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A B S T R A C T

Background

Traumatic dental injuries are common. One of the most severe injuries is when a permanent tooth is knocked completely out of the

mouth (avulsed). In most circumstances the tooth should be replanted as quickly as possible. There is uncertainty on which interventions

will maximise the survival and repair of the replanted tooth. This is an update of a Cochrane Review first published in 2010.

Objectives

To compare the effects of a range of interventions for managing traumatised permanent front teeth with avulsion injuries.

Search methods

Cochrane Oral Health’s Information Specialist searched the following databases: Cochrane Oral Health’s Trials Register (to 8 March

2018), Cochrane Central Register of Controlled Trials (CENTRAL; 2018, Issue 2) in the Cochrane Library (searched 8 March 2018),

MEDLINE Ovid (1946 to 8 March 2018), and Embase Ovid (1980 to 8 March 2018). The US National Institutes of Health Ongoing

Trials Registry (ClinicalTrials.gov) and the World Health Organization International Clinical Trials Registry Platform were searched

for ongoing trials. No restrictions were placed on the language or date of publication when searching the electronic databases.

Selection criteria

We considered randomised and quasi-randomised controlled trials that included a minimum follow-up period of 12 months, for

interventions for avulsed and replanted permanent front teeth.

Data collection and analysis

Two review authors independently selected studies, extracted data and assessed the risk of bias. Authors were contacted where further

information about their study was required.

Main results

Four studies, involving a total of 183 participants and 257 teeth were identified. Each of the interventions aimed to reduce infection or

alter the inflammatory response or both at the time of or shortly after the tooth or teeth were replanted. Each study assessed a different

intervention and therefore it was not appropriate or possible to numerically synthesise the data. All evidence was rated as being of very
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low quality due to problems with risk of bias and imprecision of results. This means that we are very uncertain about all of the results

presented in this review.

One study at high risk of bias with 69 participants (138 teeth) compared a 20-minute soak with gentamycin sulphate for both groups

prior to replantation with the experimental group receiving daily hyperbaric oxygen for 80 minutes for the first 10 days. There was

some evidence of a benefit for the hyperbaric oxygen group in respect of periodontal healing, tooth survival, and pulpal healing.

One study at unclear risk of bias with 22 participants (27 teeth) compared the use of two root canal medicaments, Ledermix and

Ultracal. There was insufficient evidence of a difference for periodontal healing or tooth survival. This was the only study to formally

report adverse events with none identified. Study authors reported that Ledermix caused a greater level of patient dissatisfaction with

the colour of avulsed and replanted teeth.

A third study at high risk of bias with 19 participants compared extra- or intra-oral endodontics for avulsed teeth which were stored

dry for longer than 60 minutes before replantation. There was insufficient evidence of a difference in periodontal healing.

The fourth study at high risk of bias with 73 participants compared a 10-minute soak in either thymosin alpha 1 or saline before

replantation followed by daily gingival injections with these same medicaments for the first 7 days. There was some evidence of a benefit

for thymosin alpha 1 with respect to periodontal healing and tooth survival.

Authors’ conclusions

Based on the results of the included studies, there is insufficient evidence to support or refute the effectiveness of different interventions

for avulsed and replanted permanent front teeth. The overall quality of existing evidence was very low, and therefore great caution

should be exercised when generalising the results of the included trials. There is urgent need for further well-designed randomised

controlled trials.

P L A I N L A N G U A G E S U M M A R Y

Treatments for managing knocked out and replanted permanent front teeth

Review question

The aim of this Cochrane Review was to find out which treatment for managing knocked out and replanted permanent front teeth

was the most effective.

Background

Injuring your front teeth is common. One of the most severe injuries occurs when the tooth is knocked totally out of the mouth

(avulsed). Often the best option is to replant the tooth as quickly as possible. This is true only for permanent teeth. Once replanted

the tooth can heal in one of two ways if managed correctly. Ideally the ligaments around the root repair and the tooth can be expected

to last as long as any other tooth, this is known as ’periodontal healing’. When there is too much damage to the ligaments, healing

occurs by bony replacement. Over a number of years, the adjacent bony socket will remodel the tooth (replace the root with bone)

leaving the tooth with no root. Once the root is replaced the visible part of the tooth, the crown, will eventually give way and be lost.

This is called ’bony healing’. Bony healing causes significant problems in the medium term for children and treatments for this are the

subject of a different Cochrane Review. A missing front tooth or teeth, as a result of not replanting an avulsed tooth, or as a result of

bony healing over the medium to long term, can have a major effect on dental and facial ’good looks’. This can affect the individual’s

self-esteem and general social interaction, as well as how others think and see them.

Study characteristics

Authors from Cochrane Oral Health carried out this review and the evidence is up to date to 8 March 2018. The review investigated

what treatments encourage the tooth to repair by periodontal healing. A total of four studies were included with a total of 183

participants with 257 teeth. One study involved children and young adults, with the other three involving children only. Each study

evaluated a different treatment: hyperbaric oxygen, root canal pastes (Ledermix versus Ultracal), removal of the nerve of the tooth (pulp

extirpation), and soaking the knocked out tooth in thymosin alpha 1. Each of the interventions aimed to reduce infection or change

the inflammatory response or both, at the time of or shortly after the tooth or teeth were replanted.

Key results
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The evidence currently available is insufficient to draw reliable conclusions regarding the superiority of different interventions for

knocked out and replanted permanent front teeth. There is urgent need for further well-designed randomised controlled trials.

Quality of the evidence

We judged the quality of the evidence to be very low due to problems with the design of the studies.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Hyperbaric oxygen compared with control for avulsed and replanted teeth

Patient or population: people with avulsed and replanted permanent teeth

Setting: university dental clinic

Intervention: hyperbaric oxygen

Comparison: control

Outcomes Anticipated absolute effects Relative effect

(95% CI)

Number of teeth/par-

ticipants

(studies)

Quality of the evidence

(GRADE)

Comments

Control risk Risk with intervention

(95% CI)

Periodontal healing at

12 months

431 per 1000 teeth 879 per 1000 teeth (655

to 1000)

RR 2.04 (1.52 to 2.73) 138 teeth in 69 pat ients

(1 RCT)∗
⊕©©©

very low1

∗Outcome reported at

tooth rather than pa-

t ient level

Est imate of RR was

lower if pat ients lost to

follow-up were included

in est imation assuming

best possible outcome

for control group 1.87

(1.42 to 2.47)

Tooth survival at 12

months

815 per 1000 teeth 987 per 1000 teeth (872

to 1000)

RR 1.21 (1.07 to 1.36) 138 teeth in 69 pat ients

(1 RCT)∗
⊕©©©

very low1

∗Outcome reported at

tooth rather than pa-

t ient level

Est imate of RR was

lower if pat ients lost to

follow-up were included

in est imation assuming

best possible outcome

for control group 1.17

(1.03 to 1.31)
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Pulpal healing at 12

months

723 per 1000 teeth 904 per 1000 teeth (766

to 1000)

RR 1.25 (1.06 to 1.48) 138 teeth in 69 pat ients

(1 RCT)∗
⊕©©©

very low1

*Outcome reported at

tooth rather than pa-

t ient level

Est imate of RR was

lower if pat ients lost to

follow-up were included

in est imation assuming

best possible outcome

for control group 1.20

(1.01 to 1.41)

No other outcomes reported

CI: conf idence interval; RCT: randomised controlled trial; RR: risk rat io.

GRADE Working Group grades of evidence

High quality: f urther research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: f urther research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: f urther research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: we are very uncertain about the est imate.

1Quality of the body of evidence is downgraded 3 levels due to risk of bias and imprecision (1 small RCT in a single centre at

high risk of bias).
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B A C K G R O U N D

Description of the condition

Traumatic dental injuries (TDIs) are common, with between 6%

to 34% of children aged 8 to 15 years old experiencing damage

to their permanent teeth (Chadwick 2006; Hamilton 1997; Pitts

2015). One of the most severe dento-alveolar injuries is avulsion,

where the tooth or teeth are completely knocked out of the mouth.

This injury accounts for between 0.5% to 3% of dento-alveolar

trauma to permanent teeth (Andreasen 2007). A study analysing

a large trauma database in Denmark, has demonstrated that the

incidence of avulsion injuries increases with age (Lauridsen 2012).

In the worst scenarios the tooth or teeth are lost or extracted due

to the failure of the replanted tooth. A UK national survey (Pitts

2015) reported a prevalence of 0.4% of 12-year old children with

missing anterior teeth as a result of trauma. Over three quarters of

all traumatic oral injuries occur in childhood and in this age group,

the mouth was the fourth most frequent site to injure, despite

occupying only 1% of body surface (Eilert-Petersson 1997).

Accidental falls, sporting injuries, cycling accidents, and assault

have been identified as common causes for TDIs in childhood (

Gulinelli 2008; Wright 2007). TDIs most frequently affect a single

tooth, but certain trauma events, such as sport, violence and traffic

accidents can result in injuries to multiple teeth (Glendor 2008).

Upper anterior teeth are most at risk for traumatic dental injuries.

90% of teeth injured are the anterior teeth, of which 79% are

upper central incisors (Jacobsen and Andreasen 2001). There are

a number of risk factors associated with the incidence of dental

trauma. Boys experience dental injuries at least twice as often as

girls (Glendor 2008). Physical characteristics such as increased

overjet and incomplete lip closure have long been identified as

significant risk factors for dental trauma (Burden 1995; Kania

1996; Pitts 2015).

In most circumstances the avulsed permanent tooth or teeth

should be replanted as quickly as possible (BSPD 2012; IADT

2012). Where parents, bystanders or healthcare professionals do

not feel confident to replant the tooth, the tooth should be placed

in a storage medium such as milk and the patient should access

dental care as an emergency e.g. as quickly as possible, ideally

within the first 90 minutes (BSPD 2012; IADT 2012). The sooner

the tooth is replanted the better the prognosis.

Description of the intervention

Treatment can be divided into the time frame in which it is un-

dertaken e.g. emergency, short, medium and long term. The most

important determinant of success is the emergency care.

Emergency care: this is the treatment that is provided in the short

period after the injury. In the most basic form it includes how the

tooth was stored prior to replantation, replantation and splint-

ing. In this time period treatment may include systemic or topical

treatment or both to minimise infection and alter the inflamma-

tory response (such as antibiotics, disinfection of the root surface,

root canal or socket).

Short-term care: this includes treatment undertaken in the time

period between the emergency visit to 3 months after the injury.

In this time period the periodontal ligament and cementum will

heal. Treatment may include systemic or topical treatment or both

to minimise infection (such as disinfection of the root canal, or

use of an antimicrobial mouthwash), or alter the inflammatory

response (such as medicaments placed in the root canal) or both.

Other treatments will include pain and symptom management as

well as splint removal.

Treatment can also be provided in the medium- (3 to 12 months)

and long-term (greater than 12 months) time frame. Often care

over this time point will consist of managing the consequences of

how the tooth has healed especially in the childhood and adoles-

cent population (Day 2008) or correcting aesthetic concerns of

the patient.

Tooth avulsion is one of the most severe traumatic dental in-

juries requiring multiple appointments (Keasberry 2013), interdis-

ciplinary management (Day 2008), and long-term management

involving advanced surgical interventions (Day 2008). These usu-

ally incur high direct costs (averaging CAD 1780 in the first year

alone (Nguyen 2004)) and indirect costs to the child and family

(Glendor 2001).

How the intervention might work

The damage to the periodontal ligament and adjacent cementum

(PDL) at the time of injury, the conditions of a tooth’s subsequent

storage and the duration prior to replantation all profoundly in-

fluence the prognosis (Andreasen 1995; Barrett 1997; Kinirons

2000). The PDL cells very quickly desiccate if left in dry con-

ditions. Consequently the gold standard for such an injury is to

replant the tooth as quickly as possible. Where the tooth is not

replanted at the scene of the accident, storage of the tooth in a

medium to preserve the vitality of the PDL is essential. Once re-

planted the avulsed tooth will need to be splinted, e.g. supported

by the adjacent teeth, until healing is sufficient for the tooth to

maintain its own position during eating, speaking and other phys-

iological functions.

PDL healing is the primary outcome measure when assessing in-

terventions for tooth avulsion. Clinical interventions are aimed at

promoting favourable healing of the PDL. These can include re-

ducing infection or modifying the inflammatory response or both,

since both infection and inflammatory response can reduce the

chances of PDL healing. Long-term survival of the tooth only oc-

curs where favourable PDL healing has occurred. In this situation

the tooth can be expected to survive as long as any other tooth.
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Where the healing of the PDL is unfavourable, replacement root

resorption of the tooth takes place. This happens where due to

the lack of a viable PDL there is no longer any protection of the

root from the surrounding bone (in the socket). The bone, like

all bones, undergoes continual physiological remodelling (resorp-

tion and replacement). The root is gradually replaced by bone and

depending on age this process can take between 2 and 20 years

(Andersson 1989; Barrett 1997). Eventually with no root left, the

crown of the tooth fractures, leaving the patient with a missing

front tooth. In some clinical situations due to a prolonged extra-

oral time or extended dry time prior to replantation, PDL healing

will be unfavourable. Interventions in this scenario aim to min-

imise infection or modify the inflammatory response or both to

slow the resorption process down thereby prolonging the survival

of the tooth.

Where replacement resorption occurs there is a failure of further

dento-alveolar bone growth. This has few consequences in an adult

patient who has completed their facial growth. However, in chil-

dren there is still significant alveolar growth especially in the ver-

tical component (Malmgren 2002). As a result, the surrounding

teeth undergo continued vertical bony growth while the ankylosed

tooth (where replacement resorption has occurred) fuses to the

bone in the position it was replanted and fails to erupt further.

This can result in significant complications in aesthetics and is

most appropriately managed by an interdisciplinary team (BSPD

2012; Day 2008). Despite these potential longer term complica-

tions, however, in the emergency situation replanting the tooth is

almost always the most appropriate treatment option. Ultimately

this is a reversible decision. Even if unfavourable healing occurs,

the replanted tooth will act as a space and bone maintainer and

provides excellent aesthetics. This will provide a short-term solu-

tion and allows time for treatment planning and the development

of a comprehensive treatment plan (Day 2008; de Souza 2015).

Why it is important to do this review

Despite the treatment provided, this injury carries one of the poor-

est outcomes for dento-alveolar trauma with 73% to 96% of re-

planted teeth eventually being lost (Andreasen 2007). Nguyen and

colleagues reported that the mean treatment time per individual,

following replantation of a permanent incisor, was estimated to

be 7.2 hours in the first year alone (Nguyen 2004). The authors

advised that this was a conservative estimate, as it did not include

time for radiographs, interdisciplinary assessment visits or denture

fabrication, if required. There were approximately 1.2 emergency

examinations and 4.8 reassessment examinations per individual.

90% of patients and 86% of parents reported loss of school and

work time (Nguyen 2004).

Glendor and colleagues in Scandinavia reported that on average

there were 11.9 visits in the first year following severe dental trauma

and that 1.7 hours were spent on the emergency visit and 6.9 hours

spent on follow-up planned visits. These estimates of time did not

include travel time for the patient to and from the clinic, it was in

fact estimated that direct dental chair time made up only 16% of

the time taken by parents and children to attend these appoint-

ments (Glendor 2001). A UK study reported that following a TDI

the median number of visits to a specialist centre for the required

treatment was 9, with a range of 1 to 28 visits. The authors ac-

knowledged that specialist centres in the UK rarely provide acute

care for TDI and therefore this may be an underestimation of the

total number of visits required to manage TDI. They identified

that 76% of children completed their treatment within 4 years -

which implies that 24% were still attending for treatment over 4

years after the initial injury (Keasberry 2013).

An estimation of treatment costs is challenging and may only be

approximated; this is complicated by the fact that most injuries

occur in childhood, while definitive rehabilitation costs frequently

continue into adulthood (Lee and Divaris 2009). Costs estimates

for providing treatment for TDI over the short and medium term

vary from GBP 600 to GBP 1200 (Borum and Andreasen 2001;

Jacobsen and Andreasen 2001; Keasberry 2013; Nguyen 2004;

Wong and Kolokotsa 2004).

Missing a front tooth is a particularly undesirable outcome espe-

cially in childhood and adolescence. It can have a major effect on

dental and facial aesthetics due to the prominence of the maxillary

teeth. Visibly missing anterior teeth were considered to be the most

facially and dentally unattractive feature in one American study

(Royal College of Surgeons 1997). This can affect the individual’s

self-esteem and general social interaction. It will also affect the

perceptions of the child or adolescent made by peers and adults

(Marcenes and Ryda 2007; Rodd 2010; Vlok 2011) and influence

children’s oral health-related quality of life (Berger 2009; Cortes

2002; Fakhruddin 2008; Porritt 2011). Children and adolescents

who sustain a dental injury severe enough to warrant splinting of

the maxillary anterior teeth suffer an immediate decrease in their

quality of life with the impact still present a year after the initial

injury (Berger 2009). At least two studies assessing the impact of

severe dental trauma on the quality of life of children found that

scores obtained on the Child Perception Questionnaire approxi-

mated to values reported in children with cleft lip and palate, and

exceeded values for children with dental caries or undergoing or-

thodontic treatment (Berger 2009; Rodd 2011).

Consequently treatment interventions that can facilitate PDL

healing and therefore long-term tooth survival are of fundamental

importance. This Cochrane Reviews seeks to identify high-quality

evidence for managing traumatised permanent teeth with avulsion

injuries. This version is an update of the Cochrane Review first

published in 2010 (Day 2010).

O B J E C T I V E S

To compare the effects of a range of interventions for managing

traumatised permanent front teeth with avulsion injuries.
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M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered randomised and quasi-randomised controlled trials

(RCTs) that included a minimum follow-up period of 12 months.

Types of participants

Patients who attended a dental clinic (for diagnosis, treatment or

observation) with tooth avulsion involving one or more perma-

nent front teeth. This included patients who may have received

this initial management (replanting the tooth back in the socket)

from other healthcare professionals such as general medical prac-

titioners, accident and emergency departments, or a member of

the public or family.

We excluded patients if:

• a primary tooth was avulsed;

• a patient presented with a specific medical history that could

affect their dental management, e.g. immuno-compromised

patient where replantation may interfere with their general

health and therefore such treatment may be contraindicated;

• the follow-up period was less than 12 months.

Types of interventions

We considered the following interventions.

• Treatment with antibiotics. This could include comparisons

with no antibiotics, placebo or between different types of

antibiotics.

• The timing of pulp extirpation, for example immediate

(either extra-oral prior to replantation or intra-oral once the

tooth was replanted), delayed or no extirpation.

• The type of root canal medicaments used. This could

include comparisons with no medicament, placebo or different

types of medicaments.

• The replantation procedures, for example comparisons with

different techniques and protocols for replanting the tooth. This

intervention would include how the tooth was handled prior to

replantation.

• The storage of the tooth prior to replantation. This could

include comparisons of different storage mediums, duration in

each or dry storage.

• Fixation and stabilisation procedures. These could include

comparisons with different types of splints, no splint or the

duration of the splinting period.

• The care following tooth replantation. This could include

comparisons with the use of mouthwashes, oral care regimens, or

other medical or surgical interventions or both. It was expected

that these would be used during the first 2 months after

replantation as this is the healing period for the periodontal

ligament.

Types of outcome measures

Primary outcomes

• Periodontal ligament healing (may include proxy outcomes

- such as extent of radiographic root resorption).

Secondary outcomes

• Tooth survival.

• Pulpal healing.

• Pain.

• Aesthetics (discolouration).

• Oral health-related quality of life.

• Trauma-related dental anxiety.

• Infraocclusion.

• Cost: financial, clinic cost, dentist time, number of visits,

time in dental chair, patient’s time off work/school.

• Other complications or adverse effects.

Search methods for identification of studies

Electronic searches

Cochrane Oral Health’s Information Specialist conducted system-

atic searches in the following databases for randomised/quasi-ran-

domised controlled trials and controlled clinical trials. There were

no language, publication year or publication status restrictions:

• Cochrane Oral Health’s Trials Register (searched 8 March

2018) (Appendix 1);

• Cochrane Central Register of Controlled Trials

(CENTRAL; 2018, Issue 2) in the Cochrane Library (searched 8

March 2018) (Appendix 2);

• MEDLINE Ovid (1946 to 8 March 2018) (Appendix 3);

• Embase Ovid (1980 to 8 March 2018) (Appendix 4).

Subject strategies were modelled on the search strategy designed

for MEDLINE Ovid. Where appropriate, they were combined

with subject strategy adaptations of the highly sensitive search

strategy designed by Cochrane for identifying randomised/quasi-

randomised controlled trials and controlled clinical trials as de-

scribed in the Cochrane Handbook for Systematic Reviews of Inter-

ventions Chapter 6 (Lefebvre 2011).
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Searching other resources

The following trial registries were searched for ongoing studies:

• US National Institutes of Health Ongoing Trials Register

ClinicalTrials.gov (clinicaltrials.gov; searched 8 March 2018)

(Appendix 5);

• World Health Organization International Clinical Trials

Registry Platform ( apps.who.int/trialsearch; searched 8 March

2018) (Appendix 6).

We searched the reference lists of included studies and relevant

systematic reviews for further studies.

We did not perform a separate search for adverse effects of inter-

ventions used, we considered adverse effects described in included

studies only.

Data collection and analysis

Selection of studies

Those studies identified by the searches were reviewed by two au-

thors (Peter Day (PD) and Monty Duggal (MD)) in the original

review and by PD and Hani Nazzal (HN) in this updated version.

Independently each review author assessed the title and abstract for

their relevance to the subject area and whether it appeared to be an

RCT involving treatment interventions for avulsed and replanted

teeth. The search was designed to be sensitive and include con-

trolled clinical trials, these were filtered out early in the selection

process if they were not randomised. A full copy of all potentially

relevant studies and those where there were insufficient data to

make a decision were obtained. Each review author reviewed the

full-text papers independently and any disagreement was resolved

by discussion. Since PD and MD were also authors of Day 2012,

Philip Riley (PR) from Cochrane Oral Health and HN assessed

this trial independently and made a decision on its inclusion.

Data extraction and management

For studies where there was difficulty in clarifying certain details

of the methodology, email correspondence was undertaken (PD)

to ensure that the study details were correctly interpreted. In some

cases this then resulted in the exclusion of the study and these were

then listed in the ’Characteristics of excluded studies’ table.

For studies fulfilling the inclusion criteria, PD and MD ex-

tracted data using an adapted data collection form from a previous

Cochrane Review (Al Ansary 2009) which was later withdrawn

from the Cochrane Library. For this updated review, a specially de-

signed data extraction form, according to the checklist table 7.3.a

of the Cochrane Handbook for Systematic Reviews of Interventions

(Higgins 2011), was used by HN and PR. We reported the infor-

mation extracted in the ’Characteristics of included studies’ table.

Where there was any confusion or uncertainty, further discussions

occurred with PD or in the original review with MD.

We recorded the following data for each included trial.

• The year of publication and country of origin.

• Sample size, age of participants and dropouts/withdrawals.

• Study participants and outcomes.

• Detailed description of interventions, techniques and

materials used.

• Prognostic factors related to the injury and length and type

of storage prior to replantation.

• Duration of follow-up.

• Information on adverse events or effects.

Assessment of risk of bias in included studies

Two review authors independently assessed the risk of bias of each

included study using the Cochrane domain-based, two-part tool

as described in Chapter 8 of the Cochrane Handbook for Systematic

Reviews of Interventions 5.1.0 (Higgins 2011). We carried out the

assessment without blinding the name of trial authors, institutions,

and journals. HN and PR independently assessed the risk of bias

in Day 2012.

We investigated the following domains:

• sequence generation;

• allocation concealment;

• blinding of participants and personnel;

• blinding of outcome assessors;

• incomplete outcome data addressed;

• selective outcome reporting; and

• other sources of bias.

We completed a ’Risk of bias’ table for each study. Judgements

were made for each domain using the following categories: low

risk of bias, high risk of bias, or unclear risk of bias.

We categorised the overall risk of bias of individual studies. Stud-

ies were categorised as being at low, high, or unclear risk of bias

according to the following criteria:

• low risk of bias (plausible bias unlikely to seriously alter the

results) if all domains were at low risk of bias;

• high risk of bias (plausible bias that seriously weakens

confidence in the results) if one or more domains were at high

risk of bias; or

• unclear risk of bias (plausible bias that raises some doubt

about the results) if one or more domains were at unclear risk of

bias.

We also presented the risk of bias results graphically by domain for

each study together with an overall risk of bias (Figure 1; Figure

2).
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Figure 1. Risk of bias graph: review authors’ judgements about each risk of bias item presented as

percentages across all included studies.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Measures of treatment effect

We analysed included studies according to the criteria described

in Chapter 9 of the Cochrane Handbook for Systematic Reviews of

Interventions Version 5.1.0 (Higgins 2011). For dichotomous data,

risk ratio was applied and for continuous data the mean difference

or standardized mean difference was used when different methods

for measuring effects were used. Estimate of effect was presented

with 95% confidence intervals.

Unit of analysis issues

Participants were the preferred unit of analysis. Where participants

have multiple teeth injured then full reporting of the outcomes

for each tooth was expected. An email correspondence with study

authors was undertaken if such information was not initially avail-

able. Only where multilevel modelling, or appropriate analysis had

been undertaken to identify the effect of the intervention at both

patient and tooth level, could the data be fully used in any meta-

analysis.

Dealing with missing data

We contacted study authors to clarify missing data or data which

were not clearly reported. With this information intention-to-treat

(ITT) analysis was undertaken for patients lost to follow-up in

each study and the results reported if they came close to changing

the level of confidence in the risk ratio.

Assessment of heterogeneity

In future updates, if a number of studies report similar outcome

measures, statistical heterogeneity will be assessed by inspection

of the point estimates and confidence intervals on the forest plots.

The variation in treatment effects will be assessed by means of

Cochran’s test for heterogeneity and quantified by the I2 statistic.

Heterogeneity will be considered statistically significant if P value

is < 0.10. A rough guide to the interpretation of I2 given in the

Cochrane Handbook for Systematic Reviews of Interventions is 0% to

40% might not be important, 30% to 60% may represent moder-

ate heterogeneity, 50% to 90% may represent substantial hetero-

geneity, and 75% to 100% considerable heterogeneity (Higgins

2011).

Assessment of reporting biases

In future updates if sufficient number of studies (greater than

10) are eligible for inclusion, a funnel plot will be used to assess

publication bias (Egger 1997).

Data synthesis

We would only conduct meta-analyses when there are studies of

similar comparisons reporting the same outcome measures. For

dichotomous data risk ratios and 95% confidence intervals (CI)

would be combined. For continuous data calculated mean dif-

ferences and 95% CI would be combined. If continuous data

were measured with different instruments (different and not inter-

changeable units of measure) standardized mean differences would

be used. If more than three studies were to be identified a random-

effects meta-analysis would be performed. In case where only two

or three studies were identified fixed-effect meta-analyses would

be performed.

Subgroup analysis and investigation of heterogeneity

In future updates if sufficient studies (greater than 10) are eligi-

ble for inclusion, subgroup analyses according to age, gender and

length of the follow-up will be performed.

Sensitivity analysis

In future updates, if sufficient studies for each outcome and inter-

vention are found, we will undertake sensitivity analysis based on

the overall risk of bias.

Summary of findings

We produced a ’Summary of findings’ table for each included

study as each investigated a different intervention. Where each

study reported main outcomes (e.g. periodontal healing (including

extent of radiographic resorption), aesthetics (discolouration), oral

health-related quality of life, cost, complications or side effects,

tooth survival, pulpal healing, or pain) these were recorded. We

used GRADE methods (GRADE 2004) and GRADEpro GDT

2015 software. We assessed the quality of the body of evidence

for each comparison and outcome by considering the overall risk

of bias for each included study, the directness of the evidence, the

inconsistency of the results, the precision of the estimates, and the

risk of publication bias. We categorised the quality of each body

of evidence as high, moderate, low or very low.

R E S U L T S

Description of studies

Results of the search
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As this is the first version of this review to incorporate a PRISMA

flow diagram (Figure 3), only information about searches for the

current update are presented, the previous version of the review

serves as one particular source of studies. The electronic searches

yielded 266 records and an additional two studies (Yong-Ping

2010; Murri Dello Diago 2011) were found from other sources in

this update as possibly meeting the inclusion criteria. We screened

the title and abstracts of 170 records and assessed eight full-text

articles for eligibility. Five articles were translated from Chinese

into English (Chen 2000; Han 2010; Huang 2003; Yong-Ping

2010; Zhang 2004). Three studies were excluded, with reasons,

bringing the total number of excluded studies (including the five

studies from the previous version of this review and one study

previously awaiting classification and now excluded) to nine. One

study is ongoing (ChiCTR-ICR-15007129) and two are awaiting

classification owing to lack of detail about the intervention, how

the outcome/s were determined and/or information about the risk

of bias (Han 2010; Zhang 2004). One study reported in two papers

was found to fulfil the inclusion criteria of the review bringing the

total number of included studies (including the three from the

previous version of this review) to four. Summary details are given

in the Characteristics of included studies and Characteristics of

excluded studies tables.
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Figure 3. Study flow diagram.
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Included studies

Setting

Four studies met the inclusion criteria and were included in this

review (see Characteristics of included studies table). All were par-

allel-group trials and all had two arms comparing an experimental

arm with a control arm. Two studies were conducted in China

(Chen 2000; Loo 2008), one in Italy (Giannetti 2006) and the

other in the UK (Day 2012). All studies were conducted in a uni-

versity clinical setting. The two European studies were conducted

by specialists in paediatric dentistry (Day 2012; Giannetti 2006)

while it is uncertain if the Chinese studies (Chen 2000; Loo 2008)

were undertaken by generalists or specialists. One study used a

multicentre approach involving five centres (Day 2012) while the

others were all based at a single centre. Recruitment varied in du-

ration from 2 to 7 years. Only one study reported a sample size cal-

culation (Day 2012). Three studies reported no external funding

following email correspondence. One study was partially funded

by a national body and reported that free materials were obtained

from a number of manufacturers (Day 2012).

Participants

A total of 183 participants with 257 teeth took part in these tri-

als with a range of 19 to 73 participants per study. One study

involved children and young adults (Loo 2008), with the other

three involving children only. In all studies there were more male

participants than female with the ratio varying from 1:0.82 to 1:

0.28.

Interventions

All studies investigated different interventions but each can be cat-

egorised into the broader class of attempting to reduce infection or

alter the inflammatory response or both. The active medicament

or intervention relied on a topical and local effect in three studies

(Day 2012; Giannetti 2006; Loo 2008) while the intervention in

the fourth study (Chen 2000), hyperbaric oxygen, was adminis-

tered systemically.

Three trials investigated interventions carried out at the time of re-

plantation (Chen 2000; Giannetti 2006; Loo 2008). In Giannetti

2006 one study group received their intervention at the time of

replantation with the other group starting their intervention at day

7. In the fourth study (Day 2012), different topical medicaments

were introduced within the root canal at different time points,

either between day 0 to 10 for Ledermix or between day 7 to 10

for Ultracal XS.

Outcome measures

A wide range of outcomes were reported. No study reported all the

potential outcomes identified in the methods section. Evaluating

the outcomes reported between the different studies was compli-

cated by the use of compound (Chen 2000) and proxy measures

(Giannetti 2006) for some outcomes such as periodontal healing.

Excluded studies

We excluded nine studies (see Characteristics of excluded studies

table): three studies were excluded for surrogate study populations

or end points (Filippi 2002; Pasini 2006; vonArx 2001); two stud-

ies were conference abstracts with no subsequent full publications

(Murri Dello Diago 2011; Parodi 1991); for two studies we were

unable to retrieve the full text (Huang 2003; Yong-Ping 2010); one

study was a retrospective case control study (Tsilingaridis 2015);

and finally one study was excluded as it was unclear how partici-

pants were allocated to study groups (Coccia 1980).

Risk of bias in included studies

Allocation

Sequence generation

One study (Day 2012) out of four was considered to have adequate

sequence generation. For two other studies (Giannetti 2006; Loo

2008) alternation and a quasi-random method were used for se-

quence generation and therefore these were assessed as at high risk

of bias. In the final study it was unclear how sequence generation

was determined (Chen 2000).

Allocation concealment

One study (Day 2012) was considered to have adequate allocation

concealment. The rest of the studies, one was assessed as at unclear

(Chen 2000) and the other two as at high risk of bias (Giannetti

2006; Loo 2008).

Blinding

Performance bias

For three studies (Chen 2000; Day 2012; Giannetti 2006) the

treatment interventions were sufficiently different that it was not

possible to blind the clinician and in two studies the patients

were aware of the treatment group as well (Chen 2000; Giannetti
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2006). We therefore assessed Chen 2000 and Giannetti 2006 as at

high risk of performance bias and Day 2012 as at unclear risk of

performance bias. One study (Loo 2008) was double-blind with

both the patient and clinician blinded to their allocation and was

assessed as at low risk of performance bias.

Detection bias

One study (Loo 2008) was double-blind and therefore rated as at

low risk of detection bias. For Day 2012 a senior blinded paedi-

atric dentist assessed the patients clinically and radiographically

at 12 months. The authors stated that if the decision regarding

periodontal healing differed between the blinded examiner and

the treating clinician, then the tooth was considered ankylosed. It

was not reported how frequently a disagreement between assessors

occurred. However, this methodology was felt unlikely to influ-

ence the outcome assessment for one group unfairly over another

and therefore we rated the study as at low risk of detection bias.

Giannetti 2006 was rated as unclear as although the recruiting

clinician reviewing the patient at subsequent assessment visits was

blinded to the allocation of the patient, it is uncertain how effec-

tive this was as no detail was given in the paper and ideally the two

roles should be undertaken by different researchers. There was no

blinding in the final study (Chen 2000) and therefore we assessed

it as at high risk of detection bias.

Incomplete outcome data

For two trials (Day 2012; Giannetti 2006) sufficient information

was presented in the paper to assess attrition bias. For the other two

studies, the final numbers of how many started the trial required

further clarification by email correspondence. In one study (Chen

2000) the numbers lost were few and similar in each arm. The

final study (Loo 2008) had marked disparities in the loss to follow-

up in the different arms of the study (36% versus 2%), this study

was therefore assessed to have a high risk of attrition bias.

Selective reporting

We assessed one study (Giannetti 2006) as at high risk of reporting

bias since the primary outcome measure for our review, periodontal

healing, was not reported in the study and this would be a standard

outcome measure for such a study. The rest of the studies were at

low risk of reporting bias.

Other potential sources of bias

Two studies (Chen 2000; Loo 2008) were assessed as at unclear

risk of other bias owing to the outcomes recorded in the control

groups. In one study (Chen 2000) the control group consider-

ably outperformed periodontal healing from another large data set

(Andreasen 1995). In the other study (Loo 2008), the tooth loss

in the control group was significantly worse than reported from

another large data set (Andreasen 1995). For the other two studies

(Day 2012; Giannetti 2006) no other sources of bias were identi-

fied.

Overall risk of bias

Three studies (Chen 2000; Giannetti 2006; Loo 2008) had at least

one domain where risk of bias was high and therefore we assessed

them as at high overall risk of bias. The fourth study (Day 2012)

was rated at unclear overall risk of bias. Risk of bias can be viewed

graphically in Figure 1; Figure 2.

Effects of interventions

See: Summary of findings for the main comparison Hyperbaric

oxygen compared with control for avulsed and replanted teeth;

Summary of findings 2 Ledermix compared with Ultracal for

avulsed and replanted teeth; Summary of findings 3 Extra-oral

pulp extirpation at day 0 compared with intra-oral extirpation

at day 7 for avulsed and replanted teeth; Summary of findings

4 Thymosin alpha 1 compared with control for avulsed and

replanted teeth

Each of the interventions aimed to reduce infection or alter the

inflammatory response or both at the time of or shortly after the

tooth or teeth were replanted. As each intervention was distinctly

different, the results and data analysis are presented separately for

each study.

Hyperbaric oxygen versus control

Periodontal healing

One study at high risk of bias and analysing 69 participants (138

teeth) compared hyperbaric oxygen with control and reported pe-

riodontal healing as part of a compound outcome measure at 12

months (Chen 2000). It showed a benefit in favour of the hyper-

baric oxygen group (risk ratio (RR) 2.04, 95% confidence interval

(CI) 1.52 to 2.73, P < 0.00001) (Analysis 1.1). For this outcome

measure, 64 out of 73 teeth showed periodontal healing in the

hyperbaric oxygen group compared to 28 out of 65 teeth for the

control group. The number of patients involved was not reported

and as more than one tooth per patient was used, this may lead

to an overestimation in the effect between the two interventions

(Higgins 2011).

Tooth survival

Chen 2000 (69 participants, 138 teeth) reported tooth survival at

12 months. For this outcome measure 72 out of 73 teeth showed

tooth survival in the hyperbaric oxygen group compared to 53

out of 65 teeth for the control group. They showed a benefit for
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the hyperbaric oxygen group (RR 1.21, 95% CI 1.07 to 1.36,

P = 0.002) (Analysis 1.2). The number of patients involved was

not reported and as more than one tooth per patient was used,

this could lead to an overestimation in the effect between the two

interventions (Higgins 2011).

Pulpal healing

Chen 2000 (69 participants, 138 teeth) reported pulpal healing at

12 months. For this outcome measure, 66 out of 73 teeth showed

pulp survival in the hyperbaric oxygen group compared to 47

out of 65 teeth for the control group. They showed a benefit for

the hyperbaric oxygen group (RR 1.25, 95% CI 1.06 to 1.48,

P = 0.009) (Analysis 1.3). The number of patients involved was

not reported and as more than one tooth per patient was used,

this may lead to an overestimation in the effect between the two

interventions (Higgins 2011).

Adverse effects

Chen 2000 did not report this outcome. Following email corre-

spondence, study authors reported that no adverse effects were

seen although it was uncertain if this was part of the formal assess-

ment or purely anecdotal.

Pain, aesthetics (discolouration), oral health-related quality

of life, trauma-related dental anxiety, infraocclusion, cost

The study in this comparison did not report these outcomes.

Ledermix versus Ultracal

Periodontal healing

One study at unclear risk of bias and analysing 22 participants (27

teeth) compared Ledermix (day 0 to 10) with Ultracal (day 7 to

10) root canal medicaments following avulsion and replantation

(Day 2012). It reported periodontal healing at 12 months showing

no difference between the two medicaments at tooth level (RR

1.67, 95% CI 0.80 to 3.49, P = 0.17) (Analysis 2.1). However,

the authors identified that they did not recruit sufficient numbers

of participants to meet their power calculation. The number of

patients involved was reported and analysis undertaken at a patient

as well as a tooth level. However, in none of the calculations was

there sufficient evidence to show a benefit for one intervention

over the other.

Tooth survival

Day 2012 reported tooth survival at 12 months with all teeth

still present. One tooth in the Ultracal group was extracted at 16

months. Despite root canal treatment, this tooth was diagnosed

with persistent symptomatic infection of the root canal. No tooth

was extracted or lost in the Ledermix group.

Pulpal healing

For Day 2012 pulpal healing was not appropriate as root canal

treatment was electively undertaken.

Aesthetics (discolouration)

Only one study (Day 2012) reported on discolouration. Dis-

colouration was not the primary outcome for this study and there-

fore the study was not powered to find a difference for this out-

come. However at 12 months, Ledermix led to a greater level of

patient dissatisfaction with the colour of avulsed and replanted

teeth. There were 10 patients in the Ledermix group and 12 pa-

tients in the Ultracal group. One patient avulsed three teeth in the

Ledermix group and was unhappy with the colour of one of them.

At a patient level the size of effect was RR 7.20 (95% CI 1.03 to

50.28) to RR 8.40 (95% CI 1.23 to 57.29) depending on which

tooth for this patient was entered into the calculation (Analysis

2.3; Analysis 2.4). Discolouration was also measured objectively

using photographs and digital software. Over a 12-month period,

there was a grey brown darkening of avulsed and replanted teeth

in the Ledermix group (mean change from baseline to 12 months,

L* = -5.1, a* = 0.3, b* = -1.2, and 1E = 8.1). During a 12-month

period there was a yellowing of the avulsed and replanted teeth in

the Ultracal group (L* = 1.9, a* = 0.3, b* = 3.3, and 1E = 5.4).

Adverse effects

Day 2012 used a formal methodology to identify and report ad-

verse effects, with none identified.

Pain, oral health-related quality of life, trauma-related

dental anxiety, infraocclusion, cost

The study in this comparison did not report these outcomes.

Extra-oral pulp extirpation prior to replantation

versus intra-oral extirpation at day 7 post-

replantation

Periodontal healing

One study at high risk of bias and analysing 19 participants com-

pared extra-oral endodontics at day 0 with intra-oral endodontics

at day 7 post-replantation (Giannetti 2006). It reported a proxy

outcome measure for periodontal healing, namely extent of ra-

diographic root resorption at 12 months. Owing to the prolong

extra-alveolar dry time all teeth in this study would be expected

to heal by replacement resorption although this was not explicitly
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reported. Giannetti 2006 reported the number of patients with

root resorption at 12 months. Resorption was seen in 1 out of the

10 patients with extra-oral extirpation at day 0 compared to 3 out

of 9 patients for intra-oral extirpation at day 7, RR 1.35 (95%

CI 0.81 to 2.24, P = 0.25) (Analysis 3.1). There was insufficient

evidence to show a benefit for one intervention over the other.

Pulpal healing

For Giannetti 2006 this outcome was not appropriate as root canal

treatment was electively undertaken.

Adverse effects

Giannetti 2006 did not report this outcome. Following email cor-

respondence, study authors reported that no adverse effects were

seen although it was uncertain if this was part of the formal assess-

ment or purely anecdotal.

Tooth survival, pain, aesthetics (discolouration), oral health-

related quality of life, trauma-related dental anxiety,

infraocclusion, cost

Giannetti 2006 did not report these outcomes.

Thymosin alpha 1 versus control

Periodontal healing

One study at high risk of bias and analysing 73 participants com-

pared thymosin alpha 1 with saline for soaking the avulsed tooth

for 10 minutes prior to replantation (Loo 2008). It reported peri-

odontal healing at 48 months. It showed a benefit for the thymosin

group, with 34 out of 44 teeth showing periodontal healing in the

thymosin group compared to 4 out of 29 in the control group,

RR 5.60 (95% CI 2.22 to 14.11, P = 0.0003) (Analysis 4.1). The

data are presented at a patient level only. Email correspondence

confirmed that patients suffering two or more avulsed teeth were

excluded from the study.

Tooth survival

Loo 2008 (73 participants) reported tooth survival at 12 and 48

months. At 12 months, it showed a benefit for the thymosin group,

with 42 out 44 teeth showing tooth survival in the thymosin group

compared to 19 out of 29 for the control group, RR 1.46 (95% CI

1.11 to 1.91, P = 0.007) (Analysis 4.2). At 48 months, the benefit

for the thymosin group persisted, with 38 out 44 teeth showing

tooth survival in the thymosin group compared to 7 out of 29 for

the control group, RR 3.58 (95% CI 1.86 to 6.89, P = 0.0001)

(Analysis 4.3). The data are presented at a patient level only.

Pulpal healing

For Loo 2008 this outcome was not appropriate as root canal

treatment was electively undertaken.

Pain

Only Loo 2008 reported on this outcome at the time of replan-

tation and again at days 1, 2 and 5. It reported a benefit in pain

scores on day 1 in favour of the thymosin group. No difference

was found between the two interventions at the other two time

points, day 2 and 5.

Adverse effects

Loo 2008 did not report this outcome. Following email correspon-

dence, study authors reported that no adverse effects were seen

although it was uncertain if this was part of the formal assessment

or purely anecdotal.

Aesthetics (discolouration), oral health-related quality of

life, trauma-related dental anxiety, infraocclusion, cost

None of these outcomes were reported by Loo 2008.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Ledermix compared with Ultracal for avulsed and replanted teeth

Patient or population: people with avulsed and replanted permanent teeth

Setting: university dental clinic

Intervention: Ledermix placed as intra-visit root canal dressing between day 0 to 10

Comparison: Ultracal placed as intra-visit root canal dressing between day 7 to 10

Outcomes Anticipated absolute effects Relative effect

(95% CI)

Number of teeth/par-

ticipants

(studies)

Quality of the evidence

(GRADE)

Comments

Control risk Risk with intervention

(95% CI)

Periodontal healing at

12 months - tooth level

400 per 1000 teeth 668 per 1000 teeth (320

to 1000)

RR 1.67 (0.80 to 3.49) 27 teeth in 22 pat ients

(1 RCT)

⊕©©©

very low1

10 pat ients in the Led-

ermix group, and 12 in

the Ultracal group

Tooth survival at 12

months

Not est imable (due to no events in either arm) Not est imable 27 teeth in 22 pat ients

(1 RCT)

⊕©©©

very low1

At 12 months, no teeth

were lost. 1 tooth was

lost at 16 months in Ul-

tracal group

Discolouration at 12

months - patient level -

best case scenario for

Ledermix

83 per 1000 people 600 per 1000 people

(86 to 1000)

RR 7.20 (1.03 to 50.28) 22 pat ients

(1 RCT)

⊕©©©

very low1

1 pat ient avulsed 3

teeth in Ledermix group

and was unhappy with

the colour of 1 of them.

Dif ferent size of ef fect

depending on which

tooth for this pat ient

was entered into the

calculat ion

Discolouration at 12

months - patient level -

worst case scenario for

Ledermix

83 per 1000 people 700 per 1000 people

(103 to 1000)

RR 8.40 (1.23 to 57.29) 22 pat ients

(1 RCT)

⊕©©©

very low1

1 pat ient avulsed 3

teeth in Ledermix group

and was unhappy with

the colour of 1 of them.1
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Dif ferent size of ef fect

depending on which

tooth for this pat ient

was entered into the

calculat ion

Adverse ef fects: none ident if ied. No other outcomes reported

CI: conf idence interval; RCT: randomised controlled trial; RR: risk rat io.

GRADE Working Group grades of evidence

High quality: f urther research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: f urther research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: f urther research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: we are very uncertain about the est imate.

1Quality of the body of evidence is downgraded 3 levels due to risk of bias and imprecision (1 small RCT at unclear risk of bias

in a single sett ing that failed to recruit suf f icient part icipants to meet power calculat ion for primary outcome - periodontal

healing).
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Extra-oral pulp extirpation at day 0 compared with intra-oral extirpation at day 7 for avulsed and replanted teeth

Patient or population: people with avulsed and replanted permanent teeth

Setting: university dental clinic

Intervention: extra-oral ext irpat ion at day 0

Comparison: intra-oral ext irpat ion at day 7

Outcomes Anticipated absolute effects Relative effect

(95% CI)

Number of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Control risk Risk with intervention

(95% CI)

Radiographic resorp-

tion (a proxy measure

for periodontal heal-

ing) at 12 months

333 per 1000 people 450 per 1000 people

(270 to 747)

RR 1.35 (0.81 to 2.24) 19

(1 RCT)∗
⊕©©©

very low1

∗For all part icipants the

extra-oral dry t ime was

greater than 60 minutes

No other outcomes reported

CI: conf idence interval; RCT: randomised controlled trial; RR: risk rat io.

GRADE Working Group grades of evidence

High quality: f urther research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: f urther research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: f urther research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: we are very uncertain about the est imate.

1Quality of the body of evidence is downgraded 3 levels due to risk of bias and imprecision (1 small RCT in a single centre at

high risk of bias).
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Thymosin alpha 1 compared with control for avulsed and replanted teeth

Patient or population: people with avulsed and replanted permanent teeth

Setting: university dental clinic

Intervention: thymosin alpha 1

Comparison: control (saline)

Outcomes Anticipated absolute effects Relative effect

(95% CI)

Number of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Control risk Risk with intervention

(95% CI)

Periodontal healing at

48 months

138 per 1000 people 772 per 1000 people

(306 to 1000)

RR 5.60 (2.22 to 14.11) 73

(1 RCT)

⊕©©©

very low1

An imbalance was seen

in loss to follow-up be-

tween the 2 groups. If

those lost to follow-

up in the control group

were included in est i-

mation assuming best

possible outcome for

control group RR for

this outcome is 1.70 (1.

18 to 2.45)

Tooth survival at 12

months

655 per 1000 people 957 per 1000 people

(727 to 1000)

RR 1.46 (1.11 to 1.91) 73

(1 RCT)

⊕©©©

very low1

An imbalance was seen

in loss to follow-up be-

tween the 2 groups. If

those lost to follow-

up in the control group

were included in est i-

mation assuming best

possible outcome for

control group RR for

this outcome is 1.20 (1.

01 to 1.43)
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Tooth survival at 48

months

241 per 1000 people 864 per 1000 people

(449 to 1000)

RR 3.58 (1.86 to 6.89) 73

(1 RCT)

⊕©©©

very low1

An imbalance was seen

in loss to follow-up be-

tween the 2 groups. If

those lost to follow-

up in the control group

were included in est i-

mation assuming best

possible outcome for

control group RR for

this outcome is 1.65 (1.

21 to 2.26)

A benef it in pain scores reported on day 1 for thymosin alpha 1 group but no dif ference found days 2 and 5. No other outcomes reported

CI: conf idence interval; RCT: randomised controlled trial; RR: risk rat io.

GRADE Working Group grades of evidence

High quality: f urther research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: f urther research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: f urther research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: we are very uncertain about the est imate.

1Quality of the body of evidence is downgraded 3 levels due to risk of bias and imprecision (1 small RCT in a single centre at

high risk of bias).
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D I S C U S S I O N

Summary of main results

We included four studies which reported on interventions for

avulsed and replanted permanent teeth. These studies involved

183 patients and 257 teeth. One study involved children and

young adults (Loo 2008), with the other three involving chil-

dren only. Three studies reported on periodontal healing: two at

12 months (Chen 2000; Day 2012) and one at 48 months (Loo

2008). Tooth survival was presented at 12 months for three studies

(Chen 2000; Day 2012; Loo 2008) and at 48 months also in one

study (Loo 2008). Unfortunately none of the four studies investi-

gated the same intervention. Even the control groups in each study

differed with respect to the treatment protocols. Therefore it was

not possible to combine the results and each study was evaluated

individually. In general, each intervention could be grouped in the

broader category of reducing infection or modifying the inflam-

matory response or both.

Hyperbaric oxygen versus control

On the basis of one trial (Chen 2000), there was very low-quality

evidence which supported the benefits of hyperbaric oxygen for

avulsed and replanted teeth in respect of periodontal healing, tooth

survival, and pulpal healing (Summary of findings for the main

comparison).

Ledermix (day 0 to 10) versus Ultracal (day 7 to 10)

root canal medicaments following avulsion and

replantation

On the basis of one trial (Day 2012), there was very low-quality

evidence which was unable to identify the superiority of one inter-

vention over the other in respect of periodontal healing or tooth

survival. Day 2012 did identify a greater level of patient dissatis-

faction with the colour of the teeth treated in the Ledermix group

compared to the Ultracal group (Summary of findings 2).

Extra-oral endodontics prior to replantation versus

intra-oral endodontics at day 7 post-replantation

On the basis of one trial (Giannetti 2006), there was very low-

quality evidence which was unable to identify the superiority of

extra-oral pulp extirpation compared to intra-oral extirpation for

avulsed and replanted teeth with a dry time of over 60 minutes

(Summary of findings 3).

Thymosin alpha 1 versus saline for 10-minute soaking

prior to replantation

On the basis of one trial (Loo 2008), there was very low-qual-

ity evidence which supported the benefits of soaking the avulsed

tooth in thymosin alpha 1 prior to replantation with respect to

periodontal healing and tooth survival (Summary of findings 4).

Based on the very low-quality evidence from these four included

studies, we are uncertain whether any one treatment is more ben-

eficial than another for avulsed and replanted permanent teeth.

Overall completeness and applicability of
evidence

There was insufficient evidence to draw any useful conclusions.

Failure to follow CONSORT guidance for reporting of ran-

domised controlled trials in three of the studies (Chen 2000;

Giannetti 2006; Loo 2008), led to significant work for the review

team in contacting the original authors to extract critical infor-

mation with respect to outcome measures, interventions and po-

tential biases. Each study was focused on avulsed and replanted

permanent teeth. A number of the potential interventions out-

lined in the research objectives were examined including varia-

tions in timing of pulp extirpation, types of root canal medica-

ment used, storage of the tooth prior to replantation and follow-

up care. A number of different outcomes were reported includ-

ing periodontal healing, tooth survival, pulpal healing, pain, and

aesthetics (discolouration). These last two outcomes are more pa-

tient focused but further work is needed to improve the quality

and range of outcomes reported. This is a common finding across

the dental traumatology literature (Sharif 2015). Importantly the

new core outcome set developed for dental traumatology (Kenny

2018) offers an internationally agreed generic and injury-specific

set of outcomes including those for avulsed and replanted teeth.

The core outcome set not only identifies ’what’ outcomes to be

collected but also clarifies ’how’ and ’when’ these outcomes should

be collected.

Each of these studies was undertaken in a university/specialist

clinic environment with strict follow-up regimens. Moreover some

studies required access to specialist equipment such as a hyperbaric

oxygen chamber or medicaments which are not normally available

in general dental practice. The generalisation of the results to other

clinical settings or countries should therefore be considered with

caution.

Quality of the evidence

The body of evidence identified do not allow for a robust conclu-

sion regarding the objectives of the review. The evidence was of

very low quality for all reported outcomes. Three studies (Chen

2000; Giannetti 2006; Loo 2008) were at high risk of bias and

therefore their results have to be interpreted with caution. The final

study (Day 2012) was assessed as having an unclear risk of bias and

was also downgraded for imprecision (due to single-study compar-

isons with a small sample size and failure to meet their estimated

sample size calculation). The included studies where directly rele-
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vant to children and adults with one or more avulsed permanent

teeth. However, as already identified some of the treatments pro-

vided are unlikely to be available in primary or emergency care

settings. Assessment of consistency of results is challenging as each

included study explored different interventions and even the con-

trol groups followed different protocols. We undertook a detailed

search for both published and unpublished studies, with no re-

strictions on language to limit the risk of publication bias. We

searched the reference lists of included studies and contacted many

study authors to obtain information that was not included in the

published reports. Given that few studies comparing similar inter-

ventions were found, funnel plot assessment of publication bias

was not undertaken (Higgins 2011). Caution should be exercised

when generalising the results of the included trials.

Potential biases in the review process

One study included in this updated review (Day 2012) was carried

out by two of the review authors (Peter Day and Monty Duggal).

In order to minimise any favourable interpretation of this study

the third review author (Hani Nazzal) who was not involved in

this study took the lead in reviewing the study and was supported

by a member of the Cochrane Oral Health editorial team (Philip

Riley).

Agreements and disagreements with other
studies or reviews

Three systematic reviews (Hinckfuss 2009a; Hinckfuss 2009b;

Hinckfuss 2009c) have addressed different aspects of treatment

for avulsed and replanted teeth including the timing of pulp extir-

pation, the prescription of systemic antibiotics, and the duration

of splinting. These systematic reviews included study designs that

were excluded from this Cochrane Review including retrospective

clinical audits and prospective case series. Interestingly, none of

the studies included in this Cochrane Review were included in

their reviews and vice versa. Therefore it is not possible to compare

the results between this Cochrane Review and the three systematic

reviews.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Based on the results of the included studies, there is insufficient

evidence to support or refute the effectiveness of different inter-

ventions for avulsed and replanted permanent front teeth. The

overall quality of existing evidence was very low and therefore great

caution should be exercised when generalising the results of the

included trials. There is urgent need for further well-designed ran-

domised controlled trials.

Until more evidence becomes available clinicians should continue

to base their treatment decisions on current expert-based guide-

lines (BSPD 2012; IADT 2012) in combination with their own

clinical experience and the individual circumstances and prefer-

ences of their patients or their parent or guardian, or both.

Implications for research

Unfortunately, as can be seen there are very few studies in the

human tooth avulsion literature which can meet the requirements

for inclusion in a Cochrane Review. Since the original version of

this Cochrane Review, only one further study has been published.

Therefore future studies in this area should ensure that they are

able to be included when this review is updated again.

Conducting research in this area is difficult for a number of reasons:

• the rarity of the injury,

• the different specialities that are providing the different

stages of care for patients suffering avulsion injuries,

• the variability of emergency presentation of patients

following avulsion injury,

• the failure by patients to present with sufficient speed that a

viable periodontal ligament is still present, and

• the ethical problem of obtaining informed consent in an

emergency situation.

This list of problems does not mean that good-quality research

is impossible for avulsed and replanted teeth. It does, however,

require good planning before undertaking a well-designed study.

Good-quality studies require the appropriate financial sponsorship

to maintain the enthusiasm of centres to recruit and retain enough

participants to ensure the study reaches its power calculation and

therefore that a valid conclusion can be drawn from it.

Methodology: a number of editorials (Andreasen 1990; Trope

2003) have urged clinicians and specialist centres to work together

to provide sufficient numbers for multicentre research as each cen-

tre is unable to provide sufficient cases on its own in a sensible

time frame. Giannetti 2006 validated this need due to the small

numbers recruited over the 2-year period. The two Chinese stud-

ies (Chen 2000; Loo 2008) both showed certain centres in China

do see sufficient numbers for a single-centre trial. Although Day

2012 was a multicentre study involving five specialist paediatric

dentistry centres, it failed to recruit enough patients. The study

authors argued that with better feasibility assessment and external

grant funding the researchers would have been able to dedicate

more time to the study at each centre which would have helped

with recruitment of possible subjects.

25Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Where possible the same speciality should see the patient from

acute presentation to review visits, thereby ensuring all relevant

information is collected and treatment protocols are followed.

Careful study design and compliance will help to ensure the results

are valid. An acceptance amongst investigators that due to the small

sample likely to be recruited no more than one variable should be

tested in each study.

Outcome measures: recently, an internationally agreed core out-

come set has been published for dental traumatology (Kenny

2018). This document outlines ’what’ outcomes should be col-

lected for avulsion injuries as well as ’when’ and ’how’ this infor-

mation should be collected. Authors planning future avulsion and

replantation studies should ensure that the outcomes they propose

collecting at least meet these minimum requirements.

Priority areas of future research: this Cochrane Review has identi-

fied that there is a need to establish the optimal medicament and

duration for soaking the tooth prior to replantation. It appears

that this may be able to influence the healing responses and in-

crease the chances of periodontal and pulpal healing. Contenders

for further studies are different antibiotics or thymosin alpha 1.

Other methods of application such as the use of the root canal

space or daily gingival injections for providing slow and ongoing

release of medicaments to the surrounding healing tissues or the

use of hyperbaric oxygen should be investigated further.

Reporting clinical findings: three of the studies (Chen 2000;

Giannetti 2006; Loo 2008) identified in this review would ben-

efit from reporting their trials in guidance with the CONSORT

recommendation to ensure transparency and clarity.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Chen 2000

Methods Trial design: single centre, parallel, 2-arm RCT

Location: School of Stomatology, Fourth Military Medical University, Xi-an, China

Type of centre: university dental school

Recruitment period: July 1996 to June 1999

Funding source: no external funding was received

Participants Inclusion criteria: not reported in paper - subsequent email correspondence provided the

following list of inclusion criteria: all avulsion injuries in young permanent teeth that

had no fracture or crack and without coincident maxillofacial or general severe injuries

Exclusion criteria: not reported for individual groups

Age at baseline: not reported for individual groups, for both groups age was a mean of

9.4 years (SD 3)

Gender: not reported for individual groups, for both groups gender split was 38 males

with 89 teeth and 31 females with 49 teeth

Ethnicity: not reported

Number randomised: not reported, although in subsequent email correspondence further

information was provided with regards to the number lost to follow-up (2, both from

control group) and number refusing each treatment (2 in hyperbaric oxygen group and

1 in control group). The number of teeth this involved was not reported

Number evaluated: 138 teeth in 69 patients (hyperbaric oxygen group: 73 teeth in 35

patients; control group: 65 teeth in 34 patients)

Interventions Comparison: hyperbaric oxygen versus control

Hyperbaric oxygen (n = 73 teeth in 35 patients): 40 minutes pure oxygen then 10 minutes

air and then 40 minutes pure oxygen in a 0.25 MPa (2.15 ATA) compression chamber

Control (n = 65 teeth in 34 patients): no further treatment beyond standard protocol

described below

Standard treatment for both groups: all patients received a standardized treatment pro-

tocol of gently cleaning of the tooth in 0.9% normal saline solution and then immersion

for 20 minutes in gentamycin sulphate (4 x 107 U/L) prior to replantation. The teeth

were then splinted with arch bars for 1 to 2 months. No elective root canal treatment

was started. If a tooth was diagnosed with pulp necrosis, endodontic treatment was com-

menced. No details of the endodontic protocol was provided

Duration of treatment: hyperbaric oxygen group received this treatment once a day for

the first 10 days after the injury

Outcomes For each tooth the following outcome measures were reported at 12 months: periodontal

healing, pulp healing, and tooth loss. Each outcome was relevant to this review

In addition, a compound outcome criterion was used. This classified healing as:

- complete success: teeth with normal pulp vitality, periodontal membrane healed, no

root resorption and no tooth mobility

- acceptable success: teeth with pulp necrosis and endodontics performed, periodontal

membrane attachment or bone ankylosis (replacement resorption), mild root resorption

without obvious mobility, replanted tooth will remain for relatively long time
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Chen 2000 (Continued)

- failure: teeth with pulp necrosis and endodontics performed, periodontal fibrous heal-

ing, root resorption with obvious mobility, replanted tooth will be lost in short time

Periodontal healing was not reported as an individual outcome measure. The data for the

number of teeth classified with ’complete success’ were used for this outcome measure

as periodontal healing was 1 of the criteria for it. This may underestimate the number

of teeth with periodontal healing as this can occur without pulpal healing but was the

safest approach to take for the data presented

Notes Sample size calculation: no sample size reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Quote: from email correspondence “the

method of randomisation is sealed en-

velopes, however, if the patients did not

accept our recommendation, the envelop

was put back to our basket. You know, the

hyperbaric oxygen treatment need a lot of

money. We cannot decide it for our pa-

tients”

Comment: sealed envelopes used. Se-

quence generation not reported in paper or

from correspondence

Allocation concealment (selection bias) Unclear risk Quote: from email correspondence “Af-

ter the basic treatment of the patient, we

choose a envelop, it tells us which group

this case should go into. If the patient reject

the arrangement, he will exclude into our

final analysis”

Comment: no information was provided if

the envelopes were opaque or sequentially

numbered. It is uncertain what happened

with envelopes if the patient rejected the

arrangement and whether they were dis-

carded or reused

Blinding of participants and personnel

(performance bias)

All outcomes

High risk The treatment intervention was sufficiently

different that it was not possible to blind

the clinician or patient

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Quote: from email correspondence “No. It

should be, however, we only have several

clinicians in our clinic, we know exactly

which is which”

Comment: clinicians were aware which

group the patient had been allocated to
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Chen 2000 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Low risk Comment: not reported, although in sub-

sequent email correspondence further in-

formation was provided with regards to the

number lost to follow-up (2, both from

control group) and number refusing each

treatment (2 in hyperbaric oxygen group

and 1 in control group). The number of

teeth this involved was not reported

Comparability of groups provided by email

for all subjects. For some criteria, however,

information was provided for the entire

study not itemised to individual group

Selective reporting (reporting bias) Low risk The outcome measures used were conven-

tional but were grouped together in an un-

usual way to provide a compound outcome.

It was not possible to tease out individual

outcomes, for example periodontal healing.

Periodontal healing was not reported as an

individual outcome measure. The data for

the number of teeth classified with ’com-

plete success’ were used for this outcome

measure as periodontal healing was 1 of the

criteria for it. This may underestimate the

number of teeth with periodontal healing

as this can occur without pulpal healing but

was the safest approach to take for the data

presented

Other bias Unclear risk High levels of periodontal healing (71%)

were reported for the control group at 12

months. Other published avulsion and re-

plantation studies report a lower prevalence

of periodontal healing for teeth with equiv-

alent extra-times (information provided by

email - 49 had extra-alveolar time of 0.5

to 3 hours and 16 teeth had extra-alveolar

time of 3 to 8 hours). However, in the con-

trol group in this study, teeth were soaked

in gentamycin for 20 minutes prior to re-

plantation which differs from current pro-

tocols outlined by international guidelines

32Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Day 2012

Methods Trial design: multicentre (n = 5), parallel, 2-arm RCT

Location: London, Glasgow, Leeds, Newcastle, Belfast (all UK)

Type of centre: predominantly university dental hospitals - all specialist paediatric den-

tistry departments

Recruitment period: July 2005 and December 2008

Funding source: partial funding from a Department of Health grant; materials and

equipment were provided by 3 pharmaceutical companies

Participants Inclusion criteria: avulsion injury had to be permanent dentition; aged less than 16 years;

completed root length (with/without open apex); no more than 20 minutes dry extra-

alveolar storage time before replantation occurred; no more than 60 minutes wet extra-

alveolar time before replantation occurred (combinations of dry and wet were acceptable

e.g. 50 minutes in milk plus 5 minutes dry time or 20 minutes dry time plus 40 minutes

in milk); no previous endodontic treatment

Exclusion criteria: not reported

Age at baseline: Ledermix: mean 12.8 years (SD 2.2); Ultracal XS: mean 12 years (SD

1.9)

Gender: Ledermix: 50% males; Ultracal XS: 67% males

Ethnicity: not reported

Number randomised: 28 patients (Ledermix: 13; Ultracal XS: 15) - 5 excluded as it

transpired that they did not meet the inclusion criteria, 1 lost to follow-up

Number evaluated: 22 patients (27 teeth) (Ledermix: 10 patients (12 teeth); Ultracal

XS: 12 patients (15 teeth))

Interventions Comparison: Ledermix versus Ultracal XS

Ledermix (n = 13): replantation followed by pulp extirpation and intra-canal dressing

with Ledermix within the first 10 days

Ultracal XS (n = 15): replantation followed by pulp extirpation at day 7 to 10 and intra-

canal dressing with Ultracal XS

Standard treatment for both groups: in all but 1 case, acute replantation and splinting was

undertaken outwith the university dental hospital. These patients were only included as

accurate information of this acute care was available and followed current International

Association of Dental Traumatology guidelines

At the day 60-90 appointment, the root canal medicament, in both groups, was re-

placed by Ultracal XS following a standard debridement technique with copious sodium

hypochlorite and gentle hand instrumentation. At 6 months following the injury, where

there was no sign of infection or active resorption, cold lateral condensation with gutta

percha and Tubliseal was used for definitive obturation

Duration of treatment - duration of first inter-canal dressing: Ledermix: mean 70 days

(SD 12.2); Ultracal XS: mean 74 days (SD 21.4)

Outcomes Periodontal healing, discolouration of teeth, tooth loss. Each outcome was relevant to

this review and reported at 12 months

Notes Sample size calculation: at a 5% significance level and 90% power, 19 participants per

group were required. This sample size was not achieved

Risk of bias
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Day 2012 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “The randomization process was

carried out by the Biostatistics Depart-

ment, University of Leeds. A block ran-

domization method was used to generate

a randomization sequence for each of the

centres”

Comment: central randomisation by a spe-

cialised unit

Allocation concealment (selection bias) Low risk Quotes: “Randomization codes were sealed

within opaque envelopes, by the depart-

ment secretary, with a sequential number

placed on the outside. The randomization

envelopes were then grouped into numer-

ical order and placed within the avulsion

treatment box that was located in a secure

area of each clinic” and “The block size was

unknown to any clinician involved in the

study”

Comment: trial investigators would not

have been able to foresee and influence the

sequence of treatment assignments

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk The treatment intervention was sufficiently

different that it was only possible to blind

the patient

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk For the primary outcome of periodontal

healing, although the outcome assessor was

blinded to treatment assignment they com-

pared diagnoses with the original treating

clinician. Any disagreement led to a di-

agnosis of failure of periodontal healing

which may have led to a bias towards the

null. It was not reported how frequently

a disagreement between assessors occurred.

However, this methodology was felt un-

likely to influence the outcome assessment

for 1 group unfairly over another

For the secondary outcome of tooth dis-

colouration, the children are unlikely to be

influenced by the treatment assignments

in their assessment of satisfaction. The

other measurements were made by com-

puter software, and therefore unbiased
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Day 2012 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Low risk Attrition rate was similar in each group.

Reasons were reported and these were not

related to either of the treatments

Selective reporting (reporting bias) Low risk Appropriate outcomes were reported in full

Other bias Low risk No other bias was identified

Giannetti 2006

Methods Trial design: single centre, parallel, 2-arm RCT

Location: University Dental School Modena, Italy

Type of centre: university dental hospital - specialist paediatric dentistry department

Recruitment period: January 2004 to January 2006

Funding source: no external funding was received

Participants Inclusion criteria: avulsion injury to the permanent dentition; where the extra-oral dry

time was longer than 60 minutes

Exclusion criteria: a number of specific categories of patients were excluded, including:

decompensated diabetics, acute or chronic systemic disease, mentally incompetent, pa-

tients in advance stages of pregnancy or nursing and on medication that could interfere

with healing of the gingival tissues

Age at baseline: not reported for individual groups, for both groups age was 11.4 years

(SD 3)

Gender: not reported for individual groups, for both groups 11 males and 9 females were

recruited

Ethnicity: not reported

Number randomised: 20

Number evaluated: 19 patients (intra-oral obturation: 9; extra-oral obturation: 10)

Interventions Comparison: intra-oral extirpation versus extra-oral extirpation

Intra-oral obturation (n = 10): this group received pulp extirpation at 1 week intra-orally

and dressing with non-setting calcium hydroxide. At 2 weeks the dressing was removed

and the tooth was obturated with gutta percha

Extra-oral obturation (n = 10): this group received endodontic treatment with obturation

with gutta percha carried out extra-orally prior to replantation on day 0

Standard treatment for both groups: all patients received a standardized treatment proto-

col of removal of any surface contamination from the root using a “constant irrigation of

salt solution”, replantation under local anaesthetic, flexible splinting for 14 days, 0.2%

chlorhexidine mouthwash (2 to 3 times a day for 14 days), amoxicillin and clavulanic

acid antibiotics for 6 days, but dose and frequency were not reported

Duration of intervention: intra-oral obturation: 14 days; extra-oral obturation: 0 days

Outcomes Extent of root resorption (a proxy measure for periodontal healing). This outcome was

relevant to this review and reported at 12 months

Notes Sample size calculation: no sample size calculation was reported
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Giannetti 2006 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Quote: “randomly divided into groups

with a casual method influenced by the

physician or the patients condition”

Comment: following email correspon-

dence, however, it was found that alterna-

tion was used

Allocation concealment (selection bias) High risk Comment: following email correspon-

dence, the recruiting clinician knew which

group the patient was to be recruited to. Al-

location to treatment groups was on a pa-

tient basis

Blinding of participants and personnel

(performance bias)

All outcomes

High risk The treatment intervention was sufficiently

different that it was not possible to blind

the clinician or the patient

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Comment: following email correspon-

dence, the recruiting clinician reviewing

the patient at subsequent assessment visits

was blinded to the allocation of the patient.

It is uncertain how effective this was as no

detail was given in the paper and the 2 roles

should be undertaken by different people

Incomplete outcome data (attrition bias)

All outcomes

Low risk Comment: attrition rates were reported

with 1 patient lost from the intra-oral obtu-

ration group prior to the 12-month review.

The reason for this was not reported and so

it is unknown if patient failed to return or

the tooth had been lost

Selective reporting (reporting bias) High risk Comment: the primary outcome measure

for this Cochrane Review - periodontal

healing, was not reported. This would be a

standard outcome measure for such a study

even when all teeth would be expected to

heal by replacement resorption as a result

of the prolonged extra-oral dry time

Other bias Low risk Although not reported in the paper, the

study author has provided further informa-

tion about the groups’ comparability
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Loo 2008

Methods Trial design: single centre, parallel, 2-arm RCT

Location: university dental school, Sichuan, China

Type of centre: university dental school

Recruitment period: June 2000 to June 2007

Funding source: no external funding was received

Participants Inclusion criteria: not reported

Exclusion criteria: not reported

Age at baseline: not reported for individual groups, for both groups mean age was 16.9

years (SD 3.8)

Gender: not reported for individual groups, for both groups there were 16 females and

57 males

Ethnicity: not reported

Number randomised: 90 patients

Number evaluated: 73 patients

Interventions Comparison: thymosin alpha 1 versus control (saline)

Thymosin alpha 1 (n = 45): following the pulp extirpation and obturation, the tooth was

immersed for 10 minutes in thymosin alpha (1.6 mg) and then the thymosin alpha was

used to wash out the socket prior to replantation. Following replantation and splinting

the patient was seen every day until day 7, for the injection of 0.2 mL of thymosin alpha

into the gingival tissues

Control (n = 45): following the pulp extirpation and obturation, the tooth was immersed

for 10 minutes in saline and then the saline was used to wash out the socket prior to

replantation. Following replantation and splinting the patient was seen every day until

day 7, for the injection of 0.2 mL of saline into the gingival tissues

Standard treatment for both groups: all patients received a standardized treatment pro-

tocol of washing of the tooth in 0.9% normal saline for 5 minutes. Extra-orally the pulp

was then extirpated and obturated with gutta percha while the periodontal ligament was

kept moist with saline. The tooth was replanted under local anaesthetic and splinted

with a semirigid fibre splint for 10 days. The occlusion was adjusted to prevent contact

with the opposing teeth. Amoxicillin (250 mg 3 times a day for 3 days was prescribed)

together with 0.12% chlorhexidine mouthwash every 4 hours for 7 days

Duration of treatment: duration of daily gingival tissue injects was 7 days

Outcomes Outcomes reported included periodontal healing (reported at 48 months) and tooth loss

(reported at 12 and 48 months), which were both relevant to this review. A number

of short-term outcomes were also reported but only the self-reported measure of pain

(reported at day 1, 2 and 5 post-replantation), was an outcome relevant to this review

Notes Sample size calculation: no sample size was reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Quote: from email correspondence “the pa-

tients had been recruited with odd number

for thymosin and even number for control
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Loo 2008 (Continued)

by a time schedule”

Comment: this appears to be a quasi-ran-

dom method

Allocation concealment (selection bias) High risk Comment: with quasi-random methods,

allocation concealment is not usually possi-

ble. Furthermore, it is unclear how effective

allocation concealment was owing to the

unequal loss to follow-up in the 2 groups

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk This study was double-blinded and there-

fore it was possible to blind the patient and

clinician

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Comment: double-blinded, patient alloca-

tion was only broken after 48-months re-

view

Incomplete outcome data (attrition bias)

All outcomes

High risk Comment: the paper only reported on the

patients retained at 48 months. Following

email correspondence 90 subjects were re-

cruited with 45 in each group. There was

36% loss to follow-up in control group

and 2% in the experimental group. 90%

of these patients failed to attend after their

initial replantation visit. This difference in

loss to follow-up between the 2 groups is

a concern and a potential for bias in the

study

Selective reporting (reporting bias) Low risk Comment: selective reporting of outcome

variables does not appear to have taken

place, however, there was only a limited de-

scription (paper and email) of how long-

term dental outcomes were assessed. No

study protocol was seen

Short-term outcomes were well reported

Other bias Unclear risk Comment: high levels of tooth loss were re-

ported in the control group at 12 months

(34%) and 36 months (76%). Other pub-

lished avulsion and replantation studies re-

port a lower prevalence of tooth loss at these

time points

ATA = atmosphere absolute; MPa = megapascal pressure unit; RCT = randomised controlled trial, SD = standard deviation.
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Coccia 1980 Thanks to the study author for his time spent in replying to our questions. This appeared to be a quasi-

randomised trial, but there were considerable concerns with regards to randomisation and allocation

concealment as attempts were made to ensure equal numbers were assigned to each group. There were

multiple interventions and it was unclear which patients had been allocated to which study group. Finally

the outcomes were difficult to follow with regards to which intervention was responsible for what. No

clear protocol or flow diagram was provided for the treatments received by each group

Filippi 2002 RCT, well conducted study at low risk of bias investigating sensitivity of splinted teeth, irritation of

gingival margins, irritation of the lips, impairment of speech, eating and oral hygiene. Although these

parameters are present in both primary and secondary outcomes of this Cochrane Review the study was

not included as participants were adults with no dental trauma and therefore this was felt not to be a valid

comparison

Huang 2003 Full text of paper was not retrievable

Murri Dello Diago 2011 Abstract to conference proceedings, we could not locate subsequent publication

Parodi 1991 Abstract to conference proceedings, we could not locate subsequent publication

Pasini 2006 RCT, intervention investigated was the effect of multiple hygiene visits with a hygienist between weeks 1

and 6 following different traumatic injuries including avulsions. The control group received no hygiene

visit. The study was well conducted with a low risk of bias, however, the outcome measure related to

plaque scores. It is unknown how the outcome chosen relates to the outcomes identified for this review.

To our knowledge, no causal link between plaque scores and the healing of avulsed and replanted teeth

has been reported to date

Tsilingaridis 2015 A retrospective case-control study design which compared the outcomes of avulsed and replanted teeth

treated with different protocols depending on which dental clinic the patient attended

vonArx 2001 RCT, well conducted study at low risk of bias investigating tooth mobility, probing depths, presence of

plaque and bleeding on probing for 4 types of trauma splint. These outcome measures were considered as

surrogate endpoints as no casual link has been shown between these variables and the healing of avulsed

and replanted teeth. Participants were adults with no dental trauma and therefore was not considered a

valid comparison

Yong-Ping 2010 Full text of paper was not retrievable

RCT = randomised controlled trial.
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Characteristics of studies awaiting assessment [ordered by study ID]

Han 2010

Methods RCT

Participants 30 patients were treated between 2003 and 2006 (aged 12 to 48 years, 24 males and 6 females) with 36 avulsed

permanent upper incisors. Avulsed teeth were replanted within 5 hours from trauma. The roots of the avulsion teeth

were fully developed

Interventions Following avulsion, the teeth and the sockets were rinsed with saline, after which the teeth were replanted in the

sockets under local anaesthesia. The criteria of replantation were no occlusal interference and no gingival blanching.

Traumatised teeth were fixed with 3M resin and 0.88 mm stainless wires (in 1:2 ratio of trauma teeth/health teeth).

Antibiotics and oral hygiene instruction were given after surgery. After 2 weeks, pulpal tissues were extirpated, root

canal prepared and irrigated with saline and then filled with thymol paper point for 1 week. Then group A was treated

with calcium hydroxide paste for temporary root canal filling, while group B with Vitapex paste root canal filling,

and the root canal was covered with zinc-phosphate cement and glass ionomer in sequence

Outcomes After 1.5 years, a permanent root canal filling was placed. Criteria for evaluating the treatment effect

Success: there was no self-conscious symptom, percussive pain and swelling of the gum. X-ray showed no root

absorption (or superficial root absorption according to the Andreasen’s classification on root absorption) and no

abnormal appearance caused by periapical lesions

Failure

Clinically: obvious mobility, pain on percussion, gingival swelling

Radiographically: replacement or inflammatory root resorption according to the Andreasen’s classification on root

absorption or appearance of periapical lesion

Notes Kindly translated by Cochrane translating team (Professor Zongdao Shi, Professor Hua Chengge and Dr Liyuan Ma)

. Further email contact was undertaken to clarify the full nature of the intervention (e.g. what antibiotics was used,

was mouthwash used, how long were the teeth splinted for, what is root absorption, how was repair-related resorption

categorised, and what periapical appearance determined a failure), and to explore questions related to risk of bias.

No reply received from the study authors, emails sent in 2016

Zhang 2004

Methods RCT

Participants Avulsed permanent teeth replanted within 3 hours. Age range from 10 to 42 years old. 42 participants with 49 teeth

Interventions Group A (n = 16): pulp extirpation before replantation, and the root canal was filled with calcium hydroxide. Root

canal was completed after half a year

Group B (n = 18): pulp extirpation 1 week after replantation and the root canal was filled with calcium hydroxide.

Root canal was completed after half a year

Group C (n = 15): replantation directly, pulp extirpation and the root canal was filled with calcium hydroxide if there

was pulp disease. Root canal was completed after half a year

Standard treatment protocol for groups: avulsed tooth was washed by 0.9% normal saline, and immersed by

chloromycetin for 10 minutes, and stored in DM solution. The donor site was irrigated by 3% hydrogen peroxide

and 0.9% normal saline. The tooth was replanted and fixed to at least 3 healthy teeth on each site

Duration of splinting unknown
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Zhang 2004 (Continued)

Outcomes Failure of replantation (X-ray revealed a poor healing of the periodontal tissue and root absorption). Poor masticatory

function, degree of tooth movement: II-III, percussion (+)

Notes Kindly translated by Cochrane translating team (Chunjie Li). Further email contact was undertaken to clarify the full

nature of the intervention (e.g. how was root canal treatment undertaken extra-orally, how was root canal treatment

completed, were antibiotics used, was mouthwash used, how was pulp disease identified, duration of splinting, was

splinting 3 healthy teeth in total or 3 healthy teeth per side, further clarification related to outcome), and to explore

questions related to risk of bias. No reply received from the study authors, emails sent in 2013

RCT = randomised controlled trial.

Characteristics of ongoing studies [ordered by study ID]

ChiCTR-ICR-15007129

Trial name or title Effect of platelet-rich fibrin on the periodontal healing of avulsed tooth reimplantation: a randomised con-

trolled trial

Methods This interventional study aims to compare the periodontal healing of avulsed tooth after being reimplanted

alone or combined with autologous platelet-rich fibrin by clinical index of tooth mobility and radiographic

index of root resorption using X-ray and cone beam computed tomography (CBCT). Observational period

is 2 years

Participants Inclusion criteria: over 12 years (tooth with closed apex), both male and female, the position of the avulsed

tooth involves maxillary and mandibular incisors, the tooth has been out of the alveolar socket over 1 hour,

avulsed tooth was kept in dry or inappropriate conditions so that the periodontal ligament tissues have necrosis

widely, without root fracture, the patient volunteered for this study and signed the consent

Interventions Replanted alone or in combination with autologous platelet-rich fibrin

Outcomes Periodontal healing, pain, tooth mobility, tooth colour, gingival index, bleeding on probing, fistula, pulp

vitality

Starting date 1 December 2014

Contact information Zhang Min - chief investigator

Notes www.chictr.org.cn/showprojen.aspx?proj=11958

41Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

http://www.chictr.org.cn/showprojen.aspx?proj=11958
http://www.chictr.org.cn/showprojen.aspx?proj=11958
http://www.chictr.org.cn/showprojen.aspx?proj=11958


D A T A A N D A N A L Y S E S

Comparison 1. Hyperbaric oxygen versus control

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Periodontal healing at 12 months 1 138 Risk Ratio (M-H, Fixed, 95% CI) 2.04 [1.52, 2.73]

2 Tooth survival at 12 months 1 138 Risk Ratio (M-H, Fixed, 95% CI) 1.21 [1.07, 1.36]

3 Pulpal healing at 12 months 1 138 Risk Ratio (M-H, Fixed, 95% CI) 1.25 [1.06, 1.48]

Comparison 2. Ledermix day 0-10 versus Ultracal day 7-10

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Peridontal healing at 12 months 1 27 Risk Ratio (M-H, Fixed, 95% CI) 1.67 [0.80, 3.49]

2 Tooth survival at 12 months 1 27 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Discolouration

(patient-reported) at 12

months - best case scenario for

Ledermix

1 22 Risk Ratio (M-H, Fixed, 95% CI) 7.20 [1.03, 50.28]

4 Discolouration

(patient-reported) at 12

months - worst case scenario

for Ledermix

1 22 Risk Ratio (M-H, Fixed, 95% CI) 8.4 [1.23, 57.29]

Comparison 3. Pulp extirpation at day 0 (extra-oral) versus day 7 (intra-oral)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Radiographic resorption at 12

months

1 19 Risk Ratio (M-H, Fixed, 95% CI) 1.35 [0.81, 2.24]
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Comparison 4. Thymosin alpha 1 versus saline soaking prior to replantation

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Periodontal healing at 48 months 1 73 Risk Ratio (M-H, Random, 95% CI) 5.60 [2.22, 14.11]

2 Tooth survival at 12 months 1 73 Risk Ratio (M-H, Fixed, 95% CI) 1.46 [1.11, 1.91]

3 Tooth survival at 48 months 1 73 Risk Ratio (M-H, Fixed, 95% CI) 3.58 [1.86, 6.89]

Analysis 1.1. Comparison 1 Hyperbaric oxygen versus control, Outcome 1 Periodontal healing at 12 months.

Review: Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted

Comparison: 1 Hyperbaric oxygen versus control

Outcome: 1 Periodontal healing at 12 months

Study or subgroup Hyperbaric oxygen Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Chen 2000 64/73 28/65 100.0 % 2.04 [ 1.52, 2.73 ]

Total (95% CI) 73 65 100.0 % 2.04 [ 1.52, 2.73 ]

Total events: 64 (Hyperbaric oxygen), 28 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 4.76 (P < 0.00001)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours control Favours hyperbaric oxygen
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Analysis 1.2. Comparison 1 Hyperbaric oxygen versus control, Outcome 2 Tooth survival at 12 months.

Review: Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted

Comparison: 1 Hyperbaric oxygen versus control

Outcome: 2 Tooth survival at 12 months

Study or subgroup Hyperbaric oxygen Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Chen 2000 72/73 53/65 100.0 % 1.21 [ 1.07, 1.36 ]

Total (95% CI) 73 65 100.0 % 1.21 [ 1.07, 1.36 ]

Total events: 72 (Hyperbaric oxygen), 53 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 3.14 (P = 0.0017)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours control Favours hyperbaric oxygen

Analysis 1.3. Comparison 1 Hyperbaric oxygen versus control, Outcome 3 Pulpal healing at 12 months.

Review: Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted

Comparison: 1 Hyperbaric oxygen versus control

Outcome: 3 Pulpal healing at 12 months

Study or subgroup Hyperbaric oxygen Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Chen 2000 66/73 47/65 100.0 % 1.25 [ 1.06, 1.48 ]

Total (95% CI) 73 65 100.0 % 1.25 [ 1.06, 1.48 ]

Total events: 66 (Hyperbaric oxygen), 47 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 2.61 (P = 0.0091)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours control Favours hyperbaric oxygen
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Analysis 2.1. Comparison 2 Ledermix day 0-10 versus Ultracal day 7-10 , Outcome 1 Peridontal healing at

12 months.

Review: Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted

Comparison: 2 Ledermix day 0-10 versus Ultracal day 7-10

Outcome: 1 Peridontal healing at 12 months

Study or subgroup Ledermix Ultracal Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Day 2012 8/12 6/15 100.0 % 1.67 [ 0.80, 3.49 ]

Total (95% CI) 12 15 100.0 % 1.67 [ 0.80, 3.49 ]

Total events: 8 (Ledermix), 6 (Ultracal)

Heterogeneity: not applicable

Test for overall effect: Z = 1.36 (P = 0.17)

Test for subgroup differences: Not applicable

0.005 0.1 1 10 200

Favours Ultracal Favours Ledermix

Analysis 2.2. Comparison 2 Ledermix day 0-10 versus Ultracal day 7-10 , Outcome 2 Tooth survival at 12

months.

Review: Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted

Comparison: 2 Ledermix day 0-10 versus Ultracal day 7-10

Outcome: 2 Tooth survival at 12 months

Study or subgroup Ledermix Ultracal Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Day 2012 0/12 0/15 Not estimable

Total (95% CI) 12 15 Not estimable

Total events: 0 (Ledermix), 0 (Ultracal)

Heterogeneity: not applicable

Test for overall effect: not applicable

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours Ultracal Favours Ledermix
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Analysis 2.3. Comparison 2 Ledermix day 0-10 versus Ultracal day 7-10 , Outcome 3 Discolouration

(patient-reported) at 12 months - best case scenario for Ledermix.

Review: Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted

Comparison: 2 Ledermix day 0-10 versus Ultracal day 7-10

Outcome: 3 Discolouration (patient-reported) at 12 months - best case scenario for Ledermix

Study or subgroup Ledermix Ultracal Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Day 2012 6/10 1/12 100.0 % 7.20 [ 1.03, 50.28 ]

Total (95% CI) 10 12 100.0 % 7.20 [ 1.03, 50.28 ]

Total events: 6 (Ledermix), 1 (Ultracal)

Heterogeneity: not applicable

Test for overall effect: Z = 1.99 (P = 0.047)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours Ultracal Favours Ledermix

Analysis 2.4. Comparison 2 Ledermix day 0-10 versus Ultracal day 7-10 , Outcome 4 Discolouration

(patient-reported) at 12 months - worst case scenario for Ledermix.

Review: Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted

Comparison: 2 Ledermix day 0-10 versus Ultracal day 7-10

Outcome: 4 Discolouration (patient-reported) at 12 months - worst case scenario for Ledermix

Study or subgroup Ledermix Ultracal Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Day 2012 7/10 1/12 100.0 % 8.40 [ 1.23, 57.29 ]

Total (95% CI) 10 12 100.0 % 8.40 [ 1.23, 57.29 ]

Total events: 7 (Ledermix), 1 (Ultracal)

Heterogeneity: not applicable

Test for overall effect: Z = 2.17 (P = 0.030)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours Ultracal Favours Ledermix
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Analysis 3.1. Comparison 3 Pulp extirpation at day 0 (extra-oral) versus day 7 (intra-oral), Outcome 1

Radiographic resorption at 12 months.

Review: Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted

Comparison: 3 Pulp extirpation at day 0 (extra-oral) versus day 7 (intra-oral)

Outcome: 1 Radiographic resorption at 12 months

Study or subgroup Day 0 (extra-oral) Day 7 (intra-oral)

Risk
Ratio(Non-

event) Weight

Risk
Ratio(Non-

event)

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Giannetti 2006 1/10 3/9 100.0 % 1.35 [ 0.81, 2.24 ]

Total (95% CI) 10 9 100.0 % 1.35 [ 0.81, 2.24 ]

Total events: 1 (Day 0 (extra-oral)), 3 (Day 7 (intra-oral))

Heterogeneity: not applicable

Test for overall effect: Z = 1.16 (P = 0.25)

Test for subgroup differences: Not applicable

0.05 0.2 1 5 20

Favours day 7 Favours day 0

Analysis 4.1. Comparison 4 Thymosin alpha 1 versus saline soaking prior to replantation, Outcome 1

Periodontal healing at 48 months.

Review: Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted

Comparison: 4 Thymosin alpha 1 versus saline soaking prior to replantation

Outcome: 1 Periodontal healing at 48 months

Study or subgroup Thymosin alpha 1 Saline Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Loo 2008 34/44 4/29 100.0 % 5.60 [ 2.22, 14.11 ]

Total (95% CI) 44 29 100.0 % 5.60 [ 2.22, 14.11 ]

Total events: 34 (Thymosin alpha 1), 4 (Saline)

Heterogeneity: not applicable

Test for overall effect: Z = 3.66 (P = 0.00026)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours saline Favours thymosin alpha 1
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Analysis 4.2. Comparison 4 Thymosin alpha 1 versus saline soaking prior to replantation, Outcome 2 Tooth

survival at 12 months.

Review: Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted

Comparison: 4 Thymosin alpha 1 versus saline soaking prior to replantation

Outcome: 2 Tooth survival at 12 months

Study or subgroup Thymosin alpha 1 Saline Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Loo 2008 42/44 19/29 100.0 % 1.46 [ 1.11, 1.91 ]

Total (95% CI) 44 29 100.0 % 1.46 [ 1.11, 1.91 ]

Total events: 42 (Thymosin alpha 1), 19 (Saline)

Heterogeneity: not applicable

Test for overall effect: Z = 2.71 (P = 0.0067)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours saline Favours thymosin alpha 1
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Analysis 4.3. Comparison 4 Thymosin alpha 1 versus saline soaking prior to replantation, Outcome 3 Tooth

survival at 48 months.

Review: Interventions for treating traumatised permanent front teeth: avulsed (knocked out) and replanted

Comparison: 4 Thymosin alpha 1 versus saline soaking prior to replantation

Outcome: 3 Tooth survival at 48 months

Study or subgroup Thymosin alpha 1 Saline Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Loo 2008 38/44 7/29 100.0 % 3.58 [ 1.86, 6.89 ]

Total (95% CI) 44 29 100.0 % 3.58 [ 1.86, 6.89 ]

Total events: 38 (Thymosin alpha 1), 7 (Saline)

Heterogeneity: not applicable

Test for overall effect: Z = 3.81 (P = 0.00014)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours saline Favours thymosin alpha 1

A P P E N D I C E S

Appendix 1. Cochrane Oral Health’s Trials Register search strategy

1 MESH DESCRIPTOR Tooth Avulsion AND INREGISTER

2 ((avuls* near6 tooth) or (avuls* near6 teeth) or (avuls* near6 incisor*)) AND INREGISTER

3 ((tooth near6 dislodg*) or (teeth near6 dislodg*) or (dislodge* near6 incisor*)) AND INREGISTER

4 ((tooth near6 “knocked out”) or (teeth near6 “knocked out”) or (incisor* near6 “knocked out”)) AND INREGISTER

5 ((tooth near6 sublux*) or (teeth near6 sublux*) or (incisor* near6 sublux*)) AND INREGISTER

6 ((tooth near6 replant*) or (teeth near6 replant*) or (incisor near6 replant*)) AND INREGISTER

7 MESH DESCRIPTOR Tooth Replantation AND INREGISTER

8 ((tooth near6 reimplant*) or (teeth near6 reimplant*) or (incisor near6 reimplant*)) AND INREGISTER

9 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8v
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Appendix 2. Cochrane Central Register of Controlled Trials (CENTRAL) search strategy

#1 TOOTH AVULSION (single term MeSH)

#2 ((avuls* near/6 tooth) or (avuls* near/6 teeth) or (avuls* near/6 incisor*))

#3 ((tooth near/6 dislodg*) or (teeth near /6 dislodg*) or (dislodge* near/6 incisor*))

#4 ((tooth near/6 “knocked out”) or (teeth near/6 “knocked out”) or (incisor* near/6 “knocked out”))

#5 ((tooth near/6 sublux*) or (teeth near/6 sublux*) or (incisor* near/6 sublux*))

#6 ((tooth near/6 replant*) or (teeth near/6 replant*) or (incisor near/6 replant*))

#7 TOOTH REPLANTATION (Single term MeSH)

#8 ((tooth near/6 reimplant*) or (teeth near/6 reimplant*) or (incisor near/6 reimplant*))

#9 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8

Appendix 3. MEDLINE Ovid search strategy

1. Tooth Avulsion/

2. (avuls$ adj6 (tooth or teeth or incisor$)).mp.

3. (dislodg$ adj6 (tooth or teeth incisor$)).mp.

4. ((tooth or teeth or incisor$) adj6 “knocked out”).mp.

5. ((tooth or teeth or incisor$) adj6 sublux$).mp.

6. ((tooth or teeth or incisor$) adj6 replant$).mp.

7. ((tooth or teeth or incisor$) adj6 reimplant$).mp.

8. Tooth Replantation/

9. or/1-8

This subject search was linked to the Cochrane Highly Sensitive Search Strategy (CHSSS) for identifying randomised trials (RCTs) in

MEDLINE: sensitivity-maximising version (2008 revision) as referenced in Chapter 6.4.11.1 and detailed in box 6.4.c of theCochrane

Handbook for Systematic Reviews of Interventions, Version 5.1.0 (updated March 2011) (Lefebvre 2011).

1. randomized controlled trial.pt.

2. controlled clinical trial.pt.

3. randomized.ab.

4. placebo.ab.

5. drug therapy.fs.

6. randomly.ab.

7. trial.ab.

8. groups.ab.

9. or/1-8

10. exp animals/ not humans.sh.

11. 9 not 10

Appendix 4. Embase Ovid search strategy

1. (avuls$ adj6 (tooth or teeth or incisor$)).mp.

2. (dislodg$ adj6 (tooth or teeth incisor$)).mp.

3. ((tooth or teeth or incisor$) adj6 “knocked out”).mp.

4. ((tooth or teeth or incisor$) adj6 sublux$).mp.

5. ((tooth or teeth or incisor$) adj6 replant$).mp.

6. ((tooth or teeth or incisor$) adj6 reimplant$).mp.

7. or/1-6

This subject search was linked to an adapted version of the Cochrane Centralised Search Project filter for identifying RCTs in Embase

Ovid (see www.cochranelibrary.com/help/central-creation-details.html for information).

1. Randomized controlled trial/

2. Controlled clinical study/

3. Random$.ti,ab.
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4. randomization/

5. intermethod comparison/

6. placebo.ti,ab.

7. (compare or compared or comparison).ti.

8. ((evaluated or evaluate or evaluating or assessed or assess) and (compare or compared or comparing or comparison)).ab.

9. (open adj label).ti,ab.

10. ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab.

11. double blind procedure/

12. parallel group$1.ti,ab.

13. (crossover or cross over).ti,ab.

14. ((assign$ or match or matched or allocation) adj5 (alternate or group$1 or intervention$1 or patient$1 or subject$1 or partici-

pant$1)).ti,ab.

15. (assigned or allocated).ti,ab.

16. (controlled adj7 (study or design or trial)).ti,ab.

17. (volunteer or volunteers).ti,ab.

18. trial.ti.

19. or/1-18

20. (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.)

21. 19 not 20

Appendix 5. US National Institutes of Health Ongoing Trials Register (ClinicalTrials.gov) search
strategy

teeth and avulsed

teeth and reimplant

teeth and replant

Appendix 6. World Health Organization International Clinical Trials Registry Platform search
strategy

teeth and avulsed or tooth and avulsed or teeth and avulsion or teeth and avulsion

W H A T ’ S N E W

Date Event Description

10 June 2018 New citation required but conclusions have not changed New review author. The review has been extensively

rewritten following expert advice from Cochrane Oral

Health. For the included studies, some of the original as-

sessments including risk of bias have changed. ’Summary

of findings’ tables included

8 March 2018 New search has been performed Search updated to 8 March 2018. One new study iden-

tified and added to the review bringing the total to four

included studies. Review updated and revised to ensure

it is consistent with current Cochrane methodology and

reporting
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C O N T R I B U T I O N S O F A U T H O R S

Peter Day (PD) wrote the protocol. PD co-ordinated the review. PD wrote to study authors for additional information. PD and Monty

Duggal (MD) independently and in duplicate assessed the eligibility and quality of trials. PD and MD extracted data from included

studies. PD wrote the review and MD edited it for publication. Hani Nazzal (HN) updated the review under the guidance of PD.

HN and one of the Cochrane Oral Health editorial team (Philip Riley) independently assessed the new randomised controlled trial

published by Day et al (Day 2012). PD and HN wrote the updated version under the guidance of MD.

D E C L A R A T I O N S O F I N T E R E S T

Peter Day and Monty Duggal were authors of Day 2012. They were not involved in the data extraction or risk of bias assessment of

this trial.

Hani Nazzal: none known.

S O U R C E S O F S U P P O R T

Internal sources

• Leeds Dental Institute, University of Leeds, UK.

External sources

• National Institute for Health Research (NIHR), UK.

This project was supported by the NIHR, via Cochrane Infrastructure funding to Cochrane Oral Health. The views and opinions

expressed herein are those of the review authors and do not necessarily reflect those of the Systematic Reviews Programme, the NIHR,

the NHS or the Department of Health.

• Cochrane Oral Health Global Alliance, Other.

The production of Cochrane Oral Health reviews has been supported financially by our Global Alliance since 2011 (

oralhealth.cochrane.org/partnerships-alliances). Contributors over the past year have been the American Association of Public Health

Dentistry, USA; AS-Akademie, Germany; the British Association for the Study of Community Dentistry, UK; the British Society of

Paediatric Dentistry, UK; the Canadian Dental Hygienists Association, Canada; the Centre for Dental Education and Research at All

India Institute of Medical Sciences, India; the National Center for Dental Hygiene Research & Practice, USA; New York University

College of Dentistry, USA; NHS Education for Scotland, UK; and the Swiss Society for Endodontology, Switzerland.

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

The protocol and review differ slightly in the methodology section as a result of slight changes in guidance from Cochrane with regards

to the assessment and presentation of the risk of bias in included studies.

Moreover since the publication of the first review in 2010, we have moved some of the primary outcomes (tooth survival, pulpal healing,

and pain) to secondary outcomes. In addition, we have included new secondary outcomes as outlined by the internationally agreed

core outcome set for dental traumatology (Kenny 2018). These include: oral health-related quality of life, aesthetics (discolouration),

trauma-related dental anxiety, infraocclusion, and other complications or side effects. This updated version of the review now also

includes ’Summary of findings’ tables and both randomised and quasi-randomised controlled trials.
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I N D E X T E R M S

Medical Subject Headings (MeSH)

Bone Development [physiology]; Incisor [∗injuries]; Periodontal Ligament [growth & development]; Preoperative Care [methods];

Randomized Controlled Trials as Topic; Tooth Avulsion [∗surgery]; Tooth Replantation [∗methods]

MeSH check words

Humans
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