéo-intégrés, et d'éviter des complications inutiles. Ce 

projet de recherche est d'une grande importance dans la science des soins de santé en 

général, et en dentisterie, en particulier, ainsi que pour les patients d'implants dentaires qui 

prennent certains médicaments. En conséquence, nous pensons que ce projet est d'une 

grande importance pour les chercheurs en santé, les praticiens et les patients. 

Les trois études de cohortes rétrospectives inclus une cohorte de patients atteints de la pose 

d'implants dentaires ostéointégrée à la East Coast chirurgie buccale clinique à Moncton, au 

Canada, de Janvier 2007 à Septembre 2015. Estimateur de Kaplan-Meier a été utilisée pour 

décrire la fonction de risque de défaillance de l'implant dentaire termes de l'utilisation des 

ISRS, des médicaments antihypertenseurs, et les IPP, respectivement. Effets mixtes 

multiniveaux survie paramétrique analyses ont été utilisés pour tester l'association entre 

l'exposition aux médicaments et le risque de défaillance de l'implant d'ajustement pour les 

facteurs confondants potentiels. Les résultats suggèrent que le traitement par ISRS ou IPP 

peut être associée à un risque accru d'échec des implants dentaires ostéo-intégré, alors que 

l'utilisation des médicaments antihypertenseurs est associée avec un taux de survie plus 

élevé des implants dentaires. 
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La publication de « Inhibiteurs Sélectifs du Recaptage de la Sérotonine et le Risque de 

l'Implant Ostéo-intégré Echec: Cohort Study" a été l'article le plus lu 2014 dans le Journal 

of Dental Research. Cet article a été téléchargé 13763 fois et cité 12 fois, parmi les plus 

élevés jamais marqué dans ce journal (classé n ° 13 de 1118). En outre, il a été repris par 

11 agences de presse, y compris le Wall Street Journal, RCI-Radio Canada International, 

ScienceDaily, nouvelles McGill, etc. 

La publication de "médicaments antihypertenseurs et le taux de survie des implants ostéo-

intégrés dentaires : Une étude de cohorte » a été mis en évidence par Dentistry Today.  
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Summary 

Hypothesis of thesis 

Survival of dental implants depends on their osseointegration. And since osseointegration 

depends on bone metabolism, we hypothesize that pharmacological agents that affect bone 

metabolism, such as selective serotonin reuptake inhibitors (SSRIs), proton pump 

inhibitors (PPIs), and antihypertensive drugs, could affect osseointegration and survival of 

dental implants. 

Central justification of thesis 

Implants have been used in dentistry with much success in the last three decades. Optimal 

bone remodeling, repair and healing in the early stages of osseointegration are essential for 

the ultimate success of these devices. Knowledge about the potential effect of 

pharmacological agents on osseointegration and implants is scarce. This thesis is aimed to 

describe the effects of those most commonly used drugs on implants and thus recommend 

clinicians to be aware of the potential issues outlined in this thesis.  

Objectives of thesis 

1.To investigate if SSRIs treatment is associated with higher risk of dental implant failure 

in a cohort study; 

2. To investigate if antihypertensive drugs treatment is associated with higher rate of dental 

implant survival in a cohort study; 

3. To investigate if PPIs usage is associated with higher risk of dental implant failure in a 

cohort study. 
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Central significance of thesis 

From our research we now clearly prove that medications such as SSRIs and PPIs are 

known to interfere with bone metabolism whereas antihypertensive drugs can exert positive 

effects. 

 



 

 
 

Chapter 1: Introduction 

1.1 Thesis Outline 

This thesis includes a literature review introducing the concept of osseointegration pharmacology 

and three manuscripts addressing this issue, the first one entitled “Selective Serotonin Reuptake 

Inhibitors and the Risk of Osseointegrated Implant Failure A Cohort Study”, the second one 

entitled “Antihypertensive Medications and the Survival Rate of Osseointegrated Dental Implants: 

A Cohort Study”, and the third one entitled “Proton Pump Inhibitors and the Risk of 

Osseointegrated Dental Implant Failure: A Cohort Study”. The first two manuscripts are published, 

and the third one is under revision. 

1.2 Research Rationale 

Osseointegration is crucial for the success of orthopedic and craniofacial surgical interventions, 

including dental implant placements. Implant osseointegration are strongly influenced by bone 

metabolism. Failures in osseointegration can lead to deleterious complications such as pain, 

infections, functional impairment, bone loss, which could lead to implant failures. Accordingly, 

pharmacological agents interfering with bone metabolism are considered to have negative effects 

on osseointegration and implants; on the other hand, factors favoring bone health seem to have 

positive effects on osseointegration and implants. Medications such as selective serotonin reuptake 

inhibitors (SSRIs) and proton pump inhibitors (PPIs) are known to interfere with bone metabolism 

whereas antihypertensive drugs can exert positive effects. Knowledge about the potential effect of 

pharmacological agents on osseointegration and implants is scarce. 
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Chapter 2: Literature Review 

2.1 Bone 

2.1.1 Bone and Bone Cells 

Bone is a multifunctional mineralized connective tissue that acts as the storage site for calcium 

and phosphate, serves as an endocrine organ and a maturation place for hematopoiesis, and 

constitutes the supporting skeletal framework of all higher vertebrates (1).  Bone is a dynamic 

structure composed of an organic matrix (30-35%), inorganic calcium phosphate minerals (65-

70%) and bone cells (2). There are three types of cell present in bone that are of particular interest: 

osteoblasts, osteocytes and osteoclasts, which are respectively responsible for the production, 

maintenance and resorption of bone.  

1) Osteoblasts are single nuclei cells that synthesize newly formed bone. This cell produces 

the osteoid (un-mineralized bone matrix) and introduces an enzyme called alkaline 

phosphatase (ALP) which facilitates the mineralization process followed by type I collagen 

(COL I) matrix synthesis and maturation (3). 

2) Osteocytes represent the most abundant cell type in mature bone and are terminally 

differentiated osteoblasts that reside within the mineralized bone matrix (4), which are 

responsible for functional adaptation and maintenance of bone health (4). Osteocytes serve 

as a mechanosensory cells and they can detect micro-damage and pressure changes within 

bone (4). 

3) Osteoclasts are multinucleated cells that originate from monocyte/macrophage 

hematopoietic precursor cells near the bone surface in the bone marrow (4). They secrete 
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acid and lytic enzymes to dissolve the hydroxyapatite mineral and degrade bone matrix, 

which is responsible for bone resorption during bone remodeling, growth and healing (4). 

2.1.2 Bone Remodelling  

Bone formation is an essential process in the development of the human body. It starts during the 

development of the foetus, and continues throughout childhood and adolescence as the skeleton 

grows (5). Bone is formed by two distinct processes, endochondral ossification and 

intramembranous ossification (6). Mechanical strength of bone is maintained simultaneously by a 

life-long process of modeling and remodeling (5). Bone remodelling involves two cellular phases: 

bone resorption (the breaking down of old bone) takes approximately 3 weeks, which is carried 

out by osteoclasts; and bone formation (formation of new bone),  requires 3-4 months, which is 

orchestrated by osteoblasts (7). Bone remodeling, shaping the skeleton and repairing bone 

fractures, must be balanced, otherwise, imbalance between the two phases might lead to 

insufficient bone mass or bone loss (5). 

Bone Remodelling is a lifelong process where mature bone is removed from the skeleton by 

osteoclasts (a process called bone resorption) and new bone tissue is formed by osteoblasts (a 

process called ossification or new bone formation) (8). These processes also control the reshaping 

or replacement of bone following injuries like fractures as well as the micro-damage that occurs 

during normal activity (2). Remodeling responds also to functional demands of the mechanical 

loading. Bone remodeling is an essential process for bone maintenance and repair (8). An 

imbalance in the regulation of bone remodeling's two sub-processes, bone resorption and bone 

formation, results in many metabolic bone diseases, such as osteoporosis or bone resorption of 

alveolar ridge (9). Three different mechanisms are involved in the regulation of bone remodeling: 
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direct interaction between osteoblast and osteoclast (osteoblast-osteoclast coupling), local 

regulation of bone remodelling, and systemic control of bone remodeling (8). 

Osteoblast-osteoclast Coupling 

The survival of mature osteoclast is related in part to hormones and cytokines synthesized by 

osteoblasts and pre-osteoblasts, which in turn stimulates adjacent osteoblast-mediated bone 

formation. This process is called ‘coupling’ (10, 11).  

Local Immune Regulation of Bone Remodeling  

To maintain bone homeostasis while responding to various factors, such as nutrition, mechanical 

stress, ageing, and inflammation, the bone marrow cells are controlled locally by the immune 

system, the endocrine system and the neural system (12). The most typical example of the 

interaction between the skeletal and immune systems can be seen in the abnormal immune 

activation in autoimmune diseases, such as rheumatoid arthritis, which can lead to bone destruction 

caused by osteoclasts (12).  

The immune and skeletal systems share cytokines, receptors, signalling molecules and 

transcription factors, all of which cooperatively regulate osteoclasts and osteoblasts as well as their 

interactions (13). Osteoblasts regulate osteoclastogenesis through various pathways, including the 

osteoprotegerin (OPG)/ the receptor activator of nuclear factor-κB (NF-κB) ligand 

(RANKL)/RANK interactions, macrophage colony-stimulating factor (M-CSF)/cFMS 

interactions and immunoglobulin (Ig)-like receptors, etc (14). On the other hand, there are 

extensive signalling pathways in osteoclasts,  including RANK and Ig-like receptors, activator 

protein 1 (AP1), calcineurin and nuclear factor of activated T cells, cytoplasmic 1 (NFATc1)), 

which are also influenced by immunoregulatory molecules, such as interleukin-1 (IL-1), 
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interferon-β (IFNβ), IFNγ, and TNF, etc (13). Therefore, the two systems should be understood to 

be integrated and operating in the field of osteoimmunology system. 

Systemic Regulation of Bone Remodeling 

The major systemic regulation of bone remodeling involve the hypothalamic–pituitary–thyroid 

axis (HPT axis), which acts as part of the neuroendocrine system responsible for the regulation of 

metabolism (15). It is suggested that leptin signaling in the brain and its relay by the adrenergic 

system, as well as directly in bone tissue, plays a major role in mediating the fat-bone interactions 

(16). Indirectly, leptin regulates bone metabolism in the hypothalamus thereby activating the 

sympathetic nervous system (SNS) (17). On the other hand, the direct effects of leptin on bone 

appear to be mediated primarily via leptin’s effects on bone marrow derived stromal (stem) cells 

(BMSCs) (18). Leptin treatment increases production of osteoprotegerin, and decreases RANK 

ligand secretion from BMSCs thereby inhibiting the differentiation of osteoclasts (18).  

Thyroid and parathyroid hormones (PTH) may also mediate relationships between leptin and bone 

metabolism (19). Leptin activates thyroid hormones through the hypothalamic-pituitary-thyroid 

axis, regulating thyroid-stimulating hormone (TSH) levels and thus influence bone (20). PTH 

activates osteoblasts and bone growth when administered intermittently, whereas it has catabolic 

action in bone when secreted continuously (21, 22).  

Other regulators of bone remodeling include calcitriol, growth hormone, glucocorticoids, and sex 

hormones, etc (21). Factors such as insulinlike growth factors (IGFs), prostaglandins, tumor 

growth factor-beta (TGF-β), bone morphogenetic proteins (BMP), and cytokines are involved as 

well (21).  

Alveolar Ridge Resorption 
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Loss of alveolar bone from the edentulous jaws is a serious and common clinical problem, 

especially among the elderly (23). Studies indicated that the degree of mandibular bone loss is 

three or four times higher than alveolar resorption in the maxilla, which might be due to a smaller 

denture-bearing area in the mandible and a greater load (23), which might cause difficulties for 

bone surgeries and dental implant placement. According to the literature, either local factors (i.e. 

instance occlusal trauma, the duration of edentulousness, and dental plaque on the dentures), or 

systemic factors (postmenopausal osteoporosis, disorders of calcium/phosphate metabolism and 

hormonal disturbance) can contribute to edentulous alveolar bone resorption (23, 24).  

 

2.1.3 Bone Healing 

Bone healing is a proliferative physiological process in which the body facilitates the repair of a 

bone fracture (25). There are two categories: primary and secondary bone healing (2). Primary 

bone healing is very rare because it requires an intimate contact between broken bone fragments 

(25). Secondary bone healing, the most common healing process, might follow two mechanisms: 

endochondral ossification or intramembranous ossification (25).  

There are three overlapping stages of bone healing: inflammatory, repair and remodeling (2).  

The inflammatory stage is the period immediately following the injury, lasting house to days, with 

pain, swelling and redness characterize inflammation (2). During this stage, inflammatory cells 

(macrophages, monocytes, lymphocytes, and polymorph nuclear cells) and fibroblasts infiltrate 

the bone under prostaglandin mediation, resulting in the formation of granulation tissue, ingrowth 

of vascular tissue, and migration of mesenchymal cells (2).  

7



 

 
 

During the repair stage, fibroblasts begin to secret stroma to support vascular ingrowth, and a 

collagen matrix is laid down, leading to secreted and  mineralized osteoid (2). Then the soft callus 

is formed  into a hard callus made of woven bone, that eventually bridges the fracture (2, 26). 

During the remodeling stage fracture healing is completed with the new bone restored to its 

original shape, structure, and mechanical strength (2). Remodeling of the bone occurs slowly over 

months to years and is facilitated by mechanical stress placed on the bone (26). The remodeling 

stage during bone healing is similar to the ongoing physiological bone remodeling process in the 

healthy skeleton (2, 26). 

 

2.2 Osseointegration 

One definition of osseointegration (a term originally proposed by Brånemark et al. 1969) was 

provided by Albrektsson et al. who suggested that this was “a direct functional and structural 

connection between living bone and the surface of a load carrying implant” (27, 28). Another, 

clinical definition was provided by Zarb and Albrektsson who proposed that osseointegration was 

“a process whereby clinically asymptomatic rigid fixation of alloplastic materials is achieved and 

maintained in bone during functional loading” (28). The molecular character of this 

“osseointegrated” interface and its precise role in maintaining bone at implant surfaces has not 

been fully revealed. During osseointegration, the osteoblast is the major tissue-forming cell (28). 

Many of the individual biologic events associated with osteoblast-mediated healing of bone at 

implant surfaces, mainly involving two stages, primary and secondary stability: primary stability 

is gained by initial mechanical interlocking between bone and implant; secondary stability is 

gained by bone apposition and remodeling around the implant (28). 
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Osseointegrated medical devices, mainly made of titanium, can create a firm and lasting 

connection with the recipient bone, and these have been applied as bone-anchored craniofacial 

prostheses, joint replacements, and dental implants (28-30). They have become a revolutionary 

step in achieving soft or hard tissue replacement, and they have proven to be a routine and reliable 

treatment choice (31). Failure of osseointegration between the device and the host bone can cause 

treatment failure and need for re-intervention and in some cases (e.g., hip replacement) can shorten 

patients’ life expectancy (32). 

 

2.3 Soft tissue integration 

Soft tissue integration is another prerequisite for implant success (33). The primary function of a 

soft tissue barrier at implants is to effectively prevent access for microorganisms and their products 

and protect the underlying bone (33). The structures of soft tissue seals are similar to that at teeth, 

with a connective tissue attachment to the implant surface (33). Soft tissue integration might 

encounter risk factors which might lead to complications in the implant placement (34). The risk 

factors could include dry mouth, periodontal diseases, unhealthy oral hygiene, smoking habits, 

other related biomechanical factors, as well as those medications which can have effects on soft 

tissue growth (34). These medications include immunosuppressive agents, oral contraceptives, and 

some chemotherapeutic agents, etc. (34). If patients who are receiving dental implants are under 

any of these drugs and develop a soft tissue reaction, they should be under more careful and might 

need prescriptions of special oral care regimens to limit their possible affects on soft tissue 

integration. 
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2.4 Pharmacological Risk Assessment for Dental Implants 

Osseointegrated dental implants are considered one of the most important innovations in 

restorative dentistry (35). They are a reliable option for treating partially dentate or edentulous 

patients, due to their ability to provide comfort, aesthetic, functions, and stability (35, 36). Despite 

this importance and many advances in techniques, materials, and implant design, the potential for 

clinical failure remains a significant concern for both dentists and patients (35). Osseointegrated 

dental implant survival is dependent on the success of osseointegration (37). Osseointegration is 

the direct structural and functional connection between living bone and the dental implant surface, 

with a physiological process that resembles bone fracture healing (37). Therefore, bone metabolic 

activities play crucial roles on the success of osseointegration (37).   

Bone is continuously remodeling throughout life (21). Osteoblastic bone formation and 

osteoclastic bone resorption are closely coordinated by a variety of local and systemic pathways 

that maintain bone mass constant (21). Some pharmacological agents can interfere with the 

pathways that regulate bone metabolism, and subsequently affect bone turnover, osseointegration 

and ultimately implant survival. In addition, a large proportion of the population suffering from 

diseases or conditions are under medical management, but relatively little is known about the 

effects of these medications on osseointegrated dental implants. Therefore, in this literature review 

we list the main groups of drugs known to affect bone metabolism and discuss their impact on 

bone metabolism, osseointegration and Ti implant survival (Table 1.). 

 

2.4.1 Drugs Targeting the Central Nervous System  
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The central nervous system (CNS) is a main regulator of bone metabolism (38).  For this reason, 

neurological drugs can have an effect on bone accrual, bone healing, osseointegration, and implant 

survival. Underneath we discuss 4 types of neurological drug that have been found to affect bone 

and even osseointegrated implants, including selective serotonin reuptake inhibitors (SSRIs), 

acetylcholinesterase inhibitors (AChEIs), melatonin, antiepileptic drugs (AEDs), and opioids. 

Selective serotonin reuptake inhibitors (SSRIs)  

There is evidence from cohort studies indicating that SSRIs could have negative effects on implant 

survival (39) and bone fracture (40). SSRIs, such as Celexa, Paxil, Lexapro, Prozac, and Zoloft, 

are drugs designed to inhibit the reuptake of serotonin and boost its levels to treat depression (38, 

41). Because of their unique effectiveness in depression treatment, SSRIs have become the most 

widely used antidepressants all over the world (42).  

Serotonin, also called 5-hydroxytryptamine (5-HT), is a monoamine neurotransmitter (43), which 

is popularly thought to be a contributor to feelings of well-being and happiness (44). Biochemically 

derived from tryptophan, serotonin is primarily found not only in the nervous tissue but also in 

peripheral tissues such as the digestive tract, blood platelets, and bones of animals, including 

humans (44). Accordingly, SSRIs can affect the function of the digestive, cardiovascular, and 

skeletal systems (42). In the skeletal system, serotonin regulates bone cells by acting on 5-HT1B, 

5-HT2B, 5-HT2C receptors and serotonin transporters (5-HTTs) in osteoblasts and osteoclasts (42). 

SSRIs block 5-HTTs on bone cells, resulting in a direct negative effect on bone formation (45, 46) 

and metabolism (42) by increasing osteoclast differentiation (47) and inhibiting osteoblast 

proliferation (42). As a result, SSRIs decrease bone mass and bone mineral density (BMD) (45-

47), at an annual reduction rate of 0.60% to 0.93% (45, 46), increasing the risk of osteoporosis 
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(48), and bone fracture (38), especially osteoporotic fracture (48). In our retrospective cohort study 

conducted on 490 patients treated with 916 dental implants, we found that SSRI could be 

significantly associated with an increased risk of dental implants failure (39). And currently our 

group is working on the studies about the in vivo effects of SSRIs on bone healing and 

osseointegration. 

Acetylcholinesterase inhibitors (AChEIs) 

Clinical evidence from case-control studies, retrospective cohort studies and in vitro studies shows 

that the use of AChEIs, such as rivastigmine, donepezil and galantamine, etc., is associated with 

lower risk of fracture and enhanced fracture healing by affecting osteoblasts and osteoclasts (49, 

50). AChEIs, also called anti-cholinesterase, are drugs that inhibit the acetylcholinesterase, the 

enzyme responsible for breaking down acetylcholine, thereby increasing both the level and 

duration of action of the neurotransmitter acetylcholine (51). AChEIs have been widely used for 

the treatment of Alzheimer’s disease (AD), Lewy Body Dementia, Parkinson's disease, and other 

dementias (52, 53). Recent research has revealed the presence of acetylcholine receptors (AChRs) 

subunits in bone tissues, highly expressed on osteoblasts, especially during the osteoblast 

differentiation stage, which may play a possible role in regulating alkaline phosphatase (ALP) 

activity (54, 55). Accordingly, AChEIs can affect the proliferation and differentiation of 

osteoblasts (55, 56), and subsequently exert positive effects on bone mass and fracture healing (49, 

50). It is also shown that AChEIs would suppress bone resorption rate by promoting osteoclasts 

apoptosis (56). In summary, AChEIs may accelerate calcification at the fracture site, favor bone 

mass, minimize healing complication, and have a beneficial effect on bone turnover that could 

translate into reduction of bone fracture risk (49, 50). However, future studies are needed to assess 

if AChEIs have effects on osseointegration and dental implants. 
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Melatonin 

In vivo (57, 58) and in vitro (59) studies reveal that melatonin has positive effects on bone and 

implant osseointegration, and promotes bone fracture healing (60). Melatonin, also known as the 

sleep hormone, is a tryptophan derived indolamine secreted by the pineal gland, that plays an 

important role in the biologic regulation of circadian rhythms, sleep, aging, tumor growth, 

reproduction (61), and bone physiology (62). Studies indicate that bone marrow cells are capable 

of synthesizing melatonin, leading to high concentrations of melatonin in bone marrow (63). 

Melatonin binds specifically to its membrane-bound Gprotein-coupled receptors (MT1 and MT2), 

found in many cells including osteoblasts and osteoclasts (64). Melatonin can promote osteoblastic 

proliferation and differentiation, increase production of osteoblastic protein osteoprotegrin, and 

inhibit osteoclastic activities, leading to bone strengthening (59, 62, 65). Moreover, melatonin 

administration releases growth hormone, a very important hormone for normal longitudinal bone 

growth in both rats and humans (66, 67). 

Melatonin can also have therapeutic activity in bone by affecting calcium uptake (62). Suppression 

of melatonin secretion in newborn rats lowers serum calcium concentration, while melatonin 

treatment prevents serum calcium decrease (62). Researchers speculated that melatonin might 

interact with calcium-calmodulin signaling (68), because it can reduce systolic blood pressure in 

humans by increasing serum calcium level (69-71).  

Therefore, it is suggested that melatonin supplement could improve the health of bones, acting as 

an anti-aging and anti-osteoporosis therapy for bone deterioration. Besides, melatonin could also 

be an potential agent to stimulate the peri-implant bone response and osseointegration during 

implant placement, which may need more research to confirm. 
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Antiepileptic drugs (AEDs) 

There is evidence from epidemiological studies, in vivo studies, and also in vitro studies suggesting 

that AEDs can increase bone fracture, reduce BMD and bone mass by affecting bone 

mineralization and calcium metabolism (72). AEDs, including phenobarbital, carbamazepine, 

valproate, oxcarbazepine, gabapentin, etc., are usually required as long-term treatment for people 

with epilepsy, which is a common chronic neurological disorder, with episodes that can vary from 

brief and nearly undetectable to long periods of vigorous shaking (73, 74).  

The association between AEDs use and increased risk of fracture has been widely recognized (72, 

75, 76). And it is reported that patients chronically taking AEDs suffer from clinical bone disorders, 

including altered calcium metabolism and radiographic rickets (77-79). The reason of AEDs-

associated bone diseases and complications remains controversial. The possible mechanisms 

contributing to AEDs-induced bone problems include vitamin D inactivation, altered calcium 

metabolism, increased parathyroid, vitamin K deficiency, decreased calcitonin, and/or osteoblast 

inhibition, etc. (72). More specifically, AEDs are more proven to induce cytochrome p450 

enzymes (CYP450), such as phenytoin and phenobarbital, leading to changes in calcium 

metabolism due to increased vitamin D degradation and vitamin D deficiency (80).   

Given their overwhelming negative effect on bone, it could be speculated that AEDs could also 

have a negative effect on bone healing and osseointegration. However, future studies will be 

needed to assess this as there is still no literatures available on effect of AEDs on bone healing, 

osseointegration and dental implants. 

Opioids 
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Opioids, acting on opioid receptors medically to relieve pain, have been shown to be associated 

with a decreased BMD (81), possibly related to a suppression of the gonadotrophins (luteinising 

hormone and follicle stimulating hormone) and thus sex steroid deficiency in vivo and clinically 

(82). Increased risk of fractures has been observed with the use of opioids, although significant 

differences may exist between different types (83). One mechanism behind the increased risk of 

fractures is falls, which may be related to dizziness and altered postural balance related to the CNS 

effects of opioids (84). However, changes in bone structure and thus, bone biomechanical 

competence are also a possibility (85). Therefore, future studies are necessary for the specific 

mechanism and also the association between opioids and other factors such as osseointegration 

and dental implant survival.  

 

2.4.2 Anti-hypertensive Drugs  

Antihypertensive medications, such as β-blockers, thiazide diuretics, angiotensin-converting-

enzyme (ACE) inhibitors, the angiotensin II receptor blockers (ARBs), and calcium channel 

blockers (CCBs) are the most commonly prescribed drugs for people suffering from hypertension, 

a chronic medical condition in which the blood pressure in the arteries is elevated (86). 

Antihypertension medications are observed to be associated with oral tori and an increased survival 

rate of osseointegrated implants due to their bone-stimulating properties (87-89).  

β-Blockers 

Evidence from epidemiological studies, in vivo studies, and in vitro studies suggests that β-

blockers reduce the risk of bone fracture, also increase BMD, BM, bone healing, osseointegration, 

and dental implant survival rate, by stimulating bone formation and inhibiting bone resorption (87, 
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90-94). β-blockers, are among the most widely used treatments for hypertension. They exert their 

effect on blood pressure by inhibiting the sympathetic β-adrenergic receptors (95). Besides their 

cardiovascular effects, it appears that stimulation of these β receptors may also has catabolic 

actions on bone cells (96), leading to increased bone resorption by stimulation of osteoclastic 

differentiation, proliferation, and activity (97, 98). On the other hand, the activation of β2 

adrenergic receptors, the only β adrenergic receptors known to be expressed by osteoblasts, results 

in the down regulation of bone formation (96, 99, 100). 

The potential mechanism by which β-blockers affect bone may be similar to the leptin-sympathetic 

nervous system pathway (97). In animal models, leptin deficiency results in a low sympathetic 

tone, and genetic or pharmacological ablation of adrenergic signaling leads to leptin-resistance and 

high bone mass (97). β-blockers, as anti-sympathetic agents, increase bone mass via the same 

pathway, which acts locally through β2 adrenergic receptors on bone osteoblasts (90, 97). It is 

proven that bone resorption can be inversely decreased by β-blockers (101). Furthermore, there is 

evidence that propranolol, a commonly used β-blockers, increases cross-linking of type I collagen 

in tissues, enhancing the tensile strength (102). Taken together, in vivo and in vitro results suggest 

that β-blockers use has a beneficial effect on bone health. This is also confirmed by clinical studies 

showing that β-blockers seem to be associated with lower risk of bone fracture, and exert beneficial 

effects on bone structure, metabolism, fracture healing, osseointegration, and implant survival (87, 

90-92, 97, 103)†.   

Thiazide Diuretics  

Observational studies and in vitro studies showed that thiazide diuretics reduce the risk of bone 

fracture (104), increase BMD (105), and reduce bone loss (106). Thiazide diuretics control high 
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blood pressure by inhibiting the thiazide-sensitive sodium chloride cotransporter (NCC) in the 

distal tubules of the kidney reducing renal calcium excretion, and subsequently enhance calcium 

uptake (107). Thiazide diuretics can also affect bone through the following potential mechanism: 

1) Decreased urinary calcium excretion leading to increased serum calcium levels that could in 

turn lead to reduced parathyroid hormone (PTH) levels, which result in reduced bone turnover and 

increased BMD (108); 2) Thiazide diuretics may have a direct positive homeostatic effect on bone 

by blocking the NCC expressed on osteoblasts and osteoblast-like cells (109, 110); 3) Thiazide 

diuretics also exert effects on bone by stimulating osteoblast differentiation through osteoblast 

differentiation markers runt-related transcription factor 2 (RUNX2) and osteopontin (111). The 

above-mentioned mechanisms could be the reason why in a recent cohort study (87) an association 

was found between usage of antihypertensive medication, including thiazide diuretics, and lower 

risk of dental implant failure, although in vivo studies in more depth are required to confirm the 

effect of the drugs on implant osseointegration.  

Angiotensin-converting enzyme (ACE) inhibitors 

Cohort studies, case-control studies, randomized clinical trials, as well as in vivo and in vitro 

studies indicate that ACE inhibitors are associated with higher BMD and lower risk of bone 

fracture, by acting on the renin-angiotensin-aldosterone system (RAAS) locally in bone (112-115). 

ACE inhibitors are among the primary prescriptions for hypertension (116). They inhibit the 

production of ACE, an enzyme responsible for the conversion of angiotensin I converting to 

angiotensin II in RAAS (116). RAAS operates systemically and locally in several tissues including 

bone (117). Osteoblasts and osteoclasts express angiotensin-II type 1 receptors, suggesting the 

existence of local RAAS (118). Moreover, angiotensin-II induces the expression of receptor 

activator of NF-KappaB ligand (RANKL) in osteoblasts, leading to the activation of osteoclasts 
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resulting in bone resorption and detrimental effects on bone (119, 120). In addition, angiotensin II 

can also affect bone by interfering with the calcium metabolism; angiotensin II decreases plasma 

ionic calcium levels resulting in a concomitant increase in PTH levels (121). Therefore, by 

hindering the angiotensin II production, ACE inhibitors seem to have positive effects on bone 

metabolism both directly and indirectly. However, future in vivo studies are needed to assess the 

effect of ACE inhibitors on osseointegration and dental implants. 

Angiotensin II receptor blockers (ARBs) 

Just as ACE inhibitors, there are epidemiological, in vivo and in vitro studies indicating that 

angiotensin II receptor blockers (ARBs) exert protective effects on relative fracture risk over time, 

by acting on the RAAS locally in bone (112-115, 122). ARBs, also known as angiotensin II 

receptor antagonists, sartans or AT1-receptor antagonists, are a group of pharmaceuticals used to 

treat hypertension when patients are intolerant to ACE inhibitor therapy (123). ARBs target the 

RAAS (see in ACE inhibitors) and inhibit angiotensin II production in bone by blocking 

angiotensin II AT1 receptors, leading to protective effects bone metabolism (116). 

Animal studies confirmed that ARBs, including telmisartan, olmesartan, and losartan, could reduce 

bone loss (124), and attenuate the ovariectomy-induced decrease in BMD by inhibiting the activity 

of tartrate-resistant acid phosphatase, an enzyme responsible for bone resorption (119). Moreover, 

telmisartan promotes fracture healing and protects from bone loss by actively blocking 

thiazolidinedione-induced anti-osteoblastic activity via maintaining peroxisome proliferator-

activated receptor-γ (PPAR-γ) serine 112 phosphorylation (125, 126). Overalls, ARBs seem to 

increase bone strength, mass and trabecular connections (127, 128), which can lead to interesting 

investigations about their effects on osseointegration and dental implant survival in the future. 
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Calcium channel blockers (CCBs) 

In vivo and in vitro studies demonstrated that CCBs seem to inhibit bone resorption by supressing 

osteoclast function and stimulating the growth and differentiation of osteoblasts (129-131). CCBs 

are a group of medications that inhibit the voltage-activated inward influx of calcium from the 

extracellular medium, exerting potent cardiovascular effects that are very useful for the treatment 

of hypertension (132). Through similar ways, CCBs also influence bone homeostatics (118). 

During bone resorption, osteoclasts can sense changes in ambient calcium concentration, which 

triggers a sharp cytosolic calcium increase through both calcium release and calcium influx (118). 

The change in cytosolic calcium is transduced into inhibition of bone resorption, regulating growth 

and differentiation of osteoblasts and stimulating the function of these cells (129). Although 

epidemiological studies show increased vitamin D levels in patients taking CCBs (133), there is 

no literature indicating if CCBs use is associated with bone fractures, bone healing, 

osseointegration and/or dental implants, which needs future studies to assess. 

 

2.4.3 Antidiabetic drugs 

Worldwide, more than 171 million people have diabetes, and its prevalence is expected to double 

by 2030 (134). And many antidiabetic drugs are now used to control hyperglycaemia. These drugs 

might have positive or negative effects on bone metabolism and subsequently implants. According 

to available studies, metformin, glucagon-like peptide-1 (GLP-1), and dipeptidyl peptidase-4 

inhibitors (DPP-4 inhibitors) seem to exert positive effects on bone, but thiazolidinedione can have 

negative effects on bone. 

Metformin 
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Metformin inhibits bone loss in vivo, and it has osteogenic potency in vitro. It is also noted that 

the use of metformin may be associated with reduced bone fractures (135). Metformin is an anti-

diabetic agent widely used for the treatment of type 2 diabetes as adjunct to insulin therapy in 

selected patients of type 1 diabetes since the late 1950s (136). Metformin acts primarily by 

suppressing glucose production by the liver (136), but several recent studies have reported the 

positive effects of this agent on bone metabolism by activating thymidine kinase (AMP) signaling 

pathway, up-regulating endothelial nitric oxide synthase and expressing bone morphogenetic 

protein-2 (BMP-2) (137, 138), thereby exerting a direct inhibition on bone loss in vivo (136). In 

vitro metformin promotes the osteogenic action of osteoblasts, including cell proliferation, type I 

collagen production, ALP activity, mineral deposition, and osteoblast-like cells differentiation 

(137). Based on these findings, metformin may exert a positive effect on bone. Therefore, it is 

necessary to investigate whether metformin has positive effects on bone healing, osseointegration 

and dental implant survival. 

Glucagon-like peptide-1 (GLP-1)  

In vivo and in vitro studies demonstrated that GLP-1 seems to have anabolic effects on bone as a 

bone turnover modulator, that increases BMD by inducing osteoblast differentiation and inhibiting 

osteoclastic activity (139-141). GLP-1, also known as Incretin, is a neuropeptide derived from the 

transcription product of the proglucagon gene, exerting insulin-like effects upon glucose transport 

and/or metabolism (142, 143). GLP-1 also affects bone by directly stimulating the secretion of 

calcitonin, a potent inhibitor of osteoclastic bone resorption (144, 145). It is believed that GLP-1 

mainly targets calcitonin to modulate bone turnover because genetic loss of GLP-1 receptor 

signaling increases osteoclastic bone resorption activity, without affecting bone formation, leading 

to a significant reduction in trabecular separation and an increase in bone strength (141). In 
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summary, GLP-1 might be useful as a pharmacological agent for improving bone formation and 

bone structure, however, there is no literature on its effects on bone fracture, bone healing, 

osseointegration, and dental implant survival which needs to be addressed in future studies. 

Dipeptidyl peptidase-4 inhibitors (DPP-4 inhibitors)  

In vitro studies suggest that drugs capable of increasing incretin levels, such as DPP-4 inhibitors, 

could exert beneficial effects on the bone, and epidemiological indicate that DPP-4 inhibitors are 

associated with decreased bone fractures (146). Inhibitors of dipeptidyl peptidase-4, also known 

as gliptins, are a class of oral hypoglycemics that block DPP-4, and they are used to treat diabetes 

mellitus type 2 (147). Treatments with DPP-4 inhibitors for type-2 diabetes patients could have a 

protective effect on bone, and have been associated with a reduced risk of bone fractures. These 

drugs affect bone metabolism by increasing the circulating levels of GLP-1 and gastric intestinal 

polypeptide, both involved in the regulation of bone metabolism (140, 141, 146, 148-151). Despite 

their positive effects on bone metabolism, the effects of DPP-4 inhibitors on osseointegration and 

dental implant survival have not been investigated and require future researches. 

Thiazolidinedione 

Thiazolidinedione, glucose-lowering agent, has been reported to reduce BMD, increase bone loss, 

delay bone healing, and increase the incidence of fractures (152-156). Thiazolidinedione, also 

known as glitazones, are a class of medications used in the treatment of diabetes mellitus type 2 

with a beneficial effect on insulin sensitivity (157). Thiazolidinedione exerts their antidiabetic 

effects by activating PPAR-γ nuclear receptor, which controls glucose and fatty acid metabolism, 

and is also a key regulator of bone cell development and activity in the skeleton (158). In bone, 
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PPAR-γ controls differentiation of cells of mesenchymal and hematopoietic lineages, and its 

activation by thiazolidinedione leads to unbalanced bone remodeling (158). 

In vivo, thiazolidinedione induces bone loss by affecting the bone remodeling process, suppressing 

new bone formation by osteoblasts and increasing bone resorption by osteoclasts, which leads to 

significantly decreased BMD, bone volume, and changed bone microarchitecture (159, 160). The 

observed bone loss was associated with changes in the structure and function of the bone marrow, 

including a decreased number of osteoblasts, decreased osteoblastic function, an increased number 

of adipocytes, promoted osteoclast differentiation, and increased osteoclastogenesis (1, 156, 161, 

162). It is also reported that thiazolidinedione has a negative effect on markers of bone formation 

such as ALP and PTH (163-165). Overall, thiazolidinedione seems to exert an adverse effect on 

bone health, so further studies are necessary to assess the effects of thiazolidinedione on 

osseointegration and dental implants. 

 

2.4.4 Gastrointestinal Drugs  

Given the skeletal requirements of calcium, amino acids, and energy for bone turnover and renewal, 

it is not surprising that the gastrointestinal tract is of major importance for skeletal integrity (166). 

So far proton pump inhibitors (PPIs) have been found to affect bone (167-169), but given the 

importance of gastrointestinal function in bone, it could be speculated that more gastrointestinal 

drugs would be found to affect bone in the future. 

Proton pump inhibitors (PPIs) 

22



 

 
 

In vivo, in vitro and clinical studies indicate that PPIs usage is associated with decreased bone 

healing, bone accrual, bone turnover, and osseointegration, as well as increased risk of bone 

fracture and dental implant failure, by affecting osteoblasts, osteoclasts, and calcium balance (167-

169). PPIs are a group of drugs that are rapidly becoming the third most prescribed pharmaceutical 

products worldwide (170). This type of medication, including Omeprazole, Lansoprazole, 

Pantoprazole, Dexlansoprazole, Esomeprazole, Rabeprazole, etc, is very effective in both 

prevention and treatment of gastrointestinal acid-related conditions, such as peptic ulcer, 

gastroesophageal reflux disease (GERD or GORD), dyspepsia, helicobacter pylori infections, 

eosinophilic esophagitis, gastrinomas, and stress gastritis (170). In the past 20 years, a marked 

increase of PPIs exposure has been observed (171), and besides occasional use of this medication, 

millions of individuals are also using PPIs as a continuous or long-term therapy (172). This is of 

particular relevance because a relationship between PPI administration and bone metabolism has 

been acknowledged by the US Food and Drug Administration (173), 

PPIs suppress gastric acidity by inhibiting the functions of the proton pump (H+/K+ ATPase) (174, 

175). The proton pump can also be found in bones, and its inhibition in osteoclasts can decrease 

their activities, leading to reduced cortical thickness, bone weight, and bone biomechanical 

properties (176, 177). In addition to their effects on osteoclastic behavior, PPIs might also interfere 

with osteoblastic cells, by inhibiting phosphoethanolamine/phosphocholine phosphatase 

(PHOSPHO1) and ALP in bone (178-180). Other mechanisms suggest indirectly negative effects 

of PPIs on bone metabolism by affecting calcium homeostasis (173, 181). Specifically, PPIs impair 

calcium absorption in the gastrointestinal track by increasing the pH in the small intestine, and 

thus reducing calcium availability for incorporation in bone, thereby decreasing its mineral density 

(173, 181). Clinically, observational studies have shown an association between the use of PPIs 
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and high risk of bone loss and bone fractures (182). Our recent in vivo and epidemiological studies 

also confirmed the negative effect of PPIs on bone healing and implants (168, 169). In deed, usage 

of PPIs reduces osseointegration, delays bone healing, and is associated with increased dental 

implant failure (168, 169). 

 

2.4.5 Immunosuppressants   

Bone remodeling is strongly influenced by the immune system (183, 184). Accordingly, 

dysregulation of the immune system by some drugs might be associated with bone loss and fracture 

(184). It worth mentioning that RANKL, a crucial signal for osteoclast function, is expressed by 

several immune cells (e.g. CD8, CD4, TH1, TH2) (185, 186). Moreover, T cells can suppress 

osteoclastogenesis through expression of interferon γ (INF- γ), IL-4 or T lymphocytes protein 4, 

which in turn suggests a protective effects of T cells on bone (187). 

Calcineurin inhibitors  

In vivo and in vitro studies indicate that calcineurin inhibitors have adverse effects on bone, leading 

to increased bone loss and decreased BMD (188). Calcineurin is a calcium and calmodulin 

dependent serine/threonine protein phosphatase (189). And inhibitors of calcineurin, are 

immunosuppressant agents used to prevent organ transplant rejection, and to treat autoimmune 

diseases and some non-autoimmune inflammatory diseases (190). Patients treated with the 

calcineurin inhibitors develop osteopenia, and have an increased incidence of fractures (191-194). 

It is suggested that calcineurin inhibitors suppress bone formation and stimulate bone resorption 

by hindering osteoblast differentiation and promoting osteoclast activity (195). And it is possible 

that calcineurin inhibitors affect bone metabolism through the regulation of calcineurin/nuclear 
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factor of activated T-cells (NFAT) signaling pathway, which is necessary for osteoclastogenesis 

(195). However, no data is yet available on the effects of calcineurin inhibitors on bone healing, 

osseointegration, as well as dental implants, and this might need more investigation in the future. 

Cyclosporine 

Cyclosporine A (CsA) is an immunosuppressant drug widely used in organ transplantation to 

prevent rejection (196). It reduces the activity of the immune system by interfering with the activity 

and growth of T cells (197). In vivo and in vitro studies indicate that CsA might have anti-anabolic 

effects in bone remodeling by supressing the critical role of T-lymphocytes, leading to increased 

bone turnover and bone loss, and increased risk of osteopenia, bone fracture, and osteoporosis 

(198-200). It is suggested the reason why CsA affects bone metabolism may be related to its 

immunosuppressive mechanisms mediated by cytokines, but the specific mechanism is still 

unclear (201).  

Moreover, in vivo studies also demonstrated that the use of CsA might delay bone healing and 

hinder osseointegration around dental implants (202-204). Given the negative effects of CsA on 

bone metabolism, it might be reconsidered that patients with CsA therapy undergo implant 

placement. However, clinical studies are needed to confirm the effects of CsA on dental implants 

survival.  

 

2.4.6 Antineoplastic Drugs  

Osseointegration and bone healing require cell proliferation, differentiation, and angiogenesis. 

Antineoplastic drugs act mainly by inhibiting cell proliferation and angiogenesis. Therefore, it is 
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expected that this type of medication would have negative effects on bone healing, 

osseointegration, and implants. Underneath we discuss some antineoplastic drugs known to have 

negative effects on bone. 

Anti-vascular endothelial growth factor (anti-VEGF)  

In vivo and in vitro studies suggest adverse effects of anti-vascular endothelial growth factor (anti-

VEGF) on bone turnover, bone healing, and osseointegration by hindering angiogenesis and 

osteoclasts (205, 206). Vascular endothelial growth factor (VEGF), originally known as vascular 

permeability factor (VPF), is a signal protein produced by cells that stimulates vasculogenesis and 

angiogenesis (207). VEGF is considered a key regulator in blood vessels growth associated with 

angiogenesis that crucial for bone repair, and also can stimulate bone turnover through osteoclasts 

chemotaxis and activity (208). Therefore, VEGFs inhibition by some medications can have a 

negative impact on bone health (205). These include inhibition of bone growth, decrease of bone 

turnover, and impairments in wound healing, because of the inhibition of newly formed blood 

vessels (209), which lead to delayed bone healing and less osseointegration for Ti implants (205). 

However, epidemiological studies are needed to confirm this. 

Radium-223  

The principal use of radium-223 (Ra-223, 223Ra) is to treat metastatic cancers in bone as a 

radiopharmaceutical, with the advantages of its chemical similarity to calcium, and the short range 

of the alpha radiation it emits (210). 223Ra, an isotope of radium with an 11.4-day half-life, is a 

targeted α-particle-emitter that selectively targets bone metastases with high-energy (211). As a 

calcium mimetic, 223Ra has a natural bone-seeking capability and preferentially binds to newly 

formed bone matrix, targeting osteoblastic metastatic lesions (212). The high-energy, short-range 
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α-particle radiation predominantly induces irreparable double-stranded DNA breaks resulting in 

potent cytotoxic activity localised to target areas, while minimising damage to bone marrow and 

adjacent healthy tissue (212, 213). Despite its effect on bone, no data is yet available on the effects 

of 223Ra on bone fracture, bone healing, osseointegration, and/or dental implants, which might 

need more investigations in future studies. 

Exemestane  

In vitro and clinical studies suggest that exemestane treatment reduces BMD, increases 

osteoporosis, accelerates bone turnover and increases bone fracture risk (214-216). Exemestane, 

is an aromatase inhibitor, and it is used in the treatment of early and advanced breast cancer, acting 

by substantially reducing oestrogen synthesis (217). Exemestane has an anabolic effect on bone 

metabolism, increasing both markers of bone formation (ie. bone alkaline phosphatase (BAP), pro-

collagen type I amino-terminal propeptide (PINP), and osteocalcin) and bone resorption (ie. C-

telopeptide (CTX) and N-telopeptide (NTX)) (214). The fact that not only bone resorption but also 

bone formation is increased in patients treated with exemestane is interesting, and may be because 

the enhanced bone degradation could lead to enhanced synthesis per se (218). Nevertheless, future 

studies are needed to look into the effects of exemestane on osseointegration and dental implants. 

 

2.4.7 Chemotherapeutic agents 

Chemotherapy is a treatment using chemotherapeutic agents (cytostatic or cytotoxic agents) to 

treat cancer by preventing the proliferation of cancer cells (219). The problem of using 

chemotherapeutic agents is their lack of selectivity, which might lead to actions on normal cells 

that have an accelerated cell cycle, including bone cells (219). In vivo studies indicate that the use 
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of chemotherapeutic agents is associated with delayed bone healing and less osseointegration (219). 

On the other hand, studies report no detrimental effects of chemotherapeutic agents on 

oesseointegration and dental survival (220). So it seems that there is no available evidence to prove 

that patients undergo chemotherapy cannot take dental implant placement. However, given the 

negative effects of postoperative chemotherapy on bone formation, we should be aware of the risk 

to place implants on patients who are using chemotherapeutic agents. 

 

2.4.8 Anti-inflammatories  

Anti-inflammatories are a group of drugs that used to treat or reduce inflammation or swelling 

(221). Underneath we discuss the anti-inflammatories known to affect bone and/or dental implants. 

Non-steroidal Anti-inflammatory Drugs (NSAIDs)  

In vivo, in vitro, and clinical studies indicate that non-steroidal anti-inflammatory drugs (NSAIDs) 

inhibit bone healing, decrease BMD, inhibit newly-formed bone, and increase the risk of bone 

fracture, playing a detrimental role in bone metabolism (222, 223). NSAIDs, such as ibuprofen, 

indomethacin, aspirin, ketorolac, andnaproxen, are widely used to relive pain and inflammation, 

particularly for symptoms associated with osteoarthritis and other chronic musculoskeletal 

conditions (224). NSAIDs reduce pain and inflammation by inhibiting the synthesis of 

prostaglandin (225). However, NSAIDs present negative side effects on bone since prostaglandin 

plays an important role in bone metabolism (226).  

One particular situation in which NSAIDs can have a negative impact on bone is in procedure 

involving bone healing (227). Bone injuries results in the local production and release of 
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prostaglandins (227). This release of prostaglandins triggers inflammation and increases the 

activity of osteoblasts and osteoclasts, all of which are ultimately required for proper bone healing 

(225). NSAIDs inhibit this production of prostaglandins and thereby interfering directly with the 

proper process of bone healing (227-230).  

Our epidemiological study(169) also discovers that NSAIDs exert adverse effects on 

osseointegrated dental implants (HR=2.47; 95% CI=1.09-5.58), and this might be exacerbated by 

the fact that  patients who need NSAIDs therapy are often given co-therapy of gastro-protectants 

(i.e. PPIs), as prevention for gastroesophageal side effects (231), which also has negative effects 

on bone. However, in vivo studies also confirm that loss of osseointegration and delayed peri-

implant bone healing are observed after NSAIDs administration (232, 233). Therefore, it may be 

advisable to avoid NSAIDs prescription before or after bone surgeries and/or implant placement 

(234). 

Glucocorticoids 

Glucocorticoids, such as cortisone, are a class of corticosteroids that are highly effective in the 

treatment of inflammatory and autoimmune conditions (235). In vivo, in vitro, and clinical studies 

indicate that glucocorticoids affect bone by increasing bone resorption and decreasing bone 

formation, mediated by direct actions on bone cells, leading to increased osteoporosis and risk of 

bone fracture (236, 237). Glucocorticoids act directly on differentiated osteoclasts to extend their 

life span and on osteoblasts to stimulate their apoptosis (238), and also reduce vitamin D plasma 

level (9). Glucocorticoids cause bone loss in two phases: a rapid, early phase in which bone mass 

is lost due to excessive bone resorption and a slower, later phase in which bone is lost due to 

inadequate bone formation (238, 239).   
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Regarding to the effects of glucocorticoids on osseointegration and dental implants in vivo, there 

are conflicting results. Some studies report that delayed implant healing and decreased 

osseointegration are associated with glucocorticoids treatment (240, 241). But others suggest no 

association between glucocorticoids users and nonusers (242, 243). However, given their negative 

effects on bone metabolism, clinical studies should be carried out to address the influence of 

glucocorticoids on bone healing, osseointegration and dental implants.  

 

2.4.9 Hormone Replacement Therapy  

Hormones are chemicals made by glands that travel throughout the body and have effects on 

growth, maturation, energy, weight, and bone strength (244). Sex hormones (estrogen made in the 

ovary of females and testosterone made by the testes in males) control ability to reproduce, and 

also lead to increased bone strength especially in early teenage years (244). Other hormones come 

from the thyroid gland, the parathyroid gland, the pituitary gland near the brain, and the brain itself. 

These hormones control levels of calcium in the blood, energy levels, and ability to grow (245). 

They act the same in both gender. Underneath we discuss some of the main hormones and hormone 

replacement therapy. 

Thyroid hormone 

The thyroid, is one of the largest endocrine glands in the body, controlling energy sources, protein 

synthesis, and the sensitivity to other hormones (246). It participates in these processes by 

producing thyroid hormones, thyroxine (T4) and triiodothyronine (T3), synthesized from iodine 

and tyrosine (246). In vivo, in vitro, and clinical studies show that T3 is essential for the normal 

development of endochondral and intramembranous bone and plays an important role in the linear 
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growth and maintenance of bone mass (247). T3 deficiency or excess results in severe skeletal 

abnormalities in childhood, and thyrotoxicosis is associated with osteoporosis and an increased 

risk of fracture in adults (248). In the growth plate, T3 inhibits chondrocyte proliferation and 

promotes hypertrophic differentiation, matrix synthesis, mineralization and angiogenesis (249). It 

also promotes osteoblastic proliferation, differentiation and apoptosis, by its induction of IL-6, 

PGs and RANKL, and also promotes osteoclast formation and activation (250). Besides, thyroid 

hormones may act on bone cells indirectly by increasing secretion of growth hormone and insulin-

like growth factor-1 (IGF-1), and also producing calcitonin that is crucial in calcium homeostasis 

(246, 250). Future studies should address the influence of thyroid hormone on bone healing, 

osseointegration and dental implants. 

Gastric inhibitory polypeptide (GIP)  

In vivo and in vitro studies indicate that gastric inhibitory polypeptide (GIP) exerts a protective 

effect on bone with decreased bone resorption and increased bone formation, by favoring 

osteoblast function, hindering apoptosis, and improving calcium intake (251, 252). GIP is a 

gastrointestinal peptide hormone that is released from duodenal endocrine K cells after absorption 

of glucose or fat (253). GIP is used for the treatment of type 2 diabetes, as well as obesity-related 

glucose intolerance and the alleviation of insulin resistance (254). 

Besides gastric tissues, GIP receptor is also expressed in osteoblasts regulating bone turnover (255), 

and its activation with GIP protects osteoblasts from apoptosis and increases their function, leading 

to promoted osteoblastic bone formation (251, 255). GIP also promotes the efficient storage of 

ingested calcium into bone, playing a positive physiological role in calcium homeostasis in vivo 

(251). Therefore, the elevation of blood GIP levels elicited by meals plays a crucial role on 
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preventing osteoporosis pathogenesis and development (251). Given its positive effects on bone 

metabolism, further research is required to elucidate the role of GIP on fracture risk, bone healing, 

osseointegration, and dental implants. 

Sex Steroids  

In vivo, in vitro, and clinical studies indicate that sex steroids, the steroid hormones that interact 

with vertebrate androgen or estrogen receptors, play a major role in the regulation of bone turnover 

(256). This is why gonadectomy in either sex is associated with increased bone remodeling, 

increased bone resorption, decreased BMD, and a relative deficit in bone formation, resulting in 

accelerated bone loss and increased risk of bone fracture (257). 

The effects of cellular and molecular mediators of sex steroid on the bone-forming osteoblasts and 

bone-resorbing osteoclasts can be explained by the fact that both estrogen and androgens inhibit 

bone resorption via the RANKL/RANK/osteoprotegerin system, as well as by reducing the 

production of pro-resorptive cytokines, along with their direct effects on osteoclast activity and 

lifespan (256).  

Also studies show that serum osteoprotegerin (OPG) and RANKL concentrations might be 

influenced by menopause (258). Therefore, it is indicated that estrogen replacement therapy exerts 

beneficial effects in preventing and treating osteoporosis in postmenopausal women, increasing 

BMD, and decreasing the risk of fracture (259-261). As above-mentioned, estrogen depletion is 

an important risk factor for the development of osteoporosis (262), so it is important to consider 

the estrogen replacement therapy as a possible underlying factor for bone-related diseases (259). 

Regarding to dental field, estrogen deficiency results in significant loss of interproximal bone 
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density, and the use of estrogen replacement therapy led to increased density in the crestal and 

subcrestal regions of the alveolar bone (263).  

However, currently there is no literature available on the effects of sex steroid or estrogen 

replacement therapy on bone healing, osseointegration and dental implant survival, especially for 

aged women, and future research is needed on this. 

 

2.4.10 Anti-osteoporosis Drugs  

Osteoporosis is a skeletal disorder characterized by compromised bone strength predisposing to 

an increased risk of fracture (264). Bone strength primarily reflects the integration of bone density 

and bone quality (265). Many pharmacologic agents are approved for the treatment of osteoporosis 

(264). We find that grouping them into anti-catabolic and anabolic classes based on the 

mechanisms of their actions on bone remodeling (264) that we discuss underneath. 

Sex Steroids (also see in 8. Hormone Replacement Therapy) 

Parathyroid hormone (PTH) 

PTH, an 84-amino acid peptide secreted by the parathyroid glands, is essential for the maintenance 

of calcium homeostasis and its actions can regulate bone remodeling (266).  PTH regulates calcium 

homeostasis because the signal for its production and secretion is a reduced extracellular ionized 

calcium concentration, while the signal for its reduction is an increase in extracellular ionized 

calcium concentration (267). In vivo, in vitro, and clinical studies prove that PTH has direct effects 

on osteoblasts and osteocytes, and indirect actions on osteoclasts, exerting either anabolic or 

catabolic effects depending on the duration and periodicity of PTH exposure (267). The 
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intermittent administration of PTH has anabolic effects on the skeleton, while the catabolic actions 

can be seen upon continuous exposure to PTH (268). With continuous PTH infusion, PTH receptor 

signaling in osteoblasts and osteocytes can increase the RANKL/OPG ratio, thereby stimulating 

bone resorption (269). In contrast, PTH induces bone formation due to its ability to downregulate 

SOST/sclerostin expression in osteocytes, unleashing the anabolic Wnt signaling pathway, and 

also stimulate the expression of runx2, osteocalcin, ALP, Collagen type I alpha 1 (COL1A1), 

which are all typical signals of bone formation (269). 

Pre-clinical and clinical studies indicate that PTH given intermittently has beneficial effects by 

improving BMD and bone mass, reducing fracture risk (both osteoporotic and nonosteoporotic) 

and osteoporosis, while also improving fracture healing (266). Actually, PTH is considered to be 

the only osteoanabolic therapy currently available for osteoporosis and bone fracture healing (266, 

270). In vivo studies also indicate that PTH administration increases bone density around implants, 

and enhances implant anchorage and early fixation, which might lead to improved clinical results 

in future studies (271).  

Calcitonin 

Standard treatment for postmenopausal osteoporosis usually includes calcium supplementation 

and exercise along with the prescription of antiresorptive drugs, such as calcitonin (272). Besides 

its use for treatment of postmenopausal osteoporosis, calcitonin is also used to treat hypercalcemia, 

Paget’s disease, and other bone related conditions (272). The hormone participates in calcium and 

phosphorus metabolism, counteracting PTH (272). In vivo, in vitro, and clinical studies 

demonstrated that calcitonin is a physiologic endogenous inhibitor of bone resorption, that can 

decrease osteoclast number and osteoclast activity, leading to decreased bone resorption, increased 
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BMD, reduced osteoporosis, and reduced risk of bone fractures (273, 274). Due to its positive 

effects on bone metabolism, future studies should address the influence of calcitonin on bone 

healing, osseointegration and dental implants. 

Bisphosphonate  

Bisphosphonates, such as clodronate and zoledronic acid, are used to inhibit bone resorption by 

regulating osteoclast function, particularly in the management of osteoporosis and Paget’s disease 

(275). In vivo, in vitro, and clinical studies indicate that bisphosphonates are used successfully in 

the treatment of osteoporosis to reduce bone resorption and hypercalcemia, and prevent pathologic 

bone fractures (275). Specifically, bisphosphonates bind to hydroxyapatite crystals, and inhibit 

crystal growth and dissolution (276). Besides, bisphosphonates also act directly on osteoclasts and 

interfere with specific intracellular biochemical processes such as isoprenoid biosynthesis and 

subsequent protein prenylation to inhibit cell activity (277). However, there is growing concern 

regarding the fact that bisphosphonates, particularly nitrogen-containing bisphosphonates, may be 

associated with bisphosphonate-related osteonecrosis of the jaw (BRONJ) by inhibiting osteoclasts 

activity and over-suppressing bone remodeling (278). BRONJ is an area of uncovered bone in the 

maxillofacial region that did not heal within 8 weeks after identification by health care provider, 

in a patient who was receiving or had been exposed to bisphosphonate therapy without previous 

radiation therapy to the craniofacial region (279). Literature is conflict regarding the association 

between BRONJ and dental implants. In 2007, the American Association of Oral and Maxillofacial 

Surgeons recommended that dental implants should be avoided in patients receiving 

bisphosphonates treatment because an increased risk of BRONJ is associated with dental implants 

(280). But other studies observed no association, or found out a late complication of BRONJ in 

those dental-implant-patients but not related to the oral surgery (281). However, it is necessary for 
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the need of an extended follow-up of patients who are taking bisphosphonates and also undergo 

dental implant placement, and their dental implants should be removed only if the antibiotic 

treatment fails to alleviate the signs and symptoms of BRONJ (281). Future studies are necessary 

for the deeper explanation on this topic, as well as the effects of bisphosphonates on bone healing, 

osseointegration and dental implants.  

Sclerostin inhibitors  

Sclerostin is a protein encoded by the symbol for the protein sclerostin (SOST) gene. Sclerostin is 

a secreted glycoprotein with a C-terminal cysteine knot-like (CTCK) domain and sequence 

similarity to the DAN (differential screening-selected gene aberrative in neuroblastoma) family of 

BMP antagonists (282). In vivo and in vitro studies indicate that sclerostin is produced by the 

osteocyte and has anti-anabolic effects on bone formation by binding to low-density lipoprotein 

receptor-related protein 5/6 (LRP5/6) and inhibiting Wnt signalling (283). The absence of 

sclerostin results in the high bone mass clinical disorder sclerosteosis (283). Antibodies to 

sclerostin increase bone formation dramatically and improve bone strength without affecting bone 

resorption (283). Therefore, sclerostin inhibitors are currently being explored as a potential 

anabolic treatment of osteoporosis (284). However, future studies are still needed to confirm the 

effects of sclerostin inhibitors on bone healing, osseointegration, and implants. 

 

2.4.11 Hypercholesterolemia medications 

Hypercholesterolemia, also called dyslipidemia, is the presence of high levels of cholesterol in the 

blood, which needs anti-cholesterol drugs for the treatment (285). Underneath we discuss statins, 
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the medication widely used for hypercholesterolemia which also can exert effects on bone and 

dental implants. 

Statins  

Statins, also known as 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors, 

are a class of lipid-lowering medications that reversibly inhibit the enzyme HMG-CoA reductase 

which plays a central role in the production of cholesterol (286). Statins are currently used for 

clinical treatment of hypercholesterolemia (286). Besides their action as lipid-lowering agents, 

statins can also regulate bone metabolism (287). 

In vivo, in vitro, and clinical studies have shown that administration of statins presents anabolic 

effects on bone by promoting osteoblast activity and suppressing osteoclasts, resulting in increased 

bone formation, increased BMD, improved fracture healing, decreased risk of bone fracture, and 

prevention of osteoporosis (288, 289). Statins stimulate the expression of anabolic genes, such as 

BMP-2, COLLIA1, and osteocalcin, and also suppress osteoclast activity by decreasing 

RANKL/OPG ratio, leading to beneficial effects on bone (290, 291). Moreover, in vivo studies 

also indicate that statins can promote osseointegration and bone healing around titanium implants, 

even in osteoporotic animals (292, 293). However, its impact on implant survival needs to be 

confirmed in epidemiological studies. 

 

2.4.12. Antihistamine drugs 

Antihistamines are a type of pharmaceutical drug that opposes the activity of histamine receptors 

in the body, and are used to treat allergic diseases (294). In vivo, in vitro, and clinical studies 
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indicate that antihistamine drugs can cause increased BMD and decreased bone resorption, but it 

inhibits bone healing (295). Antihistamines increase the levels of serum calcitriol and directly 

enhance bone formation by stimulating calcitriol synthesizing enzyme (296). Histamine seems to 

mediate the osteoclastic pathway by expression of RANKL in osteoblasts and bone marrow 

stromal cells (297-299). Antihistamines then stimulate RANKL expression, but cannot develop 

osteoclastogenesis, resulting in increased BMD but delayed bone healing (296). No data indicating 

there is association between antihistamines and increased risk of bone fracture, so more researches 

are needed for further investigation on this, as well as the association between antihistamines and 

other procedures, such as osseointegration and dental implant survival. 

 

2.4.13 HIV infection therapy  

Human immunodeficiency virus infection and acquired immune deficiency syndrome (HIV/AIDS) 

is a spectrum of conditions caused by infection with the human immunodeficiency virus (HIV). 

Antiretroviral therapy is currently most commonly used treatment for HIV/AIDS, and also exert 

effects on bone metabolism that are discussed underneath.  

Antiretroviral therapies 

It seems that the use of antiretroviral therapies causes increased bone loss, decreased BMD, 

increased osteoporosis, and increased fracture rate, according to in vivo and clinical studies (300). 

Patients with HIV/AIDS are living longer due to the success of highly active antiretroviral therapy 

(301), with dramatically reduced morbidity and mortality rates from the HIV infection (302). There 

have been anecdotal reports of bone disorders such as avascular necrosis of the hip and 

compression fracture in HIV-infected patients receiving antiretroviral therapies, which are 
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recognized complications of severe osteoporosis (302, 303). The mechanisms underlying the bone 

loss with antiretroviral therapies initiation are not clear, because of the inability to replicate in vivo 

effects of that in vitro (304). It might because that these drugs increase osteoclastogenesis, induce 

osteoclastic function and lead to increased bone resorption and loss (9, 302). Future studies are 

needed to confirm the mechanism in vitro and also the effects of antiretroviral therapies on bone 

healing, osseointegration and dental implants. 

 

2.4.14 Anticoagulants  

Anticoagulants are a class of drugs that work to prevent blood coagulation (clotting), among which 

heparin is one of the most frequently prescribed drugs. Heparin also has been proven to affect bone 

metabolism that is discussed underneath. 

Heparin 

Heparin, works by activating antithrombin III and blocking thrombin from clotting blood, is a 

widely used injectable anticoagulant, to treat and prevent deep vein thrombosis and pulmonary 

embolism (collectively known as venous thromboembolism) and is also used as part of the 

treatment of myocardial infarction and unstable angina (305).  

Epidemiological, in vivo and in vitro studies reveal that heparin decrease BMD, increase bone 

fractures, and develop osteoporosis by enhancing bone resorption and hindering bone formation 

(306). Heparin treatment leads to a reduction in bone density and an increased risk of fractures 

because it stimulates BMP signaling and possibly Wnt signaling, which results in enhanced 

mineralization in vitro (306). Previous published protein data on the decoy effects of heparin on 
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OPG binding to RANKL suggests that heparin stimulates osteoclastogenesis by downregulating 

the expression of OPG (307-309). There is no significant correlation between bone density and the 

dose or duration of heparin (310). Also there is no literature talking about the effects of heparin on 

bone healing, osseointegration and dental implant survival, which may bring out more insight, 

especially that patients who receive heparin appear to have an increased risk of overall and major 

bleeding events (311). 

 

2.4.15 Alcohol 

Alcohol is a central nervous system depressant with detrimental systemic effects on central 

nervous system, gastrointestinal tract, immune system, cardiovascular system, and bone tissue 

(312, 313). In vivo, in vitro, and clinical studies indicate that alcohol exert negative effects on bone 

metabolism by inhibiting osteoclast activities, leading to delayed bone healing, and increased risk 

of osteoporosis and bone fracture (313, 314). 

Studies also discover the negative effects of alcohol on osseointegration and dental implants in 

vivo, with less bone density around implants and reduced direct bone-to-implant contact (315). 

Clinically, alcohol addiction seems to be significantly associated with higher risk of dental implant 

failure (316). The possible mechanism  might be due to suppression of T-lymphocytes and 

impaired mobility, adhesion and phagocytic capabilities of the innate immune system (317). 
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Drug category Drug name

BMD†
Bone 

formation†
Bone 

resorption†
Bone 

turnover†
Fracture 

risk‡
Osteoporosis‡

Bone/fracture 
healing‡

Osseo-
integration†

Implant 
survival‡

SSRIs ↓ ↓ ↑ ↑ ↑ ↓
AChEIs ↑ ↓ ↓ ↑
Melatonin ↑ ↑ ↓ ↑ ↑
AEDs ↓ ↑
Opioids ↓ ↓
β-Blockers ↑ ↑ ↓ ↓ ↓ ↑ ↑ ↑
Thiazide Diuretics ↑ ↑ ↓ ↓ ↓ ↑
ACE inhibitors ↑ ↑ ↓ ↓ ↑
ARBs ↑ ↑ ↓ ↓ ↓ ↑ ↑
CCBs ↓ ↑
Metformin ↑ ↓ ↓
GLP-1 ↑ ↑ ↓ ↑
DPP-4 inhibitors ↑ ↑ ↓ ↓
Thiazolidinedione ↓ ↑ ↑ ↑ ↓

Gastrointestinal 
Drugs 

PPIs ↓ ↓ ↑ ↓ ↑ ↓ ↓ ↓

Immunosuppressants  Calcineurin inhibitors ↓ ↓ ↑ ↑ ↑ ↑ ↓ ↓
Anti-VEGF ↓ ↓ ↓
Radium-223 
Exemestane ↓ ↑ ↑ ↑

Chemotherapy ↓ ↓
NSAIDs ↓ ↓ ↑ ↓ ↓ ↓ ↓
Glucocorticoids ↓ ↑ ↑ ↑
Thyroid ↑ ↓ ↓
GIP ↑ ↓ ↓
Sex Steroids ↑ ↑ ↓ ↓ ↓
PTH ↑ ↑ ↓ ↓ ↓ ↑
Calcitonin ↑ ↓ ↓ ↓
Bisphosphonate ↓ ↓ ↓ ↓
Denosumab anti-RANKL ↑ ↑ ↓ ↓ ↓ ↓
Sclerostin inhibitors ↑ ↑ ↓

Hypercholesterolemia 
medications

Statins ↑ ↓ ↓ ↑

Antihistamines ↑ ↓ ↓

HIV therapy Antiretrovirals ↓ ↑ ↑ ↑

Anticoagulants Heparin ↓ ↓ ↑ ↑ ↑

Alcohol ↓ ↓ ↑ ↓ ↓ ↓

*Mechanism is based on in vitro  studies  †From in vivo  evidence  ‡From clinical evidence  ↑Increase  ↓Decrease   ↕Two-way regulate

OB osteoblasts PPIs Proton pump inhibitors PHOSPHO1 Phosphoethanolamine/phosphocholine phosphatase
OC osteoclasts Anti-VEGF Anti-vascular endothelial growth factor NFAT nuclear factor of activated T-cells 
BMD bone mineral density NSAIDs Non-steroidal Anti-inflammatory Drugs PINP pro-collagen type I amino-terminal propeptide 
SSRIs Selective serotonin reuptake inhibitors PTH Parathyroid hormone CTX C-telopeptide 
AChEIs Acetylcholinesterase inhibitors GIP Gastric inhibitory polypeptide NTX N-telopeptide 
AEDs Antiepileptic drugs ERT Estrogen replacement therapy IGF-1 insulinlike growth factors
ACE inhibitors Angiotensin-converting enzyme inhibitors RANKL the receptor activator of nuclear factor κB ligand RANK the receptor activator of nuclear factor κB
ARBs Angiotensin II receptor blockers ALP alkaline phosphatase OPG Osteoprotegerin 
CCBs Calcium channel blockers RUNX2 runt-related transcription factor 2 LRP low-density lipoprotein receptor-related protein
GLP-1 Glucagon-like peptide-1 AMP thymidine kinase COLLIA1 candidate genes 136-41 collagen
DPP-4 inhibitors Dipeptidyl peptidase-4 inhibitors BMP-2 bone morphogenetic protein-2 

↓RANKL
↑OC
↓OB ↑OC 
↓OC  impair immune system

Anti-osteoporosis  

↕Calcium homeostasis 
↓OC
↓OC

↓LRP5/6 ↓Wnt signalling 

↑OB ↓OC ↑BMP ↑COLLIA1 ↑Osteocalcin ↓RANKL

Anti-inflammatories
↓OB ↓OC
↑OC ↓Vitamin D

Hormone Replacement 
Therapy

↑OB ↑IGF-1 ↑Calcitonin ↑Growth factor
↑OB ↑Calcium ↓Apoptosis
↓OC ↕RANKL/RANK/OPG

Antineoplastics 

↓OC ↓Angiogenesis
↓OB
↑ALP ↑PINP ↑Osteocalcin ↑CTX ↑NTX
↓Bone cells

↑OB ↓OC ↑Calcitonin
↑Osteoclastogenesis ↓ALP ↓PTH

↓OB ↑OC ↕Calcineurin/ NFAT 

↓OB ↓OC ↓BMP-2, -4 ↓PHOSPHO1 ↓ALP ↓Calcium 
level ↓Apoptosis

Antidiabetic Drugs

↑OB ↑AMP ↑BMP-2 ↑ALP
↑OB ↓OC ↑Calcitonin

↓Gonadotrophins 

Antihypertensive Drugs 

↑OB ↓OC ↑β receptor inhibition ↑Bone accrual
↑OB ↑RUNX2 ↑Osteopotin ↑Serum calcium
↓OC ↑ PTH  ↑Calcium
↑OB ↓OC
↑OB ↓OC ↕Calcium homeostasis ↑Vitamin D

Drugs Targeting 
the Central Nervous 

System 

↑OC ↑RANKL
↑OB ↓OC ↑Calcification ↑ALP
↑OB ↓OC
↓OB ↑ PTH ↓Vitamin D 

2.5 Table 1. Impact of drugs on bone and implants

Mechanism* Effects on bone Effects on implants
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2.6 Final remarks: 

The above we have summarized the literature on drugs we know could affect bone and 

osseointegration. However, we cannot rule out many other possible drugs that have not been 

investigated yet. There are over 1400 FDA approved drugs that are being used routinely all around 

the world. And future studies will have to be done to explain the effects of other drugs on bone, 

osseointegration, and implants. 
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Chapter 3: Materials and Methods 

3.1 Study Design  

In order to find the best possible evidence, it is necessary to understand the basic designs 

of research studies according to levels of evidence. 

There are different levels of evidence that is arranged in a ranking system used in evidence-

based practices to describe the strength of the results measured in a clinical trial or research 

study. The specific explanation and their characteristics: 

Level I: High quality randomized trial or prospective study; testing of previously developed 

diagnostic criteria on consecutive patients; values obtained from many studies with 

multiway sensitivity analyses; systematic review of randomized controlled trials (RCTs) 

or level I studies. 

Level II: Lesser quality RCT; retrospective cohort study; untreated controls from an RCT; 

lesser quality prospective study; development of diagnostic criteria on consecutive 

patients; values obtained from limited studies; systematic review of Level II studies or 

Level I studies with inconsistent results. 

Level III: Case control study (therapeutic and prognostic studies); retrospective 

comparative study; study of nonconsecutive patients without consistently applied reference 

“gold” standard; analyses based on limited alternatives and costs and poor estimates; 

systematic review of Level III studies. 

Level IV: Case series; case control study (diagnostic studies); poor reference standard; 

analyses with no sensitivity analyses. 

Level V: Expert opinion. 

In our series of studies, we choose the most suitable study design: cohort studies. 
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Cohort studies are a form of longitudinal study (generally a type of observational study) 

design that flows from the exposure to outcome. This section outlines the challenges in 

designing such studies, their analysis, and interpretation of outcomes. Cohort studies are 

largely about the life histories of segments of populations, and the individual people who 

constitute these segments. A cohort is a group of people who share a common characteristic 

or experience within a defined period. The comparison group may be the general 

population from which the cohort is drawn, or it may be another cohort of persons thought 

to have had little or no exposure to the substance under investigation, but otherwise similar. 

Alternatively, subgroups within the cohort may be compared with each other. 

In a cohort study, a group of individuals exposed to putative risk factors and a group who 

are unexposed to the risk factors are followed over time (often years or months) to 

determine the occurrence of diseases or death. The incidence of diseases or death in the 

exposed group is compared with that in the unexposed group. The relative risk (incidence 

risk or incidence rate) is used to assess whether the exposure is causally linked or 

associated. Cohort studies may be either prospective or retrospective. A prospective cohort 

study is also called a concurrent cohort study, where the subjects have been followed up 

for a period and the outcomes of interest are recorded. 

In a retrospective cohort study both the exposure and outcome have already occurred at the 

outset of the study. While this type of cohort study is less time consuming and costly than 

a prospective cohort study, it is more susceptible to the effects of bias. In addition, 

information on confounding variables may be unavailable, inadequate or difficult to 

collect. 
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There are some potential bias in cohort studies. The first one is the loss to follow-up. Cohort 

individuals may die, migrate, quit or refuse to continue during the study. The degree to 

which loss to follow-up are correlated with exposure and outcome will lead to serious bias 

in the measures of effect of exposure and outcome. Another problem occurring in cohort 

studies is whether individuals in the control group are truly unexposed. Because exposure 

data may be obtained from the sources including medical or employment records, 

standardized questionnaires, interviews and by physical examination, which partly include 

their self- reported information. Thirdly, selection bias is also a potential problem in cohort 

studies. Selection bias can be a particular problem with case-control and retrospective 

cohort studies where exposure and outcome have already occurred at the time individuals 

are selected for study inclusion. Selection biases cannot be overcome in general cases. This 

can be minimized by ensuring that a high level of follow-up is maintained among all study 

groups. 

Analysis of a cohort study uses either the risk or the rate ratio of disease in the exposed 

cohort compared with the rate or risk in the unexposed cohort. 

There are some strengths for cohort studies: 1) multiple exposures and also multiple 

outcomes can be measured; 2) they can calculate absolute risk (incidence), relative risk 

(risk ratio or rate ratio), and also risk difference; 3) they can clearly indicate the temporal 

sequence between exposure and outcome, because in a cohort study, subjects are known to 

be disease-free at the beginning of the observation period when their exposure status is 

established; 4) they allow examination of multiple effects of a single exposure. 

However, there are still some weaknesses for this kind of study design: 1) they are costly 

and time consuming, especially prospective cohort studies; 2) loss to follow up can 
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introduce bias; 3) they are not good for rare diseases or diseases with a long latency; 4) 

there is always an absence of data on potential confounding factors in retrospective cohort 

studies; 5) classification of individuals (exposure or outcome status) can be affected by 

changes during the study. 
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3.2 Statistical Methods 

Multilevel mixed effects survival models are used in the analysis of clustered survival data, 

such as repeated events, to investigate heterogeneity in baseline risk and covariate effects. 

In multilevel data, we have subjects that can be divided into groups. For example, it exists 

when multiple implants are placed in one single patient (correlated observations).  So if we 

believe that unobserved characteristics may affect the outcome, we can use one of Stata's 

specialized commands for multilevel mixed-effects models to include group-level random 

effects in our model. These commands fit models for continuous, binary, ordinal, and count 

outcomes.  

Stata also has a suite of features for analyzing survival-time data with outcomes, which 

means follow up time. These commands allow us to summarize, graph, and model this type 

of data.  

Mixed-effects survival models contain both fixed effects and random effects. In 

longitudinal data, random effects are useful for modeling intracluster correlation, because 

observation in the same cluster are correlated because they share common cluster-level 

random effects. 

The distributional form of the error term determines the regression model. In a mixed-

effects parametric survival-time model, there are five conditional distribution: exponential, 

Weibull, lognormal, loglogistic, or gamma distribution. Akaike’s information criteria (AIC) 

is used to choose the best fit survival model. 
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3.3 Kaplan–Meier estimator 

The Kaplan–Meier estimator, also known as the product limit estimator, is a non-

parametric statistic used to estimate the survival function from lifetime data. In medical 

research, it is often used to measure the fraction of patients living for a certain amount of 

time after treatment. In our study, Kaplan–Meier curves are used to describe the hazard 

function of dental implant failure in terms of SSRIs usage, antihypertensive drugs usage, 

and PPIs usage, respectively. The Kaplan-Meier Estimator can summarize the implant 

survival (or failure) based on a survival (or hazard) function. 

 

Kaplan–Meier plot, or Kaplan–Meier curve, is a series of declining horizontal steps with 

an enough sample size, approaching the survival function for the population. The value of 

the survival function between successive distinct sampled observations is assumed to be 

constant. One of the advantage of Kaplan–Meier curves is that they can take into account 

some types of censored data, particularly right-censoring, which occurs when encountering 

withdrawal, lost to follow-up, or without event occurrence at last follow-up. On the plot, 

small vertical tick-marks indicate individual patients whose survival times have been right-

censored. When there are no censors, the Kaplan–Meier curve is the complement of the 

empirical distribution function. 
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4.1 Abstract 

Selective Serotonin Reuptake Inhibitors (SSRIs), the most widely used drugs for the 

treatment of depression, have been reported to reduce bone formation and increase the risk 

of bone fracture. Since osseointegration is influenced by bone metabolism, this study aimed 

to investigate the association between SSRIs and the risk of failures in osseointegrated 

implants. This retrospective cohort study was conducted on patients treated with dental 

implants from January 2007 to January 2013. A total of 916 dental implants in 490 patients 

(94 implants on 51 patients using SSRIs) were used to estimate the risk of failure associated 

with the use of SSRIs. Data analysis involved cox proportional hazards, generalized 

estimating equations (GEE) models, Multilevel Mixed Effects Parametric Survival 

Analysis and Kaplan-Meier analysis. After 3-67 months of follow-up, 38 dental implants 

failed and 784 succeeded in non-users group while 10 failed and 84 succeeded in SSRIs-

users group. The main limitation of this retrospective study was that drug compliance dose 

and treatment period could not be acquired from the files of the patients. The primary 

outcome was that compared with non-users of SSRIs, SSRIs usage was associated with an 

increased risk of dental implants failure [HR (95%CI): 6.28 (1.25-31.61); P=0.03]. The 

failure rates were 4.6% for SSRI non-users and 10.6% SSRI users, respectively. The 

secondary outcomes were that small implant diameters (≤4mm) (P=0.02) and smoking 

habits (P=0.01) also seemed to be associated with higher risk of implant failure. Our 

findings indicate that treatment with SSRIs is associated with an increased failure risk of 

osseointegrated implants, which might suggest a careful surgical treatment planning for 

SSRIs users.  
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4.2 Introduction 

Depression, a state of low mood that affect a person's thoughts, behavior, feelings and sense 

of well-being, has become a threatening global disease because of its high prevalence and 

associative public health problems (1, 2). The World Health Organization estimates that 

more than 350 million people worldwide suffer from depression (World Health 

Organization, WHO). Serotonin (5-hydroxytryptamine, 5-HT) is a monoamine 

neurotransmitter in the brain that contributes to the feelings of well-being and happiness 

(2). Lower levels of serotonin or obstacles for its utilization can lead to depression (2). 

Selective Serotonin Reuptake Inhibitors (SSRIs), such as Celexa, Paxil, Lexapro, Prozac 

and Zoloft, are drugs designed to inhibit the reuptake of serotonin and boost its levels to 

treat depression (3). Due to their unique effectiveness in depression treatment, SSRIs have 

become the most widely used antidepressants all over the world (4). 

Besides the nervous tissue, serotonin receptors can also be found in peripheral tissues such 

as the digestive tract, the blood platelets and the bones (4). Accordingly, SSRIs can affect 

the function of the digestive, cardiovascular and skeletal systems (4). In bone metabolism, 

serotonin regulates bone cells by acting on 5-HT1B, 5-HT2B, 5-HT2C receptors and 

serotonin transporters (5-HTTs), resulting in complex signal transmissions in osteoblasts 

and osteoclast (4). Therefore, SSRIs block 5-HTTs on bone cells, resulting in a direct 

negative effect in bone formation (5, 6) and metabolism (4) by increasing osteoclast 

differentiations (7) and inhibiting osteoblast proliferation (4). As a result, SSRIs decrease 

bone mass and bone mineral density (5, 7), at an annual reduction rate of 0.60–0.93% (5), 

increasing the risk of osteoporosis (8), bone fracture (3, 8), and osteoporotic fracture (8). 
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Osseointegrated medical devices, mainly made of titanium, can create a firm and lasting 

connection with the recipient bone (9), and have been applied as bone-anchored 

craniofacial prostheses, joint replacements, and dental implants (9-11). They have become 

a revolutionary step in achieving soft or hard tissue replacement, and have proven to be a 

routine and reliable treatment choice (12). Failure of osseointegration between the device 

and the host bone can cause treatment failure, need for re-intervention and, in some cases, 

such as hip replacement shortens patients’ life expectancy (13). 

Osseointegration of implants is highly dependent on the quality of the recipient bone (14), 

and since SSRIs seem to have a negative effect on bone formation (5, 7, 15), we 

hypothesize that SSRIs treatment might have a negative effect on Ti implant 

osseointegration and survival rate. Given the large portion of the population taking SSRIs, 

and the increased number of surgeries using osseointegated implants, it is vital to 

investigate whether SSRIs treatment can affect osseointegated implant survival rate. In 

order to test our hypothesis, a cohort study was carried out on patients treated with one type 

of osseointegrated medical devices, Ti dental implants, to investigate whether the use of 

SSRIs is associated with higher risk of Ti implant failure.  
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4.3 Materials and Methods 

Patients and Data Sources 

Approval (12-321 GEN) was obtained from the Ethical Committee for Clinical Trials of 

McGill University to carry out a retrospective cohort study in the dental clinic “East Coast 

Oral Surgery” (Moncton, Canada). Written informed consent was granted from all subjects. 

Our study is a human observational study and has conformed to the STROBE guidelines. 

Records of patients with dental osseointegrated prosthesis for this retrospective cohort 

study were identified in the clinic database, and the original hardcopy files were retrieved 

for manual examination. The overall study period was 6 years, between January 1st, 2007 

and September 8th, 2013. Pre-operative, patient information including medication, habits, 

and behavioral factors were self-reported using a standardized questionnaire that was filled 

prior to the surgical intervention. Patients with a severe systemic disease [American 

Society of Anaesthesiology (ASA) III or IV], pregnant, or with a medical disorder known 

to substantially affect bone metabolism, such as osteoporosis, osteomalacia, Paget’s 

disease, vitamin D deficiency, hyperthyroidism, cancer [excluding non-melanoma skin 

cancer], or alcoholism as well as those on corticosteroids, antiepileptic drugs, anti-

hypertensive drugs, proton pump inhibitors, or bisphosphonates were excluded (16). 

Smoking habit was considered in our analysis; subjects who smoked more than 10 

cigarettes/ day were defined as smokers (17).  

SSRIs Medication Definition 

SSRIs usage was defined as filling a prescription for SSRIs at the time of implant 

placement (citalopram, dapoxetine, escitalopram, fluoxetine, fluvoxamine, indalpine, 

paroxetine, sertraline, venlafaxine and zimelidine) (5).  
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Surgical Protocol and Post-operative Treatment 

In patients with sufficient native bone, implant (Nobel Biocare) surgery was performed 

under local anaesthesia, with or without intra-venous sedation, according to the 

recommended manufactures protocol (18). In cases with inadequate bone volume for 

implant placement, bone augmentation (i.e. lateral bone grafting, sinus lifting) were 

performed 6 month prior to implant placement using a mixture of autogenous and allogenic 

bone substitutes (i.e. Strauman allogeneic bone, NY, USA) (18). 

The use of antibiotics in implant dentistry is controversial, so postoperatively, patients were 

instructed to rinse four times per day for a period of 7 days with 0.2% chlorhexidine 

solution (Peridex®, Periogard®, PA, USA) and to follow a soft diet. They also received 

prophylactically a prescription of antibiotics for a period of 7 days (Amoxicillin 500mg; 

P.O. T.I.D.; Clamoxyl®, GlaxoSmithKline, Middlesex, UK or Clindamycine 300mg; P.O. 

Q.I.D.). Analgesic agents were prescribed as needed. (Tylenol® [500 mg, t.d.s.; McNeil 

Consumer Healthcare, Fort Washington, PA, USA] or Advil® [400 mg, t.d.s.; Wyeth 

Consumer Healthcare, Madison, New Jersey, USA]).  

Patients were seen for follow-up examinations 10 days after surgery, all sutures were 

removed and hygiene instructions reinforced. Before delivery of the final implant 

supported prosthesis, osseointegration was evaluated clinically by assessing vertical, 

lateral and rotational signs of mobility. Implants with at least one of the following 

complications were defined as failures: a) pain on function; b) mobility; c) radiographic 

bone loss equivalent to ½ of the implant length; d) uncontrolled exudate; e) implant no 

longer in mouth (19). 

Study Outcomes and Follow-up 
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The primary study end point was a binary dental implants outcome, comprising successful 

implants and failed implants. For either outcome, we followed patients until they 

experienced dental implant failure, died, or were censored for losing the track or reaching 

the end of the study period, whatever came first. The following parameters were retrieved 

from the patients’ files and standardized questionnaires: patient age, gender, implant 

dimensions, bone augmentation, smoking habit, physical condition, medicine undertaken, 

and follow-up time.  

Sample size calculation and Statistical analysis 

This cohort study was designed to examine the association between dental implant failure 

and SSRIs treatment along with other factors. Sample size calculation using Cohen's F test 

indicated that a minimum of 645 implants was required to achieve a power of 0.8 at an 

effect size (ƒ2) of 0.25 and probability level of 0.05 with 8 covariates (20). Accordingly, it 

was considered that differences were of no clinical relevance if less than 1.1% using 

Cohen's F test with a 25% standard deviations difference between the two groups’ means 

(21).  

Comparison between SSRIs users and non-users in terms of demographic systemic 

conditions and other factors, as well as the healing period calculation were done using Chi 

square test. Cox proportional hazards model was performed to assess the association 

between potential risk factors, including SSRIs usage, and dental implant failure rate 

adjusting for potential confounders factors. In addition, we used GEE and Multilevel 

Mixed Effects Parametric Survival Analysis (22) to account for cluster effects of multiple 

implants when placed and evaluated in a single patient (repeated observations) (22, 23).  
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Analyses were adjusted to the following potential confounders: gender, age, implant 

diameter, implant length, bone augmentation, smoking habit. These covariates were 

selected because of their associations with bone status or dental implant survival rate and 

have been controlled for in studies of similar design (8). Statistical analysis was performed 

using the software SPSS 19.0 (SPSS Inc., Chicago, IL, USA) and STATA13 for Windows 

(Stata Corp, Texas, USA). The results were considered to be statistically significant if the 

corresponding p value was below 0.05. Post-hoc power calculation was done using Cohen's 

F test. Kaplan–Meier survival curves were plotted for the primary outcome “dental implant 

failure”.  
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4.4 Results 

During the study period between 2007 and 2013, 42 implants in 23 patients were excluded 

for bone-related diseases and medications (Fig. 4.1). 490 patients who met our inclusion 

consisted of 292 females and 198 males, with ages spanned from 17 to 93 years, averaging 

56.4±13.7. A total of 916 dental implants were placed in the included patients, out of which 

94 were placed in SSRIs users whereas 822 were placed in SSRIs non-users. Also, 436 

implants were placed in non-smokers whereas 54 were placed in smokers. Implants had 

diameters ranging from 3.0 mm to 5.5 mm, lengths ranging from 7.0 mm to 42.0 mm and 

torque at insertion from 10 Ncm to 65 Ncm (Table 4.5). The healing period for all implants 

was ranging from 0 to 8 (5.1±1.6) months. 

During the entire observation period, 868 implants survived and 48 failed. The failure rates 

were 4.6% for SSRI non-users and 10.6% SSRI users, respectively. SSRIs-users and non-

users were comparable in terms of age, gender, bone augmentation, smoking habit, implant 

diameter, implant length, implant torque and follow-up period (Table 4.1). Risk analysis 

confirmed our hypothesis by revealing that SSRIs treatment (P=0.03) was associated with 

an increased risk of implant failure (Table 4.2). Also, smoking habit (P=0.01) and small 

(≤4mm) implant diameter (P=0.02) were associated with an increased risk of implant 

failure (Table 4.3). Multilevel survival analysis adjusted for potential confounding factors 

were shown in Table 4.1 and 4.2. Patient’s age, gender, bone augmentation, follow-up 

period, implant length and torque had no significant association with implant survival rate 

(Table 4.3). The post-hoc power was 0.93. Kaplan–Meier survival curves for dental 

implant failure in terms of SSRIs use, bone augmentation, smoking habit and implant 

diameter are shown in Figure 4.2.  
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Table 4.1. Description of the cohort by implants (n= 916) among SSRIs user and non-users. 

Variables 
SSRIs use N (%) Odds Ratio 

(95% CI) 
P 

Yes No 

Age     

≤60 50 (53.2) 480 (58.4) 1  

＞60 40 (42.6) 315 (38.3) 1.22 (0.79-1.89) 0.43 

Missing 4 (4.2) 27 (3.3) 0.76 (0.26-2.23) 0.62 

Gender     

Male 32 (34.0) 363 (44.2) 1  

Female 62 (66.0) 459 (55.8) 0.65 (0.42-1.02) 0.06 

Diabetes     

Yes 5 (5.3) 43 (2.8) 1  

No 89 (94.7) 779 (97.2) 1.02 (0.39-2.64) 1.00 

Smoking habits     

Yes 12 (12.8) 85 (10.3) 1  

No 82 (86.2) 737 (89.5) 1.27 (0.67-2.42) 0.48 

Bone Regeneration     

Yes 47 (50) 339 (41.2) 1  

No 47 (50) 472 (57.4) 1.39 (0.91-2.14) 0.15 

Missing 0 (0) 11 (1.4) 3.22 (0.19-55.50) 0.42 

Implant Diameter     

＞4mm 32 (34.0) 326 (39.7) 1  

≤4mm 61 (64.9) 445 (54.1) 0.72 (0.46-1.12) 0.15 

Missing 1 (1.1) 51 (6.2) 6.15 (0.84-45.04) 0.07 

Implant Length     

＞10mm 68 (72.3) 586 (71.3) 1  

≤10mm 25 (26.6) 186 (22.6) 0.86 (0.53-1.41) 0.61 

Missing 1 (1.1) 50 (6.1) 6.02 (0.82-44.11) 0.07 

Implant Torque     

≥35Ncm 36 (38.3) 263 (32.0) 1  

＜35Ncm 44 (46.8) 423 (51.5) 0.76 (0.48-1.21) 0.28 

Missing 14 (14.9) 136 (16.5) 1.13 (0.62-2.06) 0.68 

Implant Loading Time     

Immediate 3 (3.0) 34 (4.1) 1  

Delayed 91 (97.0) 736 (89.5) 0.71 (0.21-2.37) 0.58 

Missing 0 52 (6.4) 10.65 (0.53-212.72) 0.12 

Follow-up Time     

≥12 months 42 (44.7) 336 (40.4) 1  

＜12 months 52 (55.3) 485 (59.5) 1.17 (0.76-1.79) 0.51 

Missing 0 (0) 1 (0.1) 0.35 (0.01-8.53) 0.52 

Parafunctional habits     

No 91 (97.0) 801 (97.4) 1  

Yes 3 (3.0) 21 (2.6) 1.26 (0.37-4.30) 0.73 

Implant Position     

Maxilla 65 (69.1) 571 (69.5) 1  

Mandibular 29 (30.9) 251 (30.5) 1.02 (0.64-1.61) 0.52 

SSRIs: Serotonin Reuptake Inhibitors. 

Parafunctional habits include bruxism, attrition, temporomandibular disorders. 
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Table 4.2. Implant-based comparison between SSRIs group and non-user group.  

SSRIs Sn Fn Failure (%) 
P HR † 

(95% CI) GEE Multilevel 

No 784 38 4.6 - - - 

Yes 84 10 10.6 0.004* 0.03* 6.28 (1.25-31.61) 
Sn: Successful Implants, Fn: Failed Implants, GEE: Generalized Estimating Equation, Multilevel: 

Multilevel Mixed Effects Parametric Survival Analysis, HR: Hazard Ratio, SSRIs: Serotonin Reuptake 

Inhibitors. 

*Statistically significant  † Hazard Ratios (HR) were performed using Multilevel Mixed Effects Parametric 

Survival Analysis adjusted to the following factors: Gender, Age, Implant Diameter, Implant Length, Bone 

Augmentation, Smoking. 

 

 

Table 4.3. Risk analysis for dental implant failure in terms of different factors. 

Factor Sn (%) Fn (%) 
Failure 

(%) 

P HR † 

(95% CI) GEE Multilevel 

Gender      

Male 375(43.1) 20(42.9) 5.1    

Female 493(56.9) 28(57.1) 5.4 0.98 0.42 1.62(0.50-5.28) 

Age      

>60 338(40.0) 17(34.7) 4.8    

≤60 500(57.6) 30(63.3) 5.7 0.57 0.88 0.91(0.27-3.12) 

Missing 30(2.4) 1(2.0) 3.2    

Implant diameter      

≤4mm 472(54.4) 34(69.4) 6.7    

>4mm 345(39.7) 13(28.6) 3.6 0.01* 0.02* 0.24(0.07-0.78) 

Missing 51(5.9) 1(2.0) 1.9    

Implant Length      

≤10mm 201(23.2) 10(20.4) 4.7    

>10mm 617(71.0) 37(77.6) 5.7 0.58 0.97 0.98(0.34-2.80) 

Missing 50(5.8) 1(2.0) 2.0    

Implant Torque      

<35Ncm 283(32.2) 16(32.7) 5.4    

≥35Ncm 442(51.3) 25(53.1) 5.4 0.81 NA NA 

Missing 143(16.5) 7(14.2) 4.7    

Implant Loading      

Immediate 33(3.8) 4(8.2) 10.8    

Delayed 783(90.2) 44(91.8) 5.3 0.74 NA NA 

Missing 52(6.0) 0(0) 0    

Bone Augmentation      

No 498(57.4) 21(42.9) 4.0    

Yes 359(41.3) 27(57.1) 7.0 0.04* 0.05 2.73(0.99-7.51) 

Missing 11(1.3) 0(0) 0    

Smoking Habits      

No 782(90.1) 37(77.1) 4.3    

Yes 86(9.9) 11(22.9) 11.3 0.004* 0.01* 7.66(1.67-35.09) 

Follow-up Time      

<12m 508(58.5) 29(60.4) 5.4    

≥12m 359(41.4) 19(39.6) 5.0 0.71 NA NA 

Missing 1(0.1) 0(0) 0    

Sn: the Number of Successful Implants, Fn: the Number of Failed Implants, GEE: Generalized Estimating 

Equation, Multilevel: Multilevel Mixed Effects Parametric Survival Analysis, HR: Hazard Ratio. 

*Statistically significant  † Hazard Ratios (HR) were performed using Multilevel Mixed Effects Parametric 

Survival Analysis adjusted to the following factors: Gender, Age, Implant Diameter , Implant Length, Bone 

Augmentation, Smoking. NA: not applicable. 
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Table 4.4. Combined effects of smoking and SSRIs usage. 

Factors Successful Implants Failed Implants Odd Ratios P 

No SSRIs/ No Smoking 706 31 1 - 

SSRIs/ No Smoking 76 6 1.80 (0.73-4.45) 0.20 

No SSRIs/ Smoking 78 7 2.04 (0.87-4.80) 0.10 

SSRIs/ Smoking 8 4 11.39 (3.25-39.86) <0.01 

 

 

 Table 4.5. Implant dimensions and their used numbers. 

 

 

 

 

 

 

 

 

 

Table 4.6. Failed implants information in SSRIs users. 

Failed Position Failed Time (months) Loading Time (months) 

46 12 6 

11 12 0 

25 19 6 

33 13 4 

11 16 6 

33 5 4 

36 12 4 

12 10 - 

12 5 4 

24 3 0 

 

  

Diameter 

(mm) 

Numbers of 

Implants 

Length 

(mm) 

Numbers of 

Implants 

Torque 

(Ncm) 

Numbers of 

Implants 

3.00-3.75 128 < 10 73 < 30 295 

4.00-4.80 586 10-12 348 30-40 344 

5.00-5.50 150 > 12 444 > 40 127 

Missing 52 Missing 51 Missing 150 
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Figure 4.1. Flow diagram of participants. *Patients/implants. 

 

 

 

Figure 4.2. Kaplan-Meier hazard curves and survival curves for dental implant failure in terms of (A) SSRI 

(selective serotonin reuptake inhibitor) usage (Δ: usage, ο: nonusage), (b) bone surgery (Δ: yes, ο: no), (c) 

implant ∅ (Δ: <4 mm, ο: ≥4 mm), and (D) smoking habits (Δ: smoker, ο: nonsmoker). 
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4.5 Discussion 

Our hypothesis was confirmed by the present study, showing through a multivariate 

analysis, that SSRIs usage, as well as other factors, increases the risk of osseointegrated 

dental implant failure. Below, each of these factors is discussed in details. 

 

SSRIs and dental implant failure 

Our study focused on the possible association of SSRIs treatment with increased dental 

implant failure. In Table 4.2, we show that SSRIs have a significant association with higher 

risk of dental implant failure. Despite the fact that there were no significant differences 

between the group of SSRIs users and non-users in terms of systemic and demographic 

conditions (Table 4.1), SSRIs users were more susceptible [OR: 6.28 (1.25-31.61)] to 

implant failures than non-users.  

Osseointegrated implant failure is usually caused by failed osseointegration, peri-

implantitis, mechanical overloading (10) or a combination of these factors (24). Early 

failures, occurring weeks to a few months after implant placement (24), often result from 

impaired healing (10), implant contamination or lack of mechanical stability (24). Late 

failures are frequently caused by peri-implantitis (plaque-induced progressive marginal 

bone loss) mainly occurring after 2-years follow-up (25). The failures caused by 

mechanical overloading usually occur after the loading time of 4-6 months (10). In our 

study, the stratification of the follow-up period in Kaplan-Maier curves showed that 

failures occurred mostly between 4-14 months (8 failed cases out of 10) after implant 

placement. Implants placed in SSRIs users had favorable primary mechanical stability 

(torque: 29.6±8.8 Ncm), acceptable bone quality and quantity, appropriate implant 
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dimensions, and good early healing (all implants were loaded) (Table 4.1). Therefore, the 

main reason causing implant failure by SSRIs was probably associated with problems in 

the mechanical loading of the implants. This is in agreement with previous in vivo studies 

in which it was shown that serotonin plays an important role in the anabolic response of 

bone to mechanical loading (26). This study indicates that SSRIs might cause bone mass 

loss by inhibiting the bone remodeling processes triggered by mechanical loading. 

Accordingly, SSRIs might also be impairing bone remodeling around functional implants, 

although this hypothesis will require further mechanistic experiments to be confirmed. 

Inappropriate response to mechanical loading can be the possible cause of “the after-

loading failures”. Future studies are needed to confirm the hypothesis. However, the effect 

of SSRIs on the risk of implants failures in our study can to some extent lead to careful 

surgical planning in SSRIs users. 

 

Bone augmentation and dental implant failure 

In our study, bone augmentation seemed to be associated with higher dental implant failure 

in GEE analysis, but the association was not significant using Multilevel Mixed Effects 

Parametric Survival Analysis in STATA. Bone augmentation is essential for placement of 

implants when bone volume is insufficient. However, previous studies (27) indicated that 

higher implant survival rate can be expected when there is no need for bone regeneration 

procedures. The negative impact might indicate that the quality and quantity of regenerated 

bone are often deficient (27). Moreover, bone surgeries may require more maintenance of 

bone integrity and more firm immobilization after surgeries (27).  
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Smoking habit and dental implant failure 

In this study, we observed a significant increase risk of dental implant failure associated 

with smoking habits. This was in agreement with previous studies recognizing a higher rate 

of dental implant failure in smokers (odds ratios ranging from 3.6 to 4.6) (28), probably 

because smoking impairs bone healing after dental implant surgical treatment. The adverse 

effect during the early stage of osseointegration may be explained by the influence of 

smoking on the wound healing process (28) through a direct toxic effect (29) on the bone 

around implants. Smoking, and especially nicotine, impairs new bone formation, reduces 

calcium absorption, and decreases bone mineral density transiently (30). 

 

Implant dimensions and dental implant failure 

We demonstrated that smaller implant diameters were associated with higher risk of 

implant failure, which was confirmed by other studies (31). The use of narrow diameter 

implants has been proposed to avoid bone augmentation procedures and reduce surgical 

complexity (31). However, they have less surface area for interaction and anchorage, which 

may lead to insufficient bone integration, as well as unfavorable distribution of 

biomechanical forces causing reduced resistance to fracture (31). In our study, we did not 

observe significant association between short implant length and increased failure. The 

implant length may be a factor in survival (32), but in our study, it does not appear to be as 

critical as SSRIs treatment, the bone quality, smoking habits and implant diameters. 

 

Superiority and Limitations 
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In order to avoid bias, we had comparable control and experimental groups (Table 4.1) 

with sufficient sample size. We performed a comprehensive statistical analysis adjusted to 

multiple confounders with sufficient power as well as using GEE model and Multilevel 

Mixed Effects Parametric Survival Analysis to solve data cluster. Furthermore, the 

surgeries for all included patients were carried out by one single surgeon, avoiding most of 

the personal bias and operation variances.  

However, there were still several factors that could not be assessed in the study. Due to the 

lack of detailed information, we were not able to adjust to the degree of depression (8), 

which might be a predictor for implant success rate. Within the limit of our knowledge, 

there is no evidence in the literature on whether depression is a risk factor for implants 

failure or oral complications. Lack information about oral hygiene, as dental implant 

maintenance was one of our limitations (32). Moreover, drug compliance dose and 

treatment period could not be acquired from the files of the patients. Further studies 

investigating the dose-effect relationship and the influence of the treatment duration should 

be carried out to analyze this phenomenon in more depth. Moreover, the aspect of dose-

relevant effects on bone metabolism could be of interest for prospective investigations. 

Randomized clinical trials should also be carried out in the future to confirm our results 

since there is selection bias, such as “confounding by indication”, missing clinical data and 

the risk of under-reporting data in cohort studies.  

Nevertheless, our study indeed, for the first time, indicated an association between SSRIs 

treatment and higher risk of dental implant failure. Thus, this study might suggest careful 

surgical treatment planning for SSRIs users. 
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4.6 Conclusion 

Within the limits of our study we can conclude that SSRIs treatment is associated with 

higher risk of osseointegrated implant failure. Implant survival rate could also be 

influenced significantly by other factors, such as implant diameter, bone augmentation and 

smoking habits.  
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5.1 Abstract 

Antihypertensive medications, regardless of their types, are beneficial for bone formation 

and remodeling, and are associated with lower risk of bone fractures. Because 

osseointegration is influenced by bone metabolism, this study aimed to investigate the 

association between antihypertensive drugs and the survival rate of osseointegrated 

implants. This retrospective cohort study included a total of 1499 dental implants in 728 

patients (327 implants in 142 antihypertensive-drugs-users and 1172 in 586 non-users). 

Multilevel mixed effects parametric survival analyses were used to test the association 

between antihypertensive drugs use and implant failure adjusting for potential confounders. 

The failure rates were 0.6% for people using antihypertensive drugs and 4.1% for non-

users. A higher survival rate of dental implants was observed among users of 

antihypertensive drugs [HR (95%CI): 0.12 (0.03-0.49)] compared to non-users. Our 

findings suggest that treatment with antihypertensive drugs may be associated with an 

increased survival rate of osseointegrated implants. To our knowledge, this could be the 

first study showing that the systemic use of a medication could be associated with higher 

survival rate of dental implants. 
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5.2 Introduction 

Hypertension is a chronic medical condition in which the blood pressure in the arteries is 

elevated (1). According to the Global Burden of Disease Study (2), more than 640 million 

people in the world suffer from hypertension. The prevalence of hypertension among 

people over the age of 60 years can reach 66%, with more than half of them taking 

antihypertensive medications (1). Antihypertensive medications, mainly beta-blockers, 

thiazide diuretics, angiotensin-converting-enzyme (ACE) inhibitors, and the angiotensin II 

receptor antagonists (ARBs), are the most commonly prescribed drugs for people who 

suffer from high blood pressure (3). Beta-blockers act by blocking the β-2 receptor in the 

sympathetic nervous system resulting in a decrease in blood pressure (4); thiazide diuretics 

control hypertension by blocking the thiazide-sensitive Na-Cl symporter and inhibiting 

reabsorption of sodium and chloride ions from the distal convoluted tubules in the kidneys 

(5); and ACE inhibitors and ARBs block the rennin-angiotensin system to reduce blood 

pressure (6). 

In addition to these effects, antihypertensive drugs also have an effect on bone, especially 

in bone formation, metabolism and healing (3, 7). Bone metabolism is regulated at 3 levels: 

by osteoblast-osteoclast interaction, by the immune system, and by the central nervous 

system (8). Antihypertensive drugs can affect the regulation pathways through different 

ways: beta-blockers inhibit osteoclasts catabolic effects on bone by blocking their β-2 

adrenergic receptors (9); thiazide diuretics enhance bone formation by increasing calcium 

absorption at the distal convoluted tubule (10); and ACE inhibitors and ARBs can shift 

balance toward bone formation by blocking the rennin-angiotensin system (11). Even 

though antihypertensive drugs appear to be beneficial in preventing osteoporosis and bone 
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fractures (4, 12), the effect of these drugs has barely been explored in other bone-related 

clinical conditions such as osseointegrated medical devices, including dental implants.  

Osseointegrated medical devices, mainly made of titanium, can create a firm and lasting 

connection with the recipient bone (13). Treatment of edentulous patients with 

osseointegrated dental implants is a reliable choice and a routine modality with long-term 

success (14). Bone formation is extremely important for osseointegrated dental implants 

because osseointegration follows a physiological process that resembles bone fracture 

healing, and is strongly influenced by bone metabolic activity (15). 

Since antihypertensive drugs affect bone formation and remodeling, our hypothesis was 

that antihypertensive drugs might have an impact on implant osseointegration, and 

subsequently on implant survival rate. Given the large portion of the population suffering 

from high blood pressure and subsequent use of antihypertensive medication, it is crucial 

to evaluate the effects of these drugs on the survival rate of osseointegrated implants. 

Therefore, a cohort study was designed to investigate the extent to which the use of 

antihypertensive medications is associated with survival rate of osseointegrated dental 

implants. This study might help explore potential additional benefits of antihypertensive 

drugs in the research field of dental implants, and also help open the door for new 

pharmacological treatments or innovations that could benefit the survival of 

osseointegrated implants.  
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5.3 Materials and Methods 

Patients and Data Sources 

Approval (12-372 GEN) was obtained from the Ethical Committee for Clinical Trials of 

McGill University to carry out an exploratory analysis of a retrospective cohort in the 

dental clinic “East Coast Oral Surgery” (Moncton, Canada). We used the files of patients 

who signed written informed consents allowing the use of their dental records for research. 

The study was carried out according to the STROBE guidelines (16). 

This cohort included patients who received dental implants at East Coast Oral Surgery, 

Moncton, Canada between January 2007 and September 2013. We have already 

demonstrated the quality of the data collected from this population in a previous study (17), 

and now we have collected data from additional patients in order to generate the cohort 

that we investigate in this study. Standard medical histories were retrieved from 

standardized questionnaires distributed and reported by participants. Records of patients 

with dental osseointegrated implants for this retrospective cohort study were identified in 

the clinic database, and the original hardcopy files were retrieved for annual examination. 

The overall study period was 7 years, between January 2007 and June 2014. We recorded 

the follow-up period for the patients from the time implants were placed to the last time 

they came for examination. There were no dropouts. Pre-operatively, patient information 

including medication, habits, and behavioral factors was self-reported using a standardized 

questionnaire that was filled prior to the surgical intervention. Patients with a severe 

systemic disease [American Society of Anesthesiology (ASA) III or IV], pregnant, or with 

a medical disorder known to substantially affect bone metabolism, such as osteoporosis, 

osteomalacia, Paget’s disease, vitamin D deficiency, hyperthyroidism, uncontrolled 
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diabetes, cancer [excluding non-melanoma skin cancer], or alcoholism, as well as those on 

corticosteroids, antiepileptic drugs, selective serotonin reuptake inhibitors, proton pump 

inhibitors, bisphosphonates (17, 18). Patients with implants with diameters less than 4mm 

were excluded because adjustment for this confounder was not possible due to very few 

implants with diameters less than 4mm in our cohort (n=60). All patients were examined 

before the implant surgeries and controlled for periodontal disease if necessary. No patients 

had periodontal disease at the time of surgery. History on periodontal disease or controlled 

diabetes are not risk factors of peri-implantitis or implant loss, therefore they were not 

considered as confounders in our analysis (19)(1). All subjects who reported to have any 

type of smoking habits were defined as smokers (20). This confounder was included and 

adjusted for in our statistical analysis. 

Antihypertensive Medication Definition 

Antihypertensive drugs users were defined as patients who reported to be taking this type 

of medication including beta-blockers, thiazide diuretics, ACE inhibitors, ARBs, and 

others (3) during the pre-surgery appointment that was scheduled 1 week prior to implant 

placement. We assessed all of these drugs because most of them have positive effects on 

bone (6, 7, 21).  

Surgical Protocol and Post-operative Treatment 

In patients with sufficient native bone, implant surgery was performed under local 

anesthesia, with or without intra-venous sedation, according to the recommended 

manufactures protocol (22). For those who had inadequate bone volume for implant 

placement, bone augmentation (i.e. lateral bone grafting, sinus lifting) was performed 6 

months prior to implant placement using a mixture of autogenous and allogenic bone 
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substitutes (allogeneic bone, Straumann, Andover, MA, USA) (22). All implants were 

Nobel Biocare ® Implants (Nobel Biocare, Gothenburg, Sweden) with TiUnite surfaces. 

Postoperatively, patients were instructed to rinse 4 times per day for a period of 7 days with 

0.2% chlorhexidine solution (Peridex, Periogard, Allentown, PA, USA) and to follow a 

soft diet. They also received a prophylactic prescription of antibiotics for a period of 7 days 

(amoxicillin, 500 mg, orally, 3 times per day [GlaxoSmithKline, Middlesex, UK]). 

Analgesic agents were prescribed as needed (Tylenol® [500 mg, t.d.s.; McNeil Consumer 

Healthcare, Fort Washington, PA, USA] or Advil® [400 mg, t.d.s.; Wyeth Consumer 

Healthcare, Madison, New Jersey, USA]).  

Patients were recalled for follow-up examinations 10 days after surgery; all sutures were 

removed; and hygiene instructions were reinforced. Before final implant supported 

prosthesis delivery, osseointegration was evaluated clinically by assessing vertical, lateral 

and rotational signs of mobility (23).  

Study Outcomes and Follow-up 

The primary outcome of this cohort study was the failure of the dental implants, and we 

followed patients until they experienced dental implant failure, died, or were censored for 

losing the track or reaching the end of the study period, whatever came first. Implants with 

at least one of the following complications were defined as failures: a) pain on function; b) 

mobility; c) radiographic bone loss equivalent to ½ of the implant length; d) uncontrolled 

exudate; e) implant no longer in mouth (24). The following parameters were retrieved from 

the patients’ files and standardized questionnaires: patient age, sex, implant dimensions, 

bone augmentation, smoking habits, physical condition, medicine undertaken, and follow-

up time.  
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Statistical Analysis 

Comparison between antihypertensive drugs users and non-users in terms of demographic 

systemic conditions and other factors was done using Chi square test. Kaplan–Meier 

survival curves were plotted to describe the cumulative proportion of dental implant failure 

stratified by antihypertensive drugs, hypertension and smoking habits. We used multilevel 

mixed effects parametric survival analysis (25, 26), a patient-based multilevel analysis, to 

assess the association between antihypertensive drugs usage and dental implant failure, 

accounting for cluster effects of multiple implants when placed and evaluated in a single 

patient (correlated observations). Because there is little prior knowledge about the 

appropriate shape of survival probability, we extend parametric frailty models including 

five different parametric models (Weibull, Exponential, Log logistic, log normal and 

Gompretz) to allow any number of normally distributed random effects. Akaike’s 

information criteria was used choose the best fit survival model (27). All analyses were 

adjusted for the following potential confounders: age, gender, implant length, bone 

augmentation, and smoking habits which were the most widely recognized risk factors for 

implant outcome. These covariates were selected because of their associations with bone 

status or dental implant survival rate and have been controlled for in studies of similar 

design (28). Statistical analysis was performed using the software STATA13 for Windows 

(Stata Corp, Texas, USA). All analysis were done with a type-I error set to 5 %.  
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5.4 Results 

During the study period between 2007 and 2013, 223 patients with a total of 313 implants 

were excluded for bone-related diseases or medications, pregnancy, or receiving implants 

with the diameter less than 4mm and more than 5.5mm (Fig. 5.1). The 728 patients who 

met our inclusion criteria consisted of 353 females and 375 males, with ages ranging from 

18 to 93 years (averaging 57.7; SD=12.1). A total of 1499 osseointegrated dental implants 

were included in our study, among which 671 were placed in females and 828 in males. A 

total of 327 implants were placed in 142 antihypertensive drugs users whereas 1172 were 

placed in 586 non-users. Among the drugs users, 18.9% of the patients were taking beta-

blockers, 5.4% thiazide diuretics, 29.7% ACE inhibitors, 24.3% ARBs, and 21.6% others. 

We did not assess the effects of these drugs separately because of the limited sample size 

in the subgroups. Also, 1327 implants were placed in 645 non-smokers whereas 172 were 

placed in 83 smokers. Implants had diameters ranging from 4.0 mm to 5.5 mm (averaging 

4.3 mm; SD=0.4), lengths ranging from 7.0 mm to 16.0 mm (averaging 12.0 mm; SD=2.1) 

and torque at insertion ranging from 10 Ncm to 65 Ncm (averaging 33.1; SD=10.6), and 

the average number of implants per patient was 2.1. 

During the entire observation period, 1449 implants survived and 50 failed resulting in a 

survival rate of 96.7%. Even though some studies report higher success rate, we report here 

the dental implant failure is within the stablished range in the previous literature and in our 

previous clinic study (17, 29). The two groups of antihypertensive drugs users and non-

users were comparable in terms of the following factors which might affect bone 

metabolism or implant survival: gender, implant length, implant torque, smoking habits, 

and follow-up period (Table 5.1). Bone augmentation surgeries were performed less often 
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in antihypertensive drugs users than in non-users [OR (95%CI): 0.71 (0.55-0.92)], and 

older people were more likely to take antihypertensive medications than younger patients 

[OR (95%CI): 2.08 (1.62-2.67)] (Table 5.1).  

Kaplan–Meier survival curves for dental implant failure in terms of antihypertensive drugs 

usage, hypertension and smoking habits are shown in Figure 5.2 and 5.3. The failure rates 

were 0.6% for people using antihypertensive drugs and 4.1% for non-users. Multilevel 

Mixed Effects Parametric Survival Analysis adjusted to the confounders age, gender, 

implant length, bone augmentation, and smoking habits using Weibull model based on AIC 

(Akaike Information Criterion) selection confirmed our hypothesis by revealing that 

antihypertensive drugs treatment [P=0.01; HR (95% CI): 0.18 (0.05-0.61)] and 

hypertension [P=0.01; HR (95% CI): 0.18 (0.05-0.61)] were associated with higher implant 

survival rate (Table 5.2). Other factors such as age, gender, implant length, implant torque, 

implant loading time, and bone augmentation did not significantly affect implant survival 

rate. Table 5.3 indicated that hypertensive patients taking medication showed a decreased 

implant failure rate at 0.6% compared to non-users [OR (95% CI): 0.14 (0.03-0.60); 

P=0.01]. On the other hand, hypertensive patients not taking antihypertensive drugs had a 

failure rate at 4.7% that was not significantly different from the non-users control group 

[OR (95% CI): 1.12 (0.15-8.49); P=0.91]. Smoking [P=0.01; HR (95% CI): 3.59 (1.80-

7.15)] was associated with an increased risk of implant failure (Table 5.2). Patient’s age, 

gender, implant length, implant torque, bone augmentation, follow-up period, and loading 

time had no significant association with implant survival rate (Table 5.2).  
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Table 5.1. Description of the cohort by implants (n= 1499) among antihypertensive drugs users and non-

users. 

Variables 
Antihypertensive drugs N (%) Odds Ratio 

(95% CI) 
P 

Users Non-users 

Gender     

Female 132 (40.4) 539 (46.0) 1  

Male 195 (59.6) 633 (54.0) 1.26 (0.98-1.61) 0.08 

Age     

≤60 140 (42.8) 702 (59.9) 1  

＞60 184 (56.3) 444 (37.9) 2.08 (1.62-2.67) 0.00* 

Missing 3 (0.9) 26 (2.2) 0.58 (0.17-1.94) 0.37 

Implant Length     

≤10mm 50 (15.3) 235 (20.1) 1  

＞10mm 277 (84.7) 937 (79.9) 1.39 (0.99-1.94) 0.06 

Implant Diameter     

4.0mm 186 695 1  

4.3mm 67 197 1.27 (0.92-1.75) 0.14 

5.0mm 72 265 1.02 (0.75-1.38) 0.92 

6.0mm 1 16 0.23 (0.03-1.77) 0.16 

Implants Torque     

＜35Ncm 105 (32.1) 369 (31.5) 1  

≥35Ncm 218 (66.7) 721 (61.5) 1.06 (0.82-1.38) 0.64 

Missing 4 (1.2) 82 (7.0) 0.17 (0.06-0.48) 0.00* 

Smoking     

No 284 (86.9) 1043 (89.0) 1  

Yes 43 (13.1) 129 (11.0) 1.22 (0.85-1.77) 0.28 

Controlled Diabetes     

No 314 (96.0) 1147 (97.9) 1  

Yes 13 (4.0) 25 (2.1) 1.90 (0.96-3.76) 0.07 

Bone Augmentation     

No 207 (63.3) 646 (55.1) 1  

Yes 120 (36.7) 526 (44.9) 0.71 (0.55-0.92) 0.01* 

Follow-up Time     

＜12 months 176 (53.8) 674 (57.5) 1  

≥12 months 151 (46.2) 498 (42.5) 1.19 (0.93-1.53) 0.18 

Implant Loading Time     

Immediate 26 (8.0) 90 (7.7) 1  

Delayed 301 (92.0) 1082 (92.3) 0.96 (0.61-1.52) 0.91 

Parafunctional Habits     

No 326 (99.7) 1155 (94.3) 1  

Yes 1 (0.3) 17 (5.7) 0.21 (0.03-1.58) 0.15 

Type of Prostheses      

Fixed  318 (97.2) 1120 (95.6) 1  

Removable 9 (2.8) 52 (4.4) 0.61 (0.30-1.25) 0.18 

Nº Implants/Patient     

≤ 2 178 (64.5) 738 (49.2) 1  

> 2 149 (35.5) 761 (50.8) 0.81 (0.64-1.03) 0.09 

Parafunctional habits include bruxism, attrition, temporomandibular disorders. *Statistically significant 
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Table 5.2. Multilevel survival analysis for dental implant failure in terms of different factors. 

Factor Sn (%) Fn (%) 
Failure 

(%) 
P HR†(95% CI) 

Gender     

Female 645 (44.5) 26 (52.0) 3.9   

Male 804 (55.5) 24 (48.0) 2.9 0.56 0.78 (0.45-1.38) 

Age‡     

≤60 810 (57.0) 32 (65.3) 3.8   

>60 611 (43.0) 17 (34.7) 2.7 0.67 1.06 (0.57-1.98) 

Hypertension     

No 1103 (76.1) 47 (94.0) 4.1   

Yes 346 (23.9) 3 (6.0) 0.8 0.01* 0.18 (0.05-0.61) 

Antihypertensive Drugs     

No 1124 (77.6) 48 (96.0) 4.1   

      

Yes 325 (22.4) 2 (4.0) 0.6 0.01* 0.12 (0.03-0.49) 

Implant Length     

≤10mm 277 (19.1) 8 (16.0) 2.8   

>10mm 1172 (80.9) 42 (84.0) 3.5 0.27 1.45 (0.67-3.15) 

Implant Torque‡     

<35Ncm 459 (33.5) 15 (34.1) 3.2   

≥35Ncm 910 (66.5) 29 (65.9) 3.1 0.64 1.03 (0.54-1.96) 

Bone Augmentation     

No 827 (57.1) 26 (52.0) 3.0   

Yes 622 (42.9) 24 (48.0) 3.7 0.42 1.08 (0.61-1.92) 

Smoking Habits     

No 1288 (88.9) 39 (78.0) 2.9   

Yes 161 (11.1) 11 (22.0) 6.4 0.01* 3.59 (1.80-7.15) 

Implant Loading     

Immediate 112 (7.7) 4 (8.0) 3.4   

Delayed 1337 (92.3) 46 (92.0) 3.3 0.94 1.04 (0.37-2.89)  

Sn: the number of survived implants, Fn: the number of failed implants, HR: Hazard Ratio. 

*Statistically significant  † Hazard Ratios (HR) were performed using Multilevel Mixed Effects Parametric 

Survival Analysis adjusted to age, gender, implant length, bone augmentation, and smoking habits. ‡ Total 

number might not add to 1499 due to missing information. 

 

 

 

 

 

Table 5.3. Comparison for dental implant failure in terms of hypertension and antihypertensive 

medications. 

Factors Survived Implants Failed Implants Odd Ratios P 

Non-Hypertensive patients 1103 47 1 - 

Hypertensive Patients     

With antihypertensive medications 325 2 (0.6%) 0.14 (0.03-0.60) 0.01* 

Without antihypertensive medications 21 1 (4.7%) 1.12 (0.15-8.49) 0.91 
*Statistically significant   
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Table 5.4. Detailed information about Implant Diameter 

Diameters Frequency Percent 

4 859 56.2 

4.1 38 2.5 

4.3 264 17.6 

4.5 7 0.5 

4.7 1 0.1 

4.8 17 1.1 

5 312 20.8 

5.5 1 0.1 

Total 1499 100 

 

 

 

 

 

Table 5.5. Detailed information about Implant Length 

Length Frequency Percent 

≤8 52 3.5 

8.5 65 4.3 

9 24 1.6 

9.5 3 0.2 

10 278 18.5 

11 53 2.6 

11.5 306 20.4 

12 24 1.6 

13 393 26.2 

14 9 0.6 

15 290 19.3 

16 2 0.1 

Total 1499 100 
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Table 5.6. Detailed information about Implant Torque  

Torque Frequency Percent 

10 11 0.7 

15 143 9.5 

20 7 0.5 

25 270 18 

30 9 0.6 

35 679 45.3 

40 14 0.9 

45 242 16.1 

50 7 0.5 

55 6 0.4 

60 3 0.2 

65 14 0.9 

70 3 0.2 

75 4 0.3 

100 1 0.1 

Missing 86 5.7 

Total 1499 100 
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Table 5.7. Implant-based distribution for medical history information 

Disease Success Failure Odd Ratio P 

Heart Disease 54 0 0.96 (0.95-0.97) 0.26 

No 1395 50 1 - 

Chest Pain 25 2 2.37 (0.55-10.31) 0.23 

No 1424 48 1 - 

Heart Murmur 42 2 1.40 (0.33-5.94) 0.66 

No 1407 48 1 - 

Low Blood Pressure 20 1 1.46 (0.19-11.09) 0.51 

No 1429 49 1 - 

Glaucoma 24 0 0.98 (0.97-0.99) 1.00 

No 1425 50 1 - 

Kidney Disease 10 1 2.94 (0.37-23.40) 0.31 

No 1439 49 1 - 

Stomach Ulcers 62 4 1.95 (0.68-5.58) 0.28 

No 1387 46 1 - 

Tuberculosis 17 0  0.99 (0.98-0.99) 1.00 

No 1432 50 1 - 

Emphysema Bronchitis 44 0 0.97 (0.96-0.98) 0.40 

No 1405 50 1 - 

Asthma 79 3 1.11 (0.34-3.64) 0.75 

No 1370 47 1 - 

Allergies or Hives 208 5 0.66 (0.26-1.69) 0.54 

No 1241 45 1 - 

Sinus Disease 29 3 3.13 (0.92-10.63) 0.09 

No 1420 47 1 - 

Dry Mouth 64 1 0.44 (0.06-3.25) 0.72 

No 1385 49 1 - 

Thyroid Disease 104 5 1.44 (0.56-3.70) 0.41 

No 1345 45 1 - 

Osteoarthritis 92 2 0.62 (0.15-2.57) 0.77 

No 1357 48 1 - 

Rheumatoid Arthritis 15 2 3.98 (0.89-17.91) 0.11 

No 1434 48 1 - 

Epilepsy 8 0 0.99 (0.99-1.00) 1.00 

No 1441 50 1 - 

Stroke 15 0 0.99 (0.98-1.00) 1.00 

No 1434 50 1 - 

Hepatitis B or C 21 0 0.99 (0.98-0.99) 1.00 

No 1428 50 1 - 

Anemia 27 3 3.36 (0.99-11.47) 0.08 

No 1422 47 1 - 

Bruise Easily 75 3 1.17 (0.36-3.84) 0.74 

No 1374 47 1 - 
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Figure 5.1. Flow diagram of the study (all numbers indicate number of patients / number of implants). 

‡ Excluded for diseases (osteoporosis, osteomalacia, Paget’s disease, vitamin D deficiency, hyperthyroidism, 

cancer), medications (corticosteroids, antiepileptic drugs, selective serotonin reuptake inhibitors, proton 

pump inhibitors, or bisphosphonates), pregnancy, and the implants with small diameters (≤4mm). 

 

 

 

Figure 5.2. Kaplan-Meier survival curves for dental implant failure in terms of: A) Antihypertensive drugs 

usage (∆: Usage; O: Non-usage); B) Hypertension (∆: Yes; O: No); C) Smoking habits (∆: Smoker; O: Non-

smoker). 
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Figure 5.3. Follow up period frequency  

 

 

 
Figure 5.4. Follow up period cumulative frequency   
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Figure 5.5. Detailed information about Implant Position 
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5.5 Discussion 

Osseointegration of dental implants have been largely improved during the last 50 years in 

a series of 3 major breakthroughs. Firstly, in the 1960s, the unique property of titanium for 

osseointegration was discovered (30); secondly, in the 1980s, it was found that surface 

treatment of implants had important benefits on dental implant osseointegration and 

survival (13); thirdly, in the 1990s and 2000s, topical use of drugs and growth factors, such 

as BMP-2 (Bone morphogenetic proteins-2) (31) or melatonin (32), were found to improve 

osseointegration. However, to our knowledge, this could be the first study showing that the 

systemic use of a medication could also improve the survival rate of dental implants. This 

study might open the door for future systemic pharmacological treatments to improve 

implant success.  

 

Antihypertensive drugs and dental implant failure 

Our hypothesis was confirmed by the present study showing that antihypertensive drugs 

usage is associated with higher survival rate of osseointegrated dental implants. This can 

be explained by the relationship between antihypertensive medication and bone 

metabolism (7). Most antihypertensive drugs including beta-blockers, Thiazide diuretics, 

ACE inhibitors and ARBs have positive effects on bone health. These drugs represent 82% 

of antihypertensive drugs prescriptions in the province of New Brunswick (33). On the 

other hand, loop diuretics and calcium channel blockers have little or no effects (33), but 

these drugs only represent 18% of the antihypertensive drugs prescription in the province 

of New Brunswick (33). These various probable mechanisms by which these drugs affect 

bone are discussed underneath. 
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Beta-blockers 

Beta-blockers, one of the most widely used treatments for hypertension, exert their effect 

by inhibition of sympathetic β-adrenergic receptors. The β-adrenergic receptors, especially 

β-2 receptors, are expressed in bone cells, and their activity induces bone resorption and 

decreases bone formation (34). Beta-blockers are shown to have beneficial effects on bone 

structure, metabolism and healing (7). Besides the cardiovascular effects, beta-blockers 

block the β-2 receptors responsible for bone resorption resulting in increased bone accrual 

(35). 

Thiazide diuretics 

Thiazide diuretics inhibit the thiazide-sensitive sodium chloride cotransporter (NCC) in the 

distal tubule in the kidney to enhance calcium uptake and suppress parathyroid hormone 

secretion (36). Moreover, the NCC is also expressed in human osteoblasts and osteoblast-

like cells, so the blockade of NCC by thiazide diuretics enhances bone calcium uptake 

thereby increase bone formation directly (21). In this way, thiazide diuretics indirectly 

stimulate osteoblast differentiation and bone mineral formation. 

ACE inhibitors and ARBs 

ACE inhibitors and ARBs, widely used antihypertensive medications, target the renin-

angiotensin-aldosterone system (RAAS) which play a crucial role in blood pressure control. 

RAAS operates systemically and locally in several tissues including bone (37). ACE 

inhibitors and ARBs inhibit the activity of ACE and then affect bone metabolism (6); ARBs 

can also significantly increase bone mineral density (BMD) by inhibiting the activity of 

tartrate-resistant acid phosphatase (TRACP), a marker of bone resorption (38).   
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In this retrospective cohort study, we could not identify the specific influence of each 

antihypertensive drug due to the limited information available from the patients’ records. 

Nevertheless, the implants survival rate was significantly higher when patients were under 

antihypertensive medication. The failure rate was almost 7 folds lower in antihypertensive 

drugs users (0.6%) than in non-users (4.1%). Therefore, there is a trend that the positive 

effect antihypertensive drugs might on bone health might increase osseointergrated implant 

survival rate. So the most important clinical implication of our study is that it might help 

developing future pharmacological innovations to improve the survival rate of 

osseointergrated implants. 

 

Hypertension and dental implant failure 

Higher blood pressure has been reported to be associated with increased bone loss (39). 

This might be because hypertension is associated with abnormal calcium metabolism, 

including an increase in urinary calcium excretion (40). In our study we observed a 

significant beneficial effect of hypertension on osseointegrated implants. However, this 

might be because most of the hypertensive patients were taking antihypertensive 

medications (Table 5.3). However, the hypertensive patients that were not taking the 

medication had implant survival rates comparable to the non-users group. 

And only a small portion of hypertensive patients were not taking any type of 

antihypertensive medication, similarly to what has been reported in the literature (41). 

Therefore, it seemed that the protective effects we observed were caused by 

antihypertensive drugs rather than the hypertension disease. Acordingly, it is advisable that 
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hypertensive patients who need osseointegrated implants take their antihypertensive 

medications for a better clinical outcome. 

 

Difference between using and not using Antihypertensive Medication 

We observed that older people (> 60 years old) were more likely to take antihypertensive 

medications than younger people. This was reasonable because the prevalence of 

hypertension increases with age (3). In our study we also discovered that bone 

augmentation surgeries were performed less often in antihypertensive drugs users than in 

non-users [OR (95%CI): 0.71 (0.55-0.92); P=0.01]. This might be due to the benefits of 

antihypertensive drugs on bone formation and metabolism (3, 7). In fact, antihypertensive 

drugs were reported to be associated with increased BMD (12) and ectopic bone formation 

in the oral cavity (42) which might reduce the necessity for bone augmentation surgeries 

although future studies should be performed to confirm this. 

 

Smoking habits and dental implant failure 

In this study, we observed a significant increased risk of dental implant failures associated 

with smoking habits. This was in agreement with previous studies recognizing a higher rate 

of dental implant failure in smokers, probably because smoking impairs bone healing after 

dental implant surgical treatment (43). The adverse effect during the early stage of 

osseointegration may be explained by the influence of smoking on the wound healing 

process through a direct toxic effect on the bone around implants (44). Smoking, and 

especially nicotine, impairs new bone formation, reduces calcium absorption, and 

decreases bone mineral density transiently (45). 
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Limitations and Strength  

There were several limitations in our study. Retrospective cohort studies rely on self-

reported exposures by participants for data collection just as ours (46). However, this might 

cause recall bias depending on the recency of the event, the social desirability of the drugs, 

and nuances of data collection methodology (47). Nevertheless, it has been shown self-

reported data are reasonably accurate and can provide a useful estimate for measurements 

(48). Patient compliance and adherence to the drugs as well as drug type, dose and 

treatment period could not be acquired from the files of the patients. This issue should be 

addressed in future studies, however, adherence to antihypertensive drugs is very high at 

87.3% (41), and the effect antihypertensive drugs on bone is not dose-dependent (12, 49). 

Moreover, as with all observational studies, our results could also be biased by 

unrecognized confounders. Future prospective cohort studies and randomized clinical trials 

should also be carried to investigate the phenomenon in more depth. 

Due to the lack of detailed information, we were not able to adjust to other predictors for 

implant survival rate, such as the oral hygiene of the patients (50), the history of periodontal 

diseases, and the degree of hypertension (51) which may affect bone remodeling. We could 

not identify the specific influence of each antihypertensive drug due to the limited 

information available from the patients’ records. Analysis for each drug separately was not 

possible to performed because the failure number was too small in anti-hypertensive drugs 

users (only 2 failure cases in all anti-hypertensive drugs users). And no failure was 

observed in patients taking beta-blockers (n=62), thiazide diuretics (n=18), and angiotensin 

II receptor antagonists (ARBs) (n=79). Data on probing depth, bleeding on probing, 
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attachment level, and biofilm index could not be acquired. However, these examinations 

are often used to assess dental implant inflammation, which are quite important for peri-

mucositis and peri-implantitis, but no literature indicates that these examinations are 

associated with dental implant failure (52). Also most of our surgical interventions were 

done before the publication of the recent literature on the prophylactic use of antibiotics 

(53); nowadays, there is no need for prophylactic postoperative use of antibiotics for 7 days. 

We also do not have sufficient data information on implants with diameters less than 4mm, 

and this should be considered and studied in the future. 

Our study has several strengths. It shows indeed, for the first time, an association between 

antihypertensive treatment and higher dental implant survival rate. Moreover, we adjusted 

our results for co-variables solving potential complexity of data interpretation. Risk 

estimates revealed an association between antihypertensive treatment and higher survival 

rate of osseointegrated dental implants using Multilevel Mixed Effects Parametric Survival 

Analysis. Furthermore, the surgeries for all included patients were carried out by one single 

surgeon, avoiding most of the personal bias and operation variances. Thus, this study might 

help in proposing future pharmacological treatments that could improve the survival of 

osseointegrated implant and bone regenerative treatments. 
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5.6 Conclusion 

Our findings suggest that treatment with antihypertensive drugs may be associated with an 

increased survival rate of osseointegrated implants. Implant survival rate could also be 

influenced significantly by smoking habits.  
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6.1 Abstract 

Proton pump inhibitors (PPIs) have a negative impact on bone accrual. Because 

osseointegration is influenced by bone metabolism, this study investigates the association 

between PPIs and the risk of osseointegrated implant failure. This retrospective cohort 

study included a total of 1773 osseointegrated dental implants in 799 patients (133 implants 

in 58 PPIs users and 1640 in 741 non-users) who were treated at the East Coast Oral 

Surgery clinic in Moncton, Canada, from January 2007 to September 2015. Kaplan-Meier 

estimator was used to describe the hazard function of dental implant failure by PPIs usage. 

Multilevel mixed effects parametric survival analyses were used to test the association 

between PPIs exposure and risk of implant failure adjusting for potential confounders. The 

failure rates were 6.8% for people using PPIs compared to 3.2% for non-users. Subjects 

using PPIs had a higher risk of dental implant failure (HR=2.73; 95% CI=1.10-6.78) 

compared to those who did not use the drugs. The findings suggest that treatment with PPIs 

may be associated with an increased risk of osseointegrated dental implant failure. 
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6.2 Introduction 

Endosseous dental implants are considered one of the most important innovations in 

restorative dentistry (1). They are a reliable option for treating partially dentate or 

edentulous patients, due to their ability to provide comfort, aesthetic, functions, and 

stability (1, 2). Despite this importance and many advances in techniques, materials, and 

implant design, the potential for clinical failure remains a significant concern for both 

dentists and patients (1). Osseointegrated dental implant survival is dependent on the 

success of osseointegration, which is the direct structural and functional connection 

between living bone and the dental implant surface (3). Therefore, bone metabolism 

including bone formation and remodeling plays crucial roles on the success of 

osseointegration (3). Indeed, abnormal bone metabolism is known to have a negative 

impact on implant osseointegration which can lead to implant failure (3). Several factors 

have been suggested to affect bone metabolism thus interfering with osseointegration. This 

includes age, gender, smoking habits, implant dimensions, bone surgeries, as well as some 

systemic medications such as proton pump inhibitors (PPIs) (4, 5).  

PPIs are a group of drugs that are rapidly becoming the third most prescribed 

pharmaceutical products worldwide (6). This type of medication, including Omeprazole, 

Lansoprazole, Pantoprazole, Dexlansoprazole, Esomeprazole, Rabeprazole, etc, is very 

effective in both prevention and treatment of gastrointestinal acid-related conditions, such 

as peptic ulcer, gastroesophageal reflux disease (GERD or GORD), dyspepsia, helicobacter 

pylori infections, eosinophilic esophagitis, gastrinomas, and stress gastritis (6). In the past 

20 years, a marked increase of PPIs exposure has been observed, especially among aged 

people (7). In any given year, more than 20 million Americans, about one in every 14, use 
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these medications (8). And among these drugs, esomeprazole Nexium is one of the top 10 

most commercialized drugs reaching 7.68 billion US dollars in sales in 2014 (Source: 

Statista 2015, IMS health). Besides occasional use of this medication, millions of 

individuals are also using PPIs as a continuous or long-term therapy (9). 

PPIs suppress gastric acidity by inhibiting the functions of the proton pump (H+/K+ ATPase) 

(10), which can also be found in bones (11). The proton pump inhibition of the osteoclasts 

can decrease their activities (4). Therefore, a relationship between PPIs administration and 

bone metabolism has been acknowledged by the US Food and Drug Administration (12), 

indicating that PPIs decrease bone mineral density by affecting calcium homeostasis and 

impairing calcium absorption (12, 13). Moreover, several observational studies have 

shown an association between the use of PPIs and high risk of bone loss and bone fractures 

(14). Also animal studies have shown that PPIs administration in vivo can impair bone 

healing and implant osseointegration (5). 

Despite the known negative effects of PPIs on the skeleton, the effect of these drugs has 

barely been explored in many important bone-related clinical conditions including 

osseointegrated dental implants. Many patients undergoing osseointegrated dental implants 

take PPIs without knowing their possible impact on the treatment outcome. Also, clinicians 

prescribe them without knowledge of their potential effect on osseointegrated dental 

implants. In summary, the potential effects of these commonly used drugs (PPIs) on 

implant osseointegration need to be investigated. Therefore, in this study the association 

between the use of PPIs and dental implant survival was investigated. The hypothesis of 

this study was that given the negative effect of PPIs on bone metabolism and 
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osseointegration, their clinical use could be associated with increased risk of dental implant 

failure.  
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6.3 Materials and Methods 

Patients and Data Sources 

Approval (12-372 GEN) was obtained from the Ethical Committee for Clinical Trials of 

McGill University to carry out a retrospective cohort study in the dental clinic “East Coast 

Oral Surgery” (Moncton, Canada). Written informed consent was granted from all subjects. 

The study was carried out following STROBE guidelines (15). 

A database was created enrolling all patients who received dental implants as an open 

cohort that has been followed-up for 8 years (from January 2007 to September 2015) at 

East Coast Oral Surgery, Moncton, Canada. The cohort has been described in detail 

elsewhere (16, 17). Briefly, records of patients with osseointegrated dental implants were 

identified in the clinic database, and the original hardcopy files were retrieved for 

examination.  

Before the surgical intervention, patients were asked to sign a consent form and fill out a 

standardized questionnaire which include socio-demographic information (e.g., age, sex), 

use of medications (e.g., PPIs, antihypertensive drugs), life style factors (e.g., smoking and 

alcohol habits), systemic conditions (e.g., diabetes, osteoporosis) and behavioral factors 

(e.g., parafunctional habits). Clinical procedures (e.g., implant length, bone augmentation) 

were also recorded in the dental records. 

Patients were seen for follow-up examination at 10 days (removing the suture), 1 week, 4 

weeks, 3 months and 4 months after the implant placement, and whenever they encountered 

an unusual condition of the implants. Any unusual condition they experienced was 

recorded including infection, discomfort, implant loosening, bone loss, implant failure, 

and/or death, apart from this information no other prospective data were collected. 
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For the current analysis, all patients with severe systemic diseases [American Society of 

Anesthesiology (ASA) III or IV], pregnant, or with a medical disorder known to 

substantially affect bone metabolism were excluded. This includes osteoporosis, 

osteomalacia, Paget’s disease, vitamin D deficiency, hyperthyroidism, cancer [excluding 

non-melanoma skin cancer], or alcoholism, as well as those on corticosteroids, antiepileptic 

drugs, selective serotonin reuptake inhibitors, beta-blockers, or bisphosphonates (16-18). 

All patients were examined before the implant surgeries and controlled for periodontal 

disease if necessary. No patients had periodontal disease at the time of surgery. 

 

Surgical Protocol and Post-operative Treatment 

All surgeries were performed by the same team and under the same conditions. All implants 

were Nobel Biocare ® Implants (Nobel Biocare, Gothenburg, Sweden) with TiUnite® 

surfaces. Cone beam computed tomography (CBCT) (Orthophos XG 3D®, Sirona, 

Salzburg, Austria) was used on all the patients for preoperative assessment of bone quality 

and quantity. In patients with sufficient native bone, implant surgery was performed under 

local anesthesia, with or without intra-venous sedation, according to the recommended 

manufacturer protocol (19). For those who had inadequate bone volume for implant 

placement, bone augmentation (i.e., lateral bone grafting, sinus lifting) was performed 6 

months prior to implant placement using a mixture of autogenous and allogenic bone 

substitutes (allogenic bone, Straumann, Andover, MA, USA) (19). According to the 

published guidelines in previous studies, the drilling sequence was adjusted according to 

the bone density (20).  In poor quality bone, the final bone preparation site was made 

relatively smaller to produce compression of the surrounding bone on implant insertion 

and improve the initial stability, whereas in dense bone, the site was made to match the size 
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of the implant (20). 

 

Postoperatively, hygiene instructions were reinforced. Patients were instructed to rinse 4 

times per day for a period of 7 days with 0.2% chlorhexidine solution (Peridex, Periogard, 

Allentown, PA, USA) and to follow a soft diet. They also received a prophylactic 

prescription of antibiotics for a period of 7 days (amoxicillin, 500 mg, orally, 3 times per 

day [GlaxoSmithKline, Middlesex, UK]). Analgesic agents were prescribed as needed 

(Tylenol® [500 mg, t.d.s.; McNeil Consumer Healthcare, Fort Washington, PA, USA] or 

Advil® [400 mg, t.d.s.; Wyeth Consumer Healthcare, Madison, New Jersey, USA]). Before 

the delivery of the implant supported prosthesis, osseointegration was evaluated 

radiographically as well as clinically by assessing vertical, lateral and rotational signs of 

mobility (21).  

 

Study Outcomes, Follow-up and Statistical Analysis 

The primary outcome of this cohort study was the failure of the dental implants.  According 

to Misch et al, and the recommendation of by The International Congress of Oral 

Implantologists (ICOI) Pisa Consensus Conference, implants with at least one of the 

following complications were defined as failures: a) pain on function; b) mobility; c) 

radiographic bone loss equivalent to ½ of the implant length; d) uncontrolled exudate; e) 

implant no longer in mouth (22). 

Baseline characteristics of the participants were described using mean values (standard 

deviation) for continuous variables and counts (percentage) for categorical variables. P-

values for baseline comparison were calculated using t-tests for continuous variables and 
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chi square statistics for categorical variables. Participants were considered PPIs users if 

they reported to be taking regularly any type of PPIs (Omeprazole, Lansoprazole, 

Dexlansoprazole, Esomeprazole, Pantoprazole, Rabeprazole, Ilaprazole, etc.) during the 

pre-surgery appointment that was scheduled 1 week prior to implant placement. 

Information on PPIs use was available only at study baseline. 

Kaplan-Meier analyses hazard curves were used to estimate cumulative incidence of dental 

implant failure stratified by PPIs exposure. Log-rank test for the significance of differences 

in incidence of failure by exposure status were plotted to describe the cumulative 

proportion of dental implant failure stratified by PPIs exposure. Multilevel mixed effects 

parametric survival analysis (23), a patient-based multilevel analysis, was used to calculate 

the Hazard Ratio (HR) and respective 95% CI assessing for the association between use of 

PPIs and the outcome time to dental implant failure, accounting for cluster effects of 

multiple implants when placed and evaluated in a single patient (correlated observations). 

Akaike’s information criteria (AIC) was used to choose the best fitting survival model (24). 

All models were adjusted for the following potential confounders: age, gender, implant 

length, bone augmentation, Non-steroidal anti-inflammatory drugs (NSAIDs) and smoking 

habits. Smoking habit was defined as anyone who reported to have any type of smoking 

habits (25). These covariates were selected because of their associations with bone status 

or risk of dental implant failure and have been controlled for in studies of similar design 

(16, 17, 26). NSAIDs usage was included as one of the confounders because PPIs are often 

used as co-therapy to prevent NSAIDs-induced peptic ulcer and NSAIDs usage is also 

related to bone health (27). Statistical analysis was performed using the software STATA13 

for Windows (Stata Corp, Texas, USA). All analysis was done with a type-I error set to 5%.  
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6.4 Results 

During the study period between 2007 and 2015, 296 patients with a total of 354 implants 

were excluded for bone-related diseases or medications, or pregnancy (Fig. 6.1). The 799 

patients who met inclusion criteria consisted of 430 females and 369 males, with ages 

ranging from 18 to 93 years (Mean=56.6; SD=13.7). The final sample included a total of 

1773 osseointegrated dental implants, among which 899 were placed in females and 874 

in males. A total of 133 implants were placed in 58 PPIs users whereas 1640 were placed 

in 741 non-users. Implants had diameters ranging from 3.0 mm to 5.5 mm (Mean= 4.1 mm; 

SD=0.5), lengths ranging from 7.0 mm to 16.0 mm (Mean= 12.1 mm; SD=2.0) and torque 

at insertion ranging from 10 Ncm to 65 Ncm (Mean=32.2; SD=10.9). There were 1446 

implants restored with fixed prosthesis without cantilevers, 180 restored with fixed 

prosthesis with cantilevers, and 147 with removable prosthesis (110 were retained by 2 

implants, 21 retained by 3 implants, and 16 retained by 4 implants). The removable 

prostheses were restored using mainly locator attachments, and no magnetic attachment 

was used.  The mean follow-up time was 16.6 months (SD= 16.3). 

During the entire observation period, 1711 implants survived and 62 failed resulting in a 

survival rate of 96.5%. PPIs users and non-users were comparable in terms of age, gender, 

implant length, implant diameter, smoking habits, overall implant number per patient, 

implant positions, type of prosthesis, bone augmentation, and follow-up time (Table 6.1). 

NSAIDs were taken more by PPIs users than non-users (OR=1.73; 95% CI: 1.06-2.80) 

(Table 6.1).  

Kaplan–Meier hazard curves for dental implant failure in terms of PPIs exposure, NSAIDs 

usage and smoking habits are shown in Figure 6.2. The percentage of implant failure was 
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6.8% and 3.2% among PPIs users and non-users, respectively. Multilevel Mixed Effects 

Parametric Survival Analysis using Exponential model based on Akaike’s Information 

Criterion confirmed the hypothesis of the study by revealing that PPIs treatment was 

associated with higher implant failure rate (HR=2.73; 95% CI=1.10-6.78; P=0.03) (Table 

6.2). Smoking (P=0.001) was associated with an increased risk of implant failure (Table 

6.2). Patient’s age, gender, implant length, and bone augmentation had no significant 

association with implant failure in this study (Table 6.2).  
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Table 6.1. Baseline characteristics of 1773 patients who received implants by proton pump inhibitors 

exposure  

Variables 
Proton Pump Inhibitors N (%) 

P 
Non-exposed to PPIs Exposed to PPIs 

Gender    

Female 835 (50.9) 64 (48.1) - 

Male 805 (49.1) 69 (51.9) 0.59 

Age in years Mean±SD 55.8±14.2 56.2±14.7 0.85 

Age in category    

≤60 940 (57.3) 75 (56.4) - 

＞60 670 (40.9) 57 (42.9) 0.78 

Missing 30 (1.8) 1 (0.7)  

Implant Diameter Mean±SD 4.2±0.5 4.1±0.4 0.15 

Implant Length Mean±SD 12.1±0.1 12.1±0.3 0.40 

Implant Length in category    

≤10mm 272 (16.6) 26 (19.5) - 

＞10mm 1320 (80.5) 104 (78.2) 0.40 

Missing 48 (2.9) 3 (2.3)  

NSAIDs    

No 1471 (89.6) 111 (83.5) - 

Yes 169 (10.4) 22 (16.5) 0.04* 

Smoking    

No 1467 (89.5) 119 (89.5) - 

Yes 173 (10.5) 14 (10.5) 1.00 

Overall implant number/patient    

≤ 2 779 (47.5) 55 (41.4) - 

> 2 861 (52.5) 78 (58.6) 0.17 

Implant number/patient Mean±SD 3.6±2.8 3.7±2.6 0.06 

Implant position    

Anterior 1273 (77.6) 110 (82.7) - 

Posterior 367 (22.4) 23 (17.3) 0.19 

Implant position    

Maxillar 1081 (65.9) 77 (57.9) - 

Mandibular 559 (34.1) 56 (42.1) 0.07 

Type of prosthesis    

Fixed (without cantilevers) 1337 (81.5) 109 (82.0) - 

Fixed (cantilevers) 168 (10.2) 12 (9.0) 0.67 

Removable 135 (8.3) 12 (9.0) 0.79 

Bone Augmentation    

No 944 (57.6) 77 (57.9) - 

Yes 696 (42.4) 56 (42.1) 1.00 

Follow-up Time Mean±SD 16.6±0.4 16.4±1.1 0.87 

Follow-up Time in category    

＜12 months 935 (57.0) 69 (51.9) - 

≥12 months 705 (43.0) 64 (48.1) 0.28 

NSAIDs: Non-steroidal anti-inflammatory drugs; *Statistically significant; SD: Standard deviation 
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Table 6.2. Multilevel survival analysis for dental implant failure in terms of different factors.  

Factor Sn (%) Fn (%) Failure (%) P HR†(95% CI) 

Gender     

Female 865 (50.6) 34 (54.8) 3.8 - 1 

Male 846 (49.4) 28 (45.2) 3.2 0.87 0.95 (0.51-1.77) 

Age      

≤60 973 (56.8) 42 (67.7) 4.1 - 1 

>60 708 (41.4) 19 (30.7) 2.6 0.33 0.72 (0.37-1.41) 

Missing 30 (1.8) 1 (1.6) 3.2   

PPIs      

No 1587 (92.8) 53 (85.5) 3.2 - 1 

Yes 124 (7.2) 9 (14.5) 6.8 0.03* 2.73 (1.10-6.78) 

NSAIDs      

No 1532 (89.5) 50 (80.6) 3.2 - 1 

Yes 179 (10.5) 12 (19.4) 6.3 0.03* 2.47 (1.09-5.58) 

Implant Length      

≤10mm 288 (16.8) 10 (16.1) 3.4 - 1 

>10mm 1373 (80.2) 51 (82.3) 3.6 0.83 1.09 (0.50-2.37) 

Missing 50 (3.0) 1 (1.6) 2.0   

Smoking Habits      

No 1538 (89.9) 48 (77.4) 3.0 - 1 

Yes 173 (10.1) 14 (22.6) 7.5 0.001* 3.38 (1.60-7.17) 

Bone Augmentation      

No 992 (58.0) 29 (46.8) 2.8 - 1 

Yes 719 (42.0) 33 (53.2) 4.4 0.11 1.64 (0.89-3.01) 

Sn: the number of survived implants; Fn: the number of failed implants; HR: Hazard Ratio; PPI: Proton 

Pump Inhibitor; NSAIDs: Non-steroidal anti-inflammatory drugs. 

*Statistically significant  † Hazard Ratios (HR) were performed using Multilevel Mixed Effects Parametric 

Survival Analysis adjusted to age, gender, NSAIDs, implant length, bone augmentation, and smoking 

habits.   
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Figure 6.1. Flow diagram of study (all numbers indicate number of patients / number of implants). 

 

 

Figure 6.2. Kaplan-Meier Hazard Curves for dental implant failure in terms of: A) PPIs (♦: Usage; O: Non-

usage); B) NSAIDs (♦: Yes; O: No); C) Smoking (♦: Smoker; O: Non-smoker).  
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6.5 Discussion 

In this large retrospective Canadian cohort, an association between PPIs use and dental 

implants failure was found, which persisted after adjusting for multiple risk factors. PPIs 

users had an increase in risk of dental implant failures than non-users (HR=2.73; 

95%CI=1.10-6.78; P=0.03). Within the limit of our knowledge, this is the first study 

reporting the association between PPIs treatment and the risk of osseointegrated dental 

implant failure. Therefore, it cannot be compared to other studies in the literature. 

Nevertheless, the findings in this study are consistent with the well reported effect of PPIs 

on bone metabolism (12, 13). PPIs exposure has been associated with higher risk of bone 

fractures because their interference with bone homeostasis (28). Accordingly, the Food and 

Food and Drug Administration (FDA) has issued an advisory communicating the possible 

increased risk of fractures with the use of PPIs. In addition, our group has also shown that 

systemic administration of omeprazole can impair bone healing and implant 

osseointegration in rats (5).  

 

Possible mechanism behind PPIs effects on bone and osseointegrated dental implants 

Although the precise effect of PPIs on bone and osseointegrated dental implants needs to 

be investigated, there are several physiologic mechanisms by which PPIs could affect bone 

metabolism. PPIs suppress gastric acidity by inhibiting the functions of the proton pump 

(H+/K+ ATPase), also known as gastric hydrogen/potassium adenosine triphosphatase (10). 

Specifically, PPIs selectively and irreversibly inhibit the H+/K+ ATPase, located at the 

membranes of parietal gastric cells, thereby inhibiting gastric acid secretion (10). However, 

besides its presence in the digestive system, H+/K+ ATPase can also be found in other 
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tissues such as bone (11). The proton pump is found to be located on the plasma membrane 

of osteoclasts (4). Underneath it is discussed how inhibition of the proton pump both in the 

gastrointestinal tract and in bone could affect osseointegrated implants.  

PPIs, calcium malabsorption, and nutrient malabsorption 

PPIs can impair intestinal calcium absorption, leading to decreased serum and urinary 

calcium levels, and this could be why PPIs impair bone metabolism (13, 29). The acidic 

environment in the gastrointestinal tract facilitates the release of ionized calcium from 

insoluble calcium salts, which is thought to be important for calcium absorption (13). In 

this sense, PPIs reduce calcium availability by increasing the pH in the small intestine (12, 

13). This results in a negative calcium balance that leads to accelerated bone mineral loss 

(13), and could eventually affect bone health and osseointegrated dental implants. 

PPIs interference with gastric acid secretion also affects the absorption of several other 

nutrients, such as vitamin B12 (30), magnesium (31), and iron (30). Prolonged PPIs 

exposure lowers vitamin B12 serum levels and can result in vitamin B12 deficiency, 

subsequently causing hyperhomocysteinemia, impaired collagen crosslinking and reduced 

bone strength (30). PPIs also interfere with the absorption and excretion of magnesium 

(31), and could cause hypomagnesemia, which could exert both direct and indirect 

unfavourable effects on bone metabolism (31) and thereby affecting the survival of 

osseointegrated dental implants. 

PPIs and bone mineral density (BMD) 

The effect of PPIs on bone mineral density (BMD) is controversial. While some studies 

have not observed any difference in BMD between PPIs users and no users, other studies 

have shown a significant decrease in BMD (29) and in the trabecular volumetric BMD 
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among those using PPIs (32). 

PPIs and osteoclasts 

Osteoclasts, the cells responsible for bone resorption, contain proton pumps that can be 

inhibited by PPIs (33). Therefore, PPIs might inhibit bone remodeling by hindering 

osteoclastic activity (34). In vitro, PPIs are suggested to decrease bone resorption by 

inhibiting osteoclastic vacuolar H+-K+-ATPase (35). Also, PPIs can interfere with 

osteoblastic matrix mineralization by inhibiting PHOSPHO1 and tissue-nonspecific 

alkaline phosphatase (ALP) in bone matrix vesicles (36). This might lead to a direct 

deleterious effect of PPIs on bone cells, and decreased bone turnover  (4). In vivo, it is 

reported that PPIs might inhibit calcium release from neonatal mouse calvaria and 

significantly decrease the bone resorption activity of rat osteoclasts (35). Other studies 

showed consistent results indicating a decrease of bone resorption and bone turnover in 

adult patients after administration of PPIs (35, 37). 

Osteoclasts and osteoblasts closely collaborate in the bone remodeling process, allowing 

the maintenance of the shape, quality, and size of the skeleton (38). Bone remodeling is 

very important in the process of osseointegration because it constitutes the third stage of 

osseointegration after homeostasis and bone formation, which contributes to the structural 

adaptation of bone to mechanical load (38). Therefore, PPIs interfering with bone 

remodeling could affect osseointegration and dental implants by hindering osteoclasts 

activities. 

PPIs and bone formation 

PPIs inhibit bone formation and impair bone mineralization by decreasing the endosteal 

transverse growth and increasing the osteoid width and decreasing the ratio of bone mineral 

153



substance mass to bone mass (39). This is probably related to the fact that PPIs reduce the 

expression of bone accrual and bone formation markers such as bone morphogenetic 

protein (BMP)-2, BMP-4, and cysteine-rich protein (CYR61) (39). 

PPIs and parathyroid hormone (PTH) 

Another possible explanation for the effect of PPIs on bone metabolism and dental implants 

is that PPIs-induced chronic gastric acid suppression might result in hypergastrinemia (40). 

This can negatively affect bone metabolism through the induction of hyperplasia and 

hypertrophy of the parathyroid glands, resulting in increased PTH levels. The persistently 

elevated PTH secretion, in relation to calcium serum concentration, may lead to loss of 

bone strength and quality (37). 

 

Clinical relevance  

PPIs are highly effective on many gastrointestinal disorders (6). However, their overuse is 

common, they are frequently given for inappropriate indications, and used without the 

supervision of a physician (28). Despite the evident clinical benefits, recent 

epidemiological studies underline an inappropriate PPIs prescription for up to 50–80% of 

patients (32). This study is important because it could deter clinician and patients from 

unnecessary use of PPIs. Clinicians should ensure that PPIs are only used when absolutely 

required.  

Moreover, this study could be a steppingstone towards the development of guidelines for 

patients who need implant therapy and are taking systemic medications, such as PPIs. 

According to the results, this group of patients should undergo careful skeletal evaluations 

and surgical treatment planning prior to implant intervention. This study suggests that 
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patients taking PPIs who need dental implants placement, need to be managed carefully, 

especially when they are exposure to additional risk factors, such as NSAIDs usage, 

smoking and low baseline calcium intake.  

Alternative drugs to PPIs should also be explored for patients undergoing implant therapy. 

Histamine 2-receptor antagonists (H2RAs) are less effective than PPIs but they are not 

associated with bone mass loss (29). Therefore, H2RAs might be considered as an 

alternative for patients who undergo treatments with osseointegrated dental implants.  

Other strategies could involve providing calcium rich diets to PPIs patients, since it is 

suggested that high calcium intake may reduce the adverse skeletal effects of PPIs on bone 

health (28). However, further studies are required to determine whether these 

pharmacologic and dietary strategies can successfully manage the higher risk of 

osseointegrated dental implant failure among PPIs users.  

 

Other factors affecting implant failure 

In this study, a significant risk of dental implant failure associated with smoking habits was 

observed. This was in agreement with previous studies recognizing a higher rate of dental 

implant failure in smokers, probably because smoking impairs bone healing after dental 

implant surgical treatment (41). Smoking impairs the wound healing process through a 

direct toxic effect on the bone around implants (41). In addition, smoking, and especially 

nicotine, impairs new bone formation, reduces calcium absorption, and decreases bone 

mineral density transiently (42). 

In this study, the use of NSAIDs was also associated with increased risk of dental implant 

failure (HR=2.47; 95% CI=1.09-5.58). This was probably because regular users of 
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NSAIDs are usually given co-therapy of gastro-protectants, such as PPIs, as prevention for 

gastroesophageal side effects (43). This is why in the statistical analysis of this study, 

NSAIDs were adjusted for as a confounder (Table 6.2). Nevertheless, some studies 

indicated that NSAIDs might affect bone metabolism, by inhibiting cyclooxygenase-2 

(COX-2) activity and reducing the synthesis of proinflammatory prostaglandins (27). In 

vivo studies have demonstrated that NSAIDs have a negative effect on endochondral 

ossification, leading to decreased bone formation (27). Given the extensive use of NSAIDs 

in implant surgery, it should be thoroughly studied in the future.  

Additional risk factors could not be detected in this study, probably due to the limited 

simple size. 

 

Timeline of implant failures  

Interestingly, from the stratification of the follow-up period in the Kaplan-Meier curves 

(Fig. 6.2), it was noticed that the curves were similar at the beginning (0-10 months) for 

both users and nonusers of PPIs. However, later on failures started to accumulate among 

PPIs users, showing increasing differences with the nonusers group. Since the failures 

among PPIs users occurred mostly between 10 and 20 months after implant placement, it 

could be hypothesized that the main reason causing implant failure by PPIs was probably 

through the inhibition of the bone-remodeling processes around functional implants. This 

is in agreement with previous studies demonstrating that PPIs play an important role in 

bone remodeling (30). NSAIDs also showed a similar curve trend probably due to the 

effects of PPIs, because PPIs are commonly prescribed with NASID as aforementioned. 

However, the hazard curves for smoking clearly showed a different shape from other 

156



factors (Fig. 6.2), indicating a rise of implant failure at the early stage (4-12 months), 

probably due to the fact that smoking mainly affects bone healing in dental implant 

procedures. Nevertheless, the hypotheses will require further mechanistic experiments to 

be confirmed. 

 

Limitations and strengths  

One limitation of this study was the fact that it was not possible to control for all possible 

confounding factors. Due to the lack of detailed information, oral hygiene level of the 

patients, which may affect bone remodeling (44), was not adjusted for. Moreover, 

information on drug compliance, dose and treatment period was unavailable in this study, 

and the information was self-reported, which could introduce bias (45). Also it could not 

be determined whether increased risk of dental implant failure from PPIs is related to 

reduced bone density or other reasons. In the study there was no quantitatively adjustment 

for bone density because CBCT imaging used for bone examinations does not provide 

accurate Hounsfield units. However, the patients who suffered from diseases or took 

medications that affect bone density were indeed excluded.  

 

This study was focusing on assessing implant failure, however, future studies should be 

carried out to assess osseointegration with more appropriated technique, such as resonance 

frequency analysis (RFA) (46).  

 

In any observational study such as this one, there may be unrecognized differences between 

exposed and non-exposed groups that can confound the associations. Also, observational 
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studies cannot clarify whether the observed association is a casual effect or a result of 

unmeasured/residual confounding. Further prospective studies should be carried out to 

analyze the effect of PPIs on osseointegrated dental implants in more depth to confirm the 

results, before clinicians and patients can be certain that PPIs exposure is harmful to dental 

implants.  

 

Nevertheless, this study shows, for the first time, an association between PPIs treatment 

and higher risk of dental implant failure rate after adjusting for a comprehensive list of 

confounders. Moreover, Multilevel Mixed Effects Parametric Survival Analysis was used 

to account for cluster effects of multiple implants when placed and evaluated in a single 

patient. Furthermore, the surgeries for all included patients were carried out by one single 

surgeon, avoiding most of the personal bias and operation variances.  
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6.6 Conclusion 

Within the limits of this study, it was observed that PPIs usage is associated with higher 

risk of osseointegrated implants failure. This study might help eliminate unnecessary 

complications caused by PPIs prescriptions in patients undergoing treatments with 

osseointegrated dental implants. Future confirmatory and mechanistic studies are needed 

to confirm these results. 
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Chapter 7: General Conclusion  

The findings of this work proved our main hypothesis by showing that medications 

interfering with bone metabolism could influence implant survival. Specifically, SSRIs and 

PPIs treatments are associated with higher risk of dental implant failure; antihypertensive 

drugs treatment is associated with higher rate of dental implant survival. 

Our research started to looking into the relationship between pharmacology, 

osseointegration and dental implants. The studies might help to eliminate unnecessary 

complications caused by the prescriptions that could negatively affect bone metabolism, 

especially in patients undergoing treatments with osseointegrated dental implants. The 

studies also may help to open the door for new pharmacological innovations that might 

improve the success of osseointegrated implants.  

This research project is of great relevance in health care science in general, and in dentistry 

in particular, as well as for dental implant patients taking certain medications. Accordingly, 

we believe that this project is of great importance to healthcare researchers, practitioner 

and patients. Also, future confirmatory and mechanistic studies are needed to confirm these 

results and also to explore the effects of other drugs on bone, osseointegration, and implants. 
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AbstrAct
Selective serotonin reuptake inhibitors (SSRIs), the most 
widely used drugs for the treatment of depression, have been 
reported to reduce bone formation and increase the risk of 
bone fracture. Since osseointegration is influenced by bone 
metabolism, this study aimed to investigate the association 
between SSRIs and the risk of failures in osseointegrated 
implants. This retrospective cohort study was conducted on 
patients treated with dental implants from January 2007 to 
January 2013. A total of 916 dental implants in 490 patients 
(94 implants on 51 patients using SSRIs) were used to esti-
mate the risk of failure associated with the use of SSRIs. 
Data analysis involved Cox proportional hazards, general-
ized estimating equation models, multilevel mixed effects 
parametric survival analysis, and Kaplan-Meier analysis. 
After 3 to 67 mo of follow-up, 38 dental implants failed and 
784 succeeded in the nonusers group, while 10 failed and 84 
succeeded in the SSRI-users group. The main limitation of 
this retrospective study was that drug compliance dose and 
treatment period could not be acquired from the files of the 
patients. The primary outcome was that compared with 
nonusers of SSRIs, SSRI usage was associated with an 
increased risk of dental implants failure (hazard ratio, 6.28; 
95% confidence interval, 1.25-31.61; p = .03). The failure 
rates were 4.6% for SSRI nonusers and 10.6% for SSRI 
users. The secondary outcomes were that small implant 
diameters (≤4 mm; p = .02) and smoking habits (p = .01) 
also seemed to be associated with higher risk of implant 
failure. Our findings indicate that treatment with SSRIs is 
associated with an increased failure risk of osseointegrated 
implants, which might suggest a careful surgical treatment 
planning for SSRI users.

KEY WOrDs: medical devices, risk factors, dental 
implants, bone remodeling, osseointergration, epidemiology.
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IntrODuctIOn

Depression—a state of low mood that affects a person’s thoughts, behav-
ior, feelings, and sense of well-being—has become a threatening global 

disease because of its high prevalence and associative public health problems 
(Murray and Lopez, 1997; Krishnan and Nestler, 2008). The World Health 
Organization estimates that more than 350 million people worldwide suffer 
from depression. Serotonin (5-hydroxytryptamine [5-HT]) is a monoamine 
neurotransmitter in the brain that contributes to the feelings of well-being and 
happiness (Krishnan and Nestler, 2008). Lower levels of serotonin or obsta-
cles for its utilization can lead to depression (Krishnan and Nestler, 2008). 
Selective serotonin reuptake inhibitors (SSRIs)—such as Celexa, Paxil, 
Lexapro, Prozac, and Zoloft—are drugs designed to inhibit the reuptake of 
serotonin and boost its levels to treat depression (Liu et al., 1998). Because 
of their unique effectiveness in depression treatment, SSRIs have become the 
most widely used antidepressants all over the world (Tsapakis et al., 2012).

Serotonin receptors can be found in not only the nervous tissue but also 
peripheral tissues such as the digestive tract, blood platelets, and bones; 
accordingly, SSRIs can affect the function of the digestive, cardiovascular, 
and skeletal systems (Tsapakis et al., 2012). In bone metabolism, serotonin 
regulates bone cells by acting on 5-HT1B, 5-HT2B, 5-HT2C receptors and 
serotonin transporters (5-HTTs), resulting in complex signal transmissions in 
osteoblasts and osteoclasts (Tsapakis et al., 2012). Therefore, SSRIs block 
5-HTTs on bone cells, resulting in a direct negative effect in bone formation 
(Diem et al., 2007; Yadav et al., 2008) and metabolism (Tsapakis et al., 2012) 
by increasing osteoclast differentiations (Battaglino et al., 2004) and inhibit-
ing osteoblast proliferation (Tsapakis et al., 2012). As a result, SSRIs decrease 
bone mass and bone mineral density (Battaglino et al., 2004; Diem et al., 
2007), at an annual reduction rate of 0.60% to 0.93% (Diem et al., 2007), 
increasing the risk of osteoporosis (Verdel et al., 2010), bone fracture (Liu  
et al., 1998; Verdel et al., 2010), and osteoporotic fracture (Verdel et al., 
2010).

Osseointegrated medical devices, mainly made of titanium, can create a 
firm and lasting connection with the recipient bone (Albrektsson et al., 1981), 
and these have been applied as bone-anchored craniofacial prostheses, joint 
replacements, and dental implants (Albrektsson et al., 1981; Del Valle et al., 
1995; Esposito et al., 1998). They have become a revolutionary step in 
achieving soft or hard tissue replacement, and they have proven to be a rou-
tine and reliable treatment choice (Carlsson et al., 1986). Failure of osseoin-
tegration between the device and the host bone can cause treatment failure 
and need for reintervention and in some cases (e.g., hip replacement) can 
shorten patients’ life expectancy (Schep et al., 2004).

selective serotonin reuptake 
Inhibitors and the risk of 
Osseointegrated Implant Failure: 
A cohort study
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Antihypertensive Medications and the Survival
Rate of Osseointegrated Dental Implants: A
Cohort Study
Xixi Wu, DDS, MSc, PhD;* Khadijeh Al-Abedalla, DDS, MSc;* Hazem Eimar, DDS, MSc, PhD;*

Sreenath Arekunnath Madathil, PhD;* Samer Abi-Nader, BSc, DMD, MSc, FRCD(C);*

Nach G. Daniel, BSc, MSc, FRCD(C);† Belinda Nicolau, DDS, MSc, PhD;*

Faleh Tamimi, DDS, MSc, PhD*

ABSTRACT

Purpose: Antihypertensive drugs in general are beneficial for bone formation and remodeling, and are associated with

lower risk of bone fractures. As osseointegration is influenced by bone metabolism, this study aimed to investigate the

association between antihypertensive drugs and the survival rate of osseointegrated implants.

Materials and Methods: This retrospective cohort study included a total of 1,499 dental implants in 728 patients (327

implants in 142 antihypertensive-drugs-users and 1,172 in 586 nonusers). Multilevel mixed effects parametric survival

analyses were used to test the association between antihypertensive drugs use and implant failure adjusting for potential

confounders.

Results: Only 0.6% of the implants failed in patients using antihypertensive drugs while 4.1% failed in nonusers. A

higher survival rate of dental implants was observed among users of antihypertensive drugs [HR (95% CI): 0.12 (0.03–

0.49)] compared to nonusers.

Conclusions: Our findings suggest that treatment with antihypertensive drugs may be associated with an increased

survival rate of osseointegrated implants. To our knowledge, this could be the first study showing that the systemic use

of a medication could be associated with higher survival rate of dental implants.

KEY WORDS: antihypertensive drugs, epidemiology, hypertension, medical devices, multilevel, osseointegrated

implants

INTRODUCTION

Hypertension is a chronic medical condition in which

the blood pressure in the arteries is elevated.1 According

to the Global Burden of Disease Study,2 more than 640

million people in the world suffer from hypertension.

The prevalence of hypertension among people over the

age of 60 years can reach 66%, with more than half of

them taking antihypertensive medications.1 Antihyper-

tensive medications, such as beta-blockers, thiazide

diuretics, angiotensin-converting-enzyme (ACE) inhib-

itors, and the angiotensin II receptor blockers (ARBs),

are the most commonly prescribed drugs for people

suffering from high blood pressure.3 Beta-blockers act

by blocking the b-2 receptor in the sympathetic nervous

system resulting in a decrease in blood pressure4; thia-

zide diuretics control hypertension by blocking the

thiazide-sensitive Na-Cl symporter and inhibiting reab-

sorption of sodium and chloride ions from the distal

convoluted tubules in the kidneys5; and ACE inhibitors

and ARBs block the renin-angiotensin system to reduce

blood pressure.6

In addition to these effects, antihypertensive drugs

also have an effect on bone, especially in bone forma-

tion, metabolism, and healing.3,7 Bone metabolism is

regulated at three levels: by osteoblast-osteoclast
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1 Proton Pump Inhibitors and the Risk of

2 Osseointegrated Dental Implant Failure:

3 A Cohort Study
4 Xixi WuAQ9 ;* Khadijeh Al-Abedalla;* Samer Abi-Nader;* Nach G Daniel;*,† Belinda Nicolau;* Faleh TamimiAQ2 *
5

6

7 ABSTRACT

8 Proton pump inhibitors (PPIs) have a negative impact on bone accrual. Because osseointegration is influenced by bone

9 metabolism, this study investigates the association between PPIs and the risk of osseointegrated implant failure. This

10 retrospective cohort study included a total of 1,773 osseointegrated dental implants in 799 patients (133 implants in 58

11 PPIs users and 1,640 in 741 non-users) who were treated at the East Coast Oral Surgery clinic in Moncton, Canada,

12 from January 2007 to September 2015. Kaplan-Meier estimator was used to describe the hazard function of dental

13 implant failure by PPIs usage. Multilevel mixed effects parametric survival analyses were used to test the association

14 between PPIs exposure and risk of implant failure adjusting for potential confounders. The failure rates were 6.8% for

15 people using PPIs compared to 3.2% for non-users. Subjects using PPIs had a higher risk of dental implant failure

16 (HR 5 2.73; 95% CI 5 1.10–6.78) compared to those who did not use the drugs. The findings suggest that treatment

17 with PPIs may be associated with an increased risk of osseointegrated dental implant failure.

18 KEY WORDS: epidemiology, medical devices, multilevel, osseointegrated implants, proton pump inhibitor

19

20

21

22 INTRODUCTION

23 Endosseous dental implants are considered one of the

24 most important innovations in restorative dentistry.1

25 They are a reliable option for treating partially den-

26 tate or edentulous patients, due to their ability to

27 provide comfort, aesthetic, functions, and stability.1,2

28 Despite this importance and many advances in tech-

29 niques, materials, and implant design, the potential

30 for clinical failure remains a significant concern for

31 both dentists and patients.1 Osseointegrated dental

32 implant survival is dependent on the success of

33 osseointegration, which is the direct structural and

34 functional connection between living bone and the

35 dental implant surface.3 Therefore, bone metabolism

36 including bone formation and remodeling plays

37crucial roles on the success of osseointegration.3

38Indeed, abnormal bone metabolism is known to have

39a negative impact on implant osseointegration which

40can lead to implant failure.3 Several factors have been

41suggested to affect bone metabolism thus interfering

42with osseointegration. This includes age, gender,

43smoking habits, implant dimensions, bone surgeries,

44as well as some systemic medications such as proton

45pump inhibitors (PPIs).4,5

46PPIs are a group of drugs that are rapidly becom-

47ing the third most prescribed pharmaceutical products

48worldwide.6 This type of medication, including Omep-

49razole, Lansoprazole, Pantoprazole, Dexlansoprazole,

50Esomeprazole, Rabeprazole, etc, is very effective in

51both prevention and treatment of gastrointestinal acid-

52related conditions, such as peptic ulcer, gastroesopha-

53geal reflux disease (GERD or GORD), dyspepsia, heli-

54cobacter pylori infections, eosinophilic esophagitis,

55gastrinomas, and stress gastritis.6 In the past 20 years,

56a marked increase of PPIs exposure has been observed,

57especially among aged people.7 In any given year, more

58than 20 million Americans, about one in every 14, use

59these medications.8 And among these drugs, esomepra-

60zole Nexium is one of the top 10 most commercialized
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Membranes over the lateral
window in sinus augmentation
procedures: a two-arm and split-
mouth randomized clinical trials
Torres Garc�ıa-Denche J, Wu X, Martinez P-P, Eimar H, Ikbal DJ-A, Hern�andez
G, L�opez-Cabarcos E, Fernandez-Tresguerres I, Tamimi F. Membranes over the
lateral window in sinus augmentation procedures: a two-arm and split-mouth randomized
clinical trials. J Clin Periodontol 2013; 40: 1043–1051. doi: 10.1111/jcpe.12153.

Abstract
Objective: This study evaluates whether or not, among other factors, membrane-
coverage of antrostomy defects improves implant survival in sinus augmentation
procedures.
Materials and Methods: We performed a two-arm and split-mouth randomized
controlled clinical trial on 104 and 5 patients respectively. In the two-arm study,
antrostomy defects were membrane-covered in 66 procedures and uncovered in
69, before placing a total of 265 implants that were followed up for 1 year. In the
split-mouth study, following bilateral sinus augmentation, antrostomy defects
were membrane-covered on one side and left uncovered on the contra-lateral.
Bone biopsies from each sinus were histologically analysed 6 months later.
Results: In the two-arm study, implant survival rates were similar (p = 0.08) in
the membrane-covered (96.1%) and uncovered (94.2%) groups. In the split-
mouth study, bone augmentation was similar in both groups (p = 0.52). Delayed
implant placement (p = 0.04), thick Schneider’s membrane (≥2 mm) (p < 0.01),
treatment for hypertension (p = 0.04) and non-smoking (p = 0.01) seemed to be
associated with lower risk of implant failure.
Conclusions: Implant survival in sinus lifting procedures could be influenced signifi-
cantly by timing of implant placement, Schneider’s membrane thickness, antihyper-
tensive treatment and smoking habits, but not by antrostomy membrane coverage.
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Insufficient bone volume is a common
obstacle for placement of endosseous
implants in the posterior maxilla. One
of the most frequently used surgical
techniques to address this problem is
maxillary sinus grafting (Boyne &
James 1980, Tatum 1986, Chanavaz
1990). This procedure involves creat-
ing an antrostomy defect to access the
sinus, detaching Schneider’s mem-
brane from the sinus floor, and plac-
ing a graft material into the sinus
cavity to promote vertical bone aug-

mentation (Summers 1994, 1995, Hir-
sch & Ericsson 2002). Different
grafting materials have been success-
fully used in sinus augmentation
procedures including allografts (Gro-
eneveld & Burger 2000), xenografts
(Valentini & Abensur 2003), autoge-
nous bone (Keller et al. 1987, Jensen
et al. 1990) or combinations of these
materials (Zinner & Small 1996, Gal-
indo-Moreno et al. 2009).

Many clinicians use membranes
to cover antrostomy defects in sinus
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DENTAL IMPLANTS

Bone Augmented With Allograft Onlays for
Implant Placement Could Be Comparable

With Native Bone
Khadijeh Al-Abedalla, DDS, MSc,* Jesus Torres, DDS, PhD,y

Arthur Rodriguez Gonzalez Cortes, DDS, MSc, PhD,z Xixi Wu, DDS, MSc,x
Samer Abi Nader, DMD, MSc,k Nach Daniel, DMD, BSc, MSc,{

and Faleh Tamimi, BDS, MSc, PhD#

Purpose: Bone allograft onlays have great potential in alveolar bone augmentation. However, no compa-
rable cohort study is available in the literature showing whether implants placed in bone augmented with

allograft onlays would have a success rate comparable to those placed in native alveolar bone. The objec-

tive of the cohort studywas to investigate whether the quality of bone augmentedwith allograft onlayswas

sufficient to place dental implants and achieve success rates comparable to those in un-grafted bone.

Materials and Methods: Two cohort studies were performed in 46 and 369 patients, respectively. In

the first study, the quality and quantity of bone augmented with allograft onlays (21 patients received

68 allograft onlays) were assessed and compared with those of native alveolar bone (25 patients) using his-

tologic techniques. In the second study, the performance of implants placed in allograft-augmented bone

(16 patients) was assessed and compared with implants placed in autograft-augmented bone (43 patients)

and native alveolar bone (310 patients).

Results: The first study showed no significant differences (P = .33) in bone volume between bone

augmented with allograft onlay and native alveolar bone. The second study showed that the success rates
of implants placed in native bone (95.8%), autograft-augmented bone (96.4%), and allograft-augmented

bone (96.8%) were similar to one another.

Conclusion: The quantity and quality of allograft-augmented bone are similar to those of host native alve-
olar bone, and the success rate of implants placed in allograft onlays is comparable to those placed in auto-

graft onlays or native alveolar bone.

� 2015 American Association of Oral and Maxillofacial Surgeons

J Oral Maxillofac Surg 73:2108-2122, 2015

Dental implants are excellent for rehabilitation of lost

dentition; however, insufficient bone volume can

compromise the functional and esthetic outcomes of
treatment.1-10 Several surgical techniques have been

developed to improve bone volume and facilitate

implant placement.11,12 Among these techniques,

alveolar onlay bone augmentation has a highly
predictable clinical performance.13-17
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 No Recommendation 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 

  (b) Provide in the abstract an informative and balanced summary of what was done 

and what was found 
 

Introduction 
  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

Objectives 3 State specific objectives, including any prespecified hypotheses 
 

Methods 
  

Study design 4 Present key elements of study design early in the paper 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 

participants. Describe methods of follow-up 

  (b) For matched studies, give matching criteria and number of exposed and 

unexposed 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

Data sources/ 

measurement 

8* For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there is 

more than one group 

Bias 9 Describe any efforts to address potential sources of bias 

Study size 10 Explain how the study size was arrived at 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 

  (b) Describe any methods used to examine subgroups and interactions 

  (c) Explain how missing data were addressed 

  (d) If applicable, explain how loss to follow-up was addressed 

  (e) Describe any sensitivity analyses 
 

Results 
  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 

eligible, examined for eligibility, confirmed eligible, included in the study, 

completing follow-up, and analysed 

  (b) Give reasons for non-participation at each stage 

  (c) Consider use of a flow diagram 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders 

  (b) Indicate number of participants with missing data for each variable of interest 

  (c) Summarise follow-up time (eg, average and total amount) 

Outcome data 15* Report numbers of outcome events or summary measures over time 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 

their precision (eg, 95% confidence interval). Make clear which confounders were 

adjusted for and why they were included 

  (b) Report category boundaries when continuous variables were categorized 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period 

 

STROBE Statement—Checklist of items that should be included in reports of cohort studies 
 

Item
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Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses 
 

Discussion 
  

Key results 18 Summarise key results with reference to study objectives 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 

Generalisability 21 Discuss the generalisability (external validity) of the study results 
 

Other information 
  

Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based 
 

 

*Give information separately for exposed and unexposed groups. 
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