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1. Introduction  
As a result of the evolvement of healthcare, evidence-based medicine become the basis of 

modern clinical practice. Evidence-based clinical practice integrates the patient values with 

clinical expertise and research evidence (Sackett et al., 1996). As a consequence, the need 

for practice-driven research increased. As a result, the number of new publications in the last 

decades increased exponentially.  

Researchers and healthcare providers are overwhelmed with the enormous amount of 

information being produced. Systematic reviews can provide efficient interpretation, 

integration and evaluation of already available information to provide results for coherent 

decision making. A systematic review attempts to find and collect all experimental evidence 

that fulfils a predefined eligibility criteria with the aim of answering a particular research 

question (Antman et al., 1992; Oxman & Guyatt, 1993). Systematic reviews assess 

consistency and generalisability of scientific findings. It also investigates the variability over 

various subsets (Mulrow, 1994).  

Several systematic reviews include meta-analyses (MAs). Meta-analysis is the 

utilization of statistical methods to synthesize new data from the results of included 

individual studies (Glass, 1976; Higgins JPT, 2019). Meta-analysis particularly, can increase 

statistical power. In simpler terms, power is the likelihood of finding a significant result when 

there is truly an effect or association in the population (Dell et al., 2002). Some studies are 

too small to detect effects, however when many small studies are combined in a meta-analysis 

there is a higher probability of detecting an effect. Additionally, meta-analysis may improve 

the estimation of an intervention effect as it is based on more data (Higgins JPT, 2019).  

In addition, meta-analysis with a selection of studies for sub-group analyses may help 

to answer questions not proposed by individual records. For example to evaluate the effect 

of intervention in various sub-group populations.  

  Moreover, meta-analyses may help to resolve controversies caused by opposing study 

results or aid formulating new hypotheses (Higgins JPT, 2019).  

  Furthermore, methods used in a meta-analysis are explicit, as a result, they aid in 

increasing accuracy, limit ing bias, improving the reliability of conclusions (Higgins JPT, 

2019; Mulrow, 1994).  
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1.1. Types of meta-analysis 
1.1.1. Meta-analyses of the effect of interventions 
Most meta-analyses include studies on the effect of health interventions. A meta-analysis of 

the effects of interventions is a systematic review and statistical technique used to synthesize 

and analyze data from multiple studies that evaluate the effectiveness of different 

interventions. It provides a comprehensive evaluation of the available evidence by combining 

the results of individual studies and synthesizing an overall estimate of the treatment effect. 

These meta-analyses focus mostly on randomized clinical trials as it has the highest level of 

evidence among primary studies. On the other hand, in some cases, non-randomized studies 

are also included. Such as in the case of adverse effects of specific treatments (Higgins JPT, 

2019).   

  In the case of interventional MA, the focus is on assessing the effectiveness or 

efficacy of interventions, such as medications, therapies, surgical procedures, or behavioural 

interventions. The primary outcome measures are typically clinical outcomes or measures 

related to the effectiveness of the intervention, such as improvements in symptoms, disease 

progression, mortality rates, or adverse events. Interventional meta-analyses commonly 

involve pooling data on effect sizes, such as odds ratios (OR), mean differences (MD) or 

hazard ratios (HR) to estimate an overall treatment effect. Statistical methods, such as fixed-

effects or random-effects models, are used to calculate summary measures (Higgins JPT, 

2019).  

 

1.1.2. Meta-analyses of diagnostic test accuracy 
Diagnostic test accuracy meta-analysis focuses on evaluating the performance of diagnostic 

tests in correctly identifying the presence or absence of a particular condition or disease. It 

synthesizes data from studies that compare the results of a diagnostic test to a reference 

standard, aiming to assess the accuracy and reliability of the test (Cohen et al., 2016).  

  The main objective is to evaluate the accuracy and diagnostic performance of a 

specific test or set of tests in identifying a target condition or disease. The primary outcome 

measures are diagnostic accuracy measures, including positive predictive value, negative 
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predictive value, area under the receiver operating characteristic curve (AUC-ROC), 

specificity, sensitivity and likelihood ratios. Diagnostic test accuracy meta-analyses typically 

involve pooling data on sensitivity, specificity, or other accuracy measures to estimate 

summary measures of the test's performance. Weighted average estimates are commonly 

used, considering factors such as sample size or study quality (Cohen et al., 2016). 

 

1.1.3 Other types of meta-analysis 
Prognostic Meta-Analysis focuses on evaluating the ability of specific factors or variables to 

predict the future outcomes or prognosis of individuals. It synthesizes data from multiple 

studies that examine the association between prognostic factors and specific outcomes of 

interest. The primary outcome measures are typically related to the prognosis or predictive 

ability, such as hazard ratios, risk ratios, odds ratios, or predictive accuracy measures like the 

c-statistic or AUC-ROC curve (Riley et al., 2019).   

  Aetiology meta-analysis focuses on investigating the association between specific 

risk factors or exposures and the development of a particular condition or disease. It 

synthesizes data from multiple studies that examine the relationship between the exposure of 

interest and the outcome. It could involve evaluating the effect sizes, such as risk ratios, odds 

ratios, or hazard ratios (Dekkers et al., 2019).  

  Prevalence meta-analysis focuses on estimating the prevalence or occurrence of a 

particular condition or disease in a specific population. It synthesizes data from multiple 

studies that report prevalence rates or proportions of the condition of interest (Jan et al., 

2013). 

  Meta-analysis of meta-analyses involves the synthesis of multiple meta-analyses that 

have been conducted on similar or related research questions. Instead of analysing primary 

studies, it examines the findings and results from existing meta-analyses. The outcome 

measures are the summary measures and results from the individual meta-analyses, such as 

pooled effect sizes, subgroup analyses, or heterogeneity assessments (Sigman, 2011). 
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Mass screening with this technique is expensive and poses an extra risk on the 

healthcare system as more medical personnel are needed (Kim et al., 2017). Furthermore, 

nasopharyngeal swabbing has several contraindications, such as anticoagulant therapy, 

coagulopathy, significant septum deviation (Li et al., 2020; Sri Santosh et al., 2020). 

To overcome these limitations diagnosis from saliva specimens is under continuous 

development. Multiple studies were published on the potential use of saliva samples for 

detecting COVID-19. However, the published papers use small sample sizes, resulting in a 

low level of evidence, high uncertainty and weak statistical power to detect significant 

differences. Conducting a meta-analysis on the topic could overcome the limitations of a 

small sample size, and also reveal regional or age differences among populations. 
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2. Objectives 
In the last decade, the number of published papers on clinical trials exponentially increased. 

The large number of original studies became more than that clinicians and research groups 

can comprehensively assess and process to implement these findings into practice.  

Conducting a meta-analysis on a given topic helps to elevate the level of evidence 

and clarify questions within a research area. This is achieved by systematically finding and 

assessing each eligible record in the topic. The present scientific work aimed to utilize the 

methodology of meta-analysis in order to assess the available evidence and clarify practice-

related issues and questions in clinically important dental areas which were not assessed by 

the means of meta-analysis. 

A. The first objective of the present scientific work was to conduct a meta-analysis to 

investigate the performance and healing potential of two different types of commercially 

pure Titanium implant surfaces, smooth (machined) and moderately rough, sand-blasted 

surface. 

B. The next aim was to investigate the effectiveness of HA for lip augmentation and to 

verify its long-term aesthetic results using the methodology of meta-analysis. 

Additionally, the nature and number of adverse effects of HA in the literature were also 

reviewed. systematically.  

C. Finally, a meta-analysis was conducted to estimate the diagnostic sensitivity of saliva-

based detection of the SARS-CoV-2 virus. Additionally, various factors related to the 

methodological differences used in COVID-19  tests were explored.  

 

Thus, the present scientific work aimed to apply the methodology of meta-analysis in 

three important topics of dentistry lacking strong evidence and to overcome the limitation of 

small sample sizes and high uncertainty, as well as weak statistical power, to increase the 

level of evidence aiding clinical and research decision in these particularly important themes. 
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3. Methods 
3.1. Protocol and registration 

The present work was conducted according to the PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) checklist and guideline (Moher et al., 2015). The 

methodology for each dental topic was registered prior to conducting the meta-analysis in 

the database. For the MA in the topic of dental implants registration was on 07.02.2018. 

(PROSPERO registration number: CRD42018084190.). For the MA on the topic of HA 

dermal fillers, the registration was performed on 10.12.2018. (PROSPERO registration 

number: CRD42018102899.) For the MA in the topic of oral diagnostics registration was 

performed in the Open Science Framework (OSF) database on 23.04.2020 (registration ID: 

https://osf.io/3ajy7)). Deviation from the registered protocol: Eligible studies did not provide 

sufficient data on true negative, true positive, false negative, false positive values. These were 

not available. Hence 2x2 contingency tables, could not be completed. Accordingly, 

specificity and sensitivity could not be calculated. An alternative statistical analysis was 

based on pooled event rates of positive diagnosis. A more detailed description is available in 

section 3.7. 

 

3.2. Eligibility criteria  

In each case clinical question was formulated with the aid of the PICO format (population, 

intervention, control, and outcome). 

In the case of dental implants, the following question was formulated. Are there 

significant differences concerning implant failure rates and marginal bone level loss between 

machined and sand-blasted dental implants among healthy patients (Czumbel et al., 2019)? 

Studied meeting the following requirements were considered for inclusion: P: participants 

with partial edentulous or edentulous jaws, with no systemic diseases affecting the healing 

of the implants. I:  treatment of tooth loss with sand-blasted endosteal dental implants. C: 

treatment of tooth loss with machined endosteal dental implants. O: implant failure rates (IF) 

and MBL (marginal bone level) changes using x-ray images to measure changes. Only RCTs, 

using similar implant macro design, written in English were included.  
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Exclusion criteria were defined as studies other than RCTs, studies applying growth factors, 

or bone augmentation, implants with modified neck macrostructure, participants with 

systemic or local diseases affecting implant healing, gray or black literature.   

In the case of HA dermal fillers in the perioral region, the following questions were 

formulated. (1) To what extent are hyaluronic acid dermal fillers effective for lip 

augmentation? (2) What are the common and also the rare treatment-related adverse effects 

of HA application? (Czumbel et al., 2021) Studied meeting the following requirements were 

considered for inclusion: P: participants at age 18 or older with minimal, mild or moderate 

levels of lip fullness based on a validated lip fullness scale. I:  the use of injectable HA in the 

perioral region and lips to enhance lip fullness and aesthetics of the face. C: baseline 

controlled. The values of lip fullness of each participant were recorded before and after 

treatment and these were compared. Primary O:  measurement of effectiveness expressed as 

the rate of responders. Participants with one or more levels of improvement based on a 

validated lip fullness scale were defined as responders. Secondary O: Frequency and type 

of treatment-related AEs. Case series, cohort studies, and RCTs, written in English or 

available in English translation were considered for inclusion. Studies investigating other 

filling materials, treatment of other areas than the perioral region and the lips were excluded, 

 In the case of oral diagnostics publications satisfying the following research question 

was formulated. Are saliva specimens reliable for detecting SARS-CoV-2 in COVID-19 

patients confirmed by nasopharyngeal swab testing? Eligibility criteria were as follows. P: 

records published in clinical trial registries or scientific journals, participants diagnosed with 

COVID-19. Index test: PCR diagnostics of saliva samples for detecting SARS-CoV-2. 

Comparator test (reference standard): PCR diagnostics of NPS samples for diagnosing 

SARS-CoV-2. Records in English language or with available English translation. Records 

such as recommendations, reviews, guidelines or publications before 01.01.2020 and after 

25 04.2020 were considered for exclusion. Additionally, grey and black literature were also 

excluded. (Czumbel et al., 2020). 
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its baseline value (Czumbel et al., 2021). Descriptive statistics were used to analyze the 

distribution and frequency of AEs. The statistical unit was taken as the number of 

participants. To estimate the intervention effect we used the random effect model with 

DerSimonian-Laird estimation.  

In the topic of oral diagnostics, patient-based data was included from consecutive 

case series. Analyses were performed according to the recommendations of the working 

group of the Cochrane Collaboration. In each case series sensitivity of saliva and NPS tests 

were investigated in participants who were confirmed cases - diagnosed by NPS test and also 

clinical signs. The sensitivity of the NPS test was based on the matching NPS tests when 

saliva tests were also performed. Due to the fact that some of the sensitivity values are close 

to or equal to 1, the score confidence interval estimation (Wilson, 1927) was applied with the 

Freeman-Tukey double arcsine transformation (Freeman & Tukey, 1950). To estimate the 

pooled effect the random effect model with DerSimonian-Laird estimation was used. 

All statistical analyses were performed using STATA 15.0 (Czumbel et al., 2020). 

 

3.8. Risk of bias across studies and additional analysis  

In each MA statistical heterogeneity and probability values were calculated using I-square 

and chi-square tests. Significant heterogeneity was indicated by p<0.1 (J. P. Higgins et al., 

2011). In the sensitivity analysis included studies were omitted from the meta-analyses one 

by one, to investigate the influence of each study on the summary estimate. For analyses with 

more than 9 studies funnel plots were created and publication bias was checked by the visual 

inspection of the plots.  In the topic of HA dermal fillers in the perioral region, the quality 

and certainty of evidence were assessed according to the GRADE approach (Cumpston et 

al., 2019; Schünemann H, 2015). It was performed by two authors independently (L.M.C. 

and S.F.) 
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4. Results 
4.1. Results of the meta-analysis on the topic of dental implants 

4.1.1 Study selection 

The systematic search and selection process yielded a total of 188 records. After duplicate 

removal, 130 items remained. 114 records were excluded because of numerous reasons for 

ineligibility. Such as investigating participants with systemic disease, different objectives, 

other surface modifications, comparing different macro or micro designs of implants, 

evaluating surgical protocols. After all, 16 publications were eligible for full-text selection. 

Out of these records, seven RCTs were eligible for quantitative and qualitative analysis 

(Åstrand et al., 2004; Gotfredsen & Karlsson, 2001; Jacobs et al., 2010; Ravald et al., 2013; 

Steenberghe et al., 2000; Tawse-Smith et al., 2002; Vroom et al., 2009). Figure 1 summarizes 

the selection process.  

Figure 1. Visual representation of the results of the study selection process. (Source: 

(Czumbel et al., 2019)).  
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4.1.2. Characteristics of the included studies  

All included records were randomized controlled trials (RCTs). The analysis included 722 

implants (362 sand-blasted and 360 machined). The included participants in these studies 

were uniform. Population with excessive drug and alcohol consumption or participants with 

systemic diseases that might influence the process of osseointegration were excluded.  

The average age of the population in the studies was between 50 and 58 years. Among 

the records the following implant systems were used: Astra Tech, Brånemark, Steri-Oss and 

Southern Implants. In the control group, each implant had a minimally rough surface 

(machined) and in the intervention group, each implant had a moderately rough surface 

(sand-blasted). None of the implants had a special collar region to enhance osseointegration. 

All records utilized the two-stage protocol (Branemark et al., 1986) except one study (Tawse-

Smith et al., 2002). In the study of Tawse-Smith et al, (Tawse-Smith et al., 2002) although 

the one-stage protocol was used the implants were loaded after 3 and 6 months of healing at 

the lower and upper jaw, respectively. The treatment of edentulism differed across studies. 

Two records (Gotfredsen & Karlsson, 2001; Steenberghe et al., 2000) achieved rehabilitation 

with fixed partial bridges, another two (Tawse-Smith et al., 2002; Vroom et al., 2009) utilized 

overdentures. In another study, they used full arch bridges (Åstrand et al., 2004). The follow-

up time between studies varied between 1 year (Åstrand et al., 2004; Steenberghe et al., 2000; 

Tawse-Smith et al., 2002; Vroom et al., 2009) and 16 years (Jacobs et al., 2010).  

All records published data on MBL change calculated from x-ray measurements and 

implant failure rates. In the case of one record (Tawse-Smith et al., 2002), only half of the 

groups were included as two groups using immediate loading protocols were excluded from 

the analysis. In addition, the marginal bone level measurement of Ravald et al. (Ravald et al., 

2013) and Astrand et al. (Åstrand et al., 2004) were not included since no implant-based 

statistical data could be harvested from the published results.  A summary of the study 

characteristics is included in Table 1 and 2. 
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4.1.3. Risk of bias in studies  

The risk of bias in the included studies was assessed using the Cochrane Risk of Bias Tool. 

All included seven records were also included in the risk of bias assessment. However, the 

studies of Ravald et al. (Ravald et al., 2013) and of Åstrand et al. (Åstrand et al., 2004) and 

also Jacobs et al. (Jacobs et al., 2010) and Steenberghe et al. (Steenberghe et al., 2000) were 

evaluated two-by-two as they are the continuations of previously published work. Two 

records (Gotfredsen & Karlsson, 2001; Vroom et al., 2009) had a high risk of allocation 

concealment, as they utilized a predictable random sequence generation process. Other two 

publications did not clearly present the random sequence generation process used 

(Steenberghe et al., 2000; Tawse-Smith et al., 2002).  

Each record performed blinding at radiographic evaluations, however, no blinding 

was possible in case of clinical inspection and evaluation of the implants. Drop-outs were 

reported in four records studies (Åstrand et al., 2004; Gotfredsen & Karlsson, 2001; Tawse-

Smith et al., 2002; Vroom et al., 2009). In two records the reason for drop-out was not clearly 

stated (Tawse-Smith et al., 2002; Vroom et al., 2009). This means an unclear risk of bias.  

No intext evidence of selective reporting bias was found, although there was no 

access to study protocols or trial registers. Figure 2 summarizes the risk of bias assessment.  

 

DOI:10.14753/SE.2023.2939



24 
 

 
Figure 2. Detailed results of risk of bias assessment. Green represents a low risk of bias, 

yellow represents an unclear risk of bias, red represents a high risk of bias. (Source: (Czumbel 

et al., 2019)). 
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Figure 8. Forest plot of MBL loss after five years of prosthesis delivery. (Source: (Czumbel 

et al., 2019)) 

 

4.1.6 Additional analysis 

Statistical heterogeneity was not important regarding the outcome of implant failure. I2 values 

were 0% and the related p values were between 0.59 and 0.89 indicating no significance. 

(Figures 3, 4, 5 and 6). Statistical heterogeneity was only slightly higher in the case of 

marginal bone loss after 5 years I2 (26.2%) and p (0.258), this was considered insignificant 

(Figures 7 and 8).  

 

4.2. Results of the meta-analysis on the topic of hyaluronic acid dermal fillers in the 

oral cavity 

4.2.1. Study selection  

The study selection process recognized 326 records in total. After rigorous selection 10 

records were included in the quantitative synthesis assessing the effectiveness of lip 

augmentation and 32 records were included in the qualitative synthesis (Figure 9).  
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Figure 9. Study selection flow chart. (Source: (Czumbel et al., 2021)) 

 

4.2.2. Characteristics of included studies  

To investigate the effects of HA on lip augmentation 5 RCTs (Beer et al., 2015; Dayan et al., 

2015; Geronemus et al., 2017; Glogau et al., 2012; Raspaldo et al., 2015) and 5 cohort studies 

(Chopra et al., 2018; Eccleston & Murphy, 2012; Fagien et al., 2013; Solish & Swift, 2011; 

Yazdanparast et al., 2017) were included. Additionally, to assess the AEs 14 case reports 

(Anatelli et al., 2010; Bulam et al., 2015; Curi et al., 2015; Dougherty et al., 2011; Duhovic 
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& Duarte-Williamson, 2016; Edwards et al., 2006; Eversole et al., 2013; Farahani et al., 2012; 

Feio et al., 2013; Fernández-Aceñero Ma et al., 2003; Grippaudo et al., 2014; Leonhardt et 

al., 2005; Martin et al., 2018; Wolfram et al., 2006), six additional cohort studies (Artzi et 

al., 2016; Carruthers et al., 2005; Fischer et al., 2016; Philipp-Dormston et al., 2014; Rzany 

et al., 2012; Samuelson et al., 2015) and two additional RCTs (Carruthers et al., 2010; 

Downie et al., 2009b) were included. 

A total of 1228 participants were included in the effectiveness analysis. Average 

subject age was between 41 and 54 years within the studies. In the included population all 

Fitzpatrick skin types were represented (Roberts, 2009). Participants with an allergy to 

injectable HA or a history of any permanent or semi-permanent aesthetic tissue augmentation 

were excluded. All included records used a validated lip fullness scale such as the Allergan 

Lip Fullness Scale (Werschler et al., 2015) or the Medicis Lip Fullness Scales (Kane et al., 

2012). The sites of injection in all studies were the perioral lines and the lips. Study 

characteristics are summarized in  Table 3, 4, 5 and 6. 
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Table 5. Summary of characteristics of HA dermal fillers included in the meta-analysis. 

(Source: (Czumbel et al., 2021)) 
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Figure 10. Riks of bias summary. (Source: (Czumbel et al., 2021)) 
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Figure 15. Results of study selection (Source: (Czumbel et al., 2020)). 

 

4.3.2. Characteristics of included studies  

The five studies included in the quantitative analysis were consecutive case series with 123 

participants. (Azzi et al., 2020; Bae et al., 2020; Fang et al., 2020; To et al., 2020; Williams 

et al., 2020). Another consecutive case series (Wyllie et al., 2020) were also included in the 

qualitative synthesis. However, it cannot be included in the quantitative work as no clear 

patient-wise data was reported for comparison with the rest of the studies. The diagnosis of 

COVID-19 was confirmed in all included cases. The included studies did not declare any 
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further exclusion criteria for eligibility regarding patient selection. Table 10 contains the 

summary of study characteristics.  
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4.3.4. Results of data synthesis - sensitivity 

Among the included studies the sensitivity of saliva tests ranged between 78% (Fang et al., 

2020) to 100% (Azzi et al., 2020) among the SARS-CoV-2 infected participants.   

Pooled event rates (negative and positive saliva test results) indicate a sensitivity of 

91% (CI 80-99%) among COVID-19 patients (Figure 16A).  Pooled event rates of NPS tests 

taken at the same time as saliva specimens show that the sensitivity of NPS test was 98% (CI 

89-100%) (Figure 16B).  As the confidence intervals of the two tests overlap, it suggests that 

the percentage of positive tests from the NPS tests and saliva tests are not very different. 

However, to strengthen our observation larger clinical studies are needed.  

Evidence exists that in some cases NPS tests sometimes give negative results while the saliva 

test is positive (Azzi et al., 2020; Deng et al., 2020). Wyllie and coworkers (Wyllie et al., 

2020)  in a sample-based study out of 38 participants in eight (21%) detected the virus based 

on saliva specimens, while the virus was not detected in the corresponding NPS samples. 

Whereas only in three instances (8%) happened that NPS was positive but saliva tests gave 

a negative result.  

Specificity was assessed in two studies (Williams et al., 2020; Wyllie et al., 2020). In 

the study of Williams et al. (Williams et al., 2020) SARS-CoV-2 was detected in 2% (CI 0.1-

11.5%) of PCR-negative patients (n=50) (test was taken by nasal swab). The study of Wyllie 

and coworkers (Wyllie et al., 2020) included 98 asymptomatic healthcare personnel in their 

analysis. Saliva and NPS tests were taken in parallel. All tests turned out to be negative for 

NPS and two were positive for saliva.  

 

4.3.5. Additional analysis  

The moderate level of statistical heterogeneity for the proportion of positive saliva tests 

(I2=60.96%) and the proportion of positive NPS tests I2 = 46.56%  indicates the presence of 

co-founding factors that might influence the results of the data synthesis. Due to the fact that 

the influence of confounding factors could not be well explored as a lack of sufficient data, 

results should be interpreted within the context of the analysis.  
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Figure 16. Forest plot visualizing the detection sensitivity. Part A: proportion of positive 

saliva tests included five studies. Part B: proportion of positive NPS tests included four 

studies. (Source: (Czumbel et al., 2020)) 
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5. Discussion 
For decades the amount of available scientific literature has been exponentially increasing, 

meaning that it is becoming extremely difficult to find the relevant information within the 

published data. Moreover, clinical trials contain bias, in certain cases they include an 

insufficient number of participants, in other cases contradictory conclusions emerge. These 

conditions decrease the level of certainty of the findings, leaving researchers and clinicians 

with uncertainty. The present scientific work utilized the methodology of meta-analysis in 

three specific dental areas, such as the comparison of healing potential machined and sand-

blasted dental implants, the performance of HA dermal fillers in the perioral region and the 

use of saliva as a specimen for diagnosing COVID-19. In these areas, this present work used 

the methodology of MA for the first time.  

The scientific analyses in the present work integrated the available data from eligible 

original studies and appraised them systematically and critically to synthesize new findings 

with a higher level of evidence. This was achieved by increasing power and precision as more 

participants were included in the analyses overall. Furthermore, controversies among 

individual studies were investigated. Moreover, bias in studies was assessed using 

appropriate assessment tools developed by research groups.  

Although several studies have been conducted to find the optimal surface type for 

promoting osseointegration, the final conclusion is still missing. Several novel materials and 

surface modifications are being invented to outperform the existing ones. However, the 

evidence is weak, coming from non-standardized sources and contradictory (Borges et al., 

2020; Bornstein et al., 2007; Degidi et al., 2012; Rocci et al., 2008; Roehling et al., 2019; 

Wennerberg et al., 2018). The aim of this present work was to perform a systematic review 

and a re-analysis of the already existing evidence in the form of a meta-analysis regarding 

smooth and moderately rough (sand-blasted) implant surfaces. We aimed to decrease bias, 

increase precision and certainty, overall to obtain the highest level of evidence in this research 

field.  

In the meta-analysis to obtain the highest level of evidence only RCTs were included. 

Retrospective trials and uncontrolled trials were excluded. Implant performance was 

evaluated by comparing cumulative implant failure rates and measuring marginal bone loss. 
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After rigorous selection seven randomized clinical trials, 202 participants and 360 machined 

and 362 sand-blasted implants were included in this complex approach.  

The Meta-analysis demonstrated that implant failure rate significantly differed 

between moderately rough and smooth implants. Contrary, none of the included randomized 

controlled trials could alone detect significant differences between sand-blasted and 

machined implants. The majority of implant failures were registered during the first follow-

up year. A possible explanation for this phenomenon could be that sand-blasted implants are 

rougher thus enhancing bone formation in the implant itself (Andrukhov et al., 2016). Other 

research groups publish similar findings on different moderately rough surfaces (Chrcanovic 

et al., 2016). The findings of the present meta-analysis also highlight that after one year of 

insertion, there is no significant difference between machined and sand-blasted implants, 

once osseointegration has occurred. In addition, another study also confirmed that in the long 

term both, sand-blasted and machined implants preserved a satisfactory level of 

osseointegration (Iezzi et al., 2012).   

Regarding marginal bone loss, the present meta-analysis revealed no statistically 

significant difference between machined and sand-blasted implants. Contrary, a previous 

meta-analysis and a review found that moderately rough implants might induce more bone 

loss than smooth implants (Doornewaard et al., 2017). The difference between the present 

and the previous meta-analysis could be explained by the different populations included, and 

also the higher statistical heterogeneity in the work of Doornewaard and coworkers 

(Doornewaard et al., 2017). However, all included studies recorded marginal bone losses 

with high standard deviations. This hinders accurate statistical comparison; thus, results must 

be interpreted judiciously.  

On the other hand, literature data indicate some general tendencies. Åstrand et al. 

found that most of the bone was lost between implant placement and prosthesis delivery. 

Additionally, this was less in the case of sand-blasted implants (Åstrand et al., 2004).  

However, due to the lack of sufficient data, no meta-analysis could be performed on 

MBL change between implant placement and prosthesis delivery. Moreover, according to 

Figure 7, the mean bone change was in the range of 0 and -0.10 mm for machined; 0.14 and 

-0.20 mm for sand-blasted implants in the first year in the included studies (Åstrand et al., 
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2004; Tawse-Smith et al., 2002). In reality, the difference is very small with negligible 

clinical significance. Based on the findings of Ravald and coworkers, in the time range of 

five years to 12-15 years follow-up the annual mean bone loss gradually decreased. The 

annual mean bone level change was -0.02 for machined and -0.04 mm for sand-blasted 

implants (Ravald et al., 2013).  

On the other hand, evidence exists that bone gain might also happen around implants. 

Åstrand and coinvestigators found a more than 0.6 mm increase in marginal bone level 

around four sand-blasted and two machined implants over a period of five years (Åstrand et 

al., 2004). Another study also observed some increase in marginal bone level, regardless of 

surface varieties. Vroom et al. argued that this results from enhanced corticalization (Vroom 

et al., 2009). 

The different measuring methods of the two outcomes (IF rates and MBL changes), 

might explain the different trends observed in IF rates and MBL changes regarding the 

machined and sand-blasted implant types.   

  Annual measurements of MBL changes may only detect changes in bone level if the 

dental implant is still integrated into the bone with a slow or no rate of bone resorption. When 

bone resorption occurs at a fast rate that all the bone surrounding the implant resorbs within 

a year, implants will be marked as failed and will be excluded from the measurements of 

MBL changes.   

  Nevertheless, several studies show that in terms of the rate of initial bone formation 

machined implants are inferior to implants with rough surface (Bruyn et al., 2017; Piattelli et 

al., 1996; Velasco-Ortega et al., 2016).  The aforementioned findings can be an explanation 

for why a smaller number of implants with rough surface have failed compared to implants 

with smooth surface after the first year of implantation.   

  Ultimately, when it comes to choosing implant types rapid healing stays a key 

characteristic of rough implants as healing time is a crucial factor in modern implantology 

and faster healing is prioritized (Vandeweghe et al., 2016; Vervaeke et al., 2016). 

In our analysis patients with no history of periodontitis were included. In contrast, 

studies conducted on a population with a history of periodontitis show different trends. A 

review article by Quiryen and coinvestigators reports that patients with a history of 
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aggressive periodontitis have two times more bone loss than subjects with healthy 

periodontium (Quirynen et al., 2007). These findings are also supported by a recent RCT 

conducted on patients with severe periodontitis (Raes et al., 2018). Several articles found that 

surface roughness has a great effect on biofilm accumulation (SCHMIDLIN et al., 2013; 

Shrestha et al., 2013; Stavropoulos et al., 2021; Teughels et al., 2006). In the cases where the 

development of periimplantitis is at high risk, machined implants could be the best treatment 

option.  Since machined surfaces have a favourable impact on biofilm formation and in cases 

where bacterial colonization already had occurred decontamination could be carried out with 

higher efficiency than in cases of rough implants (Dank et al., 2019; Lin et al., 2013). A 

review by Quirynen et al. found that there is no difference in implant failure between patients 

with healthy periodontium and patients with a history of periodontitis if machined implants 

were used and supportive periodontal therapy was given. (Quirynen et al., 2007). 

 The present work has a clear implication for clinicians. It was hypothesized that, 

regarding MBL loss and IF rates, there are significant differences between machined and 

sand-blasted implant types. Our study found that sandblasting significantly decreases IF 

rates, however, MBL changes are not significantly affected by sand-blasting.  Thus, it is 

recommended to use moderately rough, sand-blasted implants over machined ones in the case 

of patients with no systemic diseases. Sand-blasted implants support osseointegration with 

fewer complications.  

To improve research in the field the protocols must be further improved to allow the 

collection of standardized data for further analysis. Consistent and standardized reporting on 

several clinical outcomes is needed, for example implant success, bleeding on probing and 

pocket probing depth. 

 
HA is an often-used dermal filler for lip augmentation among non-surgical techniques 

(Chung et al., 2020; Cohen et al., 2013). Numerous primary studies investigated the effect of 

HA fillers, however, their relatively small number of participants involved in the studies 

makes it difficult to draw strong conclusions. Thus this present work aimed to conduct a 

meta-analysis of the available records to increase certainty and level of evidence regarding 

the effectiveness and the AEs related to HA lip augmentation.  
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implies that studies with longer follow-ups are needed. Additionally, publishing AEs should 

be harmonized for meaningful analysis.  

There are several FDA-approved saliva-based assays to test COVID-19 infection. 

However, the studies investigating the effectiveness of saliva-based tests use a relatively 

small sample size. Thus yielding results with high uncertainty and low precision, with weak 

statistical power. Our meta-analysis is the first to evaluate the existing evidence of a saliva-

based approach with the methodology of meta-analysis.  

The present work based on pooled event rates of COVID-19 patients revealed that 

sensitivity for NPS and saliva tests and were 98% (CI 89-100%) and 91% (CI 80-99%) 

respectively. The overlap of confidence intervals suggests that there is not much of a 

difference between the two tests. Although NPS tests tend to be more sensitive no significant 

difference was found between the two tests. In the future thoroughly designed and performed 

studies are needed to establish the relative diagnostic specificities and accuracies of NPS and 

saliva tests.  

Among the included studies only two records have investigated the specificity of the 

saliva (index) test. In one study only one out of 50 healthy participants were detected as 

positive based on the saliva test (Williams et al., 2020). In the other study, only two out of 

98 participants were detected positive based on the index test and they were negative 

according to the reference standard (Wyllie et al., 2020). These results may indicate the true 

difference in specificity of the saliva and NPS tests.   

Although the concept of utilizing saliva specimens to detect viral infections and 

various systemic conditions is by now well-proven (Corstjens et al., 2012; Dawes & Wong, 

2019; Kaczor-Urbanowicz et al., 2017; Keremi et al., 2017; Niedrig et al., 2018), in everyday 

practice application of saliva-based testing is still rare due to scarcity of standardized, well-

established protocols.  

Three conditions must be improved for optimal saliva-based testing (Bhattarai et al., 2018).  

A) Selection and optimization of saliva collecting methods through systematic 

comparison of the available approaches.  

B) Resolution to the issue regarding collection, transportation and storing of saliva 

specimens.  C) Optimalization of the RNA assay method for use with saliva specimens. 
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Particularly, focusing on the internal control, which cannot be human DNA as it is poorly 

presented in saliva (Bae et al., 2020; Fang et al., 2020; To et al., 2020; Williams et al., 2020; 

Wyllie et al., 2020). The standardization of all these three specifications must be carried out 

to obtain sensitive and reliable saliva tests.  

For practice, the present work implies that saliva-based tests with appropriate 

collection methods and carefully adjusted qPCR protocol can be successfully used to screen 

masses. For researchers, the present work implies that more healthy participants should be 

included in the studies to estimate the false positive rate with higher certainty.  

 

Limitations 

A limitation of the present work is the relatively small number of RCTs available and the 

small sample sizes in the topic. The limited amount of published data makes it difficult to 

conduct thorough analyses and comprehensively investigate the grounds of certain trends. 

Insufficient reported data hinders sub-group analysis and thorough investigation of co-

founding factors affecting the results.  

Another limitation is the heterogeneity regarding the methodology used in the 

articles. Although, a huge effort was put into the selection of homogeneous studies this was 

only possible to a limited extent. 

Another limitation was the nonuniform and inconsistent reporting of outcomes. In the 

case of the topic of dental implants, each study published data on clinical outcomes such as 

BoP, however, studies used different reporting schemes hindering meaningful comparison of 

data. In the topic of oral diagnostics, many of the studies did not report false-positive data. 

Another limitation of the present work is that in the topic of dental implants, the 

participants were selected according to prespecified criteria. Hence patients with certain 

health conditions might have an increased risk of complications, not revealed in the studies.  

It is also worth noting that the present analyses could only include published events, 

unpublished events could not be taken into account. Hence AEs associated with 

interventions might be underestimated. 
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6. Conclusion 
The present PhD work applied the methodology of meta-analysis in three extremely 

important, controversial and unsettled dental topics, dental implant surface modifications, 

application of hyaluronic acid dermal fillers in the perioral region and oral diagnostics for 

COVID-19 identification. Analyses were performed to obtain a high level of evidence and to 

outline possible directions for further research in these specified fields of dentistry. As a 

result, the following conclusions were drawn.   

 

1. The data revealed that there is an important and significant difference between moderately 

rough (sand-blasted) and smooth (machined) implant surfaces in terms of implant 

failure rate after five years of follow-up. Sand-blasted implants performed 

significantly better. On the other hand, no significant difference was found in 

marginal bone level loss between the two implant surfaces.  

2. From the findings it can be also concluded that there is a need for comprehensive protocols 

to perform standardized clinical trials in the field of oral implant dentistry. Consistent 

reporting on several clinical outcomes is needed. Such as pocket probing depth, 

bleeding on probing and implant success.  

3, Additionally, we found evidence that hyaluronic acid dermal filler injections are greatly 

efficient for at least up to six months. The present work also provided evidence that 

the lip volume was still significantly increased after a year in almost half of the 

participants.  

4. Moreover, our analysis revealed that most of the AE related to HA injection were moderate 

or mild, however, due to the lack of a longer follow-up period possible delayed 

reaction could not be revealed. Longer follow-up periods are required to establish the 

long-term effect of HA dermal filler injection. 

5. Furthermore the present work provided evidence that saliva-based tests are promising 

candidates to replace nasopharyngeal swab tests for diagnosing COVID-19.  

6. Enhanced and standardized saliva assays may offer a safe collection and reliable diagnosis 

of SARS-CoV-2 virus in the future. However further validation and standardization 
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are still needed for saliva-based tests before they become the standards of clinical 

practice.  

 

 Overall, in the three studies high level of scientific evidence was provided by 

systematically finding and selecting all eligible articles, and then synthetizing them by meta-

analyses, also applying an extremely rigorous quality control. 
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studies, did not perform any) or even if they are, the meta-analyses performed combine all
kinds of moderately rough surfaces. As an outstanding example, the most recent systematic
review pooled together extremely heterogeneous studies, in which there were great differences
in the study design. Thus, in addition to the results of RCTs, also those of uncontrolled trials
and retrospective studies were combined in a single statistical analysis [20], thereby represent-
ing a very high level of bias. To our knowledge, no meta-analysis was performed involving
exclusively RCTs, comparing the effect exerted on osseointegration by sandblasted implants
with that exerted on it by machined implants. We assumed that identifying all relevant publi-
cations and conducting a meta-analysis might overcome the weaknesses of small sample size
and increase the value of evidence in the topic.

The objective of the present meta-analysis and systematic review was to test the hypothesis
that there are significant differences in implant failure rates and marginal bone level changes
between sand-blasted and machined dental implants.

Materials and methods

Protocol and registration
This meta-analysis follows the PRISMA guideline [23]. The PRISMA checklist summarizing
the content of this review is available in the supporting information (S1 Appendix).

The meta-analysis has been registered in Prospero (International Prospective Register of
Systematic Reviews) database, 07/02/2018, registration number: CRD42018084190 (S2
Appendix).

Eligibility criteria
The PICO (patient characteristics, type of intervention, control and outcome) format was
applied to the following clinical question: are there significant differences concerning implant
failure rates and marginal bone level loss between machined and sandblasted dental implants
among healthy patients?

For analysis, we considered records published in scientific journals compiling with our
selected PICO. Patient characteristics: edentulous or partially edentulous participants who do
not have any systemic diseases that would affect the osseointegration of implants. Type of
intervention: treating tooth loss with endosteal dental implants, having undergone sandblast-
ing surface modification. Control: treating tooth loss with endosteal dental implants, with
machined surface (no surface modification). Outcome: the number of implants survived at
each check-up, and changes in marginal bone level around the implants, which are measured
using radiographic images.

Inclusion and exclusion criteria. Publications meeting the following eligibility criteria
were included: 1) randomized controlled trials; 2) intervention: sandblasted implants; 3) con-
trol group: machined implants; 4) healthy participants; 5) similar implant designs. Records
written in English or available in English translations. Exclusion criteria: 1) any publication
type other than randomized controlled trials; 2) application of growth factors; 3) bone aug-
mentation; 4) surface modification only on the implant neck; 5) participants with systemic or
local conditions affecting osseointegration; 6) gray or black literature.

Information sources
A systematic search in English language limited to randomized controlled clinical trials was
performed in three different major electronic databases (Cochrane Central Library, Embase
and PubMed) with records published up to 20 August 2018. Besides electronic databases, an

Implant surface roughness and osseointegration

PLOS ONE | https://doi.org/10.1371/journal.pone.0216428 May 3, 2019 3 / 19

DOI:10.14753/SE.2023.2939

https://doi.org/10.1371/journal.pone.0216428


extensive hand search in the reference list of relevant articles and included records were also
performed to find eligible records.

Search
The following research string, was used in the Cochrane database: ��	
��
����	:��,��,�� ��
	������	:��,��,�� �� 	�������	:��,��,�� �� 	�����������	:��,��,�� �� 	������������	:��,��,��� ���
�	������	:��,��,�� �� 	���������	:��,��,��� ��� 	�
�����	:��,��,��" with Cochrane Library publica-
tion date to Aug 2018, in Trials.

The following search string was used for finding records in Embase: “�	
��
����	:��,��,��
�� 	������	:��,��,�� �� 	�������	:��,��,�� �� 	�����������	:��,��,�� �� 	������������	:��,��,���
��� �	������	:��,��,�� �� 	���������	:��,��,��� ��� 	�
�����	:��,��,�� ��� 	���������� ��������
�����	��� ���  ��!���
"���
#.

The following string was used to search on PubMed: $�
��
���� %�������������" �� ������
 %�������������" �� ������� %�������������" �� ����������� %�������������" �� ������������
 %�������������" �� ���� ������� %�������������"� ��� ������� %�������������" �� ���������
 %�������������"� ��� �
����� %�������������" ��� �&������� %���� ����" ��� �’((()�()�
()’ *��%": ’+(),�(,�+(’ *��%"� ��� -�!���
 ���!"�#

Besides electronic databases, the reference lists of relevant articles were also searched.

Study selection
EndNote reference manger was used to organize and manage records. After removing dupli-
cates, the remaining records were screened for suitability by two authors (L.M.Cz. and B.K.)
based on the titles and abstracts of the published original papers. The eligibility of full texts of
the remaining records was assessed by two reviewers independently (L.M.Cz. and B.K.). Dis-
agreement between reviewers was resolved by discussion or, if it was necessary, by consulting
with a third reviewer (G.V.).

Data collection process and data items
Data extraction was performed by two authors independently (L.M.C. and K.B.) using a pre-
constructed standardized data extraction form. The following information was extracted: first
author’s name, year of publication, sample size, population type (type of edentulism), average
age of participants, gender distribution, design of the studies, implant system for intervention
and control, outcome (implant failure rate, marginal bone loss), conclusion of each study. In
case of disagreement, a third author (G.V.) was also involved.

Risk of bias assessment
Quality and bias of the studies were evaluated according to the Cochrane Handbook [24],
which is a broadly used guideline to assess randomized controlled trials. Studies were evalu-
ated according to 8 domains. 1) Random sequence generation evaluates the strength of the
method used for randomization. 2) Allocation concealment appraises the potential bias during
allocation of the participants. 3) Blinding of participants and personnel assesses whether the
patients and investigators were appropriately blinded to the treatment type. 4) Blinding of out-
come assessment, radiographic outcome evaluates whether the personnel assessing x-ray
images have been blinded. 5) Blinding of outcome assessment, clinical outcome appraises
whether the clinical investigators evaluating the clinical outcome have been blinded. 6) Incom-
plete outcome data evaluate the risk of attrition bias due to withdrawals, loss of participants
during follow ups and other missing data. 7) Selective reporting assesses whether all pre-
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determined outcomes have been measured and reported. 8) Other bias evaluates any other
type of bias not falling into the previous 7 domains [24].

Summary measures and synthesis of results
Pooled Risk Ratio (RRs) with 95% confidence intervals (CIs) and weighted mean difference
(WMD) with 95% CIs were calculated for dichotomous outcomes (IF) and for continuous out-
comes (MBL change expressed in mm) respectively. Negative values in MBL change indicate a
decrease in marginal bone level. Negative values of weighted mean differences indicate a
greater decrease in MBL in sand-blasted implants compared to machined ones. Criteria for
implant failure were defined according to Albrektsson et al. [25] Implant number was chosen
as statistical unit. We only considered results credible if raw data for meta-analysis could be
drawn from at least three records. We applied the random effect model with DerSimonian-
Laird estimation. I2 and chi-square tests were used to quantify statistical heterogeneity and
gain probability-values, respectively; p<0.1 indicated a significant heterogeneity. [24] All sta-
tistical analyses were performed using STATA 15.0.

Risk of bias across studies and additional analyses
Sensitivity analysis was performed by omitting studies (one by one) from the analyses and
recalculating them in order to investigate the impact of the individual studies on the summary
estimate. To check for publication bias, a visual inspection of funnel plots was performed.

Results

Study selection
During the study selection process, a total of 188 records were identified, including one record
found in the reference list of related articles. After removing duplicates, 130 items remained.
During the screening process, 114 records were excluded due to reasons such as other surface
modification (n = 38) or different objectives (n = 76), investigating populations with systemic
disease, evaluating surgical protocols, or comparing different macro designs of implants. For
full-text evaluation 16 records were searched. Out of these publications nine records were
excluded. The reasons for exclusion are explained below. Seven studies were eligible for quali-
tative and quantitative analysis [19, 26–31] (Fig 1).

Study characteristics
Description of excluded studies. Out of the nine excluded records, three records were

not eligible because of evaluating other surface modifications than the ones investigated in this
meta-analysis [32–34]. Two studies reported on previous results of ongoing studies that have
been republished in updated records [35, 36]. Two other records investigated different popula-
tions (periodontitis-susceptible) [37, 38]. One record was not RCT [39] and one other paper
did not describe the surface modification used [40].

Description of the included studies. All involved studies were randomized controlled tri-
als. A total of 722 implants (362 sandblasted and 360 machined) were included in the data syn-
thesis. The populations represented in these studies were uniform, patients with alcohol and
drug consumption or other medication abuse were excluded. Exclusion criteria also included
bruxism, uncontrolled diabetes mellitus or any other significant medical condition that would
affect the process of osseointegration. The mean age of participants in the studies varied
between 50 and 58 years. In the five studies four different implant systems (Astra Tech, Br�ne-
mark, Steri-Oss and Southern Implants) were used. All implants in the control group had
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minimally rough surface and all implants in the intervention group had moderately rough sur-
face [9].

All study groups except one [26] followed the two-stage protocol [41]. However, even in the
study using one-stage protocol, implants were only loaded 3 months following healing at the
lower jaw, and 6 months of healing at the upper jaw. Out of the five studies two [19, 26] treated
edentulism with overdentures, another two [27, 30] used fixed partial bridges. One study [42]
achieved rehabilitation with full arch bridges. The shortest follow-up was 2 years long, and the

Fig 1. PRISMA flow diagram of study selection process.

https://doi.org/10.1371/journal.pone.0216428.g001
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longest lasted for 16 years [29]. Each study provided information on implant failure rate and
marginal bone level change calculated from blinded radiographic measurements. In one study
[26], only two out of four groups were included, two groups using immediate loading protocol
were not included in the analysis. Additionally, MBL measurements of Astrand et al. [31] and
Ravald et al. [28]were excluded since the reported patient-based data could not be converted
to implant-based data to match the statistics of other studies. A detailed description of these
studies is shown in Tables 1 and 2.

Table 1. Summary of study characteristics.

Author �strand et al. (2004)andRavald
et al. (2013)�

Gotfredsen et al. (2001) Steenberghe et al. (2000) and
Jacobs et al. (2010)�

Tawse-Smith et al.
(2002)

Vroom et al. (2009)

Study type block randomization separate
for upper and lower jaw, with
equal probability of receiving

either implant type

alternating implant placement split-mouth design random allocation
to either implant

system on a one-by-
one basis

alternating implant
placement

Country Sweden 4 Scandinavian countries Belgium New Zealand not stated
Age �� = 61.5 �� = 53 �� = 59.7 55–80 �� = 53

Number of
participants

males: 28, females: 38 males: 25, females: 25 males: 6, females: 12 total: 48 males: 7, females: 13

Extent of teeth
loss

edentulous partially edentulous partially edentulous edentulous
(mandible only)

edentulous
(mandible only)

Sand-blasted
implant

(intervention)

Astra Tech implants Astra Tech implants Astra Tech implants Southern Implants Astra Tech implants

Machined
implants
(control)

Branemark System MK II Astra Tech implants Branemark System MK II Sterioss Astra Tech implants

Surgical protocol two-stage technique (3 months
and 6 months healing in the

lower and upper jaw respectively
before abutment placement

two-stage technique (3–4
months and 6–7 months healing

in the lower and upper jaw
respectively before abutment

placement

two-stage technique (3–4
months and 6–7 months

healing in the lower and upper
jaw respectively before
abutment placement

one-stage technique
(3 months of

healing before
loading)

two-stage technique
(3–4 months healing

before abutment
placement

�The publications of Ravald et al (2013) and Jacobs et al (2010) are the continuations of the studies published by �strand et al (2004); and Steenberghe et al (2000)
respectively.

https://doi.org/10.1371/journal.pone.0216428.t001

Table 2. Summary of study characteristics.

Author �strand et al. (2004) and
Ravald et al. (2013)�

Gotfredsen et al. (2001) Steenberghe et al.
(2000) and Jacobs et al.

(2010)�

Tawse-Smith et al. (2002) Vroom et al. (2009)

Type of
prosthesis

full-arch fixed bridges screw retained fixed partial
prosthesis

screw retained fixed
partial prosthesis

implant supported overdenture implant supported
overdenture

Outcome IF, MBL change, BOP,
plaque accumulation, pain,
suprastructure complications

IF, MBL change, BOP,
paraesthesia, periimplant
inflammation, pain,
suprastructure complications

IF, MBL change, sulcus
bleeding index, PPD
presence of plaque

IF, MBL change, sulcus bleeding
index, PPD, implant stability
measurement (Periotest), modified
plaque index

IF, MBL change,
bleeding index. PPD,
presence of calculus

Follow-up
time

5 and 12�years 5 years 2 and 15�years 2 years 12 years

�The publications of Ravald et al (2013) and Jacobs et al (2010) are the continuations of the studies published by �strand et al (2004); and Steenberghe et al (2000)
respectively.
IF: implant failure
MBL: marginal bone level
BOP: bleeding on probing
PPD: probing pocket depth

https://doi.org/10.1371/journal.pone.0216428.t002
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Risk of bias within studies
Bias in the studies was assessed according to the Cochrane Risk of Bias Tool. All seven
included studies were included in the risk of bias assessment, however two pairs of studies [28,
31] and [27, 29] were evaluated together because the study of Ravald et al [28] and Jacobs et al.
[29] are the continuation of previous studies of �strand and coworkers [31] and those of
Steenberghe and coinvestigators [27], respectively.

Two studies [26, 27] had unclear random sequence generation, and other two [19, 30] had a
high risk of allocation concealment, due to the predictable sequence generation process used.
All studies performed blinding during the evaluation of x-ray images. However, due to its
nature, no blinding could be carried out evaluating the implants clinically. Dropouts were iden-
tified in four studies [19, 26, 30, 31], two of these with unclear risk of bias.[19, 26]. Access was
not gained to study protocols or trial registers, however, no intext evidence of selective reporting
was found. Fig 2, S1 Table and S3 Appendix contain the summary of the risk of bias assessment.

Results of individual studies and synthesis of results
Sandblasted implants are better than machined implants concerning implant failure at

1, 2 and 5–6 years. Data for implant failure analysis after one year were pooled from five
studies [19, 26, 27, 30, 31]. The results show that there is an 80% lower risk for sand-blasted
implants to fail compared to machined implants after one year of use (RR = 0.20 95% CI: 0.06–
0.67; I2 = 0.0% p = 0.986) (Fig 3 and S1 File).

Data for cumulative implant failure after two years could be pooled from five studies [19,
26, 27, 30, 31]. The meta-analysis revealed that the risk of sand-blasted implant failure is 81%
lower than that of machined implants (RR = 0.19 95% CI: 0.05–0.64; I2 = 0.0% p = 0.977) (Fig
4 and S1 File).

Data for analyzing the effect of sandblasting on implant failure after five or six years’ fol-
low-up were pooled from four studies [19, 29–31]. The results indicate that there is a 74%
lower risk of sandblasted implants to fail (RR = 0.26 95% CI: 0.09–0.74; I2 = 0.0% p = 0.968)
(Fig 5 and S1 File).

Fig 2. Risk of bias graph. Percentage of each risk of bias item across included studies.

https://doi.org/10.1371/journal.pone.0216428.g002
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Results for cumulative IF after 12–15 years were synthesized from 3 studies [19, 28, 29].
Results show that there is no significant difference between the two treatment types (RR = 0.68
95% CI: 0.29–1.57; I2 = 0.0% p = 0.590) (Fig 6 and S1 File).

No detectable difference in MBL between sand-blasted and machined
implants after 5 years of follow up
MBL change was analyzed one and five years after the delivery of the final prosthesis One-year
data were pooled from three studies [19, 26, 27]. No significant difference was found between
the two surface treatments, (weighted mean difference = -0.10, 95% CI: -0.20–0.01; p>0.05; I2

= 0.0%, p = 0.560) (Fig 7 and S1 File). Data for 5-year analysis were pooled from three studies
[19, 29, 30]. The statistical analysis clearly shows that the difference is not significant between
the two implant surface types, the line of null effect falls within the range of the confidence
interval (weighted mean difference = 0.00, 95% CI: -0.13–0.14; p>0.05; I2 = 26.2%, p = 0.258)
(Fig 8 and S1 File).

Risk of bias across studies and additional analysis
Funnel plot analyses indicated a moderate level of publication bias (S4 Appendix). Statistical
heterogeneity was not important in the results of IF at all time points. I2 values were 0.0% and

Fig 3. Forest plot analysis of implant failure rate after one year.

https://doi.org/10.1371/journal.pone.0216428.g003
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p values varied between 0.590 and 0.986 (Figs 3, 4, 5 and 6). Heterogeneity was also negligible
in the results of MBL change at 1 year (I2 = 0.0%, p = 0.560) (Fig 7). I2 (26.2%) and p (0.258)
values indicated a slightly higher level of statistical heterogeneity for the results of MBL change
at 5 years (Fig 8), however, this was still considered insignificant. [24].

Sensitivity analysis showed that the removal of the study of Astrand et al. [31] decreases the
significance of the results of pooled risk ratio analysis at one, two and five/six years following
implantation. This is most likely due to the large sample size of that study compared to the
other RCTs.

Discussion

Summary of evidence
As a result of extensive investigations conducted in the past decades, several methods for
implant surface modifications have emerged and numerous studies claimed superiority for
one or other roughened surfaces. [43–45] However, no evidence supports a single decisive
hypothesis. Therefore, the contradictory conclusions of the literature require further studies
and careful re-analysis. As our objective stated, we re-evaluated the performance of sand-
blasted implant surface over machined ones. To obtain the highest level of evidence, a meta-
analysis was conducted including only RCTs available on the topic but excluding uncontrolled

Fig 4. Forest plot analysis of cumulative implant failure rate after two years.

https://doi.org/10.1371/journal.pone.0216428.g004
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trials and retrospective studies. Implant stability was evaluated by measuring MBL changes
and comparing cumulative implant failure rates. After appropriate selection, seven RCTs, 202
patients, having 362 sand-blasted and 360 machined implants could be included in our com-
plex approach.

Our meta-analysis revealed that implant failure rates were significantly different between
machined implants and sand-blasted ones. In contrast, the results of the individual RCTs
could not reveal a significant difference between the two types of surfaces. This gained differ-
ence reflects the increased number of samples and the high power of statistical methods of
meta-analysis. Most implant failures happened during the first year after implantation. The
reason for this could be that the surface modification of sandblasted implants creates a rougher
surface which enhances the processes of bone formation on the implant itself. [46] Indepen-
dent researchers published similar observations on other moderately rough surfaces, too. [47]
Our results also show that after one year, when osseointegration has already taken place, the
difference between the two surfaces diminish and the significance of the difference between
implant failures disappear. Additionally, a histological study, using small sample size, also con-
firmed that, in the long term, both implant types maintained a decent level of osseointegration.
It was found that after 5 years the bone-implant contact level was 92.7% for machined and
81.2% for sand-blasted implants. [48].

Fig 5. Forest plot analysis of cumulative implant failure rate after 5/6 years.

https://doi.org/10.1371/journal.pone.0216428.g005
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In the case of MBL change, our meta-analysis demonstrated no significant difference
between the two implant types. The results of the individual RCTs included in our meta-analy-
sis did not reveal any significant difference either. In contrast, a recent meta-analysis and also
a novel review comparing machined implants to surface-modified implants concluded that
rough implants may cause more bone loss [9, 20]. The discrepancy between the meta-analysis
reported by Doornewaard and coworkers [9] and our results could arise from the fact that we
only examined sandblasted implants and excluded all other surface modifications in order to
decrease heterogeneity. Additionally, they might have included patients with periodontitis,
which was an exclusion factor in our case. Moreover, Wennerberg et al. [20] included not only
RCTs, but also uncontrolled trials and retrospective studies in their analysis. Thus, they used a
different statistical approach yielding high statistical heterogeneity, which might fundamen-
tally influence the outcome [20]. Nevertheless, in all included studies, MBL measurements
resulted in high standard deviations, which hinder any accurate statistical comparison. There-
fore, the results have to be interpreted carefully.

However, some general trends are indicated by literature data. �strand and coworkers
argued that the greatest loss in marginal bone occurred between implant placement and pros-
thesis connection [31]. This change was found to be greater in machined than in sand-blasted
implants [31]. Unfortunately, no published data on MBL change between implant placement
and prosthesis connection are available for meta-analysis. Furthermore, based on data shown

Fig 6. Forest plot analysis of cumulative implant failure rate after 12/15 years.

https://doi.org/10.1371/journal.pone.0216428.g006
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in Fig 7, the mean bone change within the RCTs was between 0 and -0.10 mm for machined,
-0.14 and -0.2 mm for sand-blasted implants from baseline to the first year, which is, in fact,
very small [26, 31]. According to Ravald and coinvestigators, the mean annual bone loss
decreased gradually after five years. The annual mean bone attachment change was -0.02 and
-0.04 mm for machined and sand-blasted implants, respectively, between five years and the
end of the 12–15 years’ follow-up period [28]. In addition, there is evidence that bone gain can
also occur around implants. The RCT of �strand et al. reported more than 0.6 mm increase in
MBL around 4 sandblasted and 2 machined implants over five years [31]. Vroom and cowork-
ers also noted an increase in MBL around some implants with not much difference between
the two surface types. The authors of this study argue that bone gain is a result of increased
bone corticalization [19].

The different trends in MBL change and IF concerning the two implant types can be
explained by the differences between the two measuring methods. MBL measurements can
only detect bone changes when the implant is still stable at the annual checkup. If bone resorp-
tion takes place so quickly that all the bone is resorbed within a year, the implants will be
labeled to have failed and excluded from the MBL measurements, hence they no longer influ-
ence MBL changes. Indeed, numerous studies show that the initial bone formation takes place
at a faster rate around rough surface implants than around machined ones [7, 49, 50]. This
may also explain why fewer sand-blasted implants failed compared to machined ones in the

Fig 7. Forest plot analysis of marginal bone level change after one year.

https://doi.org/10.1371/journal.pone.0216428.g007
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first year after implantation. In addition, fast healing remains a key attribute of rough implants
since healing time is a key element in modern implantology and implants with faster healing
are prioritized [51, 52].

The present study has a clear message for clinicians. We hypothesized that, concerning
implant failure rates and marginal bone level loss, there are significant differences between
sandblasted and machined dental implants. Our meta-analysis provided evidence that sand-
blasting, indeed, significantly lowers implant failure rates although does not significantly affect
marginal bone level changes. Thus, we recommend the use of sandblasted, moderately rough
implants for patients with no systemic diseases as such implants support the osseointegration
process with fewer complications than machined implants.

Limitations
A major limitation of the present paper is the relatively small number of randomized con-
trolled trials available regarding this topic. Despite the large number of records found by the
systematic search, only seven could be included. The limited number of reported data makes it
impossible to perform sub-group analyses and to thoroughly investigate the causes behind cer-
tain trends. Another issue that hinders in-depth analysis is the inhomogeneous reporting of
outcome parameters. Some studies report the data separately for the lower and upper jaws,
whereas others only report combined data. All studies reported one or two clinical parameters

Fig 8. Forest plot analysis of marginal bone level change after 5 years.

https://doi.org/10.1371/journal.pone.0216428.g008
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such as bleeding on probing. However, the use of different reporting schemes made compari-
son impossible for bleeding on probing tests, among others. Another limitation of the present
work is that its conclusions apply only to healthy populations. There are several confounding
factors which might create unfavorable conditions for moderately rough implants, such as
patients with severe periodontitis [53]. However, these conditions were excluded from our
analysis. Uncontrolled or unknown confounding factors not evenly affecting intervention and
control groups may also contribute to differences in the outcomes. Finally, limitations of this
meta-analysis include the heterogeneity of the implants used. Although implants with identical
macro designs would be preferred, this was not really possible.

In conclusion, within the limitations of this meta-analysis, the results reveal that sandblast-
ing is superior over machined surface concerning implant failure. On the other hand, no sig-
nificant difference was found regarding marginal bone level changes between the two implant
types. Our in-depth analysis of the literature also highlights that results are highly sensitive to
heterogeneity and study design, which may lead to contradictory conclusions. In the future,
consistent reporting on more clinical outcomes such as bleeding on probing, pocket probing
depth and implant success rates are needed. Evaluation could be more meaningful if implant
success is evaluated by RCTs rather than case-based implant failure studies. Therefore, a com-
prehensive protocol should be compiled to guide clinicians conducting valuable RCTs evaluat-
ing implant performance in order to decrease heterogeneity of papers and to increase clinical
applicability.
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Section/topic  # Checklist item  Reported 
on page # 

Risk of bias across studies  15 
Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  10 

Additional analyses  16 
Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  10 

RESULTS  

Study selection  17 
Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  10-11 

Study characteristics  18 
For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  11-14 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  15 

Results of individual studies  20 
For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  15-17 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  15-17 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  17 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  17 

DISCUSSION  

Summary of evidence  24 
Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers).  18-21 

Limitations  25 
Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  21 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  21-22 

FUNDING  

Funding  27 
Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review.  22 

 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 
doi:10.1371/journal.pmed1000097  

For more information, visit: www.prisma-statement.org.  
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Review stage Started Completed

Preliminary searches Yes Yes

Piloting of the study selection process Yes Yes

Formal screening of search results against eligibility criteria Yes No

Data extraction No No

Risk of bias (quality) assessment No No

Data analysis No No

Provide any other relevant information about the stage of the review here (e.g. Funded proposal, protocol not
yet finalised).
 

6. * Named contact.
 
The named contact acts as the guarantor for the accuracy of the information presented in the register record.
 
László Márk Czumbel

Email salutation (e.g. "Dr Smith" or "Joanne") for correspondence:
 
Dr Czumbel

7. * Named contact email.
 
Give the electronic mail address of the named contact. 
 
czumbel.laszlo@dent.semmelweis-univ.hu

8. Named contact address
 
Give the full postal address for the named contact.
 

9. Named contact phone number.
 
Give the telephone number for the named contact, including international dialling code.
 

10. * Organisational affiliation of the review.
 
Full title of the organisational affiliations for this review and website address if available. This field may be
completed as 'None' if the review is not affiliated to any organisation.
 
Department of Oral Biology, Semmelweis University, Budapest
Institute for Translational Medicine, Medical School, University of Pécs

Organisation web address:
 

11. Review team members and their organisational affiliations.
 
Give the title, first name, last name and the organisational affiliations of each member of the review team.
Affiliation refers to groups or organisations to which review team members belong.
 

12. * Funding sources/sponsors.
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Give details of the individuals, organizations, groups or other legal entities who take responsibility for
initiating, managing, sponsoring and/or financing the review. Include any unique identification numbers
assigned to the review by the individuals or bodies listed.
 
EFOP GRANT NUMBER: EFOP-3.6.2.-16-2017-00006

13. * Conflicts of interest.
 
List any conditions that could lead to actual or perceived undue influence on judgements concerning the
main topic investigated in the review.
 
None
 

14. Collaborators.
 
Give the name and affiliation of any individuals or organisations who are working on the review but who are
not listed as review team members.
 

15. * Review question.
 
State the question(s) to be addressed by the review, clearly and precisely. Review questions may be specific
or broad. It may be appropriate to break very broad questions down into a series of related more specific
questions. Questions may be framed or refined using PI(E)COS where relevant.
 
Is there a significant difference in implant survival and marginal bone loss between sand-blasted and
machined dental implants? 

16. * Searches.
 
Give details of the sources to be searched, search dates (from and to), and any restrictions (e.g. language or
publication period). The full search strategy is not required, but may be supplied as a link or attachment.
 
We will perform our search in three electronic databases: Cochrane Library, EMBASE and PubMed. In
addition, reference list of eligible studies and review articles will be also searched.  The search query for EMBASE is (('machined':ti,ab,kw OR 'turned':ti,ab,kw OR 'blasted':ti,ab,kw
OR 'sandblasted':ti,ab,kw OR 'sand-blasted':ti,ab,kw) AND 'dental':ti,ab,kw OR 'dentistry':ti,ab,kw)
AND 'implant':ti,ab,kw AND [randomized controlled trial]/lim. Similar search terms are used for the other two
databases too. Eligibility for inclusion will be decided following the inclusion/exclusion criteria.

 

17. URL to search strategy.
 
Give a link to the search strategy or an example of a search strategy for a specific database if available
(including the keywords that will be used in the search strategies).
   
Alternatively, upload your search strategy to CRD in pdf format. Please note that by doing so you are
consenting to the file being made publicly accessible.
  
Do not make this file publicly available until the review is complete

18. * Condition or domain being studied.
 
Give a short description of the disease, condition or healthcare domain being studied. This could include
health and wellbeing outcomes.
 
Treatment of teeth loss with dental implants.

19. * Participants/population.
 
Give summary criteria for the participants or populations being studied by the review. The preferred format
includes details of both inclusion and exclusion criteria.
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Inclusion criteria: 1) randomized controlled trials; 2) control group: machined implants; 3)intervention: sand-
blasted implants; 4) healthy participants, 5) similar implant design. Exclusion criteria: 1) using growth factors;
2) bone augmentation; 3) surface modification only on the implant neck; 4) participants with systemic
condition affecting osseointegration.

20. * Intervention(s), exposure(s).
 
Give full and clear descriptions or definitions of the nature of the interventions or the exposures to be
reviewed.
 
Treating teeth loss with endosteal dental implants, undergoing sand-blasting surface modification.

21. * Comparator(s)/control.
 
Where relevant, give details of the alternatives against which the main subject/topic of the review will be
compared (e.g. another intervention or a non-exposed control group). The preferred format includes details
of both inclusion and exclusion criteria. 
 
Treating teeth loss with endosteal dental implants, with no surface modification (machined surface).

22. * Types of study to be included.
 
Give details of the types of study (study designs) eligible for inclusion in the review. If there are no
restrictions on the types of study design eligible for inclusion, or certain study types are excluded, this should
be stated. The preferred format includes details of both inclusion and exclusion criteria.
 
Only randomized controlled trials will be included in the meta-analysis.

23. Context.
 
Give summary details of the setting and other relevant characteristics which help define the inclusion or
exclusion criteria.
 

24. * Primary outcome(s).
 
Give the pre-specified primary (most important) outcomes of the review, including details of how the outcome
is defined and measured and when these measurement are made, if these are part of the review inclusion
criteria.
 
Primary outcomes are the number of survived implants  at check-ups, and changes in marginal bone level
around the implants, which are measured using radiographic images.

Timing and effect measures
 

25. * Secondary outcome(s).
 
List the pre-specified secondary (additional) outcomes of the review, with a similar level of detail to that
required for primary outcomes. Where there are no secondary outcomes please state ‘None’ or ‘Not
applicable’ as appropriate to the review
 
None

Timing and effect measures
 

26. Data extraction (selection and coding).
 
Give the procedure for selecting studies for the review and extracting data, including the number of
researchers involved and how discrepancies will be resolved. List the data to be extracted.
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27. * Risk of bias (quality) assessment.
 
State whether and how risk of bias will be assessed (including the number of researchers involved and how
discrepancies will be resolved), how the quality of individual studies will be assessed, and whether and how
this will influence the planned synthesis. 
 
Risk of bias will be assessed according to the Cochrane Handbook, Cochrane Risk of Bias
Tool. Included records will be assessed by two review authors independently. Differences between the two
reviews will be discussed until agreement is reached. If it is necessary a third review author will be involved.
Records which show evidence of no randomization, will be excluded from data synthesis.

28. * Strategy for data synthesis.
 
Give the planned general approach to synthesis, e.g. whether aggregate or individual participant data will be
used and whether a quantitative or narrative (descriptive) synthesis is planned. It is acceptable to state that a
quantitative synthesis will be used if the included studies are sufficiently homogenous.
 
In our meta-analysis we will focus on analytical approaches besides descriptive synthesis of the findings.
Where appropriate, for continuous data mean difference and for dichotomous data relative risk (RR) values
(with 95% confidence interval) will be calculated. In addition, contribution weight of studies and statistical
heterogeneity will be also calculated. For statistical significance p 0.05 will be used. Statistical calculations
will be performed with STATA software (StataCorp LLC, USA)

29. * Analysis of subgroups or subsets.
 
Give details of any plans for the separate presentation, exploration or analysis of different types of
participants (e.g. by age, disease status, ethnicity, socioeconomic status, presence or absence or co-
morbidities); different types of intervention (e.g. drug dose, presence or absence of particular components of
intervention); different settings (e.g. country, acute or primary care sector, professional or family care); or
different types of study (e.g. randomised or non-randomised). 
 
If possible, subgroup analysis will be performed to decrease potential heterogeneity.

30. * Type and method of review.
 
Select the type of review and the review method from the lists below. Select the health area(s) of interest for
your review. 
 

Type of review
Cost effectiveness 
No

Diagnostic 
No

Epidemiologic 
No

Individual patient data (IPD) meta-analysis 
No

Intervention 
Yes

Meta-analysis 
Yes

Methodology 
No

Network meta-analysis 
No

Pre-clinical 
No

Prevention 
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No

Prognostic 
No

Prospective meta-analysis (PMA) 
No

Qualitative synthesis 
Yes

Review of reviews 
No

Service delivery 
No

Systematic review 
No

Other 
No

 
 

Health area of the review
Alcohol/substance misuse/abuse 
No

Blood and immune system 
No

Cancer 
No

Cardiovascular 
No

Care of the elderly 
No

Child health 
No

Complementary therapies 
No

Crime and justice 
No

Dental 
Yes

Digestive system 
No

Ear, nose and throat 
No

Education 
No

Endocrine and metabolic disorders 
No

Eye disorders 
No

General interest 
No

Genetics 
No

Health inequalities/health equity 
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No

Infections and infestations 
No

International development 
No

Mental health and behavioural conditions 
No

Musculoskeletal 
No

Neurological 
No

Nursing 
No

Obstetrics and gynaecology 
No

Oral health 
Yes

Palliative care 
No

Perioperative care 
No

Physiotherapy 
No

Pregnancy and childbirth 
No

Public health (including social determinants of health) 
No

Rehabilitation 
No

Respiratory disorders 
No

Service delivery 
No

Skin disorders 
No

Social care 
No

Surgery 
No

Tropical Medicine 
No

Urological 
No

Wounds, injuries and accidents 
No

Violence and abuse 
No

31. Language.
 
Select each language individually to add it to the list below, use the bin icon  to remove any added in error.
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 English
 
There is not an English language summary

32. Country.
 
Select the country in which the review is being carried out from the drop down list. For multi-national
collaborations select all the countries involved.
  Hungary

33. Other registration details.
 
Give the name of any organisation where the systematic review title or protocol is registered (such as with
The Campbell Collaboration, or The Joanna Briggs Institute) together with any unique identification number
assigned. (N.B. Registration details for Cochrane protocols will be automatically entered). If extracted data
will be stored and made available through a repository such as the Systematic Review Data Repository
(SRDR), details and a link should be included here. If none, leave blank.
 

34. Reference and/or URL for published protocol.
 
Give the citation and link for the published protocol, if there is one
  
Give the link to the published protocol. 
  
Alternatively, upload your published protocol to CRD in pdf format. Please note that by doing so you are
consenting to the file being made publicly accessible.
 
No I do not make this file publicly available until the review is complete
 
Please note that the information required in the PROSPERO registration form must be completed in full even
if access to a protocol is given.

35. Dissemination plans.
 
Give brief details of plans for communicating essential messages from the review to the appropriate
audiences.
 

Do you intend to publish the review on completion?
 
Yes

36. Keywords.
 
Give words or phrases that best describe the review. Separate keywords with a semicolon or new line.
Keywords will help users find the review in the Register (the words do not appear in the public record but are
included in searches). Be as specific and precise as possible. Avoid acronyms and abbreviations unless
these are in wide use.
 

37. Details of any existing review of the same topic by the same authors.
 
Give details of earlier versions of the systematic review if an update of an existing review is being registered,
including full bibliographic reference if possible.
 

38. * Current review status.
 
Review status should be updated when the review is completed and when it is published.
Please provide anticipated publication date
 
Review_Ongoing
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Supplementary Appendix 4. Publication bias (funnel plots). 

Funnel plot for pooled risk ratio analysis of implant failure rate after 1 year. 
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Funnel plot for pooled risk ratio analysis of implant failure rate after 2 years. 
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Funnel plot for pooled risk ratio analysis of implant failure rate after 5-6 years. 
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Funnel plot for pooled risk ratio analysis of implant failure rate  

after 12-15 years. 
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Funnel plot for weighted mean difference of marginal bone level change 

 after 1 year. 
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Funnel plot for weighted mean difference of marginal bone level change 

after 5 years. 
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1 
 

First author and title:  Astrand, P. 2004 
Astra Tech and Brånemark system implants: a 5-year prospective study of marginal bone 
reactions 
(The continuation of the study was published by Ravald et al. 2013 
Long-term evaluation of Astra Tech and Brånemark implants in patients treated with full-arch 
bridges. Results after 12-15 years) 
Bias Authors 

judgement 
Support for judgement 

Random sequence 
generation (selection 
bias) 

Low risk  �4�X�R�W�H�����³�« patients were randomized in blocks with 
an equal probability of receiving Astra Tech or 
Brånemark �V�\�V�W�H�P���L�P�S�O�D�Q�W�V���´ 

Allocation concealment 
(selection bias) 

Unclear Comment: Not described. 

Blinding of 
participants and 
personnel 
(performance bias) 

High risk Comment: No blinding described, and probably no 
blinding occurred, due to the fact that different 
implant systems need different surgical protocols 
and special abutments for denture fixation thus 
study personnel must know the implant type. 

Blinding of outcome 
assessment (detection 
bias) radiographic 
outcome 

Low risk  �4�X�R�W�H�����³�$���V�S�H�F�L�D�O�L�V�W���L�Q���R�U�D�O���U�D�G�L�R�O�R�J�\�����Z�K�R���G�L�G���Q�R�W 
take part in the clinical treatment, performed the 
�U�D�G�L�R�J�U�D�S�K�L�F���H�Y�D�O�X�D�W�L�R�Q���´ 

Blinding of outcome 
assessment (detection 
bias) clinical outcome 

High risk Comment: Probably no blinding due to the nature of 
outcome. 

Incomplete outcome 
data (attrition bias) 

Low risk  Comment: 3 patients were excluded, one lost the 
implants (Brånemark), the other two died (Astra). 
However, all patients were included in the 
cumulative survival analysis.  

Selective reporting 
(reporting bias) 

Unclear risk Comment: No access to study protocol or trial 
registry entry, but no intext evidence of reporting 
bias.  

Other bias Low risk Comment: Study appears to be free of other sources 
of risk. 
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First author and title:  Gotfredsen, K. 2001 
A prospective 5-year study of fixed partial prostheses supported by implants with machined 
and TiO2-blasted surface 
Bias Authors 

judgement 
Support for judgement 

Random sequence 
generation (selection 
bias) 

Low risk Quote: �´�$ stratification and a randomization of the 2 
surface groups were done. The first implants were 
�V�H�O�H�F�W�H�G���D�W���U�D�Q�G�R�P���E�\���G�U�D�Z�L�Q�J���O�R�W�V�«�´ 

Allocation 
concealment (selection 
bias) 

High risk �4�X�R�W�H�����³�«�W�K�H�U�H�D�I�W�H�U���W�K�H���L�P�S�O�D�Q�W�V���Z�L�W�K���G�L�I�I�H�U�H�Q�W 
surface �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V���Z�H�U�H���L�Q�V�H�U�W�H�G���D�O�W�H�U�Q�D�W�H�O�\���´ 

Blinding of 
participants and 
personnel 
(performance bias) 

High risk Comment: No blinding described, and probably no 
blinding occurred, due to the fact that different 
implant systems need different surgical protocols 
and special abutments for denture fixation thus study 
personnel must know the implant type. 

Blinding of outcome 
assessment (detection 
bias) radiological 
outcome 

Low risk �4�X�R�W�H�����³�$�Q���H�[�S�H�U�L�H�Q�F�H�G radiologist, not otherwise 
involved in the study, evaluated all the radiographs, 
�E�O�L�Q�G�O�\���´ 

Blinding of outcome 
assessment (detection 
bias) clinical outcome 

High risk Comment: No blinding described, due to the 
difference in characteristics of the two implant 
systems evaluators could differentiate between the 
two. 

Incomplete outcome 
data (attrition bias) 

Low risk Comment: 10 % of participants dropped out (eight 
from both implant  types), otherwise no missing 
data. 

Selective reporting 
(reporting bias) 

Unclear risk Comment: No access to study protocol or trial 
registry entry, but no intext evidence of reporting 
bias.  

Other bias Low risk Comment: Study appears to be free of other sources 
of risk. 
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3 
 

�$�U�W�L�F�O�H�¶�V���I�L�U�V�W���D�X�W�K�R�U���D�Q�G���W�L�W�O�H����Steenberghe, D 2000 
A prospective split-mouth comparative study of two screw-shaped self-tapping pure titanium 
implant systems 
(The continuation of the study was published by Jacobs et al. 2010 
A split-mouth comparative study up to 16 years of two screw-shaped titanium implant systems) 
Bias Authors 

judgement 
Support for judgement 

Random sequence 
generation (selection 
bias) 

Unclear risk �4�X�R�W�H�����³�« randomized for the jaw in which both 
�L�P�S�O�D�Q�W���V�\�V�W�H�P�V���Z�H�U�H���D�S�S�O�L�H�G���´ 

Allocation 
concealment (selection 
bias) 

Unclear risk Comment: Way of randomization and allocation 
concealment are not described in the study. 

Blinding of 
participants and 
personnel 
(performance bias) 

High risk Comment: No blinding described, and probably no 
blinding occurred, due to the fact that different 
implant systems need different surgical protocols 
and special abutments for denture fixation thus study 
personnel must know the implant type. 

Blinding of outcome 
assessment (detection 
bias) radiological 
outcome 

Low risk Comment: Blinding of outcome assessment not 
described but unlikely to affect measurement of this 
outcome. 

Blinding of outcome 
assessment (detection 
bias) clinical outcome 

High risk Comment: No blinding described, due to the 
difference in characteristics of the two implant 
systems evaluators could differentiate between the 
two. 

Incomplete outcome 
data (attriti on bias) 

Low risk Comment: No drop outs. 

Selective reporting 
(reporting bias) 

Unclear risk Comment: No access to study protocol or trial 
registry entry, but no intext evidence of reporting 
bias.  

Other bias Low risk Comment: Study appears to be free of other sources 
of risk. 
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4 
 

�$�U�W�L�F�O�H�¶�V���I�L�U�V�W���D�X�W�K�R�U���D�Q�G���W�L�W�O�H����Tawse-Smith, A. 2001 
One-stage operative procedure using two different implant systems: a prospective study on 
implant overdentures in the edentulous mandible 
Bias Authors 

judgement 
Support for judgement 

Random sequence 
generation (selection 
bias) 

Unclear risk �4�X�R�W�H�����³�S�D�U�W�L�F�L�S�D�Q�W�V���Z�H�U�H���U�D�Q�G�R�P�O�\���V�H�O�H�F�W�H�G���I�U�R�P��
those requesting the placement of osseointegrated 
�,�P�S�O�D�Q�W�V�«�´�� 
Comment: However, the method for randomization 
is not described. 

Allocation 
concealment (selection 
bias) 

Unclear risk Comment: Selection method not described. 

Blinding of 
participants and 
personnel 
(performance bias) 

High risk Comment: No blinding described, and probably no 
blinding occurred, due to the fact that different 
implant systems need different surgical protocols 
and special abutments for denture fixation thus study 
personnel must know the implant type. 

Blinding of outcome 
assessment (detection 
bias) radiological 
outcome 

Low risk Comment: Blinding of outcome assessment not 
described but unlikely to affect measurement of this 
�R�X�W�F�R�P�H�����³�V�W�D�Q�G�D�U�G�L�]�H�G���L�Q�W�U�D�R�U�D�O���U�D�G�L�R�J�U�D�S�K�V�´���Z�H�U�H��
used. 

Blinding of outcome 
assessment (detection 
bias) clinical outcome 

High risk Comment: No blinding described, due to the 
difference in characteristics of the two implant 
systems evaluators could differentiate between the 
two. 

Incomplete outcome 
data (attrition bias) 

Unclear risk Comment: Two participants dropped out, no reason 
was given. 

Selective reporting 
(reporting bias) 

Unclear risk Comment: No access to study protocol or trial 
registry entry, but no intext evidence of reporting 
bias.  

Other bias Low risk Comment: Study appears to be free of other sources 
of risk. 
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5 
 

�$�U�W�L�F�O�H�¶�V���I�L�U�V�W���D�X�W�K�R�U���D�Q�G���W�L�W�O�H�����9�Uoom, M. G. 2009 
Effect of surface topography of screw-shaped titanium implants in humans on clinical and 
radiographic parameters: a 12-year prospective study 
Bias Authors 

judgement 
Support for judgement 

Random sequence 
generation (selection bias) 

Low risk �4�X�R�W�H�����³The type of implant surface texture 
used at this location was randomly assigned 
using a computer-generated randomization 
�V�F�K�H�G�X�O�H���´ 

Allocation concealment 
(selection bias) 

High risk �4�X�R�W�H�����³�7�K�H�U�H�D�I�W�H�U�����W�K�H���W�Z�R types of implants 
were placed al�W�H�U�Q�D�W�L�Y�H�O�\�«�´ 

Blinding of participants 
and personnel 
(performance bias) 

Unclear risk Comment: The blinding was not described. 

Blinding of outcome 
assessment (detection 
bias) radiographic 
outcome 

Low risk Comment: Blinding of outcome assessment not 
described but unlikely to affect measurement of 
this outcome.  
Quote: �³Standardized intra-oral radiographs 
were�«���P�D�G�H�«��T�K�H���U�D�G�L�R�J�U�D�S�K�V���«���Z�H�U�H��
analyzed using a commercially available dental 
X-ray �V�R�I�W�Z�D�U�H���S�U�R�J�U�D�P�´���� 

Blinding of outcome 
assessment (detection 
bias) clinical outcome 

Unclear risk Comment: The blinding was not described. 

Incomplete outcome data 
(attrition bias)  

Unclear risk Comment: At the 12 years checkup the sample 
size decreased by 7. Authors give no 
explanation. 

Selective reporting 
(reporting bias) 

Unclear risk Comment: No access to study protocol or trial 
registry entry, but no intext evidence of 
reporting bias.  

Other bias Low risk Comment: Study appears to be free of other 
sources of risk. 
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Background: COVID-19 is a serious and potentially deadly disease. Earlydiagnosis
of infected individuals will play an important role in stopping its further escalation. The
present gold standard for sampling is the nasopharyngeal swab method. However,
several recent papers suggested that saliva-based testingis a promising alternative that
could simplify and accelerate COVID-19 diagnosis.

Objectives: Our aim was to conduct a meta-analysis on the reliability andconsistency
of SARS-CoV-2 viral RNA detection in saliva specimens.

Methods: We have reported our meta-analysis according to the Cochrane Handbook.
We searched the Cochrane Library, Embase, Pubmed, Scopus, Web of Science and
clinical trial registries for eligible studies published between 1 January and 25 April 2020.
The number of positive tests and the total number of tests conducted were collected as
raw data. The proportion of positive tests in the pooled datawere calculated by score
con�dence-interval estimation with the Freeman–Tukey transformation. Heterogeneity
was assessed using theI2 measure and the� 2-test.

Results: The systematic search revealed 96 records after removal of duplicates.
Twenty-six records were included for qualitative analysisand 5 records for quantitative
synthesis. We found 91% (CI 80–99%) sensitivity for saliva tests and 98% (CI 89–100%)
sensitivity for nasopharyngeal swab (NPS) tests in previously con�rmed COVID-19
patients, with moderate heterogeneity among the studies. Additionally, we identi�ed 18
registered, ongoing clinical trials of saliva-based testsfor detection of the virus.

Conclusion: Saliva tests offer a promising alternative to NPS for COVID-19 diagnosis.
However, further diagnostic accuracy studies are needed toimprove their speci�city
and sensitivity.
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INTRODUCTION

COVID-19, caused by the SARS-CoV-2 virus, is a serious and
potentially deadly disease. Globally, as of 5 May 2020, therehave
been 3,489,053 con�rmed cases of COVID-19 reported to WHO,
including 241,559 deaths (1). Early diagnosis and isolation of
infected individuals will play an vital role in stopping the further
escalation of the pandemic.

At present, nasopharyngeal swabbing, followed by reverse
transcription of the extracted RNA and quantitative PCR
(RT-qPCR), is the gold standard for detection of SARS-CoV-2
infection (2). Specimen collection currently requires trained
medical personnel (3), thus exposing sta� to a high risk of
infection (4). These tests are not always successful at the �rst
attempt, and shortages of swabs and protective equipment are
frequently reported (2). Additionally, mass testing requires an
increased number of trained personnel at specimen acquisition
sites. Consequently, the nasopharyngeal swab (NPS) collection
method is causing an economic and logistic burden on
healthcare systems. Additionally, nasopharyngeal swabbing
causes discomfort to the patients (5) and there are several
contraindications, such as coagulopathy or anticoagulant
therapy, and signi�cant nasal septum deviation (6). Clearly, there
is a need for a simpler and less invasive method that also reduces
the risk to healthcare personnel.

One candidate for non-invasive specimen collection is saliva.
The saliva secreted by salivary glands contains water, electrolytes,
mucus, and digestive and protective proteins (7–9). But whole
saliva collected from the mouth is a mixture of glandular
secretions, gingival crevicular �uid, serum, expectoratedairway
surface liquid and mucus, epithelial and immune cells from the
oral mucosa and upper airways, and oral microbes and viruses
(10). Despite its heterogeneous origins, this mixed �uid is used
widely and successfully as a diagnostic tool to identify various
oral and systemic conditions (8, 11). These already include viral
infections such as dengue, West Nile, chikungunya, Ebola, Zika
and Yellow Fever, and also the recently emerged coronaviruses
responsible for severe acute respiratory syndrome (SARS) and
Middle East respiratory syndrome (MERS) (12).

Since early January 2020, several papers have been published
on the possible use of saliva as a specimen for detecting SARS-
CoV-2 in the diagnosis of COVID-19. Until now there has been
no systematic review or meta-analysis of this topic. Our aim,
therefore, was to conduct a meta-analysis, thus overcomingthe
limitations of the small sample sizes in individual studies,in order
to estimate the diagnostic sensitivity of saliva-based detection
of the virus. We also aimed to summarize the study protocols
that have been registered in clinical trial registries to investigate
saliva-based COVID-19 diagnosis in the future.

MATERIALS AND METHODS

Protocol and Registration
The reporting of our meta-analysis follows the guidelines of
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (13). The PRISMA checklist for our
work is available in the supporting information (Table S1). We

registered our meta-analysis protocol in the OSF (Open Science
Framework, Center for Open Science) registries on 23 April
2020 (https://osf.io/3ajy7).

Deviation From the Registered Protocol
Studies eligible according to our inclusion criteria did not present
su�cient raw data to complete 2� 2 contingency tables. True
positive, true negative, false positive and false negative values
were not generally available, thus sensitivity and speci�citycould
not be separately calculated. Instead, positive event rates were
pooled for statistical analysis. Details of the analysis are described
in section Summary Measures and Synthesis of Results.

Eligibility Criteria
We included records if they met the following eligibility criteria:
(1) records published in scienti�c journals or clinical trial
registries; (2) patients diagnosed with COVID-19; (3) index
test: saliva specimens with PCR diagnostics for detecting SARS-
CoV-2; (4) reference standard (comparator test): NPS specimens
with PCR diagnostics for detecting SARS-CoV-2; (5) records
written in English or available in English translation. Exclusion
criteria: (1) publications with no primary results such as reviews,
guidelines and recommendations; (2) publications dated before 1
January and after 25 April, 2020; (3) gray and black literature.

Search Strategy
Systematic searches for records published in English after 1
January 2020 were performed in �ve major literature databases
(Cochrane Library, Embase, PubMed, Scopus, Web of Science)
and also in �ve clinical trial registers (ClinicalTrial.gov, EU
Clinical Trials Register, NIPH Clinical Trial Search, ISRCTN
Registry, ANZCTR Registry). The last update of our systematic
search was performed on 25 April 2020. Cited and citing papers
of the relevant studies were screened for further eligible studies.

The following key words were applied to each database to
identify eligible records: (COVID 19 OR COVID19 OR Wuhan
virus OR Wuhan coronavirus OR coronavirus OR 2019 nCoV
OR 2019nCoV OR 2019-nCoV OR SARS CoV-2 OR SARS-CoV-
2 OR NCP OR novel coronavirus pneumonia OR 2019 novel
coronavirus OR new coronavirus) AND (saliva).

Study Selection
We used EndNote X9.3.3 reference manger to organize records.
After removal of duplicates, two authors (A.H. and I.M.)
independently screened the records for eligibility based onthe
titles and abstracts. Papers included at this stage were further
appraised by reading the full text. Any disagreement between
reviewers was resolved by consulting a third reviewer (L.M.C.).

Data Collection
Using a preconstructed, standardized data extraction form,two
authors (A.H. and I.M.) independently collected data from
the included records. From primary studies the following
information was extracted (Table 1): �rst author's name, year
of publication, place of study, study type, population size, age,
gender, method of diagnosis, type of PCR kit, and the following
outcome parameters: numbers of total, positive and negative
saliva tests and numbers of total, positive and negative NPS
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TABLE 1 | Summary of study characteristics of included records.

References Country Study
type

Population Diagnoses of
COVID-19

PCR kit Reference
standard

Index
test

Outcome
parameters

n (m/f) Age

(14) Italy Consecutive
case series

25 (17/8) 61
(mean)
(39–85)

Viral RNA detection
with PCR from NPS

Luna Universal
qPCR Master Mix

NPS Saliva Number of positive
and negative index
tests

(15) South
Korea

Consecutive
case series

4 (2/2) 61.5
(35–82)

Viral RNA detection
with PCR from NPS
And clinical signs of
pneumonia

N/A NPS Saliva Number of positive
and negative index
tests

(16) China Consecutive
case series

32
(16/16)

41
(34–54)

Viral RNA detection
with PCR from NPS

N/A NPS Saliva Number of positive
and negative index
tests

(17) Hong Kong,
China

Consecutive
case series

23
(13/10)

62
(37–75)

Viral RNA detection
with PCR from NPS

QuantiNova Probe
RT-PCR Kit

NPS Saliva Number of positive
and negative index
tests

(18) Australia Consecutive
case series

39 (not
published)

Not
published

Viral RNA detection
with PCR from NPS

Coronavirus
Typing (835 well)
assay

NPS Saliva Number of positive
and negative index
tests

Not included in quantitative synthesis:

(19) China Case
report

1 (0/1) 39 Viral RNA detection
with PCR from NPS
And clinical signs of
pneumonia

N/A NPS Saliva Number of positive
and negative
reference tests
and index tests

(20) South
Korea

Case
report

1 (0/1) Neonate
(27

day-old)

Viral RNA detection
with PCR from NPS

PowerChek TM
2019-nCoV
Real-time PCR Kit

NPS Saliva Number of positive
and negative
reference tests
and index tests

(21) USA Consecutive
case series

29
(16/13)

59
(mean)
(23–91)

Viral RNA detection
with PCR from NPS

The US CDC
real-time RT-PCR
primer/probe sets

NPS Saliva Number of positive
and negative
reference tests
and index tests

NPS, Nasopharyngeal swab; N/A, Not available.

tests. From registered study protocols the following information
was extracted (Table S2): clinical trial ID, recruiting status, study
type, number of centers, study design, location, population,
intervention, comparison, primary outcomes, and secondary
outcomes. In cases of disagreement during extractions a third
author (L.M.C.) was consulted.

Risk of Bias and Applicability Assessment
We evaluated the potential for bias, the quality of reporting and
the applicability of the studies using the QUADAS-2 tool (Quality
Assessment of Diagnostic Accuracy Studies 2) (22), which is
a tool widely used to assess studies of diagnostic accuracy.
Our appraisal consisted of evaluating the risk of bias and
applicability in four domains: (1) patient selection, (2) conduct
and interpretation of the index test, (3) reference standard, and
(4) �ow and timing. We applied the following review question
to judge the applicability of the studies to our investigation: Are
saliva specimens reliable for detecting SARS-CoV-2 in COVID-19
patients con�rmed by nasopharyngeal swab testing?

We used the preconstructed form available on the QUADAS-2
web page of the University of Bristol (23).

Summary Measures and Synthesis of
Results
In the synthesis of quantitative data we included patient-based
data from consecutive case series. Case reports from single
participants were excluded.

The sensitivities of the saliva and NPS tests were assessed
in patients who had previously been con�rmed to be infected,
having had both a positive NPS test and well-de�ned clinical
symptoms on admission to the hospital. Extracted data were
limited to test results from subsequent occasions when bothsaliva
and NPS samples were collected concurrently. Therefore, the
sensitivity of the NPS test is based on the matching NPS tests
when saliva tests were also performed.

The sensitivity of the saliva test in the patient-based pooled
data was calculated using the methods recommended by the
working group of the Cochrane Collaboration. Because some
of the sensitivity values are close to or equal to 1, the
score con�dence interval estimation (24) was applied with the
Freeman–Tukey double arcsine transformation (25). Because of
the variability of the population sizes and methodologies in
the di�erent studies, the DerSimonian and Laird method (26)
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was used, with 95% con�dence intervals (CI), for a random-
e�ects meta-analysis.

Heterogeneity was assessed using theI2 measure and
the � 2-test, wherep < 0.1 is taken to indicate signi�cant
heterogeneity.I2 values of 25, 50, and 75% were identi�ed as
low, moderate and high estimates, respectively (27). Statistical
analyses were carried out using STATA software version 15.0
(STATACorp, Texas, USA).

RESULTS

Study Selection
We included 20 articles for full-text evaluation of completed
studies. Of these, eight were included in the qualitative synthesis,
from which �ve were also included in the quantitative synthesis.
Figure 1illustrates the study selection process.

Our search in the clinical trial register yielded 19 protocols, of
which one was excluded due to its relating to a di�erent topic.

Study Characteristics
Characteristics of the Studies Included
All �ve records included in the quantitative synthesis were
consecutive case series, involving 123 patients from �ve distinct
global locations (Table 1) (14–18). All of these publications
included patients with con�rmed diagnoses of COVID-19. No
other restrictions on inclusion were stated in any of the studies.

In the qualitative synthesis we also included another
consecutive case series (Table 1). But in their work Wyllie
et al. presented 38 matching NPS and saliva samples from 29
patients without identifying the double or multiple samplings
from individual patients. Therefore, their sample-wise results
cannot be combined for quantitative analysis with the others
which reported patient-wise data (21).

Results of Individual Studies and Synthesis
of Results
Diagnostic Potential of Saliva Specimens
In the individual studies included in the quantitative synthesis,
the sensitivity of the saliva test among COVID-19 infected
patients ranged from 78% (16) to 100% (14).

Pooled event rates (positive and negative test results) from
saliva specimens show that the sensitivity of the saliva testwas
91% (CI 80–99%) among COVID-19 patients diagnosed in the
recruitment period (Figure 2A). By de�nition, the nature of the
initial diagnosis implies or rather assumes a 100% sensitivity for
the nasal swab test in those patients at that time point. However,
pooled event rates from NPS specimens taken concurrently
with the saliva specimen collections, generally some time after
the initial diagnosis, indicate that the sensitivity of theNPS
test, based on these time-matched samples, was 98% (CI 89–
100%) (Figure 2B). Since the two con�dence intervals overlap,
it appears that the proportions of positive test results from the
saliva and NPS samples are not very di�erent. However, a �rm
conclusion will require formal diagnostic accuracy tests based
upon larger clinical studies.

We assessed our pooled results for inconsistency using the
I2-test (28). In the case of the saliva tests we found a moderate

level of heterogeneity (I2 D 60.98%,p D 0.04) indicating the
contribution of confounding factors. On the other hand, we
found a low level of heterogeneity among the NPS test results
(I2 D 46.56%,p D 0.13).

Interestingly some of the data suggest that NPS tests may
occasionally be negative when the corresponding saliva test gives
a positive result. Azzi et al. reported that two patients showed
positive saliva tests while their NPS tests were negative (14),
and a case report showed that in seven sample pairs from one
individual, the NPS tests were all negative while the saliva tests
were positive on each occasion (19). In a sample-based study of
38 patients, Wyllie et al. (21) detected SARS-CoV-2 in saliva but
not NPS specimens from eight patients (21%), while the virus was
detected in NPS but not saliva in only 3 matched samples (8%).
And overall, they found signi�cantly higher SARS-CoV-2 titers
in the saliva than in the NPS specimens.

In a more detailed study, Bae et al. examined the di�erence in
viral loads between the two sampling methods: the values were
0.06 to 3.39 log10 units higher in the NPS specimens than in
the saliva specimens (15). One case series (18) and another case
report on a 27-day-old neonate (20) also found that there were
higher viral loads in the NPS specimens.

Only two studies assessed the speci�city of the saliva tests
(18, 21). In one, a subset of saliva specimens from 50 patients
with PCR-negative nasal swabs was tested. SARS-CoV-2 was
detected in 2% (CI 0.1–11.5%) of these saliva samples (18).
The other study tested 98 asymptomatic healthcare workers
with parallel NPS and saliva tests. NPS tests turned out to be
negative for all participants, while saliva tests were positive for
two (21).

Risk of Bias Within Studies
We assessed the risk of bias in the six included case series (14–
18, 21) according to the QUADAS-2 tool. Five of the six (14–
17, 21) had low risk of selection bias. On the other hand four
studies (14–17) had high risk of bias in the index test due to
the fact that the saliva tests results were interpreted with prior
knowledge of the results of the reference standard. Flow and
timing were high or unclear in all studies, since there was no
exact information regarding the time passed between specimen
collections for the two tests. Applicability had low concernsin
index test in four studies (14, 17, 18, 21) and unclear in two
studies (15, 16). A summary of the risk-of-bias analysis and
applicability concerns is available inTables S3, S4. Altogether,
our risk-of-bias analyses demonstrated a moderate bias levelin
both the individual and the overall aspects of the studies.

Ongoing Registered Clinical Trials on Saliva
Diagnostics for COVID-19
We also systematically searched �ve clinical trial registers
(EU Register, ISRCTN, ANZCTR, JPRN, ClinicalTrials.gov)
for clinical trial protocols that are planned to evaluate saliva
specimens for COVID-19 diagnosis. By using the same keywords
as for the studies already completed, we found 18 registered
clinical trials on planned or ongoing clinical studies. All of
them appeared in the ClinicalTrials.gov registry (Table S2).
Among these, 13 are non-interventional, focusing primarily
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FIGURE 1 | PRISMA �ow diagram of the study selection process. Flow chart illustrating the selection process for identifying eligible records.

on the diagnostic and prognostic value of various specimens
collected from patients, including NPS, saliva and blood,
in detecting and following the progression of COVID-19
disease. The other �ve, interventional studies are examining
the e�ectiveness of several potentially bene�cial compounds,
including azithromycin, lopinavir/ritonavir, beta-cyclodextrin,
citrox 3 and peginterferon lambda, on the outcomes of SARS-
CoV-2 infection. In these studies, besides NPS specimen

collections, saliva tests are also planned. Unfortunately, in
the trial protocols very little information is available about
the optimization and validation of the saliva collection
protocols, the transportation and storage of the saliva samples,
the viral RNA assay methods to be used for the saliva
samples, and the choice of appropriate internal controls,
which is important given the scarcity of human DNA in
saliva samples.
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FIGURE 2 | Forest plot analysis of SARS-CoV-2 detection sensitivity based on RT-qPCR analysis of saliva and nasopharyngeal swab (NPS) specimens from
COVID-19 patients.(A) Proportion of positive saliva tests in the �ve studies included in the quantitative analysis, ranging from 0.78 to 1. The overall proportion in the
pooled data is 0.91 (CI 0.80–0.99). TheI2 value (60.98%,p D 0.04) indicates a moderate level of statistical heterogeneity. (B) Proportion of positive NPS tests in the
four studies included in the quantitative analysis, ranging from 0.91 to 1. The overall proportion in the pooled data is 0.98 (CI 0.89-1). TheI2 value (46.56%,p D 0.13)
indicates a low level of statistical heterogeneity.
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DISCUSSION

In April 2020 the Food and Drug Administration (FDA)
granted emergency use authorization (EUA) to Rutgers' RUCDR
In�nite Biologics and its collaborators for a new specimen
collection approach that utilizes saliva as the primary test
biomaterial for the SARS-CoV-2 coronavirus, the �rst such
approval granted by the federal agency (https://www.fda.gov/
media/136877/download). This new saliva-based diagnostic
collection method, which RUCDR has developed in partnership
with Spectrum Solutions and Accurate Diagnostic Labs (ADL),
claims to allow an easier and therefore broader screening ofthe
population compared with the current method using nose and
throat swabs. Another accelerated EUA for the “Curative-Korva
SARS-Cov-2 Assay,” which was speci�cally designed for use
with oral �uid samples, was also approved to permit the testing
of oral �uids, i.e., saliva (https://www.fda.gov/media/137088/
download). Nasopharyngeal swabs, oropharyngeal swabs and
nasal swabs can also be used with the Curative-Korva SARS-CoV-
2 Assay, but their performance with this assay has not yet been
assessed (https://www.fda.gov/media/137088/download).These
two saliva-based, FDA-approved assays are now in use to test for
COVID-19 infection, in spite of the fact that no independent,
scienti�c analysis has yet established their e�ectiveness.Our
present work is the �rst integrative meta-analysis study to review
the existing multi-study evidence for validity of the saliva-
based approach.

The use of saliva as a diagnostic tool for various systemic
conditions is nothing new. Considerable research e�ort has been
made in the past to seek biomarkers in saliva, since its collection
is non-invasive and easy. As a result, emerging evidence indicates
that whole saliva can be used to identify various oral and systemic
conditions [for reviews see (8, 11, 29)]. Importantly, the concept
of using saliva to detect viral infections is now well-established
(12, 30).

Among RNA viruses, salivary diagnostic tests for Zika
are well-established (31, 32) and a number of salivary-based
detection methods have been reported for Ebola virus detection
(12). The presence of considerable quantities of viral RNA in
the saliva of 17 SARS-infected patients has also been shown
unequivocally (33). But most studies lack any direct comparison
of the sensitivity and speci�city of NPS- and saliva-based assays.
The one important exception is a study which compared saliva
and NPS specimens for the detection of respiratory viruses
by multiplex RT-PCR (4). This study, which included results
from 236 patients with 11 di�erent viral respiratory infections,
including coronaviruses, revealed no signi�cant di�erencein the
sensitivity and speci�city of saliva- and NPS-based tests (4).
Taken together, although saliva-based diagnostics are supported
by a considerable amount of evidence, routine applications are
still rare because of the lack of well-standardized protocols.

The source of SARS-CoV-2 in saliva is unknown at present
but it could come from multiple locations. One obvious source
is debris from the nasopharyngeal epithelium which drains into
the oral cavity (17). Secondly, SARS-CoV-2 may actually infect
the salivary glands and the virus is then secreted into the saliva
from the glands. No information is available on this. But it is of

note that during the infection of rhesus macaques by the SARS
coronavirus, epithelial cells lining salivary gland ducts are an
early target of the virus (34). One consequence of this is the
production of SARS-speci�c secretory immunoglobulin A into
the saliva (35). Thirdly, SARS-CoV-2 from blood plasma may
access the mouth via the crevicular �uid, an exudate derived
from periodontal tissues (36). Fourthly, infected oral mucosal
endothelial cells, which show overexpression of ACE2 during
SARS-CoV-2 infection, may also contribute to the viral load
in saliva (37). Finally, salivary cells may endocytose viruses
and virus-containing exosomes from the circulation at their
basolateral surface and release them into the salivary lumen
by exocytosis. Such mechanisms have been revealed for other
macromolecular constituents of the blood, such as DNA and
RNA (8). Any or all of these �ve possible sources may contribute
to the appearance of SARS-CoV-2 in the saliva of COVID-
19 patients. Given also that the main sites of viral infection
(nasal, oral, pharyngeal or respiratory tract) may di�er between
individuals, it is quite possible that in some patients the virus
is more readily detected in the saliva and in others it is more
readily detected in an NPS specimen. Such di�erences might
also be related to genomic variations between patients (38).
Consequently discrepancies between NPS and saliva test results,
rather than indicating a de�ciency in one or other test, may be
an expected outcome, and it may have implications in terms of
assessing asymptomatic carriers (39, 40). Either way, our present
level of understanding paves the way for more intensive studies
of these important issues, extending well-beyond the design of
better diagnostics for SARS-CoV-2 infection (6, 38).

In the present meta-analysis we found that the test sensitivities
for SARS-CoV-2 were 91% (CI 80–99%) and 98% (CI 89–
100%) for saliva and for NPS samples, respectively, based the
pooled event rates among COVID-19 patients. Clearly the two
con�dence intervals overlap, suggesting that the outcomes ofthe
saliva tests and NPS tests are not very di�erent. There appears to
be a slight tendency for NPS tests to be more sensitive but thisis
not statistically signi�cant. On the other hand, one study reported
the opposite tendency with the virus detectable in the saliva but
not the NPS sample on a signi�cant number of occasions (21).
Although NPS-based SARS-CoV-2 virus detection is currently
regarded as the gold standard (2, 41, 42), carefully performed
future studies need to be carried out to determine the relative
diagnostic accuracies and speci�cities of the saliva and NPStests.

At present only two studies have considered the speci�city of
the saliva tests. In one of those tests only one saliva sample was
found to be positive among 50 apparently healthy individuals
who were PCR-negative for the NPS test (18). In the other
work two individuals were detected positive in saliva tests on 98
participants who were negative for NPS test (21). These results
may re�ect a real di�erence in the speci�cities of the NPS and
saliva tests, or they may simply be a consequence of occasional
false negatives in the NPS tests.

For optimal saliva-based testing at least three conditions
have to be improved by standardization and validation (43).
(1) A speci�c saliva collection method should be selected and
optimized after systematically comparing the various methods
currently used for collecting whole saliva in other clinical
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and scienti�c contexts. (2) The optimal solution for collecting,
transporting and storing saliva samples should be found. (3) The
RNA assay method, either RT-qPCR, loop-mediated isothermal
ampli�cation (LAMP) or another protocol, should also be
optimized for saliva, using an appropriate internal control; this
cannot be human DNA which is overwhelming in NPS but not
in saliva samples (15–18, 21). In order to obtain a reliable and
sensitive saliva test, all of these conditions must be standardized.

Not surprisingly the studies included in our analysis used
di�erent sampling methods to collect saliva. This may have had
a signi�cant e�ect on the sensitivity of the saliva test. Azzi
et al. used a simple drooling technique to collect saliva and they
resuspended the collected specimens in 2 ml of PBS (14). In
contrast, To et al. collected saliva specimens that also contained
�uid from the posterior oropharynx obtained by coughing up and
clearing the throat (17). Another study (18) asked patients to pool
saliva in their mouth prior to collection, and to spit 1–2 ml into
a collection pot. The act of pooling saliva in the mouth may have
stimulated additional saliva secretion, which could have diluted
the viral load in the specimen. In this case no transport medium
was added to the specimens but, after transportation to the
laboratories, liquid Amies medium was added. Wyllie et al. used
a self-collection technique: patients were asked to spit repeatedly
into a sterile urine cup until one third was full (21). This too
could have diluted the sample with additional virus-free saliva.
The remaining two studies did not describe the collection method
at all (15, 16). Additionally, two of the studies speci�ed that
specimens were collected in early morning to avoid anomalies
introduced by eating, drinking and tooth brushing (17, 21). The
rest of the studies did not specify the time of collection or
mention any other confounding factors that may have a�ected
the sample. Taken together, the sample collection protocols ofthe
included studies are quite diverse. But it is promising that even
without validated, standardized collection protocols, thestudies
reviewed here yielded very similar results.

Other factors, such as the type of transport medium, the
temperature during transportation, and the time passed between
specimen collection and RNA extraction, may also a�ect the
outcome of the tests (43). Unfortunately, there is insu�cient
information in these few studies to draw any conclusions about
the possible e�ects of these confounding factors on the accuracy
of saliva testing for COVID-19 diagnosis (15–18, 21). But again,
although the �ve studies used di�erent RNA isolation methods,
and di�erent PCR primers and conditions, it is encouraging to
note that the virus could in all cases be detected in saliva samples
with a consistently high level of sensitivity.

It is likely that a simple drooling technique, with no speci�c
target volume and no extra stimulation of saliva secretion,will
provide the greatest sensitivity if the viral RNA in whole saliva
derives mainly from sources other than the secretions of the
salivary glands. Drooling is a well-established saliva collection
method that is generally recommended for analytical purposes
(44). Due to its simplicity, it does not require trained personnel,
it can be self-administered, and it can be done at home if
necessary. Even in the clinic, the drooling method is safer than
nasopharyngeal or oropharyngeal swabbing, with no need for
infected swabs to be carried through the air from the patient
to the container. The fact that nasopharyngeal swab sampling

sometimes has to be repeated in overt COVID-19 patients before
a positive result is obtained suggests that the reliability of that
sampling method is lower than might be expected from saliva
sampling. Moreover, this saliva collecting technique also avoids
the mixing of �uids from di�erent anatomical regions such as the
oropharynx (14).

In the present meta-analysis the overall sensitivity of the saliva
(index) test is assessed by comparison with the NPS (reference
standard) test using patient-based pooled data. This simple
comparison does not allow us to address any of the more complex
questions that arise from the widely varying presentation of
di�erent COVID-19 patients. For example, are there signi�cant
di�erences in the sensitivities of the two sampling methods
according to the primary location of the infected cells? Are there
higher viral loads in the saliva, and is there therefore a higher
saliva test sensitivity, in COVID-19 patients who only present
with a loss of taste sensation or who are asymptomatic? Are
saliva tests more or less sensitive than NPS tests in patients
whose infection is mainly localized to the respiratory tract?
Correlation studies comparing saliva and NPS viral loads in
patients categorized by the nature and severity of their symptoms
should be very informative. Time series data on the relativeviral
loads in the saliva and NPS specimens may be useful in predicting
the progression of the disease and in guiding treatment. But,as
discussed above, these studies will require careful optimization
and standardization, particularly of the saliva collectionprotocol.

The need for reliable, non-invasive and easy-to-perform
tests for COVID-19 has focused special attention on saliva
in the last few months. Between 1 January and 25 April
2020, 18 clinical trials involving saliva specimens have started
according to the ClinicalTrials.gov registry (Table S2). Among
these, 13 are non-interventional, focusing on the diagnostic value
of various specimens including saliva, and �ve interventional
studies also planned to use saliva as a diagnostic tool, but with a
primary focus on evaluating potential treatments for SARS-CoV-
2 infections. Unfortunately, these registered clinical trials vary
considerably in the amount of information presented about the
proposed testing methodology. Neither the non-interventional
nor the interventional protocols have clear descriptions of the
collection, transportation and storage of saliva samples, and
the optimization of the viral RNA assay for saliva specimens.
Only a few of them emphasize the necessity for determining the
sensitivity and speci�city of the saliva-based test. But hopefully,
during the course of execution, such studies will yield high
quality, reliable data that can be used to address some of the
important biological and methodological questions that we have
discussed here.

LIMITATIONS

A limitation of the present work is the relatively small number
of studies and small sample sizes available regarding this topic.
Despite the large number of records found in the systematic
search of the literature, only 6 studies could be included.
Although intensive research is in progress regarding COVID-19,
there are still only a handful articles ful�lling our eligibility
criteria. The limited amount of reported data makes it di�cult to
perform comprehensive analyses and to thoroughly investigate

Frontiers in Medicine | www.frontiersin.org 8 August 2020 | Volume 7 | Article 465

DOI:10.14753/SE.2023.2939

https://ClinicalTrials.gov
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Czumbel et al. Saliva for COVID-19 Diagnostic Testing

the causes behind certain trends in the results. Another issue
that hinders in-depth analysis is the lack of methodological
homogeneity, and the inadequate reporting of methods and
outcome parameters. A signi�cant limitation is the lack of
false-positive data, based on an independent reference, that
would be required for 2� 2 contingency tables to allow
estimation of the test speci�cities. Thus, the more rigorous
statistical methodologies specially developed for meta-analysis of
diagnostic test accuracy could not be used in this work.

All studies except two (18, 21) investigated the reliability
of the saliva test only among con�rmed COVID-19 infected
participants, with no healthy individuals or asymptomatic
COVID-19 patients recruited for comparison. Additionally, there
are several other confounding factors that might have a�ected the
detectability of viral RNA in the saliva, such as the timing and
method of sample collection, the choice of transport medium,
storage and transport temperatures, the time passed between
specimen collection and RNA isolation, and the extraction and
PCR kits used for isolation, ampli�cation and detection. None of
these factors could be properly addressed in our analysis owing
to the lack of information in the reported studies.

CONCLUSION

In the present meta-analysis we provide evidence that saliva
tests are a promising alternative to nasopharyngeal swab tests for
COVID-19 diagnosis. Optimized and validated saliva assays o�er
the possibility of reliable self-collection of samples for COVID-
19 testing in the future. However, there are many open questions
to be answered before the precise speci�city and sensitivity
of the saliva-based tests can be determined and appropriate
standardized procedures introduced into clinical practice.
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Gábor Varga 1*

1 Department of Oral Biology, Faculty of Dentistry, Semmelweis University, Budapest, Hungary,2 Institute for Translational
Medicine, Medical School, University of Pécs, Pécs, Hungary, 3 Department of Pharmacognosy, Faculty of Pharmacy,
University of Szeged, Szeged, Hungary,4 Department of Public Health, Faculty of Medicine, University of Szeged, Szeged,
Hungary, 5 Department of Physiology, Anatomy and Neuroscience, Faculty of Science and Informatics, University of Szeged,
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Introduction: The lips and the mouth play an indispensable role in vocalization,
mastication and face aesthetics. Various noxious factors may alter and destruct the
original structure, and appearance of the lips and the anatomical area surrounding the
mouth. The application of hyaluronic acid (HA) may serve as asafe method for lip
regeneration. Although a number of studies exist for HA effectiveness and safety, its
bene�cial effect is not well-established.

Aim: The present meta-analysis and systematic review was performed to investigate
the effectiveness of HA on lip augmentation. We also investigated the types and nature
of adverse effects (AEs) of HA application.

Methods: We reported our meta-analysis in accordance with the PRISMAStatement.
PROSPERO protocol registration: CRD42018102899. We performed the systematic
literature search in CENTRAL, Embase, and MEDLINE. Randomized controlled trials,
cohort studies, case series and case reports were included.The untransformed
proportion (random-effects, DerSimonian-Laird method) of responder rate to HA injection
was calculated. For treatment related AEs descriptive statistics were used.

Results: The systematic literature search yielded 32 eligible records for descriptive
statistics and 10 records for quantitative synthesis. The results indicated that the overall
estimate of responders (percentage of subjects with increased lip fullness by one point
or higher) was 91% (ESD 0.91, 95% CI:0.85� 0.96) 2 months after injection. The rate
of responders was 74% (ESD 0.74, 95% CI:0.66� 0.82) and 46% (ESD 0.46, 95%
CI:0.28� 0.65) after 6 and 12 months, respectively. We included 1,496participants
for estimating the event rates of AEs. The most frequent treatment-related AEs were
tenderness (88.8%), injection site swelling (74.3%) and bruising (39.5%). Rare AEs
included foreign body granulomas (0.6%), herpes labialis (0.6%) and angioedema (0.3%).
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Conclusion: Our meta-analysis revealed that lip augmentation with injectable HA is an
ef�cient method for increasing lip fullness for at least up to 6 months after augmentation.
Moreover, we found that most AEs of HA treatment were mild or moderate, but a small
number of serious adverse effects were also found. In conclusion, further well-designed
RCTs are still needed to make the presently available evidence stronger.

Keywords: hyaluronic acid, dermal �ller, lip augmentation, e ffectiveness, adverse effects

INTRODUCTION

The lips and the mouth have a crucial functional importance
in vocalization and mastication. Additionally, they also play an
important role in the aesthetics of the face (1, 2). Particularly,
lip fullness is a key factor associated with attractiveness, beauty
and youth (2, 3). A number of noxious and hereditary factors
contribute to the deterioration of the perioral tissues withage
(2, 4–7). Consequently, volume loss of the lips may occur with
other signs of aging, such as the appearance of perioral lines,
marionette lines and �attening of the cupid bow (2). There
are several surgical and non-surgical reconstructive procedures
aiming to restore oral competence, anatomical structures and to
provide appealing aesthetic outcomes and in order to be more
attractive (6, 8).

Theoretically, there is a wide range of possible reconstructive
methods that can be applied to rebuild damaged tissues such
as tissue engineering using stem cells (9–11), gene therapy
(12, 13) and arti�cial biocompatible sca�olds (14, 15), but
their use has been not well-established in routine clinical
settings. Among the non-surgical regenerative and reconstructive
procedures, hyaluronic acid (HA)-based dermal �lling is one
of the most frequently used treatments (16, 17). Its advantages
over other �lling materials include its natural occurrence, which
provides non-immunogenic properties (18). It also exerts an
antioxidant e�ect (19, 20), and anti-in�ammatory activity (18,
21). Additionally, HA highly supports tissue regeneration and
wound-healing by providing a suitable structure for cell ingrowth
(22, 23). Due to its multiple advantageous properties, HA is
also broadly used in other areas of tissue regeneration, such
as orthopedics to treat osteoarthritis and rheumatoid arthritis
(24, 25). Moreover, it is utilized in ophthalmology, dermatology
(26), as well as in certain dental procedures (27–29).

The initial production of HA from animal sources was shifted
to bacterial production. In this process, various genetically
modi�ed bacteria such asB. subtilis and Group A and C
Streptococciare used to produce HA, which is then extracted
and chemically further modi�ed to create cross-links between
HA polymers (30, 31). This advancement in production greatly
contributed to its recent success with decreased manufacturing
costs, increased purity of the products, and decreased immune
reactions (32).

Since the approval of the �rst non-animal based HA in 2004
(8) several clinical trials aimed to reveal its true potentials.
HA is believed to be an excellent candidate for soft tissue
augmentation to restore lip fullness, cosmetic asymmetries and
to deal with rhytids due to the loss of elasticity of connective

tissue (7). However, clinical studies investigating e�ectiveness
were conducted with small sample sizes and with short follow-up
periods. Therefore, conclusions rely on weak evidence, including
high levels of uncertainty.

No meta-analysis has been conducted to determine the
e�ectiveness of HA for lip augmentation and to con�rm its long-
term aesthetic results. Thus, the main objective of the present
meta-analysis and systematic review was to increase the power
and precision of the estimated HA e�ect on lip augmentation.
Secondarily, we investigated the number and nature of adverse
e�ects (AEs) of HA published in the literature.

MATERIALS AND METHODS

Protocol and Registration
This meta-analysis was reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement (33) using similar approaches
that we have recently reported (34–36). The PRISMA checklist
summarizing the content of this review is enclosed in the
supporting information (Supplementary Table 1). The meta-
analysis was registered in PROSPERO (International Prospective
Register of Systematic Reviews), 10/12/2018, Registration
Number: CRD42018102899. There were no deviations from the
study protocol.

Eligibility Criteria
The PICO (patient characteristics, type of intervention, control,
and outcome) format was applied to investigate the following
clinical questions: (1) To what extent are hyaluronic acid
dermal �llers e�ective for lip augmentation? (2) What are the
common and also the rare treatment-related adverse e�ects of
HA application?

For analysis, we considered records published in scienti�c
journals meeting the requirements of our selected PICO. Patient
characteristics: subjects above 18 years having a minimal,mild
or moderate score on a validated lip fullness scale. Type of
intervention: injecting hyaluronic acid dermal �ller intothe
lips and perioral area to increase lip fullness and enhance
aesthetic appearance. Control: base-line control—baselinevalues
of lip fullness recorded before treatment. Lip fullness values
recorded after treatment were compared to baseline values. The
e�ectiveness was evaluated as the rate of responders. A responder
was de�ned as a participant with at least one grade improvement
on a validated lip fullness scale. Outcome, primary: e�ectiveness
measurement, i.e., the number of responders at each check-up;
secondary: number and type of AEs related to treatment.
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Inclusion and Exclusion Criteria
Publications which met the following eligibility criteria were
included: (1) randomized controlled trials, cohort studies or case
series and case reports; (2) intervention: hyaluronic acid used
for lip augmentation; (3) healthy adult participants; (4) records
written in English or available in English translation; (5)site of
injection: lips; (6) use of validated scale to measure outcome.
Exclusion criteria were: (1) �lling material other than hyaluronic
acid; (2) site of injection other than lips and perioral area; (3)
Previous facial surgery, permanent facial implants or any facial
cosmetic procedure in the last 24 months.

Information Sources and Search
A systematic search limited to English language records
was performed in three di�erent major electronic databases
[Cochrane Central Register of Controlled Trials (CENTRAL),
Embase and MEDLINE (via PubMed)] on 31 December, 2018.
Besides electronic databases, an extensive hand search in the
reference list of relevant articles and included records were also
performed to �nd eligible records. Gray and black literaturewas
not considered for this meta-analysis. “Hyaluronic acid” and “lip”
search terms and their synonyms were used in each database
adapted to their speci�c search engines.Supplementary Table 2
contains the detailed search quey.

Study Selection
The EndNote (Clarivate Analytics, Philadelphia, US, version:
X9.3.3) reference manager was used to organize and manage
records. After removing duplicates, the remaining records
were screened for suitability by two authors (L.M.C. and
S.F.), in duplicate, based on the titles and abstracts of the
published original papers. The eligibility of full texts of the
remaining records was assessed by the same two review authors
independently. Disagreements between reviewers were resolved
by discussion or, if it was necessary, by consulting a third review
author (G.V.).

Data Collection Process and Data Items
Data extraction was performed by two authors independently
(L.M.C. and S.F.) using a preconstructed standardized data
extraction form. The following information was extracted:�rst
author's name, year of publication, sample size, age and gender
distribution, study design, type of HA used, site of injection,
follow-up period, type of validated scales used for evaluation,
outcome (rate of responders, number and type of AEs). In case
of disagreement, a third author (G.V.) was also involved.

Risk of Bias Assessment
Quality and risk of bias of the RCTs were evaluated by two
authors (L.M.C. and S.F.) independently. Assessment was based
on the recommendation of the Cochrane Collaboration, the
Cochrane Risk of Bias assessment tool (37, 38). In case of
disagreement a third author was involved (G.V.). Studies were
evaluated according the domains speci�ed in the Cochrane
Handbook for Systematic Reviews of Interventions (38).

Cohort studies were evaluated based on the Newcastle Ottawa
Scale (NOS) for Cohort Studies (39). We slightly modi�ed the

original NOS scale. We removed “Ascertainment of exposure”
subdomain from Selection domain. Thus, in the Selection
domain three sub domains remained: “Representativeness of
the exposed cohort,” “Selection of the non-exposed cohort,” and
“Demonstration that outcome of interest was not present at start
of study.” Scores for these subdomains were given accordingto
the original NOS scale (39). Hence the maximum score was three,
one and three stars for Selection, Comparability and Outcome
domains, respectively. In the outcome 6 months or more of
follow-up was considered acceptable. Drop-out below 10% was
considered adequate.Supplementary Table 3summarizes the
modi�ed NOS.

Summary Measures and Synthesis of
Results
Untransformed proportions with 95% con�dence intervals (CIs)
were calculated for the rate of responders. A responder is de�ned
as a participant with at least one grade improvement on a
validated lip fullness scale compared to its baseline value. For
analyzing AEs we used descriptive statistics, summing the sample
sizes of included studies and the incidence of each AEs described
in any of the included publications. The number of participants
was chosen as statistical unit.

We only considered results credible if raw data for meta-
analysis could be drawn from at least three records. We
applied the random e�ect model with DerSimonian-Laird
method.I2 and chi-square tests were used to quantify statistical
heterogeneity and gain probability-values, respectively;p < 0.1
indicated signi�cant heterogeneity (38). All statistical analyses
were performed using STATA 15.0.

Publication Bias
We constructed funnel plots and performed visual inspection of
their results to check for publication bias.

Certainty of Evidence Pont
The GRADE approach was followed to evaluate the quality
and certainty of evidence (37, 40). Assessment was performed
independently by two review authors (L.M.C and S.F.).

RESULTS

Study Selection
During the study selection process, we identi�ed a total of 326
records. After removing duplicates, 259 items remained. During
the screening process, 176 records were excluded due to various
reasons such as �ller material other than HA (n D 30) or
di�erent injection sites (n D 7), focusing on novel methods of
injection (n D 24), investigating the e�ect of hyaluronic acid
in special implications outside the scope of this meta-analysis
(n D 64), review articles (n D 17) or miscellaneous (n D 34).
Afterwards, 83 full text records were searched. Out of these
publications, 32 were included in the qualitative synthesisand
10 in the quantitative synthesis assessing the e�ectivenessof lip
augmentation (Figure 1).
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FIGURE 1 | PRISMA �ow chart. Summarizing the study selection process.

Study Characteristics
Description of the Included Studies
We included 5 RCTs (41–45) and 5 cohort studies (46–50) to
analyze the e�ects of HA on lip augmentation. Two additional
RCTs (51, 52), six additional cohort studies (53–58) and 14 case
reports (59–72) were included for assessing AEs.

In the e�ectiveness analysis, a total of 1,228 participants were
included. Subjects aged 18 or older desiring lip augmentation,
had lip fullness of minimal, mild or moderate on a validated
lip fullness scale were included. In the study population all
Fitzpatrick skin types have been represented. Exclusion criteria
included a history of allergy to injectable HA, history to any
semi-permanent or permanent tissue augmentation or aesthetic
surgery or any temporary dermal �ller treatments in the last 24
months in the facial region. Subjects with scarce or signi�cant
abnormalities of the lips were also excluded. The mean age of

subjects in the studies varied between 41 and 54 years. Altogether
4 di�erent injectable HA products were used, Juvéderm and
Restylane were the two most commonly applied ones. Follow-
up periods varied between 12 and 48 weeks. All included records
utilized a validated lip fullness scale such as the Medicis Lip
Fullness Scales (73) or the Allergan Lip Fullness Scale (74).

AEs were collected and assessed from a total of 32 records
including 1,488 participants and more than 12 di�erent HA
products. In all includes studies the lips and perioral lines were
the site of injection. A tabulated summary of the characteristics of
the included studies and HA products is provided inTables 1–3
andSupplementary Table 4.

Description of Excluded Studies
During full-text analysis, we excluded 51 records. Seven RCTs,
nine cohort studies, 11 case reports and nine review articles.
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TABLE 1 | Study characteristics of records included in effectiveness analysis.

References Study design n* Female
ratio

Age: mean � SD
(median) (range)

Intervention Control Maximum injected volume;
injection technique

Follow-up
(months)

Outcome measure

Beer et al. (41) RCT, multicentre, evaluator
blinded

199 97% 45.5 Restylane-L No-treatment group 2.17 ml (mean);anterograde,
retrograde linear threading, serial
puncture

6 MLFS and WASULL,
GAIS, TEAEs

Chopra et al. (46) Cohort, multicentre, open
label, prospective

57 93% 46.5, (23–72) Restylane-L Baseline-controlled 1–3 ml (range); submucosa,
retrograde, anterograde linear,
fanning

3 GAIS, MLFS, TEAEs

Dayan et al. (42) RCT, multicentre, evaluator
blinded

208 95.8% (49), (20–79) Juvéderm Ultra XC
(HYC-24L)

No-treatment group 4.8 ml (max); linear threading, serial
puncture, fanning, crosshatching

12 ALFS, POL, OCS,
ISRs, AEs

Eccleston et al. (47) Cohort, multicentre, open
label, prospective

59 100% 50, (21–74) Juvéderm Volbella Baseline-controlled 1.3 ml (median); retrograde,
tunneling, crosshatching

12 ALFS, AEs

Fagien et al. (48) Cohort, multicentre,
evaluator blinded,
prospective

50 96% (47), (24–68) Juvéderm Ultra Baseline-controlled 2.2 ml (median), 2.3 ml (max);
retrograde, anterograde, tunneling,
serial puncture

12 ALFS, OCS, POL, CTR,
AEs

Geronemus, et al. (43) RCT, multicentre, evaluator
blinded

224 96.9% (54), (22–78) Juvéderm Volbella
XC (VYC-15L)

Restylane-L 2.5 ml (median); subdermal,
intradermal, tunneling, puncture

12 ALFS, POLSS, POLM,
OCS, GAIS, AEs

Glogau et al. (44) RCT multicentre, evaluator
blinded

135 99% 47.6 � 10.6, (50.0),
(18.0–65.0)

Restylane No-treatment group 1.5 ml (max), 0.3–2.5 ml (range);
linear injection technique, serial
puncture

6 MLFS, GAIS, AEs

Raspaldo et al. (45) RCT multicentre, evaluator
blinded

268 97.1% (48), (18–76) Juvéderm Volbella
(with Lidocaine)

Restylane-L 1.97–1.86 ml (mean); intradermal,
subdermal, tunneling

12 ALFS, POL, OCS, AEs,
ISRs,

Solish and Swift (49) Cohort, multicentre,
evaluator blinded,
prospective

18 86% 41.1 � 11.4, (40),
(26–65)

Restylane Baseline-controlled 1.5 ml (max); anterograde,vertical,
deposition formation

3 MLFS, GAIS, AEs

Yazdanparast et al. (50) Cohort, single center, open
label, prospective

10 100% (28–45) Hyamax Kiss Baseline-controlled 1 ml (max);retrograde 6 MLFS, IGA, VAS, AEs

*Number of participants included in the MA analysis (Exclusion due to study groups using different �lling material or other anatomical sites.).
AEs, Adverse events; ALFS, Allergan Lip Fullness Scale; CTR, common treatment-site responses; GAIS, Global Aesthetic Improvement Scale; IGA, Investigator's Global Assessment; ISRs, Injection site responses; MLFS, Medicis Lip
Fullness Scale; OCS, Oral Commissure Severity Scale; POL/POLSS, Allegran Perioral Severity Scale; POLM, Allergan Perioral Lines at Maximal Contraction scale; SP, Standardized photography; TEAE, treatment-emergent adverse
events; VAS, Visual Analog Scale; WASULL, Wrinkle Assessment Scale of Upper Lip Lines.
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TABLE 2 | Study characteristics of RCTs and cohort studies only included in adverse effect analysis.

Study Study design n* Female
ratio

Age: mean � SD
(median) (range)

Intervention Control Statistics Follow-up
(weeks)

Outcome

Artzi et al. (53) Cohort, multicenter,
retrospective

3
†

90% 49.6, (28–70) Juvéderm Volbella
(Allergan)

No control group Spearman correlation 96 Immediate and delayed
AEs

Carruthers et al. (54) Cohort, single center, open
label

15 100% (40.50), (33–60) Restylane No control group Descriptive statistics 24 SP, AEs

Carruthers et al. (52) Randomized, parallel-group,
multicentre, clinical trial

23 100% 48.4 � 5.5 Juvéderm Ultra,
Juvéderm Ultra
Plus

OnabotulinumtoxinA,
OnabotulinumtoxinA
plus hyaluronic acid

Kruskal-Wallis test, Wilcoxon rank
sum test

24 GAIS, CIS, AEs

Downie et al. (51) Randomized, parallel-group,
double blinded,
single-center, clinical trial

23 100% (25–55) Perlane Various collagen �llers Kruskal Wallis Rank Sum test 48 2D and 3D facial image
analysis, AEs

Fischer et al. (55) Cohort, multicenter,
retrospective

146 98.6% 44.7 � 14.6 CPM-HAL1 and
CPM-HAL2
(Belotero Balance
Lidocaine)

No control group Descriptive statistics 16 Merz scale, GAIS,VAS,
AEs

Philipp-Dormston
et al. (56)

Cohort, multicenter, open
label, prospective

60 88.7% 39.7 (21–75) Juvéderm Volbella No control group Descriptive statistics 4 4-grade scale for
subject and injector
satisfaction, AEs

Rzany et al. (57) Cohort, multicenter, open
label, prospective

76 94.8% 54.5 � 8.2 Emervel No control group Descriptive statistics 24 GAIS:LRS, LFGS,
satisfaction
questionnaires, AEs

Samuelson et al. (58) Cohort, multicenter,
evaluator blinded,
prospective

29 100% 36, (19–59) Restylane Lip
Volume

Baseline-controlled Proportion with 95% CI 36 GAIS, MLFS, AEs

*Number of participants included in the MA analysis (Exclusion due to study groups using different �lling material or other anatomical sites.
†Study population number is 400 (mean age: 49.6, range: 28–70), however only 3 patients received lip augmentation with HA �ller.
AEs, Adverse events; CIS, Cosmetic Improvement Scale; GAIS, GlobalAesthetic Improvement Scale; ISRs, Injection site responses; LFGS, Lip Fullness Grading Scale; LRS, Lemperle Rating Scale; MLFS, Medicis Lip Fullnes Scale;
RCT, Randomized controlled trial; SP, Standardized photography; VAS, Visual Analog Scale.
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TABLE 3 | Characteristics of hyaluronic acid dermal �llers assessed in the analysis.

Product name Concentration Composition References Source of i nformation

Belotero intense lidocaine 25 mg/ml Cross-linked Fischer etal. (55) (75)

Emervel (range of products) 20 mg/ml Cross-linked to various
degree

Rzany et al. (57) (57)

Hyamax Kiss 22 mg/ml 500mm particle size,
cross-linked

Yazdanparast et al. (50) (50)

Juvéderm Ultra 24 mg/mil (0.3%
Lidocaine)

Cross-linked (6%) Fagien et al. (48); Carruthers et al. (52) (48, 54)

Juvéderm Ultra XC (HYC-24L) 24 mg/mil (0.3%
Lidocaine)

Cross-linked Dayan et al. (42); Bulam et al. (60) (42)

Juvéderm Volbella without Lidocaine 15 mg/ml Not available Eccleston et al. (47); Artzi et al. (53) (47)

Juvéderm Volbella with Lidocaine 15 mg/ml HA (0.3%
Lidocaine)

Cross-linked Raspaldo et al. (45); Philipp-Dormston
et al. (56)

(45, 76)

Juvéderm Volbella XC (VYC-15L) 15 mg/ml HA (0.3%
Lidocaine)

Cross-linked, low- and
high-molecular-weight HA

Geronemus et al. (43) (77)

Perlane 20 mg/ml Cross-linked, 1,000mm
particle size

Downie et al. (51) (51, 78)

Restylane (without lidocaine) Not available SGP, 300mm particle size,
cross-linked

Glogau et al. (44); Solish and Swift (49);
Carruthers et al. (54); Fernández-Aceñero
Ma et al. (68); Anatelli et al. (59); Curi et al.
(61); Dougherty et al. (62); Leonhardt et al.
(70); Wolfram et al. (72); Farahani et al.
(66); Edwards et al. (64)

(44, 49)

Restylane-L 20 mg/ml HA (0.3%
Lidocaine)

SGP, cross-linked Raspaldo et al. (45); Geronemus et al. (43);
Beer et al. (41); Chopra et al. (46)

(41, 43, 45, 46, 79)

Restylane lip volume 20 mg/ml HA (0.3%
Lidocaine)

Cross-linked Samuelson et al. (58) (58)

HA not further speci�ed N/A N/A Duhovic and Duarte-Williamson (63);
Eversole et al. (65); Feio et al. (67);
Grippaudo et al. (69); Martin et al. (71)

N/A

N/A, not applicable; HA, hyaluronic acid.

Three records had non-English texts. Additionally, in 11 cases
we found no full text to the records and 1 record was
a non-interventional study. Out of the 32 articles included
in the analysis of AEs, we excluded 22 publications from
the e�ectiveness analysis. Several excluded articles did not
report su�cient information on e�ectiveness, while the others
used incomparable scales to measure the e�ectiveness of
lip augmentation.

Risk of Bias Within Studies
All RCTs applied means of random sequence generation.
However, in the case of Carruthers et al. (52) and Dayan et al. (42)
the methods used for allocation concealment were not clearly
described. Due to the nature of the intervention, none of the
studies applied blinding of personnel. On the other hand, the
outcome assessment was performed by blinded evaluators in all
studies. In the case of one study (42) attrition bias was unclear
due to ambiguous reporting on lost to follow-ups. In another
study (52) we found a high risk of attrition bias due to the
23% of dropouts. The level of reporting bias was low in all
studies except three. Study protocols for Beer and coinvestigators
(41), Carruthers et al. (52) and Glogau et al. (44) were not
found. However, no intext evidence of reporting bias was found.
Figure 2, Supplementary Figure 1, andSupplementary Table 5

contain the summary of the risk of bias assessment of
the RCTs.

Bias in the observational studies was assessed based on the
Newcastle Ottawa Scale (39). Observational studies did not have
control groups. Instead, they measured the rate of responders
only within the treatment group (baseline controlled). The
average bias assessment score of the studies was 5.5� 1.3 stars
on the modi�ed seven-point scale. All 11 publications, earned
three stars for selection (46–50, 53–58). Five studies received
no starts for comparability (53–57). In three studies (54, 56,
58) the outcome assessments were only self-reports. One study
(56) was considered to have inadequately short follow-ups for
valuable results, while three studies (53, 55, 56) did not give any
explanation for drop-outs.Supplementary Tables 6, 7show the
summary of the risk of bias assessment of observational studies.

Results of Individual Studies and Their
Synthesis
Hyaluronic Acid Treatment Effectively Increases Lip
Fullness
Two months after HA injection the overall pooled rate
of responders, i.e., the percentage of participants with at
least one grade improvement on a validated lip fullness
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FIGURE 2 | Risk of bias graph. Representing the portion of bias in each domain.

FIGURE 3 | Estimate of rate of responders at 2 months after treatment for the upper and lower lips. Overall, 92% (95% CI: 80–99%) and 90% (95% CI: 0.82–96%) of
included participants had at least one grade improvement ona validated lip fullness scale regarding their upper and lower lips, respectively, after 2 months of
initial treatment.

scale [Medicis Lip Fullnes Scale (MLF) or Allergan Lip
Fullness Scale (ALFS)] was 91% (95% CI: 0.85� 0.96)
(untransformed proportion, random-e�ects DerSimonian-
Laird method). I2-values indicating statistical heterogeneity
was 82.7% (p D 0.0). Data were pooled from 5 studies
(41, 44, 46, 49, 50) (Figure 3).

When the rate of responders for volume increase in the upper
and lower lips were compared, only a very minor, 2% di�erence
was observed between them 2 months after HA application
(41, 44, 46, 49, 50). Upper lips: ESD 0.92, 95% CI: 0.88� 0.99;I2

D 88.46%,pD 0.00 and lower lips: ESD 0.90, 95% CI: 0.82� 0.96;
I2 D 74.02%,p D 0.01 (Figure 3).
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FIGURE 4 | Estimate of overall rate of responders at 2 months in the no treatment group. Overall, 21% (95% CI: 6–40%) of included participants had at least one
grade improvement on a validated lip fullness scale after 2 months in the no treatment group.

An additional analysis was also performed using data
of the three available studies (41, 42, 44) investigating lip
fullness augmentation in non-treated controls. Even amongthese
subjects, who received no HA injection, 21% were demonstrated
to be responders 2 months after baseline assessment indicating a
possible placebo e�ect in HA injection studies (ESD 0.21, 95%
CI: 0.06� 0.40;I2 D 89.95%,p D 0.00) (Figure 4).

The rate of responders to HA treatment, i.e., the percentage
of participants with at least one grade improvement on the MLF
or ALF scales after 3 months, was also calculated including
eight studies (42, 43, 45–50). The untransformed proportion
(random-e�ects DerSimonian-Laird method) of the pooled data
showed that 71% of the HA-treated participants were responders,
meaning that 71 out of 100 experienced a substantial, at
least one grade increase in lip fullness 3 months after the
initial treatment (ESD 0.71, 95% CI: 0.55� 0.87;I2 D 97.91%,
p D 0.00) (Figure 5).

Six months after the HA injection, the overall rate of
responders, i.e., again the percentage of those who still have
an increase of lip fullness scale by one grade or higher, were
synthetized from �ve studies (42, 43, 47, 48, 50). This analysis
revealed that 74% of those who received the one dose HA
treatment maintained their increase of lip volume (ESD 0.74,
95% CI: 0.66� 0.82;I2 D 66.88%,p D 0.02) (Figure 6).

The lip volume data 12 months after HA application were
available only in four studies (42, 43, 47, 48). Our meta-analysis

revealed that rate of responders was 46% even after 1 year of a
single HA injection (ESD 0.46, 95% CI: 0.28� 0.65;I2 D 93.21%,
p D 0.00) (Figure 7).

Adverse Effects of Hyaluronic Acid Injection
Studies reporting the AEs related to HA injections were included
in this analysis. Data were pooled from six RCTs (41–43, 45, 51,
52), 11 cohort studies (46–50, 53–58) and 14 case reports (59–72)
including 1,488 participants overall.

The results revealed that the �ve most common AEs were
tenderness (n D 1,320, 88.7%), injection site swelling (n D 1,105,
74.3%), contusion (n D 725, 48.7%), injection site mass (n D 406,
27.3%), and injection site pain (n D 293, 19.7%). The appearance
of herpes labialis (n D 9, 0.6%) was identi�ed in a few cases, while
�ller-associated necrosis of the lips was also found very rarely
in case reports. More serious AEs such asgranulomatous foreign
body reaction (n D 9, 0.6%), were infrequent. Life-threatening
angioedema was reported only in four cases out of the 1,488
patients (0.3%) included in the studies on HA injection into the
lip (Supplementary Table 8).

Publication Bias
Funnel plot constructed from studies with 3 months follow-
up shows asymmetry of published records suggesting small-
study e�ect (Supplementary Figure 2). Due to the small number
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FIGURE 5 | Estimate of overall rate of responders at 3 months after treatment. Overall, 71% (95% CI: 55–87%) of included participants had at least one grade
improvement on a validated lip fullness scale after 3 monthsof initial treatment.

of studies included, no further statistical analysis could be
performed to test for small-study e�ect.

Certainty of Evidence
The assessement based on the GRADE approach revealed that the
�nal level of evidence for the e�ectiveness of HA treatment onlip
augmentation is very low. This is explained by some low level
of study designs (cohort studies), the signi�cant inconsistency
due to statistical heterogeneity indicating confounding factors,
imprecision indicated by wide range of con�dence intervals and
suspected publication bias due to small study e�ect.

In the case of EAs the level of evidence is also very low due
to study design, the high risk of bias and the lack of consistent
reporting on EAs (Supplementary Table 9).

DISCUSSION

Summary of Evidence
As it is the entrance of the gastrointestinal tract, the health and
esthetics of lips are important for the well-being of the human
body. Although HA is a frequently used dermal �ller for non-
surgical aesthetic treatment (8, 17), its bene�ts and possible
AEs for lip augmentation have not been assessed quantitatively
by meta-analysis. Although several primary studies existedon
the matter, their relatively small sample size did not allow to
draw strong conclusions. Our study is the �rst meta-analysisto

integrate the available data from individual primary studies for
the e�ectiveness of HA for lip augmentation after HA injections.
In our analysis, we included studies which used validated scales
to assess changes in lip fullness. We also included case reports
to �nd-long term and rare events of treatment-related AEs. We
found that HA injection e�ectively increases lip fullness upto
6 months among the majority of treated patients. Moreover,
our analysis revealed that approximately half of the successfully
treated participants still had a signi�cantly increased lip fullness
after 12 months. Most AEs related to the treatment were
consistent across prospective studies. AEs were mostly mild or
moderate, but rare severe AEs could also be observed in a very
small number of cases.

Although our meta-analysis clearly showed the e�ectiveness
of HA injection on the lip, the variability of the individual studies
was also very obvious (41–45). This heterogeneity suggests that
there were signi�cant confounding factors that might in�uence
the outcome of HA treatments. Several factors have been
suggested to in�uence the outcome of lip augmentation, such
as the injected volume, the number of touch-up treatments,
the type of injection technique, the number of cross-links
in HA product, and also the skin type of the patients, the
experience of investigators, as well as the evaluation method
(42, 44, 45, 80). In our analysis of e�ectiveness, more than 8
HA products using 5 di�erent HA concentrations were included.
The di�erent papers reported several injection techniques and

Frontiers in Surgery | www.frontiersin.org 10 August 2021 | Volume 8 | Article 681028

DOI:10.14753/SE.2023.2939

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Czumbel et al. Hyaluronic Acid in Lip Augmentation

FIGURE 6 | Estimate of overall rate of responders at 6 months after treatment. Overall, 74% (95% CI: 66–82%) of included participants had at least one grade
improvement on a validated lip fullness scale after 6 monthsof initial treatment.

various injection volumes. Due to the high variability and the
low number of studies containing identical subgroups, it was
not possible to perform a comprehensive statistical analysis to
investigate the e�ects of such confounding factors. Raspaldo and
coinvestigators found that live assessment yielded more precise
results compared to photo analysis based on 3D images. They
argued that photographs can alter shadows and smaller rhytids,
thereby altering evaluation outcomes (45). On the contrary,
Moragas et al. argued that the use of a validated scale is most
appropriate for evaluating lip augmentation outcomes. Yet, in
their review, they suggested that anthropometric measures were
far from being perfect. Therefore, they did not evaluate natural
appearance or changes in the shape of the lips (80).

An important observation of our analysis is the considerable
decrease in lip fullness over a 12-month period as HA treatment
remained e�ective in only about the half of the treated patients
after 1 year. Although HA is regarded to be a temporary �ller, its
longevity on lip volume have not been investigated with statistical
methods. The decreased number of augmented lips at 12 months
follow-up period could be ascribed to the natural biodegradation
of HA (26). Cross-linking slows down the biodegradation of HA
(81), but it is unclear to what level the concentration and degree
of cross-links of HA a�ects its long-term e�ectiveness.

Unfortunately, no studies are available on the e�ectivness of
hydratization of the lips in response to hyaluronic acid treatment.
HA �llers were described to increase not only the volume, but

also hydratize the treated tissue when applied (82). Namely, Seok
and coinvestigators observed increased skin hydration levels after
HA injections into various parts of the face (83). For AEs, we
found that similar event rates were reported from the included
RCTs (41–45) and other prospective studies (46–50). However,
case reports revealed additional AEs (59–72), which were not
reported in clinical trials. Our analysis revealed that the most
frequent AEs were injection-related, such as tenderness, injection
site swelling, bruising, injection site mass, injection site pain. All
of these AEs resolved without the need of treatment within a
few weeks. Similar AE rates were found in earlier studies forlips
(3, 80, 84) and for other anatomical sites as well (8, 17).

Remarkably, in one study (51), herpes labialis was found to be
the most common AE (17%). The reason for this is unclear since
the prevalence of this viral infection was much lower in the other
included studies (0.6%). Most probably, in the work of Downie
et al. the needle puncture could have triggered the reactivation
of herpes virus infection (51, 85). In this context. a systematic
review on HA �lling of nasolabial folds found that the correct
injection technique (avoiding fan-like injection) applying slow
rate injection (0.3 ml/min) can minimize the risk of injection-
related e�ects (8).

Moreover, our analysis uncovered some AEs that have been
reported only in case reports, such as foreign granulomatous
reactions with histology (0.6%), tumor-like nodule (0.3%).
Angioedema (0.3%) was reported in one RCT (42) and in three
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FIGURE 7 | Estimate of overall rate of responders at 12 months after treatment. Overall, 46% (95% CI: 28–65%) of included participants had at least one grade
improvement on a validated lip fullness scale after 12 months of initial treatment.

case reports (60, 62, 70). Filler-associated necrosis of the lips
were noted in three case reports (86–88). The available systematic
reviews have not identi�ed such AEs in similar prevalence (3, 8,
17, 80, 89). Additionally, vocalization and mastication may also
be disturbed but no reports are available about this.

Impurities in HA could be a potential explanation for
immune system-related AEs. HA itself is a non-allergic and a
non-toxic molecule (90). However, in health industry products
HA is manufactured from various xenogeneic sources. Also,
there are di�erences between the various HA manufacturing
procedures (31, 80, 91). In our meta-analysis all included
studies used HA produced by bacterial transduction. HA
products originating from bacterial transduction, using advanced
puri�cation technologies are thought to reduce the risk of host
immune response compared to HA products from animal sources
(80). Rough HA preparations may be further modi�ed chemically
to create the cross-links that extend the lifespan of the injected
HA (80, 91). However, impurities, residual proteins and nucleic
acid fragments leading to immune reactions may still exist
after puri�cation (31, 32, 91). It is unclear whether the few
cases of angioedema and granulomas were due to impurities
in the used HA products or by the possible contamination of
the needle with bacteria used to puncture the skin (92–94).
But a recent systematic review investigated the incidence of
delayed in�ammatory reactions associated with HA injection
(17). That work concluded that although the estimated incidence

is relatively low, preceding skin tests could be still relevant
before HA injection to prevent certain types of granulomas,
such as the ones caused by delayed-type hypersensitivity
reaction (17).

LIMITATIONS

A major limitation of the present work is the relatively
small number of RCTs found on the topic. Although our
analysis revealed the importance of confounding factors, no
sub-group analysis could be performed due to the limited
reported data, and to uncomprehensive data-reporting. For
example, the volume of HA injection and the injection
technique were not given, and subdivision of the results
according to skin types were not always provided. Additionally,
di�erent studies used di�erent reporting schemes and
wording for detecting AEs. Hence, due to the lack of clear
de�nition, we had to merge certain reported AEs based on
our estimation.

In several papers, the documentation of AEs was not optimal
for comparison. Additionally, most of the prospective studies
had a short follow-up period, up to a maximum of 1 year.
Moreover, our analysis was based on reported events, unreported
events could not be taken into account. This may cause
underestimation of the number and type of AEs associated with
lip augmentation.
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CONCLUSION

In conclusion, our meta-analysis provided evidence that
hyaluronic acid injections are highly e�cient at least up to6
months. Even after 1 year following HA injections, in almosthalf
of the patients, the lip volume was still signi�cantly increased.
Additionally, we found that most of the AEs after HA treatment
were mild or moderate. But the lack of longer follow-ups could
not reveal possible delayed reactions. Based on our present meta-
analysis, we suggest that more high quality RCTs are needed
to strengthen the certainty of evidence and �rmly establishthe
long-term e�ect of HA injection for lip augmentation.
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