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A B S T R A C T

Background

Despite considerable improvements in oral health, dental caries continue to be a public health issue. The most frequently used, and
universally accepted technique, to remove caries is through mechanical ablation of decayed tissues by means of rotating drills (diamond
or tungsten carbide, or both). In the past few decades, the introduction of adhesive filling materials (resin composites) has aFected cavity
filling procedures by reducing its retention needs, with advantages for dental tissue conservation. Consequently, new minimally invasive
strategies were introduced into dental practice, such as the use of lasers to perform highly controlled tissue ablation. Laser use has also
raised expectations of limiting pain and discomfort compared to using drills, as well as overcoming drill phobia.

Objectives

The main objective of the review was to compare the eFects of laser-based methods to conventional mechanical methods for removing
dental caries in deciduous and permanent teeth.

Search methods

We searched the following electronic databases: Cochrane Oral Health's Trials Register (searched 22 June 2016), Cochrane Central Register
of Controlled Trials (CENTRAL; 2016, Issue 5) in the Cochrane Library (searched 22 June 2016), MEDLINE Ovid (1946 to 22 June 2016), Embase
Ovid (1980 to 22 June 2016), ProQuest Dissertations and Theses (1980 to 22 June 2016), Zetoc (limited to conference proceedings) (1993
to 22 June 2016), and ISI Web of Knowledge (limited to conference proceedings) (1990 to 22 June 2016). We checked the reference lists of
relevant articles to identify additional studies. We searched the US National Institutes of Health Ongoing Trials Register ClinicalTrials.gov
and the World Health Organization International Clinical Trials Registry Platform for ongoing trials.

Selection criteria

We included randomised controlled trials, split-mouth trials and cluster-randomised trials (irrespective of their language) comparing laser
therapy to drill ablation of caries. We included participants of any age (children, adolescents and adults).

Data collection and analysis

Two review authors independently screened titles and abstracts of citations identified by the review search strategy. Two review
authors independently evaluated the full text of relevant primary studies, assessed risk of bias and extracted data. We used standard
methodological procedures expected by Cochrane.

Main results

We included nine randomised trials, published between 1998 and 2014, involving 662 participants. The population consisted of both
children and adolescents in four trials, only adults in four trials, and both children/adolescents and adults in one trial. Four studies
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examined only permanent teeth, and five studies evaluated both deciduous and permanent teeth. Six trials used Er:YAG (erbium-doped
yttrium aluminium garnet) lasers, two trials employed Er,Cr:YSGG (erbium, chromium: yttrium-scandium-gallium-garnet) lasers, and one
trial used Nd:YAG (neodymium-doped yttrium aluminium garnet) laser.

Overall, the trials had small sample sizes, and the majority were at unclear or high risk of bias. The primary outcomes were evaluated in
a limited number of trials (removal of caries (four trials (but only two reported quantitative data)); episodes of pain (five studies)). There
was insuFicient evidence to suggest that either lasers or drill were better at caries removal (risk ratio (RR) 1.00, 95% confidence interval

(CI) 0.99 to 1.01; 2 studies; 256 treated caries; P = 0.75; I2 = 0%; low-quality evidence).

The incidence of moderate or high pain was greater in the drill group compared to the laser group (RR 0.40, 95% CI 0.28 to 0.57; 2 studies;

143 participants; P < 0.001; I2 = 50%). Similarly, the need for anaesthesia was significantly higher in the drill group than in the laser group

(RR 0.25, 95% CI 0.10 to 0.65; 3 studies; 217 children/adolescents; P = 0.004; I2 = 0%).

In terms of marginal integrity of restoration, there was no evidence of a diFerence between laser and drill comparisons evaluated at 6
months (RR 1.00, 95% CI 0.21 to 4.78; 3 studies), 1 year (RR 1.59, 95% CI 0.34 to 7.38; 2 studies), or 2 years (RR 1.00, 95% CI 0.21 to 4.74;
1 study).

There was no evidence of a diFerence for durability of restoration between laser therapy or drill at 6 months' follow-up (RR 2.40, 95% CI
0.65 to 8.77; 4 studies), at 1 year (RR 1.40, 95% CI 0.29 to 6.78; 2 studies) or at 2 years' follow-up (RR 0.50, 95% CI 0.02 to 14.60; 1 study).

Only two trials investigated the recurrence of caries, but no events occurred during 6 months' follow-up.

There was insuFicient evidence of a diFerence between laser or drill in terms of pulpal inflammation or necrosis at 1 week (RR 1.51, 95%
CI 0.26 to 8.75; 3 studies) and at 6 months (RR 0.99, 95% CI 0.10 to 9.41; 2 studies).

Authors' conclusions

Given the low quality of the body of evidence, we concluded that evidence was insuFicient to support the use of laser as an alternative to
traditional drill therapy for caries removal. We found some evidence in favour of laser therapy for pain control, need of anaesthesia and
patient discomfort, but, again, the body of evidence was of low quality. Additional well-designed, randomised trials investigating the most
relevant outcomes are needed.

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

Lasers for the removal of decay in first and permanent teeth

Review question

This review addressed the issue of whether there is an advantage to laser therapy for the removal of decay in teeth and patient pain,
compared to a traditional drill, in children, adolescents and adults.

Background

Dental decay is a cavity formation in teeth resulting from the destruction of dental tissue caused by bacteria under certain conditions,
including poor oral hygiene and excessive sugar intake. Symptoms may include pain and diFiculty with eating, and complications may
include tooth loss, infection or inflammation of the gum. Rotating drills are traditionally used to remove decay. However, this mechanical
tool may have unexpected side eFects, such as the removal of too much or too little decay, in addition to discomfort due to pain, noise and
vibration. Laser therapy is a potential alternative to a mechanical drill.

Study characteristics

Cochrane Oral Health provided the search strategies and carried out the search in several electronic databases. We selected nine
randomised trials for inclusion in this review that were conducted between 1998 and 2014. The evidence in the review is up to date as of 22
June 2016. The trials involved a total of 662 participants, with 1498 teeth treated. Three studies were conducted in the USA, one in Taiwan,
one in China, one in Bulgaria, one in Germany, one in Turkey and one in the UK. The population consisted of both children and adolescents
in four trials, only adults in four trials, and both children/adolescents and adults in one trial.

Key results

Despite the number of included studies, only a few trials adequately and completely reported information on the primary outcomes. Two
trials reported on removal of decay, and there was not enough evidence to conclude that either lasers or drills were better at decay removal.
Only five trials reported on episodes of pain, which was significantly reduced in people treated with lasers. There was no diFerence in terms
of side eFects, such as inflammation or death of dental pulp, between the two interventions.

Quality of the evidence
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The overall quality of the evidence for the nine studies was low. Only one study adequately randomised participants, and none of the
included studies was at low risk of bias. This review highlights the need for high-quality studies comparing laser therapy and mechanical
drills in the treatment of dental decay.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Laser compared to standard drill for caries removal in deciduous and permanent teeth

Laser compared to standard drill for caries removal in deciduous and permanent teeth

Patient or population: people with caries in deciduous and permanent teeth
Settings: primary and secondary care
Intervention: laser for caries removal
Comparison: standard drill for caries removal

Illustrative comparative risks* (95%
CI)

Assumed risk Corresponding
risk

Outcomes

Standard drill Laser

Relative effect
(95% CI)

No of participants
(studies)

Quality of the
evidence
(GRADE)

Comments

Caries removal

(during treatment)

995 per 1000 995 per 1000 
(990 to 1000)

RR 1.00 
(0.99 to 1.01)

190 participants; 256 teeth; 256
cavity preparations
(2 studies)

⊕⊕⊝⊝

low 1
 

Pain - 6-face rating scale (mod-
erate and high pain)

(during treatment)

760 per 1000 304 per 1000 
(236 to 395)

RR 0.40 
(0.28 to 0.57)

143 participants
(2 studies)

⊕⊕⊝⊝

low 2
 

Need for anaesthesia - children

(during treatment)

97 per 1000 24 per 1000 
(10 to 63)

RR 0.25 
(0.10 to 0.65)

217 participants
(3 studies)

⊕⊕⊝⊝

low 3
 

Durability of restoration - 6
months follow-up

8 per 1000 20 per 1000 
(5 to 73)

RR 2.40 
(0.65 to 8.77)

236 participants; 682 teeth
(4 studies)

⊕⊕⊝⊝

very low 4
 

Marginal integrity of restora-
tions - 6 months follow-up

7 per 1000 7 per 1000 
(1 to 31)

RR 1.00 
(0.21 to 4.78)

146 participants; 306 teeth
(3 studies)

⊕⊕⊝⊝

very low 5
 

Pulpal inflammation or necro-
sis - 1 week follow-up

5 per 1000 7 per 1000 
(1 to 36)

RR 1.51 
(0.26 to 8.75)

317 participants; 694 teeth; 752
cavity preparations
(3 studies)

⊕⊕⊝⊝

very low 6
 

Pulpal inflammation or necro-
sis - 6 months follow-up

4 per 1000 4 per 1000 
(0 to 37)

RR 0.99 
(0.10 to 9.41)

156 participants; 508 teeth; 554
cavity preparations

⊕⊕⊝⊝

very low 7
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(2 studies)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; RR: risk ratio.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1The evidence was downgraded by two levels because of very serious concern regarding the risk of bias: (1) the two studies did not report suFicient information regarding the
allocation concealment (DenBesten 2001; Hadley 2000); (2) both studies were at high risk of performance bias; (3) neither of the two studies was at low risk of selective reporting
bias; (4) serious concern related to funding (other bias).
2The evidence was downgraded by two levels because of very serious concern regarding the risk of bias: one study (Belcheva 2014), in addition to being at high risk of performance
bias, had no item with low risk of bias; the second study was at high risk of performance bias and at unclear risk of selection bias (the method of allocation concealment was not
reported) and the remaining items of the risk of bias (Zhang 2013).
3The evidence was downgraded by two levels because of very serious concern regarding the risk of bias: (1) unclear risk of selection bias (all three studies); (2) high risk of
performance bias (all three studies); unclear risk of selective reporting bias (all three studies); unclear risk of attrition bias (DenBesten 2001; Zhang 2013); (3) two studies with
high risk of other bias (DenBesten 2001; Liu 2006) and one with unclear risk of other bias (Zhang 2013).
4The overall evidence was downgraded by three levels: two levels because of very serious concern regarding the risk of bias (no study with low risk of bias; all studies with high
risk of performance bias; three studies at unclear risk of attrition bias (Hadley 2000; Harris 2000; Zhang 2013); two studies at high risk of selective reporting bias (Harris 2000; Yazici
2010); two with unclear selective reporting bias (Hadley 2000; Zhang 2013); two with high risk of other bias (Hadley 2000; Harris 2000)); one level because of lack of precision.
5The overall evidence was downgraded by three levels: two levels because of very serious concern regarding the risk of bias (no study with low risk of bias; all studies with high
risk of performance bias; one study at high risk of selective reporting bias (Yazici 2010), two with unclear selective reporting bias (Hadley 2000; Zhang 2013); one with high risk
of other bias (Hadley 2000)); one level because of lack of precision.
6The overall evidence was downgraded by three levels: two levels because of very serious concern regarding the risk of bias (no study with low risk of selection bias; all studies
with high risk of performance bias; one study at high risk of selective reporting bias (Harris 2000) and two at unclear risk of selective reporting bias (DenBesten 2001; Keller 1998);
two studies at high risk of other bias (DenBesten 2001; Harris 2000)); one level because of lack of precision.
7The overall evidence was downgraded by three levels: two levels because of very serious concern regarding the risk of bias (no study with low risk of bias; all studies with high
risk of performance bias; no study at low risk of selective reporting bias or other bias (Hadley 2000; Harris 2000)); one level because of lack of precision.
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B A C K G R O U N D

Despite great improvements in oral health, dental caries still
persists as a public health issue. The prevalence of dental
caries among adults and school-aged children is high worldwide,
aFecting nearly 100% of the population in the majority of countries
(Petersen 2005; World Health Organization). Caries progressively
damages dental tissues, including the dental pulp, leaving teeth
weakened and with impaired function. It remains the main cause of
tooth loss. The treatment of carious lesions requires the removal of
decayed tissues and the provision of dental restorations.

The use of traditional removal systems such as diamond and
tungsten carbide rotating instruments (Cianetti 2009; Cianetti
2014; Jackson 2004), has a high potential for triggering dental
anxiety and discomfort in many children (and adults) (Bergius
1997; Smith 2003; ten Berge 1998). Although pain may be reduced
by local anaesthesia, fear of the needle and of the noise and
vibration of mechanical preparation remain causes of anxiety
and discomfort. Moreover, the high and low rotating speed drills,
used to achieve a complete decayed dentine removal, might
lead to caries overexcavation with an increased risk (when caries
involves the deeper dentine layers) of pulpal dental exposure or
damage, or both (Ricketts 2013). These disadvantages have led
to a search for new alternatives such as stepwise, partial, or no
dentinal caries removal procedures that show clinical advantage
over complete caries removal in the management of dentinal
caries (Ricketts 2013). Other innovative dentine excavation tools/
techniques include laser, air-abrasion, sono-abrasion, and chemo-
mechanical decayed dentine removal (Banerjee 2000), as well as
the atraumatic restorative treatment (ART), which uses manual
excavators and glass-ionomer restore materials (at high fluoride
concentration) for caries treatment (Frencken 2014). The laser
might be classified among these new more conservative and low-
traumatic caries removal intervention procedures.

The aim of the present systematic review was to assess the
scientific evidence in support of laser ablation of carious tissues in
deciduous and permanent teeth.

Description of the condition

Dental caries is a pathological condition resulting from
an imbalance between pathological factors that lead to
demineralisation and protective factors that increase enamel
acid resistance or promote its  remineralising capacity, or both.
Pathological factors include inadequate oral hygiene,  diet with
excessive (in amount and frequency) sugar intake, and reduced
natural cleansing mechanisms (salivary flow, chewing, tongue
motility); each of these conditions contributes to promote the
microbiological plaque development on tooth surfaces that is
essential, with its  acid and enzymatic action, in  the carious
destruction of dental tissues. Protective factors include salivary
flow, numerous salivary components, antibacterials (both natural
and applied), fluoride from extrinsic sources, and selected
dietary components (Featherstone 2004). Dental caries covers the
continuum of disease ranging from early enamel demineralisation,
through the initial white spot to deeper dentinal cavitations with
possible pulpal involvement and tooth loss.

Description of the intervention

Laser is an acronym standing for Light Amplification by Stimulated
Emission of Radiation. Laser is a device emitting a high coherence
light beam with waves at single frequency (very narrow spectrum).
The laser core is constituted of a material (positioned inside
a highly reflective optical cavity) termed 'gain medium' with
properties that allow it to amplify light deriving from the energy
source of the device (Silfvast 2004). Gain medium is a material of
controlled purity, size, concentration and shape, and can be of
any state: gas (carbon dioxide (CO2), argon), liquid (organic dye),

solid (neodymium-doped yttrium aluminium garnet (Nd:YAG)), or
plasma (semiconductors) (Silfvast 2004).

Laser light, like ordinary light, is an electromagnetic wave; there
is, however, a very important fundamental diFerence in the
mechanism of light emission by the source of ordinary light and
that of the laser light. While the emission from the ordinary light
source is spontaneous, and the light spreads uniformly in all
directions in space, emission from the laser source is stimulated,
and the emitted light beam is highly directional with extremely low
divergence in space. When delivered to the target tissue site, the
laser light can be (Featherstone 2000; Kutsch 1993):

• absorbed: the laser energy interacts with the atoms in the target
tissue and is generally converted to heat;

• reflected: the laser light reflects oF a surface in a direct or diFuse
fashion;

• scattered: the laser energy spreads out into a larger area; if the
light is scattered, it is no longer a coherent beam and it is not
delivered where needed; or

• transmitted: the energy travels directly through tissue, causing
no eFect. It passes into underlying tissue.

Laser interactions with the dental tissues (enamel and dentine)
fall into three major categories: interaction with the mineral
(carbonated hydroxyapatite), interaction with the water and
interaction with the organic material (proteins and lipids). Dentine
has a much higher content of water and protein than enamel,
decreasing the contribution of the mineral phase and emphasising
the role of water and protein in the light absorption (Featherstone
2000). Like enamel, dentine absorption is low in the visible
region, but the tissue scatters more than enamel (Featherstone
2000; Wigdor 1995), which may have negative consequences
such as subsurface vaporisation, cracking, and pulpal necrosis.
To explore the interactions between laser and dental tissues,
investigators have operated diFerent types of lasers whilst varying
a number of parameters, including wavelength (λ), pulsed or
continuous emission, pulse duration, pulse energy, repetition rate,
beam spot size, delivery method, laser beam characteristics, and
optical properties of tissue such as the refractive index of the
tissue, the scattering coeFicient (μs), the absorption coeFicient
(μa), and the scattering 'anisotropy' (i.e. the property of being
directionally dependent, as opposed to isotropy, which implies
identical properties in all directions) (Featherstone 2000).

Laser safety considerations

All laser-tissue interactions using surgical lasers carry general
and specific safety concerns; it is estimated that there continue
to be an average of 35 laser injuries per year. Laser safety
professionals believe that this number under-represents the actual
number of injuries and that many more accidents occur per
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year that are not documented (McNeil 2008; Rockwell 1994).
Lasers usually used in dental ablation (high-power lasers) are
considered as Class IV lasers according to USA (American National
Standards Institute 2007; American National Standards Institute
2011), and international regulations (International Electrotechnical
Commission 2001; International Electrotechnical Commission
2007; Parker 2007). These regulations also prescribe required safety
measures, such as labelling lasers with specific warnings and
wearing laser safety goggles when operating lasers. Class IV lasers
(the highest and most dangerous class of laser), due to their power
and wavelength, can cause directly or by diFuse reflections of the
laser beam severe, permanent damage to eye or skin (laser beam
risks). In addition to the risks directly associated with exposure to
the beam, other risks (non-laser beam risks) can be produced by
high temperatures (fire risk), chemicals either associated with the
laser or the ablation of target tissue (laser plume), and electrical
device (electrical shock) (Sweeney 2008; Sweeney 2009).

How the intervention might work

Caries progressively destroys the tissues of the tooth, so the
treatment of dental caries includes removal of the decayed material
and restoration of the surface of the aFected tooth with restorative
material (fillings). Traditional treatments comprise the use of drills,
alone or in combination with metal hand instruments. However, the
use of mechanical means may lead to overexcavation and result in
perforation of the pulp chamber or, to the contrary, to incomplete
removal of carious dentine (Banerjee 2000; Celiberti 2006). The
first lasers used for dental ablation (ruby laser (λ = 0.694  µm),
Nd:YAG laser (λ = 1.064 µm), holmium-doped yttrium aluminum
garnet (Ho:YAG) laser (λ = 2.120 µm), and CO2 laser (λ = 9.600

µm)) provoked increased temperature in the dental pulp as well as
microcracks and carbonisation (Goldman 1965; Melcer 1984; Melcer
1986). During the mid-1990s, researchers examined the safety and
utility of erbium-doped yttrium aluminium garnet (Er:YAG) laser
for treatment of dental tissues, showing that thermal damage was
minimal when appropriate settings were used and an adequate
water cooling spray was employed (Li 1992). To achieve caries
removal, the laser wavelength must be such that there is a major
interaction with either the mineral or the water or both, unless there
is plasma-mediated ablation by ultrashort pulses (Featherstone
2001; Hibst 1989). In particular, the Er:YAG laser and the erbium:
yttrium-scandium-gallium-garnet (Er:YSGG) laser irradiations (λ =
2.940 µm and λ = 2.790 µm, respectively) are strongly absorbed by
the water (the Er:YSGG is additionally absorbed by the hydroxyl ion

(OH-) group in the carbonated hydroxyapatite mineral of the tooth)
so that the primary mechanism of action is to heat the water at the
surface and the subsurface, thereby expanding it and causing tissue
to be exploded out from the surface (Featherstone 2001; Fried 1996;
Hibst 1989). For optimum caries ablation, the pulse duration of the
appropriate wavelength laser should be matched approximately
with the 'thermal relaxation time', that is the time within which
the bulk of the laser energy from a pulse would be absorbed by
the tissue. Times dramatically shorter than the thermal relaxation
time will provide excessive energy densities, and pulse durations
markedly in excess of the thermal relaxation time will distribute
unnecessary energy deeper into the tissue (Fried 1998; Fried 2001;
Zuerlein 1999).

Why it is important to do this review

In recent years, the introduction of adhesive systems has greatly
altered cavity preparation techniques and, as a result, conservative

tooth tissue ablation  techniques have gained popularity. These
systems minimise the requirement for retention and resistance
form for cavity preparation. Moreover, unintentional side eFects,
such as pain, noise, and vibration, are the main factors leading
to participant discomfort and fear during conventional dental
treatment (Banerjee 2000). Many studies have shown that fear of
the rotary burs is oTen associated with dental anxiety (Alvesalo
1993; Bedi 1992a; Bedi 1992b; Berggren 1984), and although in
recent decades (in the UK) an increasing number of dentate adults
claim they visit their dentist regularly, one of the main barriers
to regular dental care is 'drill fear' (Kelly 2000). Consequently,
new and alternative strategies in the treatment of dental caries
are warranted to reach a maximal conservation of tissues while
minimising the risk of overexcavation and perforation of pulp
chamber and patient discomfort and fear related to the use
of traditional rotary instruments (Celiberti 2006; Clarkson 2001;
Takamori 2003). Among these new emerging techniques, laser,
in particular Er:YAG laser, are gaining acceptance by the dental
profession and the general public (Chimello 2008; Dommisch
2008; Keller 1998). Randomised controlled trials comparing the
eFicacy of Er:YAG laser with conventional treatment for caries
have shown no significant diFerences in caries removal (DenBesten
2001; Dommisch 2008), cavity preparation (DenBesten 2001), or
pulpal damage (DenBesten 2001; Keller 1998), whilst contradictory
results were found on the need for use of local anaesthesia
(DenBesten 2001; Keller 1998), treatment experience (DenBesten
2001; Dommisch 2008), and treatment time (DenBesten 2001;
Dommisch 2008; Keller 1998).

Moreover, during the removal of carious lesions, it is very diFicult
to know exactly when to stop excavation because of an apparent
lack of objective clinical markers. Whereas a significant correlation
has been found between dentine hardness and the level of bacterial
infection, the same correlation could not be found for tissue colour
(Kidd 1996; Kidd 2004). This issue is relevant when considering
lasers, as they have a lack of tactile feedback as a guide to caries
removal compared with hand and rotary instruments.

We therefore aimed to produce a high-quality systematic review
that investigated the eFects of lasers for the removal of dental
caries.

O B J E C T I V E S

The main objective of the review was to compare the eFects
of laser-based methods to conventional mechanical methods for
removing dental caries in deciduous and permanent teeth.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials irrespective of their
publication status or language. We also considered split-mouth
trials and cluster randomised trials for inclusion in the review.

Types of participants

We included children and adults with caries, irrespective of
race, gender, socioeconomic status, health status, or geographical
location. We excluded studies in which participants were selected
on the basis of special (general or oral) health conditions.

Lasers for caries removal in deciduous and permanent teeth (Review)
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We considered every type of tooth: deciduous and permanent
teeth,  restored and unrestored teeth, vital or non-vital/root-filled
teeth.

Types of interventions

We included studies investigating any laser specific to the
removal of carious lesions, such as erbium lasers, with diFerent
radiation parameters compared with conventional mechanical
caries removal techniques (handpiece with a bur) or other systems
(e.g. chemo-mechanical, sono-abrasion, air-abrasion). We used no
restrictions regarding restorative materials.

Types of outcome measures

Primary outcomes

1. Caries removal (confirmed by clinical, radiological, or other
validated assessment tools) (Bader 2001).

2. Episodes of pain (during and aTer treatment) defined as a clear
pain feeling reported by participant during the treatment to
distinguish from unpleasant feelings such as vibration, noise, or
smell.

Secondary outcomes

1. Marginal integrity of restoration.

2. Durability of restoration: survival time of restoration (in months)
from the time of placement.

3. Recurrent caries.

4. Pulpal inflammation or necrosis (at one-year follow-up).

5. Participant discomfort.

6. Need for anaesthesia (defined as the requirement by the
participant during or before the treatment to receive local
anaesthetic injection in order to avoid feelings of pain caused by
dentist's used of ablative devices).

7. Operator preference/fatigue in operator.

8. Participant preference.

9. Duration of treatment.

Search methods for identification of studies

We undertook a comprehensive search to identify all relevant
studies, regardless of language or publication status (published,
unpublished, and ongoing).

Electronic searches

We developed detailed search strategies for each database to
identify studies to be included in or considered for this review.
These were based on the search strategy developed for MEDLINE
but revised appropriately for each database (Appendix 1). The
search strategy combined the subject search with the Cochrane
Highly Sensitive Search Strategy (CHSSS) for identifying reports of
randomised trials in MEDLINE (2008 revision), as published in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011).

We searched the following databases:

• Cochrane Oral Health's Trials Register (searched 22 June 2016)
(Appendix 2);

• Cochrane Central Register of Controlled Trials (CENTRAL; 2016,
Issue 5) in the Cochrane Library (searched 22 June 2016)
(Appendix 3);

• MEDLINE Ovid (1946 to 22 June 2016) (Appendix 1);

• Embase Ovid (1980 to 22 June 2016) (see Appendix 4);

• ProQuest Dissertations and Theses (1980 to 22 June 2016)
(Appendix 5);

• Zetoc (limited to conference proceedings) (1993 to 22 June 2016)
(Appendix 6);

• ISI Web of Knowledge (limited to conference proceedings) (1990
to 22 June 2016) (Appendix 7).

Searching other resources

We searched the following databases for ongoing trials:

• US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov; searched 22 June
2016) (Appendix 8);

• World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP) (apps.who.int/trialsearch/; searched 22
June 2016) (Appendix 9).

We manually checked the reference lists of all the included articles
to identify any additional studies. We contacted organisations,
researchers, and experts known to be involved in the field by
email in an eFort to trace unpublished or ongoing studies. We also
contacted manufacturers to identify any ongoing or unpublished
studies. Where we found multiple publications of a single trial, we
used only the first publication except in the case that additional
data were provided, such as delayed outcome results.

Data collection and analysis

Selection of studies

We imported the records obtained from each database into the
bibliographic soTware package EndNote (EndNote X7) and merged
them into one core database, removing duplicate records. We
obtained all potentially relevant reports identified when searching
other sources (reference lists of relevant trials, reviews, articles,
and textbooks) and manually entered the records located from
searching these (non-electronic) sources into EndNote.

Two review authors (Guido Lombardo (GL) and Iosief Abhraha
(IA)) independently and in duplicate assessed the titles and
abstracts of all trial reports identified by the electronic searching
outlined above. We obtained hard copies of the full text of studies
that possibly fulfilled the inclusion criteria. Disagreements were
resolved by discussion. Where resolution was not possible, a third
review author was consulted (Alessandro Montedori (AM)).

We requested further information from the authors of papers
containing insuFicient information. Where we identified more than
one publication of a trial, we reviewed all publications and included
the paper with the first publication date as a primary version.
We then performed data extraction and 'Risk of bias' assessment
for all studies meeting the inclusion criteria. We recorded studies
rejected at this or subsequent stages and reasons for exclusion in
the Characteristics of excluded studies table.

Lasers for caries removal in deciduous and permanent teeth (Review)
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Data extraction and management

Two review authors (GL, IA) independently and in duplicate
extracted data, and resolved disagreements by a consensus
meeting with a third review author (AM). We tested the
data extraction sheet in advance. We collected information
regarding trial characteristics (year of publication, country
of the study, methodological quality items of the study),
participants' characteristics (number of participants, age range,
sex), intervention characteristics (type of laser, laser beam
characteristics), comparator characteristics (type of comparator:
none, placebo, or conventional therapy), and outcomes
characteristics (primary and secondary outcomes were considered
as stated above). We recorded any adverse events reported in the
trials. We contacted study authors to provide missing data.

Assessment of risk of bias in included studies

Two review authors independently and in duplicate assessed the
risk of bias of all studies considered eligible for the review using
Cochrane's 'Risk of bias' tool described in Chapter 8 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
Disagreements were resolved by a consensus meeting with a third
review author.

We assessed the following seven domains for each included study.

• Random sequence generation (selection bias) (Savovic 2012;
Wood 2008).

• Allocation concealment (selection bias) (Savovic 2012; Wood
2008).

• Blinding of participants and personnel (performance bias)
(Savovic 2012; Wood 2008).

• Blinding of outcome assessment (detection bias) (Savovic 2012;
Wood 2008).

• Incomplete outcome data (attrition bias) (Abraha 2015).

• Selective reporting (reporting bias) (Chan 2004; Macura 2010).

• Other bias.

For each domain we assigned a judgement of the corresponding
risk of bias: low risk of bias, unclear risk of bias, or high risk of
bias; and supported this judgement with a description of what
was reported to have occurred in the study in a 'Risk of bias'
table. We handled additional considerations for split-mouth trials
according to the recommendations of Sections 16.3.2 and 16.4.3
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011).

ATer taking into account the additional information provided by
the authors of the trials, we assigned studies into the following
categories.

 

Risk of bias Interpretation Within a study Across studies

Low risk of bias Plausible bias unlikely to seri-
ously alter the results

Low risk of bias for all key
domains

Most information is from studies at low risk of
bias

Unclear risk of bias Plausible bias that raises some
doubt about the results

Unclear risk of bias for
one or more key domains

Most information is from studies at low or un-
clear risk of bias

High risk of bias Plausible bias that seriously
weakens confidence in the re-
sults

High risk of bias for one
or more key domains

The proportion of information from studies at
high risk of bias is sufficient to affect the inter-
pretation of results

 
We constructed a 'Risk of bias' table for each included study and
presented results graphically.

Measures of treatment e>ect

Where possible, for each trial, we calculated risk ratios (RR) with
95% confidence intervals (CI) for all prespecified, dichotomous
outcomes. We calculated mean diFerence (MD) for continuous data.
In the case of studies of split-mouth design, we aimed to calculate
log risk ratio and standard error separately for each outcome.

Unit of analysis issues

We checked included studies for unit of analysis errors. We handled
any unit of analysis issues in split-mouth trials according to the
recommendations of Sections 16.3 and 16.4 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
We identified no cluster-randomised trials.

Dealing with missing data

We did not consider missing data as a reason to exclude a
study from the review, and planned to use methods for imputing

missing data outlined in Chapter 16 of the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011). Where
necessary, we attempted to contact the study authors to request
more information. Where we judged data to be 'missing at random',
we included only the available data in the analysis and ignored the
missing data.

Assessment of heterogeneity

We assessed heterogeneity according to the approach described
in Section 9.5 of the Cochrane Handbook for Systematic Reviews

of Interventions (Higgins 2011). We used the Chi2 test and I2

statistic to assess heterogeneity. We considered heterogeneity to be
statistically significant if the P value was less than 0.1. The Cochrane
Handbook for Systematic Reviews of Interventions provides a rough

guide to the interpretation of the I2 statistic: 0% to 40% might not
be important; 30% to 60% may represent moderate heterogeneity;
50% to 90% may represent substantial heterogeneity; 75% to 100%
considerable heterogeneity (Higgins 2011).
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Assessment of reporting biases

For future updates where more than 10 studies are included in the
review, we plan to use a funnel plot to explore publication bias
(Egger 1997). We will perform linear regression using the approach
described by Egger and colleagues to determine the funnel plot
asymmetry (Egger 1997).

Data synthesis

Where there were studies of similar comparisons reporting
the same outcome measures, we carried out meta-analysis
using Review Manager soTware according to Cochrane statistical
guidelines (RevMan 2011). We combined RRs for dichotomous data,
and MDs for continuous data, using random-eFects models. We
combined data from split-mouth studies with data from parallel-
group trials using the method suggested by Elbourne (Elbourne
2002), employing the generic inverse variance method in Review
Manager 5 (RevMan 2011).

Subgroup analysis and investigation of heterogeneity

We undertook subgroup analysis for type of participants (children,
adults) but not for type of tooth (deciduous, permanent) or type of
intervention (laser and its beam characteristics).

Sensitivity analysis

We did not find a suFicient number of trials that contributed
to a meta-analysis. Our a priori assumption was to undertake
sensitivity analysis based on methodological items of study quality
and for potential sources of heterogeneity specified a priori
as follows: excluding/including unpublished studies; excluding/
including studies assessed as being at unclear or high risk of bias
for allocation concealment; excluding/including studies assessed

as being at unclear or high risk of bias for blinding of outcomes
assessment; excluding/including studies assessed as being at
unclear or high risk of bias for incomplete outcome data. In
future updates, we plan to perform sensitivity analysis to test
how diFerent assumptions about missing data and data extracted
from trials with particular study design (split-mouth, cluster-
randomisation) may aFect the results.

Presentation of main results

We developed a Summary of findings for the main comparison for
the primary outcomes of the review using GRADEproGDT soTware
(GRADEproGDT 2014).  We assessed the quality of the body of
evidence with reference to the overall risk of bias of the included
studies, directness of the evidence, inconsistency of the results,
precision of the estimates, risk of publication bias, and magnitude
of the eFect. We categorised the quality of the body of evidence for
each of the primary outcomes as high, moderate, low, or very low.

R E S U L T S

Description of studies

Results of the search

The search strategy identified 2215 records. ATer removing
duplicates and assessing titles and abstracts, we evaluated 24 full-
texts for inclusion in the review. Nine trials (with 12 publications)
fulfilled the inclusion criteria and were contained in the final
analysis (Belcheva 2014; DenBesten 2001; Evans 2000; Hadley 2000;
Harris 2000; Keller 1998; Liu 2006; Yazici 2010; Zhang 2013) (Figure
1). Study characteristics are described in the Characteristics of
included studies table. All of the trials were reported in English
except Zhang 2013, for which the authors provided an adequate
summary in English.
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Figure 1.   Study flow diagram.
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Included studies

Study design

The nine included trials were published between 1998 and 2014.
Six studies were split-mouth randomised controlled trials (Evans
2000; Hadley 2000; Keller 1998; Liu 2006; Yazici 2010; Zhang 2013),
and three studies were parallel-group randomised trials (Belcheva
2014; DenBesten 2001; Harris 2000).

Overall 1498 teeth were treated, 777 only with lasers, 732 only with
drills, and 12 with both intervention techniques used in the same
tooth on separate caries.

Participants

The nine trials recruited 662 participants, ranging from 27 to 123
participants per study. The age range of the participants was 3.5
to 84 years. Four studies involved only children and adolescents
(Belcheva 2014; DenBesten 2001; Liu 2006; Zhang 2013); four
studies included only adults (Hadley 2000; Harris 2000; Keller 1998;
Yazici 2010); and one study included participants between 3.5 to 68
years of age (Evans 2000).

In seven studies (DenBesten 2001; Hadley 2000; Harris 2000; Keller
1998; Liu 2006; Yazici 2010; Zhang 2013), the male percentage
ranged from 22% to 63%, whereas no information regarding gender
was reported in the remaining two studies (Belcheva 2014; Evans
2000).

The trials diFered in terms of dentition, types of teeth, and caries
treated. Four trials examined only permanent teeth (Hadley 2000;
Harris 2000; Keller 1998; Yazici 2010), while five studies evaluated
both primary and permanent teeth (Belcheva 2014; DenBesten
2001; Evans 2000; Liu 2006; Zhang 2013). None of the studies dealt
with primary teeth alone.

In terms of types of teeth, one study examined only maxillary
anterior dental elements (Liu 2006); one trial investigated only third
permanent molars (Harris 2000); one study considered anterior
teeth and molars (Zhang 2013); one trial examined first and
second permanent molars (Yazici 2010); one study evaluated
unspecified molars (Belcheva 2014); and one trial assessed molar,
premolar, and incisors (Evans 2000). Three studies did not provide
information about the type of teeth treated (DenBesten 2001;
Hadley 2000; Keller 1998).

In terms of caries, occlusal and proximal caries were described in
Keller 1998, while occlusal and buccal caries were reported in Harris
2000. Caries dental location was not described in Zhang 2013. In
the remaining six studies, instead of caries location, the type of
prepared cavity for caries removal, using Black's classification, was
described (Belcheva 2014; DenBesten 2001; Evans 2000; Hadley
2000; Liu 2006; Yazici 2010). Class I cavities were described in Yazici
2010; Classes I and II in both publications of Belcheva 2014; Classes
III and IV in Liu 2006; Classes I and V in DenBesten 2001; Classes I, II,
III and V in Evans 2000; and Classes I, II and V in Hadley 2000.

The depth of caries varied from enamel alone to deeper layers of
dentine in four trials (DenBesten 2001; Evans 2000; Keller 1998;
Zhang 2013). In one study, the depth of caries reached the upper
half layers of dentine (Belcheva 2014), and in another two trials, the
caries did not involve the dentine (Harris 2000; Yazici 2010).

None of included studies distinguished between primary and
secondary caries; only one reported as an exclusion criterion the
presence of restorations (need to justify secondary caries) in the
analysed teeth (Harris 2000).

Treatment

In six of the nine trials, the same type of laser was employed:
erbium-doped yttrium aluminium garnet (Er:YAG) laser (Belcheva
2014; DenBesten 2001; Evans 2000; Keller 1998; Liu 2006; Zhang
2013). However, device characteristics varied across the studies in
terms of wavelength (from 2.78 µ to 2.94 µ). These parameters did
not overlap in any of the six included trials. Among the remaining
three studies, two trials employed an erbium, chromium: yttrium-
scandium-gallium-garnet (Er,Cr:YSGG) laser (2.78 µ; 0 mJ to 300 mJ;
20 Hz; 140 µsec) (Hadley 2000), and one trial used a neodymium-
doped yttrium aluminium garnet (Nd:YAG) laser (1.06 µ; 100 mJ;
2 W; 10 Hz to 20 Hz; 150 µsec) (Harris 2000). In four studies
(five papers) laser light ray was cooled with a water spray alone
(Belcheva 2014; Evans 2000; Keller 1998; Liu 2006), while in four
studies the cooling system was composed by both air and water
spray together (DenBesten 2001; Hadley 2000; Yazici 2010; Zhang
2013). In one study laser was used without any cooling system
(Harris 2000).

The number of operators varied across the studies. The greatest
number of operators was described in Evans 2000, where 15
dentists (nine general dental practitioners, five hospital-based
dentists, and one community dental practitioner) trained to use
lasers to treat caries were recruited. Hadley 2000 described two
operators qualified to use lasers. Liu 2006, Yazici 2010 and Zhang
2013 reported that all dental treatments were performed by only
one dentist. DenBesten 2001 reported the presence of operators,
but did not provide the number, and three studies did not provide
suFicient information (Belcheva 2014; Harris 2000; Keller 1998).

Setting

Three studies were performed in the USA (DenBesten 2001;
Hadley 2000; Harris 2000), one in the UK (Evans 2000), one in
Germany (Keller 1998), one in Taiwan (Liu 2006), one in Bulgaria
(Belcheva 2014) and one in Turkey (Yazici 2010). Seven studies
were conducted at university clinics (DenBesten 2001; Hadley 2000;
Harris 2000; Keller 1998; Liu 2006; Yazici 2010; Zhang 2013), one trial
related to two publications of Belcheva 2014 was carried out in a
paediatric hospital department, and one was performed in mixed
centres located in hospitals and in private dental oFices (Evans
2000). Moreover, while four studies were multicentric (DenBesten
2001; Evans 2000; Harris 2000; Keller 1998), five studies (six papers)
were monocentric (Belcheva 2014; Hadley 2000; Liu 2006; Yazici
2010; Zhang 2013).

Outcomes evaluated

Caries removal

Four studies evaluated caries removal (DenBesten 2001; Hadley
2000; Harris 2000; Zhang 2013). In all four studies, the evaluation
of caries removal was conducted before the prepared cavities
were filled with restoration materials. The removal of caries was
classified dichotomously as 'complete' or 'incomplete'. In two
studies, the evaluation of caries removal was performed only
on caries that were not previously treated (DenBesten 2001;
Harris 2000). In addition, in DenBesten 2001, the removal of
caries was established by operators through tactile and visual
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examination by a trained, independent evaluator. When any
procedure was considered incomplete, it was repeated until an
agreement between evaluator and operator was reached. In Hadley
2000, 66 pairs of teeth were treated. During the treatment the
completeness of caries removal was assessed by means of a blinded
evaluation. Until caries removal was not assessed as complete,
the decayed tissues removing procedure was reapplied. In Harris
2000, no information was provided about diagnostic instruments
or the methods used, although it was reported that two blinded
evaluators assessed the degree of caries elimination. However, no
data was reported. Similarly, in Zhang 2013, although the caries
removal assessment was described no results were reported in
terms of caries removal.

Episodes of pain and the need for anaesthesia

Four trials assessed both outcomes (DenBesten 2001; Keller 1998;
Liu 2006; Zhang 2013). In Keller 1998 pain was reported as a
component of several participant's discomfort items including
unpleasant sensations of noise, smell and vibration. Another
trial (Belcheva 2014) reported only the outcome pain felt by
participants.

Belcheva 2014 measured pain through a six-face rating scale.
DenBesten 2001 classified the level of pain by means of a six-face
pain scale with values from 0 to 10. Liu 2006 measured pain with
a modified simple four-face scale, whereas Zhang 2013 ranked the
pain felt by participants during dental care with a six-face scale from
0 to 5 (from "no or little pain" to "more than moderate pain"). The
evaluation of pain was performed only among participants who had
not received local anaesthesia before treatment.

In three split-mouth studies (Keller 1998; Liu 2006; Zhang 2013), the
participants expressed their level of pain or discomfort, during each
intervention, in a direct drill-versus-laser comparison, whereas in
the remaining two trials, each participant, randomly allocated to
either the laser or drill group, expressed their level of pain for either
ablation approach, without a direct comparison between the two
types of intervention (Belcheva 2014; DenBesten 2001).

The four trials that evaluated need for anaesthesia evaluated
children or adolescents. In DenBesten 2001 and Liu 2006 need
for anaesthesia was assessed during treatment and participants
received anaesthesia on request; in Keller 1998 participants
might ask for local anaesthesia during preparation; whereas in
Zhang 2013 all treatments were started with anaesthesia and
during treatment children had the possibility of asking for local
anaesthesia.

Marginal integrity and durability of restorations (retention)

The marginal defect represents the first phase of restoration failure
by constituting a fissure where plaque deposition is favoured.
The enhanced plaque occurring between filling and preparation
margins could lead to an increased risk of secondary caries
(Dennison 2012). Three studies reported data about marginal
integrity of restorations (Hadley 2000; Yazici 2010; Zhang 2013).
These studies, together with Harris 2000, also evaluated the
durability of restorations. Hadley 2000 and Yazici 2010 performed
objective and tactile (with a dental explorer) evaluation to assess
both marginal integrity and restoration durability, while Zhang
2013 provided insuFicient information about the method and tools
used for this evaluation.

Study follow-up visits varied from 1 week to 2 years. Zhang 2013
performed three follow-ups, at 3, 6 and 12 months. Yazici 2010
carried out four follow-up visits, at 6, 12, 18 and 24 months. Hadley
2000 visited the participants at baseline and 1 and 6 months, while
Harris 2000 performed four recall visits at 1 week and 1, 3 and 6
months aTer treatment.

Recurrent caries

Two studies assessed recurrent caries that aFected dental tissue
restored with filling materials (Hadley 2000; Yazici 2010). In both
studies, the evaluation was made at a single follow-up time.
Hadley 2000 re-evaluated participants at 6 months, whereas Yazici
2010 reassessed participants at 2 years. Both authors assessed
this outcome through a two-point scale (caries or no caries). No
radiographs, particularly useful for diagnosis of secondary caries
aFecting the inner dentine layers under the dental restoration or
next to its proximal margins, were performed at any follow-up
visit. The presence of recurrent caries was evaluated by blinded
assessors in Hadley 2000, and by two independent investigators not
involved with the treatment procedures in Yazici 2010.

Pulpal inflammation or necrosis

Four studies reported information about dental pulpal health
during cavity preparation and caries removal (DenBesten 2001;
Hadley 2000; Harris 2000; Keller 1998). Two trials described cases
of pulpal inflammation (DenBesten 2001; Harris 2000), and another
two trials reported cases of pulpal necrosis (Hadley 2000; Keller
1998). DenBesten 2001 evaluated dental pulpal inflammation at
three follow-ups: 1 week and 1 month aTer treatment, ice/ethylene-
oxide was applied to the tooth (thermal test), while at the 3-month
follow-up, in addition to the thermal test, an X-ray evaluation was
performed to verify possible apical lesions. Harris 2000 employed a
thermal test using an ice stick at 0° C and an electrical pulp tester,
as well as performing X-rays over four follow-up visits (1 week and
1, 3 and 6 months). Hadley 2000 examined tooth pulpal vitality
with an electrical pulpal tester during two recall visits at 1 and 6
months. Finally, Keller 1998 employed a thermal test using ice, only
at the end of treatment. All of the studies evaluated pulpal vitality
at baseline before treatment initiation.

Participant discomfort

Four studies evaluated participant discomfort using diFerent
methods (Evans 2000; Hadley 2000; Keller 1998; Liu 2006). In
these studies, discomfort was defined as sensations of vibration,
smell and noise experienced by participants during treatment.
Two studies classified participants' treatment perception with a
rating scale ranging from "comfortable" to "very uncomfortable";
Keller 1998 used a three-level scale, while Hadley 2000 employed
a five-level discomfort scale based on a standard Likert interval
from 1 to 5 (1 = no discomfort, 2 = mild discomfort, 3 = moderate
discomfort, 4 = high level of discomfort, 5 = extreme discomfort). In
another trial, Liu 2006 measured participants' level of discomfort
through a dentist's assessment of the participant's head and
body movements. In the last study (Evans 2000), each participant
at the end of treatment directly expressed which of the two
interventions, laser or drill, had been more uncomfortable. In the
second publication of Belcheva 2014, the participants were asked
to fill a questionnaire describing discomfort experienced due to
vibration, noise and smell during both laser and drill treatments.
Moreover, in addition to the aforementioned discomfort factors,
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the sight of the drill and laser and the taste experienced during
treatment were also assessed by Belcheva 2014.

Ablation preference of operator/operator fatigue

Only one trial evaluated dentist preference (Evans 2000). In this
study, 11 dentists reported their preference for lasers or drills to
remove caries. Each dentist expressed their preference through a
rating scale ranging from 0 to 100 and reported the diFiculties they
experienced with both interventions.

Participant preference

Three studies reported suFicient information about participant
preferences regarding the intervention received (Evans 2000;
Liu 2006; Zhang 2013). Only participants who did not require
local anaesthesia before or during the treatment were asked
to express their preference, following completion of treatment.
Liu 2006 did not report information about the method used to
record participant preference (e.g. filling a form), or whether an
independent evaluator or the same treatment operator performed
the evaluation. In Evans 2000, each participant indicated his or her
choice between laser and drill for future treatment on a specific
questionnaire. Finally, Zhang 2013 reported that the examined
children indicated their preference through a specific questionnaire
where they also answered other questions about their feelings
(pain, discomfort, or unpleasant sensations).

Duration of treatment

Four studies assessed the duration treatment of both laser and drill
interventions (DenBesten 2001; Keller 1998; Liu 2006; Zhang 2013).
Only Keller 1998 indicated the tool (stopwatch) used to measure
the time employed to realise a complete cavity preparation. The

authors of this study also specified the range of time used to
calculate the duration of treatment: from first laser pulse or first
contact between bur until the last laser pulse or last contact of the
bur with the preparation. The remaining three studies generically
referred to the duration of treatment or time average employed to
perform a cavity preparation without specifying the starting and
finishing treatment times (DenBesten 2001; Liu 2006; Zhang 2013).

Funding

Five studies declared that they have received financial support for
their trials from device manufacturers of laser (DenBesten 2001;
Evans 2000; Hadley 2000; Harris 2000; Liu 2006). No mention of
funding was reported for the remaining trials (Belcheva 2014; Keller
1998; Yazici 2010; Zhang 2013).

Excluded studies

We excluded 11 studies for the following reasons: two studies
were not clinical but 'in vitro studies' (Neves 2011; Sirin Karaarslan
2012); one study was a controlled clinical trial (Bohari 2012); one
study was a narrative review (Najeeb 2016); four studies used
a questionable method of randomisation, given that participant
allocation depended on the availability of laser instrumentation
(Cozean 1997; Cozean 1998a; Cozean 1998b; Pelagalli 1997); two
studies were not available in full text and attempts to contact the
authors failed (White 1995; White 1996); and one randomised trial
was excluded due to its inadequate unit of analysis: each caries
was ideally divided in two halves and each of them was randomly
treated with laser or with a drill (Dommisch 2008).

Risk of bias in included studies

See Figure 2; Figure 3.
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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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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
Allocation

Six studies reported adequate means to randomise participants
(DenBesten 2001; Evans 2000; Keller 1998; Liu 2006; Yazici
2010; Zhang 2013). Evans 2000 used a computer-generated
random number list placed in opaque sealed envelopes, therefore
we considered the allocation concealment for this study to
be adequate. In DenBesten 2001 the generated number and
assignment was placed in a sealed envelope, hence concealed
(information obtained by contacting authors). However, it was
unclear whether the envelopes were opaque or serially numbered,
therefore we considered the allocation concealment for this
study to be unclear. Keller 1998 employed a computer program
to generate the random number sequence, but provided no
detail regarding allocation concealment. Yazici 2010 similarly
used a random number table but no details were included
on allocation concealment. Zhang 2013 and Liu 2006 used a
coin flip to generate the randomised list, however although
we considered this to be an adequate method to generate the
random sequence, it was unclear whether the allocation was
concealed. The remaining three trials reported insuFicient data
to make judgements about sequence generation and allocation
concealment and were therefore considered to have an unclear
risk of selection bias (Belcheva 2014; Hadley 2000; Harris 2000).
In conclusion, we considered only one study to be at low risk of
selection bias.

Blinding

Given the nature of the intervention, it was not possible to blind
participants or personnel. Hence, we considered all of the included
studies to be at high risk of performance bias. In terms of blinding
of the outcome assessor, three studies clearly reported the blinding
of assessors of the quality of cavity preparation as well as the
integrity of restorations (Hadley 2000; Harris 2000; Yazici 2010);
hence, we considered these studies as at low risk of detection
bias. Two studies reported that the outcome evaluators were
independent, but provided no clear statement on the blinding
procedure and were considered to be at unclear risk of detection
bias (DenBesten 2001; Zhang 2013). The remaining four studies

reported no information about blinding of outcome evaluators and
were therefore also considered to be at unclear risk of detection
bias (Belcheva 2014; Evans 2000; Keller 1998; Liu 2006).

Incomplete outcome data

Two studies were considered at low risk of bias. Liu 2006 evaluated
episodes of pain and included in the analysis all the respective
participants and was therefore considered to be at low risk of
attrition bias. Yazici 2010 did not report any of the primary
outcomes but there was no apparent attrition.

All the remaining studies reported either dropouts or incomplete
data but it was not possible to determine the level of attrition
bias and were deemed unclear. DenBesten 2001 was the only
study to evaluate both primary outcomes. The investigators were
able to perform caries removal in both groups of participants
with no missing data. However, evaluation of episodes of pain
was performed only on participants that did not receive any
anaesthesia: 78 out of 82 in the laser group and 31 out of 42 in
the drill group. Hence, we judged this study as at unclear risk
of bias for incomplete outcome data. Belcheva 2014 examined
episodes of pain (but not caries removal). As the study provides
only descriptive results regarding pain, we considered it to be at
unclear risk of attrition bias. Harris 2000 reported a dropout of
three cases but it was unclear from which of the two samples they
combined for analysis. Hadley 2000 reported an overall dropout of
nine participants during the three follow-ups aTer treatment (30
days, 3 and 6 months). In Keller 1998, for the outcome participant
discomfort, the scoring of 13 participants was excluded from the
study due to incomplete data. In Evans 2000, 5 of 82 cases were not
completed. In Zhang 2013 at 6 months' visit, 32 recalled children,
4 children dropped out, and at 12 months' visit a further 8 children
were lost to follow-up.

Selective reporting

One study evaluated both primary outcomes but did not provide
suFicient data for episodes of pain and was thus judged at
unclear risk (DenBesten 2001). One study provided results for caries
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removal but not for pain and was thus judged at unclear risk
(Hadley 2000). Three studies that evaluated only episodes of pain
but not caries removal were also considered to be at unclear risk
of reporting bias (Belcheva 2014; Keller 1998; Liu 2006). Harris 2000
did not report on episodes of pain and although it reported on
caries removal in the methods, no data was provided, and therefore
was judged at high risk of reporting bias. Similarly, in Zhang 2013,
although the caries removal assessment was described no results
were reported and was thus judged at unclear risk. The remaining
two trials did not report any of the primary outcomes of interest and
were therefore considered to be at high risk of selective reporting
bias (Evans 2000; Yazici 2010).

Other potential sources of bias

Five studies declared that they have received financial support
for their trials from device manufacturers of laser. None of these
studies explicitly reported that the sponsors were not involved in
the analyses which arises serious concern of other bias (DenBesten
2001; Evans 2000; Hadley 2000; Harris 2000; Liu 2006). The
remaining studies did not declare whether they received funding or

not and were deemed at unclear risk for other bias (Belcheva 2014;
Keller 1998; Yazici 2010; Zhang 2013).

E>ects of interventions

See: Summary of findings for the main comparison Laser
compared to standard drill for caries removal in deciduous and
permanent teeth

See Summary of findings for the main comparison.

Primary outcomes

Caries removal

Of the four studies that evaluated caries removal (DenBesten
2001; Hadley 2000; Harris 2000; Zhang 2013), only two reported
quantitative data that allowed meta-analysis (DenBesten 2001;
Hadley 2000). In this studies no cases of residual caries were
described in either intervention group. Results from pooling the
data showed no evidence of a diFerence between treatments (risk
ratio (RR) 1.00, 95% confidence interval (CI) 0.99 to 1.01; 2 studies;

256 treated caries; P = 0.75; I2 = 0%) (Analysis 1.1; Figure 4)
 

Figure 4.   Forest plot of comparison: 1 Laser versus standard drill, outcome: 1.1 Caries removal (clinical).

 
Episodes of pain

Five trials evaluated episodes of pain during treatment (Belcheva
2014; DenBesten 2001; Keller 1998; Liu 2006; Zhang 2013).

Belcheva 2014 and Zhang 2013 assessed pain through a six-
face rating scale. Results from pooling the outcome data

regarding moderate or high pain were significantly in favour
of the laser treatment with moderate, but not statistically
significant, heterogeneity (RR 0.40, 95% CI 0.28 to 0.57; P < 0.001;

heterogeneity: Chi2 = 1.99, degrees of freedom (df) = 1 (P = 0.16); I2

= 50%) (Analysis 1.2; Figure 5).

 

Figure 5.   Forest plot of comparison: 1 Laser versus standard drill, outcome: 1.2 Pain.
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DenBesten 2001 also used a six-face rating scale to evaluate pain
with values ranging from 0 to 10. The authors reported that there
was no diFerence between the two comparison groups. However,
they did not provide any data, which prevented us from carrying
out meta-analysis.

Liu 2006 evaluated pain with a simple modified face scale for self
evaluation (four levels: no pain, mild pain, moderate pain and
severe pain). The results showed that laser limited the incidence
of pain compared to drill (RR 0.21, 95% CI 0.11 to 0.42; P < 0.001)
(Analysis 1.2; Figure 5).

In Keller 1998 pain was part of the composite outcome "discomfort"
that in addition to pain included unpleasant sensations of
noise, smell and vibration. During cavity preparation 74% of
the participants considered laser preparation to be comfortable
compared to 31% during mechanical preparation (P = 0.002). The
study authors did not provide complete data regarding pain except

for reporting that the reason for discomfort during laser treatment
was mostly reported as "pain" (20) and "bad smell" (13).

Secondary outcomes

Marginal integrity of restorations

Three studies dealt with marginal integrity of restorations (Hadley
2000; Yazici 2010; Zhang 2013), with follow-up visits at 1 month (1
trial), 6 months (3 trials), 12 months (2 trials), 18 months (1 trial)
and 24 months (1 trial). Results from the meta-analysis (for the 6-,
12- and 24-month follow-ups) showed no diFerence in marginal
integrity of restorations between laser and drill (Analysis 1.3).

Durability of restorations

Four studies assessed this outcome, with follow-ups that ranged
from 1 week to 2 years (Hadley 2000; Harris 2000; Yazici 2010; Zhang
2013). Results from pooling the data at 6 months (4 trials), 1 year (2
trials), and 2 years (1 trial) showed no evidence in favour of either
of the treatments being compared (Analysis 1.4; Figure 6).

 

Figure 6.   Forest plot of comparison: 1 Laser versus standard drill, outcome: 1.4 Durability of restoration.

 
Recurrent caries

Two trials reported data on the prevalence of secondary caries
(Hadley 2000; Yazici 2010). The assessment was made at a 6 months'
and a 2 years' follow-up respectively. No occurrence of caries was
reported in either study.

Pulpal inflammation or necrosis

Four studies reported data on pulpal health aTer dental treatment
(DenBesten 2001; Hadley 2000; Harris 2000; Keller 1998). The overall
meta-analysis did not show any evidence of a diFerence in pulpal
inflammation or necrosis between laser therapy and drill (RR 1.29,

95% CI 0.32 to 5.14; 1202 teeth treated; P = 0.72; I2 = 0%) (Analysis
1.5; Figure 7).
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Figure 7.   Forest plot of comparison: 1 Laser versus standard drill, outcome: 1.5 Pulpal inflammation or necrosis.

 
Participant discomfort

Five studies reported data on participant discomfort in terms of
vibration, smell and noise experienced during treatment (Belcheva
2014; Evans 2000; Hadley 2000; Keller 1998; Liu 2006). Two trials
evaluated participant discomfort using a rating scale completed by
each participant at the end of treatment (Hadley 2000; Keller 1998).

Keller 1998 used a three-degree rating scale to assess discomfort
in 90 adult participants: 1 participant (1%) in the laser group
versus 16 participants (14.4%) in the drill group defined the
treatment "very uncomfortable"; 23 participants (20.7%) in the
laser group versus 46 participants (41.4%) in the drill group
defined the treatment "uncomfortable". Thirteen participants were
excluded due to incomplete data. An analysis showed that the
rate of participant discomfort was significantly lower with the laser
therapy than with drill treatment (Analysis 1.6).

Hadley 2000 used a five-degree rating scale to assess discomfort
in 66 adult participants. In the laser group 98.5% of participants
did not feel discomfort while 1.5% of them felt a moderate
discomfort; in the drill group 87.9% of participants did not complain
of any unpleasant feeling while 12.1 % of them felt some mild
or moderate discomfort. A statistically significant diFerence was
reported between the two interventions, with laser as being more
comfortable (P = 0.007).

Liu 2006 performed an evaluation of children's behaviours in the
dental chair based on a dentist's assessment. Thirty-eight out of 40
children (95%) showed no head movements when treated with a
laser versus only 3 children (7.5%) treated with a drill. The average
head movement was 0.05 times for the laser group and 0.925 times
for the drill group. Regarding body movements, the average was
0.025 times when children were treated with a laser versus 0.3
times with a drill. The authors reported that these diFerences were
statistically diFerent.

Belcheva 2014 evaluated 90 children, half of them treated with laser
and other half with drill, in terms of noise, vibration and smell
experienced during treatment. In addition to these mentioned
discomfort factors, the sight of the drill and laser and taste
experienced were also evaluated. The vibration was found to be an
unpleasant factor by 86.7% of children in the drill group versus 2.2%
of children in the laser group (P < 0.001). Likewise, the laser and
drill sight as well as its sound during treatment were found to be
unpleasant more oTen in the drill group than in the laser group. The
noise (sound) was assessed as unpleasant by 62.2% of children in
the drill group versus 15.6% of children in the laser group (P < 0.05),
while the sight was assessed as unpleasant by 20% of children in
the laser group versus 40% of children in the drill group (P < 0.01).
Conversely, laser was assessed as less unpleasant than drill in terms
of taste (42.2% versus 22.2% of children, P < 0.005) and smell (66.7%
versus 17% of children, P < 0.001).

In Evans 2000, the evaluation of discomfort was performed by
recording each participant's (n = 62 children/adolescents and
adults) crude preference between laser and drill expressed at the
end of treatment. No significant diFerences were reported between
the two types of treatment (P < 0.05; Wilcoxon matched-pairs
signed-ranks test).

Need for anaesthesia

Three studies reported the need for anaesthesia in children
(DenBesten 2001; Liu 2006; Zhang 2013), and one trial reported data
in adults (Keller 1998). Our subgroup meta-analysis showed that
the need for anaesthesia was significantly lower in the laser therapy
than in the drill group (RR 0.25, 95% CI 0.10 to 0.65; 3 studies; 217

children/adolescents; P = 0.004; I2 = 0%) (Analysis 1.8; Figure 8). The
trial that evaluated only adults showed no evidence in favour of one
of the assigned interventions (RR 0.55, 95% CI 0.21 to 1.42). When an
overall meta-analysis was performed, the results were significantly
in favour of the laser treatment with low heterogeneity (RR 0.37,

95% CI 0.19 to 0.72; 4 studies; 320 participants; P = 0.004; I2 = 0%).
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Figure 8.   Forest plot of comparison: 1 Laser versus standard drill, outcome: 1.8 Need for anaesthesia.

 
Operator preference/fatigue in operator

Dentist preference for laser or traditional drill use for caries removal
and cavity preparation was reported in only one study (Evans 2000).
In this trial, authors reported that 11 dental practitioners were
involved that expressed a preference in 73 out of 77 'dentist/patient
encounters'. Authors reported that the preference was in favour
of conventional cavity preparation methods rather than the laser
(P < 0.001). The principal diFiculty reported when using the laser
was that of accessing the dental caries with 9 dentists reporting
diFiculty in 25 'dentist/patient encounters' in which diFiculty was
reported.

Participant preference

Three studies reported participants' preference for lasers or drills
for future treatment of decayed teeth (Evans 2000; Liu 2006; Zhang
2013). In Zhang 2013, 37 of 53 children (72%) preferred a laser,
10 children (22%) preferred a drill and the remaining 6 children
(6%) did not express any preference. In Liu 2006, 36 of 40 children
(90%) preferred a laser for future treatment, whereas 4 children
(5%) preferred a drill. In Evans 2000, 57 of 74 participants (77%)
expressed their preference, of which 46 were older than 10 years
and 11 were younger than 10 years; 17 other children under 10
years of age (23%) did not express any preference. Thirty-nine
participants over 10 years of age (52.6%) preferred laser treatment,
whereas 7 participants (9.5%) chose drill treatment. Among 11
children under 10 years, 6 children (8.1%) preferred laser and
5 children (6.8%) chose drill. Considering children both under
and over 10 years of age, 45 (60.8%) preferred a laser for future
treatment and 12 (16.2%) preferred a drill.

Duration of treatment

Four studies evaluated the time employed to realise an adequate
cavity preparation without residual caries (DenBesten 2001; Keller
1998; Liu 2006; Zhang 2013).

In Liu 2006, which performed removal of caries only on incisors,
the mean duration was 1.6 (standard deviation (SD) ± 0.8) minutes
in the laser group versus 0.7 (SD ± 0.6) minutes in the drill group.

The diFerence between the two groups was statistically significant
(mean diFerence (MD) 0.90, 95% CI 0.59 to 1.21; P < 0.001).

The remaining three trials evaluated posterior teeth but did
not provide suFicient data to allow the production of meta-
analysis. DenBesten 2001 reported an average treatment time of
7.7 minutes for the laser and 6.6 minutes for the drill with no
statistical diFerence between the groups. Keller 1998 reported that
laser preparation required more than double the time that for
mechanical preparation (mean time for laser preparation 7.5 ± 4.6
minutes compared to 4.3 ± 3.9 minutes for the mechanical means;
median for laser preparation time was 7.3 minutes compared to 3
minutes for the mechanical means) without reporting data about
significance. Zhang 2013 reported that the treatment time of the
laser group (mean 6.4 ± 3.0 minutes) was longer than of the
mechanical bur group (mean 3.9 ± 2.0 minutes).

D I S C U S S I O N

Summary of main results

Using data from published and unpublished literature, this
review summarised the evidence supporting the use of laser-
based methods compared to conventional mechanical methods
to treat caries. The review's significant outcomes were: (I)
eFectiveness outcomes, such as the removal of caries, recurrent
caries, treatment duration, and duration and marginal integrity
of restoration; (II) participants' perception outcomes, such as
pain, discomfort, need for anaesthesia during or before treatment,
and preference for future treatments; and (III) safety outcomes,
such as vitality and inflammation of tooth pulpal tissues.
Overall we included nine randomised trials with 662 participants.
Unfortunately, the included trials did not assess all of the
outcomes, in particular the primary outcomes. Only two studies
provided data useful for our analysis concerning the outcome
removal of dental caries, and the results showed no statistical
diFerence between use of a laser and a drill (low-quality
evidence). In addition, the tooth restorations performed with either
intervention showed comparable results in terms of retention
rate (four studies) and marginal integrity (three studies), over
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two years of follow-up visits. Five trials assessed pain, and the
results were generally in favour of lasers (low-quality evidence). In
four of five studies reporting pain data, the participants reported
laser to be significantly better compared to drill in terms of
pain felt during treatment, while the remaining study reported
no diFerence between the two devices for this outcome. This
result was supported by the results of participants' perception
outcomes, including need for anaesthesia, participant discomfort
and participants' preference.

In addition, when practitioners were asked for their preference,
they largely preferred drills to lasers.

Overall completeness and applicability of evidence

The number of studies and the number of participants included
in the trials, would have been adequate to suFiciently address
the eFicacy of lasers to remove caries. The characteristics of the
included participants, the clinical setting in which participants
received the treatment and the technical features of both lasers
and drills were appropriate in most of the studies. However, most
of the studies did not address the most relevant outcome (removal
of caries), and only five studies addressed the outcome episodes
of pain. Other concerns in terms of completeness of the evidence
were that only four studies addressed safety issues, such as pulpal
inflammation and necrosis, and the lack of consideration regarding
any potential side eFects due to dental fear associated with the use
of traditional dental ablation tools (i.e. drills) (Bergius 1997; Smith
2003; ten Berge 1998). Hence, despite some encouraging results,
the applicability of lasers in current clinical practice is uncertain.

Lasers represent an advanced technological device that is expected
to be more expensive than traditional drills for dental treatments,
which could possibly influence its use in daily clinical practice.
However, laser use could be theoretically justifiable in certain
circumstances, such as in children showing high dental anxiety.
Dental anxiety is a worldwide condition particularly present in
children; it is reported that almost 1 in 10 children show a high
level of dental fear, preventing a complete and adequate dental
treatment (Klingberg 2007 ). OTen this anxiety is generated by
both the sight and noise of the drill (Chhabra 2012; Muppa 2013;
Nakai 2005; Olak 2013). In these patients, laser could be an
alternative and eFective caries removal method to avoid the use
of conscious sedation or general anaesthesia practices to complete
dental treatment (Merigo 2015 ).

However, we found no clinical studies in the literature describing
laser filling removal ability in the treatment of secondary caries.
Only a few authors (performing in vitro studies) dealt with the
theoretical ability of laser to selectively remove resin composite
restorations by neighbouring enamel or dentine without damage to
these tissues (Chan 2011; Chan 2014; Louie 2005). Regarding other
dental filling materials such as amalgam, glass ionomer cement
and glass ionomer cement composite, laser removal ability was not
described in any in vitro or in vivo study. This lack of information
about laser ability in removal dental restorations limits use of the
device in clinical practice for a relevant part of caries treatment,
such as secondary caries. Further studies of high methodological
quality in this field are required in order to understand whether
laser use could also be extended in future to secondary caries care.

Quality of the evidence

All included studies were randomised controlled trials. However,
several methodological issues limited the overall quality of the
evidence. Despite most of the studies using adequate methods to
generate the random sequence, they were at high or unclear risk
of selection bias due to lack of or unclear allocation concealment.
Given that participants and personnel could not be blinded, it
was not possible to avoid performance bias, however, although
detection bias could be avoided, blinding of the outcome assessor
was carried out and clearly reported in only three studies. With the
exception of two trials, all studies were at unclear risk of attrition
bias. In addition, none of the studies resulted to be at low risk of
selective reporting bias either because one or both of the primary
outcomes were not assessed or reported. Regarding other types of
bias, none of the trials were at low risk with 2/3 being funded by for-
profit companies raising serious concern of bias.

Overall, we judged none of the nine trials as at low risk of bias,
highlighting methodological limits concerning the validity of the
evidence related to any single outcome evaluated.

Potential biases in the review process

We carried out a comprehensive search for interventions, across
several major electronic databases, in this review. In addition, the
review authors screened the reference lists of systematic reviews
and contacted trial authors for clarification. Two review authors
independently carried out screening of titles and abstracts, full-text
assessment of potentially relevant reviews and data extraction. One
review author performed analyses, which a second review author
checked.

Agreements and disagreements with other studies or
reviews

We identified only one systematic review that investigated laser
technology for the removal of caries in the medical literature
(Jacobsen 2011). The authors launched a search in January 2009 in
PubMed, the Cochrane Library, Embase and Inspec (grey literature
was not searched). They identified seven trials (DenBesten 2001;
Dommisch 2008; Evans 2000; Hadley 2000; Keller 1998; Liu 2006;
Pelagalli 1997); the authors rated the quality and relevance of
each study as high, medium or low using a study checklist and
concluded that no meta-analyses could be performed due to high
heterogeneity.

Despite the authors' conclusion being similar to ours, Jacobsen's
review diFers from ours on the following points: (a) two studies
were excluded from our review: Dommisch 2008 because the unit
of analysis (the study authors randomised part of the cavity of
the same tooth caries) was not adequate for our analysis, and
Pelagalli 1997 because the allocation of participants depended on
the availability of a laser; (b) contrary to our approach, Jacobsen
2011 did not perform any meta-analysis; and (c) the method used
for quality assessment was not clear in Jacobsen 2011.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Despite the inclusion of a fair number of studies in this systematic
evaluation, only two studies with limited sample size assessed and
provided data for the outcome removal of caries. The evidence was
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limited to either claim or refute a diFerence between laser and
drill treatment for caries removal. Four studies that evaluated pain
showed that laser treatment may have some advantage in terms
of limiting pain in children, adolescents and adults. However, the
quality of the evidence was low.

Implications for research

Additional well-designed randomised trials to evaluate the eFicacy
of laser therapy compared to drill-based treatment of caries are
warranted. These trials will need to consider removal of caries and
participant perception (including pain, discomfort and the need
for anaesthesia), together with duration and marginal integrity of
restoration, as the primary outcomes. These trials should have an
extended follow-up of at least 2 years in order to evaluate the
integrity and retention of restoration. Cost analysis should also be
considered.

Given that it is not possible to minimise performance bias, and that
most of the relevant outcomes are subjective, trialists will need
to ensure independent outcome evaluation to minimise detection
bias. In addition, an adequate allocation concealment must be
provided in order to safeguard against selection bias.
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Methods Design: parallel-group randomised controlled clinical trial

Centres: 1

Date: May 2013 to December 2013

Setting: secondary care

Operators: not reported

Participants Setting: University Department of Paediatric Dentistry

Geographical area: Bulgaria

Sample: 90 participants (45 laser versus 45 drill); number of treated teeth as well as prepared dental
cavities not reported

Age: 6 to 12 years

Sex: not reported

Baseline: participants were affected by occlusal and proximal caries involving primary and permanent
molar. Methods used for caries diagnosis as well as pulpal vitality testing were not described

Inclusion criteria: children aged 6 to 12 years; 1 or more dentine carious lesions (D3 threshold, WHO
system), without pulp involvement or pain, located on the occlusal or proximal surface of a primary or
a permanent molar; signed informed consent form from parent; native language of the child Bulgarian

Exclusion criteria: previous laser treatment of carious lesions prior the present study

Interventions Intervention: Er:YAG laser:

wavelength: 2940 nm

pulse energy: 200 to 300 mJ/pulse (permanent teeth); 100 to 200 mJ/pulse (primary teeth)
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pulse duration: 250 μsec

repetition rate: 20 Hz

cooling method: water

Control: drill in high-speed and low-speed dental handpieces

Outcomes Primary outcomes

1. Caries removal: not reported

2. Episodes of pain: measured through a 6-face rating scale after cavity preparation and before the
restoration of treated teeth

Secondary outcomes

1. Marginal integrity of restoration: not reported

2. Durability of restoration: not reported

3. Recurrent caries: not reported

4. Pulpal inflammation or necrosis: not reported

5. Participant discomfort: children were asked to complete a questionnaire to show their acceptance
level about vibration, noise, smell. In addition, discomfort factors such as laser or drill sight as well as
taste experienced by children during treatment were evaluated

6. Need for anaesthesia: not reported

7. Operator preference/fatigue in operator: not reported

8. Participant preference: not reported

9. Duration of treatment: not reported

Notes Funding: unclear

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: the methodology of random sequence generation was not men-
tioned

Quote: "A group of ninety 6-12-years-old patients ... who met the inclusion cri-
teria and were treated at the Department of Pediatric Dentistry in Plovdiv, Bul-
garia during the period May – December 2013, was
randomly divided into two equal treatment groups"

Allocation concealment
(selection bias)

Unclear risk The allocation concealment was not described in the study

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk The type of intervention does not allow the performance of blinding

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not reported

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The trial examined episodes of pain (but not caries removal). The study pro-
vides only descriptive results regarding pain and was thus considered unclear
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Selective reporting (re-
porting bias)

Unclear risk The study protocol was not available. The primary outcome caries removal
was not reported

Other bias Unclear risk It was unclear whether the study was funded or not

Belcheva 2014  (Continued)

 
 

Methods Design: parallel-group randomised controlled clinical trial; participants randomised to treatment in a
2:1 ratio laser to conventional dental drill

Date: not reported

Centres: 2

Setting: secondary care

Operators: single operator at each site (skilled paediatric dentists)

Participants Setting: University School of Dentistry Clinic

Geographical area: USA

Sample: 124 children and adolescents; 124 teeth; 124 dental cavities (82 laser versus 42 drill)

Age: 4 to18 years, mean 10.4 years

Sex: males 53%

Baseline: patients of different ethnicity (Caucasian (understood to be white), African-American, His-
panic, Asian and Native American) were affected by caries requiring Black's Classes I to V cavities
preparation for its removal. Caries depth varied: shallow dentine, deep dentine, enamel and enam-
el/shallow dentine. Caries diagnosis was performed through visual, tactile (dental explorer) and radi-
ographic analysis. Dental pulp evaluation was performed by means of thermal testing with ice/ethyl-
ene-oxide application and intraoral X-rays taken to evaluate the presence of apical pathosis

Inclusion criteria: carious lesion in at least 1 tooth that required restoration and a contralateral
healthy tooth as a control

Exclusion criteria: periodontitis, pulpitis, severe wear on occlusal surface, previous restorations of
the proposed treatment tooth, active local or systemic infections, involvement in other investigational
treatment, refusal to give informed consent, mental incompetence, imprisonment, knowledge of preg-
nancy and refusal to co-operate with the evaluation visits

Interventions Intervention: Er:YAG:

wavelength: 294 μm

pulse energy: 200 to 300 mJ/pulse (permanent teeth); 100 to 200 mJ/pulse (primary teeth)

pulse duration: 250 μsec

repetition rate : 20 Hz

cooling method: air-water spray

Control: traditional carbide dental drill in standard air-turbine handpiece

Outcomes Primary outcomes

1. Caries removal: assessed as "acceptable" (with tactile and visual examination)
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2. Episodes of pain: measured through a 6-face rating scale after cavity preparation and before the
restoration of treated teeth

Secondary outcomes

1. Marginal integrity of restoration: not reported

2. Durability of restoration: not reported

3. Recurrent caries: not reported

4. Pulpal inflammation or necrosis: assessed through "thermal testing with ice/ethylene-oxide applica-
tion at one week, one month and three months after treatment. In addition at the three-month fol-
low-up, x-rays were taken to evaluate the presence of apical pathosis"

5. Participant discomfort: not reported

6. Need for anaesthesia: assessed during treatment, and participants received anaesthesia on request.

7. Operator preference/fatigue in operator: not reported

8. Participant preference: not reported

9. Duration of treatment: generically referred to the duration of treatment or average amount of time
spent performing a cavity preparation without specifying the starting and finishing times of treatment

Notes • Prior to treatment, a bitewing dental X-ray was taken of both the treatment and control teeth in each
participant, and the teeth were tested for pulp vitality using a thermal (ice) test

• At the 3-month follow-up visit all 112 teeth examined were vital and asymptomatic, and only 1 restora-
tion was not intact

• Funding: "This study was supported by Continuum Biomedical under a research agreement with the
University of California, San Francisco, and the University of Kentucky, Louisville"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomised to treatment in a 2:1 ratio laser to conventional
dental drill

Randomisation was performed by generating number list (information ob-
tained by contacting authors)

Allocation concealment
(selection bias)

Unclear risk The generated number and assignment were placed in a sealed envelope,
hence concealed (information obtained by contacting authors). However, it
was unclear whether the envelopes were opaque or serially numbered

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk The type of intervention does not allow the performance of blinding

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Outcomes were evaluated by the investigator and by an "an independent eval-
uator" but no clear statement on the blinding procedure was provided

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The study evaluated both primary outcomes. The investigators were able to
perform caries removal in both groups of participants with no missing data.
However, the evaluation of episodes of pain was performed only on the par-
ticipants that did not receive any anaesthesia: 78/82 participants allocated
to laser and 31/42 in the drill group. Of the 124 participants treated, 112 were
available for the 3-month follow-up visit, when pulpal vitality was assessed

Selective reporting (re-
porting bias)

Unclear risk The study protocol was not available. The primary outcome, caries removal,
was reported, however information regarding pain treatment was not com-
pletely reported and therefore hindered the performance of meta-analysis

DenBesten 2001  (Continued)
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Other bias High risk The study was supported by a for-profit company: "This study was supported
by Continuum Biomedical under a research agreement with the University of
California, San Francisco, and the University of Kentucky, Louisville"

DenBesten 2001  (Continued)

 
 

Methods Design: split-mouth randomised controlled clinical trial

Centres: 15 dentists in the UK

Date: not reported

Setting: primary and secondary care

Operators: 15 in total (9 general dental practitioners, 1 community dentist and 5 hospital dentists). All
the dentists received a course of instruction on the use of the laser

Participants Setting: hospitals and private dental offices

Geographical area: UK

Sample: 77 participants; 154 teeth; 154 dental cavities (77 laser group versus 77 drill group)

Age: 3.5 to 68 years

Sex: not reported

Baseline: participants were affected by caries requiring Black's Classes I to III and Class V cavities
preparation for its removal. Primary and/or permanent anterior, premolar and molar teeth were affect-
ed by caries. The caries depth ranged by less to more than half-way through dentine. Methods used for
caries diagnosis as well as pulpal vitality testing were not described

Inclusion criteria: participants required treatment of 2 matching primary carious cavities

Exclusion criteria: photosensitivity disorder, a convulsive disorder such as epilepsy, or having a car-
diac pacemaker

Interventions Intervention: Er:YAG:

wavelength: 2.94 μm

pulse energy: 150 to 400 mJ/pulse

pulse duration: not reported

pulse frequency: 2 Hz to 3 Hz

cooling method: water spray

Control: conventional drill in dental handpieces

Outcomes Primary outcomes

1. Caries removal: not reported

2. Episodes of pain: not reported

Secondary outcomes

1. Marginal integrity of restoration: not reported

2. Durability of restoration: not reported

3. Recurrent caries: not reported

Evans 2000 
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4. Pulpal inflammation or necrosis: not reported

5. Participant discomfort: performed by recording each participant's crude preference between laser
and drill expressed at the end of treatment

6. Need for anaesthesia: not reported

7. Operator preference/fatigue in operator: expressed through a rating scale ranging from 0 to 100 and
reported the difficulties experienced with both interventions

8. Participant preference: indicated on a specific questionnaire by each participant that did not require
local anaesthesia. For participants aged < 10 years, a 4-facial expressions rating scale, ranging from
happy to sad, was used at the end of each appointment

9. Duration of treatment: not reported

Notes • 4 dentists did not recruit any participants

• Treatments by bur and laser were performed at 2 different treatment sessions

• It was not possible to quantify with any degree of validity how much longer the laser treatments were,
since in 52% of visits (40 out of 77) assigned for laser treatment, the dentist had to use a conventional
handpiece in addition to the laser to complete the cavity preparation. This fact may bias all the out-
come assessments

• Funding: the study was sponsored by the KaVo company: "The authors would like to thank Richard
Whatley, Richard Collard and Vic Peterson of KaVo (UK) Ltd for their exceptional generosity and sup-
port for this study"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk In order to avoid bias, the cavities were completed at 2 separate appoint-
ments, on different days, with the order of methods being determined by
opening an opaque, sealed envelope containing information randomly gener-
ated by computer

Allocation concealment
(selection bias)

Low risk In order to avoid bias, the cavities were completed at 2 separate appoint-
ments, on different days, with the order of methods being determined by
opening an opaque, sealed envelope containing information randomly gener-
ated by computer.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk The type of intervention does not allow the performance of blinding

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No information was provided

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Of the 82 cases started, 5 were not completed. In 40 out of 77 visits assigned
for laser treatment, the dentist had to use a conventional handpiece in addi-
tion to the laser to complete the cavity preparation

Selective reporting (re-
porting bias)

High risk The study protocol was not available. The primary outcomes, caries removal
and episodes of pain, were not reported

Other bias High risk The study was supported by a for-profit company: "The authors would like to
thank Richard Whatley, Richard Collard and Vic Peterson of KaVo (UK) Ltd for
their exceptional generosity and support for this study"

Evans 2000  (Continued)
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Methods Design: split-mouth randomised controlled clinical trial

Centres: 1

Date: not reported

Setting: secondary care

Operators: 2 dentists

Participants Setting: University School of Dentistry Clinic

Geographical area: USA

Sample: 66 adult participants; 132 teeth; 132 dental cavities (66 laser group versus 66 drill group)

Age: 20 to 84 years, median 41 years

Sex: males 63%

Baseline: participants were affected by caries requiring Black's Classes I, III, and/or Class V cavities
preparation for its removal, with sound pulpal tissues (electric pulp tester). Both the presence and
depth of caries were diagnosed through clinical as well as radiological procedures

Inclusion criteria: 18 years of age or older; having at least 1 carious lesion on each of 2 separate teeth
that represented Black's Classes I, III, and Class V preparations

Exclusion criteria: participants with systemic illness and under active medical care or medical con-
trol; being pregnant; wearing cardiac rhythm electronic control devices. Moreover, further exclusion
criteria were: non-vital teeth; caries extending more than two-thirds of the distance through dentine as
assessed clinically, radiographically, or both; teeth that required more than 1 restoration in the same
tooth; and teeth with radiographic evidence of apical radiolucency

Interventions Intervention: Er,Cr:YSGG:

wavelength: 2.78 μm

pulse energy: 0 to 300 mJ/pulse

pulse duration: 140 μm

repetition rate: 20 Hz

cooling method: air-water spray

Control: drill in air turbine handpiece (20,000 to 24,000 rotations per minute with air-water spray)

Outcomes Primary outcomes

1. Caries removal: assessed with tactile and visual examination; a blinded evaluation to assess adequacy
of caries removal, it was evaluated as acceptable or unacceptable on a 2-point scale

2. Episodes of pain: not reported

Secondary outcomes

1. Marginal integrity of restoration: blinded examination at 30 days and 6 months

2. Durability of restoration: blinded examination at 30 days and 6 months evaluated restoration reten-
tion on a 4-point scale in which 1 = retained no breakdown, 2 = retained with marginal breakdown,
3 = partial loss, 4 = total loss

3. Recurrent caries: blinded clinical examination performed with a dental explorer at 6 months

4. Pulpal inflammation or necrosis: blinded assessment with 2-point scale (vital, non-vital) performed
at 30 days and 6 months with an electric pulp tester

Hadley 2000 
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5. Participant discomfort: a blinded examiner, immediately postoperative, recorded a participant's
physical discomfort level using a Likert scale with steps ranging from 1 (no discomfort) to 5 (extreme
discomfort)

6. Need for anaesthesia: not reported

7. Operator preference/fatigue in operator: not reported

8. Participant preference: not reported

9. Duration of treatment: not reported

Notes • Participants received financial remuneration for their participation, paid at the final 6-month recall
visit

• Operators were calibrated regarding laser technique

• No information about the use of anaesthetics

• Funding: "This study was sponsored by a grant from BioLase Technology Inc., San Clemente, Califor-
nia"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: the study reported that it was randomised but did not report the
method used to generate random sequence

Quote: "We randomly selected tooth pairs for treatment A, LPHKS (laser)
preparations, or for treatment B, air turbine/bur dental surgery"

Allocation concealment
(selection bias)

Unclear risk Comment: investigators used sealed envelopes to allocate treatment, but it
was unclear whether the envelopes were opaque and sequentially numbered

Quote: "We did this by selecting a sealed envelope designating either treat-
ment A or treatment B and used whichever method was named in the enve-
lope to treat the tooth with the lower tooth number (1-32); the higher-num-
bered tooth received the other treatment"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk The type of intervention does not allow the performance of blinding

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk 3 blinded evaluators were involved in this study

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk There was 12% attrition

Quote: "From the total of 75 tooth pairs entered into the study, three partic-
ipants failed to return for recall visits, and another six did not return for the
final six month assessment. The results, therefore, are based on 66 pairs for
which complete data were available"

Selective reporting (re-
porting bias)

Unclear risk The study protocol was not available. The primary outcome episodes of pain
was not reported

Other bias High risk The study was supported by a for-profit company: "This study was sponsored
by a grant from BioLase Technology Inc., San Clemente, California"

Hadley 2000  (Continued)
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Methods Design: parallel-group randomised controlled clinical trial

Setting: secondary care

Date: not reported

Operators: not reported

Participants Setting: University School of Dentistry Clinic

Geographical area: USA

Sample: 90 adult participants; 190 teeth and 215 cavities in laser group versus 186 teeth and 207 cavi-
ties in drill group

Age: 18 to 61 years

Sex: males 40%

Baseline: participants presented all third molar, tested in the study, with sound dental pulp assessed
through thermal testing consisting of placement of a stick (0° C) on the facial surface of the tooth for 5
seconds. Caries diagnosis method used in the trial was not described

Inclusion criteria: adult participants (> 18 years) requiring third molar extraction, having at least
2 teeth with pit-and-fissure caries located on occlusal, buccal or lingual surfaces above the cemen-
to-enamel junction. The evaluated teeth had to be symptom-free, fully developed and completely
erupted

Exclusion criteria: visible, tactile or radiographic evidence of periapical pathosis, incompletely formed
roots, previous restorations, evidence of periodontitis or pulpitis, or gross radiographic evidence of
caries that had penetrated into dentine

Interventions Intervention: Nd:YAG laser:

wavelength: 1.064 μm

pulse duration: 150 μsec

pulse energy: 100 mJ

repetition rates: 10 Hz to 20 Hz

Control: 1/2 round carbide crosscut fissure (701) or pear-shaped (330) bur in a high-speed handpiece

Outcomes Primary outcomes

1. Caries removal: no information was provided about diagnostic instruments or the methods used, al-
though it was reported that 2 blinded evaluators assessed the degree of caries elimination. The out-
come assessment was performed through a 2-point rating scale (incomplete or complete caries re-
moval)

2. Episodes of pain: not reported

Secondary outcomes

1. Marginal integrity of restoration: not reported

2. Durability of restoration: performed 4 recall visits at 1 week and 1, 3 and 6 months after treatment

3. Recurrent caries: not reported

4. Pulpal inflammation or necrosis: diagnosis performed based on thermal and electrical pulp testing at
1 week and radiographic appearance at 6 months

5. Participant discomfort: not reported

6. Need for anaesthesia: not reported

7. Operator preference/fatigue in operator: not reported

Harris 2000 
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8. Participant preference: not reported

9. Duration of treatment: not reported

Notes • In most cases the treatment site was the tooth, but occasionally there were 2 or more distinct sites
on a tooth that were treated and evaluated separately. Significance was determined over the number
of sites treated

• For symptoms, thermal and electrical evaluations, and the pulp diagnosis, the tooth was used as the
unit of analysis

• Funding: the study was funded by Incisive Technologies Inc. (San Carlos, CA, USA) and American Den-
tal Technologies Inc. (Corpus Christi, TX, USA) and NIDCR DE12091 (DF)

• Anaesthesia was not used during either treatment unless requested by the participant

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: authors reported randomisation but provided insufficient informa-
tion regarding random sequence generation

Quote: "Carious lesions were randomised to drill or laser treatment"

Allocation concealment
(selection bias)

Unclear risk Information was insufficient to permit judgement

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk The type of intervention does not allow the performance of blinding

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Pulp diagnosis, enamel surface condition, preparations and restorations were
assessed by blinded evaluators

Clinical evaluations were made prior to treatment, immediately following
treatment, and at 1 week, 1, 3 and 6 months post-treatment

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The study reported 3 dropouts but it was unclear from which of the two sam-
ples they combined for analysis

Selective reporting (re-
porting bias)

High risk The study protocol was not available. The study did not report on episodes of
pain and although it reported on caries removal in the methods, no data was
provided

Other bias High risk The study was supported by a for-profit company: "The study was funded by
Incisive Technologies Inc. (San Carlos, CA, USA) and American Dental Tech-
nologies Inc. (Corpus Christi, TX, USA) and NIDCR DE12091 (DF)"

Harris 2000  (Continued)
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Operators: not reported

Participants Setting: university clinics

Geographical area: Germany

Sample: 103 participants, 194 teeth (97 in laser group versus 97 in drill group), 206 cavities (in 12 cases
1 tooth included 2 lesions prepared on different occasions by laser and mechanical means)

Age: 18 to 72 years; mean age 32.8 years (SD 12.5)

Sex: males 47%

Baseline: type of teeth treated not specified. Participants affected by occlusal, lingual, buccal and
proximal caries. Caries depth was assessed by means of intraoral X-ray. All decayed teeth showed
sound dental pulpal tissues (thermal vitality testing and intraoral X-ray)

Inclusion criteria: > 18 years of age

Exclusion criteria: photodermatosis, diabetes, alcoholism, and haemorrhagic disorders including
haemophilia and leukaemia; moreover, virus infections and neoplasias of the skull were also excluded,
as were people with a history of epilepsy or psychiatric disturbances

Interventions Intervention: Er:YAG laser:

wavelength: 2.94 μm

pulse duration: 250 μsec

pulse energy: 250 mJ (for enamel); 150 mJ to 300 mJ (for dentine)

repetition rates: 2 Hz to 4 Hz (for enamel); 1 Hz to 3 Hz (for dentine)

cooling method: water spray

Control: drill in high-speed and low-speed water-cooled handpieces

Outcomes Primary outcomes

1. Caries removal: not reported

2. Episodes of pain: reported as a component of several participant's discomfort items including un-
pleasant sensations of noise, smell and vibration

Secondary outcomes

1. Marginal integrity of restoration: not reported

2. Durability of restoration: not reported

3. Recurrent caries: not reported

4. Pulpal inflammation or necrosis: employed a thermal test using ice and percussion, only at the end
of treatment. If a local anaesthesia had been given, the vitality testing was undertaken not more than
1 week postoperatively

5. Participant discomfort: defined as pain and unpleasant sensations of noise, smell and vibration, eval-
uated through 3-point rating scale (comfortable, uncomfortable, or very uncomfortable)

6. Need for anaesthesia: participants might ask for local anaesthesia during preparation

7. Operator preference/fatigue in operator: not reported

8. Participant preference: not reported

9. Duration of treatment: a stopwatch was used to measure the time spent to realise a complete cavity
preparation

Notes • 2 preparations in which the pulp was exposed were excluded from the study

• Funding: unclear

Keller 1998  (Continued)
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The decision as to which tooth should be prepared by laser or me-
chanical means and the sequence of treatment was selected at random by
means of a computer program (based on Fortran 77), developed at the Insti-
tute of Medical Documentation and Statistics, University of Ulm"

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk The type of intervention does not allow the performance of blinding

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Authors reported "Data were analysed by an independent examiner" but no
clear statement on the blinding of the outcome assessor procedure was pro-
vided

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk For the outcome participant discomfort "The scoring of 13 participants was ex-
cluded from the study due to incomplete data"

Selective reporting (re-
porting bias)

Unclear risk The study protocol was not available. The primary outcome caries removal
was not reported

Other bias Unclear risk It was unclear whether the study was funded or not

Keller 1998  (Continued)

 
 

Methods Design: split-mouth randomised controlled clinical trial

Centres: 1

Date: not reported

Setting: secondary care

Operators: 1 single experienced paediatric dentist

Participants Setting: Hospital Paediatric Dental Clinic

Geographical area: Taiwan

Sample: 40 children, 40 teeth, 80 cavities (40 in laser group versus 40 in drill group)

Age: 3.5 to 12 years

Sex: males 50%

Baseline: children with 2 primary maxillary anterior teeth affected by caries requiring Black's Class III
or IV cavities preparation for its removal. Caries was clinically diagnosed, whereas pulpal vitality was
assessed by means of intraoral X-ray

Inclusion criteria: 2 upper incisive carious teeth having the same type of primary caries lesion (Black's
Class III or IV) and approximately equal-sized cavities

Liu 2006 
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Exclusion criteria: teeth with pathological condition other than dental caries or with evidence of peri-
apical radiolucency found in the intraoral X-ray

Interventions Intervention: Er:YAG laser:

wavelength: 2.94 μm

pulse energy: 700 mJ

pulse duration: not reported

pulse frequency: 10 Hz

cooling method: water

Control: conventional high-speed dental handpiece

Outcomes Primary outcomes

1. Caries removal: not reported

2. Episodes of pain: measured with a simple modified face scale for self evaluation (4 levels: no pain,
mild pain, moderate pain and severe pain)

Secondary outcomes

1. Marginal integrity of restoration: not reported

2. Durability of restoration: not reported

3. Recurrent caries: not reported

4. Pulpal inflammation or necrosis: not reported

5. Participant discomfort: evaluated by recording movements of the head and body; the evaluator was
another dentist

6. Need for anaesthesia: all treatments were begun with anaesthesia; during treatment children could
have local anaesthesia whenever they wanted

7. Operator preference/fatigue in operator: not reported

8. Participant preference: did not report information about the method used to record participants' pref-
erence (e.g. filling a form) or whether an independent evaluator or the same treatment operator per-
formed the evaluation

9. Duration of treatment: generically referred to the duration of treatment or average amount of time
spent performing a cavity preparation without specifying the starting and finishing times of treatment

Notes • Anaesthesia was not used during either treatment unless requested by the child

• Restoration material: light-cured compomer (Dyract; Dentsply, York, PA, USA), after application of the
bonding agent (Prime & Bond, Dentsply)

• Funding: "This study was supported by the Taipei Veterans General Hospital, Taiwan (grant
VGH91-73), to whom we extend our thanks"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The sequence of treatment was selected at random by means of flipping a coin

Allocation concealment
(selection bias)

Unclear risk Participants or investigators enrolling participants could possibly foresee as-
signments since the random sequence was generated by means of flipping a
coin

Blinding of participants
and personnel (perfor-
mance bias) 

High risk The type of intervention does not allow the performance of blinding

Liu 2006  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not reported

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent attrition

Selective reporting (re-
porting bias)

Unclear risk The study protocol was not available. The primary outcome caries removal
was not reported

Other bias High risk Quote: "This study was supported by the Taipei Veterans General Hospital, Tai-
wan (grant VGH91-73), to whom we extend our thanks"

Liu 2006  (Continued)

 
 

Methods Design: split-mouth randomised controlled clinical trial

Centres: 1

Date: not reported

Setting: secondary care

Operators: 1 single experienced dentist

Participants Setting: University School of Dentistry Clinic

Geographical area: Turkey

Sample: 27 participants; 54 teeth; 108 cavities (54 in laser group versus 54 in drill group)

Age: 19 to 21 years

Sex: males 22%

Baseline: participants with first and second permanent molars affected by non-cavitated enamel
caries. These lesions were assessed by visual inspection and a laser fluorescence device (DIAGNOdent)
as well as by bitewing radiography. Visual inspections were performed with participants positioned in a
dental chair, with reflector light, air/water spray and a plane buccal mirror

Inclusion criteria: first and second permanent molars with at least 2 active occlusal non-cavitated su-
perficial carious lesions

Exclusion criteria: frank occlusal cavitation, poor oral hygiene, serious systemic diseases and bruxism

Interventions Intervention: Er,Cr:YSGG laser:

wavelength: 2.780 μm

pulse energy: 275 mJ (for enamel)

pulse frequency: 20 Hz

pulse duration: 140 μsec

cooling method: air water

Yazici 2010 
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Control: diamond bur in high-speed handpiece

Outcomes Primary outcomes

1. Caries removal: not reported

2. Episodes of pain: not reported

Secondary outcomes

1. Marginal integrity of restoration: assessed by 2 independent investigators not involved with the treat-
ment procedures through objective and tactile (with a dental explorer) evaluation during 4 follow-up
visits at 6, 12, 18 and 24 months. A 3-point rating scale (highly acceptable, acceptable, unacceptable)
was used for this evaluation

2. Durability of restoration: assessed by 2 independent investigators not involved with the treatment
procedures through objective and tactile (with a dental explorer) evaluation during 4 follow-up visits
at 6, 12, 18 and 24 months. A 3-point rating scale (highly acceptable, acceptable, unacceptable) was
used for this evaluation

3. Recurrent caries: assessed through a 2-point scale (caries or no caries) after 2 years of follow-up visits
by 2 independent investigators not involved with the treatment procedures

4. Pulpal inflammation or necrosis: not reported

5. Participant discomfort: not reported

6. Need for anaesthesia: not reported

7. Operator preference/fatigue in operator: not reported

8. Participant preference: not reported

9. Duration of treatment: not reported

Notes • The cavities were restored with a nanofilled flowable resin composite, Grandio Flow, using an etch-
and-rinse adhesive, Solobond M

• No reporting about use of anaesthesia

• Funding: unclear

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Distribution of the cavity preparation techniques per tooth was done using a
table of random numbers

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement of 'low risk' or 'high risk'

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk The type of intervention does not allow the performance of blinding

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Evaluation was done by 2 other independent investigators not involved with
the treatment procedures using a mirror, explorer and air stream. The investi-
gators were calibrated to a predetermined level of inter- and intra-examiner
agreement at least 95% per single criterion. Any discrepancy between evalua-
tors was resolved at chairside

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent attrition

Yazici 2010  (Continued)
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Selective reporting (re-
porting bias)

High risk The study protocol was not available. The primary outcomes, caries removal
and episodes of pain, were not reported

Other bias Unclear risk It was unclear whether the study was funded or not

Yazici 2010  (Continued)

 
 

Methods Design: split-mouth randomised controlled clinical trial

Centres: 1

Date: 2009 to 2011; the months were not reported

Setting: secondary care

Operators: treatments were provided by 1 doctor

Participants Setting: University School of Dentistry Clinic

Geographical area: China

Sample: 53 children; 120 teeth

Age: 3 to 15 years; mean age 8.6 years (SD 3.1)

Sex: males 40%

Baseline: participants with primary and permanent, anterior and molar teeth affected by unclassified
caries in terms of dental surface location. The lesions depth varied by enamel to shallow or deep den-
tine. Methods used for caries diagnosis were not described. There was also a lack of information about
pulpal vitality of decayed teeth

Inclusion criteria: children who were generally healthy and had 2 teeth with caries of equivalent de-
gree

Exclusion criteria: clinical or radiological signs, or both of pulp infection involving tested teeth

Interventions Intervention: Er:YAG laser:

wavelength: 2.94 μm

pulse energy: 100 mJ to 700 mJ

pulse duration: 450 μsec

repetition rate: 5 Hz to 20 Hz

cooling method: water/air

Control: sterile hand excavator and traditional drill in handpiece

Outcomes Primary outcomes

1. Caries removal: complete removal of the caries was assessed via visual and dentine hardness exami-
nation by using a sterile hand excavator

2. Episodes of pain: measured by 6-face rating scale: 0 = no hurt, 1 = hurts little bit, 2 = hurts little more,
3 = hurts even more, 4 = hurts whole lot, 5 = hurts worst

Secondary outcomes

Zhang 2013 
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1. Marginal integrity of restoration: the restorations were evaluated at 3, 6 or 12 months. Insufficient
information was provided about the method and tools used

2. Durability of restoration: the restorations were evaluated in 3, 6 or 12 months. Insufficient information
was provided about the method and tools used

3. Recurrent caries: not reported

4. Pulpal inflammation or necrosis: not reported

5. Participant discomfort: not reported

6. Need for anaesthesia: all treatments were begun with anaesthesia; during treatment children could
have local anaesthesia whenever they wanted

7. Operator preference/fatigue in operator: not reported

8. Participant preference: each child was asked to answer questions in a questionnaire including de-
scribing sensitivity during treatment as well as expressing their preference for further treatment

9. Duration of treatment: generically referred to the duration of treatment or average amount of time
spent performing a cavity preparation without specifying the starting and finishing times of treatment

Notes • Cavities were filled by resin (Filtek Z350, Z250, 3M Co., USA)

• Treatments were performed without local anaesthesia

• Funding: unclear

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Teeth were randomly assigned to either group by a coin toss

Allocation concealment
(selection bias)

Unclear risk Investigators enrolling participants could possibly foresee assignments given
that the method used for assignment was based on a coin toss

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk The type of intervention does not allow blinding of the personnel. However,
authors reported that children were unaware of the method of preparation of
cavities

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Outcomes were evaluated by the investigator and by an "an independent eval-
uator" but no clear statement on the blinding procedure was provided

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 1 out of 60 teeth in laser group was reassigned into the bur group because the
child refused laser treatment. Of 32 recalled children, at 6 months' visit 4 chil-
dren dropped out, and at 12 months' visit a further 8 children were lost to fol-
low-up

Selective reporting (re-
porting bias)

Unclear risk The study protocol was not available. The primary outcome caries removal
was reported in the methods but no data was provided

Other bias Unclear risk It was unclear whether the study was funded or not

Zhang 2013  (Continued)

Er,Cr:YSGG: erbium, chromium: yttrium-scandium-gallium-garnet.
Er:YAG: erbium-doped yttrium aluminium garnet.
Nd:YAG: neodymium-doped yttrium aluminium garnet.
SD: standard deviation.
WHO: World Health Organization.
 

Characteristics of excluded studies [ordered by study ID]
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Study Reason for exclusion

Bohari 2012 This study is a controlled clinical trial

Cozean 1997 The allocation depended on the availability of laser instrumentation. Consequently, the study was
considered not randomised and finally excluded

Cozean 1998a The allocation depended on the availability of laser instrumentation. Consequently, the study was
considered not randomised and finally excluded. Quote: "The laser-treated participant population
was randomised by availability of laser instrumentation"

Cozean 1998b The study was a continuation of Cozean 1998a. It was unclear which participants were allocated to
the treatment group. However, the allocation depended on the availability of laser instrumenta-
tion. Consequently, the study was considered not randomised and finally excluded. Quote: "Ran-
domization was achieved by the availability of the laser instrumentation"

Dommisch 2008 Incorrect unit of analysis: "..each cavity was divided into two areas that were randomly treated ei-
ther with the fluorescence controlled Er:YAG laser or with rotary burs"

Najeeb 2016 A narrative review regarding the applications of lasers in restorative dentistry, including a compar-
ison of the applications of lasers for major restorative dental procedures and conventional clinical
approaches

Neves 2011 This was an in vitro study with the objective of determining the caries-removal effectiveness and
minimal-invasiveness potential of traditional and innovative tooth ablation techniques

Pelagalli 1997 The allocation depended on the availability of laser instrumentation. Consequently, the study was
considered not randomised and finally excluded

Sirin Karaarslan 2012 In vitro study that aimed to determine the effect of 3 different caries removal procedures on mi-
cro-tensile bond strength of decayed human dentine

White 1995 This poster presentation was potentially eligible. However, the data were insufficient for use in
analysis, and attempts to identify any subsequent full-text or to contact the authors failed

White 1996 This poster presentation was potentially eligible. However, the data were insufficient for use in
analysis, and attempts to identify any subsequent full-text or to contact the authors failed.

Er:YAG: erbium-doped yttrium aluminium garnet.
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Unclear

Participants 20 children with at least 2 active occlusal caries lesions with dentine cavitation on the surface of
counterparts primary molars

Interventions (I) Er:YAG laser (250 mJ I 4 Hz)

(II) Conventional method (high-speed turbine and low-speed rotation)

Outcomes 1. Mean time spent for the partial caries removal and cavity preparation

2. Treatment preference

Notes  

Valerio 2013 
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Er:YAG: erbium-doped yttrium aluminium garnet.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Laser versus standard drill

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Caries removal (clinical) 2   Risk Ratio (Random, 95% CI) 1.00 [0.99, 1.01]

2 Pain 3   Risk Ratio (Random, 95% CI) Subtotals only

2.1 6-face rating scale (mod-
erate and high pain)

2   Risk Ratio (Random, 95% CI) 0.40 [0.28, 0.57]

2.2 Modified simple 4-face
scale

1   Risk Ratio (Random, 95% CI) 0.21 [0.11, 0.42]

3 Marginal integrity of
restorations

3   Risk Ratio (Random, 95% CI) Subtotals only

3.1 6 months follow-up 3   Risk Ratio (Random, 95% CI) 1.0 [0.21, 4.78]

3.2 1 year follow-up 2   Risk Ratio (Random, 95% CI) 1.59 [0.34, 7.38]

3.3 2 years follow-up 1   Risk Ratio (Random, 95% CI) 1.0 [0.21, 4.74]

4 Durability of restoration 4   Risk Ratio (Random, 95% CI) Subtotals only

4.1 6 months follow-up 4   Risk Ratio (Random, 95% CI) 2.40 [0.65, 8.77]

4.2 1 year follow-up 2   Risk Ratio (Random, 95% CI) 1.40 [0.29, 6.78]

4.3 2 years follow-up 1   Risk Ratio (Random, 95% CI) 0.50 [0.02, 14.60]

5 Pulpal inflammation or
necrosis

4   Risk Ratio (Random, 95% CI) 1.29 [0.32, 5.14]

5.1 1 week 3   Risk Ratio (Random, 95% CI) 1.51 [0.26, 8.75]

5.2 6 months 2   Risk Ratio (Random, 95% CI) 0.99 [0.10, 9.41]

6 Participant discomfort (3-
degree rating scale)

1   Risk Ratio (Random, 95% CI) Subtotals only

6.1 Very uncomfortable 1   Risk Ratio (Random, 95% CI) 0.04 [0.01, 0.32]

6.2 Uncomfortable 1   Risk Ratio (Random, 95% CI) 0.50 [0.33, 0.75]

7 Participant discomfort (5-
degree rating scale)

1   Risk Ratio (Random, 95% CI) Subtotals only

7.1 Mild discomfort 1   Risk Ratio (Random, 95% CI) 0.12 [0.01, 2.32]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

7.2 Moderate discomfort 1   Risk Ratio (Random, 95% CI) 0.33 [0.04, 3.12]

8 Need for anaesthesia 4   Risk Ratio (Random, 95% CI) 0.37 [0.19, 0.72]

8.1 Children 3   Risk Ratio (Random, 95% CI) 0.25 [0.10, 0.65]

8.2 Adults 1   Risk Ratio (Random, 95% CI) 0.55 [0.21, 1.42]

 
 

Analysis 1.1.   Comparison 1 Laser versus standard drill, Outcome 1 Caries removal (clinical).

Study or subgroup Favours [ex-
perimental]

Control log[Risk
Ratio]

Risk Ratio Weight Risk Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

DenBesten 2001 82 42 -0 (0.013) 12.43% 0.99[0.96,1.01]

Hadley 2000 215 207 0 (0.005) 87.57% 1[0.99,1.01]

   

Total (95% CI)       100% 1[0.99,1.01]

Heterogeneity: Tau2=0; Chi2=0.84, df=1(P=0.36); I2=0%  

Test for overall effect: Z=0.32(P=0.75)  

Favours laser therapy 1000.01 100.1 1 Favours drill

 
 

Analysis 1.2.   Comparison 1 Laser versus standard drill, Outcome 2 Pain.

Study or subgroup Favours [ex-
perimental]

Control log[Risk
Ratio]

Risk Ratio Weight Risk Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.2.1 6-face rating scale (moderate and high pain)  

Belcheva 2014 90 90 -0.7 (0.186) 49.47% 0.48[0.33,0.69]

Zhang 2013 60 60 -1.1 (0.183) 50.53% 0.33[0.23,0.48]

Subtotal (95% CI)       100% 0.4[0.28,0.57]

Heterogeneity: Tau2=0.03; Chi2=1.99, df=1(P=0.16); I2=49.64%  

Test for overall effect: Z=4.99(P<0.0001)  

   

1.2.2 Modified simple 4-face scale  

Liu 2006 40 40 -1.5 (0.351) 100% 0.21[0.11,0.42]

Subtotal (95% CI)       100% 0.21[0.11,0.42]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.42(P<0.0001)  

Test for subgroup differences: Chi2=2.56, df=1 (P=0.11), I2=60.86%  

Favours laser therapy 1000.01 100.1 1 Favours drill
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Analysis 1.3.   Comparison 1 Laser versus standard drill, Outcome 3 Marginal integrity of restorations.

Study or subgroup Favours [ex-
perimental]

Control log[Risk
Ratio]

Risk Ratio Weight Risk Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.3.1 6 months follow-up  

Hadley 2000 66 66 0 (1.993) 16.04% 1[0.02,49.66]

Yazici 2010 54 54 0 (1.991) 16.07% 1[0.02,49.5]

Zhang 2013 32 32 0 (0.968) 67.89% 1[0.15,6.67]

Subtotal (95% CI)       100% 1[0.21,4.78]

Heterogeneity: Tau2=0; Chi2=0, df=2(P=1); I2=0%  

Test for overall effect: Not applicable  

   

1.3.2 1 year follow-up  

Yazici 2010 54 54 0.7 (1.722) 20.65% 2[0.07,58.4]

Zhang 2013 32 32 0.4 (0.878) 79.35% 1.5[0.27,8.39]

Subtotal (95% CI)       100% 1.59[0.34,7.38]

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.88); I2=0%  

Test for overall effect: Z=0.59(P=0.55)  

   

1.3.3 2 years follow-up  

Yazici 2010 54 54 0 (0.794) 100% 1[0.21,4.74]

Subtotal (95% CI)       100% 1[0.21,4.74]

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Test for subgroup differences: Chi2=0.23, df=1 (P=0.89), I2=0%  

Favours laser therapy 1000.01 100.1 1 Favours drill

 
 

Analysis 1.4.   Comparison 1 Laser versus standard drill, Outcome 4 Durability of restoration.

Study or subgroup Experi-
mental

Control log[Risk
Ratio]

Risk Ratio Weight Risk Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.4.1 6 months follow-up  

Hadley 2000 66 66 0 (1.993) 11.04% 1[0.02,49.66]

Harris 2000 215 207 3.1 (1.443) 21.06% 21.18[1.25,358.1]

Yazici 2010 54 54 0 (1.991) 11.06% 1[0.02,49.5]

Zhang 2013 32 32 0.4 (0.878) 56.84% 1.5[0.27,8.39]

Subtotal (95% CI)       100% 2.4[0.65,8.77]

Heterogeneity: Tau2=0; Chi2=2.95, df=3(P=0.4); I2=0%  

Test for overall effect: Z=1.32(P=0.19)  

   

1.4.2 1 year follow-up  

Yazici 2010 54 54 0 (1.991) 16.29% 1[0.02,49.5]

Zhang 2013 32 32 0.4 (0.878) 83.71% 1.5[0.27,8.39]

Subtotal (95% CI)       100% 1.4[0.29,6.78]

Heterogeneity: Tau2=0; Chi2=0.03, df=1(P=0.85); I2=0%  

Test for overall effect: Z=0.42(P=0.67)  

   

1.4.3 2 years follow-up  

Yazici 2010 54 54 -0.7 (1.721) 100% 0.5[0.02,14.6]

Subtotal (95% CI)       100% 0.5[0.02,14.6]

Favours laser therapy 1000.01 100.1 1 Favours drill
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Study or subgroup Experi-
mental

Control log[Risk
Ratio]

Risk Ratio Weight Risk Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=0.4(P=0.69)  

Test for subgroup differences: Chi2=0.83, df=1 (P=0.66), I2=0%  

Favours laser therapy 1000.01 100.1 1 Favours drill

 
 

Analysis 1.5.   Comparison 1 Laser versus standard drill, Outcome 5 Pulpal inflammation or necrosis.

Study or subgroup Experi-
mental

Control log[Risk
Ratio]

Risk Ratio Weight Risk Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.5.1 1 week  

DenBesten 2001 82 42 0.7 (1.57) 20.3% 2.05[0.09,44.45]

Harris 2000 190 186 -0 (1.41) 25.15% 0.98[0.06,15.54]

Keller 1998 97 97 0.7 (1.726) 16.79% 2[0.07,58.93]

Subtotal (95% CI)       62.25% 1.51[0.26,8.75]

Heterogeneity: Tau2=0; Chi2=0.16, df=2(P=0.92); I2=0%  

Test for overall effect: Z=0.46(P=0.65)  

   

1.5.2 6 months  

Hadley 2000 66 66 0 (1.993) 12.6% 1[0.02,49.66]

Harris 2000 190 186 -0 (1.41) 25.15% 0.98[0.06,15.54]

Subtotal (95% CI)       37.75% 0.99[0.1,9.41]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Test for overall effect: Z=0.01(P=0.99)  

   

Total (95% CI)       100% 1.29[0.32,5.14]

Heterogeneity: Tau2=0; Chi2=0.24, df=4(P=0.99); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

Test for subgroup differences: Chi2=0.09, df=1 (P=0.77), I2=0%  

Favours laser therapy 1000.01 100.1 1 Favours drill

 
 

Analysis 1.6.   Comparison 1 Laser versus standard drill, Outcome 6 Participant discomfort (3-degree rating scale).

Study or subgroup Experi-
mental

Control log[Risk
Ratio]

Risk Ratio Weight Risk Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.6.1 Very uncomfortable  

Keller 1998 90 90 -3.1 (1.011) 100% 0.04[0.01,0.32]

Subtotal (95% CI)       100% 0.04[0.01,0.32]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.1(P=0)  

   

1.6.2 Uncomfortable  

Keller 1998 90 90 -0.7 (0.207) 100% 0.5[0.33,0.75]

Subtotal (95% CI)       100% 0.5[0.33,0.75]

Heterogeneity: Not applicable  

Favours laser therapy 1000.01 100.1 1 Favours drill
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Study or subgroup Experi-
mental

Control log[Risk
Ratio]

Risk Ratio Weight Risk Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Test for overall effect: Z=3.34(P=0)  

Test for subgroup differences: Chi2=5.6, df=1 (P=0.02), I2=82.16%  

Favours laser therapy 1000.01 100.1 1 Favours drill

 
 

Analysis 1.7.   Comparison 1 Laser versus standard drill, Outcome 7 Participant discomfort (5-degree rating scale).

Study or subgroup Experi-
mental

Control log[Risk
Ratio]

Risk Ratio Weight Risk Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.7.1 Mild discomfort  

Hadley 2000 66 66 -2.1 (1.49) 100% 0.12[0.01,2.32]

Subtotal (95% CI)       100% 0.12[0.01,2.32]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.4(P=0.16)  

   

1.7.2 Moderate discomfort  

Hadley 2000 66 66 -1.1 (1.142) 100% 0.33[0.04,3.12]

Subtotal (95% CI)       100% 0.33[0.04,3.12]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.96(P=0.34)  

Test for subgroup differences: Chi2=0.27, df=1 (P=0.6), I2=0%  

Favours laser therapy 1000.01 100.1 1 Favours drill

 
 

Analysis 1.8.   Comparison 1 Laser versus standard drill, Outcome 8 Need for anaesthesia.

Study or subgroup Experi-
mental

Control log[Risk
Ratio]

Risk Ratio Weight Risk Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.8.1 Children  

DenBesten 2001 78 31 -1.4 (0.529) 42.14% 0.25[0.09,0.7]

Liu 2006 40 40 0 (1.988) 2.99% 1[0.02,49.2]

Zhang 2013 53 53 -2.1 (1.487) 5.33% 0.12[0.01,2.31]

Subtotal (95% CI)       50.46% 0.25[0.1,0.65]

Heterogeneity: Tau2=0; Chi2=0.7, df=2(P=0.7); I2=0%  

Test for overall effect: Z=2.86(P=0)  

   

1.8.2 Adults  

Keller 1998 103 103 -0.6 (0.488) 49.54% 0.55[0.21,1.42]

Subtotal (95% CI)       49.54% 0.55[0.21,1.42]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.24(P=0.21)  

   

Total (95% CI)       100% 0.37[0.19,0.72]

Heterogeneity: Tau2=0; Chi2=1.98, df=3(P=0.58); I2=0%  

Test for overall effect: Z=2.91(P=0)  

Test for subgroup differences: Chi2=1.28, df=1 (P=0.26), I2=21.77%  

Favours laser therapy 1000.01 100.1 1 Favours drill
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A P P E N D I C E S

Appendix 1. MEDLINE (Ovid) search strategy

1. exp DENTAL CARIES/         

2. (teeth adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                            

3. (tooth adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                            

4. (dental adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                                

5. (enamel adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                             

6. (dentin adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                                

7. (root adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                        

8. exp TOOTH DEMINERALIZATION/                        

9. or/1-8                        

10.exp Lasers, Solid State/                              

11.exp Lasers, Gas/                             

12.exp Lasers, Excimer/                                  

13.exp Lasers, Semiconductor/                                   

14.laser$.mp.                            

15.or/10-14                                

16.9 and 15        

The above subject search was combined with the Cochrane Highly Sensitive Search Strategy (CHSSS) for identifying randomised trials
(RCTs) in MEDLINE: sensitivity maximising version (2008 revision) as referenced in Section 6.4.11.1 and detailed in box 6.4.c of the Cochrane
Handbook for Systematic Reviews of Interventions Version 5.1.0 [updated March 2011] (Higgins 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 2. Cochrane Oral Health's Trials Register search strategy

From December 2013, searches of Cochrane Oral Health's Trials Register for this review were undertaken using the Cochrane Register of
Studies and the search strategy below:

1 ((caries or cavit* or carious or decay* or deminerali* or reminerali*)) AND (INREGISTER)
2 (laser*) AND (INREGISTER)
3 (#1 and #2) AND (INREGISTER)

Previous searches of Cochrane Oral Health's Trials Register were undertaken in October 2010 and January 2013 using ProCite soTware and
the search strategy below:

((caries or cavit* or carious or decay* or deminerali* or reminerali*) AND laser*)

Appendix 3. Cochrane Central Register of Controlled Trials (CENTRAL) search strategy

#1 MeSH descriptor Dental caries explode all trees
#2 (caries in All Text or carious in All Text)
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#3 ((teeth in All Text or tooth in All Text or dental in All Text or enamel in All Text or dentin* in All Text or root* in All Text) and (cavit* in All
Text or caries in All Text or carious in All Text or decay* in All Text or lesion* in All Text or deminerali* in All Text or reminerali* in All Text
or white next spot in All Text))
#4 MeSH descriptor tooth demineralization explode all trees
#5 (#1 or #2 or #3 or #4)
#6 MeSH descriptor Lasers, Solid-State this term only
#7 MeSH descriptor Lasers, Gas this term only
#8 MeSH descriptor Lasers, Excimer this term only
#9 MeSH descriptor Lasers, Semiconductor this term only
#10 laser* in All Text
#11 (#6 or #7 or #8 or #9 or #10)
#12 (#5 and #11)

Appendix 4. Embase (Ovid) search strategy

1. exp DENTAL CARIES/
2. (teeth adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
3. (tooth adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
4. (dental adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
5. (enamel adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
6. (dentin adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
7. (root adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
8. exp TOOTH DEMINERALIZATION/
9. or/1-8
10. exp Lasers, Solid State/
11. exp Lasers, Gas/
12. exp Lasers, Excimer/
13. exp Lasers, Semiconductor/
14. laser$.mp.
15. or/10-14
16. 9 and 15

The above subject search was linked to Cochrane Oral Health's filter for identifying RCTs in Embase via Ovid:

1. random$.ti,ab.
2. factorial$.ti,ab.
3. (crossover$ or cross over$ or cross-over$).ti,ab.
4. placebo$.ti,ab.
5. (doubl$ adj blind$).ti,ab.
6. (singl$ adj blind$).ti,ab.
7. assign$.ti,ab.
8. allocat$.ti,ab.
9. volunteer$.ti,ab.
10. CROSSOVER PROCEDURE.sh.
11. DOUBLE-BLIND PROCEDURE.sh.
12. RANDOMIZED CONTROLLED TRIAL.sh.
13. SINGLE BLIND PROCEDURE.sh.
14. or/1-13
15. (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.)
16. 14 NOT 15

Appendix 5. ProQuest Dissertations and Theses search strategy

(caries or carious) AND laser*

Appendix 6. Zetoc (conference proceedings) search strategy

caries AND laser

carious AND laser

Appendix 7. ISI Web of Knowledge (conference proceedings) search strategy

#1 TS=(teeth or tooth or dental or enamel or dentin or root*)
#2 TS=(cavit* or caries or carious or decay* or lesion* or demineral* or remineral*)
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#3 #1 and #2
#4 TS=laser*
#5 #3 and #4
#6 TS=(trial* or random* or clinical* or placebo* or group*)
#7 #5 and #6

Appendix 8. ClinicalTrials.gov search strategy

laser and caries

laser and carious

Appendix 9. WHO International Clinical Trials Registry Platform search strategy

caries and laser or carious and laser
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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

In the protocol, we said we would search the metaRegister of Controlled Trials (www.isrctn.com/page/mrct) for ongoing trials. However,
this is no longer available; we conducted searches of the US National Institutes of Health Ongoing Trials Register ClinicalTrials.gov and the
WHO International Clinical Trials Registry Platform instead.
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