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Purpose: To evaluate different therapeutic Carnoy's solution formulations on hard human tissues.
Materials and methods: An in vitro study was performed with human teeth (n ¼ 36) and bone fragments
(n ¼ 18), randomly divided into two experimental groups (Group I ¼ Carnoy solution with chloroform;
Group II ¼ Carnoy solution without chloroform) and a control group (saline solution). The groups were
subdivided into pre-conditioning, post-conditioning, and post-conditioning with saline washing. Raman
microspectroscopy, Knoop microhardness test, and scanning electron microscopy with energy dispersive
X-ray spectroscopy were used.
Results: Therewas demineralization of dental structures regardingmineral/matrix and carbonate/phosphate
ratios (GI versus GII, p < 0.05). The presence of chloroform resulted in a statistically significant reduction of
the teeth surface microhardness (p¼ 0.036), but not exceeding 0.01 mm. Both GI and GII showed significant
structural changes by using scanning electron microscopy with energy dispersive X-ray spectroscopy.
Conclusion: Carnoy's solution altered the organic and inorganic matrix of the human calcified specimens
analyzed in vitro, and its effect was more pronounced when chloroform was present.
© 2018 Published by Elsevier Ltd on behalf of European Association for Cranio-Maxillo-Facial Surgery.
1. Introduction

Benign lesions (odontogenic and non-odontogenic), but locally
aggressive andwith ahighpercentageof recurrence,mayoccurwithin
the maxillofacial region. (Abou Neel et al., 2016) Conservative treat-
ment of these jaw lesions can lead to high recurrence rates; however, a
radical approach usually is followedby severe functional and aesthetic
impairments (Costa et al., 2010; Pogrel, 2015). Adjunct therapies
allied to surgical treatments, such as the use of Carnoy's solution or
liquid nitrogen as a cryosurgical agent, have been widely used since
the 1980s, aiming to improve clinical outcomes (Costa et al., 2011).
/n. Rodolfo Te�ofilo, Fortaleza,
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Voorsmit, Stoelinga and van Haelst in 1981 (Voorsmit et al.,
1981) were the first investigators that used Carnoy's solution in
intraosseous-related jaw lesions, recommending the use of this
cauterizing agent in the treatment of odontogenic keratocysts, as
this lesion shows important infiltration patterns and high rates of
recurrence (Voorsmit et al., 1981). Since its first use in the field of
surgical interventions, Carnoy's solution has also been reported in
the adjunct treatment of other pathologies such as glandular
odontogenic cyst (Cano et al., 2012), ossifying fibroma of the jaws
(Gurol et al., 2001; Rajeshkumar et al., 2013), and ameloblastomas
(Lee et al., 2004).

Based on previously published studies (Costa et al., 2010;
Voorsmit et al., 1981; Hellstein et al., 2007; Cutler and Zollinger,
1933), Voorsmit established a clinical protocol for applying
io-Maxillo-Facial Surgery.
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Carnoy's solution over a period of 5 min on the bony defect, which
promoted necrosis of approximately 1.5 mm in depth (Voorsmit,
1985). Initially, the Carnoy's solution consisted of 9 ml of 95%
ethanol, 3 ml of glacial acetic acid, and 1 g of ferric chloride
(Hellstein et al., 2007). Subsequently, there were two important
changes in its formulation: (1) presence of 6 ml of absolute alcohol
instead of ethanol; and (2) addition of chloroform (Cutler and
Zollinger, 1933). However, the addition of chloroform has been
discussed in the literature (Hellstein et al., 2007; Dashow et al.,
2013). Since 2000, the US Food and Drug Administration has
prohibited its use in cosmetic products because of its carcinoge-
nicity as observed in animal studies and a probable risk to human
health (US Food and Drug Administration, 1992).

The evidence of bony penetrability and therapeutic effect have
been demonstrated in experimental (Voorsmit et al., 1981) and
clinical studies (Dashow et al., 2013), respectively. In some clinical
situations, there is a possibility of this chemical agent covering
teeth root surfaces after its application in surgical cavities closely
adjacent to vital teeth. However, there is a lack of knowledge
regarding the in vitro effects of Carnoy's solution, with or without
chloroform, on the tooth root surface. In comparison with cryo-
therapy, which has yielded important data in the study by Pollan
et al. (1974), which described the effects of liquid nitrogen on
root teeth obtained from dogs, there is no in vitro or in vivo similar
investigations involving Carnoy's solution to date.

In addition to uncertain effects of Carnoy's solution when in
contact with dentin from root surfaces, possible mechanisms
explaining the clinical outcomes after its use in human bone tissue
remain unclear. In the field of Carnoy's solution applied in oral and
maxillofacial surgery, it could be beneficial if chemical analysis
was performed. For this purpose, there are specific methodologies
such as Raman microspectroscopy.

In 1928, the Indian physicist Sir Chandrasekhara Venkata Raman
observed and analyzed the phenomenon of light inelastic scat-
tering through matter using a microspectroscopy technique called
the Raman effect (Kann et al., 2015). Raman microspectroscopy is
recognized as a valuable analytical technique for measuring
the chemical composition of complex biological samples, such as
biofluids, cells, and tissues. In addition, it has been considered as a
modern molecular fingerprint of different substrates, providing
quantitative information regarding its chemical composition (Kong
et al., 2015). This methodology is considered to be a noninva-
sive, chemically selective modality that has been reported in oral
surgery�related scientific publications (Zizzari et al., 2016;
Carvalho et al., 2017; Owosho et al., 2014).

We have recently conducted physicochemical and rheological
characterizations of different Carnoy's solutions (Carvalho et al.,
2017); however, in vitro effects on mineralized oral tissues were
not reported. Thus, the objective of the present study was to
perform a novel investigation of possible physico-chemical alter-
ations of different calcified human substrates (teeth and bone
tissue) that have undergone different Carnoy's solution protocols
through Raman microspectroscopy, the Knoop microhardness test,
and scanning electronmicroscopy approaches. To date, there are no
published studies that have conducted a similar investigation with
distinct Carnoy's solution formulations.

2. Materials and methods

2.1. Study design and samples

An in vitro study evaluating two Carnoy's solution formulations
was performed after its approval by the Ethics Committee on
Human Research at the Federal University of Cear�a, Brazil (protocol
#1.610.791). The samples consisted of 36 lower third molars and 18
fresh jaw bone tissue fragments obtained from the Oral and
Maxillofacial Surgery Unit at the Walter Cantídio University Hos-
pital (Fortaleza, Cear�a, Brazil). The samples were obtained from
volunteers who signed an appropriate written informed consent.

All teeth were obtained from healthy patients (American Society
of Anesthesiologists classification I) who underwent surgical
removal of lower third molars, and the teeth were immediately
stored in 0.9% physiological solution at 4 �C for amaximumperiod of
7 days until the experimental protocol. Bone specimens were stored
in 0.9% physiological solution and subjected to the experiments on
the same day that they were obtained. We used 0.9% physiological
solution aiming to preserve the characteristics of cementum
(Hawkins et al., 1997) and bone structure (Suvorova et al., 2007). In
addition, no root surface treatment was performed, such as scaling
or conditioning with acidic solutions, aiming to maintain the
structural integrity of the cementum and a possible maintenance of
remaining periodontal fibers. All teeth were equally allocated
between each experimental group and its subgroup (Fig. 1).

The bone fragments were obtained from a single healthy patient
(American Society of Anesthesiologists classification I) who un-
derwent orthognathic surgery, and they were appropriately stored
immediately after the surgical procedure. These fragments were
previously sectioned with a metallographic cutter (BuehlereModel
ISOMETTM LS; Lake Bluff, IL, USA) using a diamond disk under
irrigation with physiological saline solution, and sectioned to
obtain specimens with the following dimensions: 0.4 cm in width,
1 cm in height, and 0.5 in cm thickness. Subsequently, these blocks
were equally allocated between each experimental group and its
subgroup (Fig. 1). The protocol experiments in bone specimens
were conducted on the same day as they were obtained.

2.2. Inclusion criteria

To be included in the present study, all teeth should be healthy,
as well as their removal would have to be done with the use of
forceps or elevators in order to maintain the integrity of the root
tooth surface. In addition, it was decided that the teeth would need
to present at least two-thirds of root formation aiming to guarantee
a representative area for Raman microspectroscopy analysis.

The bone fragments would need to be originated from
mandibular orthognathic surgery, the planning for which included
the need for its removal.

2.3. Exclusion criteria

Exclusion criteria consisted of dental decay, teeth presenting
with dental calculus root formation, teeth that previously received
periodontal treatment, root fractures, and root teeth with superfi-
cial macroscopic alterations, as well as macroscopically altered
bone fragments revealing attached pathological tissue or superfi-
cial morphological alterations probably during their removal.

2.4. Preparation of Carnoy's solutions

The Carnoy's solutions used in this investigation were prepared
by the same trained pharmaceutical specialist as described in our
previous investigation (Carvalho et al., 2017). A solution was
formulated using 6 ml of absolute ethanol, 3 ml of chloroform, 1 ml
of acetic acid, and 1 g of ferric chloride hexahydrate (FeCl3.6H2O) in
order to obtain approximately 10 ml of a final solution (Voorsmit
et al., 1981; Cutler and Zollinger, 1933). The experimental solution
without chloroform was obtained by using 3 ml of chloroform
instead of 3 ml of absolute ethanol as described in other studies
(Hellstein et al., 2007; Dashow et al., 2013; Ecker et al., 2016). Both
Carnoy's solutions were immediately stored in amber glass bottles



Fig. 1. Flow-chart showing the methodological aspects of the present study design (Control, control group; Group I, Carnoy's solution with chloroform; Group II, Carnoy's solution
without chloroform).
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with a plastic cap andmaintained in a cool, light-free room at room
temperature until the beginning of the experiments. In addition, all
solutions were handled and used on the same day of preparation,
and were appropriately discarded soon after finishing the
experiments.

2.5. Experimental protocol

The total of specimens used in the present study was required
aiming to perform triplicate data acquisition. A collaborator who
was unaware of the research protocol and who did not participate
in any laboratory phases of the present investigation numbered
and randomly allocated all specimens (Randbetween function,
Microsoft Excel®; Microsoft Corp., Redmond, WA, USA) to the
studied groups. Therewere threemain groups, and each group was
further divided into two subgroups according to the experimental
protocol. The main groups were classified as: Carnoy's solution
with chloroform (group I), Carnoy's solution without chloroform
(group II), and saline solution (control; group III). In each group,
specimens were separated into those that received or did not
receive washing with 0.9% sodium chloride (0.9% saline solution;
Fresenius Kabi Brazil Ltda, Barueri, SP, Brazil) after using Carnoy's
solution.

The human specimens were first immersed during a 5-min
period in a glass recipient containing 100 ml of the tested solu-
tion according to its group. After that, they were removed using
plastic tweezers. If the subgroup did not include washing with a
physiological solution, the specimens were packed in individual
plastic containers at room temperature. However, if the subgroup
involved irrigation with a physiological solution prior to storage,
the substrates had their surfaces irrigated with saline solution 0.9%
during a period of 5 min (Fig. 1). The introduction of a subgroup
with salinewashingwas to simulate, in an in vitro environment, the
procedure that is usually performed in surgical protocols using
Carnoy's solutions.

All specimens were sectioned in order to obtain 3 sagittal
sections (Fig.1). Thesewere analyzed by Ramanmicrospectroscopy,
Knoop microhardness test, and scanning electron microscopy/
energy-dispersive X-ray spectroscopy. A previously trained inves-
tigator who was unaware of the studied groups/subgroups per-
formed all analyzes, aiming to provide a blinded study design. In
addition, the statistical analysis was initially carried out with
groups coded with the letter “A” representing the Carnoy's solution
group with chloroform, “B” representing the Carnoy's solution
group without chloroform, and “C” representing the control group.
The envelope decoding this informationwas accessed only after the
statistical analysis had been concluded.

2.6. Raman microspectroscopy

Initially, all specimens were evaluated by Raman micro-
spectrometry (Xplora, Horiba, Paris, France). The Raman spectra
were first acquired in LabSpec 6 software (Horiba Jobin Yvon Inc,
Edison, NJ, USA) and then manipulated in OriginPro 9.0 software
(OriginLab Co., Northampton, MA, USA). They were processed with
baseline correction, smoothing by the polynomial method (Savitzk-
Golay) and peaks position/intensity identification by Gaussian and
Lorentzian methods to ensure characterization and deconvolution
of graphs (Nouri et al., 2015). The spatial distribution of the organic
and inorganic components were determined by the relative
intensities of peaks obtained in a Raman microspectrophotometer.
An argon laser with 638-nm wavelength and 3.2-mW power were
used along with 10x and 100x magnification lens (Olympus
American Inc., London, UK) to provide the focus.
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As a standardized procedure adopted in the present study, teeth
were submitted to evaluation in three root regions: apical, cervical,
and a midpoint between the apical and cervical regions (Fig. 2A).
Bone specimens were evaluated in three focal regions (Fig. 2B): two
points located 2.0 mm from the lateral aspects of the specimens,
and a midpoint located between these points. Raman spectra
were obtained at baseline (“pre-conditioning”), after conditioning
with Carnoy's solutions (“post-conditioning”), and after post-
conditioning with or without saline washing.

Raman spectra were attained in the range between 400 and
4000 cm�1 with 3 accumulations and 10 s' acquisition time per
analyzed region. The analyzed Raman spectra variables were as
follows: (1) mineral to matrix ratio calculated by intensity of
phosphate n1 band (~958 cm�1) divided by the combined intensities
of proline and hydroxyproline bands (854 þ 871 cm�1); and (2)
carbonate to phosphate ratio measured by the intensity ratio of the
carbonate band (~1070 cm�1) to the phosphate n1 band (~958 cm�1)
(Gong et al., 2013).

The present study evaluated the existing relations between
band intensities due to the variability of data acquisition in Raman
microspectroscopy. It includes the likelihood of a photon causing a
Raman scattering effect, as well as the specimen orientation, vol-
ume of laser-excited material, light absorption, cosmic radiation,
and fluorescence. Thus, this measure would act to reduce in-
terferences from external agents, as recommended in the published
literature (Gong et al., 2013; Butler et al., 2016).

2.7. Knoop microhardness test

All teeth were mesiodistally sectioned into equal cross-sectional
parts using awater-cooled low-speed Isomet diamond saw (Buehler
Ltd., Lake Bluff, IL, USA). The resulting teeth sectionswere positioned
on self-cure acrylic-filled cylindrical molds, with the sectioned sur-
face facing outward and then metallographically polished using a
series of 400, 500, and 600 silicon carbide abrasive grit papers. The
specimens were finely polished with a water-based diamond paste
of 1 to 0.25 mm(Buehler, Lake Bluff, IL, USA) at low speed over a 180-s
interval to provide a flat surface, which was confirmed at x40
magnification. This protocol was adopted because microhardness
requires polished dental surfaces aiming to allow an adequated
visualization of the indentations (Albuquerque et al., 2016).

Knoop microhardness was evaluated using a microhardness
tester (Shimadzu HMV-2000, Shimadzu Corporation, Kyoto, Japan).
Settings for load and penetration were 25 g and 15 s, respectively.
Fig. 2. Schematic representation of the sites in teeth and bone specimens on which the te
Knoop microhardness test (superficial region, 0.01 mm; middle region, 0.11; and deep region
registered at 2 mm from the margins and 1 mm at the midpoint between them.
Knoop penetrations were made on the acrylic surface of each
sample (apical, cervical, and middle root regions adopted in the
present study) at depths of 0.01, 0.11, and 0.21 mm (Fig. 2A). Three
measurements were performed for each distance, and amean value
was calculated.

2.8. Scanning electron microscopy/Energy dispersive spectroscopy

After finishing the previously described tests, the specimens
were mounted onto stubs with double-faced conductive adhesive
tape, metalized with gold powder (Suvorova et al., 2007) (Quorum
Metallizer QT150ES, Quorum Technologies, Laughton, UK), vacuu-
mized, and then analyzed using a scanning electron microscopy
(SEM inspect-50, FEI, Hillsboro, OR, USA). This was used in
conjunction with an energy-dispersive X-ray spectroscopy detector
(Oxford Instruments, Abingdon, Oxfordshire, UK) installed in the
vacuum chamber of the scanning electron microscope. The surface
images were captured through a Philips XL30 microscope, and
all analyses were performed using the manufacturer's software
(AztecEnergy, Oxford Instruments, Abingdon, Oxfordshire, UK). This
protocol aimed to evaluate possible surface changes and composi-
tion of the studied specimens.

2.9. Statistical analysis

Ramanmicrospectroscopy data are presented asmean± standard
error of the mean. The difference between groups was evaluated
using one-way analysis of variance followed by the Bonferroni
posttest. Data from the Knoop hardness test were analyzed using the
Student t test. All analysis were performed using the GraphPad Prism
5.0 software, and the significance level for all variables was fixed at
5%. In addition, scanning electron microscopy datawere analyzed by
observation of qualitative structural alterations on the evaluated
surfaces and quantifying the proportion of sample components.

3. Results

3.1. Raman microspectroscopy

The analysis of isolated bands and peaks provided significant
changes in phosphate v1 (~960 cm-1) and carbonate (~1070 cm-1)
bands (Fig. 3). This finding was noticeable because of the loss of the
phosphate v1 band after conditioning with both Carnoy's solutions
on the dental substrate (Fig. 3A and B), as well as the loss of the
sts were performed. (A) Raman spectroscopy (apical, middle, and cervical thirds) and
, 0.21 mm) on teeth specimens. (B) Raman spectroscopy performed on bone substrates,
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peak after washing with saline solution in the substrate bone
treated with Carnoy's solution without chloroform (Fig. 3D). After
analyzing the isolated bands, the values obtained by the Raman
parameters of the human substrates conditioned with Carnoy's
solution with chloroform and that without chloroform (Tables 1
and 2) were evaluated. The mineral matrix/organic matrix and
carbonate/phosphate (Fig. 4) were evaluated in the cementum and
bone surface (Fig. 5) of the specimens.

In the root teeth surface, a reducedmineralmatrix/organicmatrix
ratio was observed when both studied Carnoy's solutions were used
(Fig. 4A). Considering this parameter in relation to group II, a statis-
tically significant difference (p ¼ 0.025) was observed between pre-
conditioning, post-conditioning, and post-conditioning followed by
salinewashing. In this group, a statistically significant differencewas
observed between pre-conditioning versus post-conditioning
with saline washing (p ¼ 0.003). In the group in which Carnoy's
solution was formulated with chloroform (group I), a statistically
significant difference was observed between pre-conditioning
versus post-conditioning (p ¼ 0.004), as well as pre-conditioning
versus post-conditioning with saline washing (p ¼ 0.001).

There was an increase of cementum carbonate/phosphate ratio
in Carnoy's solution either with or without chloroform (Fig. 4B). In
group I, there was a statistically significant difference for this
parameter regarding pre-conditioning versus post-conditioning
(p ¼ 0.036), and pre-conditioning versus post-conditioning with
saline washing (p ¼ 0.001). In group II, a statistically significant
difference (p ¼ 0.004) was observed between pre-conditioning,
post-conditioning, and post-conditioning with saline washing. In
this experimental group, a statistically significant difference was
observed between pre-conditioning versus post-conditioning with
saline washing (p ¼ 0.001).
Fig. 3. Raman spectra of the phosphate (960 cm�1) and carbonate (1070 cm�1) bands. (A)
subjected to Carnoy's solution without chloroform. (C) Bone specimens subjected to Carno
chloroform. GI, group I. GII, group II.
3.2. Knoop microhardness

There was a decrease in Knoop microhardness between pre- and
post-conditioning values when the test was performed at a distance
of 0.01 mm. Table 3 shows differences among group I (pre-condi-
tioning, 38.48 ± 4.411; post-conditioning, 24.06 ± 1.413), group II
(pre-conditioning, 38.48 ± 4.411; post-conditioning, 32.96 ± 2.733),
and the control group (pre-conditioning, 34.08 ± 5.994; post-
conditioning, 40.25 ± 9.369). There was a statistically significant
difference (p ¼ 0.036) in group I (Fig. 6).

3.3. Scanning electron microscopy/Energy-dispersive spectroscopy

It has been known that calcium (Ca) content in normal
cementum is usually higher than phosphorus (P) amount (Fig. 7A)
(Almehdi et al., 2013). However, group I (Fig. 7C) showed CaeP ratio
reduced and inverted, reduction of the organic component (carbon
- C), and an increase in the concentration of iron ions (Fe). In this
group, post-conditioning with saline washing rendered a normal
CaeP ratio but inverted, reestablishment of the organic component
(C), and reduction of the concentration of Fe ions (Fig. 7E). Similarly,
group II showed na inversion of the CaeP ratio and organic
component (C) preservation; however, there was an increase in the
concentration of Fe ions (Fig. 8I). Post-conditioning with saline
washing rendered a normal proportion between Ca and P contents,
decrease in the organic component (C), and reduced concentration
of Fe ions (Fig. 7I). In addition, smear-layer was observed after
conditioning with both Carnoy solutions (Fig. 7D and H), but
group II showed a reduction in its electrodensity (Fig. 7H). Post-
conditioning with saline washing did not show the presence of
smear-layer either in group I or II (Fig. 7F and L); however, a more
Teeth specimens subjected to Carnoy's solution with chloroform. (B) Teeth specimens
y's solution with chloroform. (D) Bone specimens subjected to Carnoy's solution with



Table 1
Raman spectra data according to mineral/matrix and carbonate/phosphate ratios on teeth specimens.

Control PRE Control POST Group I PRE Group I POST Group I
POST þ washing

Group II PRE Group II POST Group II
POST þ washing

Mineral/Matrix ratio
Mean 0.1911 0.06497 0.2153 0.1289 0.04592 0.2102 0.04253 0.0814
Standard error of the mean 0.04581 0.03064 0.05293 0.06336 0.02739 0.04383 0.003497 0.03088
Carbonate/Phosphate ratio
Mean 7.991 10.2 3.661 9.735 13.85 3.49 8.088 10.92
Standard error of the mean 8.692 13.37 3.881 10.79 13.02 4.335 8.976 7.917

Control, control group; Group I, Carnoy's solution with chloroform; Group II, Carnoy's solution without chloroform; PRE, pre-conditioning; POST, post-conditioning;
POST þ washing, post-conditioning followed by saline washing.

Fig. 4. Raman spectroscopy parameters in teeth specimens. (A) Mineral/matrix ratio. (B) Carbonate/phosphate ratio. ap<0.05 versus pre-conditioning; analysis of variance/Bon-
ferroni test. GI, group I. GII, group II. *p ¼ 0.025; #p ¼ 0.004.

Fig. 5. Raman spectroscopy parameters in bone specimens. (A) Mineral/matrix ratio. (B) Carbonate/phosphate ratio. ap<0.05 versus pre-conditioning; analysis of variance/Bon-
ferroni test. GI, group I. GII, group II.

Table 3
Mean Knoop microhardness according to teeth analyzed regions.

Control PRE Control POST Group I PRE Group I POST Group II PRE Group II POST

0.01 mm (Superficial)
Mean 34.08 40.25 38.48 24.06 38.48 32.96
Standard error of the mean 5.994 9.369 4.411 1.413 4.411 2.733

0.11 mm (Medium)
Mean 29.75 35.72 33 37.69 40.12 39.23
Standard error of the mean 5.289 8.076 2.115 7.558 3.396 2.396

0.21 mm (Deep)
Mean 41.73 33.02 34.41 42.4 43.12 39.64
Standard error of the mean 11.52 6.281 0.6339 6.994 3.25 3.799

Control, control group; Group I, Carnoy's solution with chloroform; Group II, Carnoy's solution without chloroform; PRE, pre-conditioning; POST, post-conditioning.

Table 2
Raman spectra data according to mineral/matrix, carbonate/phosphate ratios on bone specimens.

Control PRE Control POST Group I PRE Group I POST Group I
POST þ washing

Group II PRE Group II POST Group II
POST þ washing

Mineral/Matrix ratio
Mean 0.393 0.5575 0.2153 0.6576 0.4934 0.4954 0.4354 0.6617
Standard error of the mean 0.1312 0.1078 0.05293 0.1019 0.005851 0.3636 0.1188 0.05361
Carbonate/Phosphate ratio
Mean 2.945 0.5575 3.661 1.176 0.4934 0.4954 1.729 0.6617
Standard error of the mean 1.567 0.1078 3.881 0.214 0.005851 0.3636 0.6878 0.05361

Control, control group; Group I, Carnoy's solution with chloroform; Group II, Carnoy's solution without chloroform; PRE, pre-conditioning; POST, post-conditioning;
POST þ washing, post-conditioning followed by saline washing.

F.S.R. Carvalho et al. / Journal of Cranio-Maxillo-Facial Surgery 46 (2018) 749e758754



Fig. 6. Knoop microhardness mean ± standard deviation values between control group, GI (group I), and GII (group II). (A) Superficial region (0.01 mm). (B) Medium region (0.11 mm).
(C) Deep region (0.21 mm). *p < 0.05 versus pre-conditioning; Student t test. GI, group I. GII, group II.

Fig. 7. Scanning electron microscopy and energy-dispersive spectroscopy analysis on teeth specimens. (A, B) Control group. (C, D) Carnoy's solution with chloroform post-
conditioning group. (E, F) Carnoy's solution with chloroform post-conditioning group after saline washing. (G, H) Carnoy's solution without chloroform post-conditioning
group. (I, J) Carnoy's solution without chloroform post-conditioning group after saline washing. Cementum microcracks were observed (*).
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eroded appearance was found on the surface treated with Carnoy's
solution without chloroform (Fig. 7J).

In bone, similarly to cementum, the physiological amount of Ca
is usually greater than the level of P (Almehdi et al., 2013), as
observed in Fig. 8A. Group I showed a reduced and inverted CaeP
ratio, and the increase of organic component (C) and Fe concen-
tration (Fig. 8C). Post-conditioning with saline washing rendered
the abnormal CaeP ratio but with inverted proportions between
both chemical contents, increased organic component (C), and
reduction of Fe concentration (Fig. 8E). Group II showed a slight
inversion of the CaeP ratio and an increase in the organic compo-
nent (C) content; however, there was a highlighted increase in Fe
concentration (Fig. 8I). Post-conditioning with saline washing
rendered a normal CaeP ratio, a highlighted increase of the organic
component (C), and reduction of Fe concentration (Fig. 8I). The
smear-layer was observed in both groups (Fig. 8D and H); however,
it was intense in group II (Fig. 8H). Post-conditioning with saline
washing did not show its presence (Fig. 8F and J), but an evident
eroded surface aspect was observed in group II after saline washing
(Fig. 8J).
4. Discussion

The ideal management of aggressive jaw lesions, especially
benign odontogenic tumors, has been widely discussed in the
literature. The treatment would be able to provide complete
lesional exeresis without significant post-operative morbidity
(Costa et al., 2010; Pogrel, 2015). In this context, Carnoy's solu-
tion has been considered an effective adjunct therapy
(Albuquerque et al., 2016), and data regarding this treatment
have been reported usually based on in vivo studies. For example,
a systematic review with a meta-analysis showed that Carnoy's
solution combined with enucleation resulted in the lowest
recurrence rate (Al-Moraissi et al., 2017). Thus, such clinical
evidence reinforces the importance of the present investigation,
since in vitro Carnoy's solution data have not yet been published.
To date, this is the first in vitro study using both Carnoy's
formulations for which there are reported data from Raman
microspectroscopy, scanning electron microscopy with energy
dispersive spectroscopy, and microhardness of human tooth and
bone specimens.



Fig. 8. Scanning electron microscopy and energy-dispersive spectroscopy analysis on bone specimens. (A, B) Control group. (C, D) Carnoy's solution with chloroform post-
conditioning group. (E, F) Carnoy's solution with chloroform post-conditioning group after saline washing. (G, H) Carnoy's solution without chloroform post-conditioning
group. (I, J) Carnoy's solution without chloroform post-conditioning group after saline washing.
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The analysis of chloroform influence on Carnoy's solution
properties when applied to oral hard tissues was an important
aspect addressed in the current literature. Data from this study
showed some chemical, physical, and ultrastructural differences in
specimens subjected to Carnoy's solution with chloroform.
Hellstein et al. (2007) evaluated the tissue damage after using
Carnoy's solution in specimens containing bone, connective tissue,
and mucosa, and they did not observe a chloroform-related addi-
tional tissue effect. However, a clinical study (Dashow et al., 2013)
showed a beneficial effect of formulations using chloroform on the
rate of recurrence of odontogenic keratocyst, which significantly
reduced the rate and the average time of recurrence in comparison
with Carnoy's solution without chloroform. In the present in vitro
study, the presence of chloroform resulted in more destruction and
structural alterations of human mineral components.

Bone tissue (Abou Neel et al., 2016) and dentin and cementum
(Schulze et al., 2004) have both organic and inorganic contents. The
inorganic component of these hard tissues consists of biological
apatite (Ca10(PO4)6(OH)2), which possesses a hexagonal unit cell
(Abou Neel et al., 2016). Repetitions of biological apatite unit cells
produce crystals of various sizes with calciumephosphate ratio
differences (Almehdi et al., 2013), which provides the necessary
hardness (Abou Neel et al., 2016). In this study, Raman spectra
analysis of bands and peaks showed alterations in phosphate v1
(~960 cm-1), which was characterized by the loss of the phosphate
v1 band in both groups on the dental/bone specimens. Scanning
electron microscopy with energy dispersive spectroscopy showed
that Carnoy's solution altered the proportion between the
elemental atomic percentage values of Ca and P, as well as the
Knoop microhardness (Gong et al., 2013).

Both Ca and P have shown great importance in the composition
of bones and teeth, influencing the stiffness and flexibility of these
tissues (Abou Neel et al., 2016). Structural modifications can occur,
for example, by replacing calcium ions with magnesium and so-
dium ions, which replaces the hydroxyl sites with fluorides and
chlorides, as well as by substituting both phosphate and hydroxyl
contents by carbonates. With the substitution of ions, a consider-
able variation in the properties of the hydroxyapatite can occur; for
example, like the substitution of magnesium inhibits the growth of
the crystals, substitution by carbonate increases the solubility,
whereas the substitution by fluoride decreases the solubility
(Nanci, 2008). Considering that these changes reflect on the prop-
erties of the related tissues (AbouNeel et al., 2016; Nanci, 2008), the
present study highlighted some alterations after microhardness
analysis. Carnoy's solution with chloroform showed the highest
reduction in the microhardness value, presenting a statistically
significant difference, which reinforced the tissue erosion pattern
observed in tissues subjected to Carnoy's solution with chloroform.
The authors of the present study believe that this finding can be
partially explained by the chloroform chemical properties, which
enhance the penetration of alcohol in the tissues, promoting tissue
dehydration through the dissolution of membrane lipids, and
leading to a significant specimen demineralization and tissue
damage (Luz et al., 2008; Dias et al., 2016; Tsai, 2006).

Regarding the present study, Raman microspectroscopy was a
valuable tool to adequately reflect the chemical patterns of the
studied tissues. The known Raman spectrum aspects that define
specific cell findings (Kann et al., 2015) were evaluated according to
the regions of interest (fingerprint region,<1800 cm-1; silent region
between 1800 and 2800 cm-1; and high-frequency region,
>2800 cm-1) (Kong et al., 2015). Several studies have been con-
ducted evaluating calcified human substrates through Raman
spectroscopy (Gong et al., 2013; Schulze et al., 2004; Ho et al., 2009;
Morris and Mandair, 2011; Seredin et al., 2015); however, there are
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no analyses testing different Carnoy's solution formulations similar
to that performed in the present in vitro investigation. In order to
evaluate these tissues, isolated peaks of phosphate and carbonate
were analyzed; however, the possibility of influence from specific
factors (mirroring, size of the evaluated granules, refractive index,
and roughness of the specimen) justified the establishment of a
relation between peak intensities used in the present methodology
(Gong et al., 2013; Morris and Mandair, 2011).

The Carnoy's solutions caused an acidic environment (Nouri et al.,
2015; Baker, 1958) that promoted a demineralization process,
resulting in the loss of mineral content in both the teeth and bone
specimens studied. It is possible that Carnoy's solution�related
hydroxyapatite degradation may have occurred as the same way as
during physiological processes or pathological conditions, such as
bone remodeling and carious lesions. It has been assumed that pH
reduction favors the degradation of the hydroxyapatite in ortho-
calcium phosphate and di-calcium phosphate dihydrate, whereas a
pH increase enhances the displacement of this chemical reaction to
the opposite side, favoring the formation of hydroxyapatite (Abou
Neel et al., 2016; Seredin et al., 2015). In addition, the acid pattern
related to the Carnoy's solutions also gives a greater propensity to
calcium loss, resulting in a more carbonated structure (Abou Neel
et al., 2016; Seredin et al., 2015). This finding was evident in the
teeth specimens in this study, which showed a mineral matrix/
organic matrix ratio decrease and a carbonate/phosphate ratio
increase. This fact was also observed by scanning electron micro-
scopy associated with a dispersive energy spectrometer.

Three-dimensional aspects of the morphological and organiza-
tional characteristics of teeth and bone specimens treated with
different Carnoy's solutions with chloroform highlighted a signifi-
cant structural destruction along with an altered CaeP ratio, both
occurring in post-conditioning and post-conditioning followed by
saline washing. Regarding the solution without chloroform, there
was an important structural disorganization of the organic compo-
nent and a slightly alteredmineral content, whichwas confirmed by
energy-dispersive X-ray spectroscopy. Similar findings related to an
inverted CaeP ratio and superficial erosion may be observed in a
phosphoric acid challenge-based in vitro study performed by Abou
Neel et al. (Abou Neel et al., 2016). In addition, these alterations
correlated with the Raman microspectroscopy findings.

Carnoy's solution with or without chloroform caused an in-
crease of Fe concentration in all analyzed specimens. This finding
probably occurred because of the possibility of a Ca substitution in
the stoichiometric formula of the hydroxyapatite by a metal cation
(Abou Neel et al., 2016), such as the Fe ion. It has been known that
ferric chloride has an acidic pattern and acts by promoting protein
coagulation (Nouri et al., 2015). Since Carnoy's solution showed an
effect of increased Fe concentration, it is possible that a progressive
substitution of Ca by Fe occurred in teeth and bone hydroxyapatite
crystals, increasing the Fe tissue concentration. As Carnoy's solution
containing chloroform showed the highest Fe concentration, then a
more pronounced coagulative necrosis may be expected. This
hypothesis could justify the satisfactory clinical outcome after us-
ing Carnoy's solution with chloroform in comparison to
Carnoy's solution without chloroform in its formula (Dashow et al.,
2013, 2015).

5. Conclusion

Data from this in vitro study showed that Carnoy's solutionwith
or without chloroform demineralized bone and dental tissues,
changing their mineral and organic matrix compositions. The
presence of chloroform rendered a highlighted structural superfi-
cial damage in comparison with the Carnoy's solution without this
chemical agent. In addition, mean hardness values were altered
after using either Carnoy's solution with or without chloroform.
Although clinical practitioners have widely used both Carnoy's
solutions as an adjunct therapy in benign aggressive jaw lesions,
further in vitro and animal studies are still necessary in order to
expand our knowledge about Carnoy's formulations containing or
not containing chloroform.
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