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Assessment of the Chemomechanical Caries Removing Efficacy
- Microtomographic Study -
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[ . Introduction plete caries removal with Carisolv™™ treatment from
94% to 100%, which was judged by using a dental
The first commercial attempt at chemomechanical explorer'™. In a more reproducible approach, Moran
caries removal was by Caridex® (National Patent et al.” evaluated the caries removal using an electric
Medical Products Inc, USA), which was initially in- caries monitor (ECM), which resulted in similar val-
troduced on the US market in 1985. Caridex® was ues for Carisolv™ treatment and conventional caries
not widely adopted, possibly due to its expense, ad- removal with a round bur. In an in vitro study,
ditional clinical time and the bulky Caridex® delivery Banerjee et al.” reported similar autofluorescence
system. Since 1998, Carisolv™ (MediTeam Dental readings for Carisolv™ treatment when compared
AB, Sweden) has been available to dentists as a with caries removal using conventional hand instru-
chemomechanical approach to caries removal. ments. Splieth et al.® evaluated the remaining caries
Carisolv™ offers a number of advantages over con- with methyl red dye, and reported that caries re-
ventional rotary instruments. First, it allows the se- moval using -Carisolv™ leaves up to a mean of 50um
lective removal of carious dentin thereby leaving a more carious dentin than the round burs.
maximum amount of supporting tooth structure. The purpose of this study was to assess the efficacy
Secondly, patients feel more comfortable and proce- of removing dentin caries with Carisolv™, evaluated

dure is quite painless'™®.

Earlier studies showed high rates of clinically com- mercial software for 3 dimensional image analysis.
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by microcomputed tomography, together with com-



I . Materials and methods
Specimen selection, preparation and scanning

20 human molars without fillings, which had dis-
tinct dentin caries were selected for this study. The
teeth were stored in a physiologic saline solution at
room temperature for a maximum of 2 weeks. The
teeth were randomly divided into 2 groups(n=10).

{GROUP 1; Caries was removed with Carisolv™)

Before removing the caries, an initial 3D image
was taken using a desktop X-ray micro CT scanner
(SkyScan 1072, SkyScan b.v.b.a., Belgium) (Fig. 1.
A). The carious dentin was then removed with the
Carisolv™. The mixed gel according to the manufac-
turer s instructions was applied to the carious le-
sions with the recommended hand instruments. After
30 seconds, the softened carious dentin was removed
with the same instruments. After cleaning the lesion
with an air-water spray, the hardness of the dentin
was examined with a dental explorer (EXS 8, Hu
Friedy, Germany). This was repeated until the gel
was no longer cloudy. According to the manufacturer
s instructions, caries removal is considered to be
completed if Carisolv™ gel is no longer cloudy. In
every tooth, it was necessary to remove the enamel
overhangs with a 1/2 round bur in a high-speed
handpiece to allow for sufficient access. After finish-
ing the caries removing procedure, a final 3D image
was taken using SkyScan (Fig. 1. B).

Each tooth was numbered from 1 to 10. Under V
works™ 4.0 (CyberMed, Korea) program using the
reconstructed 3D image, 10 image slices of the tooth
cavity were selected. Each slice of the initial and fi-
nal image presented the same portion of the tooth.
For example, the 1st slice of the tooth No.1 in the
initial image represents the same portion in the 1st
slice of the tooth No.1 in the final image.

Using density-measuring program in V works, fol-
lowing three variables were measured : (a) the den-
sity of the radiolucent dentin in the initial image
(carious dentin), (b) the density of the radiopaque
dentin in the initial image(sound dentin), and (c)
the density of the cavity wall (remaining dentin after
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Carisolv™ use) in the final image. Each variable was
the mean of 5 values measured on the 5 sites in a
single slice (Fig. 2. A, B). The characteristics of the
measured sites were as follows.

the area of the dot: 30000-50000 m*
range of the diameter of the dot: 200 m-250 m
(a); the middle of the radiolucent dentin area.
(b); the middle of the radio-opaque dentin area ex-
cluding the sclerotic dentin. Generally it was
1/4 of the DEJ to the pulp, and close to the pulp
side.
(¢): the cavity wall as surface as possible.

Number of indeed measured sites: 1500

Number of the variables for statistical analysis;
1500/5=300

Number of the cases=number of the slices=
300/3=100

Therefore, in the statistical analysis (PC/SPSS
11.0), there were 100 cases and 3 variables. The
mean values and standard deviations for each vari-
able were compared and differences were tested for
statistical significance with a paired t-test. A p val-
ue( 0.05 was considered significant.

(GROUP 2: Caries was removed with high speed bur)

Carious dentin was completely removed using #330
high speed bur. Routine clinical evaluation was done
with dental explorer. An initial image was taken,
and Carisolv™ gel was then applied for 10 minutes
without any instrumentation. A final image was then
taken.

In the initial image, (a) the density of the cavity
wall (remaining dentin after bur use), and (b) the
density of the sound dentin were measured. In the fi-
nal image, (c) the density of the cavity wall (remain-
ing dentin after Carisolv™™ use) was measured (Fig.
3. A, B). All other steps were similar to those done
in group 1.

The operator used 80k/100 wA x-ray microfocus
tube, average cross-section pixel size was 12.4 um,
and average cross-section to cross-section distance
was 26.3 um, ‘
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. Results
{(GROUP 1>

After Carisolv™ treatment, the remaining dentin
was judged to be caries—free by the clinical criteria.
The density values of the sound dentin (preopaque),
the carious dentin (prelucent), the cavity surface
dentin after Carisolv™ treatment (postopaque) and
p-values are shown in Table 1.

Simple linear regression analysis was used to de-

Table 1. The density values and p-values(GROUP 1)

termine the correlations between the variables. The
regression equations resulting from this analysis are
described below(r=Pearson s correlation coeffi-
cient) (Fig. 4.).

(GROUP 2)

The density values of the sound dentin (presound),
the remaining dentin after bur use (prewall), the re-
maining dentin after Carisolv™ use (postwall) and p-
values are shown in Table 2.

~ preopaque prelucent
Density
values 65.8t12.4 27.2+19.7
{mean)

preopaque-prelucent”
preopaque-postopaque®
prelucent-postopaque”

53.8+9.7

The statistical significance was evaluated by paired t-test (*; p ( 0.001)

Postopaque = 0.671 Preopaque + 9.594(r=0.737, p { 0.05)
Postopaque = 0.561 Prelucent + 38.463(r=0.480, p ( 0.05)
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Fig. 4. Linear Regression Analysis.

Table 2. The density values and p-values(GROUP 2)

© postwall (Carisolv™)

Density
values
(mean)

70.8+14.2 69.8+14.4

presound-postwall®
prewall-postwall*

66.2+14.6

The statistical significance was evaluated by paired t-test (*; p { 0.001)
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postwall = 0.851 preound + 5.905 (r=0.824, p ¢ 0.05)
postwall = 0.867 prewall + 5.677 (r=0.854, P ( 0.05)
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Fig. 5. Linear Regression Analysis.

V. Discussion

Determining whether the remaining dentin after
Carisolv treatment was caries—free was of major in-
terest to us. Table 1. shows that the dentin remain-
ing after Carisolv™ use has an 81.8% density of
sound dentin. According to Table 2., the amount of
sound dentin remaining after bur use has no statisti-
cally significant difference with sound dentin
(p=0.234). In addition, applying Carisolv™ after bur
use slightly reduced the density value(5.2%). These
results suggest that Carisolv™ leaves behind much
more radiolucent dentin than bur does, and can
slightly reduce the density of the cavity wall.

In principle, the mechanism of action of Carisolv™
is basically the same as that of monochlorine-DL-2-
amino butyric acid(NMAB), which is the active in-
gredient in Caridex®”. When sodium hypochlorite is
mixed with an amino acid at high pH, the chlorine
reacts with the amino groups to form a relatively
stable N-monochlorinated amino acid. This reaction
renders the chlorine atom less reactive and therefore
markedly less aggressive to healthy tissue. However,
it still retains its electronic state and thereby its
chemical mode of action. The softening effect on the
carious dentin is the result of several reactions that
act in concert to disrupt the collagen fiber structure
(the conversion of hydroxyproline in partially dis-
rupted carious collagen to pyrrol-2-carboxylic acid).
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Chlorinated amino acids are probably able to disrupt
the several types of electrostatic bond that hold the
fibrous structure together. The peptide chaing of col~
lagen are comprised of hydrophilic (positively or neg-
atively charged) and hydrophobic(non-charged)
patches. Therefore each of the three chloroamino
acids in Carisolv™ with different electrostatic charges
attracts one of these patches electrostatically, effec-
tively brining reactive power to the full length of the
target, the collagen fiber, while minimizing the un-
wanted side-reactions from hypochlorite. Although
the softening effect on carious dentin is less well de-
fined with chloramino acids than with hypochlorite,
the sound and carious dentin can be separated easi-
ly.

The caries removal efficacy of the Carisolv™ has
been assessed in many ways in earlier studies. As
was the case for the Caridex® system, chemomechan-
ical caries removal with Carisolv™ resulted in accept-
able rates of clinically caries—free lesions as diag-
nosed using an explorer "¥. The clinically determined
hardness of a dentin lesion is a sufficient prerequi-
site for the success of the following restoration, and
Kidd et al.® found significantly less cariogenic bacte-
ria in the hard dentin than in the soft one. However,
the clinical hardness does not automatically corre-
spond to the amount of carious dentin that needs to
be removed for biological reasons. For example, the
intact collagen in the demineralized inner dentin lay-
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er of a carious lesion can be remineralised, i.e.,
hardened”. Therefore, it does not have to be removed
from a biological point of view'”. Especially when
dentin-bonding agents are subsequently used, it is
unclear according to which parameters and up to
which point caries has to be removed. Studies mea-
suring the bonding strength of dentinal adhesives
and dentin-bonded composites have also reported
similar results for lesions treated with chemome-
chanical removal or with round burs, which indicates
sufficient caries removal™'?,

The method described in this investigation is a new
and objective way for assessing caries removal effica-
cy. An X-ray system usually produces two-dimen-
sional shadow images of complete internal three-di-
mensional structures. However, the depth informa-
tion is completely mixed in a single two-dimensional
shadow projection. Only an X-ray tomograph system
allows the imaging and measuring of complete three-
dimensional object structures without sample prepa-
ration or chemical fixation. Typically the spatial res-
olution of conventional medical CT-scanner ranges
from 1 to 2.5mm, which corresponds to a 1 to 10 cu-
bic mm voxel (volume element) size. The system
“SkyScan 1072" system allows to reach a spatial res-
olution of 10 wm, which corresponds to an almost 1
10 cubic mm voxel size™®
in this study was a SkyScan 1072 which provided
data sets that were used for qualitative and quanti-

. The hardware device used

tative purposes. The system consists of a combina-
tion of an x-ray shadow microscopic system and a
computer with tomographic reconstruction software.
This system allows for a non-destructive three-di-
mensional reconstruction of an object' s inner struc-
ture from a two-dimensional X-ray shadow projec-
tions. The equipment contains an x-ray microfocus
tube with a high-voltage power supply, a specimen
stage with a precision manipulator, a two-dimension-
al x-ray CCD camera connected to the frame-grabber
and a Dual Pentium computer with a color monitor.
V works program was used for analyzing 3D im-
ages. V works is a PC-based program used to recon-
struct medical images from CT, MRI, and 3D
Ultrasonography into various image formats. It can
also create, save, and manage 3D medical models
and other images as clinician demands. In this
study, the major use was to create 3D images of the
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tooth crowns, and measure density values of the im-
age slices.

The advantages of this method are as follows:
First, this method is much more objective when com-
pared with the explorer, because the data in figures
can be visualized using the V works software. Tactile
sensation and dentinal color cannot be an objective
standard. Second, microcomputed tomography is
nondestructive, as opposed to microbiologic study.
Third, because the specimen preparation process is
omitted, the operator can freely choose and change
any portion of the tooth to be analyzed. Fourth, a
before-and-after comparison can be made on the spe-
cific portion of the tooth. This ability allows a more
accurate analysis of the tooth than a random selec-
tion of a slice or a tooth dissection, which gives only
one comparison per tooth. :

But whether the remaining dentin after Carisolv™
is carious or not is still unclear. There are some
problems that need to be considered. First, there are
no established standard of micro CT density values
for caries determination because this methodology is
entirely new. Second, because the surface after
Carisolv™ treatment is more irregular than that after
the bur,®™*® the density can be lower even though
it is carious free. Despite these uncertainties, the re-
sults of this study confirm those of the study which

' as'a caries detectors. In an

used a methyl red dye °
ultrastructural investigation, Carisolv™ dissolved the
denatured dentin to a lesser extent than did a 0.25%
sodium hypochlorite solution'”.

Carisolv™ treatment reduced the density of the
cavity wall which had been prepared by high speed
bur. In SEM studies on teeth that were treated with
a hand excavation, a slow-speed bur, sono-abrasion
and the Carisolv™ system, Carisolv™ gel was the on-
ly method examined that consistently removed the
smear layer during excavation to leave exposed
dentin tubules at the end of cavity preparation™.
Hosoya et al. concluded that Carisolv™ treatment on
sound dentin partially removed the smear layer par-
ticularly in the permanent teeth®. In a TEM study,
Carisolv™ had no effect on fractured sound dentin'”.
Therefore, Carisolvi™ dissolved™ or modified® the
smear layer that was left after bur preparation and
the density value was reduced as a result. However
Cederlund et al.' studied about the effect of



Carisolv™ on the topography of the non-carious
dentin, and showed that Carisolv’™ treatment failed
to remove the smear layer. Arvidsson et al.* report-
ed that there were no statistically significant differ-
ence between the sound dentin and the cavity sur-
face after either the bur or Carisolv™, when analyzed
by FT-Raman spectroscopy. Wennerberg et al.” used
atomic force microscopy and a contact profilometer to
assess the influence of Carisolv™ on an enamel and
dentin surface topography. When the suface was in-
vestigated over a small area using atomic force mi-
croscopy, the healthy enamel appeared to be unaf-
fected by Carisolv™, while the healthy dentin became
smoother. When the surfaces were monitored with a
contact profilometer, no effect of Carisolv™ could be
detected on the healthy enamel or dentin.

Further studies of the chemomechanical treatment
to determine whether or not the mean differences in
the micro CT density values are needed.

V. Conclusions

Assessing the efficacy of the chemomechanical
caries removing agent using microcomputed tomogra-
phy, the results were,

1. The density value of the remaining dentin after
Carisolv™ treatment was 81.8% of the sound dentin
(p € 0.001).

. The density value of the remaining dentin after
conventional rotary instrument showed no statifi-
cally significant difference from that of the sound
dentin(p = 0.234).

References

1. Fure S, Lingstrom P, Birkhed D :@ Evaluation of
Carisolv for the chemo-mechanical removal of
primary root caries in vivo. Caries Res, 34:275-
80, 2000.

2. Ericson D, Zimmerman M, Raber H, et al. :
Clinical evaluation of efficacy and safety of a new
method for chemomechanical removal of caries. A
multi-centre study. Caries Res, 33:171-177,
1999.

. Haffner C, Benz C, Folwanczny M, et al. :
Chemomechanical caries removal - a clinical
study. Caries Res, 33:312, 1999.

411

10.

11.

12.

13.

14.

15.

16.

cistaotx|nbets(| 30(3) 2003

. Moran C, Lynch E, Petersson L, et al.

Comparison of caries removal using Carisolv or a
conventional slow-speed rotary instrument.
Caries Res, 33:313, 1999.

. Banerjee A, Kidd E, Watson T : In vitro evalua-

tion of five alternative methods of carious dentin
excavation. Caries Res, 34:144-150, 2000.

. Splieth C, Rosin M, Gellissen B : Determination

of residual dentin caries after conventional me-
chanical and chemomechanical caries removal
with Carisolv. Clin Oral Investig, 5:250-3, 2001.

. Beeley JA, Yip HK, Stevenson AG : Chemoch-

emical caries removal: a review of the techniques
and latest developments. Br Dent J, 22:188:427-
30, 2000.

. Kidd E, Joyston-Bechal S, Beighton D

Microbiological validation of assessments of caries
activity during cavity preparation. Caries Res,
27:402-408, 1993.

. Kato S, Fusayama T : Recalcification of artifi-

cially decalcified dentin in vivo. J Dent Res, 49:
1060-1067, 1970.

Yip H, Beeley J, Stevenson A : Mineral content
of the dentin remaining after chemomechanical
caries removal. Caries Res, 29:111-117, 1995.
McInnes-Ledoux P, Ledoux WR, Weinberg R
Bond strength of dentinal bonding agents to
chemomechanically prepared dentin. Dent Mater,
3:331-336, 1987.

Haak R, Wicht MJ, Noack MJ : Does chemome-
chanical caries removal affect dentin adhesion?
Eur J Oral Sci, 108:449-455, 2000.

Bergmans L, Van Cleynenbreugel J, Wevers M,
et al. : A methodology for quantitative evaluation
of root canal instrumentation using microcomput-
ed tomography. Int Endod J, 34:390-8, 2001.
Wennerberg A, Sawase T, Kultje C : The influ-
ence of Carisolv on enamel and dentin surface
topography. Eur J Oral Sci, 107:297-306, 1999.
Banerjee A, Kidd E, Watson T : Scanning elec-
tron microscopic observations of human dentin
after mechanical caries excavation. J Dent, 28:
179-186, 2000.

Morrow LA, Hassall DC, Watts DC, et al. * A
chemomechanical method for Caries removal.
Dent Update, 27:398-401, 2000.



J Korean Acad Pediatr Dent 30(3) 2003

17.

18.

Hannig M : Effect of Carisolv solution on sound,
demineralized and denatured dentin - an ultra-
structural investigation. Clin Oral Invest, 3:155-
159, 1999.

Hosoya Y, Kawashita Y, Marshall GW Jr, et al. :
Influence of Carisolv for resin adhesion to sound
human primary dentin and young permanent
dentin. J Dent, 29:163-71, 2001.

Reprint requests to:

Ki-Taeg Jang, D.D.S., M.S.D., Ph.D.
Department of Pediatric Dentistry, college of Dentistry, . Seoul National University
28-1, Yeongun-Dong, Chongno-Gu, Seoul, 110-749, Korea
E-mail : jangkt@snu.ac.kr

412

19. Cederlund A, Lindskog S, Blomlof J : Effect of a

chemo-mechanical caries removal system
(Carisolv) on dentin topography of non-carious
dentin. Acta Odontol Scand, 57:185-9, 1999.

20. Arvidsson A, Liedberg B, Moller K, et al. :

Chemical and topographical analyses of dentin
surfaces after Carisolv treatment. J Dent, 30:67-
75, 2002.



Chetaobx| 2t5{3IX| 30(3) 2003

Explanations of Figures

Fig. 1. A; Initial 3D image, occlusal view. B: Final 3D image.

Fig. 2. A! measured sites of one initial image(black dots: B! Indeed measured sites of one final image (black dots:
radiolucent dentin, white dots: radiopague dentin) . remaining dentin after Carisolv™ use).

Fig. 3. A; After bur use(black dots: cavity wall, white dots: B: After Carisolv™ usetblack dots: cavity wall).
sound dentin).
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Abstract

ASSESSMENT OF THE CHEMOMECHANICAL CARIES REMOVING EFFICACY
- MICROTOMOGRAPHIC STUDY -

Soo-Kyoung Hahn, Jung-Wook Kim, Sang-Hoon Lee,
Chong-Chul Kim, Se-Hyun Hahn, Ki-Taeg Jang

Department of Pediatric Dentistry, College of Dentisty, Seonl National Untversity

Chemomechanical approach to caries removal was introduced in order to preserve the maximum
amount of sound tooth structure. The efficacy of chemomechanical caries removal was assessed using mi-
crocomputed tomography which offers 3 dimensional data without destroying the tooth, and the V works
program. In group 1, the density values of the sound dentin, carious dentin, and remaining dentin after
chemomechanical treatment were analyzed. In group 2, the density values of the sound dentin, cavity
wall prepared using high speed bur, and the remaining dentin after additional Carisolv™ gel application
on the same cavity were analyzed. The results were as follows:

1. The density value of the remaining dentin after the Carisolv™ treatment was 81.8% of the sound
dentin(p ¢ 0.001).

2. The density value of the remaining dentin after the conventional rotary instrument showed no sta-
tistically significant difference from that of the sound dentin(p = 0.234).

Key words : Chemomechanical caries removal, Caries removing efficacy, Microcomputed tomography,
Density value
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