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SUMMARY The aim of this meta-analysis was to test

the null hypothesis of no difference in the failure

rates, marginal bone loss (MBL) and post-operative

infection for implants inserted in male or female

patients, against the alternative hypothesis of a

difference. An electronic search without time or

language restrictions was undertaken in December

2014. Eligibility criteria included clinical human

studies, either randomized or not. Ninety-one

publications were included, with a total of 27 203

implants inserted in men (1185 failures), and

25 154 implants inserted in women (1039 failures).

The results suggest that the insertion of dental

implants in male patients statistically affected the

implant failure rates (RR 1�21, 95% CI 1�07–1�37,
P = 0�002). Due to the limited number of studies

reporting results on MBL, it is difficult to estimate

the real effect of the insertion of implants in

different sexes on the marginal bone level. Due to

lack of satisfactory information, meta-analysis for

the outcome ‘post-operative infection’ was not

performed. The results have to be interpreted with

caution due to the presence of several confounding

factors in the included studies.
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Introduction

In humans, biological sex is determined by some fac-

tors present at birth, such as the presence or absence

of a Y chromosome, the type of gonads, the internal

reproductive anatomy, the external genitalia and the

proportion of the different sexual hormones (1). The

biological sex is important, as the function of cells

and organs depends on their sex, determined by the

interplay among the genome and biological and

social environments. Sex has profound effects on

physiology and the susceptibility to disease (2). Some

implications of these differences for dental health

and treatment planning were previously discussed

(3). Even though success and survival rates for osseo-

integrated dental implants are well documented, the

influence of sex on the clinical outcomes of the

therapy with endosseous dental implants is still

unknown.

The ability to anticipate outcomes is an essential

part of risk management in an implant practice. Rec-

ognizing conditions that place the patient at a higher

risk of failure will allow the surgeon to make

informed decisions and refine the treatment plan to

optimize the outcomes (4). The use of implant ther-

apy in special populations requires consideration of

potential benefits to be gained from the therapy. To

better appreciate this potential, we conducted a sys-

tematic review and meta-analysis of both prospective

and retrospective studies to compare the survival rate

of dental implants, post-operative infection and mar-

ginal bone loss (MBL) between implants inserted in

males and females.

Materials and methods

This study followed the PRISMA Statement guidelines

(5). A review protocol does not exist.
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Objective

The purpose of this review was to test the null

hypothesis of no difference in the failure rates, MBL

and post-operative infection for implants inserted in

male or female patients, against the alternative

hypothesis of a difference. The focused question was

elaborated using the PICO format (participants, inter-

ventions, comparisons and outcomes): to compare

three outcomes (implant failure rates, MBL and post-

operative infection) of clinical studies including

patients undergoing implant-prosthetic rehabilitation

comparing endosseous implants inserted in men and

women.

Search strategies

A structured electronic systematic search without time

or language restrictions was undertaken in December

2014 in the following databases: PubMed/Medline,

Web of Science and the Cochrane Oral Health Group

Trials Register. The following terms were used in the

search strategy on PubMed/Medline, with the filter

‘article types’ selected with the item ‘clinical trial’:

{Subject AND Adjective}

{Subject: (dental implant OR oral implant [all fields])

AND

Adjective: (male OR female OR men OR women OR

gender [all fields])}

The following terms were used in the search strat-

egy on Web of Science, in all databases, with the filter

‘document types’ selected with the item ‘clinical trial’:

{Subject AND Adjective}

{Subject: (dental implant OR oral implant [topic])

AND

Adjective: (male OR female OR men OR women OR

gender [topic])}

The following terms were used in the search strat-

egy on the Cochrane Oral Health Group Trials Regis-

ter: (dental implant OR oral implant AND (male OR

female OR men OR women OR gender))

A manual search of dental implants-related jour-

nals, including British Journal of Oral and Maxillofacial

Surgery, Clinical Implant Dentistry and Related Research,

Clinical Oral Implants Research, European Journal of Oral

Implantology, Implant Dentistry, International Journal of

Oral and Maxillofacial Implants, International Journal

of Oral and Maxillofacial Surgery, International Journal

of Periodontics and Restorative Dentistry, International

Journal of Prosthodontics, Journal of Clinical Periodontol-

ogy, Journal of Dental Research, Journal of Craniofacial

Surgery, Journal of Cranio-Maxillofacial Surgery, Journal

of Maxillofacial and Oral Surgery, Journal of Oral Implan-

tology, Journal of Oral and Maxillofacial Surgery, Journal

of Oral Rehabilitation, Journal of Periodontology, Journal

of Prosthodontics, Oral Surgery Oral Medicine Oral Pathol-

ogy Oral Radiology and Endodontology and Quintessence

International, was also performed.

The reference list of the identified studies and the rel-

evant reviews on the subject were also scanned for pos-

sible additional studies. Moreover, online databases

providing information about clinical trials in progress

were checked (clinicaltrials.gov; www.centerwatch.

com/clinicaltrials; www.clinicalconnection.com).

Inclusion and exclusion criteria

Eligibility criteria included clinical human studies,

either randomized or not, comparing implant failure,

post-operative infection and/or MBL in men versus

women. For this review, implant failure represents

the complete loss of the implant. Only studies with a

minimum of 1 year of follow-up and a minimum of

10 patients were considered. Exclusion criteria were

case reports, technical reports, biomechanical studies,

finite element analysis (FEA) studies, animal studies,

in vitro studies and review papers.

Study selection

The titles and abstracts of all reports identified through

the electronic searches were read independently by

the three authors. For studies appearing to meet the

inclusion criteria, or for which there were insufficient

data in the title and abstract to make a clear decision,

the full report was obtained. Disagreements were

resolved by discussion between the authors.

Quality assessment

Quality assessment of the studies was executed accord-

ing to the Newcastle-Ottawa scale (NOS) (6). The New-

castle-Ottawa scale was developed to assess the quality

of non-randomized studies with its design, content and

ease of use directed to the task of incorporating the

quality assessments in the interpretation of meta-ana-
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lytic results. The NOS calculates the study quality

on the basis of three major components: selection,

comparability and outcome for cohort studies. It assigns

a maximum of four stars for selection, a maximum of

two stars for comparability and a maximum of three

stars for outcome. According to that quality scale, a

maximum of nine stars/points can be given to a study,

and this score represents the highest quality, where six

or more points were considered high quality.

Data extraction and meta-analysis

From the studies included in the final analysis, the

following data were extracted (when available): year

of publication, study design, unicentre or multicentre

study, number of patients, patients’ age, follow-up,

days of antibiotic prophylaxis, mouth rinse, implant

healing period, failed and placed implants, post-opera-

tive infection, MBL, implant surface modification,

jaws receiving implants (maxilla and/or mandible),

type of prosthetic rehabilitation and opposing denti-

tion. Contact with authors for possible missing data

was performed.

Implant failure and post-operative infection were

the dichotomous outcomes measures evaluated.

Weighted mean differences were used to construct for-

est plots of MBL, a continuous outcome. The statistical

unit for all outcomes (implant failure, MBL, post-oper-

ative infection) was the implant. Whenever outcomes

of interest were not clearly stated, the data were not

used for analysis. The I2 statistic was used to express

the percentage of the total variation across studies due

to heterogeneity, with 25% corresponding to low het-

erogeneity, 50% to moderate and 75% to high. The

inverse variance method was used for random-effects

or fixed-effects model. Where statistically significant

(P < 0�10) heterogeneity was detected, a random-

effects model was used to assess the significance of

treatment effects. Where no statistically significant het-

erogeneity is found, analysis was performed using a

fixed-effects model (7). The estimates of relative effect

for dichotomous outcomes were expressed in risk ratio

(RR) and in mean difference (MD) in millimetres for

continuous outcomes, both with a 95% confidence

interval (CI). Only if there were studies with similar

comparisons reporting the same outcome measures

was meta-analysis to be attempted. In the case where

no events (or all events) were observed in both groups,

the study provides no information about relative prob-

ability of the event and was automatically omitted

from the meta-analysis.

A funnel plot (plot of effect size versus standard

error) was drawn. Asymmetry of the funnel plot may

indicate publication bias and other biases related to

sample size, although the asymmetry may also repre-

sent a true relationship between trial size and effect

size.

The data were analysed using the statistical soft-

ware Review Manager (version 5.3.3*).

Results

Literature search

The study selection process is summarized in Fig. 1.

The search strategy resulted in 3628 papers. A num-

ber of 1846 articles were cited in more than one

search strategies (duplicates). The three reviewers

independently screened the abstracts for those articles

related to the focus question. Of the resulted 1782

studies, 1404 were excluded for not being related to

the topic, resulting in 378 entries. Additional hand-

searching yielded 12 additional papers. The full-text

reports of the remaining 390 articles led to the exclu-

sion of 299 because they did not meet the inclusion

criteria (193 papers did not inform the number of

implants and/or failures in each group, 44 studies

with no implant failures, 22 papers not evaluating

failures, 21 case report papers, 7 studies where the

implant failure was patient-based, 5 earlier follow-

ups, 4 studies with less than 10 patients, 3 studies

with less than 1 year of follow-up). Thus, a total of

91 publications were included in the review.

Description of the studies

Detailed data of the 91 included studies are listed in

Tables S1 and S2 (see Supporting Information). Four

randomised-controlled trials (8–11), seven controlled

clinical trials (12–18), fourteen prospective studies

(19–32), and sixty-six retrospective analyses (33–98)

were included in the meta-analysis. Ten studies (12,

13, 28, 43, 59, 62, 75, 77, 82, 93) were multicentre

ones. From the 91 included studies, a total of 27 203

*The Nordic Cochrane Centre, The Cochrane Collaboration, Copen-

hagen, Denmark.
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dental implants were inserted in male patients, with

1185 failures (4�36%), and 25 154 implants were

inserted in female patients, with 1039 failures

(4�13%).

Quality assessment

Sixty-two studies were of high quality and nineteen of

moderate quality, according to the NOS. The scores are

summarised in Table S3 (see Supporting Information).

Meta-analysis

In this study, a random-effects model was used to

evaluate the implant failure in the comparison

between the procedures, as statistically heterogeneity

was found (P = 0�02; I2 = 25%). The insertion of den-

tal implants in male patients statistically affected the

implant failure rates (P = 0�002; Fig. 2). A RR of 1�21
(95% CI 1�07–1�37) implies that failures when

implants are inserted in men are 1�21 times likely to

happen than failures when implants are inserted in

women. Thus, the relative risk reduction (RRR) is

�21%. In other words, being the RRR negative, the

insertion of implants in men increases the risk of

implant failure by 21%.

The insertion of dental implants in men statistically

affected the MBL (MD �0�20, 95% CI �0�36 to

�0�04; P = 0�02; heterogeneity: P = 0�001; I2 = 73%,

random-effects model; Fig. 3). Only six studies (8, 9,

24, 51, 64, 95) provided information about post-oper-

ative infection separately by gender, with occurrences

in only four of them (8, 24, 51, 95). Therefore, meta-

analysis for the outcome ‘post-operative infection’

was not performed.

Publication bias

The funnel plot for the studies reporting the outcome

‘implant failure’ did not show a clear asymmetry

(Fig. 4), indicating possible absence of publication bias.

Discussion

In a meta-analysis, homogeneity implies a mathemati-

cal compatibility between the results of each individ-

Fig. 1. Study screening process.
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Fig. 2. Forest plot for the event

‘implant failure’.
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ual trial. Potential biases are likely to be greater for

non-randomized studies compared with RCTs, so

results should always be interpreted with caution

when they are included in reviews and meta-analyses

(99). However, narrowing the inclusion criteria

increases homogeneity but also excludes the results of

more trials and thus risks the exclusion of significant

data (100). This was the reason to include non-ran-

domized studies in the present meta-analysis. The

issue is important because meta-analyses are fre-

quently conducted on a limited number of RCTs. In

meta-analyses such as these, adding more information

from observational studies may aid in clinical reason-

ing and establish a more solid foundation for causal

inferences (100). Another important fact to consider

is that it is impossible to randomly allocate implants

in a clinical study when it comes to sex.

The results of the present study suggest that the

insertion of dental implants in males affects the

implant failure rates. For someone not familiar with a

meta-analysis statistical calculation, the difference

between men and women may falsely be perceived as

quite minor. One should actually pay attention to the

relative risk, not to the fact that, considering all

implants from all included studies, there was a 4�36%
failure rate in male patients and a 4�13% failure rate

in female patients. The meta-analysis gives different

weights for different studies. Readers should note

that, in meta-analysis, data from the individual stud-

ies are not simply combined as if they were from a

single study. Greater weights are given to the results

from studies that provide more information, because

they are likely to be closer to the ‘true effect’ we are

trying to estimate. Thus, what is important here is the

estimate of the relative effect. In the present study,

this was expressed in risk ratio (RR). According to the

results, it is suggested that the insertion of implants in

men increases the risk of implant failure by 21%. The

difference in failure rates between the sexes is

hypothesized to be related to some factors.

Osteoporosis is one of them. After the early to mid-

1920s, a slow but steady decline in bone mass takes

place in both men and women, because <100% of the

bone that is resorbed about every 180 days is replaced

by newly forming bone. Over the years, this slight

shortfall in bone renewal adds up to a significant loss

of bone mass (101). It is heightened in women

because after menopause natural levels of oestrogen

are greatly reduced, and oestrogen is one of the

requirements for osteoblast differentiation from bone

marrow osteoprogenitor cells (102). Therefore, post-

menopausal women undergo a more rapid and signifi-

cant decline in bone mass (103). Compromise of sys-

temic bone metabolism may be a risk factor affecting

osseointegration and maintenance of osseointegration.

Unfortunately, it was not possible to stratify the

Fig. 3. Forest plot for the event ‘marginal bone loss’.
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Fig. 4. Funnel plot for the studies reporting the outcome event

‘implant failure’ (RR – risk ratio; SE – standard error).
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samples of the included studies into different age

groups in order to verify whether implant failure had

a higher incidence in elderly women. Furthermore,

women have naturally a smaller bone volume than

men and, therefore, will tolerate bone loss in a less

good manner than men. Theoretically, we would

assume that osteoporosis would mean increasing

problems with more failures in women, that is con-

trary to our findings.

If a higher degree of osteoporosis may be more pre-

valent in women than in men, the same does not

happen with periodontitis. Epidemiologic studies pro-

vide broad-based evidence that men are at greater risk

of developing severe periodontal disease than women

(104, 105). A study estimated the prevalence, severity

and extent of periodontitis in the adult US population

with data from the a national survey and observed

that after adjustment for the effect of age, total peri-

odontitis was significantly higher in men than in

women aged 30 years and older (males = 57%;

females = 39%), with males showing a 3%, 7% and

8% higher prevalence of mild, moderate and severe

periodontal disease, respectively, compared with

women (106). Freitag-Wolf et al. (107) investigated

interactions of single nucleotide polymorphism geno-

types with male and female sex with respect to the

risk for aggressive periodontitis on a genomewide

scale and observed an increased risk of aggressive

periodontitis in men and a decreased risk in women.

Moreover, the results of a recent systematic review

and meta-analysis (108) suggest that an increased sus-

ceptibility for periodontitis may translate into

increased susceptibility for peri-implantitis. We do not

know the mechanisms that connect periodontitis with

increased rates of peri-implantitis and loss of implants.

Periodontitis is a complex genetic disorder that shows

clear differences to the genetics of peri-implantitis

(109). Hence, the connection between a disease of

teeth and an immunological reaction affecting foreign

body implants (110) may depend on quite different

gene patterns and not necessarily being indicative of a

similarity between these two conditions. Whatever

the reason, we see the increased rate of peri-implanti-

tis as one that possibly can explain the higher failure

rates we found in men.

Concerning the association between gender and

recall compliance to supportive periodontal treatment

(SPT), there is no common consensus on this issue,

and the variance in the studies outcomes may be

explained by differences in the study populations,

variations in the observation periods, levels of mainte-

nance measures and the use of different criteria to

define periodontitis/peri-implantitis (111). Several

studies (112–117) revealed a predominance of females

in compliance with SPT. After the incorporation of

implant-supported restorations, special oral hygiene

measures are known to be necessary for preventing

inflammation, peri-implant diseases, and even implant

loss. This suggests that the difference of compliance

between implant patients of different sexes to SPT

may also play a role in the different implant failure

rates.

A survey conducted in the United States reported

that, in 2005, the current cigarette smoking preva-

lence of the population aged ≥18 years was higher

among males (23�9%) than females (18�1%). These

numbers were 20�5% and 18�1% for males and

females, respectively, in the survey conducted in

2013 including 34 557 respondents (118). A study

tried to identify predictors of implant failure and peri-

implant bone loss and observed that only smoking

and recall compliance had a significant influence on

implant failure, based on multivariate analysis (119).

The results of a recent meta-analysis analysing 107

clinical trials suggest that the insertion of dental

implants in smokers statistically affects the implant

failure rates (120). These findings suggest that a

higher prevalence of smokers among men may, to

some degree, be associated with the higher risk of

implant failure in men than in women. However, in

some societies such as Sweden, females today smoke

more than men and it will be interesting to follow up

whether this fact will influence future failures or not

(121).

Another possible explanation behind the noticed

difference in implant failure between the sexes may

be related to the fact that men are prone to load their

implants more strongly than females. Under normal

conditions, the extra load may not be problematic,

but in case of complicating factors or rapid onset of

extra load such as the case of suddenly failed teeth

around an implant, then overloading may be a signifi-

cant factor behind the greater implant loss reported in

men.

According to a recent review on the subject (122),

total loss of osseointegration appears possible with an

already osseointegrated dental implant, when the

applied force exceeds the biological adaptable limit,
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but this has been very rarely documented, and this

threshold is currently unknown. The fact is that bone

response to functional load depends on a complicated

interaction of strain magnitude and time (123), Strain

(deformation of the bone) is defined as the relative

change in the length of the bone and the amount of

strain is directly correlated with the stress applied to

the bone; for example, occlusal loading, but it is also

dependent on the mechanical properties of the bone

(122). It is reasonable to assume that with different

bone types and composition, the thresholds of

destructive strain values will be different for each

individual, while age and sex might play a significant

role in this diversity (122).

When it comes to sex differences of bite forces, a

study observed that the voluntary maximal bite

force (MBF) values for men were one-third higher

than those for women (124). This sex-related differ-

ence in MBF may be a result of anatomic differ-

ences. Tuxen et al. (125) used electromyography and

biopsy to further explore why MBF is higher in

men than in women. The men’s masseter muscles

had type II fibers with larger diameter and sectional

area than those of the women, and the authors

suggested that hormonal differences might contrib-

ute to the composition of the muscle fibers. The

results of Cosme et al. (124) showed that voluntary

MBF was no different between bruxers and non-

bruxers when controlling for some potential con-

founders. One possible explanation may be that the

voluntary MBF is different from the MBF exerted

during bruxism.

Concerning bruxism, this parafunctional habit has

been for many years considered a reason for implant

failure or marginal bone loss after successful bone-to-

implant osseointegration. A recent systematic review

on epidemiology of bruxism in adults (126) observed

that bruxism was not found to be a disorder related to

sex, as sex differences were not relevant for any of

the bruxism activities, even though a female-to-male

ratio was reported only in a few studies.

The present study found a statistically significant

effect of implants inserted in men on the magnitude

of MBL in comparison with implants placed in

women. The reason for this difference is unknown,

but it is debatable whether such mean difference may

have clinical significance. It is important to stress that

only seven studies provided information about MBL

separately by gender, which makes it difficult to

estimate the real effect of the insertion of implants in

different sexes on the marginal bone level.

Limitations of the present study

The results of the present study have to be interpreted

with caution because of its limitations. First of all, all

confounding factors may have affected the long-term

outcomes and not just the fact that implants were

inserted in males or females, and the impact of these

variables on the implant survival rate, post-operative

infection and MBL (108, 120, 127–135) is difficult to

estimate whether these factors are not identified sepa-

rately between the two different procedures in order

to perform a meta-regression analysis. The studies

included here have a considerable number of con-

founding factors, and most of the studies, if not all,

did not inform how many implant was inserted and

survived/lost in several different conditions. The use

of grafting in some studies is a confounding risk fac-

tor, as well as the insertion of some or all implants in

fresh extraction sockets, the insertion of implants in

different locations, different healing periods, different

prosthetic configurations, type of opposing dentition,

different implant angulation ranges, splinting of the

implants and the presence of smokers, bruxers or dia-

betics patients. Moreover, the studies included in the

review made use of implants with different brands

and surface treatments. It is known that the surface

properties of dental implants such as topography and

chemistry are relevant for the osseointegration process

influencing ionic interaction, protein adsorption and

cellular activity at the surface (136). The studies here

included made use of implants with different brands

and surface treatments. Titanium with different sur-

face modifications shows a wide range of chemical,

physical properties and surface topographies or mor-

phologies, depending on how they are prepared and

handled (137–139), and it is not clear whether, in

general, one surface modification is better than

another (136). The real fact is that individual patients

sometimes present with more than one risk factor,

and groups of patients are typically heterogeneous

with respect to risk factors and susceptibilities so the

specific effect of an individual risk factor could be iso-

lated neither for individual studies nor for the present

review. This is understandable and expected because

study populations are typically representative of nor-

mal populations with various risk factors (140). To
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precisely assess the effect of a risk factor on implant

outcomes, it would be ideal to eliminate all other risk

factors from the study population. Not only does the

coexistence of multiple risk factors within a study

population create an inability to assess the specific

effect of one individual risk factor, but also there is a

possibility that certain risk factors together may be

more detrimental than the individual risk factors

alone (140). The lack of control of the confounding

factors limited the potential to draw robust conclu-

sions. Second, most of the included studies had a ret-

rospective design, and the nature of a retrospective

study inherently results in flaws. These problems were

manifested by the gaps in information and incomplete

records. Furthermore, all data rely on the accuracy of

the original examination and documentation. Items

may have been excluded in the initial examination or

not recorded in the medical chart (141–143). In a ret-

rospective study, it is difficult to assess the adverse

effects of sex differences on the prognosis of implants

purely on the basis of implant failure because of the

multifactorial genesis of implant failure (4). Third,

much of the research in the field is limited by small

cohort size and short follow-up periods. A longer fol-

low-up period can lead to an increase in the failure

rate, especially if it extended beyond functional load-

ing, because other prosthetic factors can influence

implant failure from that point onward. This might

have led to an underestimation of actual failures in

some studies. However, it is hard to define what it

would be considered a short follow-up period to eval-

uate implant failures in patients. Fourth, most

included studies are characterized by a low level of

specificity, where the assessment of gender as a com-

plicating factor for dental implants was seldom the

main focus of the investigation.

Conclusion

Within the limitations of the existing investigations,

the results of the present study suggest that the inser-

tion of dental implants in men affects the implant fail-

ure rates in comparison with women. Due to the

limited number of studies reporting results on MBL, it

is difficult to estimate the real effect of sex on the

marginal bone level. The results of the present review

should be interpreted with caution due to the pres-

ence of uncontrolled confounding factors in the

included studies.
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