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Do proton pump inhibitors affect the biomechanical efficiency of implant?- 
a systematic review 
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A B S T R A C T -   

Purpose: This systematic review was executed to determine the influence of proton pump inhibitors on biome-
chanical efficiency of dental implants. 
Materials and methods: The comprehensive online literature search was conducted on digital database of Pubmed, 
Cochrane database and EBSCO host, Web of Science and Scopus from 2010 to 2021(Dec).The studies included in 
our research comprised of randomized controlled trials and animal studies. Literature review, Letter to the editor, 
short communication and studies not related to the dental implants were excluded. A total of 6 studies were 
finalized and included in the systemic review. 
Result: The proton pump inhibitors have a negative influence on the bone metabolism and adversely affect the 
Osseointegration of the dental implants. Further they reduce the biomechanical efficiency of dental implant 
which ultimately results in their failure. 
Conclusion: Proton pump inhibitors are a risk factor for dental implant survival. This conclusion has been drawn 
from the limited research available. Hence well designed prospective randomized controlled trials should be 
carried out on a large population including the users and non-users, to more thoroughly elucidate the effect of 
proton pump inhibitor on osseointegration process of dental implants.   

1. Introduction- 

Dental implants provide the most effective and predictable solution 
for the partial or completely edentulous spaces with elevated survival 
rates, but failures are still encountered.1 One of the main goal of dental 
implant treatment is the preservation of ridge and long term osseoin-
tegration which forms the direct functional and structural association 
between the loading surface of implant and bone.2,3 Implant failures are 
classified as early failures associated with impaired bone-implant con-
tact and late implant failures related to functional and parafunctional 
overloading and pathogenic oral microbiota.2,4 The frequency of early 
failure ranges from 0.7% to 2%.5 Numerous factors affecting the meta-
bolism of bone such as age, gender, use of tobacco, systemic diseases, 
radiotherapy, and some systemic medication have been suggested to 
play a vital role in the early failure of dental implants.6,7 The systemic 
medications taken by the patient affects the treatment outcome of the 
implants by directly or indirectly affecting the bone metabolism.6,7 

Proton pump inhibitors are the most commonly used drug for the 
treatment of disorders related to acid such as a gastric ulcer or gastro-
intestinal disorders for instance eosinophilic gastritis, gastroesophageal 

reflux, dyspepsia, and helicobacter infection. Nowadays, there is an in-
crease in the usage of Proton pump inhibitors (PPIs) as long-term or 
continuous therapy. A significant relation has been observed between 
the usage of PPIs and high risk of bone fracture due to osteoporotic 
changes.8–14Further they have been recently recognized to impair the 
dental implant osseointegration because of their adverse effect on bone 
metabolism. 

Therefore the present systematic review was executed to determine 
whether there is negative influence of systemic PPIs on the dental 
implant biomechanical efficiency. 

2. Materials and method- 

The present review is based on the guidelines of Preferred Reporting 
Items for Systematic reviews and Meta-analysis(PRISMA). 

3. Searched question- 

The PICO (population, intervention, comparison and outcome) 
framework was used for question “Does the proton pump inhibitors 
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(intervention) usage in patients undergoing dental implant treatment 
modality(population) influences the biomechanical efficiency(outcome) 
of dental implant as compared to controls(non-users)? 

4. Search strategy and selection criteria- 

The comprehensive literature search was conducted in Pubmed, 
Cochrane database, EBSCO host, Web of Science and Scopus from 2010 
to 2021(Dec). Hand search of different journals related to proton pump 
inhibitors and dental implants was preformed to find studies related to 

topic of review. The hand searched journals included were Clinical 
Implant Dentistry and Related Research, Clinical Oral Implant Research, 
Journal of Oral Implantology and Journal of Implant Dentistry. The 
following keywords were used in search strategy such as proton pump 
inhibitors, bone metabolism, osseointegration, dental implant failure 
and risk factors for dental implants. 

Kappa statistics was used to calculate level of agreement among the 
reviewers (AB,BC). A discussion with other authors (GV,DM) was done 
and consent on final decision was taken. Inclusion criteria comprised of 
randomerized controlled trails and animal studies in between the period 
from 2010 to 2021(Dec). Articles in English were included. Case reports 
and case series, Literature reviews, Letter to the editor, short commu-
nications and studies not related to the dental implants were excluded. 
Articles in Language other than English were excluded. Table 1 shows 
the inclusion and exclusion criteria. 

5. Data extraction- 

Data was extracted from the included studies for the final investi-
gation. The study data is presented as-author, year, study type, number 
of patients(PPIs users and non users), mean age, total number of 

Table 1 
showed the inclusion and exclusion criteria for systematic review.  

Inclusion Criteria Exclusion criteria 

Studies in between 2010 and 
2021(Dec) were included. 

Studies outside the proposed time slot were 
excluded. 

Randomized controlled trials 
were included. 

Letter to editor, literature reviews, case reports, 
and studies not related to dental implants were 
excluded. 

Studies in English were included. Studies in language other than English were 
excluded.  

Fig. 1. Flowchart shows the Screening of articles for their eligibility to be included in the systematic review.  
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implants(PPIs users and non users), implant dimensions (length ×
diameter), implant location, implant survival, implant failure and 
follow-up. 

6. Quality and risk of bias assessment for included studies- 

Cochrane collaboration tools were used to assess the risk of bias of 
randomerized controlled trials. SYRCLE’S tool was used to assess the risk 
of bias of animal studies. 

7. Result- 

Figure-1 shows the flowchart diagram of the details of the selected 
study. Total 110 articles related to question raised were identified. Each 
reviewer further screened the articles, duplicated articles and other ar-
ticles not related to the topic of interest were excluded. A total of 6 
studies including randomerized controlled trials15–18 and animal 
studies7,19 were reviewed. Kappa statistics showed the high level of 
agreement among the reviewers.(ᵏ>0.80). Tables 2 and 3 showed the 
detailed analysis of the included studies i,e 4 randomerized controlled 
trials and 2 animal studies. In 4 randomized controlled trials total 
number of patients were 3025 and total implants placed were 8750 (653 
in PPIs users and 8097 in non users). The total number of Implants that 
survived were 8435 (579 in PPIs users and 7856 in non users) and those 
failure were 310 (74 in PPIs and 236 in non users). In animal studies, 

Sprague Dawley rat(48) received 72 dental implants and both the 
studies showed contradictory result on osseointegration. The Cochrane 
collaboration tool was used to assess the risk of bias in randomized 
controlled trials (Table 4) and SYRCLE’S tool for assessment of risk of 
bias in animal study (Table 5).All the studies included in the systematic 
review had a low bias risk and were unlikely to altered the result of 
systematic review. ARRIVE guidelines 2.0(July 2020) were used to 
analyzed the quality of the animal studies (Table 6) and had a score of 30 
out of total score 31. 

8. Discussion- 

Now a days, the association between the PPIs administration and 
bone metabolism disorders has become a topic of interest for research 
scholars. The exact mechanism is still unknown, but it has been assumed 
that bone loss around dental implant in PPIs patient might be associated 
with alteration in homeostasis of bone, microbial flora or inflammatory 
response.20–22Further few studies have observed the negative influence 
of PPIs administration on intestinal calcium absorption leading to 
negative calcium balance in body.23Certain studies have reported sig-
nificant rise in hip, spine and other site fracture in both genders in PPI 
users.24 The administration of PPIs employed for gastro esophageal 
reflux disorders symptoms have been positively associated with defi-
ciency of vitamin B12, and increased homeocysteine level.25This raised 
homeocysteine level leads to increased rate of bone formation and 

Table 2 
showed the detailed analysis of the 4 human studies(randomerized controlled trials).  

S 
NO. 

Author/Year/ 
Study type 

Number of 
PPI Users 
Non Users 

Mean age Total 
number of 
implant 

Location of 
implants 

Dimension of 
implant 
(length ×
Diameter) 

Follow up Implant 
survival 

Implant 
failed 

Study outcome 

1. Wu et al., 2017 
Retrosceptive 
cohort study 

799 Pts 
58 PPIs 
users 
741 non 
users 

18–93 
years 

1773 
implants 
133 in 
PPIs users 
1640 in 
non-users 

Maxilla & 
Mandible 
Anterior and 
posterior 
region 

12.1±.1 mm 
non users 12.1 
±.3 mm PPIs 
× 4.2±.5 mm 
non users( 
Mean ± SD) 
4.1±.4 mm 
(Mean ± SD) 

Mean ± SD 
<12 
months935 
implants in non 
users 
69 in PPIs users 
≥12 months- 
705 non users 
64 implants in 
PPIs users 

124 in 
PPIs users 
1587 in 
non users 

9 in PPIs 
users 
53 in non 
users 

The study observed 
the increased risk of 
osseointegrated 
dental implant failure 
in PPIs users. 

2 Chrcanovic 
et al., 2017 

999 Pt 
67 PPIs 
users 
932 Non 
users 

≤30 years 
31 ≤ 60 
Years 
>60 years 

3559 
implants 
250 
implants 
in PPIs 
users 
3309 
implants 
in non 
users 

Mandible 
anterior and 
posterior 
region 

6–10 mm, 
10.5–14 mm, 
15–20mm × 3- 
3.5omm, 
3.70–4.10 
mm, 4.20–5 
mm 

94.8±
78.7 months 

220 in 
PPIs users 
3161 in 
non users 

30 in PPIs 
users 
148 in 
non users 

The study reported 
the association 
between PPIs 
administration and 
increased implant 
failure. 

3 Altay et al., 
2018 
Retrospective 
study 

592 
patients 
(316 
female pt 
276 male 
pt) 
24(18 
female 
and 6 
males) 
PPIs Users 
568 Non 
users 

18–84years 1918 
Implants 
69 
implants 
in PPIs Pt 
1849 
Implants 
in 568 non 
users 

Anterior 
region-506 
implants 
Premolar 
region- 
603Implants 
Molar region 
809 Implants 
(Mandible- 
957& Maxilla- 
961 Implants) 

Not mention 29.02 ± 17.90 
months for PPIs 
users 28.97 ±
17.59 months 
for non users 

45 
implants 
in PPIs pt 
1838 
Implants 
in Non 
users 

24 in PPIs 
Pt 
11 in Non 
users 

The study suggested 
association of PPIs 
with early dental 
implant failure. 

4 Brendon et al., 
2019 

635 
patients 

21 year or 
above 

201 
implants 
in PPIs pt 

Not mention Not mention 2–3 years 190 
implants 
in PPIs pt 

11 
implants 
in PPIs pt 

The study observed 
more crestal bone 
loss in dental implant 
patient having PPIs 
prescription history. 

1299 in 
Non users 

1270 
implants 
in non 
users. 

24 in non 
users  
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resorption ultimately resulting in a reduction in broadband ultrasound 
attenuation(BUA) which measures the mass of bone as ultrasound waves 
penetrate through the mineralized tissue.26–28Hence it can be concluded 
that PPI use has a negative influence on mineral density and volume of 
bone trabeculae.28–30 PPIs also hamper the absorption and excretion of 
magnesium which offers a negative effect on bone metabolism either 
directly or indirectly, thus affecting survival of biointegration of dental 
implant.31 

PPIs inhibited the proton pump of osteoclast responsible for bone 
resorption thus impeding the osteoclastic activity and leading to inhi-
bition of bone remodeling.32In vitro studies have shown that adminis-
tration of PPIs inhibits the vacuolar H+K+ ATPase of osteoclasts.33PPIs 

usage inhibits the phosphoethanolamine/Phosphocholine phosphatase 
and tissue non-specific alkaline phosphatase in bone matrix vesicles.34 

In vivo study it was observed that PPIs might inhibit the release of 
calcium from calvaria of the neonatal mouse and reduces the bone 
resorption by osteoclast.33 PPIs decreased the transverse growth of 
endosteum and reduces the ratio of mineral substance mass to bone mass 
resulting in inhibition of formation of bone and impaired mineralization 
of bone tissue.35This is assumed to be due to reduction of expression 
markers responsible for bone accrual and formation such as Bone 
Morphogenic protein 2,4 and Cysteine rich protein-61.35 

The chronic gastric acid suppression was observed with PPIs intake, 
leading to hypergastrinemia[40].This can negatively influence the bone 

Table 3 
showed the detailed analysis of the 2 animal studies.  

S 
no 

Author/ 
Year 

Total number 
of animals 

Total 
number of 
implants 
placed 

Age of 
animal 

Study summary Location 
of implant 

Implant 
dimension 

Inference 

1. Subaie 
et al., 
2016 

24 Sprague 
Dawley Rat 

24 implants 10 
weeks 

In 24 rats implants were placed in left tibia 
and defect was created in the right tibia. 
After surgery rat were on omeprazole (5 mg/ 
kg) and others on saline. After euthanasia 
rat, percentage of new bone formation in the 
defect was assessed using microcomputed 
tomography and peri-implant bone mass or 
tissue volume and percentage of bone 
implant contact was observed by 
histomorphometry. 

Tibia left 1.5mm ×
2.0 mm 

Rats on PPIs shoe larger cortical 
bone defects. The systematic 
administration of these drugs 
impaired the bone healing. 

12 treated with 
Omeprazole 
12 with saline 

2. Tekin 
et al., 
2021 

24 Sprague 
Dawley Rat 

48 implants 2.5–3 
months 

In 24 sprague Dawley rats after surgical 
placement of Ti implant into the 
metaphyseal part of left and right tibia and 
randomly divided into three groups n = 8 
omeprazole 5 mg/kg and n = 8 10 mg/kg 
and n = 8 control group. Total 48 implants 
were placed. After experiment animals from 
each group was scarified and study 
completed with 7 rats in each group. Blood 
samples were collected for biochecimal 
analysis and implant and surrounding tissue 
were used for biomechanical reserve torque 
analysis. 

Left and 
right Tibia 

4mm × 2.5 
mm 

PPIs have no biomechanical or 
biomchecimal effect on dental 
implant osseointegration. N = 8 controls 32 in PPIs 

treated 
N = 8 on 5 mg/ 
kg of 
omeprazole 

16 in non 
treared 

N = 8 on 10 
mg/kg of 
omprazole   

Table 4 
Cochrane collaboration tool was used to assess the risk of bias in randomized controlled trials.   

S 
no 

Study Selection Bias Blinding of outcome 
assessment(detection bias) 

Incomplete outcome 
data(Attrition bias) 

Selective reporting 
(reporting bias) 

Anything else ideally 
pre-specified 

Random sequence 
generation 

Allocation 
concealment 

1. Wu et al., 2017 Low bias Low bias Low bias Low bias Low bias Low bias 
2. Chrcanovic 

et al., 2017 
Low bias Low bias Low bias Low bias Low bias Low bias 

3. Altay et al., 2018 Low bias Low bias Low bias Low bias Low bias Low bias 
4. Brendon et al., 

2019 
Low bias Low bias Low bias Low bias Low bias Low bias  

Table 5 
SYRCLE’S tool for assessment of risk of bias in animal study.  

S 
no 

Study Selection Bias Preformed bias Detection Bias Incomplete 
outcome of data 
(attrition bias) 

Selective 
outcome 
reporting 
(reporting 
Bias) 

Other 
sources of 
bias Sequence 

generation 
Baseline 
characteristics 

Allocation 
concealment 

Random 
housing 

Blinding Random 
outcome 
assessment 

Blinding 

1. Subaie 
et al., 
2016 

Low bias Low bias Low bias Low bias Low 
bias 

Low bias Low 
bias 

Low bias unclear Unclear 

2 Tekin 
et al., 
2021 

Low bias Low bias Low bias Low bias unclear Low bias unclear unclear unclear Unclear  
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metabolism through parathyroid gland hyperplasia and hypertrophy 
leading to increased level of PTH. The consistant raised level of PTH in 
relation to calcium concentration of serum may result to loss of quality 
and strength of the bone.35 

Studies by Tuukkanen et al.33 in 1986 and Mizunashi et al.36 in 1993 
reported decrease resorption of bone and its turnover in patients on PPIs. 
Cottrell et al.37 in 2010 and Bodele et al.38 in 2008 in their studies 
observed no significant influence on formation of bone. Hasanin et al.39 

in 2014 observed that omeprazole had both type of positive and negative 
influence on bone remodeling. Histing et al. [40] in the murine fracture 
model observed that there was significantly a lower bony tissue amount 
within callus and an elevated amount of fibrous and cartilaginous tissue. 
Pantoprazole delays the healing of fracture by affecting both bone 
remodeling and formation. 

However, till date few studies investigated the influence of PPIs on 
dental implant biointegration with bone. In vivo study conducted on 
Sprague Dawley rat tibia by Al Subaie et al.7 in 2016 reported that 
omeprazole(most commonly prescribed) administration reduced the 
overall osteoclast number in the healing site of bone resulting in 
impaired osseointegration. Further concluded that dose of 5 mg/kg and 
10 mg/kg of omeprazole had no influence on osseointegration. On 
contrary Teskin et al.18 in 2021 observed no such association in their 
study on rat tibia. Wu et al.15 in 2016 in their retrospective cohort study 
observed negative association between the PPIs and bone metabolism 
and concluded that the administration of PPIs increase the risk of dental 
implant osseointegration failure. 

According to Altay et al.17 in 2018 dental implant placed in PPIs 
users showed 4.3 times more likely to fail prior to loading. Chrcanovic 
et al.16 in 2017 reported a statistically significant difference in failure 
rates of dental implant between PPIs users and non users. 

The result of the present systematic review suggests that adminis-
tration of PPIs negatively affects the dental implant biomechanical ef-
ficiency and should be considered as a risk factor for dental implant 
failure. 

9. Conclusion- 

The biomechanical efficiency of dental implant depends on the 
successful osseointegration and proton pump inhibitors adversely 
affecting the osseointegration results in dental implant loss. Interaction 
of PPIs, osseointegration of implant and bone regeneration are related 
strongly to the metabolism of bone. PPIs therapy affects bone 

regeneration and osseointegration causing a defective bone metabolism, 
impaired bone healing and increased risk of bone fracture. The clinicians 
and patients should avoid the unnecessary use of proton pump in-
hibitors. Further studies are required to determine whether dietary and 
pharmacologic strategies can be used successfully to manage the risk of 
osseointegrated dental implant failure among PPIs users. Alternatives 
medication for PPIs can be prescribed for that patient who has to un-
dergo the surgery for dental implant. Well designed, prospective, ran-
domized controlled trials should be carried out on a large population 
including the users and non-users to determine the treatment strategies 
for patients on PPIs undergoing implant therapy. Animal models should 
be developed to understand the histopathological changes caused by 
PPIs on bone and an assay can be developed to screen the suitable pa-
tients for implant therapy. 
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