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Objectives: This study sought to investigate the association between the systemic intake of proton pump inhibitors (PPI) and the early failure of den-
tal implants.
Materials and Methods: A retrospective cohort study involving 1,918 dental implants in 592 patients (69 implants in 24 PPI users and 1,849 im-
plants in 568 nonusers, respectively) was conducted. The effect of PPI intake on the osseointegration of dental implants was evaluated using patient- 
and implant-level models. 
Results: Among 24 PPI users, two patients experienced implant failure, one of whom had three and the other of whom had one failed implant, respec-
tively. Thus, the rate of failure for this population was 8.3%. Separately, 11 nonusers each experienced one implant failure, and the failure rate for these 
patients was 1.9%. Fisher’s exact test revealed statistically significant differences between PPI users and nonusers at the implant level (P=0.002) but 
failed to show any significance at the patient level (P=0.094). The odds of implant failure were 4.60 times greater among PPI users versus nonusers. 
Dental implants that were placed in patients using PPIs were found to be 4.30 times more likely to fail prior to loading. 
Conclusion: The findings of this study suggest that PPI intake may be associated with an increased risk of early dental implant failure.
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I. Introduction

Dental implants offer a predictable and effective solution 
for the treatment of total or partial edentulism with high sur-
vival rates; however, failures are still encountered1. The main-
tenance of a firm and long-term stable osseointegration is the 
primary goal of dental implant treatment. Implant failures can 
be classified as either early failures, which occur before the 
prosthesis is placed, and late failures, which are associated 
with functional loading following placement of the prosthe-
sis2. Early failures frequently occur as a result of a disruption 
during the initial phase leading to impaired bone-to-implant 

contact3, while the onset of late failures may be related to 
multiple variables such as overloading, oral microbiota, and 
parafunctional habits2. The incidence of early implant failure 
ranges from 0.7% to 2.0%4. Despite the higher incidence of 
early implant failure5, many studies have focused more on the 
success of implant rehabilitation after prosthetic loading6,7, 
limiting the available knowledge of factors affecting initial 
bone apposition until abutment connection3.

By definition, osseointegration is a direct structural and 
functional connection between bone and the surface of a 
load-carrying implant8. The osseointegration process is influ-
enced by various factors, which may be classified broadly as 
implant-related (e.g., material, macroscopic design, implant 
surface), surgical/prosthetic protocol-related (e.g., surgical 
technique, loading conditions, time) or patient-related (e.g., 
quantity/quality of bone, the host response)9. Based on the 
fact that early failures may occur even when appropriate con-
ditions exist for both implant-related and surgical protocol-
related factors, specific patient-related factors that affect 
bone metabolism should also be taken into consideration 
when evaluating factors affecting osseointegration success2,10. 
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Several factors affecting bone metabolism including age, 
sex, tobacco use, systemic diseases, radiotherapy, and some 
systemic medications have been suggested to play a role in 
early implant failures3,11. To date, the effects of pharmaco-
logical treatments on the osseointegration of dental implants 
have been subject to a number of studies, suggesting that the 
systemic intake of certain pharmacological agents may either 
improve or negatively affect the osseointegration process11-14. 
Among these, proton pump inhibitors (PPIs) have recently 
been suggested to impair the osseointegration of dental 
implants because of their adverse effects on bone metabo-
lism15-17.

PPIs have a wide range of applications in gastroenterology 
for the treatment of various disorders such as gastroesopha-
geal reflux disease, peptic ulcers, dyspepsia, Helicobacter py-
lori infections, stress gastritis, and eosinophilic esophagitis18. 
PPIs irreversibly inhibit the proton pump in the acid-secreting 
parietal cells of the stomach and thereby suppress the gastric 
acidity19. Although the overall safety profile of PPIs is con-
sidered superior, there are recent studies that have indicated 
an association between PPI therapy and some adverse effects 
including enteric infections, community-acquired pneumonia, 
kidney disease, dementia, and bone fracture20.

PPIs may affect bone metabolism negatively by several 
mechanisms including the impairment of calcium absorption 
and hypergastrinemia-induced hyperparathyroidism21,22. Fur-
thermore, it has been reported that PPIs may hinder osteoclast 
activity by acting on the vacuolar H+-ATPase (V-ATPase) of 
the osteoclasts23. Another effect of PPIs on bone metabolism 
is the decrease in osteoclastic differentiation mediated by 
osteoblastic cells23. Eventually, systemic intake of PPIs may 
provoke decreases in density, weight, cortical thickness, and 
mineral content as well as the biomechanical properties of the 
bone24.

Given the abovementioned effects, the question arises as 
to whether the intake of PPIs negatively affects osseointegra-
tion, due to the fact that the success of osseointegration is 
directly dependent on bone metabolism. However, the current 
literature offers only limited information on the effects of 
PPIs on dental implant osseointegration. Therefore, the pres-
ent study sought to determine whether there is an association 
between systemic PPI intake and the early failure of dental 
implants.

II. Materials and Methods

A retrospective study including all patients who received 

implants between May 2012 and January 2017 at the De-
partment of Oral and Maxillofacial Surgery at the Akdeniz 
University School of Dentistry (Antalya, Turkey) was de-
signed in order to evaluate the association between PPI in-
take and osseointegration failure. This study was approved 
by the regional Ethical Review Board of Akdeniz University 
(09/08/2017; approval No. 555) and was conducted in full 
accordance with the protocols of the Declaration of Helsinki. 
All patients provided their written consent for surgical and 
prosthetic procedures as well as for clinical and radiological 
data acquisition. 

Patients who were prescribed only PPIs for gastric dis-
orders, presented with no other systemic conditions, and 
reported taking no other medications were included in this 
study. Patients with missing information for key variables 
were excluded. Additionally, those with a medical disorder 
known to negatively affect bone metabolism including hyper-
parathyroidism, hypothyroidism, hyperthyroidism, osteopo-
rosis, osteomalacia, vitamin D deficiency, diabetes, Paget’s 
disease, an oncologic condition, or a severe systemic condi-
tion (American Society of Anesthesiologists classification 
grades III or IV) were also excluded. Other exclusion criteria 
included pregnancy, smoking, alcoholism, and a history of 
radiotherapy applied to the head and neck region. In addition, 
patients who reported taking medications other than PPIs 
including immunosuppressive, antithrombotic, antihyperten-
sive, antiepileptic, or psychiatric medications; corticosteroids; 
medications for asthma or high cholesterol levels; or bisphos-
phonates were also not included in this study. 

All study participants received periodontal therapy—either 
phase I or phases I and II—prior to the placement of dental 
implants. By the time of implant placement, all patients were 
regular attendees of their screening sessions at the Depart-
ment of Periodontology and were free of active periodontal 
disease or other oral infections. Patients who had active peri-
odontal disease at the time of surgery and those who refused 
to undergo periodontal therapy prior to implant placement 
were not included in this study. All patients were provided 
with implants—specifically, solid-screw type implants with 
sand-blasted, acid-etched, or titanium plasma-sprayed sur-
faces—using the classic two-stage protocol under local anes-
thesia by two experienced surgeons (M.A.A. and A.S.).

PPI intake was used as the predictor variable for this study, 
where a PPI user was defined as a patient who reported tak-
ing any one of the verified types of PPI medications (i.e., 
omeprazole, pantoprazole, lansoprazole, dexlansoprazole, 
esomeprazole, rabeprazole, dexrabeprazole, or a combina-
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tion of these) perioperatively. The outcome variable was 
osseointegration failure, which was defined as a condition 
necessitating implant removal prior to prosthetic loading due 
to advanced peri-implant bone loss and implant mobility. Age 
(<30, 30-60, or >60 years), sex (female or male), and implant 
location (anterior, premolar, or posterior—maxilla or mandi-
ble) were other variables investigated in this study. Relevant 
data from the records of patients that met the inclusion crite-
ria were collected in an SPSS file for further analysis. 

Descriptive statistics were recorded as numbers, percent-
ages, or means±standard deviations. The Mann–Whitney U 
test was utilized to compare differences between PPI users 
and nonusers for continuous variables, whereas Fisher’s exact 
test was applied for categorical variables depending on the 
expected count of events in a 2×2 contingency table.

Patient-level and implant-level models were implemented 
to investigate the effects of PPI intake on osseointegration 
failure. To verify multicollinearity, a correlation matrix of 
predictor variables with a significant odds ratio (P-value cut-
off point of 0.5) was tested to determine if there was any cor-
relation among the predictors. The level of statistical signifi-
cance was set at P<0.05. All data were analyzed statistically 
using the IBM SPSS Statistics software program (ver. 22; 
IBM Corp., Armonk, NY, USA). 

III. Results

Five hundred ninety-two patients with a total of 1,918 im-
plants met the eligibility criteria. Fifteen of these implants 
failed before prosthetic loading. One thousand twenty-three 
implants were placed in 316 female patients (53.4%) and 895 
implants were placed in 276 male patients (46.6%) with mean 
ages of 48.96±13.15 years (range, 18-84 years) and 50.65± 

14.21 years (range, 17-87 years), respectively. The difference 
in the number of implants between the sexes was not statisti-
cally significant (P=0.761; Mann–Whitney U test).

Almost half of the implants in this study were placed in the 
mandible (957 implants; 49.9%), with the remaining implants 
were placed in the maxilla (961 implants; 50.1%). PPI users 
received more implants in the maxilla than in the mandible, 
whereas nonusers received more implants in the mandible, 
and the difference between two groups in this regard was 
found to be statistically significant (P=0.027; Fisher’s exact 
test). Slightly more than one-quarter of the implants were 
placed at an anterior region (506 implants; 26.4%), whereas 
premolar and molar regions received 603 implants (31.4%) 
and 809 implants (42.2%), respectively. Both nonusers and 
PPI users received more implants in a posterior region, but no 
statistically significant difference was found with respect to 
implant location (P=0.056; Fisher’s exact test).

PPI users and nonusers had mean follow-up periods of 
29.02±17.90 and 28.97±17.59 months, respectively (P=0.724; 
Mann–Whitney U test). The mean number of implants per 
patient was calculated to be 3.24±2.66, ranging from one to 
14 implants. 

PPI users consisted of 18 female and six male patients with 
a total of 69 implants. Two PPI users experienced implant 
failure, one of whom had three and the other of whom had 
one failed implant, respectively; thus, the failure rate was 
calculated as 8.3% (2/24 patients). Eleven patients within the 
nonusers group each experienced one implant failure, making 
for a failure rate of 1.9% (11/568 patients). Although the dif-
ference between PPI users and nonusers failed to show any 
significance at the patient-level (P=0.094; Fisher’s exact test) 
(Table 1), the difference at the implant-level was found to be 
statistically significant (P=0.002; Fisher’s exact test).(Table 2) 

Table 1. Chi-square tests for proton pump inhibitor status at the 
patient level

Value

Asymp 
Sig.

(two-
sided)

Exact 
Sig.

(two-
sided)

Exact 
Sig.

(one-
sided)

Pearson chi-square test 4.387 0.036
Continuity correction1 1.914 0.166
Likelihood ratio 2.668 0.102
Fisher’s exact test 0.094 0.094
Linear-by-linear association 4.380 0.036
No. of valid cases 592

(Asymp: asymptotic, Sig.: significance)
1Computed only for a 2×2 table.
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Table 2. Chi-square tests for proton pump inhibitor status at the 
implant level

Value

Asymp 
Sig.

(two-
sided)

Exact  
Sig.

(two-
sided)

Exact  
Sig.

(one-
sided)

Pearson chi-square test 23.199 0.000 0.002 0.002
Continuity correction1 16.979 0.000
Likelihood ratio 10.192 0.001 0.002 0.002
Fisher’s exact test 0.002 0.002
Linear-by-linear association 23.187 0.000 0.002 0.002
No. of valid cases 1,918

(Asymp: asymptotic, Sig.: significance)
1Computed only for a 2×2 table.
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The odds of implant failure for patients on PPI medications 
in comparison with nonusers were calculated to be 4.60 times 
greater. Furthermore, dental implants that were placed in pa-
tients using PPIs were found to be 4.30 times more likely to 
fail prior to loading.(Table 3) 

IV. Discussion

PPIs are some of the most commonly prescribed drugs for 
the treatment of acid-related gastric diseases18. Despite be-
ing well-tolerated drugs overall, several adverse effects have 
been linked with the use of PPIs including nausea, headaches, 
gastrointestinal symptoms, nutritional deficiencies, osteopo-
rotic fractures, chronic kidney disease, infection, and throm-
bocytopenia25,26.

The adverse effects of PPIs on bone metabolism may be 
explained through several potential mechanisms. First, PPI-
induced hypochlorhydria leads to the malabsorption of cal-
cium in the small intestine27. The resulting decrease in the 
blood calcium levels disturbs bone formation and stimulates 
bone resorption through osteoblasts and osteoclasts, respec-
tively, leading to a lower degree of bone mineral density27,28. 
Secondly, PPIs may promote decreased bone turnover via the 
prevention of the V-ATPase of osteoclasts similar to the way 
PPIs inhibit gastric H+/K+-ATPase, which has a direct nega-
tive effect on bone cells23. Lastly, the long-term use of PPIs 
may impede collagen cross-linking and weaken the bone 
structure by causing an increase in homocysteine concentra-
tion and parathyroid hormone levels28.

Several observational studies have previously demonstrated 
an association between PPI exposure and fragility fractures, 
most notably of the hips and vertebrae18,20-22. Furthermore, in 
2010, the United States Food and Drug Administration issued 
an advisory notice highlighting the possible risk for fractures 
of the hip, wrist, and spine when PPIs are used at high doses 
(i.e., more than once daily) or for a long duration (i.e., greater 
than one year). Nevertheless, controversy remains in the cur-
rent literature regarding clinically significant effects of PPIs 

on bone metabolism29.
Today, the association between PPI intake and bone me-

tabolism-related disorders remains a subject of interest for 
researchers. However, only a small number of studies to date 
have thus far investigated the effects of PPIs on the osseointe-
gration of dental implants. In an in vivo study on rat tibia, Al 
Subaie et al.15 found that systemically administered omepra-
zole, a commonly prescribed PPI30, decreased the overall 
number of osteoclasts in the healing bone and had a deleteri-
ous effect on bone healing and implant osseointegration. Re-
cently, Wu et al.17 reported on the association between PPIs 
and the risk of failure for osseointegrated implants in their 
retrospective cohort study covering 1,773 dental implants in 
799 patients (including 133 implants in 58 PPI users), where 
the failure rates for PPI users and nonusers were found to be 
6.88% and 3.2%, respectively. These authors concluded that 
PPI use was associated with an increased risk of failure for 
osseointegrated implants. Similarly, Chrcanovic et al.16 evalu-
ated the results from 999 patients (3,559 implants) and re-
ported a 12% overall failure rate for PPI users and one of 4.5% 
for nonusers. The difference between the two groups was 
statistically significant. They ultimately suggested that the 
intake of PPIs might present a higher risk of dental implant 
failure. The results of the current study are consistent with 
the findings reported by Wu et al.17 and Chrcanovic et al.16, 
which revealed a statistically significant difference in implant 
failure rates between PPI users and nonusers. 

The present study has the distinction of being the first at-
tempt to evaluate the success of osseointegration in the pres-
ence of PPI intake by excluding patients who experienced 
late failures. It is noteworthy that the overall survival and 
success of dental implants are dependent on several factors 
including oral hygiene and parafunctional habits. Therefore, 
we believe that a more objective evaluation of PPI intake as a 
predictor of osseointegration failure was achieved by exclud-
ing patients who lost implants after prosthetic loading. To the 
best of our knowledge, this is the first study to investigate the 
association between PPI use and the success of dental im-
plant osseointegration.

Certain limitations of this study must be borne in mind 
when interpreting its findings. The lack of specific infor-
mation characterizing the type, dose, and duration of PPI 
therapy, which might have influenced the outcome, repre-
sents a limitation due to the retrospective design of the study. 
Moreover, as is true with all observational studies, our results 
may also be biased by some residual confounding factors. 
However, its findings are gleaned from a large sample size 

Table 3. Risk estimate for proton pump inhibitor (PPI) users

Value
95% confidence interval

Lower Upper

Odds ratio for PPI (user/nonuser) 4.603 0.962 22.032
For cohort fail=yes 4.303 1.009 18.348
For cohort fail=no 0.935 0.828 1.055
No. of valid cases 592
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and may provide clinicians with insight into how the success 
of osseointegration is affected in the presence of PPI intake. 
It might also serve as the basis for future studies on this topic.

V. Conclusion

The findings of this study suggest that PPI intake may be 
associated with an increased risk of early failure of dental 
implants. Future prospective cohort studies and randomized 
controlled clinical trials are needed to validate our outcomes 
and more thoroughly elucidate the effects of PPI intake on 
the osseointegration process of dental implants.
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