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Abstract This study investigated the ability and efficacy of
an Er:YAG laser with a fluorescence feedback system for
caries removal in deciduous teeth. Seventy-nine carious
lesions were excavated using a fluorescence-controlled Er:
YAG laser. Endpoint of treatment was defined by emission
of fluorescence from the dentine surface below the pre-
selected threshold level of 7 units and the subsequent
termination of Er:YAG laser radiation. Dentine samples
were obtained from the cavity floor, and viable counts of
both Streptococcus mutans and Lactobacilli, expressed as
colony forming units (log CFU), were evaluated. Prepara-
tion time was recorded to assess efficacy of the treatment
procedure. S. mutans and/or Lactobacilli were found in 25
out of 79 lesions. Regarding the counts for S. mutans and
Lactobacilli, the median log CFU was 0 (min, 0; max, 5.5)
and 0 (min, 0; max, 6), respectively, with 2.4% of all
samples yielding more than 100 CFU S. mutans and 4.8%
yielding more than 100 CFU Lactobacilli. In 8 out of 79
cases, laser excavated cavities were not judged being
caries-free using the conventional tactile criterion for
assessing caries tissue. Focussing on these teeth, the median

log CFUwas 0 (min, 0; max, 0.5) for S. mutans and 0 (min, 0;
max, 1.6) for Lactobacilli. The mean time for treatment was
2.3±1.2 min. Of the children, 93.8% rated the laser treatment
to be comfortable. The study indicates that the fluorescence
feedback-controlled Er:YAG laser might be an appropriate
device for caries removal in children using the suggested
threshold level of 7 units.
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Introduction

Various techniques for the removal of carious dentine have
been described. In operative dentistry, the common concept
for caries therapy is to remove decayed tissue mechanically
during the excavation procedure using rotary instruments
like burs or by hand instruments [6]. However, burs are
associated with side effects such as noise, pain, over-
heating, vibration and discomfort [2, 7, 26]. For non-
cooperative children, dental practitioners often prefer hand
excavators because these cause less discomfort than a bur.
Since the introduction of lasers in dentistry, their clinical
use has become important. Previous studies have demon-
strated both efficacy and patient acceptance of caries
removal and cavity preparation using an Er:YAG laser [3,
5, 16, 20, 21]. However, during carious dentine removal, it
is nearly impossible to know exactly when to stop
excavation because of an apparent lack of objective clinical
markers. As microbiological assessment of carious dentine
during cavity preparation is not feasible in practice, clinical
parameters like hardness, wetness and colour of the dentine
are used to distinguish between active and inactive lesions
[23, 36, 46]. Whereas a significant correlation has been
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found between dentine hardness and the level of bacterial
infection, the same correlation could not be found for tissue
colour [24, 25]. Caries detector dyes were suggested to help
differentiate between infected and sound dentine during
caries excavation [40]. However, more recent studies have
shown that these dyes are non-specific protein dyes that
stain the collagen in the organic matrix of less-mineralised
dentine whether it is infected or not [23, 36].

Another attempt to differentiate between carious and
non-carious tissues is the use of laser fluorescence light [10,
33, 34, 35, 42, 43]. The phenomenon of dental hard tissue
fluorescence was first described more than 90 years ago
[45]. Since then, spectrographic studies have shown that
carious dentine fluoresces more intensely in the red portion
of the visible spectrum than sound dentine [1, 11]. Red
fluorescence is thought to be emitted by porphyrins
compounds synthesised by oral microorganisms in the
carious lesion [28]. Thus, this kind of visible fluorescence
may be used as a marker for infected dentine.

The use of laser-induced fluorescence to control a device
that is capable of removing dental hard tissues would be a
very promising approach for the selective removal of
carious dentine. A caries excavation method (fluores-
cence-aided caries excavation, FACE) using orange-red
auto-fluorescence as a marker for infected dentine during
rotary caries excavation has recently been developed [30,
31]. Furthermore, the technology of caries detection by
laser fluorescence has been combined with an Er:YAG laser
for caries treatment. The emission of the Er:YAG laser is
controlled by the fluorescence signal from carious tissue
induced by a red-infrared diagnostic diode laser [14].
Therefore, the laser is activated only if the fluorescence
emitted from the tooth surface exceeds a certain threshold
level. A recently published in vitro study suggests that a
fluorescence threshold level of 7 units could guide an Er:
YAG laser to a complete removal of carious dentine [14].
This threshold level was confirmed for assessing the
endpoint of caries removal without jeopardizing vital
structures [29]. However, at present, there are no data
published which validate these findings under in vivo
conditions for both permanent and deciduous teeth.
Additionally, this treatment procedure seems to be very
effective for child patient [20]. It was suggested that the
application of the Er:YAG laser system is a more
comfortable alternative or adjunctive method to conven-
tional mechanical cavity preparation especially in the
treatment of children [20].

Hence, the aim of the present study was to evaluate the
clinical performance of a fluorescence-controlled Er:YAG
laser for caries removal in deciduous teeth. The hypothesis
of a low level of bacterial infection after laser treatment in
vivo was tested. Additionally, the aim of the study was to
assess the clinical efficacy of a feedback-controlled Er:YAG

laser treatment procedure and to evaluate sensations of pain
and vibration.

Materials and methods

Study population

A total of 79 carious lesions in 42 children (19 female, 23
male) were included in this study. Only lesions with caries
extending in the dentine layer were included. The subjects
mean age was 7.7 years with a minimum of 3 and a
maximum of 12 years. Patients were in good general health
and with no complicating medical history. Teeth with signs
of irreversible pulpitis were excluded.

All parents of the patients were informed about the aim
of this trial in advance and signed a consent form according
to the Helsinki Declaration II. The study had been approved
by an ethics committee (dossier No. 05/1490, Independent
Ethics Committee Freiburg, Germany).

Laser device

An Er:YAG laser device (Key III™, KaVo, Biberach,
Germany), emitting a pulsed infrared radiation at a
wavelength of 2.940 μm, was selected for laser treatment.
The laser beam was guided onto the dentine surfaces under
water spray irrigation (1 ml/min) with a non-contact
handpiece (No. 2060, KaVo). The device was equipped
with a laser fluorescence feedback system: The laser light
of an InGaAsP diode laser with a wavelength of 655 nm is
transported through a fibre bundle to the tip of the
handpiece within a central fibre. Additional surrounding
fibres are arranged around this central fibre and collect the
fluorescent light emitted from the irradiated tissue. The
laser-induced fluorescence of the dentine surface is given in
relative units [U] from 0–99 and controls the therapeutic
irradiation by activating the Er:YAG laser if the fluores-
cence value is higher than a pre-selected threshold level. If
the fluorescence is lower than this specific value, the laser
does not emit.

Treatment procedures

Immediately before treatment, the absence of clinical signs
of pulpal inflammation and the positive response to a
thermal pulp test were confirmed. Local anaesthesia was
used only if required by the patient. Enamel margins were
removed with diamond burs in a high-speed handpiece to
enable a straight access to the carious lesion. Before each
laser treatment, a calibration of the feedback system of the
Er:YAG laser was performed using an appropriate ceramic
touchstone according to the manufacturer’s instructions.
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Laser parameters were set at 250 mJ per pulse with a
repetition rate of 4 Hz and a pulse length of 400 μs. The
used threshold level of the fluorescence feedback system
was adjusted at 7 [U]. The working distance of the
handpiece to the cavity floor was approximately 12 mm
according to the manufacturer’s instructions. For this
distance, the corresponding focus diameter was 1.4 mm.
During laser treatment, the patient and the dental personnel
wore protective eyewear. The treatment followed all
common guidelines for the safe use of lasers. Laser
application was performed while moving the handpiece
continuously above the carious lesion until the fluorescence
feedback system could no longer detect any emitted
fluorescence from the dentine surface above the pre-
selected threshold level. The teeth were air-dried, cotton
rolls were placed and, subsequently, dentine surface
samples were obtained from the central cavity floor with a
slow sterile rotating bur (Nr. 12,Komet, Lemgo, Germany)
damped in saline until a ‘burful’ of dentine was collected
[23, 24]. To obtain reproducible amounts of dentine, the
operator had previously calibrated the sampling procedure.
The bur was placed in an Eppendorf tube (Eppendorf,
Wesseling, Germany) filled with 1 ml saline solution and
shaken for 2 min to dislodge the adherent dentine sample.
The completeness of caries removal was confirmed inde-
pendently by two experienced investigators after laser
excavation by tactile (sharp explorer) and auditory means
of the air-dried cavities: Cavity preparation was considered
complete when dentine was hard to a dental probe and the
probe was capable to induce a sharp sound. Cavity
preparation was continued with a conventional bur in cases
when the investigators judged the caries removal to be
incomplete. For every laser treatment, the time required for
caries removal was measured. The preparation time was
recorded using a stopwatch, starting with the first laser pulse
until the laser did not emit any longer. To assess the patient’s
perception of pain and vibration during laser treatment,
immediately after excavation with the laser, each child was
asked to give a score according the following rating:
‘comfortable’, ‘uncomfortable’ or ‘very uncomfortable’.

Microbiological procedure

CRT Bacteria™ (IvoclarVivadent, Ellwangen, Germany)
was chosen as a commercial bacterial colony counting test
kit to evaluate both Streptococcus mutans and Lactobacillus
on the same two-sided dip slide containing mitis-salivarius
and rogosa agar, respectively [4, 27]. Mitis-salivarius agar
contains bacitracin, a polypeptide antibiotic which inhibits
the growth of other oral microorganisms. Before the
present study, the test was modified to assess bacteria in
hard tissues of the cavity floor: Both agars were entirely

covered with the dentine suspension described using a
pipette. A NaHCO3 tablet placed in the test vial released
CO2 when it came into contact with moisture, ensuring
anaerobic conditions for bacterial growth. Dip slides were
inoculated, incubated at 37°C for 3 days and evaluated
according to the manufacturer’s guidelines. Before the
study, the investigator was trained by the developer of
the microbiological diagnostic system in evaluating the
respective test results.

Statistical analysis

For statistical analysis, patient means for bacterial counts
were calculated so that the patient was the statistical unit.
Results were expressed as total colony forming units per
dentine sample and transformed to log10 (CFU per dentine
sample). If the colony count on any media was zero, this
value was used in the subsequent analyses. Median,
maximum and minimum of viable bacterial counts,
expressed at log10 (CFU+1), and the percentage of positive
samples were calculated. In accordance with a previously
published study [23], a bacterial load of higher than 1.0×
102 CFU per sample was considered clinically significant.
Therefore, the percentage of positive dentine samples were
analysed with respect to this CFU value. All calculations
were performed with the statistical program SPSS 12.0
(SPSS, Chicago IL, USA). Contingency table for the
overall detection of S. mutans and Lactobacillus was
calculated using the chi-square test. Differences were
considered as statistically significant at p<0.05.

Results

S. mutans and/or Lactobacilli were found in 25 out of 79
lesions. The presence of S. mutans was observed in 14 and
Lactobacilli in 15 out of 79 lesions, respectively. Regarding
the patient as the statistical unit, S. mutans and/or
Lactobacilli were found in 18 out of 42 samples, with 12
samples revealing S. mutans and 11 samples showing
Lactobacilli. The median log CFU per sample was 0 (min,
0; max, 5, 5) for S. mutans and also 0 (min, 0; max, 6, 0)
for Lactobacillus (Fig. 1). In most of the cases, the bacterial
count was lower than 10 CFU per sample.

Regarding overall bacterial counts, 42.9% of the samples
revealed bacterial infection. Values for S. mutans and
Lactobacilli were 28.6 and 26.2%, respectively (Fig. 2).
Including only those samples with a bacterial load higher
than 100 CFU, the frequency of infected dentine specimens
decreased to a value lower than 5% for the specific bacteria
under study. No significant dependency could be found
between the overall occurrence of S. mutans and Lactoba-
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cillus in the lesions (p=0.313) and in the evaluated dentine
samples (p=0.154, Table 1).

In 8 out of 79 cases, laser excavated cavities were not
judged being caries-free using the conventional tactile
criterion for assessing caries tissue. Focussing on these
specific teeth, the median log CFU was 0 (min, 0; max, 0.5)
for S. mutans and 0 (min, 0; max, 1.6) for Lactobacillus.

Mean time needed for laser excavation was 2.3±1.2 min.
Assessing children’s perception of pain and unpleasant
sensations of vibration during Er:YAG laser treatment,
93.8% of the children considered laser excavation to be
‘comfortable’ regarding pain sensations (Table 2). Of all
subjects, 6.3% assessed the treatment to be ‘very uncom-
fortable’. Of the patients, 19.4% felt any ‘uncomfortable’ or
‘very uncomfortable’ perception of vibration. In one case,
no comment was given (Table 2). Ten children were
excluded from pain/vibration assessment because the
treatment had been performed under local anaesthesia due
to low compliance during laser treatment.

Discussion

The results of the present in vivo study in deciduous teeth
could demonstrate the capacity of selective caries removal
for an Er:YAG laser with a threshold level of 7 units.
Although 42.9% of all tested dentine samples showed
residual bacteria, only 7.1% of these samples harboured
more than 100 CFU/sample after fluorescence feedback
laser excavation. Assessing the level of dentine infection
after mechanical caries excavation with a carbide bur using
an identical sampling procedure for dentine after the
completion of cavity preparation, a mean log CFU per
sample of 0.78±0.97 was reported [23]. The authors
considered a number of less than 1.0×102 CFU/ml as
clinically insignificant. Therefore, in their study, more than
90% of samples showed no significant level of bacterial
infection. Kidd et al. [23] concluded that the conventional
optical and tactile criteria were adequate to ensure removal

Fig. 2 Total bacterial counts (total CFU), S. mutans (SM) and
Lactobacilli (LB) obtained in the dentine samples after caries removal.
Of all samples, 42.9% harboured bacteria. Regarding a bacterial load
higher than 100 CFU per sample, positive dentine samples decreased
to a value of 7.1%

Fig. 1 Box plot shows the total number of bacteria (total CFU), S.
mutans (SM) and Lactobacilli (LB) recovered from standardised
dentine samples taken after Er:YAG laser caries removal. Main
number of all bacteria was lower than 10 CFU per sample. No
statistically significant differences between the number of S. mutans
and Lactobacilli (p<0.05, Wilcoxon). Box plots show median, first
and third quartiles, and minimum and maximum values (whiskers).
Three times the box width marks the boundary between “mild” (open
circle) and “extreme” (asterisk) outliers

Table 1 Contingency table for the overall detection of Streptococcus
mutans and Lactobacillus in samples from patients (n=42) and
individual lesions (n=79)

Lactobacillus

Streptococcus
mutans

No Yes Total
Patients
(lesions)

Patients
(lesions)

Patients
(lesions)

No 24 (54) 6 (11) 30 (65)
Yes 7 (10) 5 (4) 12 (14)
Total 31 (64) 11 (15) 42 (79)

[ p=0.154 (0.313), chi-square test]
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of most of the infected dentine leaving, at worst, a small
number of microorganisms. Another study revealed a very
low level of bacteria after final excavation with a rotary
instrument [9], with a median of the total CFU of 1.0×101,
ranging from 0 to 1.9×103. Previous examiners used
demineralised histological sections stained for bacteria to
assess the persistence of bacteria after excavation. It was
found that about 40% of the examined teeth ‘had some
infected tubules on the pulpal floor’ [44], and similar
results were found after rigorous excavation of deep carious
lesions [13]. Regarding incomplete caries removal, some
authors suggest that complete dentine caries removal is not
essential to control caries progression when cavity was
sufficiently sealed [37, 38].

The application of an Er:YAG laser for the effective
ablation of dental hard tissues was demonstrated both in
deciduous and in permanent teeth [3, 5, 19, 20, 21]. The
search for a more objective caries excavation technique to
indicate the endpoint of caries removal has led to the
development of a laser fluorescence-controlled Er:YAG
laser. However, before feedback-controlled caries excava-
tion with an Er:YAG laser can be recommended clinically,
important safety issues need to be addressed. Iatrogenic
damage to the vital pulp could occur if circumpulpal
dentine showed relatively higher fluorescence [17, 32,
34]. Higher fluorescence values might result from the
transmission and scattering properties of the deep dentine
[18, 47], the higher organic content of dentine near the pulp
[41], the predentine [48] or the pulpal tissue [17, 29, 32].
Recently, an in vivo study assessed fluorescence on the
cavity floor after conventional excavation correlating
measurements to residual dentine thickness [29]. The
fluorescence values obtained by the fluorescence feedback
system of the Er:YAG laser increased, while dentine
thickness decreased. Thus, approaching the dental pulp,
increasing fluorescence values might lead to unwanted pulp
exposures. As fluorescence values were never higher than 6
fluorescence units, it could be concluded that using a
threshold level of 7 units fluorescence-aided caries removal
might be possible without jeopardising vital tooth struc-
tures. In an in vitro study evaluating the residual amounts
of bacteria on the dentine surface after fluorescence

feedback-controlled laser excavation with different thresh-
old levels, no bacteria could be found within the dentine
tubules using a threshold level of 7 units [14].

Another fluorescence-aided method for caries excava-
tion is the FACE method that combined caries detection
by fluorescence with hard substance removal with a
rotary instrument. Visible fluorescence in dental hard
tissues is used as a marker for infected dentine. Results
of an in vitro study showed that bacteria were present in
significantly fewer samples compared to conventionally
excavated samples [31]; however, bacteria present in
the investigated samples were not quantified because
samples were scored positive for residual caries only when
bacteria were identified after staining using ethidium
bromide and examined by means of confocal laser scanning
microscopy.

In the present study, not all cavities were considered as
excavated completely after laser treatment with respect to
conventional criteria. In these cases, cavity preparation was
continued with a conventional bur. As only a low bacterial
count could be detected in these samples after Er:YAG
laser excavation, it might not have been necessary to
perform additional rotary excavation procedures after laser
irradiation.

Streptococci mutans and Lactobacilli were analysed
because they are microorganisms classically associated
with dental caries. In the field of microbiological culture
methods, Streptococci mutans and Lactobacilli are identi-
fied by means of standard test procedures [15, 39].
Therefore, in the present study, a chair side test system
that enables the simultaneous detection of Streptococci
mutans and Lactobacilli by means of selective agars was
used for microbiological evaluation [4, 27]. Samples for
microbiological analysis were obtained on sterile burs. A
‘burful of tissue’ represented a standardised sample.
According to Kidd et al. [24], the results were therefore
expressed by samples rather than by weight of tissue
removed.

Isolating the deciduous teeth in the present study using
rubber dam was difficult because of their crown anatomy.
Therefore, values for Streptococcus mutans and Lactoba-
cillus could have been be influenced by salivary or plaque
contamination. However, the low numbers of bacteria
found in this study indicate the successful elimination of
bacteria from saliva during sampling procedures. Moreover,
the present study was conducted as a first feasibility study,
legitimating the lack of a control group of teeth solely
treated with a rotary instrument. The beam of the laser
device used in this study was emitted in a non-contact mode
with a required distance of approximately 12 mm between
the exit window and the cavity floor. Thus, application
might be sometimes difficult particularly in the posterior
region of teeth.

Table 2 Patients’ perception of pain and unpleasant sensations of
vibration during Er:YAG laser treatment (n=32)

Perception Comfortable Uncomfortable Very
uncomfortable

No
comment

Pain 30 0 2 0
Vibration 25 5 1 1

Ten children were excluded from pain/vibration assessment because
treatment was performed under local anaesthesia
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The mean treatment time of the exaction procedure
measured in this study was 2.3±1.2 min. This is in
contrast to an in vitro study performing different
excavation methods in deciduous teeth, reporting a mean
time of 5.7±0.5 min for Er:YAG laser excavation [12].
The laser needed almost 2.5 times longer than steel burs.
This observation is in accordance with Keller et al. [20].
Mean time for preparation was 7.5±4.6 min. However, the
laser devices in these studies were not equipped with a
fluorescence feedback system. Thus, because of the lack
of an adequate tactile feedback using a non-contact
handpiece, dentine hardness had to be checked by means
of a dental probe during laser excavation while treatment
was discontinued. Regarding other excavation methods
like steel bur or hand excavator, mean time needed for the
bur ranged between 1.0±0.3 [7], 2.3±0.2 min [12] and
4.3±3.9 min [20]. Time for hand excavation methods were
reported between 1.8±0.6 min [7] and 4.1±0.4 min,
respectively [12]. These data show that the caries removal
procedure is very prone to subjectivity and very dependent
on the operator’s perception and experience. Evaluating
effectiveness for carious dentine excavation, it could also
be shown that carbide bur tends to be a fast and rather
non-conservative method for dentine caries removal
[7, 8, 12].

Considering patient perception and acceptance, it has
been reported that the Er:YAG laser produced minimal
vibration and noise during cavity preparation, little pain
was felt during treatment, and the need for local anaesthesia
was none or minimal [19, 21, 22]. These findings could be
confirmed in our study: nearly 94% of the children
perceived laser treatment as ‘comfortable’. Of the patients,
80.6% stated that the excavation procedure caused no
unpleasant sensations concerning vibration. The three-
option scoring system used in this study was considered
more appropriate than the use of an analogue scale for
children.

In conclusion, the present clinical study showed that the
fluorescence feedback-controlled Er:YAG laser might be an
appropriate device for caries removal in deciduous teeth.

An accurate excavation technique should, however, not
only successfully remove infected tissue but also conserve
sound tissue. The clinically very important aspect of a
possible over-excavation employing feedback controlled
laser technologies should be addressed in further studies.
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