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ABSTRACT	
[bookmark: _Hlk56779597]At present there is no clear consensus whether systemic antibiotics should be administered at replantation of an avulsed permanent tooth. This systematic review and meta-analysis assessed the evidence on effectiveness and harms of the administration of systemic antibiotics at replantation of avulsed permanent teeth.

In August 2020 a systematic literature search was performed for SRs, RCTs and observational controlled studies in MEDLINE, PreMedline, Embase and the Cochrane databases.
The population of interest were medically fit patients with a replanted avulsed tooth. Main outcomes were tooth survival, periodontal healing, pulpal revascularisation as well as (severe) adverse events. These outcomes were compared in patients who did and who did not receive systemic antibiotics. 
The GRADE methodology was used to assess the quality of evidence.

The search yielded no RCTs, and none of the seven included observational studies had the prime intent to investigate the effectiveness or harms of antibiotics. According to GRADE, the overall level of evidence was very low. The association of the administration of systemic antibiotics with tooth survival was not significant (one study, RR = 3.70, 95% CI: 0.63 - 21.69). The meta-analyses revealed non-significant associations with periodontal healing (meta-analysis of six studies RR: 1.07; 95% CI: 0.80 - 1.45), nor with pulpal revascularisation (meta-analysis of two studies, RR: 0.36; 95% CI: 0.05 – 2.41).

Currently there is no scientific evidence to support the use of systemic antibiotics at replantation of avulsed permanent teeth. Well-designed RCTs should be a priority on the research agenda.  
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FULL TEXT ARTICLE
1. INTRODUCTION
One of the most severe dental injuries is avulsion, in which the tooth is completely separated from its alveolus. It causes severe damage to the supportive tissues and bone structure which, in case of children or adolescents, can impact facial growth (Trope 2011). Maxillary anterior teeth are most at risk for traumatic dental injuries (around 90%) (Day et al. 2019).
In most circumstances the avulsed permanent tooth or teeth should be replanted as quickly as possible and the patient should access dental care, ideally within the first 60 minutes. When the tooth is not replanted at the scene of the accident, storage of the tooth in a suitable medium (e.g. milk) is advised (Andersson et al. 2012; Day et al. 2019; Udoye et al. 2012). Although replantation may save the tooth, it is important to realize that some of the replanted teeth have low probability of long-term survival and around 73% to 96% of the replanted teeth may be lost or extracted at a later stage (Fouad et al. 2020); (Day et al. 2019). Despite the low survival rates, it is recommended to replant avulsed teeth, especially in children and adolescents, to allow patient’s facial growth to be completed and before a more definitive treatment plan can be established (e.g. replacement by an osseointegrated implant at adult age)(Trope 2011). In some cases, however, autotransplantation or orthodontic alignment without keeping the avulsed tooth can be a preferred alternative. 
One of the critical elements in the survival of replanted avulsed teeth is ‘periodontal healing’ (Day et al. 2019). Damaged periodontal ligament cells lead to a root that loses his natural resilience in the surrounding bone. The root is gradually replaced by bone, a process which is called ‘replacement resorption’ - also called ‘ankylosis’. When there is in addition to the damaged periodontal ligament cells, bacteria and/or endotoxins infecting the root canal, this can exacerbate the existing inflammation, inducing ‘inflammatory’ resorption, which in turn can reinforce the replacement resorption process (Abbott 2016). External inflammatory resorption can be treated by appropriate endodontic treatment. While replacement resorption cannot be stopped by any treatment (Finucane and Kinirons 2003). Several factors have an impact on periodontal healing after avulsion: the extra-alveolar period, the storage medium, the maturity of the tooth, contamination, and the timing of pulp extirpation (Andreasen et al. 1995b; Bastos et al. 2014; Kinirons et al. 2000; Werder et al. 2011).
A second critical element for immature teeth (i.e. with an open apex) is pulpal healing. Pulp revascularization allows stimulation of apical development and root maturation of immature teeth. In order to obtain revascularisation, the pulp must be free of bacteria/infection (Araujo et al. 2017). Pulp revascularization or healing can be expected in immature teeth which have been replanted immediately or kept for short period in appropriate storage media prior to replantation (Andersson et al. 2017). In mature avulsed teeth (i.e. with a closed apex), endodontic treatment with pulp removal is indicated, since pulpal healing is no option. 

Currently, there is no consensus on the added value of systemic antibiotics at replantation of avulsed teeth (whether they are effective in reducing root resorption, predominantly inflammatory root resorption). On the one hand, the International Association for Dental Traumatology (IADT) as well as the American Association of Paediatric Dentistry (AAPD) recommended the administration of systemic antibiotics (American Academy of Pediatric Dentistry (AAPD) 2019; Fouad et al. 2020), while the most recent systematic review of the literature concluded that there was inconclusive evidence for an association between systemic antibiotic therapy and an increased likelihood of acceptable periodontal healing (Hinckfuss and Messer 2009b). Findings from animal studies (Hammarstrom et al. 1986; Sae-Lim et al. 1998) have suggested that the administration of systemic antibiotics at replantation of avulsed permanent teeth can prevent or eliminate bacterial infection and in this way decrease the occurrence of root resorption (Fouad et al. 2020), but it is unclear whether these findings are also observed in human avulsed and replanted teeth.
In this era where the rational use of antibiotics is advocated there must be a clear added benefit for using these agents. From a public health perspective, the development of antimicrobial resistance is one of the biggest threats to global health, food security and development; it is rising to dangerously high levels in all parts of the world (World Health Organization 2017). Moreover, antimicrobials are also associated with direct effects for the individual patient: disruption of microbiomes, drug hypersensitivity reactions and toxicities (Ferrer et al. 2017; Gillies et al. 2015; Maker et al. 2019).
The present systematic review and meta-analysis has the objective to assess the clinical effectiveness of the administration of systemic antibiotics at replantation of avulsed permanent teeth. Although locally applied antibiotics (e.g. pastes, cream) have been reported to be beneficial for the revascularisation process (Araujo et al. 2017) and reduce inflammation (Abbott 2016), they were considered out of scope for this systematic review.

2. MATERIALS and METHODS
This systematic review and meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (PRISMA) (Hutton et al. 2015). A prior protocol was developed, but it was not registered at the international prospective register of systematic reviews (PROSPERO).
2.1. Inclusion criteria - PICO
Population:  medically fit patients in whom an avulsed permanent tooth is replanted;
Intervention: patients with per os administered antibiotic (ATC group J01) at any dosage. Studies analysing locally applied antibiotics were excluded. Studies with patients receiving concomitant analgesics were allowed. 
Comparator: patients with no antibiotic per os administered (or placebo);
Outcome: tooth survival, periodontal ligament healing (including proxy outcomes such as root resorption, infra-occlusion, tooth mobility), and any serious adverse effect. Other outcomes considered were pulpal healing, pain, quality of life measurements (including aesthetics). 
Study designs: Good-quality Systematic Reviews (SR), Randomized clinical trials (RCTs), prospective and retrospective cohort studies with no limit of length of follow-up.
An overview on the PICO and inclusion criteria are in appendix. 
2.2. Literature Search
The search for systematic reviews, RCTs and observational studies was performed in MEDLINE, PreMedline, Embase and the Cochrane databases on 20 August 2020. The search for guidelines was performed in Medline and Embase. In addition, dedicated websites were consulted for clinical practice guidelines and Health technology assessments (HTA) (August 2020). Clinical experts were consulted to identify relevant evidence that might have been missed during the search process. The specific searches are documented in appendix. 
The screening of titles and abstracts was performed by two authors independently (JB & RL). In case of disagreement, discussions were held until consensus was reached. Reviews were excluded if the search was done in only one database, if the search strategy was restricted to MeSH terms, if the in- and exclusion criteria were not clearly formulated, if there was no quality assessment of included studies, if the review was narrative or if the topic under study was not covered. 
2.3. Quality assessment
For the systematic reviews (SRs) the AMSTAR 2 criteria were used to assess the methodological quality (Shea et al. 2017). The quality of the selected RCTs was assessed with the Cochrane Collaboration’s tool for assessing risk of bias (Higgins et al. 2012).The quality of the selected observational studies was assessed with the Risk of Bias in non-randomised studies of interventions (ROBINS-I) tool (Sterne et al. 2016). The Appraisal of Guidelines Research and Evaluation (AGREE) II instrument was used to evaluate the methodological quality of the identified international guidelines (Brouwers et al. 2010). Quality assessment was done by two researchers, independently for SRs (JB & RL) and guidelines (RL & LV), and by one researcher for the primary studies (JB). 
2.4. Data extraction and analysis
Data extraction was performed by one researcher (JB) and checked by a second researcher (RL). Data were entered in pre-validated evidence tables (see appendix). When data were lacking or unclear, the authors were contacted. When opportune, a meta-analysis was performed according to the guidelines described in the Cochrane Handbook (Deeks et al. 2012) and by the use of Review Manager software (The Nordic Cochrane Centre and The Cochrane Collaboration 2014). The meta-analyses were performed on tooth level. When the studies were clinically sufficiently homogeneous (i.e. sufficiently similar with respect to the patients, interventions, outcomes and timing of the follow-up measurements), the results were combined by means of a fixed-effects model. Yet, in case the studies were heterogeneous, a random-effects model was used and, if sufficient studies were available, heterogeneity was explored by subgroup analysis. Statistical heterogeneity was assessed by a combination of visual inspection of the forest plots, the Chi-square test for homogeneity (p-value set at 0.1 to increase the power of this test) and the I2 statistic. Risk ratios were used as a summary statistic. An event is defined as tooth survival, periodontal healing, pulpal healing and therefore a risk ratio >1 indicates a positive effect of the intervention.
2.5. Overall evidence appraisal
The GRADE methodology was used to categorise the quality of evidence per outcome into either: high, moderate, low, or very low (Guyatt et al. 2013). The quality of evidence reflects the extent to which there is confidence in an estimate of the effect for a specific outcome. The evaluation was based on the following quality elements: study limitations (risk of bias), inconsistency, indirectness, imprecision and publication bias.
3. RESULTS
3.1. Results of the literature search
The flowchart (Figure 1) shows the results of the literature search. In total 6 guidelines were identified, but after screening of the full text no relevant guideline was retained. The search for SRs resulted in the identification of a recent Cochrane SR (Day et al. 2019). The authors did not identify an RCT or a quasi-randomised controlled trial in which the adjunctive administration of systemic antibiotics was the investigated intervention. The literature search performed for the present systematic review did not reveal a relevant RCT that was published after the search date of the SR by Day et al. (2019). Therefore, the search was enlarged to other primary studies; this search yielded 9 manuscripts (based on 7 observational studies) which were included in this systematic review (Andersson and Bodin 1990; Andreasen et al. 1995a; 1995b; Andreasen and Hjorting-Hansen 1966; Bastos et al. 2014; Pohl et al. 2005a; Pohl et al. 2005b; Sae-Lim and Yuen 1997; Wang et al. 2019). The reasons for excluding guidelines, SRs or primary studies can be consulted in tables in the appendix. 
3.2. Study characteristics
One of the seven studies was conducted in China (Wang et al. 2019), one in Brazil (Bastos et al. 2014), one in Singapore (Sae-Lim and Yuen 1997), one in Sweden (Andersson and Bodin 1990) one in Germany and Switzerland (Pohl et al. 2005a; Pohl et al. 2005b) and two in Denmark (Andreasen et al. 1995a; Andreasen and Hjorting-Hansen 1966). The majority was retrospective, which inherently introduces bias. Moreover, none of the studies had as prime intent the evaluation of systemic antibiotics at replantation of avulsed teeth. The main objective of these studies was to identify risk factors (e.g. maturity of the teeth, storage medium, extra-alveolar period, type and timing of dental procedures) for poor outcomes after replantation of avulsed teeth.
In total, 752 patients were included; most of them were children (age range from 6 years to a maximum of 29 years in five studies, and in two studies the age range was respectively 7 to 48 years and 5 to 52 years). Most studies had a large study enrolment period, which in some studies resulted in variable treatment protocols during the study period (i.e. heterogeneity within the study). The first patients were enrolled as early as 1965. More details on the characteristics of the included studies can be consulted in Table 1.
3.3. Quality of included studies 
All studies had a high risk of bias, as assessed with the ROBINS-I tool (Figures in appendix). In several studies, there was no information on the exact timing of antibiotic use, which antibiotic was used, or at which dose and frequency; this introduced bias in the classification of interventions. In some studies additional interventions (e.g. endodontic treatment) which may have had an impact on the outcome were not evenly distributed between the ‘antibiotic group’ and the ‘no antibiotic group’, or information was lacking to assess this distribution. There was also a large variability of other confounding factors between the ‘antibiotic group’ and the ‘no antibiotic group’, e.g. inclusion of patients with mature and immature teeth, large range of extra-alveolar period, a variation in storage media, which may have resulted in confounding bias. In the summary of findings table the quality of evidence is presented per outcome (see 

Table 2).
3.4. Tooth survival
This outcome was assessed in two studies (Pohl et al. 2005b; Wang et al. 2019), but only one small study of 24 patients with 28 avulsed teeth (Pohl et al. 2005b) reported this outcome separately for 19 patients with 23 teeth under study who received systemic antibiotics (‘antibiotic group’) and 5 patients with 5 teeth who did not receive antibiotics (‘no antibiotic group’). After a median follow-up of 24 months, there was no statistically significant difference in tooth survival between both groups (antibiotic group: 17/23 (74%) vs. no antibiotic: 1/5 (20%); RR = 3.70, 95% CI: 0.63 - 21.69).
According to GRADE, the level of evidence was downgraded to very low because of the very small sample size and because of the uneven distribution of possible co-interventions between both groups (e.g. the ’antiresorptive regenerative therapy’ which is a combination of storage of the teeth in a tissue culture medium with dexamethasone, application of Emdogain® gel, and systemic doxycycline for 5 days, was only offered in the antibiotic group; see 

Table 2).
3.5. Periodontal healing
This outcome was assessed in 7 studies (Andersson and Bodin 1990; Andreasen et al. 1995b; Andreasen and Hjorting-Hansen 1966; Bastos et al. 2014; Pohl et al. 2005a; Sae-Lim and Yuen 1997; Wang et al. 2019), but somewhat different definitions for positive periodontal healing were used. In some studies it was assessed only radiographically (Andersson and Bodin 1990; Bastos et al. 2014), while in others it was based on a clinical and radiographic examination (Andreasen et al. 1995b; Andreasen and Hjorting-Hansen 1966; Pohl et al. 2005a; Sae-Lim and Yuen 1997; Wang et al. 2019). 
In none of the individual studies a significant positive association between antibiotic use and periodontal healing was reported (see details of each study in the evidence tables in appendix). The meta-analysis of 6 studies (for one study (Andreasen and Hjorting-Hansen 1966) the detailed data were not reported and could not be included) showed no statistically significant association between antibiotic use and periodontal healing (RR: 1.07; 95% CI: 0.80 - 1.45; Fout! Verwijzingsbron niet gevonden.). A meta-analysis restricted to studies with a low risk of bias was not possible, as there were none. When teeth with non-progressive root resorption were also categorised as periodontally healed, as was performed in a previously published meta-analysis (Hinckfuss and Messer 2009b), the result did not deviate from the former analysis (RR: 1.11; 95% CI: 0.83 - 1.50; Fout! Verwijzingsbron niet gevonden.in Fout! Verwijzingsbron niet gevonden.). When the meta-analysis was restricted to trials with at least one year follow-up (RR: 1.51; 95% CI: 0.91 – 2.50; Fout! Verwijzingsbron niet gevonden.in appendix), comparable results were obtained.  
According to GRADE, the level of evidence was downgraded to very low because of the very small sample sizes of at least three studies (Andersson and Bodin 1990; Pohl et al. 2005a; Sae-Lim and Yuen 1997), and the large confidence intervals of the primary studies, indicating imprecision. All studies had a serious risk of bias due to several confounding factors for which it is uncertain whether or not they were equally distributed between both groups and due to a lack of adjustment. Last but not least, important inconsistency was observed as the point estimates of the older studies suggest no association while more recent studies rather suggest the opposite (though not statistically significant; see 

Table 2).
3.6. Pulpal healing
Pulpal revascularisation was assessed in three studies (Andreasen et al. 1995a; Sae-Lim and Yuen 1997; Wang et al. 2019), but outcome data that allowed the evaluation of an association between antibiotic use and pulpal healing were only provided in two studies (Andreasen et al. 1995a; Sae-Lim and Yuen 1997). The interval from replantation to positive pulpal sensitivity ranged between 4 months and 1.5 years in one study (Andreasen et al. 1995a), and in the second study it was only specified that the follow-up exceeded 1 year (Sae-Lim and Yuen 1997).
Because of the prominent heterogeneity between both studies, it was not ideal to pool these data; yet the meta-analysis revealed no statistically significant association between antibiotic use and pulpal healing (RR: 0.36; 95% CI: 0.05 – 2.41; Figure 3).
According to GRADE, the level of evidence was downgraded to very low because of imprecision due to the very small sample size (Sae-Lim and Yuen 1997) and the large confidence intervals, because of the serious risk of bias due to several confounding factors for which it is uncertain whether or not they were equally distributed between both groups, and because of the lack of details on the administration of the systemic antibiotic (type, dose, length of treatment; see Table 2) (Sae-Lim and Yuen 1997).
3.7. Adverse events and other outcomes
In none of the included studies (serious) adverse events were assessed. Pain, pain medication, quality of life, trauma-related dental anxiety, costs, dentist time, number of visits, time in the dental chair, patient’s time off work/school were not reported either.
4. DISCUSSION
The present systematic review and meta-analysis showed that at present there is no scientific evidence to support the use of systemic antibiotics at replantation of avulsed permanent teeth. In the meta-analysis as well as in the seven included studies no significant (positive) association was observed between the administration of systemic antibiotics on the one hand and tooth survival, periodontal healing or pulpal healing on the other hand. Although there were several contra-indications for combining the available data in meta-analyses (to name only some, the high heterogeneity within and between the studies and study groups and the fact that none of the seven observational studies were designed to assess the impact of systemic antibiotics), it was still opted to combine the data in a meta-analysis to get an overview of the association between antibiotic use and the three major outcomes of interest. The pooled results should thus be interpreted with great caution given the important limitations. This meta-analysis includes 628 avulsed permanent teeth, which is a larger sample than the former published meta-analysis on this subject (Hinckfuss and Messer 2009b). 
Ideally, only low risk of bias studies should be included in a meta-analysis and subsequent (sensitivity) meta-analyses should have been performed combining data from specific (more homogenous) subgroups. However these data were not always available in the selected manuscripts. 
In addition to the absence of direct evidence coming from specifically designed studies, the seven identified studies had a high risk of bias. In the included studies, there were no strict inclusion criteria, leading to the inclusion of both patients with mature and immature teeth, with and without endodontic treatment, with a large range of extra-alveolar period (immediate replantation to replantation after 3 days), with a variation in storage media (physiologic such as milk, saline, saliva or non-physiologic such as ice, tap water, or even dry). Similar to what was pointed out by others, all these factors may have an impact on survival and on periodontal and pulpal healing. Because these factors were not homogeneously distributed between the ‘antibiotic group’ and the ‘no antibiotic group’, it impairs the assessment of the association between systemic antibiotics and the outcomes under study.
It has been suggested, for instance, that the time between replantation and the onset of endodontic therapy progressively affects the prevalence and severity of inflammatory root resorption, leading to the recommendation that endodontic treatment should be done within 10 to 14 days after replantation (Bastos et al. 2014; Hinckfuss and Messer 2009a). Since the administration of systematic antibiotics as well as endodontic treatment, both have the intention of eliminating infection, and thus impacting the severity of inflammatory root resorption, it would have been very informative to assess the outcomes selectively in teeth with and without endodontic treatment. However, there were not enough details in the individual studies to perform these analyses. 
In addition, all studies had severe risk of selection bias as it was not reported why some patients were given antibiotics and others not. It is possible that dentists were using their clinical skill to decide which individuals were most likely to benefit from antibiotics (for example, where pulp extirpation was to be delayed because of anticipated revascularisation of an immature incisor that was replanted after a short extra-oral time), and which patients would not, for example when pulp extirpation was already planned in the near future. But this information was not provided.
The timing of the observation of outcomes is another important factor to consider. In case of periodontal ligament healing a follow-up of at least one year is deemed appropriate (Day et al. 2019; Pohl et al. 2005b). Some studies only considered patients eligible for inclusion when there was indeed more than one year follow-up (Sae-Lim and Yuen 1997; Wang et al. 2019), while others provided a median and range of follow-up time (Andersson and Bodin 1990; Andreasen et al. 1995b; Pohl et al. 2005a). In one study periodontal healing was assessed at the time of endodontic treatment, hence only 6 hours up to 39.6 months after replantation (Bastos et al. 2014).
It is a striking observation that anno 2020, there are no well-designed controlled clinical studies assessing the potential added value of the administration of systemic antibiotics on tooth survival, periodontal healing and pulpal healing after replantation of avulsed permanent teeth in humans. Despite the fact that the available scientific evidence, which is of very low quality, indicates that there is no statistically significant association between systemic antibiotics and the outcome of replanted avulsed teeth, IADT and AAPD recommend their use routinely (American Academy of Pediatric Dentistry (AAPD) 2019; Fouad et al. 2020).The recommendations are based on studies performed in dogs and monkeys (Hammarstrom et al. 1986; Sae-Lim et al. 1998) and on expert opinion.
The World Health Organisation as well as the European Commission advocate prudent antimicrobial use, where prescribers should consider the benefits while at the same time minimise the probability of adverse effects (including toxicity and the selection of pathogenic organisms, like Clostridium difficile) and the emergence or spread of antimicrobial resistance (European Commission 2017; World Health Organization 2017). Therefore, prescribing antibiotics should only be considered when there is clear evidence of effect. 
This systematic review focused on medically fit patients. The group of medically non-fit patients were considered out of scope in this research. Therefore, no conclusions could be drawn for immunocompromised patients, or patients with other comorbidities. The treating dentist should always consider the individual patient’s health status and situation and verify the applicability of a guideline. In case a dentist has doubts whether the patient in front of him can be considered medically fit and can be treated as suggested in the guideline, he should contact the physician of the patient and discuss the optimal treatment pathway.
 This systematic review emphasises that high-level research in this field is indicated, which is also suggested by the International Association of Dental Traumatology (Fouad et al. 2020) as well as by a 2009 review (Hinckfuss and Messer 2009b). Ideally, research should be done in different (age-) population categories as the prognosis is dependent on the maturity of the replanted tooth. Because various factors can impact the outcome of a replanted avulsed tooth (e.g. extra-oral time, tooth storage medium, replantation procedures, endodontic treatment), these factors should be well reported for each avulsed tooth, so that this information can be taken into account in future analyses. The timing of the outcome assessment should also be reported. Because of the possible interaction and coexistence of different types of resorption (Souza, Dutra et al. 2018), there was no specific focus on one type of resorption but the outcomes considered were periodontal healing (which means the absence of root resorption), pulpal healing and tooth survival. Future studies should not only report on periodontal healing, pulpal healing and tooth survival, they should also record other important outcomes, such as (serious) adverse events, pain, quality of life aspects, costs, number of visits, time in the dental chair and patient’s time off work/school. 
In conclusion, as there is no evidence on the added value of systemically administered antibiotics at replantation of avulsed teeth, they should not be routinely recommended. Well-designed RCTs should be a priority on the research agenda. 
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[bookmark: _Ref52355029][bookmark: _Ref45549647][bookmark: _Ref45549642]Table 1 – Characteristics of included studies

	Author -setting
	Study design
	Sample size
	Endodontic treatment
	Antibiotic use
	Outcomes

	Wang et al., 2019

University dental clinic 

China
	Retrospective cohort study

FU: mean 4.0 years (minimum 1 year - maximum: 14.6 years)
	n=157 children with 196 replanted teeth

Mean age: 9.9 years (range: 6 -16 years)

Mature: 140/196  
Immature teeth: 56/196 

	-No endodontic treatment: n=6
-Prior to replantation: n=20
-Within 14 days: n=87
-After 14 days: n=83
	Systemic AB: n=97 teeth (no further details on type, dose or duration)

No AB: n=99
	-Periodontal healing (defined as ‘functional healing when infection‐related complications and ankylosis/replacement resorption could be excluded by examination’; clinical and radiographic assessment)

	Bastos et al. 2016

Emergency dental service and university dental clinic

Brazil
	Retrospective cohort study

FU: median 2.2 months between replantation and endodontic treatment (range: 6 hours - 39.6 months)
	n=165 patients; for 78 teeth AB use was registered

Mean age: 12.7 years (range: 7.9 – 33.1 years)

All mature teeth
	No endodontic treatment before the outcomes were assessed. All teeth eventually received root canal treatment (No further specification)
	Systemic AB 
n=25 (data provided by the authors through personal communication)

No AB:
n=53
	- Outcomes assessed on the day the root canal treatment started 
-Periodontal healing (defined as no external root resorption, inflammatory or replacement; assessed via occlusal and periapical radiographs) 

	Pohl et al. 2005

University dental clinic

Germany and Switserland
	Prospective cohort study 

FU: Median 23.8 months (range: 5.1 - 100.2 months)
	n=24 children with 28 avulsed and replanted teeth

Mean age: 10.3 years (SD 2.6 and range: 7.1 - 17.3 years)

Mature: 15/28 
Immature: 13/28 

	All teeth were endodontically treated prior to replantation 
	Systemic AB: n=19 patients (with 23 replanted teeth) penicillin or doxycycline

No AB: n=5 patients (with 5 replanted teeth)
	-Tooth survival
-Periodontal healing (assessed via clinical and radiographic examinations during regular control visits 
(1) functional healing or (2) replacement resorption/ankylosis 
(3) infection-related resorption )

	Sae-Lim and Yuen 1997

Dental unit of the Accident and Emergency Department General Hospital 

Singapore
	Retrospective cohort study

FU: at least 1 year
	n=34 avulsed and replanted teeth

No details on age
Mature: 28/34 Immature: 6/34  
	No information
	Systemic AB: n=26 teeth (erythromycin or penicillin; in case of severe forms of oro-facial trauma)

No systemic AB: n=8 teeth

For the outcome pulpal healing: sample size is 28 teeth
	-Periodontal healing: (absence of inflammatory resorption, ankylosis/replacement resorption, marginal periodontal breakdown, or extraction/progressive resorption)

-Pulpal healing


	Andreasen et al., 1995

University Hospital

Denmark
	Prospective cohort study

FU: at least 1 year; (range from 1 month till 10 years)
	Periodontal healing: n=272 patients with 272 avulsed and replanted teeth of which 197 mature teeth and 75 immature 

Pulpal healing: n=66 patients with 66 avulsed and replanted teeth – all immature teeth



Mean age: 13.7 years (range: 5 - 52 years


	No endodontic treatment in the 66 immature teeth

All mature teeth had an endodontic treatment 7-14 days after replantation
	For the outcome periodontal healing Systemic AB: n=202 teeth (Penicillin immediately after replantation, for 4 days)
No AB: n=69 teeth
Missing data: n=1 tooth

For the outcome pulpal healing
Systemic AB: n=54 teeth (Penicillin immediately after replantation, for 4 days; 500 000 units four times a day) 
No systemic AB: n=7 teeth
Missing data: n=5 teeth
	-Periodontal healing (assessed clinically and radiographically and is classified as 1) normal healing, 2) surface resorption, 3) inflammatory resorption, 4) ankylosis or 5) combinations 

-Pulpal healing (clinically and radiographically)

	Andersson and Bodin, 1990

5 Oral surgery clinics

Sweden


	Retrospective cohort study

FU: Mean 5 years
	n=18 patients with 21 replanted teeth

Median age: 14 years (range: 7 - 29 years)

Mature teeth: 18/21
Immature teeth 3/21
	No root canal treatment: n=2

Root canal treatment within 3 weeks: n=7

Root canal treatment after more than 3 weeks: n=11
	Systemic AB: n=19 teeth (no further details on type, dose or duration)

No systemic AB: n=2
	· periodontal healing (assessed via radiographs (root resorption index), and classified into three categories: no root resorption, non-progressive root resorption and progressive root resorption)

	Andreasen et al., 1966

Setting not specified

Denmark
	Retrospective cohort

FU: Range from 2 months to 13 years
	n=82 patients with 110 teeth

Median age: 10.5 years (range: 6 - 24 years)

Mature teeth: 97/110
Immature teeth: 13/110
	No endodontic treatment: n=18

Endodontic treatment Before replantation: n=62 

2 - 3 weeks after replantation: n=30 

	Systemic AB: n=50 (Penicillin immediately after replantation; no further details on dose or duration)

No systemic AB: n=60
	· periodontal healing

(No data provided; the authors state: ‘There was an equal distribution of the material in the three groups regardless of antibiotic therapy or not.’, therefore not included in quantitative analysis.


FU: Follow-up; AB: antibiotics

[bookmark: _Ref51930133]

Table 2 – Summary of Findings table
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Antibiotics
[intervention]
	no antibiotics
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Tooth survival (follow up: mean 33 months)

	1 
	observational studies 
	very serious a
	not serious 
	not serious 
	very serious b
	none 
	17/23 (73.9%) 
	1/5 (20.0%) 
	RR 3.70
(0.63 to 21.69) 
	540 more per 1,000
(from 74 fewer to 1,000 more) 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Serious adverse events - not reported

	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	CRITICAL 

	Periodontal healing (follow up: not standardised)

	6 
	observational studies 
	extremely serious c
	serious d
	not serious 
	serious e
	none 
	106/392 (27.0%) 
	54/236 (22.9%) 
	RR 1.07
(0.80 to 1.45) 
	16 more per 1,000
(from 46 fewer to 103 more) 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 

	Pulpal healing (follow up: not standardised)

	2 
	observational studies 
	extremely serious c
	not serious 
	not serious 
	serious f
	none 
	19/74 (25.7%) 
	6/15 (40.0%) 
	RR 0.36
(0.05 to 2.41) 
	256 fewer per 1,000
(from 380 fewer to 564 more) 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 

	Pain - not reported

	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	IMPORTANT

	Quality of Life - not reported

	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	IMPORTANT

	Adverse events - not reported

	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	IMPORTANT


a. bias in the classification of the intervention as there are no details on which antibiotic was used (penicillin or doxycycline); bias due to a co-intervention (i.e. antiresorptive-regenerative therapy) that can have an impact on the outcome and which is only offered in the antibiotic group; b. small sample size, antibiotic group (n=23) and no antibiotic group (n=5) and large confidence intervals (CI); c. bias due to several confounding factors associated with the outcome which are not evenly distributed between antibiotic and no antibiotic group or there is insufficient information on distribution of confounding factors in both groups; moreover, there was insufficient information on antibiotic use (no details on which antibiotic, dose, length of treatment) adding to the risk of bias in the classification of the intervention; d. based on point estimates, older studies have the tendency to show negative effect while more recent studies towards positive effect (though not statistically significant); e. for three studies (Andersson and Bodin 1990, Sae Lim 1997 and Pohl 2005) the sample size is very small (n around 30 patients) and the event rate very low, resulting in large CI; f. small sample size, especially in the group of patients with no antibiotic use (n=15).

[bookmark: _Ref52355312]

[bookmark: _Ref55380630]Figure 1 - Flowchart of included literature
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*: date limit of search 2000 till August 2020; ** the Cochrane SR by Day et al 2019 did not find any RCTs on the intervention of ‘systemic antibiotic use’; *** the 9 articles cover 7 observational studies. The quality of those studies is very low; **** some studies reported more than 1 outcome
[bookmark: _Toc35340886][bookmark: _Ref32849767]

Figure 2 - Forest Plot – Replantation of avulsed teeth - Periodontal healing 
[image: ]
[bookmark: _Ref33015838][bookmark: _Toc35340887]Figure 3 - Forest Plot – Replantation of avulsed teeth - Pulpal healing 
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