
THE EFFECTS OF SEROTONIN INHIBITORS ON BONE 
METABOLISM: LITERATURE REVIEW  

Rocco Franco1, Asaro Matteo2, Francesco Gianfreda2, Michele Miranda2, Alberta Barlattani3, Patrizio Bollero2 

1Department of Biomedicine and Prevention, University of Rome Tor Vergata, Rome, Italy 
2Department of Systems Medicine, University of Rome Tor Vergata, Rome, Italy
3Department of Clinical Sciences and Translational Medicine, University of Rome Tor Vergata, Rome, Italy 

A B S T R A C T

Depression is a mood and behavior disorder. It is a very frequent pathology in the world that requires phar-
macological treatment using drugs that inhibit the recovery of serotonin. In fact, serotonin is a hormone that 
creates a feeling of well-being at the level of central nervous system. Serotonin is mainly produced by nerve cells. 
Therefore, selective serotonin reuptake inhibitors (SSRIs) are mainly used for the treatment of states of anxiety 
and major depressive disorder. SSRIs increase serotonin level, blocking its resorption in the  presynaptic cell. 
Consequently, an increase in the bioavailability of serotonin in the synaptic junction occur. In fact, at the bone 
level, according to some observations, it causes an increase in bone resorption. Our study with a systematic review 
of the literature was to evaluate whether the intake of SSRIs could in any way influence implant survival. “SSRI” 
and “dental implant” were used as key words in the principal resources. Five articles that met the inclusion criteria 
were considered. The study found that these drugs can affect the implant survival rate. The data of these articles 
concerning implant survival have extrapolated. There is an association between intake and implant survival, prob-
ably due to a possible link between bone metabolism and drug. Further studies are recommended to effectively 
evaluate the influence of the drug on implant survival.  
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INTRODUCTION

Depression is a  social transformation that affects 
people’s behavior and thinking process. It causes an al-
teration of  person’s sense of  well-being and a  change 
of  relationships with others. The  WHO has estimated 
that 350 million people are affected with depression. 
In the United States, antidepressant drugs are the third 
most prescribed class of  drugs. Selective serotonin re-
uptake inhibitor (SSRI) belongs to the  class of  anti-
depressant drugs, which are frequently in use  [1]. It is 
estimated that 60% of  patients have been using these 

medications for about two years, while 14% for about 
10 years. The chronic intake of these drugs presents var-
ious side effects deriving from its use. In fact, in patients 
with a long and frequent intake, an increase in the risk 
of fracture and a decrease in bone density in both ado-
lescents and adults were observed. 

SSRIs have positive effects on mood. However, they 
have negative impacts on osteoblasts. The  SSRI was 
the first class of antidepressant drugs discovered by sci-
entists [2]. The mechanism of action of SSRI is to block 
the  reuptake of  serotonin to increase its concentration 
at the  central level. All classes of  SSRIs have a  similar 
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mecha nism, i.e. blocking the reabsorption of serotonins 
and therefore, increasing their bioavailability. The drug 
has a  high selectivity for serotonin receptors  [3], but 
the interaction with other receptors causes various side 
effects. These drugs are generally well-tolerated and 
the common side effects are dose-dependent. The most 
frequent side effects are nausea and loose stool, head-
ache, dizziness, somnolence or insomnia, sweating, 
tremor, dry mouth, anxiety, and restlessness. Less fre-
quent side effects include weight gain, sexual dysfunc-
tion (inhibition of  ejaculation or orgasm), bruxism, 
myoclonus, and paresthesia. Serotonin has several ef-
fects on bone metabolism; in fact, patients on this drug 
therapy have an annual decrease from 0.60% to 0.93% 
of  the  percentage of  bone mineral mass. The  molecu-
lar mechanism is not yet clear. However, serotonin acts 
on some receptors, including 5-HT1B, 5-HT2B, and 
5-HT2C, and on the  serotonin transporters (5-HTT), 
creating complex mechanisms at the level of osteoclasts 
and osteoblasts. These molecular mechanisms cause 
a negative effect on bone metabolism, increasing the dif-
ferentiation of osteoclasts, and inhibiting the formation 
of osteoblasts. Dental implantology is the branch of den-
tistry that allows for a replacement of missing dental el-
ements [4]. The osseointegration requires a strong and 
lasting connection between the bone and the implanted 
device, which is generally composed of  titanium. These 
titanium devices are mainly used to replace missing 
teeth  [5] and are an excellent therapeutic choice for re-
storing patient chewing. Failure to osseointegration can 
cause the possibility of reintervention by inserting a new 
device  [6]. The  good success of  osseointegration is also 
given by the bone quality. In addition, SSRI has a negative 
effect on bone healing. Furthermore, it creates a difficulty 
in bone healing and decreases bone mineral density. 

The purpose of this systematic literature review was 
to evaluate the possible effects of SSRI on implant osse-
ointegration and implant survival. 

MATERIAL AND METHODS 

The study was conducted using three main scientif-
ic databases, including PubMed, Medline, and Web of  
Science. The  timeframe considered for the  electronic 
search was from March 1st, 2007 to March 1st, 2020. 
The  term “SSRI” was first combined with “dental im-
plant”, and the web search was assisted with Mesh (med-
ical subjects headings). The criteria for this review are 
described in PRISMA flow diagram. The purpose of this 
review was to find an answer to the following questions 
using PICO method (P: patient problem/population;  
I: intervention; C: comparison; O: outcome): Does the 
use of SSRIs increase the risk of implant failure and af-
fect bone metabo lism? 

The PICO method aims to demonstrate whether 
the percentage of osseointegration in the group of pa-

tients taking SSRIs is lower than in the healthy popula-
tion. Therefore, the purpose of our study was to answer 
this question. The  following inclusion criterion were 
used: articles in English, human studies, and clinical 
trials. Two independent people search with the  same 
key words for all articles were used. The  risk of  bias 
during this phase was solved by an independent author 
that conducted the  same search. The  phase of  screen-
ing was carried out by the two independent researchers 
that excluded an  article duplication, reviews, and ani-
mal studies. There were 11 articles found in this phase. 
Three articles were excluded because are duplicates and 
they did not represent the topic proposed in this review. 
The phase of eligibility was conducted by other two re-
viewers. These authors compared the  article founding 
and selected articles referred by PICO. Articles, which 
did not contain data regarding dental implant and SSRIs 
were excluded. At first, the authors were reading the ab-
stract of all papers and 2 articles were eliminated, which 
did not respect the  inclusion criteria. In this phase, 
the risk of bias was solved by an independent, complete-
ly external author, unknown to other authors. The num-
ber of articles remaining in this phase were 6. One article 
was excluded because did not use the periodontal index 
and described oral health only. The  synthesis of  data 
was carried out by the authors, with all data extracted. 
The author was firstly going through the abstract of all 
articles, after reading the complete test of the articles. All 
the reviewers extracted the data regarding the  implant 
failure and the use of SSRIs. Articles, which did not con-
tain the data and key words were excluded. All doubts 
regarding the included articles were solved by contact-
ing the author (Figure 1). 

RESULTS 

Two independent scientists explored the previously 
mentioned key words, have read the titles, and summa-
rized the abstracts of articles. During an initial reading, 
they excluded the articles that did not respect the topic. 
Therefore, articles that responded to the key characteris-
tics were selected. The complete text of 5 remaining arti-
cles was read, and all were found to comply with inclusion 
criteria. In total, 6 articles were included in the present 
review. The  scientists extrapolated data regarding im-
plant failure rate in a population of patients taking SS-
RIs. Data comparing the rate of implant failure between 
patients taking SSRIs and a healthy control group is pre-
sented in Table 1. In a retrospective study, Wu et al. [7] 
included patients treated with dental implants from Jan-
uary 2007 to January 2013. In total, 916 dental implants 
of  490 patients were involved, of  which 94 implants 
were inserted in 51 patients being treated with SSRIs. 
Furthermore, the risk of implant failure associated with 
the use of the drug was assessed in these patients. Also, 
other possible risk factors that could have influenced 
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the measurement were analyzed. During 3 to 67 months 
of  follow-up, in the  control group, 38 of  784 implants 
failed, while 10 of 84 implants failed in the group of pa-
tients treated with SSRIs. Therefore, the  data showed 
that the  risk of  implant failure was greater in patients 
treated with SSRIs (hazard ratio [HR] = 6.28; 95% confi-
dence interval [CI]: 1.25-31.61; p = 0.03). The failure rate 
was 4.6% in the control group and 10.6% in the  study 
group treated with SSRI. Furthermore, in the risk analy-
sis, a close correlation between a narrow implant diame-
ter and smoking habit with implant failure was assessed. 
Carr et al. [8] reported results of a retrospective study, 
in which patients receiving SSRI, who underwent im-

plantation from January 1, 1995 to December 31, 2014 
were analyzed. The history of using the drug and intake 
duration in the  follow-up were evaluated. The associa-
tions between demographic characteristics and the  use 
of  SSRIs with implant failure were assessed with Cox 
proportional risk regression models, and the results were 
summarized with risk ratio (HR) and 95% CI. Subsequent 
use of SSRIs was analyzed with time-dependent covari-
ates. The  total of  5,456 patients who received a  dental 
implant with an average age of 53 years were analyzed. 
Follow-up of the 4,927 patients with no implant failure 
was 5.3 years. Implant failure for the remaining 529 pa-
tients occurred after 6 months. After evaluating possi-

TABLE 1. Results of the review

Number 
of implants 

Number of loose 
implant 

Percentage 
of implant failure Author Observational 

time 
Percentage of implant 
failure in control group p-value 

94 10.6 Wu 2007-2013 4.6 0.003 

4,927 529 Carr 1995-2014 0.006 (use of sertraline) 

109 1 5.6 Altay 2 years 1.85 0.166 

48 1980-2014 12.5 Charcanovic 3.3 0.007 

230 27 (diabetics), 
10.9 (non-diabetics) 

27 Deepa 13 (diabetics), 
4.1 (non-diabetics) 

Records identified through 
database searching PubMed 

(n = 11) 

Additional records identified 
through other sources 

(n = 0) 

Records screened 
(n = 8) 

Full-text articles assessed for eligibility 
(n =8) 

Studies included in qualitative synthesis 
(n =6) 

Records after duplicates removed 
(n = 8) 

Studies included in quantitative synthesis (meta-analysis) 
(n = 5) 

Records excluded 
(n = 0) 

Full-text articles  
excluded, with reasons 

(n = 2) 

IDENTIFICATION

SCREENING

ELIGIBILITY

INCLUDED

FIGURE 1. PRISMA flowchart 
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ble confounding factors including age, sex, and implant 
age, it was found that patients taking sertraline have 
an increased risk of implant failure (HR = 1.60; 95% CI:  
1.15-2.23; p  =  0.006). Altay et al.  [9] conducted a  ret-
rospective study with a  total of  2,055 implants in 631 
patients. 109 implants were inserted in 36 patients treat-
ed with SSRI, and 1,946 implants in 595 patients not 
treated for SSRI. This study aimed at whether SSRI in-
take was a negative factor for implant survival. The data 
was analyzed using Mann-Whitney test or Fisher’s exact 
test accordingly. An  average duration of  follow-up for 
the group taking SSRIs was 21.5 months and 23 months 
for the  control group (p  =  0.158). The  failure rate for 
the  SSRIs group was 5.6% and involved two patients. 
In contrast, the  implant failure rate in the study group 
was 1.85% with eleven patients. After statistical anal-
ysis, the  two groups showed no significant differences 
between SSRIs intake and implant survival (p  =  0.166 
and p  =  0.149, respectively). The  implant failure rate 
was 3,123 times higher in patients taking SSRIs than 
in the  non-taking SSRIs study group. In particular, 
the  group with SSRIs intake has a  percentage of  3,005 
times greater than an early implant failure. Charcanovic 
et al.  [10] in a  retrospective study evaluated the  risk 
of  implant failure in patients receiving SSRIs. In this 
work, patients taking SSRIs with no other systemic 
diseases or other confounding factors were included 
The implant success rate in patients with SSRIs was eval-
uated using different type of  statistical analysis. How-
ever, the Fisher’s test assessed the influence of SSRI on 
implant survival not considering possible confounding 
factors. In the SSRI group, via a multivariate generalized 
estimating equation, all possible local factors that could 
influence the result, such as the implant diameter, type 
of surgery, length of surface, and position were also an-
alyzed. The author evaluated the parametric association 
between SSRI and implant failure considering all pos-
sible confounding factors. Therefore, 931 implants in-
serted in 300 patients were considered. There were 35 
failures, with a percentage of 12.5% for patients taking 
SSRIs and 3.3% for the control group, with Fisher’s exact 
test (p = 0.007). The Fischer’s test showed a statistically 
significant correlation but did not consider confounding 
factors. Multivariate GEE analysis indicated no associ-
ation between SSRIs intake and implant failure. Deepa 
et al. [11] study evaluated the influence of SSRIs on im-
plant success, and it was conducted on 352 patients with 
680 dental implants registered. The clinical history and 
type of  SSRI were recorded for each patient. Patients 
were divided into two groups: the first group included 
110 patients treated with SSRIs, in whom 230 implants 
were placed, and the second group consisted of 242 pa-
tients, in whom 450 implants were placed and never 
used SSRIs. In each group, a follow-up was performed, 
and all implant failures were recorded. Group 1 included 
35 patients > 50 years of  age, while 75 had < 50 years 
of age. Group 2 included 60 patients aged > 50, while 182 

were < 50 years old. Regarding implant failure, group 1 
showed 25 failed implants, whereas group 2 demonstrat-
ed 21 failures. Thereafter, implant failures were differen-
tiated by age groups. In group 1, patients over 50 years 
old showed 12 failures, while those under 50 years old 
experienced 13 failures. In group 2, there were 10 fail-
ures in the  group of  patients over 50 years of  age and  
11 failures in the  group under 50 years of  age. In 
the  group 1, 27% of  diabetics had an  implant failure 
compared to 13.4% of group 2. This result was statistical-
ly significant (p < 0.05). The main failures found were in 
group 1 and involved screw loosening (8 patients), im-
plant fracture (7 patients), periimplantitis (6 patients), 
and fracture screw (4 patients). In group 2, there were 
cases of loosening of lives (7 patients), fractures of screw 
(6 patients), fractures of  implantation (5 patients), and 
peri-implantitis (3 patients). The difference was not sta-
tistically significant (p > 0.05) [11]. 

DISCUSSION AND CONCLUSION 

Implant failure is an  exceedingly rare event that 
occurs. There are many systemic diseases and condi-
tions that increase the  percentage of  failure  [12], such 
as diabetes, hypertension, and smoking. Currently, de-
pression is a  pathology frequently encountered, which 
can be caused by various problems associated with dai-
ly life. The  main causes of  implant failure are mainly 
peri-implantitis, mechanical overload, or a combination 
of these factors [13]. The early failures that often occur 
a few weeks or months after implant placement are due 
to implant contamination or lack of mechanical stabil-
ity  [14]. Failures that take place months or years after 
implant insertion are often due to peri-implantitis (pro-
gressive marginal bone loss induced by plaque), occur-
ring mainly after a two-year follow-up, with implant loss 
due to mechanical overload at about 4-6 months  [15]. 
Serotonin 5-hydroxytryptamine (5-HT) is a neurotrans-
mitter of the monoamine family, which causes the feel-
ing of well-being and happiness in the brain. Therefore, 
low serotonin levels can cause depression. A  group 
of  drugs widely used to treat depression are selective 
serotonin reuptake inhibitors (SSRIs), including celexa, 
paxil, lexapro, prozac, and zoloft. These drugs inhibit the 
recovery of  serotonin and therefore, cause an  increase 
in the neuronal level. Most patients with depression are 
treated with SSRIs [16]. Serotonin receptors are not only 
present in nervous cells, but also in many other tissues, 
for which the action of SSRIs has disappeared from side 
effects. Receptors can be found in the  digestive tract, 
platelets, blood, and bones. Hence, side effects on these 
organs can occur due to SSRIs intake [17]. With regards 
to bone tissue, serotonin acts on bone tissue cells, specifi-
cally on 5-HT1B, 5-HT2B, 5-HT2C, and serotonin trans-
porters (5-HTT). This interaction between receptors and 
bone tissue creates complex signals in osteoclasts and 
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osteoblasts [18]. From in vitro studies, the serotonin re-
uptake receptor has been found to induce differentiation 
of osteoclasts. Animal studies have noted that fluoxetine 
has negative effects on both bone structure and density.  
In conclusion, SSRIs block the receptor 5-HTT on bone 
cells and has a direct negative effect on bone formation. 
It also increases the differentiation of osteoclasts causing 
a  decrease in bone mass, increasing the  differentiation 
of osteoclasts [19]. It has been observed that patients treat-
ed with SSRI have a decrease in bone density, with a rate 
of 0.60% to 0.93% [20-23]. Therefore, the purpose of vari-
ous studies reviewed was to evaluate a possible interaction 
between SSRIs with implant survival. Various animal and 
in vitro studies have linked SSRI drugs to bone metabo-
lism. In fact, in the studies analyzed, albeit few in the lit-
erature, most have found a higher percentage of implant 
failure compared to control groups [7-11]. Osteoclasts are 
stimulated to proliferate due to the presence of serotonin, 
whereas osteoblasts are inhibited to differentiate them-
selves from hematopoietic cells. SSRIs have a  negative 
effect on mineral bone density and modifying trabecular 
cytoarchitecture. For this reason, a  possible association 
between osseointegration and implant failure and SSRIs 
intake has been hypothesized  [24-27]. Animal studies 
have shown that SSRIs have a negative effect on osteoblast 
differentiation in rats. Furthermore, it is interesting to 
note that SSRI drugs have significantly reduced the differ-
entiation and expression of certain osteoblast genes that 
regulate bone turnover, including alkaline phosphatase, 
osterix, and osteocalcin [28, 29]. Carr’s study specifically 
correlated which type of SSRIs has the greatest influence 
on implant survival [8] and demonstrated that sertraline 
has a greater influence on bone metabolism and therefore 
on implant failure. In addition, Carr et al. emphasized 
that implant failures occur mostly in patients who were 
taken SSRIs prior to implant treatment. This indicates 
that a long-term treatment can affect bone metabolism in 
a negative way. In Wu et al. [7] study, in accordance with 
Carr’s report, the effects on implants arise mostly months 
after the implant surgery. The main cause of failure was 
implant overload. This means that SSRIs inhibit bone re-
pair and load adaptation capabilities. All studies, except 
Altay’s  [9] and Charcanovic  [10], revealed a  statistically  
significant increase in the  implant loss. However, in 
the  Charcanovic study, there was a  statistically signifi-
cant correlation between implant loss and SSRsI intake, 
but the confounding factors were not taken into consid-
eration. Therefore, all the analyzed studies are limited by 
the presence of multiple local factors that were not con-
sidered. However, main limitations of these studies were 
different. Firstly, the studies were designed as retrospec-
tives, so the chance of data loss is extremely high. Second-
ly, none of the studies examined assess hygiene as a possi-
ble cause of an implant loss. 

Furthermore, several studies considered in this review 
did not take into account possible confounding factors in 
the assessment of survival. It is now established that var-

ious systemic pathologies or flawed habits can cause im-
plant loss. Therefore, we can say that randomized studies 
will be needed to effectively evaluate the influence of SS-
RIs on implant survival. However, considering these data 
from the present review, we can conclude that these drugs 
have a negative effect on implant survival. 
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