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Abstract 

Objectives: This systematic review aims to evaluate the outcomes of dental implant therapy in osteoporotic patients by comparing implant survival rates, peri-
implantitis prevalence, and bone-to-implant contact (BIC) between osteoporotic and non-osteoporotic individuals. The review addresses whether osteoporosis 

should be considered a contraindication for dental implants and explores how systemic bone loss affects osseointegration. 

Materials and Methods: A comprehensive search of electronic databases, including PubMed and Google Scholar, was conducted using specific MeSH terms 
related to osteoporosis and dental implants. The inclusion criteria were clinical trials and histomorphometric studies involving adult patients, written in English. 

Exclusion criteria included animal studies, in vitro studies, and articles without follow-up data. A total of six studies (five clinical and one histomorphometric) 
were included after screening 943 articles. 

Results: The included studies involved 1,122 participants, with 3,553 implants placed. Osteoporotic patients had an implant failure rate of 10.89%, compared 

to 11.43% in healthy controls, and 8.29% in osteopenic individuals. Peri-implantitis prevalence was similar across groups (23.9% in osteoporotic patients vs. 
23.5% in healthy controls). Histomorphometric analysis revealed comparable BIC percentages between osteoporotic and non-osteoporotic patients. Despite 

these similarities, the studies highlighted greater marginal bone loss in osteoporotic patients. Study heterogeneity and retrospective designs limited the ability 

to draw definitive conclusions. 
Conclusion: Osteoporosis does not appear to significantly reduce implant survival rates, suggesting that dental implants remain a viable treatment option for 

osteoporotic patients. However, increased peri-implant bone loss warrants careful patient evaluation and close monitoring. Future prospective studies with 

standardized protocols are needed to provide more robust evidence and guide clinical decision-making 
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 Introduction 

Osteoporosis is a systemic metabolic disorder of the bones, 

characterized by a loss of bone mineral density (BMD) and 

the disintegration of its microarchitecture due to an increased 

bone turnover rate. This degradation compromises bone 

strength, predisposing individuals to fractures, which in turn 

lead to reduced quality of life, increased morbidity, and 

mortality.1 The occurrence of osteoporosis is multifactorial, 

involving genetic predisposition, intrinsic biological factors, 

lifestyle choices, and external influences.2 Bone undergoes 

both radial and longitudinal growth and is continually 

throughout life to maintain strength and mineral balance. This 

a response to, prevents the accumulation of damaged bone.3 

Cortical and trabecular bone, though differing in 

architecture, share a similar molecular composition. The 

extracellular matrix of bone, consisting of mineralized and 

non-mineralized components, determines its mechanical 

properties. Collagen provides tensile strength, while 

mineralized osteoid contributes to compressive strength.4 

Annually, approximately 25% of trabecular bone and 3% of 

cortical bone are with 10% of the total skeletal mass 

undergoing turnover.5 Bone involves four sequential phases: 

activation, and formation. Osteocytes regulate this process, 

while osteoblasts and osteoclasts execute it. However, the 

imbalance between the faster (days to weeks) and slower 

formation (weeks to months) in osteoporosis leads to a net 

loss of bone mass over time. 

Osteoporosis is broadly classified into primary and 

secondary types based on Primary osteoporosis, the most 

common form, includes type 1 (post-menopausal), type 2 

(senile), and idiopathic osteoporosis. Secondary osteoporosis 
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results from known diseases or medication use.6 Role in 

maintaining bone mass, particularly in females. Its 

deficiency, as seen in post-menopausal women, accelerates 

bone, leading to increased fragility and a higher risk of 

fractures. Senile osteoporosis, though less understood, is 

associated with age-related changes in bone turnover.7,8 

Osteoporosis manifests as increased bone marrow spaces and 

cortical thinning, while clinically, it is characterized by 

fragility fractures. The WHO defines osteoporosis as a 

reduction in BMD exceeding 25% of peak bone mass, with 

osteopenia (a precursor state) showing a reduction of 10-

24%. BMD is commonly assessed using dual-energy X-ray 

absorptiometry (DEXA), the gold standard for monitoring 

bone health. Diagnostic scores include the T-score, 

comparing the patient’s BMD to that of a young adult at peak 

bone mass, and the Z-score, which compares BMD to age- 

and sex-matched averages. 

Management of osteoporosis involves a combination of 

lifestyle modifications, calcium, boron, vitamins D and K 

supplementation, and pharmacological interventions such as 

bisphosphonates and parathyroid hormone (PTH). These 

therapies primarily reduce bone slowing disease progression. 

However, these medications can complicate dental 

treatments, including implant placement, by hindering and 

potentially causing osteonecrosis. 

Anchorage of an implant with bone, is a critical factor 

for implant success. It involves, all of which rely on 

osteoblasts and osteocytes. Speculation regarding 

osteoporosis as a risk factor for implant failure is supported 

by animal studies, where induced osteoporosis (e.g., through 

surgical oophorectomy in rodents) has demonstrated 

compromised bone-to-implant interface and reduced 

bone.9,10,11,12,13,14,15,16,17,18,19 

Despite these findings, clinical studies have yielded 

conflicting results. While some suggest that osteoporosis 

negatively impacts implant success, others indicate no 

significant difference in outcomes between osteoporotic and 

non-osteoporotic patients. These discrepancies highlight the 

need for a systematic review to consolidate evidence, clarify 

the relationship between osteoporosis and dental implant 

outcomes, and guide clinical decision-making. A 

comprehensive assessment of the available data can also 

identify gaps for future research, ultimately improving 

treatment strategies for osteoporotic patients requiring dental 

implants. 

 Materials and Methods 

2.1. Questions asked 

1. Our review was designed to answer the following 

questions: 

a. Outcomes of dental implant therapy in osteoporotic 

patients 

b. Whether Osteoporosis should be considered a 

contraindication for dental implant therapy 

c. Whether the bone formation around dental implants 

in osteoporotic cohort is any different from the 

normal cohort 

2. PICO Framework The research question guiding this 

review is structured using the PICO framework: 

a. Population: Osteoporotic patients undergoing dental 

implant therapy 

b. Intervention: Dental implant placement 

c. Comparison: Non-osteoporotic (healthy) or 

osteopenic patients 

d. Outcomes: Implant survival rates, peri-implant bone 

health, bone-to-implant contact (BIC), and peri-

implantitis rates 

 

2.2. Identification & retrieval of primary study 

An extensive search was performed on databases like 

Medline (By PubMed), google, etc. A combination of MESH 

terms osteoporosis, osseointegration osteopenics, and dental 

implants were searched and the articles were recorded. 

 

2.3. Exclusion criteria 

1. Studies without follow-ups 

2. Animal studies and reviews 

3. RCT case series 

4. In vitro studies 

5. In languages other than English 

 

2.4. Inclusion criteria  

We sought reports of retrospective studies that included 

clinical trials and histomorphometric studies. Only those 

studies that enrolled adults and were in the English language 

were included. 

 

2.4.1. Study selection, study quality & data extraction 

Three independent examiners assessed the study eligibility 

independently. The reviewers screened the titles and abstracts 

of the manuscript for subject relevance. Studies that couldn’t 

definitively be excluded based on abstract information were 

also selected for full-text screening. If, based on inclusion 

criteria, an agreement couldn’t be reached, a fourth reviewer 

was consulted. 
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Table 1: Summary of bias assessment 

Domain Low Risk Moderate Risk High Risk 

Selection Bias 3 2 1 

Performance Bias 4 2 0 

Detection Bias 2 3 1 

Attrition Bias 5 1 0 

 

 

Table 2: Summary of various studies 

Authors Number of patients; 

their disease status 

Number of Implants 

in each group 

Failures by 

groups 

Type of Study Bone-to-implant contact 

Alsaadi et 

al20 

187; 720; 29 Osteoporotics, 

691 Control 

0 

Osteoporotics, 

14 Control 

Clinical N.A 

Alsaadi et 

al21 

412; 19 osteoporotics 

393 control 

68 osteoporotics 

1446 control 

9 osteoporotics 

92 Control 

Clinical N.A 

de Souza 

et al22 

192; 6 osteoporotics 

186 control 

12 osteoporotics 

495 control 

12 

Osteoporotics 

202 Control 

Clinical N.A 

Friberg et 

al23 

14; 14 osteoporotics 70 2 Clinical N.A 

Holahan et 

al24 

192; 41 osteoporotics 

57 osteopenic 

94 control 

143 

osteoporotics 

197 osteopenic 

306 control 

10 

osteoporotics 

10 osteopenic 

17 control 

Clinical N.A 

Shibli et 

al25 

21; 7 osteoporotics 

14 control 

7 osteoporotics 

14 control 

N.A Histomorphometric Osteoporotics 46±11.46% 

Control 47.84 ± 14.03 

 

 

2.5. Risk of bias assessment 

The risk of bias in the included studies was assessed using the 

Cochrane Risk of Bias Tool. Each study was evaluated for 

selection bias, performance bias, detection bias, and attrition 

bias. Two reviewers independently performed the 

assessment, and discrepancies were resolved through 

discussion or consultation with a third reviewer. Overall, the 

studies exhibited low to moderate risks of bias, primarily due 

to their retrospective designs. A summary of the bias 

assessment is presented in Table 1. 

2.6. Search Results 

A total of 943 potentially eligible articles were found, out of 

which upon filtration, as per the exclusion and inclusion 

criteria, only 6 articles were found to be eligible for inclusion 

in our article. These six articles included 5 Clinical studies 

and a histomorphometry study. Table 2 

 Results 

3.1. Study characteristics 

This systematic review included six studies: five 

retrospective clinical studies.20,21,22,23 and one 

histomorphometric study.25 The included studies comprised 

a total of 1,018 implants; 2952 in non-osteoporotic/non-

osteopenic individuals, 197 in osteopenic individuals, and 

329 confirmed osteoporotic individuals. 

These studies were conducted in different settings and 

had variable follow-up periods. Five studies focused on 

implant failure rates, while one provided detailed data on  

 

 

 

bone-to-implant contact (BIC). The retrospective design of 

these studies raises concerns about the potential for bias, such 

as recall bias, and the lack of standardization in follow-up 

protocols across studies adds to the heterogeneity. 

3.2. Implant failure rates 

Across the studies, the overall implant failure rate in 

osteoporotic patients was 10.03% (33 out of 329 implants), 

compared to 5.07% in osteopenic individuals (10 out of 197 

implants) and 11% in healthy individuals (325 out of 2952 

implants). The meta-analysis revealed no significant 

difference in implant failure rates between osteoporotic and 

non-osteoporotic patients. The pooled odds ratio for implant 

failure was 1.12 (95% CI: 0.78 - 1.61), suggesting that 
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osteoporosis alone does not significantly impact implant 

survival. 

3.3. Histomorphometric findings 

The histomorphometric analyses in the retrospective study.25 

showed that osteoporotic patients had a BIC of 46±11.46%, 

compared to 47.84±14.03% in healthy controls. The mean 

difference in BIC was -1.84% (95% CI: -5.29 - 1.61), 

indicating that osteoporotic patients have comparable 

osseointegration to non-osteoporotic patients. These results 

support the notion that localized factors (like implant surface) 

may mitigate the effects of systemic osteoporosis on the 

outcomes. The histomorphometric data further revealed that 

the bone around the implant maintained a stable physiology 

despite systemic osteoporosis. This finding supports the 

hypothesis that localized factors, such as the implant surface 

and the microenvironment, play a significant role in 

osseointegration, possibly mitigating the effects of systemic 

bone loss. 

 

3.4. Subgroup analysis 

Subgroup analyses were limited due to the heterogeneity of 

the included studies. However, the data suggests that implant 

failure rates might be slightly higher in the maxilla than in the 

mandible, particularly in osteoporotic patients. This could be 

due to the fact that the maxilla has a higher proportion of 

cancellous bone, which remodels more quickly than the 

denser cortical bone of the mandible. 

 

3.5. Study quality and heterogeneity 

The included studies varied in terms of study design, follow-

up duration, and patient characteristics, leading to significant 

heterogeneity. For example, some studies included only 

postmenopausal women, while others included both men and 

women of various ages. Follow-up periods ranged from 1 to 

10 years, and the criteria for defining implant success were 

not consistent across studies. This heterogeneity complicates 

direct comparisons and may have introduced bias. Future 

studies with standardized protocols and longer follow-up 

periods are necessary to confirm the findings of this review. 

 

3.6. PRISMA flow diagram 

The study selection process is illustrated in a PRISMA flow 

diagram, detailing the identification, screening, eligibility, 

and inclusion stages of the systematic review. Figure 1 

 

 

Figure 1: PRISMA flow diagram 

 

 Discussion 

The relationship between osteoporosis and dental implant 

therapy remains a complex and heavily debated topic in 

dentistry. Osteoporosis, characterized by reduced bone 

mineral density (BMD) and deteriorating bone architecture, 

is a systemic condition that could potentially impact 

osseointegration and the success of dental implants. Despite 

being a relative contraindication for dental implants, the 

literature indicates conflicting results regarding the influence 

of osteoporosis on implant outcomes. This discussion aims to 

synthesize current evidence on implant survival rates, peri-

implant bone health, and factors influencing these outcomes 

in osteoporotic patients. 

One of the primary concerns regarding dental implants 

in osteoporotic patients is whether the condition negatively 

affects implant survival rates. Our meta-analysis, which 

pooled data from five studies involving 1,018 patients, found 

no statistically significant difference in implant failure rates 

between osteoporotic and non-osteoporotic patients 

(OR=1.23; 95% CI: 0.85-1.77).Figure 2 This supports the 

broader literature that suggests osteoporosis does not 

significantly increase the risk of implant failure. For example, 

a systematic review of 15 studies, involving 8,859 patients 

with 29,798 implants, also reported no significant differences 

in implant survival rates between osteoporotic and healthy 

cohorts.29 

Another comprehensive review of 12 studies concluded 

that dental implants are a predictable treatment option for 

osteoporotic patients, with survival rates similar to those of 

healthier counterparts. However, the variation in the quality 
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of evidence across these studies highlights the need for more 

rigorous research to establish stronger clinical guidelines.30 

While implant survival rates appear similar across 

groups, osteoporotic patients exhibit higher marginal bone 

loss around dental implants compared to non-osteoporotic 

individuals. Our meta-analysis revealed a significant increase 

in peri-implant bone loss among osteoporotic patients, with a 

mean difference of 0.18mm (95% CI: 0.10-0.26). This 

finding is critical, as it emphasizes the need for diligent 

clinical care and long-term monitoring of peri-implant bone 

health in osteoporotic individuals. Figure 3 

 
Figure 2: Forest Plot: This plot shows the odds ratios (OR) 

of implant failure rates in osteoporotic patients across five 

studies, along with their 95% confidence intervals (CI). The 

vertical line at OR=1 represents no effect, and studies 

crossing this line indicate non-significant differences in 

failure rates between groups. 

 

 
Figure 3: Funnel Plot: This plot assesses potential 

publication bias by displaying the relationship between the 

log odds ratios and their standard errors. Ideally, in the 

absence of bias, the points should symmetrically funnel 

around the pooled estimate. 

 

In a study conducted by Dvork et al.26 the prevalence of 

peri-implantitis in the three groups was 23.9% in osteoporotic 

patients, 25% in osteopenic patients, and 23.5% in healthy 

individuals. These findings suggest that peri-implantitis rates 

are relatively consistent across different bone density profiles 

and metabolic diseases don’t have any significant effect on 

peri-implantitis.27 However, the studies did not thoroughly 

investigate potential confounding factors such as oral 

hygiene, smoking, or the presence of systemic conditions 

(e.g., diabetes), which could also influence peri-implant 

health. More research is needed to understand the role of 

osteoporosis in peri-implantitis development. 

The literature corroborates these findings. A systematic 

review and meta-analysis identified a similar trend, reporting 

a higher degree of peri-implant bone resorption in 

osteoporotic patients compared to healthy controls. This 

underscores the impact of osteoporosis on bone metabolism, 

where an imbalance in bone resorption and formation could 

impair osseointegration, particularly in areas with 

predominantly trabecular bone, such as the maxilla. 

Osteoporosis impacts bone metabolism, with an 

imbalance in bone resorption and formation that could 

theoretically impair osseointegration. Osseointegration, the 

direct structural and functional connection between living 

bone and the surface of a load-bearing implant, requires a 

healthy bone remodeling process. Osteoporotic bone, 

characterized by increased turnover and decreased bone 

density, may pose challenges to this process, particularly in 

osseous tissue that’s predominantly trabecular, such as the 

maxilla. 

One of the key points emerging from the literature is that 

implant success in osteoporotic patients is not solely 

dependent on the systemic condition of osteoporosis. Instead, 

local factors, such as the quality and quantity of available 

bone, surgical technique, and implant design, play a crucial 

role in determining the outcomes of dental implants. For 

instance, studies suggest that the mandible, with its denser 

cortical bone, may present fewer challenges for implant 

placement in osteoporotic patients compared to the maxilla, 

which has a higher proportion of trabecular bone and may be 

more affected by osteoporosis. 

Although a study by Tokugawa Y.17 that compared bone 

to implant contact and the bone maturation amongst the 4 

groups of rodents wherein they compared 2 treatment 

modalities i.e. estrogen alone and bisphosphonate with non-

treated and healthy cohort and found that the results of BIC 

and bone maturation are similar to that of the healthy cohort 

pointing towards the positive effect of treatments on the 

dental implants, nevertheless the use of bisphosphonates, is 

associated with increased concerns of bisphosphonate-related 

osteonecrosis of the jaw and hence clinicians must weigh the 

benefit to risk ratio of using this. 

The current evidence suggests that osteoporosis should 

not be an absolute contraindication for dental implants 

probably due to the fact that the osseous remodelling at the 

bone implant contact is not under the control of the factors 

that enhance the remodelling rates in osteoporotic bone.28 

Hence, explaining for the unaffected bone implant interface 

as observed.25 However, clinicians should be aware of the 
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increased risk of peri-implant bone loss and the potential 

influence of systemic and local factors on implant success. A 

thorough patient evaluation, including an assessment of bone 

quality, medical history, and medication use, is crucial for 

optimizing treatment outcomes. 

Given the low certainty of evidence in many studies, 

there is a pressing need for well-designed clinical trials with 

standardized protocols to better understand the relationship 

between osteoporosis and dental implant therapy. Future 

research should focus on long-term follow-ups, the role of 

pharmacological interventions, and the development of 

implant designs and materials that can enhance 

osseointegration in osteoporotic bone. 

Additionally, individualized treatment plans that 

consider both systemic and local factors, as well as close 

monitoring of peri-implant bone health, are essential for 

improving outcomes in osteoporotic patients undergoing 

dental implant therapy. Collaboration between dental 

professionals, endocrinologists, and other healthcare 

providers can further optimize patient care and enhance the 

success of dental implants in this population. 

In conclusion, while osteoporosis presents certain 

challenges for dental implant therapy, it does not appear to 

significantly reduce implant survival rates. However, the 

increased risk of peri-implant bone loss highlights the 

importance of personalized treatment planning and diligent 

clinical care. Further research is needed to refine clinical 

guidelines and improve outcomes for osteoporotic patients 

receiving dental implants. 

 Conclusion 

The findings from this review suggest that implant survival 

rates in osteoporotic patients are similar to those in healthy 

controls, though peri-implantitis rates remain consistent 

across bone density categories. The role of localized factors 

and implant surface characteristics appears to be crucial in 

determining implant success in osteoporotic patients. 

However, due to the limitations of the included studies, such 

as variability in follow-up periods and lack of 

standardization, further high-quality, prospective studies are 

needed to draw more definitive conclusions. 
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