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Proton pump inhibitors (PPIs) are among the most 
frequently used medications, with more than 113 

million prescriptions filled globally each year, account-
ing for more than $13 billion in worldwide sales.1–3 In 
the United States, PPIs typically are ranked among 
the top 10 most frequently prescribed medications. 
Omeprazole is the most commonly prescribed PPI, 
but others include lansoprazole, pantoprazole, and 
rabeprazole. Collectively, they have been shown to be 
more effective than H2-receptor antagonists for treat-
ment of gastric and duodenal ulcers.4

PPIs function through irreversible inhibition of the 
H+/K+-ATPase proton pump in gastric parietal cells, 
making them a potent gastric acid suppressing agent.4 
PPIs are effective for prevention, as well as treatment, 
of gastroesophageal reflux disease (GERD), peptic ul-
cers, and dyspepsia, as well as infections (primarily by 
Helicobacter pylori), eosinophilic esophagitis, stress 
gastritis, and gastrinomas.5 Inflammatory bowel dis-
ease (consisting primarily of ulcerative colitis and 
Crohn’s disease) often is accompanied by GERD,6 and 
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Purpose: Proton pump inhibitors (PPIs) are prescribed for the treatment of gastric reflux disease, but such 

medications might also influence bone metabolism. Therefore, the primary goal of this study was to determine 

if bone loss severity at dental implants could be associated with PPI use. Materials and Methods: Dental, 

medical, and radiographic history records of patients receiving dental implants at the University at Buffalo, School 

of Dental Medicine from 2000 to 2017 were reviewed in this retrospective clinical study. Bone loss around each 

implant was evaluated radiographically by direct measurement of crestal bone loss and by counting the number 

of radiographically evident exposed threads. PPI use was confirmed by medical record examination. The effects of 

systemic factors were assessed. Confidence intervals (CI) and P values of mean differences between PPI and non-

PPI groups were computed via IBM SPSS Statistics v.25. Results: A total of 1,480 implants from 635 patients were 

used in this study. Greater crestal implant bone loss was associated with patients with a history of PPI medication 

use. Mean crestal bone loss of 1.60 mm was noted at implants from PPI patients, in contrast to 1.01 mm of crestal 

implant bone loss at implants from the non-PPI group (group difference = 0.59 mm, 58.40% increase, P = .024, CI 

[95%] = 0.08 to 1.09 mm). Following adjustment for systemic factors, those effects persisted, with crestal implant 

bone loss of 1.87 mm from PPI patients, in contrast to 1.04 mm from non-PPI patients (group difference = 0.83 mm, 

79.80% increase, P = .028, CI [95%] = 0.09 to 1.56 mm). Similarly, 0.63 exposed threads per implant were found 

in the PPI group, in contrast to 0.38 supracrestal implant threads in the non-PPI patient group (mean difference = 

0.25 exposed threads, 65.8% increase, P = .039, CI [95%] = 0.01 to 0.50 mm). After excluding systemic factors, a 

similar pattern was observed with 0.79 vs 0.36 threads exposed from subjects taking PPIs, compared with those 

not taking PPIs, respectively (mean difference = 0.43 exposed threads, 119.4% increase, P = .014, CI [95%] = 

0.09 to 0.77 mm). Conclusion: The data suggest that PPI medications are related to more loss of crestal bone at 

implant sites. Patients receiving implant therapy might require more frequent periodontal maintenance. Int J Oral 

MaxIllOfac IMplants 2020;35:130–134. doi: 10.11607/jomi.7800 
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PPIs typically are considered as a treatment adjunct. 
As a result, PPIs have become a primary modality for 
treatment of a variety of gastrointestinal acid-related 
disorders.7

In addition, PPIs have been associated with poten-
tial anti-inflammatory effects that appear to be inde-
pendent of their effect on gastric acid secretion.8 There 
is evidence that PPIs inhibit mononuclear cell chemo-
taxis and phagocytosis, suppress the inflammatory cell 
oxidative burst, and inhibit the expression of cell adhe-
sion molecules.9–12 The effects of PPIs on bone homeo-
stasis include a potential decrease in bone mineral 
density,13,14 with increased risk of wrist, hip, and spinal 
fractures related to the use of long-term PPI adminis-
tration.13 Microbial alterations also have been report-
ed secondary to PPI use.12,15 Specifically, long-term PPI 
use has been associated with infection by Clostridium 
difficile, small intestinal microbial proliferation and 
overgrowth, as well as changes in the gastrointestinal 
microbiota, including a decrease in bacterial diversity. 
Some of those changes have been related to increased 
risk of bacterial peritonitis, pneumonia, and enteric in-
fections.12 However, the precise mechanism through 
which PPIs might alter the microbiome remains to be 
elucidated.  

There have been a number of recent reports sug-
gesting that patients taking PPIs have an elevated 
dental implant failure rate compared with patients 
not taking those medications, but the effect of PPIs on 
crestal implant bone loss has not been reported.16–19 
Since implant failure is multifactorial, and consider-
able bone loss typically is necessary before implants 
are lost, the primary objective of this study was to as-
sess the effect of PPI medications on implants by mea-
suring the extent of crestal bone loss at implants from 
patients taking or not taking such medications.

MATERIALS AND METHODS

Patient Population
This project was reviewed and approved by the Uni-
versity at Buffalo Health Sciences Institutional Review 
Board (STUDY#00002276). The manuscript was pre-
pared according to the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) 
guidelines as adapted for this retrospective clinical 
study.20 All patients aged 21 years or older receiving 
implant placement at the University at Buffalo, School 
of Dental Medicine (SDM) Postgraduate Clinics from 
2000 to 2017 were considered for this study. Patients 
without radiographic documentation of both implant 
placement and subsequent implant evaluation at a 
later date were excluded. For enumeration of exposed 
threads, implants also were excluded if the number of 

threads could not be determined. For measurement 
of bone loss in millimeters, implants were excluded 
if the entire implant image could not be visualized or 
was otherwise not diagnostic. Radiographic analysis 
was accomplished using either direct measurement 
for film images, or via MiPACS Dental Enterprise Viewer 
(DEV) software 3.0 for digital images. Conventional 
periapical or panoramic radiographs were used for 
analysis. Standardization of bone loss measurements 
and compensation for distortion and other confound-
ing factors were accomplished by using ratios of ap-
parent bone loss to implant length, corrected by actual 
(label) implant length. To minimize potential bias, all 
measurements of each implant were performed by the 
same examiner (B.U.), who was blinded to the patients’ 
PPI medication status. Medication, medical, and dental 
histories were obtained following review of patient re-
cords. Examples of PPI medications considered in this 
study included pantoprazole, dexlansoprazole, esome-
prazole, lansoprazole, omeprazole, and rabeprazole.

Criteria Analysis
A sequential time series pair of radiographs were re-
viewed for each implant by a single examiner (B.U.), 
who was blinded to the patient’s medication status. 
The initial assessment (T1) was obtained at the time 
of implant placement, where apparent implant length 
was measured from the most crestal to the most api-
cal aspect of the implant. A subsequent radiograph 
with the greatest available elapsed time between 
placement and implant re-evaluation (T2) was used to 
again obtain implant length and bone loss measure-
ments, in a manner identical to that described for T1; 
elapsed time between T1 and T2 was recorded for each 
implant. Bone loss at T1 was recorded in millimeters by 
measuring the distance from the most crestal aspect 
of the implant to the apical extent of the bone defect. 
Correction for radiographic distortion was performed 
by multiplying the measured bone loss by the ratio of 
the actual implant length to the radiographically mea-
sured apparent implant length. 

Radiographically determined implant thread ex-
posure also was used to measure crestal bone loss by 
counting the number of exposed implant threads at 
each implant at T2 and subtracting that from the num-
ber of exposed threads at time of placement (if any). If 
differences in exposed thread count existed between 
proximal aspects of the implant, the site with the high-
est number of exposed threads was recorded for both 
T1 and T2 measurements. Both methods of calculating 
bone loss were repeated for all 1,384 (bone loss in mm) 
or 1,430 (exposed threads) implants.

To eliminate the effect of systemic conditions or 
disease on implant-associated bone loss in the patient 
population, the analysis was repeated after excluding 
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implants from patients with a history of smoking, dia-
betes, systemic steroids, hormonal replacement ther-
apy, chemotherapy, or autoimmune disease such as 
thyroiditis, lupus, or rheumatoid arthritis.

For all analyses, Levene’s test for equality of variances 
was performed in conjunction with independent sam-
ple t tests (using equal or unequal variance as appro-
priate). To obtain satisfactory sample sizes and increase 
statistical power, implants were not further subclassi-
fied according to manufacturer, surface, or system. Sig-
nificance was measured via computation of the 95% 
confidence interval and P value of the group mean 
differences. To determine whether any differences in 
patient oral hygiene were present that might influence 
the outcome, patient plaque scores were obtained us-
ing either the Ramfjord index sampling technique, or 
via whole-mouth plaque detection21 as available, and 
mean values (percent of teeth with plaque accumu-
lation) were calculated. Statistical differences in oral 
hygiene among patients taking or not taking PPIs, as 
well as any differences in implant evaluation time, were 
determined as described earlier. All calculations were 
performed using IBM SPSS Statistics v25.

RESULTS

Patient record review resulted in the initial identifica-
tion of 1,480 implants from 635 patients. After apply-
ing the exclusion criteria as noted earlier, a final pool of 
1,430 and 1,384 implants were available for the exposed 
thread and crestal bone loss analyses, respectively, and 
approximately 96% of those implants were obtained 
from Straumann, Nobel Biocare, and Astra Tech Den-
tal. As reported in Table 1, there was 1.60 mm of mean 
crestal implant bone loss from patients taking PPIs, in 
contrast to 1.01 mm of bone loss from implants among 
non-PPI patients (58.4% increase, P = .024). After exclud-
ing smokers, patients with diabetes, or subjects taking 

systemic steroids, that relationship persisted, with crest-
al implant bone loss of 1.87 mm from subjects taking 
PPIs, in contrast to 1.04 mm of bone loss among non-
PPI subjects (79.8% increase, P = .028). That relationship 
persisted when the analysis was performed to assess the 
number of exposed threads: There were 0.63 exposed 
threads around implants from the PPI patient group, 
and 0.38 exposed threads from patients not taking PPIs 
(65.8% increase, P = .039). After adjusting for smoking, 
diabetes, use of systemic steroids, and other systemic 
immunologic diseases, there were 0.79 vs 0.36 exposed 
implant threads in patients taking PPIs, compared with 
patients not taking those medications (119.4% increase, 
P = .014). No statistically significant differences in patient 
plaque control were found between patients in the PPI 
vs non-PPI groups (P > .05). As noted in Table 2, mean 
radiographic evaluation time intervals ranged from 2.57 
years to 3.26 years for implants assessed according to 
bone loss in mm. Mean radiographic evaluation time in-
tervals ranged from 2.79 years to 3.80 years for implants 
assessed for number of exposed threads. In both cases, 
the differences in evaluation times were not statistically 
significant (P > .05).

Implant failure rates also were calculated. In this 
study, failure was defined as an implant that lost inte-
gration and required removal. The overall failure rate 
was 35 of 1,430 implants, or 2.5%. Patients taking PPIs 
experienced a 5.5% failure rate (11 of 201 implants), 
and patients not taking PPIs had a 2.0% failure rate (24 
of 1,299 implants).

DISCUSSION

Collectively, the results suggest that PPI medications 
are related to significantly more crestal bone loss at 
dental implants, as determined through comparison of 
either extent of crestal implant bone loss, or through 
enumeration of exposed threads. Those findings 

Table 1  Bone Loss Around Dental Implants from Patients Taking PPIs vs Not Taking PPIs

Bone loss

mm ± SD

Excluding diabetics, 
smokers, steroids, and 

systemic conditions 
(mm ± SD)

No. of exposed threads 
± SD

Excluding diabetics, 
smokers, steroids, and 

systemic conditions (no. 
of exposed threads ± SD)

PPI 1.60 ± 3.47 (n = 190) 1.87 ± 4.06 (n = 124) 0.63 ± 1.67 (n = 201) 0.79 ± 1.92 (n = 131)

No PPI 1.01 ± 1.88 (n = 1,194) 1.04 ± 1.82 (n = 763) 0.38 ± 1.35 (n = 1,229) 0.36 ± 1.32 (n = 792)

Mean difference  
(PPI – no PPI)

0.59; 58.4% increase 0.83; 79.8% increase 0.25; 65.8% increase 0.43; 119.4% increase

95% confidence 
interval of mean 
difference

0.08–1.09 0.09–1.56 0.01–0.50 0.09–0.77

P value .024 .028 .039 .014

PPI = proton pump inhibitor.
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persisted after excluding diabetics and smokers, as well 
as eliminating patients with a variety of systemic im-
munologic diseases. In addition, the results indicated 
that there was a threefold higher implant failure rate 
among patients taking PPIs, which is consistent with 
previous studies.16,19 Since bone loss increased from 
approximately 1 mm to almost 2 mm after a 2- to 3-year 
evaluation period for patients with a history of PPI use, 
long-term use of such drugs might be clinically signifi-
cant. However, further prospective clinical trials would 
be necessary to more definitively address the potential 
effect of PPIs on implant bone levels. Finally, a review of 
the literature revealed that this is the first report linking 
an increased implant failure rate to a quantifiable in-
crease in peri-implant bone loss in patients taking PPIs. 

Although the precise mechanism is unknown, im-
plant bone loss among PPI patients might be attribut-
able to alterations in bone homeostasis, inflammatory 
regulation, or microbiome.8,12,22 In addition, there are 
reports linking PPIs to a decrease in intestinal Ca+ 
absorption, leading to a negative calcium balance.23 
Studies have shown that there is a significant increase 
in hip, spine, and any-site fractures in both men and 
women.24 Use of PPIs (as well as histamine 2-receptor 
antagonists) for GERD symptoms is associated with a 
deficiency in vitamin B12,25 which has been associated 
with increased levels of homocysteine,26 an increase 
in bone formation and resorption, and a decrease in 
broadband ultrasound attenuation (BUA),27 which 
measures bone mass as a function of sound waves that 
pass through mineralized tissues. Finally, studies have 
supported the idea that an increase in homocysteine 
and a decrease in BUA are related to a higher incidence 
of bone fractures.28,29

A decrease in bone mineral trabecular density also 
has been associated with PPI use.30 It has been shown 
that rats treated with omeprazole exhibit larger cortical 

defects, decreased bone-to-tissue volume ratios, and 
decreased implant-bone contact area, in comparison 
to rats treated with only saline.31 Consequently, it is 
reasonable to speculate that PPIs might facilitate a va-
riety of local and systemic metabolic changes that ulti-
mately might affect osseointegration or facilitate bone 
loss around implants.

Since the data are derived from a retrospective 
analysis of patient records, limitations include lack of 
information regarding the length of time each patient 
was taking PPIs, whether there was a lapse in PPI treat-
ment, or history of previous PPI use. It also is unknown 
whether there are any differences in outcome if treat-
ment with PPIs is begun prior to implant placement, 
compared with PPI use following implant integration. 
The precise amount of additional peri-implant bone 
loss, beyond that associated with biologic width con-
siderations, attributable to use of PPI medications 
is also unknown. Nevertheless, the present results 
demonstrate that, as a group, PPI patients have more 
bone loss than those not taking PPIs. Further stud-
ies would be indicated relating implant service time, 
PPI exposure, PPI dose, and class of PPI medication to 
fully quantify this effect. As a result, future prospective 
studies are planned to more precisely quantitate the 
effect of PPI exposure, in terms of PPI dose and dura-
tion, on bone loss around implants.

Although the results show that there is increased 
implant bone loss among patients taking PPIs, use of 
those medications does not appear to be a contraindi-
cation to implant placement, since the overall success 
rates remain high (5.5% vs 2.0% for patients taking or 
not taking PPIs, respectively). It also is unknown wheth-
er there are differences in outcome if PPIs are used at 
or before the time of implant placement, or are pre-
scribed following osseointegration. However, clinicians 
should be aware that use of PPI medications might be 

Table 2  Radiographic Evaluation Time (in years) of Dental Implants from Patients Taking PPIs vs 
Not Taking PPIs

Evaluation time (y)

(Implant bone 
loss measured in 

millimeters)

Implant bone loss 
measured in mm, 

excluding diabetics, 
smokers, steroids, and 

systemic conditions 

Implant bone loss 
measured in no. of 
exposed threads

Implant bone loss 
measured in no. of 
exposed threads, 

excluding diabetics, 
smokers, steroids, and 

systemic conditions

PPI 2.90 ± 3.36 (n = 190) 3.26 ± 3.58 (n = 124) 3.29 ± 3.52 (n = 201) 3.80 ± 3.79 (n = 131)

No PPI 2.57 ± 3.34 (n = 1,188) 2.96 ± 3.51 (n = 763) 2.79 ± 3.45 (n = 1,221) 3.22 ± 3.22 (n = 793)

Mean difference  
(PPI – no PPI)

0.33; 12.8% increase 0.30; 10.1% increase 0.50; 17.9% increase 0.58; 18.0% increase

95% confidence interval 
of mean difference

–0.18–0.85 –0.37–0.97 –0.01–1.02 –0.11–1.29

P value .198 .378 .057 .100

PPI = proton pump inhibitor. 
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a potential risk factor for implant bone loss. In those 
situations, it appears reasonable that clinicians might 
consider a greater emphasis on patient education and 
plaque control, as well as more frequent maintenance 
and implant evaluation procedures for implant pa-
tients taking PPIs or considering use of those agents.

CONCLUSIONS

The results suggest that use of PPI medications is re-
lated to significantly greater crestal alveolar bone loss 
at implant sites. Patients taking PPIs appear to be at 
greater risk of bone loss as determined by measure-
ment of either crestal bone height, enumeration of ex-
posed implant threads, or overall implant failure rate. 
That relationship persisted after excluding a variety of 
systemic inflammatory conditions. Further prospective 
clinical trials are necessary to provide recommenda-
tions regarding implant placement in patients taking 
PPIs, as well as to quantify the amount of bone loss di-
rectly attributable to those medications.
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