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1. SAMMANFATTNING 
 
Syfte 
Att undersöka implantatlängdens påverkan på implantat misslyckanden mellan korta (<10 
mm) och långa (≥10 mm) implantat.  
 
Material och metod 
En sökning genomfördes i tre elektroniska databaser samt en komplettering av manuell 
sökning i vissa tidskrifter. Implantatmisslyckanden var det resultat som utvärderades med 
uppskattningen av relativ effekt uttryckt i riskförhållande. Heterogenitet bland studier 
utvärderades av I2 statistik. Metoden för inversvarians användes för slumpmässiga- eller fasta 
effektmodeller. Kvalitetsbedömning av studierna utfördes och en trattplottning ritades. En 
metaregression utfördes för att verifiera hur riskförhållandena var associerade med 
uppföljningstiden. 
 
 
Resultat 
Studien omfattade 353 publikationer. Sammanlagt fanns det 25 490 korta implantat och 159 
435 långa implantat. Parvis metaanalys visade att korta implantat hade en högre risk för 
misslyckande än långa implantat (riskförhållande 2,437, p <0.001). Metaregressionen 
observerade att uppföljningstiden inte hade någon effekt av riskförhållande av fel mellan 
korta och långa implantat. En känslighetsanalys som endast samlade studierna med 
uppföljning fram till 7 år resulterade i en beräknad ökning av 0,6 i riskförhållande för varje 
ytterligare uppföljningsmånad. 
 
Slutsats 
Korta implantat (<10 mm) visade 2,5 gånger högre risk för misslyckande än långa implantat 
(≥ 10 mm). Implantat misslyckande är multifaktoriellt och implantatlängden är bara en av de 
många faktorer som bidrar till förlusten av implantatet. En bra behandlingsplan och 
patientens allmänna hälsa bör beaktas när man planerar för en implantatbehandling. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4 
 

2. ABSTRACT 
 
Purpose 
 To evaluate the impact of implant length on failure rates between short (<10 mm) and long 
(≥10 mm) dental implants. 
 
Materials and methods 
A search was undertaken in three electronic databases, complemented by manual search of 
some journals. Implant failure was the outcome evaluated, with the estimate of relative effect 
expressed in risk ratio (RR). Heterogeneity among studies was evaluated by I2 statistic. 
Inverse variance method was used for random- or fixed-effects models. Quality assessment of 
the studies was performed, and a funnel plot was drawn. A meta-regression was performed in 
order to verify how the RR was associated with the follow-up time. 
 
Results 
The reviews included 353 publications. Altogether, there were 25,490 short implants and 
159,435 long implants. Pairwise meta-analysis showed that short implants had a higher risk 
of failure than long implants (RR 2.437, p<0.001). The meta-regression observed that the 
follow-up time did not have any effect of the RR of failure between short and long implants. 
A sensitivity analysis plotting together only the studies with follow-up up until 7 years, 
resulted in an estimated increase of 0.6 in RR for every additional month of follow-up. 
 
Conclusion 
Short implants showed (< 10 mm) a 2.5 times higher risk of failure than long implants (≥ 10 
mm). Implant failure is multifactorial and the implant length is only one of the many factors 
contributing to the loss of implant. A good treatment plan and the patient’s general health 
should be taken into account when planning for an implant treatment. 
 
 
 
Keywords: dental implant, failure, implant length, systematic review, meta-analysis  
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3. INTRODUCTION 
 
Several subtopics related to this work will be presented in this introduction in order to help 
the reader to construct a minimal theoretical basis necessary to understand not only this 
subject but also the importance of such systematic review. 
 
2.1. Oral health and tooth loss 

Oral health is integral to general health since it influences various aspects of life such 
as speech, chewing and social well-being1. Smiling and speaking are some of the activities 
that contribute to an individual's social confidence and oral health can therefore affect people 
both physically and physiologically. A poor oral health is associated with a reduced quality of 
life through psychosocial impacts2.  

Tooth loss has several negative consequences for instance functional and aesthetic 
deficiencies which in turn can result in a reduced quality of life to the same extent as cancer 
or renal diseases3,4. Lifestyle, dental care use, demographic and socio-economical aspects are 
some of the many factors that are associated with tooth loss. Missing dentition may occur due 
to causes such as periodontitis, caries and trauma or other orofacial pathologies5.  
 
2.2. Oral rehabilitation of patients missing teeth 

Today there are several options for the rehabilitation of missing teeth. The patient's 
medical, economic and social conditions have to be taken in consideration when deciding 
which treatment option that is suitable for each case6. Implant-supported fixed and removable 
prosthesis, tooth-supported fixed and removable prosthesis, are prosthetic options to replace 
missing tooth/teeth. One of the advantages of oral implants comparable to tooth supported 
prosthodontics is that they maintain the remaining tooth structure and keep the adjacent teeth 
sound. This also means a possible reduction in the requirement of dentures in the future7. 

High survival rates of dental implant treatment have been reported. A study estimated 
5-year survival of solely implant- supported FPDs to be 95.2% and implant-supported single 
crowns 94.5%, moreover after 10 years the estimated survival rate was 86.7% and 89.4% 
respectively6. Furthermore, a meta-analysis reported survival rates of implant supported 
single crowns and FPDs after 5 years of function to be 96.3% and 94.5% respectively8. 
 
2.3. Osseointegration 

The success and survival rate of dental implants is associated with the 
osseointegration process, which in turn are influenced by different factors. Osseointegration 
occurs when the implant is inserted in the bone and leads to different biological processes 
which will result in direct bone-to-implant contact around the implant surface9. 

When the implant first is inserted in the bone it will initiate biological processes from 
the surgical trauma, including the breakage of blood vessels and destruction of bone tissue10. 
The body will respond to the implant placement with an acute inflammation followed by a 
healing process. Initially the implant surface will get covered with proteins and later on with 
thrombocytes, resulting in coagulation11. Various chemoattractants will be released from the 
thrombocytes and stimulate the proliferation and migration of inflammatory cells. 
Polymorphonuclear neutrophils (PMNs) are the first group of cells that will infiltrate the area 
and have an important role in the acute inflammatory response. Monocytes and macrophages 
will start to accumulate in order to remove dead cells and express growth factors for the 
angiogenesis to take place, meanwhile the coagulum is removed by PMNs and a fibrin 
network is established12,13. The growth of new capillaries plays a huge role in the healing 
phase since they provide oxygen and nutrition to the newly formed tissue at the bone-implant 
interface.  
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Cytokines will be expressed to stimulate the recruitment of osteogenic progenitors to 
the implant surface in order to produce bone directly on the surface11. The differentiated 
osteogenic cells will initially secrete collagen-free and non-mineralized matrix followed by a 
mineralization through calcium and phosphate precipitation14. Later the formation and 
mineralization of collagen fibers occurs, as the formation of the woven bone. Most of the 
woven bone will later be replaced by organized lamellar bone to provide more sufficient 
stability of the implant15. 

Osseointegration refers to an anchorage mechanism where an implant is in direct 
contact to the surrounding bone tissue, thus without a connective tissue layer interposed 
between the implant surface and bone sites. Essentially, this biological fixation means that 
there is no progressive relative movement of the implant in the bone9. 

Dental implants have been modified throughout the years regarding for instance shape 
and structure to enhance osseointegration and improve the outcome of implants placed in the 
jaw. 
 
2.4. Factors affecting the osseointegration 

There are a variety of factors which influence the process and outcome of the 
osseointegration16-18. An insufficient osseointegration can lead to primary implant failure 
within the first few months after implant insertion. As an implant can still be lost after being 
osseointegrated, therefore tissue equilibrium is of importance for long-term clinical 
function16. It is suggested that a lot of factors can affect the outcome of the treatment with 
implants, such as smoking19, diabetes20, bruxism21-23, intake of proton pump inhibitors24, 
intake of bisphosphonates25, radiotherapy26, chemotherapy27, implant placement in fresh 
extraction sockets28, surgical access approach29, bone quantity/quality30, implant surface 
modification (material, surface topography, chemical composition)31,32, prosthetic loading 
protocols33, different treatment providers34, and even gender/sex35. 
 
2.5. Implant length 

It has been predicted that longer implants ensure more bone-to-implant contact area 
which in turn is associated with greater osseointegration36. The choice and placement of 
dental implants is not always possible due to anatomical conditions. A change in the 
architecture of the alveolar bone will often occur after a tooth extraction. A horizontal and 
vertical reduction of the bone may be expected, which is most common in the posterior 
region of the maxilla37. This resorption, leading to insufficient bone height, will not provide 
the placement of implants of regular lengths. Anatomical structures including inferior 
alveolar canal, mental foramina and the presence of a low located maxillary sinus will also 
complicate the use of longer implants36. 

To overcome these limitations there are a few options, for instance sinus elevations, 
vertical bone augmentation and alveolar nerve transposition36. These options allow the 
placement of longer implants which in turn enables longer bone-to-implant contact area. But 
these are all invasive surgical options associated with a lot of risks and biological 
complications. Sinus perforation, mandibular paresthesia, graft failure, increased risk of 
infection and donor site morbidity have been reported for these procedures38,39. Shorter dental 
implants can predictably be placed to avoid the risks that come with the mentioned invasive 
surgical treatments. Reduced interventions, costs and surgical time are other advantages that 
come with the placement of shorter implants compared to the other mentioned options for 
placing longer implants36,40.  

The use of shorter implants in jaws with inadequate bone height implies an easier 
implant therapy without the need of extensive surgeries to enable more bone volume. This 
will in turn result in simpler implant therapy accessible for more practitioners to perform. 
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Using shorter implants will therefore increase the opportunity of more patients being treated 
with implants38. 
 
 
4. MATERIALS AND METHODS 
 

This study followed the PRISMA Statement guidelines41. Register in PROSPERO 
(International prospective register of systematic reviews – University of York; 
https://www.crd.york.ac.uk/prospero/) was undertaken with the registration number 
CRD42021238272. 
 
3.1. Objective 

The purpose of this systematic review was to evaluate the impact of implant length on 
failure rates between short and long (≥ 10 mm) dental implants. 

The focused question was elaborated by using the PICO format (participants, 
interventions, comparisons and outcomes): In patients undergoing implant-prosthetic 
rehabilitation (participants, intervention), is the implant failure rate (outcome) statistically 
significantly different between short and long implants (comparison)? 
 
3.2. Search strategies 

An electronic search without time or language restrictions was undertaken in January 
2020 in the following databases: PubMed/Medline, Web of Science, and Science Direct. A 
last complementary search was performed in November 2020. The following terms were used 
in the search strategy: 
  

(dental implant OR oral implant) AND (“implant length”) 
 

A manual search of dental implants-related journals, including Clinical Implant 
Dentistry and Related Research, Clinical Oral Implants Research, European Journal of Oral 
Implantology, Implant Dentistry, International Journal of Implant Dentistry, International 
Journal of Oral and Maxillofacial Implants, International Journal of Oral Implantology, 
International Journal of Prosthodontics, Journal of Clinical Periodontology, Journal of Oral 
Implantology, Journal of Periodontology, Journal of Prosthetic Dentistry, Journal of 
Prosthodontics, and Journal of Prosthodontic Research was performed. The reference list of 
the identified studies and the relevant reviews on the subject was also checked for possible 
additional studies. 
  
3.3. Inclusion and Exclusion Criteria 

Eligibility criteria included clinical human studies, either randomized or not, 
comparing implant failure rates in any group of patients receiving implants rehabilitated with 
long and short dental implants. No follow-up time restrictions were imposed, since most of 
dental implant failures usually happen in the early postoperative period, regardless of a long 
follow-up17,18.  

Exclusion criteria were case reports, technical reports, biomechanical studies, finite 
element analysis (FEA) studies, animal studies, in vitro studies, reviews papers, and grey 
literature. 

Other reasons for the exclusion of a publication were: (a) when there were implants 
only in one of the groups defined for the present review, either short (<10 mm) or long (≥10 
mm) implants; (b) when the number of implant failures and/or the total number of implants 
per group of different lengths was not reported; (c) when implant failure was analysed in an 

https://www.crd.york.ac.uk/prospero/
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effect size (for example, in odds ratio); (d) when the report of implant failures included one 
group with implant lengths that encompassed both groups of the present review (example: a 
study that reported failures of a group consisted of implants with lengths between 9 to 11.5 
mm, which would make impossible to have the precise number of <10-mm- and ≥10-mm- 
implants); (e) when there was no reply from the authors of the publications that were 
contacted by e-mail in order to ask for additional information (the aforementioned cases ‘b’, 
‘c’, and ‘d’); (f) when a longer follow-up article of the same study was available, the shorter 
follow-up article was excluded. 

For this review, implant failure represents the complete loss of the implant. 
  
3.4. 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 was 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. 
  
3.5. Quality assessment 

Quality assessment of the studies was executed according to the Quality Assessment 
Tool of the National Institutes of Health (NIH)41. The NIH quality assessment tool calculates 
the study quality on the basis of nine criteria. The ratings on the different items were used by 
the reviewers to assess the risk of bias in the study due to flaws in study design or 
implementation. The studies were classified as "good," "fair," or "poor" quality. In general 
terms, a "good" study has the least risk of bias, and results are considered to be valid. A "fair" 
study is susceptible to some bias deemed not sufficient to invalidate its results. The fair 
quality category is likely to be broad, so studies with this rating will vary in their strengths 
and weaknesses41. A "poor" rating indicates significant risk of bias. Studies of "good" quality 
were judged to have at least 7 points. 
 
3.6. Data extraction 

From the studies included in the final analysis, the following data was extracted: year 
of publication, study design, country, study setting (University, private practice, etc), number 
of patients and sex distribution, patients’ age, prosthetic loading protocol, implant location 
(maxilla/mandible), number of failed and placed implants for each length category, implant 
system, presence of smokers in the patients’ study group, and follow-up time. Contact with 
authors for possible missing data was performed. 
 
3.7. Meta-analysis 

Implant failure was the dichotomous outcome measure evaluated. The statistical unit 
for ‘implant failure’ was the implant. Whenever outcomes of interest were not clearly stated, 
the data was not be used for analysis. The I2statistic was used to express the percentage of the 
total variation across studies due to heterogeneity, with 25% corresponding to low 
heterogeneity, 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 heterogeneity was found, analysis was performed using a 
fixed-effects model42. The estimate of relative effect for dichotomous outcomes was 
expressed in risk ratio (RR), 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. 
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The untransformed proportion with random-effects DerSimonian-Laird method43 of 
implant failure was calculated, considering specific groups of implant length (subgroup 
analyses). In order to explore the possible heterogeneity of effect between studies, a meta-
regression was performed in order to verify how the RR was associated with the time of 
follow-up. The data were analyzed using the statistical software OpenMeta[Analyst]44. 

A funnel plot was drawn. Asymmetry of the funnel plot may indicate publication bias 
and other biases related to sample size, although the asymmetry may also represent a true 
relationship between trial size and effect size. The funnel plot was generated with the 
software OpenMEE45. 
 
 
5. RESULTS 
 
4.1. Literature search 

The study selection process is summarized in Figure 1. The search strategy in the 
databases resulted in 2248 papers (516 in Pubmed, 519 in Web of Science, 1213 in 
ScienceDirect). A number of 334 articles were cited in more than one database (duplicates). 
The reviewers independently screened the abstracts for those articles related to the aim of the 
review. Of the resulted 1914 studies, 1269 were excluded due to one or more reason for 
exclusion, according to the exclusion criteria. Additional hand-searching of journals and of 
the reference lists of selected studies yielded 42 additional papers. The full-text reports of the 
remaining 687 articles led to the exclusion of 334 because they did not meet the inclusion 
criteria. Thus, a total of 353 publications were included in the review (see Supplementary 
Appendix 1 for list of included and excluded articles). 
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Figure 1. Study screening process. 

 
 
4.2. Description of the Studies 

Table S1 (see Supplementary Appendix 2) presents detailed data of the 353 included 
studies. The articles were published between 1990 and 2020. A total of 245 studies were 
unicenter, 88 were multicenter, and it was not possible to get clear information about it for 
the other 20 studies. When it comes to study design, 60 studies were randomized clinical 
trials (RCT), 94 prospective studies (without a pre-established controlled group), 6 were 
prospective controlled clinical trials, and were 186 retrospective observational studies. For 
155 studies, at least one University was reported as the institution where the study was 
carried out, which was the case for private dental practice for 145 studies, hospitals for 29 
studies, non-profit organization for 5 studies, and Veteran Medical Centers for 2 studies. 
Multicenter studies could include two or more different types of institutions. For 32 studies it 
was not possible to get information on the type of institution where the study was performed. 
Sweden was the country where the study was carried out for 45 studies (other countries could 
be included in case of multicenter studies). Other commonly places for the studies (the same 
observation for multicenter studies is applied here) were Italy in 85 cases, USA in 45, 
Belgium in 20, Spain in 19, Switzerland in 17, Brazil and Germany in 14 cases each, Canada 
in 8, and Turkey in 6 cases, among others. 

The mean follow-up ± standard deviation of 310 studies was 41.75 ± 35.49 months 
(min-max, 3-300). For the other 43 studies, there was neither information on the precise time 
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of follow-up (such as, for example, 12 months, or 60 months) nor the mean follow-up time. 
Information on follow-up in these 43 studies was usually reported as, for example, “patients 
were followed up between the years 2002 to 2004”, or “patients were followed up for up to 
84 months”. 

Immediate prosthetic loading of the implants was applied in 91 studies, early loading 
in 27 studies, and delayed loading in 262 studies. These loading protocols could be either 
separately (either immediate, or early, or delayed) applied for all implants of a study, or a 
combination of them for different implants of the same study. For 4 studies the implants were 
not loaded, and for 16 studies this information was not available. 

Most of the studies (n = 209) included implants installed in the maxilla and mandible, 
92 studies included patients that received implants only in maxillae, and the other 52 studies 
included only implants placed in mandibles. 

Smokers were excluded from 25 studies. Information on the presence or the absence 
of smokers among the patients was not available for 96 studies. Information on the different 
degrees of smoking (when distinguished by the authors) is provided in Table S1 in the 
following manner: light smokers <10 cigarettes/day, heavy smokers >10 cigarettes /day, and 
extra-heavy smokers >20 cigarettes/day. 

Altogether, there were 25,490 short implants (< 10 mm) and 159,435 long implants (≥ 
10 mm), and 941 and 4,185 implant failures in these groups, respectively. Implants most 
commonly used were from the following manufacturers: Nobel Biocare (Göteborg, Sweden) 
in 126 studies, Straumann (Basel, Switzerland) in 87 studies, and Astra Tech (Mölndal, 
Sweden) in 37 studies. Information on which implant brand and/or system used was not 
available in 12 studies. 
  
4.3. Quality Assessment 

Almost all included studies (352 out of 353) were classified as "good" according to the 
quality assessment tool (see Supplementary Appendix 3). Only one study (Bahat and 
Handelsman, 1996 – reference in the Supplementary Appendix 1) was classified as 
presenting a "fair" quality. However, it was deemed not sufficient to invalidate its results due 
to fact that the patients were not recruited consecutively and the statistical methods were not 
well-described, although the outcome information necessary for the present review (implant 
failure) was clearly available. 
 
4.4. Meta-Analyses 

A random-effects model was used to evaluate the implant failure in the comparison 
between the implant length groups, since statistically heterogeneity was observed (τ2 = 0.284, 
Chi2 = 558.932, I2 = 37.023, p < 0.001). 

The pairwise meta-analysis showed that short implants (< 10 mm) had a higher risk of 
failure than long implants (≥ 10 mm), with a RR 2.437 (95% CI 2.179, 2.725, p < 0.001; 
Figure 2; the following 4 pages). A RR of 2.437 implies that failures of short implants present 
a 2.437 higher risk to happen than failures of long implants; i.e., short implants have a higher 
risk of failure by 143.7% in relation to long implants. 
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Figure 2 (previous 4 pages). Forest plot for the event ‘implant failure’. 
 

Table 1 lists the probability of implant failure for each implant length group. There 
was a decrease in the probability of implant failure with longer implants. 
 
 
Table 1. Probability of implant failure for each implant length group. 

Length 
group 
(mm) 

Studies 
(n) 

Failure/total of 
implants 

Probability of failure* 
(95% CI), SE, p value 

Heterogeneity 

4-6.5 72 108/2549 4.6% (3.3, 6.0), 0.7%,  
p < 0.001 

τ2 = 0001, Chi2 = 157.702, I2 = 54.98%,  
p < 0.001 

7-9.5 307 573/11940 3.8% (3.3, 4.3), 0.3%,  
p < 0.001 

τ2 = 0.000, Chi2 = 646.944, I2 = 52.70%, 
p < 0.001 

10-12 316 1588/47196 2.7% (2.4, 2.9), 0.1%,  
p < 0.001 

τ2 = 0.000, Chi2 = 1273.409, I2 = 75.26%, 
p < 0.001 

13-15 225 1312/40033 2.5% (2.2, 2.8), 0.2%,  
p < 0.001 

τ2 = 0.000, Chi2 = 970.310, I2 = 76.92%, 
p < 0.001 

16-20 119 212/8486 1.8% (1.4, 2.1), 0.2%,  
p < 0.001 

τ2 = 0.000, Chi2 = 136.446, I2 = 13.52%, 
p = 0.118 

95% CI – 95% confidence interval, SE – standard error 
* Untransformed proportion, random-effects DerSimonian-Laird method 
 
 
4.5. Meta-regression 

A number of 310 studies provided clear information about the follow-up time or mean 
follow-up time. For most of the other 43 studies, either one of the two forms of information 
was reported, from which no precise follow-up time was possible to be obtained: (a) survival 
analysis, either life-table or Kaplan-Meier analysis, with no mean follow-up time provided; or 
(b) follow-up time between a certain number of years with no mean follow-up time provided. 

When a meta-regression considering the follow-up period as a covariate in relation to 
RR was plotted for these 310 studies, it was observed that the follow-up time did not have 
any effect of the RR of implant failure between short and long implants (Figure 3). The first 
degree equation resulted from the linear regression of this meta-regression was 

 
y = 0.882 – 0.000x, where: 
Intercept = 0.882 (0.690, 1.074), standard error 0.098, p < 0.001 
Follow-up = 0.000 (-0.003, 0.003), standard error 0.002, p = 0.905 
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Figure 3. Scatter plot for the meta-regression with the association between the relative risk 
(RR) of implant failure between short and long implants and the follow-up time (in months). 
Every circle represents a study and the size of the circle represents the weight of the study in 
the analysis. 
 

A sensitivity analysis of the meta-regression was performed plotting together only the 
studies (n = 285) with follow-up up until 7 years. The first degree equation resulted from the 
linear regression of this sensitivity analysis was 

 
y = 0.667 + 0.006x, where: 
Intercept = 0.667 (0.409, 0.924), standard error 0.131, p < 0.001 
Follow-up = 0.006 (0.000, 0.013), standard error 0.003, p = 0.036 
 
In this case, there was an estimated increase of 0.6 in RR for every additional month 

of follow-up (Figure 4).  
 

 
Figure 4. Scatter plot for the sensitivity analysis of the meta-regression, including only 
studies with a follow-up up to 7 years (n = 285), with the association between the relative risk 
(RR) of implant failure between short and long implants and the follow-up time (in months). 
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Every circle represents a study and the size of the circle represents the weight of the study in 
the analysis. 
 
4.6. Publication bias 

The funnel plot did not show a clear asymmetry (Figure 5), indicating possible 
absence of publication bias. 
 

 
Figure 5. Funnel plot. 

 
 
6. DISCUSSION 
 

In a meta-analysis, homogeneity implies a mathematical compatibility between the 
results of each individual 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-analyses46. However, narrowing the inclusion criteria 
increases homogeneity but also excludes the results of more trials, and thus risks the 
exclusion of significant data47. This was the reason to include non-randomized studies in the 
present meta-analysis. The issue is important because meta-analyses are frequently conducted 
on a limited number of RCTs. In meta-analyses, such as these, adding more information from 
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observational studies may aid in clinical reasoning and establish a more solid foundation for 
causal inferences47. 

To the best of our knowledge, this is the first meta‐analysis comparing the clinical 
outcomes of short (< 10 mm) and longer implants (≥ 10 mm) from all articles with available 
data. The results of the present study suggest that short dental implants have a higher risk of 
failure than longer implants. Previous meta-analyses on the subject reported no statistically 
significant difference in failure rate between short (≤ 8 or < 10 mm) and long (≥ 10 mm) 
implants48, and between extra-short (≤ 6 mm) and longer (≥ 10 mm) implants49, which differ 
from the results of the present review. The peculiarity of the present study lies in it including 
all data available and not limiting the inclusion criteria, as one of the previous reviews that 
included only rough-surface dental implants48, and the other one only RCTs49. Two other 
reviews50,51, evaluating only implants placed in the posterior area of the jaws, suggested that 
extra-short implants, namely ≤ 6 mm51 and < 8 mm50, may present a greater risk for failure 
compared to implants longer than these lengths. 

Some hypotheses have been proposed to try to explain the reasons behind a higher 
implant failure rate among short implants in comparison to longer implants. 
 One of them is the implant location in the jaws. The posterior region of the jaws is 
usually limited in bone height available for dental implants due to the pneumatization of the 
maxillary sinus and to the presence of the inferior alveolar neurovascular bundle. The anterior 
region of the jaws may also be affected, in cases of alveolar ridge deficiencies due to 
advanced bone resorption when long time after tooth extractions has passed, as the bony 
socket undergoes significant horizontal and vertical reduction following extraction52. When 
patients in need of implants are unwilling or cannot be submitted to surgical procedures to 
increase the available bone height, such as distraction osteogenesis53, bone grafting54, and 
alveolar nerve transposition55, the planned implant site can present reduced bone left for the 
placement of dental implants. This fact, together with the usual low-density bone (especially 
for the posterior maxilla30) and occlusal overload (especially for the posterior region of the 
jaw, due to the greater bite force in the posterior dental arch56) can predispose the short 
implant to a higher risk of failure. This may mean that short implants placed in the posterior 
regions in sites with poor bone quality and submitted higher occlusal forces are more likely to 
fail. This could result in excessive bone resorption and loss of osseointegration in the long 
term57,58. Yet, the placement of short implants in jaw locations with less available bone is a 
less morbid alternative than to submit the patient to further and more complex surgical 
procedures such as the aforementioned distraction osteogenesis, bone grafting, and alveolar 
nerve transposition. 
 The dimensional relationship between the implant-supported prosthetic restoration 
height and the implant length, the so-called crown-to-implant ratio (CIR), is another possible 
reason. Short implants are more likely to have an inappropriate CIR59. Some studies suggest 
that deviation in CIR may result in excessive occlusal and non-axial loading60,61, this can 
enhance marginal bone loss62,63, and mechanical problems64. A high deviation factor between 
crown and implant length is one of the reasons suggested to lead to short implant longevity65. 

Another hypothesis states that short implants would be more likely to fail if peri-
implantitis occurred due to the lower quantity of bone support48. If implants with different 
lengths suffer the same quantity of marginal bone loss over time, it is logical to assume that 
the shorter implant will lose a higher proportion of supporting bone in relations to its total 
length than a longer implant over the same period of time. 

Related to the previous hypothesis it can be said that compared with longer implants 
with a comparable diameter, there is less bone to implant contact when short implants are 
used, simply because there is less implant surface65. 
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Many of the included studies in the present review includes smokers. The registered 
number of cigarettes of each patient per day has to be interpreted with caution since patients 
usually under register how many cigarettes they smoke per day. It is therefore hard to study 
smoking as a single possible reason affecting short implant failure. But we know for sure that 
smoking is one of the main factors that have shown to have an effect on implant failure and it 
has a dose-related effect on osseointegration66. 

Patients that lost their teeth due to periodontitis usually have lower bone height 
because of the bone resorption process that takes place, compared with patients that lost their 
teeth due to trauma or caries. This means that patients treated for periodontitis usually get 
treated with shorter implants. Studies have shown that patients with a history of periodontitis 
have a higher potential risk to experience complications around implants, including higher 
bone loss and peri-implantitis. This, together with shorter implants in lower bone height 
means a higher risk of implant failure67. 
 A combination of two or more of the previous factors may magnify the risk of failure 
among short implants.  
 
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 short or long. The included studies have a 
considerable number of confounding factors, and most of the studies, if not all, did not inform 
how many implants were inserted and survived/lost in several different conditions. Due to the 
inclusion of a massive number of studies, it was decided to collect data only on a couple of 
confounding factors, namely the patients’ age and sex, presence of smokers, the prosthetic 
loading protocol, the placement of implants in one or both jaws, and the implant system(s) 
used. Other factors such as the use of grafting, the insertion of implants in fresh extraction 
sockets, different prosthetic configurations, implants of different diameters, type of opposing 
dentition, different implant angulation ranges, splinting of the implants, the presence of 
patients with bruxism or diabetics patients were not always reported. The impact of these 
variables on the implant survival rate is difficult to estimate if these factors are not identified 
separately between the different implant groups in order to perform a meta-regression 
analysis. 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 isolated neither for 
individual studies nor for the present review. This is understandable and expected because 
study populations are typically representative of normal populations with various risk 
factors68. The lack of control of the confounding factors, therefore, limited the potential to 
draw robust conclusions. 

Second, most of the included studies had a retrospective design, and the nature of a 
retrospective study inherently results in flaws. These problems were manifested by the gaps 
in information and incomplete records. 

Third, much of the research in the field is limited by small cohort size and short 
follow-up periods. A longer follow-up period can lead to an increase in the failure rate, 
especially if it extended beyond functional loading, 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. 

Fourth, some included studies are characterized by a low level of specificity, where 
the assessment of the implant length as a complicating factor for dental implants was not the 
main focus of the investigation. 
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7. CONCLUSIONS 

As a conclusion, the present study suggests that short implants (< 10 mm) had an 
approximated 2.5 times higher risk of failure than long implants (≥ 10 mm). Since implant 
failure is multifactorial and the implant length is only one of the many factors contributing to 
the loss of implant, short dental implants are still an alternative for implant placement, 
however a good treatment plan and the patient’s general health should be taken into account 
when planning for an implant treatment. 
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11. SUPPLEMENTARY APPENDIX 2 
 
Table S1. Detailed data of the included studies. 
 

Study Year Study design Country / Setting Patients 
(male/female) 

(n) 

Patients’ Age 
Range 
(mean) 
(years) 

Loading Implants 
location 
(maxilla 
and/or 

mandible) 

Implant used Were there smokers in 
the group of patients? a 

Follow-up 
(or range) 
(months) 

Adanez 2018 PS (unicenter) Germany / 
University 

10 (NM) NM Delayed (2 mo) Md Superline Fixture (Dentium, 
Seoul, Korea) 

No 12 

Al-Nawas 2015 PS (multicenter) Spain / mainly 
Private practice 

359 (126/233) <20 - >80 Several 
protocols 

Mx, Md Roxolid (Straumann, Basel, 
Switzerland) 

25 heavy smokers (>10 
cig/day) 

24 

Alayan 2019 PS (multicenter) Australia / 
University + 

Private practice 

53 (16/37) NM (61) Delayed (3 mo) Mx SLA (Straumann, Basel, 
Switzerland) 

3 light smokers (<10 
cig/day) 

15 

Alsaadi (1) 2007 RA (unicenter) Belgium / 
University 

2004 
(792/1212) 

NM NM Mx, Md Machined and TiUnite 
(Brånemark, Nobel Biocare, 

Göteborg, Sweden) 

Yes, but exact number not 
informed 

6 

Alsaadi (2) 2008 RA (unicenter) Belgium / 
University 

412 (172/240) NM NM Mx, Md Machined and TiUnite 
(Brånemark, Nobel Biocare, 

Göteborg, Sweden) 

19 light smokers 
20 heavy smokers 

22 extra-heavy smokers 

24 

Amato 2020 RA 
(multicenter) 

Italy / Private 
practice 

55 (17/38) 30-86 (63) Immediate Mx, Md T3 (Zimmer Biomet, Warsaw, 
USA) 

16 smokers Mean 38 

Amorfini 2017 RCT (unicenter) Italy / University 26 (8/18) 39-75 (55.7) Immediate Mx Bone Level SLA active 
(Straumann, Basel, 

Switzerland) 

Only light smokers (<10 
cig/day) 

24 

Andersson 2015 RA 
(multicenter) 

Sweden / Private 
practice 

55 (27/28) NM Early (1-3 d) MX, Md Bimodal and Proactive 
(Neoss Ltd, Harrogate, UK) 

NM Mean 34.8 

Anitua (1) 2008 RA 
(multicenter) 

Spain / Private 
practice 

1060 
(386/674) 

17-91 (54) Immediate, 
delayed (3 mo) 

Mx, Md BTI (BTI Biotechnology 
Institute, Vitoria-Gasteiz, 

Spain) 

221 smokers Mean 28.6 

Anitua (2) 2016 RA (unicenter) Spain / Private 
practice 

20 (2/18) 27-71 (54.05) Delayed (>3 
mo) 

Mx, Md NM (BTI Biotechnology 
Institute, Vitoria-Gasteiz, 

Spain) 

4 patients Mean 62 

Anitua (3) 2019 RA (unicenter) Spain / Private 16 (3/13) NM (57) Immediate Mx, Md NM (BTI Biotechnology 17% of the implants in Mean 14 
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practice Institute, Vitoria-Gasteiz, 
Spain) 

smokers 

Aparicio 1998 RA (unicenter) Spain / Private 
practice 

45 (26/19) 34-82 (51.3) Delayed (4-6 
mo) 

Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM Mean 32.9 

Arlin 2006 RA (unicenter) Canada / Private 
practice 

264 (131/133) 13.8-95.7 
(55.5) 

Delayed (3-5 
mo) 

Mx, Md NM (Straumann, Basel, 
Switzerland) 

Yes, but exact number not 
informed 

Mean 31.7 

Arora 2018 PS (unicenter) Asutralia / Private 
practice 

30 (13/17) 26-77 (52) Delayed (3-4 
mo) 

Mx NM (Straumann, Basel, 
Switzerland) 

1 light smoker (<10 
cig/day) 

12 

Arosio 2018 RA 
(multicenter) 

Italy / Private 
practice 

106 (56/50) 36-72 (58.4) Delayed Mx Stone (IDI Evolution, 
Concorezzo, Italy) 

Only light smokers (<10 
cig/day) 

Mean 66 

Artzi 2010 RA (unicenter) Israel / University  54 (23/31) 34-81 (57.5) Immediate Mx, Md DFI, ITO, SPI (Alpha-Bio 
Tec, Israel) 

21 smokers 36 

Arunjaroens
uk 

2018 RCT (unicenter) Thailand / 
University 

60 (21/39) 21-78 (51.2) Not loaded Mx Bone Level SLA active 
(Straumann, Basel, 

Switzerland) 

NM 6 

Atieh 2014 PS (unicenter) New Zealand / 
University 

28 (10/18) NM (50.3) Immediate Md MAX (Southern Implants, 
Irene, South Africa) 

No 12 

Babbush 2012 RA (unicenter) USA / Private 
Practice 

293 (172/121) NM (59) Immediate, 
delayed 

Mx, Md NobelActive (Nobel Biocare, 
Göteborg, Sweden) 

Yes, but exact number not 
informed 

Up to 31 

Bae 2015 RA (unicenter) South Korea / 
Private practice 

85 (42/43) 21-78 (58.1) Delayed (4-6 
mo) 

Mx Several (Brånemark, Astra, 
Osstem, Implantium 

Dentium) 

NM 24 

Bahat (1) 1992 RA (unicenter) USA / Private 
practice 

45 (NM)  <80 (NM) Delayed Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM Mean 21.4 

Bahat (2) 1996 RA (unicenter) USA / Private 
practice 

45 (NM)  NM Delayed Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM Mean 16 

Bahat (3) 2000 RA (unicenter) USA / Private 
practice 

202 (78/124) 18-81 (NM) Delayed (6 mo) Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden)  

NM Mean 86.2 

Bain 1993 RA (unicenter) Scotland / Private 
practice 

540 (229/311) 12-86 (55) Delayed Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

Yes, but exact number not 
informed 

Mean 37.9 

Balleri (1) 2002 RA (unicenter) Italy / University 14 (5/9) NM (50.1) NM Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden)  

NM 12 

Balleri (2) 2010 PS (unicenter) Italy / University 20 (6/14) 38-63 (51) Delayed (6 mo) Mx Microthread and Osseospeed 
(Astra Tech, Mölndal, 

Sweden) 

Light smokers, but exact 
number not informed 

18 

Balshi (1) 1997 RA 
(multicenter) 

USA, Sweden, 
Belgium / Private 

71 (NM) 18-77 (54) Delayed (3-5 
mo) 

Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden)  

NM 36 
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practice 
Balshi (2) 1999 RA (unicenter) USA / Private 

practice 
189 (67/122) 28-91 (60) Delayed Mx Brånemark (Nobel Biocare, 

Göteborg, Sweden) 
Yes, but exact number not 

informed 
Mean 56.16 

Balshi (3) 2005 PS (unicenter) USA / Private 
practice 

55 (24/31) 25-86 (57.3) Immediate Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

Yes, but exact number not 
informed 

Mean 33.36 

Balshi (4) 2015 RA (unicenter) USA / Private 
practice 

470 (153/317) 11-86 (56.62) Immediate, 
delayed 

Md Brånemark and TiUnite 
(Nobel Biocare, Göteborg, 

Sweden) 

NM Up to 300 

Bechara 2017 RCT (unicenter) Lithuania / 
University 

53 (19/34) 21-76 (48) Delayed (4 mo) Mx AnyRidge (MegaGen 
Implant, Gyeongbuk, South 

Korea) 

15 smokers 36 

Becker (1) 2000 PS (multicenter) NM / Private 
practice 

83 (35/48) 18-80 (NM) Delayed (3-6 
mo) 

Mx, Md Brånemark MS (Nobel 
Biocare, Göteborg, Sweden) 

and TPS (ITI Straumann, 
Waldenburg, Switzerland) 

Yes, but exact number not 
informed 

Mean 15 

Becker (2) 2005 PS (multicenter) USA, Sweden, 
Israel / Private 

practice 

57 (24/33) 24-86 (NM) Delayed Mx, Md  TiUnite (Nobel Biocare, 
Göteborg, Sweden) 

 

NM 24 

Becker (3) 2013 PS (NM) NM / NM 76 (38/38) 17-85 (NM) Delayed (4 mo) Mx, Md Neoss (Neoss Ltd., Harrogate, 
UK) 

NM 12 

Becktor (1) 2002 RA 
(multicenter) 

USA, Sweden / 
Hospital 

90 (31/59) 31-74 (57.4) Delayed (4-12 
mo) 

Mx NM (Nobel Biocare, 
Göteborg, Sweden)  

NM Mean 64.2 

Becktor (2) 2004 RA (unicenter) Sweden / Hospital 182 (94/88) 31-79 (NM) Delayed Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM Mean 72 

Becktor (3) 2007 RA 
(multicenter) 

Sweden, Norway / 
NM 

77 (34/46) 44-89 (64.5) Delayed (3-4 
mo) 

Md Brånemark (Nobel Biocare, 
Göteborg, Sweden)  

NM 35 

Benlidayi 2018 RA (unicenter) Turkey / 
University 

38 (19/19) 30-71 (48.3) Delayed (2-3 
mo) 

Mx, Md NM (Nucleoss Implants, 
Izmir, Turkey) 

7 smokers Mean 40 

Bergendal 1998 PS (multicenter) Sweden / Private 
practice 

49 (16/33) 7-82 (66) Delayed Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden)  

NM Mean 62 

Bernard 2019 RCT (unicenter) Belgium / 
University 

60 (NM) 31-78 (NM) Delayed (3 mo) Mx, Md Astra Tech TX (Dentsply 
Sirona, , Mölndal, Sweden) 

8 smokers 36 

Bernardi 2018 RCT (unicenter) Italy / University 36 (18/18) 43-77 (62) NM Md ConicalActive and IM Macon 
(Maco Dental Care, Salerno, 

Italy) 

NM 12 

Bianco 2000 RA 
(multicenter) 

Italy / Private 
practice 

214 (100/114) 16-70 (NM) Delayed Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM Up to 96 
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Bischof 2006 RA (unicenter) Switzerland / 
Private practice 

212 (91/121) 22-88 (49.9) Delayed (mean 
3.7 mo) 

Mx, Md wide neck ITI (ITI 
Straumann, Waldenburg, 

Switzerland) 

Yes, but exact number not 
informed 

Up to 60 

Blomqvist 1998 PS (unicenter) Sweden / Hospital 50 (17/33) 31-83 (59) Delayed (6-10 
mo) 

Mx Brånemark Mark II (Nobel 
Biocare, Göteborg, Sweden) 

19 smokers (mean 12 
cig/day) 

18 former smokers 

Mean 28 

Blus 2006 RA (NM) Italy / Private 
practice 

57 (28/29) 23-82 (50.2) Delayed (5-6 
mo) 

Mx, Md Osseotite (Biomet 3i, Palm 
Beach Gardens, USA) and 

Leader (Milano, Italy) 

NM Up to 36 

Bogaerde (1) 2003 PS (multicenter) Italy / Private 
practice 

31 (13/18) 23-71 (51) Immediate, 
early (within 20 

days) 

Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

No 18 

Bogaerde (2) 2004 PS (multicenter) Italy / Private 
practice 

31 (13/18) 36-78 (54) Early (9-16 
days) 

Mx, Md TiUnite (Nobel Biocare, 
Göteborg, Sweden) 

 

No 18 

Bogaerde (3) 2005 PS (unicenter) Italy / Private 
practice 

19 (5/14) 35-66 (55) Immediate, 
early 

Mx, Md MK IV TiUnite (Nobel 
Biocare, Göteborg, Sweden) 

NM 18 

Bolle 2018 RCT 
(multicenter) 

France / 
University + 

Private practice 

80 (38/42) 25-77 (NM) Delayed (4 mo) Mx, Md TwinKon Universal SA2, 
Global-D 

21 smokers 12 

Boon 2020 PS (unicenter) Belgium / 
University 

153 (59/94) NM (50.8) Delayed (3 mo) Mx, Md NobelActive (Nobel Biocare, 
Göteborg, Sweden) 

Yes, exact number not 
reported 

12 

Borges 2020 RCT (unicenter) Portugal / Private 
practice 

33 (10/23) NM (60.5) Delayed (2 mo) Md OsseoSpeed EV (Astra Tech, 
Dentsply Implants, Mölndal, 

Sweden) 

2 smokers 12 

Bornstein 2008 RA (unicenter) Switzerland / 
University 

1206 
(573/633) 

18-92 (55.2) Delayed (6-14 
wk) 

Mx, Md SLA (Straumann, Basel, 
Switzerland) 

169 light smokers 
72 heavy smokers 

Between 
years 2002-

2004 
Bouhy 2020 PS (unicenter) Belgium / 

University 
30 (17/13) 48-82 (66.4) Delayed (3 mo) Mx Roxolid (Straumann, Basel, 

Switzerland) 
4 smokers 12 

Bressan 2014 PS (unicenter) Italy / University 25 (10/15) 52-80 (69) Immediate Md Ankylos (Dentsply Friadent, 
Mannheim, Germany) 

Yes (<15 cig/day), but 
exact number not 

informed 

24 

Browaeys 2013 RA (unicenter) Belgium / 
University 

83 (51/32) 28-89 (58.2) Immediate, 
early 

Mx, Md Osseotite (Biomet 3i, Palm 
Beach Gardens, USA) 

Yes, but exact number not 
informed 

Up to 84 

Brügger 2015 RA (unicenter) Switzerland / 
University 

1568 
(776/792) 

17-92 (53.6) Delayed (4-14 
wk) 

Mx, Md SLA active (Straumann, 
Basel, Switzerland) 

190 light smokers 
81 heavy smokers 

Mean 3 
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Brånemark 1995 RA (unicenter) Sweden / NM 156 (56/100) 20-80 (NM) Delayed (3-8 
mo) 

Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM 120 

Buser 1997 PS (multicenter) Switzerland, 
Germany / 
University 

1003 
(406/597) 

15-91 (52) Delayed (3-6 
mo) 

Mx, Md Several (ITI Straumann, 
Waldenburg, Switzerland) 

NM Up to 96 

Caban 2017 RA (unicenter) Sweden / 
University 

25 (11/14) 44-84 (71) Delayed (2-6 
mo) 

Mx Microthread (Astra Tech, 
Mölndal, Sweden) 

3 smokers Mean 128.4 

Calandriello 2011 PS (multicenter) Italy / Private 
practice 

33 (16/17) 27-72 (52) Immediate Md Brånemark and TiUnite 
(Nobel Biocare, Göteborg, 

Sweden) 

3 heavy smokers 60 

Calvo-
Guirado 

2016 PS (unicenter) Spain / University 10 (4/6) 44-86 (64) Delayed (3 mo) Md Tissue level SLActive and 
Roxolid (Straumann, Basel, 

Switzerland) 

No heavy smokers 12 

Campos 2019 PS (unicenter) Brazil / University 34 (NM) NM (51.33) Not loaded Md NM (Neodent, Curitiba, 
Brazil) 

No 12 

Cannizzaro 
(1) 

2012 RCT (unicenter) Italy / Private 
practice 

50 (24/26) 18-71 (38.8) Immediate Mx, Md NanoTite (Biomet 3i, Palm 
Beach Gardens, USA) 

12 light smokers 
4 heavy smokers 

12 

Cannizzaro 
(2) 

2013 RCT (unicenter) Italy / Private 
practice 

40 (19/21) 21-72 (50) Delayed (1.5 
mo) 

Mx Tapered Screw-Vent MP-1 
HA Dual Transition Selective 

Surface (Zimmer Dental) 

1 light smokers 
7 heavy smokers 

60 

Cannizzaro 
(3) 

2016 RCT (unicenter) Italy / Private 
practice 

40 (21/19) 33-78 (56) Immediate Mx, Md Prama PF tapered (Sweden & 
Martina, Due Carrare, Italy) 

12 light smokers 
4 heavy smokers 

12 

Cannizzaro 
(4) 

2018 RCT (unicenter) Italy / Private 
practice 

30 (15/15) 38-80 (60) Immediate Mx, Md NanoTite (Biomet 3i, Palm 
Beach Gardens, USA) 

7 light smokers 
4 heavy smokers 

60 

Carr (1) 2003 RA (unicenter) USA / Non-profit 
organization 

308 (139/169) 15-95 (NM) Delayed Mx, Md NM (Straumann, Basel, 
Switzerland) 

NM 21 

Carr (2) 2019 RA (unicenter) USA / Non-profit 
organization 

2798 (NM) >18 Immediate, 
delayed 

Mx, Md NM Yes, but exact number not 
informed 

12 

Checchi 2010 PS (multicenter) Italy / Private 
practice 

15 (7/8) 28-68 (55) Delayed (6 mo) Mx TSV Screw-Vent tapered and 
MTX microtextured (Zimmer 

Dental) 

3 light smokers 12 

Cecchinato 2015 RCT 
(multicenter) 

Italy, Switzerland, 
Spain/ University 
+ Private practice 

93 (48/45) 19-80 (51) Delayed (4 mo) Mx Osseospeed (Dentsply 
Implants, Mölndal, Sweden) 

34 smokers 36 

Chiapasco 2014 RA (unicenter) Italy / NM 50 (16/34) 19-69 (49.5) Delayed (2-3 
mo) 

Mx, Md Bone Level and Tissue Level 
(Straumann, Basel, 

Switzerland) 

No extra-heavy (>20 
cig./day) smokers 

Mean 35 
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Clelland 2016 RCT (unicenter) USA / NM 18 (9/9) 49-76 (56) Delayed (3-5 
mo) 

Mx, Md Osseospeed (Dentsply 
Implants, Mölndal, Sweden) 

No 36 

Cochran (1) 2002 PS (multicenter) USA, 
Switzerland, 
Netherlands, 
Germany / 

University + 
Hospital 

133 (57/76) 20-82 (NM) Delayed (42-
105 d) 

Mx, Md ITI and SLA (Straumann, 
Basel, Switzerland) 

Light smokers, but exact 
number not informed 

24 

Cochran (2) 2007 PS (multicenter) Several / Private 
practice 

509 (230/278, 
1NM) 

14-90 (52.5) Delayed (6-8 w) Mx, Md SLA (Straumann, Basel, 
Switzerland) 

Light smokers, but exact 
number not informed 

60 

Collaert (1) 2002 NM (unicenter) Belgium / Private 
practice 

25 (5/20) 28-88 (NM) Early (within 1 
mo) 

Md TiOblast (Astra Tech, 
Mölndal, Sweden) 

5 smokers 24 

Collaert (2) 2011 PS (unicenter) Belgium / 
University 

25 (10/15) 39-78 (60.4) Immediate Md Osseospeed (Dentsply 
Implants, Mölndal, Sweden) 

3 smokers 
9 former smokers 

24 

Correia 2017 RA (unicenter) Portugal / Private 
practice 

202 (70/132) 23-73 (50) Immediate, 
delayed 

Mx, Md Several (Straumann, Nobel 
Biocare, Biomet 3i, Neodent, 

Klockner, EuroTeknika) 

15 light smokers 
29 heavy smokers 

Mean 36.36 

Cosyn 2012 RA (unicenter) Belgium / 
University 

461 (216/245) 18-90 (51) Immediate, 
early, delayed 

Mx, Md NM (Nobel Biocare, 
Göteborg, Sweden),  

 NM (Straumann, Basel, 
Switzerland), NM (Dentsply 

Friadent , Mannheim, 
Germany), NM (Astra Tech 

Mölndal, Sweden), NM 
(Biomet 3i, Palm Beach 

Gardens, USA) 

Yes, but exact number not 
informed 

 

Mean 30 

Cucchi 2019 PS (NM) Italy / NM 20 (NM) NM (67) Early (3-5 d) Mx, Md NM 28% of the implants in 
smokers 

Mean 26.5 

Dagorne 2015 RA (unicenter) France / Private 
practice 

59 (NM) NM (57.6) NM Mx, Md Nobel Speedy Groovy and 
Brånemerk Mk III (Nobel 

Biocare, Göteborg, Sweden) 

16 smokers 
4 former smokers 

Mean 69 

Dahlin 2013 PS (multicenter) Sweden / 
University + 

Private practice 

177 (72/105) <20 - >81 
(NM) 

Delayed Mx, Md Neoss (Neoss Ltd., Harrogate, 
UK) 

46 smokers 12 

Davarpanah 2002 PS (multicenter) France / ”13 
clinical centers” 

528 (193/335) 16-86 (53.6) Delayed (4-6 
mo) 

Mx, Md Osseotite, ICE, and self-
tapping (Biomet 3i, Palm 

Beach Gardens, USA) 

No heavy smokers Up to 60 



60 
 

De Bruyn (1) 1992 RA (unicenter) NM / NM 57 (NM) 19-72 (53) Delayed (3-6 
mo) 

Mx, Md Screw Vent (Core-Vent Co., 
Encino, USA) 

Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM Mean 16.8 

De Bruyn (2) 2002 PS (NM) NM / NM 36 (18/18) 63-81 (NM)  Immediate, 
early (<52 days) 

Md Machined Brånemark (Nobel 
Biocare, Göteborg, Sweden) 

Yes, but exact number not 
informed 

36 

Degasperi 2014 RA (NM) Italy / Private 
practice 

49 (20/49) 29-79 (50.9) Delayed (3-4 
mo) 

Mx, Md Neoss Proactive (Neoss Ltd, 
Harrogate, UK) 

NM 12 

Degidi (1) 2005 NM (NM) Italy / NM 253 (106/147) 20-78 (53) Immediate Mx, Md XiVE (Dentsply Friadent, 
Mannheim, Germany) 

Yes, but exact number not 
informed 

24 

Degidi (2) 2006 NM (unicenter) Italy / University 371 (180/191) 17-83 (53) Immediate, 
delayed 

Mx, Md XiVE (Dentsply Friadent, 
Mannheim, Germany) 

Light and heavy smokers, 
but exact number not 

informed 

24 

Degidi (3) 2009 NM (unicenter) Italy / University 155 (71/84) 18-78 (54) Immediate Mx, Md Maestro (BioHorizons, 
Birmingham, USA)  

Light and heavy smokers, 
but exact number not 

informed 

60 

Degidi (4) 2012 RA (unicenter) Italy / Private 
practice 

1045 
(368/677) 

18-93 (NM) Not loaded Mx, Md XiVE (Dentsply Friadent, 
Mannheim, Germany) 

Light and heavy smokers, 
but exact number not 

informed 

6 

Deporter (1) 2001 PS (unicenter) Canada / NM 50 (25/25) 25-76 (53.7) Delayed Mx Endopore (Innova, 
Corportaion, Toronto, 

Ontario, Canada) 

No Mean 40.6 

Deporter (2) 2014 PS (NM) Canada / NM 52 (17/35) NM (55.3) Delayed (10 
wk) 

Md SPS (Innova Corporation, 
Toronto, ON, Canada) 

16 smokers Up to 240 

Diaz-Sanchez 2017 CCT (unicenter) Spain /University 27 (13/14) NM (52.7) Delayed (4 mo) Mx, Md Element Inicell (Thommen 
Medical AG, Waldenburg, 

Germany) 

10 smokers 12 

Ducommun 2019 RA (unicenter) Switzerland / 
University 

1428 
(700/728) 

NM (57.2) Delayed (1-4 
mo) 

Mx, Md Several (Straumann, 
Thommen, Zeramex) 

162 light smokers 
79 heavy smokers 

3 

Eckert 2001 RA (unicenter) USA / Non-profit 
organization 

63 (35/28) 19-81 (52.2) Delayed (3-4 
mo) 

Mx, Md MK II (Nobel Biocare, 
Göteborg, Sweden) 

Yes, but exact number not 
informed 

Mean 114 

Eliasson 2009 RA (unicenter) Sweden / Public 
Service 

109 (53/56) 47-89 (69) Early, Delayed Md Brånemark MK III, TiUnite 
(Nobel Biocare, Göteborg, 
Sweden), TiOblast (Astra 

Tech, Mölndal, Sweden), ITI 
MonoType SLA (ITI 

Straumann, Waldenburg, 

Yes, but exact number not 
informed 

42 
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Switzerland) 
Engstrand 2003 PS (unicenter) Sweden / Public 

Service 
95 (53/42) 45-89 (68.5) Immediate, 

early (1-40 
days) 

Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

23 smokers Mean 30 

Esposito (1) 2015 RCT 
(multicenter) 

Italy / Hospital 28 (16/12) 29-65 (54) Delayed (4 mo) Mx ExFeel and Rescue 
(MegaGen Implant, 

Gyeongbuk, South Korea) 

5 light smokers 12 

Esposito (2) 2016 RCT 
(multicenter) 

Italy, South Korea 
/ Private practice 

120 (47/73) 20-79 (52) Immediate, 
delayed 

Mx, Md EZ Plus (MegaGen Implant, 
Gyeongbuk, South Korea) 

16 light smokers 
18 heavy smokers 

60 

Esposito (3) 2017 RCT (unicenter) Switzerland / 
Private practice 

23 (11/12) 34-76 (54) Delayed (3-6 
mo) 

Mx, Md SPI Element (Thommen 
Medical, Waldenburg, 

Switzerland) 

1 light smoker 
6 heavy smokers 

36 

Esposito (4) 2019 RCT 
(multicenter) 

Italy / Private 
practice 

80 (25/55) 39-80 (57) Delayed (4 mo) Mx ExFeel and Rescue 
(MegaGen Implant, 

Gyeongbuk, South Korea) 

6 light smokers 60 

Evian 1996 RA (unicenter) USA / Private 
practice 

166 (57/109) 18-81 (NM) Delayed (6 mo) Mx, Md Micro-Vent HA-coated and 
Swede vent (Dentsply, 

Encino, USA) 

NM Up to 72 

Felice (1) 2014 RCT 
(multicenter) 

Italy / Private 
practice 

64 (35/29) 19-80 (52) Immediate, 
early, delayed 

Mx, Md Way Milano and Kentron 
(Geass srl, Pozzuolo Del 

Friuli, Udine, Italy) 

11 light smokers 
6 heavy smokers 

12 

Felice (2) 2015 RCT 
(multicenter) 

Italy / Private 
practice 

50 (25/25) 32-72 (52) Immediate, 
delayed (4 mo) 

Mx XiVE S plus (Dentsply 
Friadent, Mannheim, 

Germany) 

17 light smokers 
3 heavy smokers 

12 

Felice (3) 2019 RCT 
(multicenter) 

Italy / Private 
practice + hospital 

30 (13/17) 37-70 (56) Delayed (4 mo) Mx, Md EZ Plus and Rescue 
(MegaGen Implant, 

Gyeongbuk, South Korea) 

5 light smokers 
1 heavy smoker 

60 

Felice (4) 2019 RCT 
(multicenter) 

Italy / Private 
practice + hospital 

40 (21/19) 42-80 (55) Delayed (4 mo) Mx, Md NM (Southern implants, 
Irene, South Africa) 

2 light smokers 
3 heavy smokers 

60 

Feng 2014 RA (unicenter) China / University 21 (12/9) 21-58 (45.9) Delayed (4-9 
mo) 

Mx Tissue Level (Straumann, 
Basel, Switzerland) 

NM Mean 27.3 

Fenlon 2002 PS (unicenter) England / 
University 

16 (7/9) 32-74 (NM) Delayed (3 mo) Md Mark II Brånemark (Nobel 
Biocare, Göteborg, Sweden) 

Yes (<15 cig/day), but 
exact number not 

informed 

24 

Fermergård 2012 RA (unicenter) Sweden / Hospital 36 (NM) NM (64) Delayed (3-4 
mo) 

Mx NM (Astra Tech Mölndal, 
Sweden) 

Yes, but exact number not 
informed 

36 

Ferrigno (1) 2002 PS (multicenter) Italy / University 233 (93/140) 35-79 (59.4) Delayed (6wk- Mx, Md ITI (Straumann, Waldenburg, NM Up to 120 
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6mo) Switzerland) 
Ferrigno (2) 2006 PS (unicenter) Italy / University 323 (142/181) 34-73 (51.2) Delayed (6wk-

6mo) 
Mx ITI (Straumann, Waldenburg, 

Switzerland) 
Light smokers, but exact 

number not informed 
59.7 

Fischer 2008 RCT 
(multicenter) 

Sweden / Hospital 24 (8/16) NM (64) Early, Delayed Mx Esthetic Plus SLA 
(Straumann, Basel, 

Switzerland) 

Light smokers, but exact 
number not informed 

60 

Fortin (1) 2002 RA (unicenter) Canada / Private 
parctice 

45 (15/30) 18-80 (NM) Delayed Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM 60 

Fortin (2) 2017 RA (unicenter) Canada / Private 
practice 

44 (NM) NM Delayed (5-6 
mo) 

Mx NM NM At least 120 

Friberg (1) 1992 PS (unicenter) Sweden / Public 
service 

30 (13/17) 32-82 (62) Delayed (3-6 
mo) 

Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM At least 24 

Friberg (2) 1997 PS (multicenter) Sweden / Public 
service  + 
University 

103 (49/54) 33-83 (59) Delayed (3-6 
mo) 

Mx, Md MK II and standard 
Brånemark (Nobel Biocare, 

Göteborg, Sweden) 

NM 60 

Friberg (3) 2002 RA (unicenter) Sweden / Public 
service 

98 (35/63) NM (62) Delayed (4-9 
mo) 

Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM Mean 32 

Friberg (4) 2003  PS 
(multicenter) 

Sweden / Public 
service 

44 (15/29) 40-80 (65) Delayed (3-6 
mo) 

Mx, Md Standard Brånemark and 
MKIV (Nobel Biocare, 

Göteborg, Sweden) 

NM 12 

Friberg (5) 2005  PS 
(multicenter) 

Sweden, Finland, 
Norway / Public 

service + hospital 
+ University 

187 (NM) 16-86 (53) Immediate, 
Delayed 

Mx, Md TiUnite (Nobel Biocare, 
Göteborg, Sweden) 

NM 12 

Friberg (6) 2008 RA (unicenter) Sweden / Public 
service 

75 (39/36) 42-87 (65.1) Delayed Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

28 smokers 84 

Fugazzotto 2002 RA (unicenter) USA / Private 
practice 

103 (42/61) 31-72 (NM) Delayed (6-12 
wk) 

Mx Non self-taping (Straumann, 
Basel, Switzerland), Self-

taping (Implant Innovations, 
West Palm Beach, USA) 

Light and heavy smokers, 
but exact number not 

informed 

Up to 48 

Gallucci (1) 2004 RA (unicenter) Switzerland / 
University 

8 (4/4) 45-63 (NM) Immediate Mx, Md ITI ( Straumann, Waldenburg, 
Switzerland) 

NM Mean 14 

Gallucci (2) 2009 PS (multicenter) USA / University 45 (19/26) 34-78 (59.5) Delayed (3-5 
mo) 

Md ITI (Straumann, Basel, 
Switzerland) 

Light smokers, but exact 
number not informed 

60 

Garcez-Filho 2015 RS (unicenter) Brazil / Private 
practice 

21 (9/12) 33-78 (55.5) Delayed (6-8 
wk) 

Mx SLActive (Straumann, Basel, 
Switzerland) 

1 light smoker 
 

120 

Garlini 2003 RA (unicenter) Italy / University 244 (106/138) 24-75 (NM) Early (2 wk) Mx, Md Osseotite (Biomet 3i, Palm Light smokers, but exact Mean 26 
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Beach Gardens, USA) number not informed 
Gastaldi 2017 RCT 

(multicenter) 
Italy / Private 

practice 
60 (29/31) 25-81 (53) Early (3 wk) Mx Xpeed (MegaGen Implant, 

Gyeongbuk, South Korea) 
8 light smokers 

3 heavy smokers 
36 

Geckili 2014 RA (unicenter) Turkey / 
University 

616 (269/347) NM (52.7) Delayed Mx, Md NM (Straumann, 
Waldenburg, Switzerland), 
NM (Astra Tech, Mölndal, 

Sweden), Biolok 
(Biohorizons, Birmighamn, 

USA), XiVe (Dentsply-
Friadent, Mannheim, 

Germany) 

NM At least 60 

Gholami 2014 RA (unicenter) Switzerland / 
University 

20 (10/10) NM (62.1) Delayed (3-4 
mo) 

Mx, Md Element Inicell (Thommen 
Medical AG, Waldenburg, 

Germany) 

Light smokers, but exact 
number not informed 

60 

Glauser (1) 2001 PS (NM) NM / University 41 (19/22) 19-72 (52) Immediate Mx, Md Mk IV Brånemark (Nobel 
Biocare, Göteborg, Sweden) 

NM 12 

Glauser (2) 2003 PS (NM) NM / University 38 (17/21) 19-77 (51) Immediate Mx, Md Mk IV TiUnite Brånemark 
(Nobel Biocare, Göteborg, 

Sweden) 

12 smokers 12 

Glibert 2016 CCT (unicenter) Belgium / 
University 

48 (18/30) >18 Immediate, 
delayed (10 wk) 

Mx, Md Osseotite 2 Certain (Biomet 
3i, Palm Beach Gardens, 

USA) 

Light smokers, but exact 
number not informed 

12 

Golab 2016 PS (multicenter) NM / Private 
practice 

272 (119/153) 18-76 (56.3) Immediate Mx, Md Dr Nik OPS (S&S Biomat 
Ltd) 

No 12 

Gopalakrish
nan 

2014 PS (unicenter) India / University 13 (8/5) >18 Delayed (6 mo) Mx, Md Laser Lok (BioHorizons, 
Birmingham, USA) 

No Mean 23 
months 

Gotfredsen 1993 RA (unicenter) Denmark / 
University 

20 (5/15) 54-78 (65) Delayed (4-9 
mo) 

Md NM (Astra Tech, Mölndal, 
Sweden) 

NM 48 

Goto 2002 RA (unicenter) Japan / University 36 (26/10) 20-83 (52.9) NM Mx, Md NM NM Mean 60.4 
Grunder 1999 PS (multicenter) Several / Private 

practice 
143 (68/75) NM (44) Delayed Mx, Md NM (Nobel Biocare, 

Göteborg, Sweden) 
NM 36 

Guarnieri (1) 2014 RA 
(multicenter) 

Italy / Private 
practice 

46 (24/22) 26-60 (45.5) Immediate Mx Laser Lok (BioHorizons, 
Birmingham, USA) 

No 24 

Guarnieri (2) 2016 RA (NM) Italy / Private 
practice 

25 (15/10) NM (42) Immediate Mx Laser Lok (BioHorizons, 
Birmingham, USA) 

No extra-heavy (>20 
cig./day) smokers 

36 

Guarnieri (3) 2019 PS (unicenter) Italy / University 30 (16/14) 21-82 (51) Delayed (4-6 
mo) 

Mx, Md Laser Lok (BioHorizons, 
Birmingham, USA) 

22 light smokers 
 

36 
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Guarnieri (4) 2019 RCT (unicenter) Italy / University 20 (12/8) 36-64 (49.7) Delayed (4-6 
mo) 

Mx, Md Laser Lok (BioHorizons, 
Birmingham, USA) 

Light smokers, but exact 
number not informed 

36 

Guida 2020 RCT 
(multicenter) 

Italy / Private 
practice + hospital 

+ University 

30 (17/13) NM (63) Delayed (3 mo) Md OsseoSpeed TX (Astra Tech, 
Dentsply Sirona, Mölndal, 

Sweden) 

7 heavy smokers 36 

Gulje (1) 2013 RCT 
(multicenter) 

Several / 
University + 

Private practice 

95 (48/47) 26-70 (54) Delayed (42-48 
d) 

Mx, Md Osseospeed (Astra Tech, 
Mölndal, Sweden) 

8 smokers 
25 former smokers 

13 

Gulje (2) 2019 RCT 
(multicenter) 

Netherlands / 
Private practice 

38 (18/20) 29-72 (49) Delayed (3 mo) Mx OsseoSpeed TX (Astra Tech, 
Dentsply Sirona, Mölndal, 

Sweden) 

Light smokers, but exact 
number not informed 

60 

Haas 1996 RA (unicenter) Austria / 
University 

607 (246/361) 21-86 (51) Delayed (3-6 
mo) 

Mx, Md IMZ (Friatec, Friedrichseld, 
Germany) 

NM Mean 26.8 

Hallman (1) 2001 PS (unicenter) Sweden / Hospital 40 (15/25) 19-86 (57) Delayed (3-6 
mo) 

Mx TPS (ITI, Straumann, 
Waldenburg, Switzerland) 

Yes, but exact number not 
informed 

16.6 

Hallman (2) 2004 RA (unicenter) Sweden / Hospital 50 (22/28) 23-82 (61) Early, Delayed 
(10d-10 mo) 

Mx  SLA (Straumann, 
Waldenburg, Switzerland) 

Yes, but exact number not 
informed 

Mean 20 

Hallman (3) 2005 RA (unicenter) Sweden / Hospital 22 (NM) 41-77 (60) Delayed (6 mo) Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden), TiOblast 

(Astra Tech, Mölndal, 
Sweden) 

7 smokers 60 

Han 2014 RA (unicenter) South Korea / 
University 

879 (NM) NM Immediate, 
delayed 

Mx, Md Several (Nobel Biocare, 
Straumann, Biolok 

International) 

Yes, but exact number not 
informed 

19-year 
period 

Hatano 2011 RA (unicenter) Japan / Private 
practice 

132 (65/67) 35-85 (62.6) Immediate Md Brånemark machined and 
TiUnite (Nobel Biocare, 

Göteborg, Sweden) 

NM Mean 60 

Hattingh 2019 RA (unicenter) United Kingdom / 
Private practice 

85 (43/42) 45-87 (65) Delayed (4 mo) Mx, Md MAX (Southern Implants, 
Irene, South Africa) 

19 smokers Mean 67 

Hayacibara 2013 RA (unicenter) Brazil / Private 
practice 

71 (31/40) 22-85 (53) Delayed (12 
wk) 

Md NM (Straumann, 
Waldenburg, Switzerland) 

No Up to 96 

He 2015 RA (unicenter) China / University 1377 
(704/673) 

18-83 (44.9) Immediate, 
delayed 

Mx, Md Several (Straumann, Bego, 
Dentium, Anthogyr, Biomet 
3i, Lifecore, Osstem, BLB) 

Yes, but exact number not 
informed 

Up to 96 

Hentenaar 2020 RA (unicenter) Netherlands / 
University 

64 (29/38) NM NM Mx, Md NM (Biomet 3i, Palm Beach 
Gardens, USA) and NM 
(Astra Tech, Mölndal, 

No 60 
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Sweden) 
Hentschel 2015 RA (unicenter) Germany / Private 

practice 
416 (156/260) 20-84 (58) Delayed (6-8 

wk) 
Mx, Md SLActive (Straumann, Basel, 

Switzerland) 
NM Mean 27.5 

Herrero-
Climent 

2014 RCT (unicenter) Spain / University 25 (NM) NM Delayed (2 mo) Mx, Md Essential Cone (Klockner 
Implant System) 

Light smokers, but exact 
number not informed 

12 

Herrman 2005 RA 
(multicenter) 

Sweden / 
University 

487 (216/271) NM (51.3) Delayed Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

 

Not registered 60 

Higuchi 1995 PS (multicenter) NM / NM 139 (59/80) 18-70 (NM) Delayed Mx, Md NM (Nobel Biocare, 
Göteborg, Sweden) 

NM 36 

Hoffmann 2006 RA (NM) NM / NM 7 (3/4) 38-62 (NM) Delayed Mx, Md ITI (Straumann, Waldenburg, 
Switzerland) 

 

5 smokers Up to 54 

Hopp 2017 RA (unicenter) Portugal / Private 
practice 

891 (364/527) 20-85 (56) Immediate Mx Brånemark MIII or MKIV, 
NobelSpeedy (Nobel Biocare, 

Göteborg, Sweden) 

211 smokers 60 

Horikawa 2017 RA 
(multicenter) 

Japan / Private 
practice 

92 (38/54) 20-78 (54.3) NM Mx, Md TPS-type and Bonefit S-type 
(Straumann, Basel, 

Switzerland) 

Yes, but exact number not 
informed 

300 

Hu 2020 RA (unicenter) Singapore / Public 
Service 

200 (100/100) 28-84 (57.7) NM Mx, Md NM (Straumann, Basel, 
Switzerland) 

11 smokers Mean 81.6 

Hussaini 2010 RA 
(multicenter) 

UAE / Private 
practice 

249 (115/134) 20-71 (45)  Delayed (2-5 
mo) 

Mx, Md Several (Biohorizon, BioLok, 
Paragon, Astra, Nobel 

Biocare) 

NM 6 

Imburgia 2015 RA (unicenter) Italy / Private 
practice 

41 (12/29) 19-79 (52.6) Immediate, 
delayed (4-6 

mo) 

Mx, Md Brånemark MIII TiUnite 
(Nobel Biocare, Göteborg, 

Sweden) 

13 smokers Mean 105.6 

Ivanoff 1999 RA (unicenter) Sweden / Public 
service 

67 (30/37) 16-86 (59) Delayed Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM 36-60 

Jang 2011 RA (unicenter) South Korea / 
Hospital 

3755 
(3120/635) 

40-79 (65) Immediate, 
Delayed (>3 

mo) 

Mx, Md Several (Astra Tech, 
BioHorizons, Altatec, 

Osstem, Zimmer Dental, 
Nobel Biocare) 

Yes, but exact number not 
informed 

45.73 

Jemt (1) 1991 PS (multicenter) Several / NM 92 (45/47) 14-70 (NM) Delayed Mx, Md Turned Brånemark (Nobel 
Biocare, Göteborg, Sweden) 

NM 12 

Jemt (2) 2006 RA (unicenter) Sweden / Public 
service 

76 (48/28) 32-75 (60.1) Delayed (6-8 
mo) 

Mx Turned Brånemark (Nobel 
Biocare, Göteborg, Sweden) 

21 smokers Up to 180 
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Jonker 2018 RCT 
(multicenter) 

Netherlands / 
University + 

hospital 

52 (30/22) NM (47) Delayed (2 mo) Mx Bone Level (Straumann, 
Basel, Switzerland) 

No Mean 16 

Kahnberg 2008 PS (unicenter) Sweden / 
University 

36 (14/23) NM (59) Delayed (6 mo) Mx TiOblast ST (Astra Tech, 
Mölndal, Sweden) 

4 former smokers Up to 60 

Kaneda 2019 RA (unicenter) Japan / University 52 (34/18) NM (60.5) Immediate Md NobelSpeedy Groovy, 
Brånemark System Mark III 
or Mark IV, Nobel Replace 

tapered (Nobel Biocare, 
Göteborg, Sweden) 

Yes, but exact number not 
informed 

Up to 120 

Karlsson 1998 PS (multicenter) Norway, 
Denmark, 

Sweden, Finland / 
University + 

Public service 

50 (25/25) NM (53) Delayed (3-7 
mo) 

Mx, Md Machined and TiOblast 
(Astra Tech, Mölndal, 

Sweden) 

NM 24 

Keller 1999 RA (unicenter) USA / Non-profit 
organization 

62 (42/20) 15-73 (48) Delayed Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

8 smokers 
20 former smokers 

Mean 57.1 

Kennedy 2013 PS (unicenter) USA / University 18 (9/9) 49-76 (62.4) Delayed (3-5 
mo) 

Mx, Md Osseospeed (Dentsply 
Implants, Mölndal, Sweden) 

No Mean 3.5 

Khayat 2001 RA (unicenter) NM / Private 
practice 

71 (NM) 17-78 (57.8) Delayed (3-6 
mo) 

Mx, Md Screw-vent (Paragon, Encino, 
USA) 

NM 17 

Khouly 2017 RA (unicenter) Spain / Private 
practice 

67 (30/37) NM (56) Delayed (6-9 
mo) 

Mx BTI Externa (BTI, 
Biotechnology Institute, 

Vitoria-Gasteiz, Spain) and 
Brånemark Mk IV TiUnite 
(Nobel Biocare, Göteborg, 

Sweden) 

9 smokers Mean 86.4 

Kim (1) 2015 RA (unicenter) USA / 
Community 

practice 

85 (43/42) 17-83 (55) Immediate, 
delayed 

Mx, Md Nobel Replace Select (Nobel 
Biocare, Göteborg, Sweden) 

11 smokers 10-year 
period 

Kim (2) 2018 RA (unicenter) South Korea / 
University 

881 (496/385) 17-90 (51.9) Delayed Mx, Md Tissue Level (Straumann, 
Basel, Switzerland) 

NM Up to 120 

Kinsel 2007 RA (unicenter) USA / Private 
practice 

43 (12/31) 35-80 (58) Immediate Mx, Md TPS and SLA (Straumann, 
Basel, Switzerland) 

12 smokers 24-120 

Kokovic 2014 RCT (unicenter) Serbia / 
University 

12 (3/9) 20-62 (49) Immediate, 
early 

Md SLA TE (Straumann, Basel, 
Switzerland) 

Light smokers, but exact 
number not informed 

60 

Koo 2010 RA (unicenter) South Korea / 489 (298/191) 23-91 (47) Delayed (3-6 Mx, Md Mark III and TiUnite (Nobel Light and heavy smokers, Up to 60 
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Hospital mo) Biocare, Göteborg, Sweden) but exact number not 
informed 

Kovacs 2000 RA (unicenter) Germany / 
University 

76 (56/20) 35-81 (52.39) Delayed (3-6 
mo) 

Mx, Md Bone-Lock (Howmedica 
Leibinger, Freiburg, 

Germany) 

63 heavy smokers 72 

Lago 2018 RCT (unicenter) Spain / University 100 (54/46) 25-70 (50.5) Delayed (>2 
mo) 

Mx, Md Standard Plus Type and Bone 
Level (Straumann, Basel, 

Switzerland) 

No 60 

Lai (1) 2008 RA (unicenter) China / University 12 (8/4) 40-73 (56.3) Early Mx  ITI (Straumann, Waldenburg, 
Switzerland) 

Light smokers, but exact 
number not informed 

36 

Lai (2) 2008 PS (unicenter) China / University 32 (15/17) 20-65 (45.4) Not loaded Mx SLA ITI (Straumann, 
Waldenburg, Switzerland) 

No 5 

Lai (3) 2010 RA (unicenter) China / University 202 (92/110) 20-68 (47) Delayed (3-4 
mo) 

Mx NM (Straumann, 
Waldenburg, Switzerland) 

 

Light smokers, but exact 
number not informed 

12-60 

Lee (1) 2013 RA (unicenter) South Korea / 
University 

338 (154/184) 20-85 (52.5) NM Mx, Md Several (Brånemark, Replace, 
Straumann, Implantium, 

XiVe) 

NM Mean 58.8 

Lee (2) 2014 RA (unicenter) South Korea / 
University 

76 (37/39) 25-83 (56.3) Delayed (3-6 
mo) 

Mx, Md Osseospeed and ST (Astra 
Tech, Dentsply Implants, 

Mölndal, Sweden) 

No 12 

Lee (3) 2018 RA (unicenter) Taiwan / Private 
practice 

60 (27/33) 23-90 (53) Immediate, 
delayed 

Mx, Md IDEOSS (IDEOSS Biotech, 
Taipei, Taiwan) 

7 smokers Mean 35.6 

Lekholm  1999 PS (multicenter) Australia, 
Belgium, 

Belgium, USA / 
NM 

127 (55/72) 18-70 (50) Delayed Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM 120 

Levine (1) 1997 RA 
(multicenter) 

USA / NM 129 (44/85) 13-84 (52) Delayed Mx, Md ITI (Straumann, Waldenburg, 
Switzerland) 

15 smokers Mean 12 

Levine (2) 2007 RA 
(multicenter) 

USA / Private 
practice 

410 (182/228) 18-78 (NM) Delayed (6wk-6 
mo) 

Mx, Md Wide-neck (Straumann, 
Basel, Switzerland) 

26 smokers 23 

Lin 2018 RA 
(multicenter) 

China / University 
+ hospital 

18199 
(9027/9172) 

17-91 (47.4) Delayed (3-6 
mo) 

Mx, Md Several (Straumann, Nobel 
Biocare, Ankylos, Bego, 
Osstem, Biconcept, SPI) 

Yes, but exact number not 
informed 

Mean 37.2 

Lindgren 2012 PS (unicenter) Sweden / Public 
service 

11 (5/6) 50-79 (67) Delayed (3-7 
mo) 

Mx SLAactive (Straumann, Basel, 
Switzerland) 

Light smokers, but exact 
number not informed 

16 

Lini 2019 RA (unicenter) Italy / University 67 (45/22) NM (65) Delayed (2-6 Mx, Md Frialit-2 (Friadent) 11 smokers Mean 189 
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mo) 
Lobato 2020 RCT (unicenter) Brazil / University 44 (NM) 25-77 (50.8) Delayed (4-6 

mo) 
Mx, Md Alvim, Drive, and Titamax 

(Neodent, Curitiba, Brazil) 
4 light smokers 

3 heavy smokers 
Mean 5 

Lopez-
Cedrun 

2011 RA (unicenter) Spain / Hospital 23 (4/19) 36-72 (NM) Delayed (2-3 
mo) 

Md ITI SLA (Straumann, Basel, 
Switzerland) 

NM Mean 24.8 

Lops 2013 PS (multicenter) Italy / University 21 (NM) 23-50 (42) Delayed (4 mo) Mx Bone-Level SLActive 
(Straumann, Basel, 

Switzerland) 

Light smokers, but exact 
number not informed 

12 

Ma 2013 RA (unicenter) China /University 514 (NM) NM NM Mx, Md NM (Straumann, 
Waldenburg, Switzerland), 
Replace (Nobel Biocare, 

Göteborg, Sweden) 

Light and heavy smokers, 
but exact number not 

informed 

36-60 

Makkonen 1997 PS (unicenter) Finland / 
University 

33 (13/20) 39-75 (55) Delayed (3-4 
mo) 

Md Machined (Astra Tech, 
Mölndal, Sweden) 

NM 60 

Malchiodi (1) 2011 RA (unicenter) Italy / University 81 (NM) NM Immediate Mx FBR Pitt-easy (Oraltronics)  
Osseotite Certain (Biomet 3i, 
Palm Beach Gardens, USA) 

Light and heavy smokers, 
but exact number not 

informed 

Mean 80.4 

Malchiodi (2) 2017 PS (NM) Italy / NM 43 (19/24) 41-79 (NM) Delayed (5 mo) Mx, Md WINSIX (BioSAFin Srl, 
Italy) 

3 light smokers 
4 heavy smokers 

Mean 31 

Malmstrom 2016 PS (unicenter) USA / University 30 (11/19) 22-80 (53.6) Delayed (>3 
mo) 

Mx, Md Osseospeed (Dentsply 
Implants, Mölndal, Sweden) 

No Mean 15 

Malo (1) 2015 RA (unicenter) Portugal / Private 
clinic 

199 (81/118) 26-84 (53) Immediate Mx, Md Machined or TiUnite (Nobel 
Biocare, Göteborg, Sweden) 

11 smokers Mean 84 

Malo (2) 2015 RA (unicenter) Portugal / Private 
practice 

332 (143/189) 16-82 (47) Immediate Mx, Md Mk II, Mk III, Mk IV, 
TiUnite, NobelSpeedy 
Groovy, NobelDirect, 
NobelReplace Tapered 

(Nobel Biocare, Göteborg, 
Sweden) 

89 smokers Mean 84 

Mangano (1) 2014 PS (unicenter) Italy / Private 
practice 

642 (356/286) 20-82 (NM) Delayed (3-4 
mo) 

Mx, Md Leone (Sesto Fiorentino, 
Firenze, Italy) 

72 smokers Up to 120 

Mangano (2) 2014 PS (unicenter) Italy / Private 
practice 

279 (159/120) 25-73 (48.1) Delayed (3-4 
mo) 

Mx, Md Sandblasted and acid-etched 
(Leone Implant System) 

46 smokers Mean 64.8 

Manni 2020 RCT (unicenter) Belgium / 
University 

34 (10/24) 21-66 (47) Delayed (4 mo) Mx C1 and V3 (MIS Implants 
Technologies Ltd) 

Light smokers, but exact 
number not informed 

12 

Mattsson 1999 RA (NM) Sweden / NM 15 (4/11) 44-75 (59) Delayed Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM Mean 45 
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McGlumphy 2003 PS (unicenter) USA / University 121 (63/58) 18-79 (49) Delayed (3-6 
mo) 

Mx, Md NM ”Excessive smoking” was 
excluded 

60 

Mei 2017 PS (unicenter) China / University 60 (18/42) 21-65 (46.9) Delayed (2-4 
mo) 

Mx, Md NM (Wego Jericom 
Biomaterials Co., Weihai, 

China) 

Light smokers, but exact 
number not informed 

60 

Meloni 2018 RCT (unicenter) Italy / University 20 (8/12) 28-70 (46) Immediate, 
delayed 

Md NobelReplace Tapered  
Groovy (Nobel Biocare, 

Göteborg, Sweden) 

Light smokers, but exact 
number not informed 

60 

Mendonca 
(1) 

2014 RA (unicenter) Brazil / Private 
practice 

198 (86/112) 45-81 (60) Delayed (12-18 
wk) 

Mx, Md NM Yes, but exact number not 
informed 

Mean 116.4 

Mendonca 
(2) 

2017 RA (unicenter) Brazil / Private 
practice 

 138 (54/84) NM (57.6) Delayed (12-18 
wk) 

Mx, Md MK III (Nobel Biocare, 
Göteborg, Sweden) 

NM Mean 55.2 

Mendonca 
(3) 

2017 RA (unicenter) Brazil / Private 
practice 

  46 (16/30) 32-79 (57.8) Delayed (12-18 
wk) 

Mx, Md MK III (Nobel Biocare, 
Göteborg, Sweden) 

No Mean 54 

Mericske-
Stern 

2002 RA (unicenter) Switzerland / 
University 

41 (17/24) 40-89 (61.2) Delayed (4-6 
mo) 

Mx NM (Nobel Biocare, 
Göteborg, Sweden) 

ITI (Straumann, Waldenburg, 
Switzerland) 

Yes (<15 cig/day), but 
exact number not 

informed 

Mean 49.2 

Merli 2008 RCT (unicenter) Italy / Private 
practice 

60 (22/38) 19-72 (49) Immediate, 
early 

Mx, Md SPI Element (Thommen 
Medical, Waldenburg, 

Switzerland) 

3 light smokers 
4 heavy smokers 

12 

Mertens (1) 2011 PS (unicenter) Germany  / 
University 

17 (5/12) 40-83 (61) Early, 
Immediate 

Mx, Md Osseospeed (Astra Tech, 
Mölndal, Sweden 

2 smokers 60 

Mertens (2) 2012 PS (unicenter) Germany  / 
University 

15 (5/10) 41-69 (55.3) Delayed (6 mo) Mx TiOblast (Astra Tech, 
Mölndal, Sweden) 

6 smokers Mean 135.6 

Mijiritsky 2013 RA 
(multicenter) 

Israel / Private 
practice 

787 (NM) 18-86 (53.7) Immediate, 
delayed 

Mx, Md NM (Adin Dental Implants, 
Alon Tavor, Israel) 

Yes, but exact number not 
informed 

7.6 

Mo 2015 RA (unicenter) Norway / Private 
practice 

12 (6/6) (69) Delayed (3-4 
mo) 

Mx Osseospeed (Astra Tech, 
Mölndal, Sweden), Osstem 

(Osstem, Seoul, Korea), 
Straumann SLA tissue level 
and bone level (Straumann, 

Basel, Switzerland) 

Yes, but exact number not 
informed 

Mean 45.6 

Mongardini 2020 RA 
(multicenter) 

Italy / Private 
practice 

263 (NM) NM (60) Delayed (3 mo) Mx, Md Way Milano (Geass srl, 
Pozzuolo Del Friuli, Udine, 

Italy) 

NM Mean 35.8 

Mozzati 2015 RA (unicenter) Italy / Private 90 (41/49) 21-82 (55.9) Immediate, Mx, Md Brånemark MKIII and Mk IV 33 smokers Mean 132 
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practice delayed TiUnite (Nobel Biocare, 
Göteborg, Sweden) 

Mumcu 2019 RA (unicenter) Turkey / 
University 

57 (36/21)  NM (59.2) Delayed (3 mo) Md Osseospeed TX (Astra Tech, 
Mölndal, Sweden) 

NM 24 

Munakata 2016 RA (unicenter) Japan / University 5 (3/2) 56-61 (58.2) Delayed (7-9 
mo) 

Mx NM NM Mean 26.2 

Nedir 2004 CCT (unicenter) Switzerland / 
Private practice 

236 (91/145) 18-89 (NM) Delayed Mx, Md TPS, SLA (ITI Straumann, 
Basel, Switzerland) 

Yes, but exact number not 
informed 

Up to 84 

Nevins 1993 RA 
(multicenter) 

USA / Private 
practice 

338 (NM) 18-89 (NM) Delayed Mx, Md Brånemark (Nobel, Biocare, 
Göteborg, Sweden) 

NM Between 
years 1984-

1991 
Niedemaier 2017 RA (unicenter) Germany / Private 

practice 
380 (188/192) 23-92 (61.9) Immediate Mx, Md NanoTite (Biomet 3i, Palm 

Beach Gardens, USA), Nobel 
Active, Nobel Speedy, Nobel 
Speedy Replace and Nobel 

Replace CC (Nobel Biocare, 
Göteborg, Sweden) 

141 smokers Mean 23.5 

Niimi 1998 RA 
(multicenter) 

Japan, USA / 
University + non-

profit 
organization 

44 (NM) NM Delayed Mx, Md Brånemark (Nobel, Biocare, 
Göteborg, Sweden) 

NM Up to 49 

Nogueira 2018 PS (unicenter) Brazil / University 45 (11/34) 48-80 (63.4) Delayed (3 mo) Md Titamax (Neodent, Curitiba, 
Brazil) 

5 smokers 
18 former smokers 

24 

Norton 2017 PS (unicenter) United Kingdom / 
Private practice 

22 (10/12) 22-79 (NM) Immediate Mx, Md Atra Tech AV (Dentsply, 
Mölndal, Sweden) 

1 light smoker 12 

Olate 2010 RA (unicenter) Brazil / University 650 (221/429) 13-84 (42.7) Delayed Mx, Md NM (Neodent, Curitiba, 
Brazil), NM (Conexao, São 

Paulo, Brazil), NM (SIN, São 
Paulo, Brazil) 

NM 6 

Olson 2000 RA 
(multicenter) 

USA / Veteran 
Medical Centers 

89 (89/0) 40-78 (62.7) Delayed (6-26 
mo) 

Mx, Md NM (Paragon Implant, 
Encion, USA), 

NM (Nobel Biocare, 
Göteborg, Sweden), 

TPS (Interpore Corporation, 
Irvine, USA) 

34 smokers 
42 former smokers 

 

Mean 46.9 

Olsson (1) 1995 CCT 
(multicenter) 

Sweden / Public 
service + hospital 

103 (49/54) 33-83 (59) Delayed Mx, Md MK II and Standard 
Brånemark (Nobel Biocare, 

NM 36 
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+ University Göteborg, Sweden) 
Olsson (2) 2003 NM (unicenter) Denmark / Private 

practice 
10 (4/6) 50-86 (59) Early (1-9 d) Mx TiUnite Brånemark (Nobel 

Biocare, Göteborg, Sweden) 
NM 12 

Ormianer (1) 2006 PS (unicenter) Israel / Private 
practice 

60 (23/37) 22-78 (55.4) Immediate, 
Delayed (3-4 

mo) 

Mx, Md Tapered screw-Vent MTX 
(Zimmer Dental Inc, 

Carlsbad, USA) 

NM Mean 67.5 

Ormianer (2) 2008 RA 
(multicenter) 

Israel, USA / 
Private practice 

60 (26/34) 18-78 (53) Immediate, 
Delayed 

Mx, Md Tapered screw-Vent MTX 
(Zimmer Dental Inc, 

Carlsbad, USA) 

2 smokers 90 

Palmqvist 1994 RA (unicenter) Sweden / Public 
service 

25 (10/15) 39-77 (57.8) Delayed Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM 36 

Payne 2017 PS (multicenter) New Zealand, 
Colombia, 

Netherlands / 
University + 

hospital 

48 (21/27) 46-85 (NM) Delayed (3 mo) Md SLA RN (Straumann, Basel, 
Switzerland) 

NM 36 

Penarrocha-
Diago 

2008 RA (unicenter) Spain / University 100 (45/55) 20-76 (47.5) Delayed Mx, Md Impladent (Sentmenat, 
Barcelona, Spain) 

10 light smokers 
31 heavy smokers 

12 

Penarrocha-
Oltra (1) 

2012 RA (unicenter) Spain / University 70 (32/38) 34-75 (54) Delayed (8-10 
wk) 

Mx Phybo Avantblast TSA 
(Impladent) 

27 smokers 12 

Penarrocha-
Oltra (2) 

2014 RA (unicenter) Spain / University 37 (12/25) 27-60 (48.4) Delayed (5-8 
mo) 

Md TSA (Phibo Dental Solutions) 14 light smokers 
4 heavy smokers 

12 

Penarrocha-
Oltra (3)  

2015 CCT (unicenter) Spain / University 34 (15/19) 28-73 (54.6) Immediate, 
delayed (2 mo) 

Md Kohno SP (Sweden & 
Martina) 

13 light smokers 
 

Mean 21 

Pettersson 2015 RA (unicenter) Sweden / Private 
practice 

88 (32/56) NM (65)  Delayed (3-4 
mo) 

Mx, Md Replace Select TiUnite 
(Nobel Biocare, Göteborg, 

Sweden) 

Yes, but exact number not 
informed 

At least 60 

Piano 2016 PS (unicenter) Italy / Private 
practice 

22 (9/13) 56-81 (66) Immediate Mx SLActive Bone Level 
(Straumann, Basel, 

Switzerland) 

Light smokers, but exact 
number not informed 

24 

Pico 2019 RCT (unicenter) Spain / University 33 (NM) 40-76 (54) Delayed (3 mo) Mx, Md BioniQ (LASAK) Yes, but exact number not 
informed 

12 

Pieri 2016 RA 
(multicenter) 

Italy / Private 
practice 

101 (29/72) NM (58) Delayed (3-4 
mo) 

Mx Osseospeed (Astra Tech, 
Mölndal, Sweden) 

28 smokers 
25 former smokers 

Mean 46 

Pinholt 2003 RA (unicenter) Denmark / 
Hospital 

25 (7/18) 20-78 (52) Delayed ( 8 mo) Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) and ITI 

(Straumann, Basel, 

NM 20-67 
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Switzerland) 
Pistilli (1) 2013 RCT 

(multicenter) 
Italy / Private 

practice + hospital 
40 (10/30) 39-80 (55) Delayed (4 mo) Mx, Md Rescue and ExFeel 

(MegaGen Implant, 
Gyeongbuk, South Korea) 

6 light smokers 12 

Pistilli (2) 2013 RCT 
(multicenter) 

Italy / Private 
practice + hospital 

+ University 

40 (21/19) 42-80 (55) Delayed (4 mo) Mx, Md NM (Southern, Irene, South 
Africa) 

2 light smokers 
3 heavy smokers 

12 

Pjetursson 2009 PS (unicenter) Switzerland / 
University 

181 (NM) 17-90 (54.9) Delayed (4-6 
mo) 

Mx NM (Straumann, Basel, 
Switzerland) 

36 smokers Mean 38.4 

Polizzi 2000 PS/RA 
(multicenter) 

Sweden, Italy / 
Private practice, 
public service 

51 (NM) 29-79 (NM) Delayed (4-9 
mo) 

Mx, Md Wide Platform Brånemark 
(Nobel Biocare, Göteborg, 

Sweden) 

5 smokers 36 

Pozzi (1) 2014 RA (unicenter) Italy / Private 
practice 

73 (32/41) 19-76 (50.59) Immediate, 
delayed 

Mx, Md MK III, MK IV, Nobel 
Replace Select Tapered 

(Nobel Biocare, Göteborg, 
Sweden) 

NM Mean 
105.84 

Pozzi (2) 2014 RCT 
(multicenter) 

Italy / Private 
practice 

51 (29/22) 28-84 (63) Immediate Mx, Md Nobel Såeedy Groovy (Nobel 
Biocare, Göteborg, Sweden) 

3 light smokers 
1 heavy smoker 

12 

Priest 1999 RA (unicenter) USA / Private 
practice 

99 (41/58) 15-76 (42) Delayed (3-6 
mo) 

Mx, Md NM (Biomet 3i, Palm Beach 
Gardens, USA), Brånemark 
(Nobel Biocare, Göteborg, 
Sweden), Steri-Oss (Steri-

Oss, Yorba Linda, USA), NM 
(Friatec, Irvine, USA) 

NM Mean 30 

Prosper 2010 RA (unicenter)  Italy / University 71 (35/36) 26-72 (58.3) Immediate, 
Delayed (3 mo) 

Md NM (Bioactive Covering, 
Winsix) 

Light smokers, but exact 
number not informed 

60 

Qian 2020 RCT (unicenter) China / University 45 (NM) NM Delayed (6 mo) Mx SLA (Straumann, Basel, 
Switzerland) 

17 smokers 
7 former smokers 

120 

Queiroz 2015 PS (unicenter) Brazil / University 23 (5/18) 42-69 (53) Delayed (3 mo) Md Master Porous (Conexão 
Sistemas de Prótese Ltda, São 

Paulo, Brazil) 

No 3 

Queridinha 2016 RA (unicenter) Portugal / Private 
practice 

60 (21/39) NM (64.1) Immediate Mx Mk II, Mk III, Mk IV, 
TiUnite, NobelSpeedy 
Groovy, NobelReplace 

Tapered (Nobel Biocare, 
Göteborg, Sweden) 

17 smokers 60 

Rammelsber 2014 RA (unicenter) Germany / 61 (39/22) 43-86 (65.4) Delayed (3-9 Mx, Md NM (Straumann, Basel, NM Mean 32.4 
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g University mo) Switzerland) 
Renouard 1999 RA (NM) NM / NM 74 (30/44) NM (54) Delayed Mx, Md Brånemark (Nobel Biocare, 

Göteborg, Sweden) 
NM 17 

Riben 2016 RA (unicenter) Sweden / 
University 

36 (17/19) 28-81 (65) Delayed (6 mo) Mx TiOblast and Osseospeed 
(Dentsply implants, Mölndal, 

Sweden) 

6 smokers Mean 55.2 

Rocci (1) 2003 RA (NM) Italy / Private 
practice 

46 (20/26) 24-77 (51) Immediate Mx Mk IV and Machined 
Brånemark (Nobel Biocare, 

Göteborg, Sweden) 

8 smokers 42 

Rocci (2) 2003 RCT (NM) Italy / Private 
practice 

44 (30/14) 20-69 (51) Immediate Md TiUnite and Machined 
Brånemark (Nobel Biocare, 

Göteborg, Sweden) 

12 smokers 12 

Roccuzzo (1) 2001 CCT (unicenter) Italy / Private 
practice 

32 (9/23) 26-59 (NM) Early Mx, Md SLA and TPS ITI 
(Straumann, Waldenburg, 

Switzerland) 

NM 12 

Roccuzzo (2) 2002 PS (unicenter) Italy / Private 
practice 

19 (7/12) 33-65 (NM) Early (43 d) Mx SLA (Straumann, 
Waldenburg, Switzerland) 

No 12 

Romanos (1) 2000 RA (unicenter) Germany / 
University 

51 (29/22) NM (45.1) Delayed Mx, Md Ankylos (Degussa-Huls, 
Hanau, Germany) 

NM Mean 29.3 

Romanos (2) 2012 RA (NM) NM / NM 55 (20/35) 40-84 (63.51) immediate Md Ankylos (Dentsply) NM Mean 61.6 
Romanos (3) 2014 RA (unicenter) USA / University 27 (15/12) NM (59) Immediate Mx, Md Ankylos (Dentsply implants, 

Mölndal, Sweden) 
2 light smokers 

6 extra-heavy smokers 
Mean 75.3 

Romeo (1) 2004 PS (unicenter) Italy / University 250 (106/144) 20-67 (NM) Delayed (3-
6mo) 

Mx, Md ITI (Straumann, Waldenburg, 
Switzerland) 

Light smokers, but exact 
number not informed 

Mean 46.2 

Romeo (2) 2009 PS (multicenter) Italy / University 
+ Private practice 

45 (18/27) 42-100 (63) Delayed (3 mo ) Mx, Md ITI (Straumann, Waldenburg, 
Switzerland) 

Yes (<15 cig/day), but 
exact number not 

informed 

Mean 98.4 

Roos 1997 RA (unicenter) Sweden / Public 
service 

169 (NM) 20-85 (58) Delayed Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM 60 

Rosenberg 2004 RA (unicenter) USA / Private 
practice 

334 (136/198) NM (54) Delayed (5-9 
mo) 

Mx, Md Several (Nobel Biocare, 
Straumann, Biomet, 3i, 

Paragon) 

NM 60 

Rossi 2016 RCT 
(multicenter) 

Italy / Private 
practice 

45 (24/21) 30-74 (48) Delayed (6 wk) Mx, Md SLA (Straumann, Basel, 
Switzerland) 

13 smokers 60 

Salvi 2004 RCT (unicenter) NM / NM 27 (11/16) 29-72 (48.3) Early (2-6 wk) Md ITI, SLA (Straumann, 
Waldenburg, Switzerland) 

Light and heavy smokers, 
but exact number not 

informed 

12 
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Santis 2016 PS (multicenter) Italy / University 
+ Private practice 

62 (27/35) 32-74 (57) Delayed (3-4 
mo) 

Mx, Md NobelActive (Nobel Biocare, 
Göteborg, Sweden) 

Light smokers, but exact 
number not informed 

36 

Sbordone 2015 RA (unicenter) Italy / NM 17 (9/8) 37-74 (53.4) Delayed (6 mo) Mx, Md NM 7 smokers 60 
Schincaglia 
(1) 

2007 RCT (unicenter) Italy / University 10 (6/4) 37-74 (61.3) Immediate Md Machined and TiUnite (Nobel 
Biocare, Göteborg, Sweden) 

1 smoker 12 

Schincaglia 
(2) 

2008 RCT (unicenter) Italy / University 30 (9/21) 31-75 (50) Immediate, 
delayed (3 mo) 

Md MK III TiUnite (Nobel 
Biocare, Göteborg, Sweden) 

3 smokers 12 

Schnitman 
(1) 

1997 NM (NM) USA / NM 10 (6/4) 48-78 (NM) Immediate Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

Yes, but exact number not 
informed 

Up to 120 

Schnitman 
(2) 

2011 RA (NM) USA / NM 18 (NM) NM Immediate, 
Delayed 

Md Osseotite (Biomet 3i, Palm 
Beach Gardens, USA) 

MK III (Nobel Biocare, 
Göteborg, Sweden) 
SLA Standard Plus 
(Straumann, Basel, 

Switzerland) 

NM 60 

Scurria 1998 RA (unicenter) USA / University 384 (112/272) 23-84 (60.5) Delayed Mx, Md  Brånemark (Nobel Biocare, 
Göteborg, Sweden), IMZ-
plasma sprayed and HA-

coated (Interpore Int., Irvine, 
USA) 

NM Mean 43.2 

Sener-
Yamaner 

2017 RA (unicenter) Turkey / 
University 

55 (34/21) 20-65 (50) Delayed (3-8 
wk) 

Mx, Md SLA and SLActive 
(Straumann, Basel, 

Switzerland) 

22 smokers Mean 81 

Sennerby 2012 PS (multicenter) NM / Private 
practice 

90 (39/51) 22-82 (50.6) Delayed (3-4 
mo) 

Mx, Md Neoss Bimodal (Neoss, 
Harrogate, UK) 

Yes, but exact number not 
informed 

12 

Sethi 2000 PS (unicenter) United Kingdom / 
Private practice 

150 (72/78) NM Delayed (6 mo) Mx NM Yes, but exact number not 
informed 

Mean 27 

Shi (1) 2017 RA (unicenter) China / Hospital 237 (131/106) 34-81 (57) Delayed Mx, Md NM Light smokers, but exact 
number not informed 

Mean 57.6 

Shi (2) 2019 RCT (unicenter) China / Hospital 225 (96/129) NM (41) Delayed (3 mo) Mx Standard Plus (Straumann, 
Basel, Switzerland) 

Light smokers, but exact 
number not informed 

12 

Shigehara 2015 RA 
(multicenter) 

Japan / Private 
practice 

27 (15/12) NM (65) Immediate Mx, Md Standard Plus and Tapered 
Effect SLA (Straumann, 

Basel, Switzerland) 

NM Mean 77.9 

Si 2016 RA (unicenter) China / University 80 (43/37) 25-70 (48.8) Delayed (3-4 
mo) 

Mx NM (Straumann, Basel, 
Switzerland) 

24 smokers Mean 64.8 
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Smedberg 1991 RA (unicenter) Sweden / Public 
service 

20 (7/13) 43-78 (NM) Delayed Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM 6 

Sohn 2010 RA 
(multicenter) 

South Korea / 
University + 

Private practice 

43 (NM) NM NM Md Endopore (Innova Life 
Science, Toronto, Canada) 

NM Mean 55.8 

Souza (1) 2018 RCT (unicenter) Brazil / University 22 (12/10) NM (59.2) Delayed (6 wk) Mx, Md Standard Plus SLA Tissue 
Level (Straumann, Basel, 

Switzerland) 

NM 36 

Souza (2) 2019 RA (unicenter) Brazil / NM 10 (4/6) 49-70 (60) Delayed (6 mo) Mx Master Porous (Conexão 
Sistemas de Prótese Ltda, São 

Paulo, Brazil) 

1 smoker Mean 94.8 

Stanford 2016 RCT 
(multicenter) 

Several / 
University + 

Private practice 

120 (57/63) 21-75 (52) Delayed (5-6 
wk) 

Mx, Md Osseospeed EV and TX 
(Astra Tech, Mölndal, 

Sweden) 

17 light smokers 12 

Steveling 2001 RA (unicenter) Germany / 
University 

17 (11/6) 27-72 (46.8) Delayed (3 mo) Mx NM (Astra Tech, Mölndal, 
Sweden) 

NM 12-60 

Storelli 2018 RCT 
(multicenter) 

Italy / Private 
practice 

24 (12/12) 32-75 (54.2) Delayed (6 wk) Mx, Md SLA (Straumann, Basel, 
Switzerland) 

8 light smokers 120 

Tallarico (1) 2017 RCT (unicenter) Italy / Private 
practice 

24 (8/16) 37-67 (53) Delayed (4 mo) Mx, Md Ultra-Wide (Osstem, Seoul, 
South Korea) 

No 12 

Tallarico (2) 2018 RCT (unicenter) Italy / Private 
practice 

20 (10/10) 28-84 (64) Immediate Mx, Md Nobel Speedy Groovy (Nobel 
Biocare, Göteborg, Sweden) 

1 heavy smoker 60 

Tang 2015 RA (unicenter) China / University 157 (92/65) 17-74 (36.2) Delayed (4-6 
mo) 

Mx, Md NM (Nobel Biocare, 
Göteborg, Sweden) 

NM (Straumann, Basel, 
Switzerland) 

Light smokers, but exact 
number not informed 

Mean 33.6 

Taschieri (1) 2014 PS (multicenter) Italy / University 
+ Private practice 

23 (15/8) 37-61 (55.8) Delayed (5 mo) Mx NM (BTI Biotechnology 
Institute, Vitoria-Gasteiz, 

Spain) 

NM Mean 14.4 

Taschieri (2) 2018 RCT (unicenter) Italy / University 52 (22/30) 31-77 (52) Delayed (5-7 
mo) 

Mx Interna, Universal Platform 
and Universal Plus Platform 

(BTI Biotechnology Institute, 
Vitoria-Gasteiz, Spain) 

4 light smokers 
6 heavy smokers 
2 former smokers 

36 

Tawil (1) 2001 RA (unicenter) Lebanon / 
University 

29 (20/9) 38-75 (56) Delayed (6-9 
mo) 

Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

3 smokers Mean 22.4 

Tawil (2) 2002 RA (unicenter) Lebanon / NM 60 (32/28) 24-81 (54) Delayed (4-6 
mo) 

Mx, Md RP (Nobel Biocare, Göteborg, 
Sweden) 

10 heavy smokers 24-60 
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Tawil (3) 2003 RA (NM) Lebanon / NM 11 (45/66) 22-80 (53.6) Delayed (4-6 
mo) 

Mx, Md Machined (Nobel Biocare, 
Göteborg, Sweden) 

NM 12-92 

Temmerman 2015 PS (unicenter) Belgium / 
University 

28 (3/25) 42-76 (63) Delayed (mean 
3.6 mo) 

Mx, Md NM (Astra Tech, Dentsply 
Implants, Mölndal, Sweden) 

4 smokers 36 

Testori (1) 2001 PS (multicenter) Italy, Canada, 
Ireland, USA / 
Private Practice 

181 (76/105) 18-86 (55.4) Delayed (4-6 
mo) 

Mx, Md Osseotite (Biomet 3i, Palm 
Beach Gardens, USA) 

37 smokers 48 

Testori (2) 2002 PS (multicenter) Italy, USA, 
Brazil, Spain / 
University + 

Private practice 

175 (79/96) 20-86 (53.5) Delayed (2 mo) Mx, Md Osseotite (Biomet 3i, Palm 
Beach Gardens, USA) 

33 smokers 36 

Testori (3) 2004 RA (unicenter) Italy / University 19 (10/9) NM Immediate, 
early (1 d) 

Md Osseotite (Biomet 3i, Palm 
Beach Gardens, USA) 

 

4 smokers Mean 37.8 

Testori (4) 2017 RA 
(multicenter) 

Italy / NM 27 (8/17) 39-69 (57) Immediate Mx NM (Biomet 3i, Palm Beach 
Gardens, USA) 

3 light smokers Mean 133.2 

Thoma 2018 RCT 
(multicenter) 

Switzerland, 
Poland, Austria, 

Spain, USA / 
University + 

Private practice 

101 (49/52) 20-75 (50.5) Delayed (5 mo) Mx Osseospeed (Astra Tech, 
Mölndal, Sweden) 

21 smokers 
25 former smokers 

60 

Thome 2020 RA (unicenter) Brazil / Private 
practice 

101 (48/53) NM (59.2) Immediate, 
delayed 

Mx, Md Helix Acqua GM (Neodent, 
Curitiba, Brazil) 

NM Up to 24 

Thone-
Muhling 

2020 RA (unicenter) Germany / 
University 

39 (17/22) NM Delayed (3-6 
mo) 

Mx, Md MK II and MK III (Nobel 
Biocare, Göteborg, Sweden) 

No Up to 240 

Todisco 2018 RCT (unicenter) Italy / Private 
practice 

32 (16/14) 47-84 (62) Immediate Mx, Md NobelActive (Nobel Biocare, 
Göteborg, Sweden) 

7 light smokers 
2 heavy smokers 

 

60 

Trbakovic 2018 RA 
(multicenter) 

Sweden / 
University + 

Private practice 

27 (10/17) 22-83 (57.6) NM Mx, Md MK III (Nobel Biocare, 
Göteborg, Sweden), Standard 

Plus (Straumann, Basel, 
Switzerland), Osseospeed 

(Astra Tech, Mölndal, 
Sweden), Osseotite (Biomet 

3i, Palm Beach Gardens, 
USA) 

2 light smokers Mean 63.3 

Uraz 2020 RCT (unicenter) Turkey / 70 (34/36) NM (50) Delayed (3 mo) Mx, Md Ankylos and XiVE (Dentsply Light smokers, but exact 15 
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University implants, Mölndal, Sweden) number not informed 
Vandeweghe 2011 RA 

(multicenter) 
Belgium / Private 

practice 
329 (141/188) 18-84 (54) NM Mx, Md NM (Southern Implants, 

Irene, South Africa) 
41 smokers Mean 12 

Vasak 2014 PS (multicenter) Switzerland, 
Austria, Germany 

/ University + 
hospital 

30 (15/15) 31-80 (NM) Immediate, 
Delayed (2-3 

mo) 

Mx, Md NobelReplace, Tapered, 
Groovy (Nobel Biocare, 

Göteborg, Sweden) 

4 smokers 12 

Veltri 2008 PS (unicenter) Italy / University 12 (4/8) 42-74 (58) Delayed (6 mo) Mx TiOblasted Micro Thread 
(Astra Tech, Mölndal, 

Sweden) 

Light smokers, but exact 
number not informed 

12 

Vercruyssen 2010 RA 
(multicenter) 

Belgium / 
University + 

hospital 

495 (152/343) NM (60.8) Delayed (3-5 
mo) 

Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

58 smokers Mean 88.1 

Verdugo 2017 RA (unicenter) NM / NM 30 (10/20) NM (64.5) Delayed (3-4 
mo) 

Mx Standard Plus SLA 
(Straumann, Basel, 

Switzerland), Osseotite 
(Biomet 3i, Palm Beach 

Gardens, USA) 

NM Mean 64.6 

Vervaeke (1) 2012 RA (unicenter) Belgium / Private 
Practice 

300 (114/186) 17-82 (56) Delayed (>3 
mo) 

Mx, Md Osseospeed (Astra Tech, 
Mölndal, Sweden) 

60 smokers Mean 31 

Vervaeke (2) 2013 RA (unicenter) Belgium / 
University 

55 (24/31) 19-77 (57.5) Immediate Mx Osseospeed (Astra Tech, 
Mölndal, Sweden) 

No Mean 35 

Vervaeke (3) 2015 RA (unicenter) Belgium / Private 
Practice 

376 (166/210) 17-82 (56) Immediate, 
delayed 

Mx, Md Osseospeed (Astra Tech, 
Mölndal, Sweden) 

74 smokers Mean 32 

Vigolo 2004 RA (unicenter) Italy / Private 
Practice 

165 (64/101) NM (39) Delayed (3-6 
mo) 

Mx, Md NM (Biomet 3i, Palm Beach 
Gardens, USA) 

Yes, but exact number not 
informed 

84 

Villa 2005 NM (unicenter) Italy / Private 
Practice 

20 (10/10) 49-70 (NM) Early (<3 d) Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

3 light smokers 
4 heavy smokers 

15-44 

Vogl 2015 PS (unicenter) Austria / 
University 

20 (7/13) 33-70 (54) Immediate Md XiVE (Dentsply Friadent, 
Mannheim, Germany) 

Light smokers, but exact 
number not informed 

12 

Walton 2016 PS (unicenter) Australia / Private 
practice 

184 (82/102) 15-79 (46.2) Immediate, 
delayed (>3 mo) 

Mx, Md MK III, MK IV, Replace 
Select, NobelActive, Speedy 

Groovy TiUnite (Nobel 
Biocare, Göteborg, Sweden) 

Yes, but exact number not 
informed 

Mean 67.32 

Wang (1) 2015 RCT (unicenter) USA / University 19 (9/10) 23-76 (55.4) Delayed (3 mo) Mx, Md Superline (DentiumUSA, 
Cypress, USA) 

No 12 

Wang (2) 2017 RA (unicenter) China / University 60 (46/14) NM (49.9) Delayed (3-6 Mx, Md SLA (Straumann, Basel, 14 smokers 72 



78 
 

mo) Switzerland) 
Weerapong 2019 RCT (unicenter) Thailand / 

University 
46 (16/30) 20-64 (51) Immediate Md NM (PW+ Dental Implant 

System) 
Yes, but exact number not 

informed 
12 

Weng 2003 PS (multicenter) Europe, USA / 
University + 

Private Practice 

493 (240/253) NM (45.1) Delayed (4-6 
mo) 

MX, Md Machined (Biomet 3i, Palm 
Beach Gardens, USA) 

78 smokers 72 

Wennerberg 1999 RA (unicenter) Sweden / Public 
service 

137 (58/79) NM (60.8) Delayed (5-6 
mo) 

Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

32 smokers 60 

Widbom 2005 RA (unicenter) Sweden / Hospital 27 (14/13) NM (63.3) Delayed Mx Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

9 smokers Mean 67.2 

Winkler  2000 RA (unicenter) USA / Depart. 
Veterans Affairs 

NM NM NM Mx, Md NM NM 36 

Wolfinger 2011 RA (unicenter) USA / Private 
Practice 

105 (NM) 18-82 (54) Immediate, 
delayed 

Mx, Md Several (Nobel Biocare, 
Göteborg, Sweden) 

Yes, but exact number not 
informed 

36-144 

Wu (1) 2017 RA (unicenter) Canada / 
University 

799 (369/430) 18-93 (56.6) NM Mx, Md TiUnite (Nobel Biocare, 
Göteborg, Sweden) 

Yes, but exact number not 
informed 

Mean 16.6 

Wu (2) 2018 RA (unicenter) China / University 72 (42/30) NM (47) Delayed (3-6 
mo) 

Mx, Md XiVE S Plus (Dentsply 
implants, Mölndal, Sweden) 

9 light smokers 60 

Wyatt 1998 PS (unicenter) Canada / 
University 

77 (30/47) NM (45.14) Delayed (3-26 
mo) 

Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM Mean 64.92 

Yamada 2015 PS (unicenter) Japan / University 48 (26/22) NM (56) Immediate Mx NobleActive TiUnite (Nobel 
Biocare, Göteborg, Sweden) 

13 smokers 12 

Yang 2020 RA (unicenter) China / University 835 (578/517) 18-80 (39.1) Delayed (4-6 
mo) 

Mx NM Light and heavy smokers, 
but exact number not 

informed 

Mean 17.83 

Yi 2013 RA (unicenter) South Korea / 
University 

63 (31/32) NM (60) NM Mx, Md Several (Osseotite, Biomet 3i; 
TiUnite, Nobel Biocare; USII, 

USIII, GSII, GSIII, SSII, 
Osstem; Sinus Quick, 

Neobiotech; Implantium and 
Superline, Dentium) 

Yes, but exact number not 
informed 

Mean 55 

Yildiz 2016 RA (unicenter) Turkey / 
University 

33 (10/23) 22-68 (NM) Immediate, 
delayed (3 mo) 

Mx Bone Level SLA (Straumann, 
Basel, Switzerland) 

NM 12 

Yu 2017 RCT (unicenter) China / University 37 (20/17) NM (49) Delayed (2 mo) Mx Standard and Inicell 
(Thommen Medical AG, 
Grenchen, Switzerland) 

Light smokers, but exact 
number not informed 

24 

Zadeh 2018 RCT Sweden, USA, 95 (48/47) 26-70 (54) Delayed (6 wk) Mx, Md Osseospeed (Astra Tech, 8 smokers 36 
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(multicenter) Netherlands, 
Australia / 

University + 
Private practice 

Mölndal, Sweden) 25 former smokers 

Zembic 2010 RCT (unicenter) Switzerland / 
University  

11 (8/3) 37-68 (54.8) Immediate, 
Early 

Md Brånemark MK IV, TiUnite 
(Nobel Biocare, Göteborg, 

Sweden)  

5 smokers Mean 39.8 

Zhang 2017 RCT (unicenter) China / University 56 (32/24) NM (35.5-
42.6) 

Delayed (3 mo) Mx Standard Plus (Straumann, 
Basel, Switzerland) 

Light smokers, but exact 
number not informed 

3 

Zhou 2019 RA (unicenter) China / University 4338 
(2063/2275) 

18-87 (44.9) Delayed (3-6 
mo) 

Mx Several (NM) Light and heavy smokers, 
but exact number not 

informed 

6-32 

Zill 2016 RA (unicenter) Germany / Private 
practice 

113 (NM) 31-84 (54.9) Delayed (3 mo) Mx SLA (Straumann, Basel, 
Switzerland) 

NM 60 

Zumstein (1) 2012 RA (unicenter) United Kingdom / 
Private Practice 

50 (19/31) NM (57) Delayed (3-6 
mo) 

Mx, Md Neoss (Neoss Ltd. Harrogate, 
UK) 

NM 54 

Zumstein (2) 2016 RA (unicenter) Switzerland / 
Private practice 

50 (22/28) NM (58.6) Immediate, 
delayed 

Mx, Md Proactive (Neoss Ltd, 
Harrogate, UK) 

 

4 heavy smokers 12 

Zweers 2015 RA (unicenter) Netherlands 
/Private Practice 

119 (49/70) 34-93 (69) Delayed (2 mo) Md SLA Standard (Straumann, 
Basel, Switzerland) 

NM 36 

van 
Steenberghe 

1990 PS (multicenter) NM / NM 159 (67/92) 18-70 (NM) NM Mx, Md Brånemark (Nobel Biocare, 
Göteborg, Sweden) 

NM 12 

Örtorp 2008 RA (unicenter) Sweden / Private 
Practice 

104 (41/63) 27-78 (58) Delayed (3-4 
mo) 

Md Turned Brånemark (Nobel 
Biocare, Göteborg, Sweden) 

25 smokers 120 

Östman (1) 2008 PS (unicenter) Sweden / NM 77 (38/39) 33-82 (NM) Immediate Md TiUnite and turned 
Brånemark (Nobel Biocare, 

Göteborg, Sweden) 

Yes, but exact number not 
informed 

Up to 48 

Östman (2) 2012 PS (unicenter) Sweden / NM 46 (18/28) NM Immediate, 
delayed 

Mx, Md TiUnite MK III and MK IV 
(Nobel Biocare, Göteborg, 

Sweden) 

Yes, but exact number not 
informed 

120 
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12. SUPPLEMENTARY APPENDIX 3 
 
Table S2. Quality assessment tool, according to the National Institutes of Health (NIH). 
 

Study Year Was the 
study 

question or 
objective 
clearly 
stated? 

Was the study 
population clearly 

and fully 
described, 

including a case 
definition? 

Were the 
cases 

consecutive? 

Were the 
subjects 

comparable? 

Was the 
interventio
n clearly 

described? 

Were the outcome 
measures clearly defined, 

valid, reliable, and 
implemented consistently 

across all study 
participants? 

Was the 
length of 
follow-up 

adequate? a 

Were the 
statistical 

methods well-
described? 

Were the 
results 
well-

described? 

Total 
(n/9) 

Adanez 2018 1 0 0 1 1 1 1 1 1 7/9 
Al-Nawas 2015 1 1 0 1 1 1 1 1 1 8/9 
Alayan 2019 1 1 1 1 1 1 1 1 1 9/9 
Alsaadi (1) 2007 1 1 1 1 1 1 1 1 1 9/9 
Alsaadi (2) 2008 1 1 0 1 1 1 1 1 1 8/9 



81 
 

Amato 2020 1 1 0 1 1 1 1 0 1 7/9 
Amorfini 2017 1 1 1 1 1 1 1 1 0 8/9 
Andersson 2015 1 0 1 1 1 1 1 1 1 8/9 
Anitua (1) 2008 1 1 1 1 1 1 1 1 1 9/9 
Anitua (2) 2016 1 1 0 1 1 1 1 1 1 8/9 
Anitua (3) 2019 1 1 0 1 1 1 1 1 1 8/9 
Aparicio 1998 1 1 0 1 1 1 1 0 1 7/9 
Arlin 2006 1 1 0 1 1 1 1 1 1 8/9 
Arora 2018 1 1 0 1 1 1 1 1 1 8/9 
Arosio 2018 1 1 0 1 1 1 1 1 0 7/9 
Artzi 2010 1 1 0 1 1 1 1 1 1 8/9 
Arunjaroensuk 2018 1 1 1 1 1 1 1 1 1 9/9 
Atieh 2014 1 0 1 1 1 1 1 1 1 8/9 
Babbush 2012 1 1 1 1 1 1 1 1 1 9/9 
Bae 2015 1 1 0 1 1 1 1 1 0 7/9 
Bahat (1) 1992 1 0 1 1 1 1 1 0 1 7/9 
Bahat (2) 1996 1 0 0 1 1 1 1 0 1 6/9 
Bahat (3) 2000 1 1 0 1 1 1 1 0 1 7/9 
Bain 1993 1 1 0 1 1 1 1 0 1 7/9 
Balleri (1) 2002 1 1 0 1 1 1 1 1 1 8/9 
Balleri (2) 2010 1 1 0 1 1 1 1 1 1 8/9 
Balshi (1) 1997 1 1 1 1 1 1 1 0 1 8/9 
Balshi (2) 1999 1 1 0 1 1 1 1 0 1 7/9 
Balshi (3) 2005 1 1 1 1 1 1 1 0 1 8/9 
Balshi (4) 2015 1 1 0 1 1 1 1 1 1 8/9 
Bechara 2017 1 1 1 1 1 1 1 1 1 9/9 
Becker (1) 2000 1 1 0 1 1 1 1 0 1 7/9 
Becker (2) 2005 1 1 0 1 1 1 1 1 1 8/9 
Becker (3) 2013 1 1 1 1 1 1 1 1 1 9/9 
Becktor (1) 2002 1 1 1 1 1 1 1 1 1 9/9 
Becktor (2) 2004 1 1 1 1 1 1 1 1 1 9/9 
Becktor (3) 2007 1 1 1 1 1 1 1 1 1 9/9 
Benlidayi 2018 1 1 1 1 1 1 1 1 0 8/9 
Bergendal 1998 1 1 0 1 1 1 1 1 1 8/9 
Bernard 2019 1 1 1 1 1 1 1 1 1 9/9 
Bernardi 2018 1 1 1 1 1 1 1 1 1 9/9 
Bianco 2000 1 1 1 1 1 1 1 0 1 8/9 
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Bischof 2006 1 1 1 1 1 1 1 1 1 9/9 
Blomqvist 1998 1 1 1 1 1 1 1 0 1 8/9 
Blus 2006 1 1 1 1 1 1 1 0 1 8/9 
Bogaerde (1) 2003 1 1 1 1 1 1 1 1 1 9/9 
Bogaerde (2) 2004 1 1 1 1 1 1 1 1 1 9/9 
Bogaerde (3) 2005 1 1 1 1 1 1 1 1 1 9/9 
Bolle 2018 1 1 1 1 1 1 1 1 1 9/9 
Boon 2020 1 1 1 1 1 1 1 1 0 8/9 
Borges 2020 1 1 1 1 1 1 1 1 1 9/9 
Bornstein 2008 1 1 1 1 1 1 1 1 1 9/9 
Bouhy 2020 1 1 1 1 1 1 1 1 1 9/9 
Bressan 2014 1 1 1 1 1 1 1 1 1 9/9 
Browaeys 2013 1 1 0 1 1 1 1 0 1 7/9 
Brügger 2015 1 1 1 1 1 1 1 1 1 9/9 
Brånemark 1995 1 1 0 1 1 1 1 1 1 8/9 
Buser 1997 1 1 1 1 1 1 1 1 1 9/9 
Caban 2017 1 1 1 1 1 1 1 1 0 8/9 
Calandriello 2011 1 1 1 1 1 1 1 1 1 9/9 
Calvo-Guirado 2016 1 1 1 1 1 1 1 1 1 9/9 
Campos 2019 1 1 0 1 1 1 1 1 0 7/9 
Cannizzaro (1) 2012 1 1 1 1 1 1 1 1 1 9/9 
Cannizzaro (2) 2013 1 1 1 1 1 1 1 1 1 9/9 
Cannizzaro (3) 2016 1 1 1 1 1 1 1 1 1 9/9 
Cannizzaro (4) 2018 1 1 1 1 1 1 1 1 1 9/9 
Carr (1) 2003 1 1 0 1 1 1 1 1 1 8/9 
Carr (2) 2019 1 1 1 1 1 1 1 1 1 9/9 
Checchi 2010 1 1 1 1 1 1 1 1 1 9/9 
Cecchinato 2015 1 1 0 1 1 1 1 1 0 7/9 
Chiapasco 2014 1 1 0 1 1 1 1 0 1 7/9 
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