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The procedure is claimed to reduce the need for local anaesthesia
because it avoids the painful removal of sound dentine. The use of
rotary instruments is also reduced, and sound tooth structure is
conserved because only carious tissue is removed. The number of
vital pulpal exposures is also said to be reduced.16 Despite the
apparent advantages, the limitations of the current procedure
regarding treatment time, suitability of cavities and the need for
some continued use of mechanical instruments should be recog-
nised and its use must be selective.12 More recently however, two in
vitro studies with well-controlled parameters have shown that
NMAB is no more effective than saline12 or water17 in the removal
of carious dentine in permanent teeth. These findings therefore cast
doubt on the validity of previous clinical trials that have not taken
into consideration factors such as the force applied and the criteria
for assessment for caries removal. The commercial applicator sys-
tem using the CaridexTM unit was also found to have poor thermo-
static and flow rate control.12

In a previous study it was shown that the addition of 2 mol/L urea
to NMAB resulted in some improvement in the efficacy of caries
removal in vitro.12 In that study,12 a large sample size with perma-
nent and deciduous carious lesions was used in order to compensate
for the sample variation. It was found that the system may be of par-
ticular use in treating primary carious lesions in deciduous teeth.
Caries with a medium to soft consistency was more readily
removed. This paper describes a further in vitro study using stan-
dardised and well-defined lesions in an attempt to minimise sample
variation and to reach a more definitive conclusion on the efficacy
of the modified reagent. 

Materials and methods
Freshly extracted human deciduous carious teeth (150) were col-
lected as previously described.12 They were radiographed using the
long cone paralleling technique with a standardised distance of
0.4m using a custom-made x-ray stand and using Kodak Ultraspeed
film. Radiographs were developed in a standard automatic dental
x-ray film processor. 

All carious lesions were assessed and used by one operator either
immediately or within one week of extraction. Teeth not used
immediately were stored in phosphate buffered saline containing
0.2% (w/v) sodium azide at 4°C.12 Only primary coronal carious
lesions with no radiographic pulpal involvement were used. Isolated
lesions without communication with other lesions in the same
tooth were selected. They also had easy access with little under-
mined enamel, medium consistency (when tested with a sharp den-
tal probe), no periapical pathology, eg periapical granuloma, no
stained and eburnated dentine caries on the surface of the lesion,
were not grossly carious and root resorption was limited to less than
one third of the original root length (in the judgement of the opera-
tor). Carious tissue was classified as being of medium consistency if
it was resistant to probing, not easily removed by mechanical means
and readily penetrated by a sharp dental probe.1 The assessment was
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based on the colour, texture and appearance on the dental radi-
ographs. Visual measurements of the lesion width, length and depth
were made using a William’s periodontal probe.15

Carious material was removed from the teeth using NMAB,
NMAB-urea or isotonic-saline (control) by gentle scraping with an
applicator tip similar to that described previously12 but modified in
that the tips were made of soft metal that would bend and might also
block the flow of solution from the lumen when the force exerted on
the tip exceeded on average 1N. This was tested using a hand-held
digital force gauge (Model DFG-0.2 K, Shimpo Industrial Co. Ltd.,
338 Tonoshirocho, Kuze, Minami-ku, Kyoto, Japan). This served as
the upper limit of the force used in the removal of carious dentine.
The procedure was continued until either the lesion was deemed
caries free by normal visual and tactile criteria or until no more
caries could be removed. 

The experimental design took the form of a blind trial and one
investigator treated all teeth with the coded solutions. The 150 teeth
were randomly allocated to the three treatment groups, to produce
three groups of 50 teeth each. A colour transparency record was
made of each specimen having ‘complete caries removal’ (using
Kodak Ektachrome 50 film) showing the surface of the cavity to the
greatest possible advantage for visual reference when sectioning
teeth. Each tooth was then sectioned with an osteotome through the
centre of the cavity. One half was stored in 3% (w/v) glutaraldehyde
buffered with 0.1 mol/L sodium cacodylate at pH 7.4 for critical
point drying prior to scanning electron microscopy. The other half
was placed in 10% neutral formalin for histological processing.
Thirty specimens with complete caries removal were selected for
further microscopic study, ten having been treated with NMAB, ten
with NMAB-urea and ten with a saline control. 

Light microscopy
The other half of each tooth used for histological studies was decal-
cified in 11.9% (w/v) ethylenediaminetetra-acetic acid (EDTA)
until radiographs taken after the decalcification procedure showed
no evidence of any remaining mineralisation. Decalcified tissues
were dehydrated and embedded in paraffin blocks. Nine sections of
7 µm thick were then prepared at representative depths from three
separate areas of each specimen to reduce the possibility that
infected tubules might be missed due to the plane in which the sec-
tions had been cut. Sections were mounted on glass slides, deparaf-
finised, dehydrated and stained with haematoxylin and eosin18 or

modified Gram-Weigert stain19 for observation under the light
microscope. Each slide was examined for the presence of bacteria.
Photomicrographs were then taken. No attempt was made to quan-
tify the bacteria present. 

Results
The results of the in vitro study involving 150 deciduous teeth and
three different solutions for chemomechanical caries removal are
shown in Table 1. NMAB-urea was more effective than NMAB
alone for complete caries removal; both reagents were more effec-
tive than a saline control. However, only NMAB-urea, unlike
NMAB alone, showed a statistically significant improvement in
complete caries removal as compared with the saline control. The
mean times required for complete caries removal ranged from 3.4 to
4.4 minutes and the volumes of solutions required from 160–220
ml. There were no statistically significant differences between any of
the three solutions with either parameter. 

Light microscopy showed that the dentinal floors of cavities pre-
pared chemomechanically were irregular (fig. 1), a finding in accor-
dance with SEM studies. Approximately one-third of cavities
prepared using NMAB or NMAB-urea appeared to be bacteria free
but only about one-quarter of those prepared using saline were bac-
teria free (Table 2). 

SEM showed that generally the cavity surfaces had a very uneven
appearance with some areas being highly undermined. Cavities pre-
pared using NMAB, NMAB-urea or saline were similar. These sur-
faces could be composed of ‘dentine scale’,6 be amorphous or show a
combination of both features (fig. 2). Most of the dentinal tubules
appeared to be patent on SEM and histological sections through the

Fig. 1 Decalcified section through the middle of the cavity floor of a
deciduous molar after treatment with NMAB-urea, Gram-Weigert stain,
x400, SD: sound dentine, RD: reparative dentine, B: basophilic lines,
arrow: bacteria.

Table 1 Average time (minutes) and volume of solution (ml) used
to achieve complete caries removal (CCR) in deciduous carious
lesions and their statistical analysis. Figures in brackets are the
ranges of time and volume of solution. 50 teeth in each of the
three groups. 

Solution Time (mins) Volume (ml) Complete caries 
removal

NMAB 4.4 (1.0–10.1) 210 (50–420) 42/50 (84%)
NMAB-urea 4.0 (1.3–10.8) 220 (65–570 45/50 (90%)*
Saline 3.4 (1.0– 9.0) 160 (45–450) 35/50 (70%)

*statistically significantly different from saline
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dentinal tubules enabled the patent tubules to be traced (fig. 1).
Some tubules however appeared to be occluded (fig. 2), possibly
due to the debris overlaid on the tubule openings. No smear layer
was found on the dentinal surface (fig. 1). 

Discussion
The results of this study indicated that, contrary to previous in vitro
studies,1 NMAB was not significantly more effective than isotonic
saline in the chemomechanical removal of dentine caries. These
findings were consistent with those of a well-controlled study17 and
of our previous study.12 The addition of 2 mol/L urea to NMAB did
not significantly improve its effectiveness in ‘complete caries
removal’ when compared with NMAB alone, but was however sig-
nificantly more effective than isotonic saline. This study therefore
confirmed our previous finding that NMAB was only statistically
significantly better than a saline control when it contained 2M urea. 

The times required and volumes of solution used to achieve ‘com-
plete caries removal’ were similar for both NMAB and NMAB-urea
and were not statistically significantly different. In this study how-
ever, the percentages of deciduous teeth with ‘complete caries
removal’ with both NMAB and NMAB-urea were much higher
than those in previous in vitro studies on permanent teeth.12

Although the modified formulation (NMAB-urea) seems to be
more effective, the toxicity and biocompatability are still unknown.
Until these tests have been carried out, clinical use of the improved
formulation is not an option. 

The surfaces of the dentinal floor in deciduous teeth prepared
using the caries removal agents were irregular and confirm the find-
ings using SEM as shown here and in previous publications in per-
manent teeth7,16,20 and in deciduous teeth.12

The cavities prepared chemomechanically showed the presence of
bacteria in some of the tubules (fig. 1). Only about one-third of cavi-
ties prepared using NMAB or NMAB-urea were bacteria free, a level
similar to cavities prepared using conventional rotary tech-
niques.21,22 Serial stained sections would however be necessary to
detect bacteria which are present in only small numbers in the tis-

sues. Failure to detect stained bacteria in histological sections is not
an absolute proof of their absence.19 Dentinal surfaces might also
have been contaminated in the non-sterile procedure of preparation. 

Both SEM and light microscopy showed the dentinal surfaces
after ‘complete caries removal’ using NMAB or NMAB-urea to be
similar to those previously reported.12,23 There were no major mor-
phological differences between the dentine surfaces treated with
either NMAB or NMAB-urea and ultra-microscopic features were
not influenced by the caries removal agents used so long as ‘com-
plete caries removal’ was achieved.12 Most of the dentinal tubules
observed were patent but some appeared to be occluded. These
tubules might have been occluded by the gentle crushing and bur-
nishing action of the applicator tip on the dentine surface23 or by
the deposition of reactionary, sclerotic dentine as a result of the
caries process. The highly irregular surfaces of the cavity floors seem
to indicate the possibility of this being used to advantage in the
restoration of the lesion using adhesive restorative materials, espe-
cially in the absence of a smear layer as seen in conventional,
mechanically prepared cavities.24,25 The dentinal features are pre-
dominantly determined by the status of the carious lesions prior to
caries removal and probably reflect whether it is demineralising,
remineralising or in an arrested state. The presence of both sec-
ondary and reparative dentine as shown in histological sections may
also contribute to the variation of the surface morphology observed
under the SEM. 

Recently another development in chemomechanical caries
removal systems has appeared with the launch onto the market of
Carisolv . This consists of a combination of three different amino
acids and has a lower concentration of sodium hypochlorite as com-
pared with NMAB. It comes as a gel and volumes used are very
much smaller. A comparison of the effectiveness of NMAB, NMAB-
urea and Carisolv has yet to be carried out.26

Conclusions
This in-vitro study in chemomechanical removal of dental caries
using ‘standardised’ primary carious lesions in deciduous teeth and
a more standardised application procedure has confirmed that only
the improved formulation (NMAB-urea) was significantly more
effective than the saline control. The average time required was
around 4 minutes and the average volume of NMAB-urea used to
achieve complete caries removal was around 220 ml. The dentinal
cavity floors remaining were irregular and consisted of secondary
and /or reparative dentine; bacteria were present in some cavities
which were considered to be clinically ‘caries free’. The cavity sur-

Fig. 2 Scanning electron micrograph of the dentinal surface of a deciduous
molar after treatment with NMAB, AD: amorphous dentine, PDT: patent
dentinal tubules, DS: ‘dentine scale’, bar = 10 µm.

Table 2 Number of cavities with ‘complete caries removal’ with
no bacteria detected in histological sections

Solution Sections with no bacteria

NMAB 10/31 (32%) 
NMAB-urea 11/30 (37%)
Saline 5/22 (23%)
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faces formed seem well suited to bonding with composite resins and
glass-ionomers. With the recent resurgence of interest in chemome-
chanical caries removal because of the launch of Carisolv onto the
UK market, it is prudent to examine the published data before
selecting the most appropriate clinical applications. 
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