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Gutta-Percha Softening: “Hemo-De” as a Xylene

Substitute

Zvi Metzger, DMD, Vered Marian-Kfir, DMD, and Aviad Tamse, DMD

The putative hazardous nature of chloroform and
xylene implies that safer substitutes should be
considered. Standard cylindrical gutta-percha
samples were immersed in Hemo-De, a xylene
substitute, for 60 s at 37°C. Weight loss of a sam-
ple, after drying, was used as a measure of its
solubility. Master and accessory cone gutta-per-
cha of three brands were compared. The highest
solubility of all kinds of gutta-percha was in chlo-
roform, which served as a positive control. The
average solubility of all samples in xylene and
Hemo-De was 61% and 52% of that in chloroform,
respectively. DMS gutta-percha was more soluble
than of Hygienic and DeTrey. Master cone gutta-
percha of all brands was more soluble than that of
their accessory cones. These results indicate that
(a) large differences exist in the solubility of gutta-
percha and (b) Hemo-De dissalved gutta-percha in
a range similar to that of xylene and may be con-
sidered as a potential substitute for this organic
solvent.

Organic solvents have been used to soften or dissolve gutta-percha
in a variety of endodontic procedures. Some of these, such as
chloropercha methods, require a thorough dissolution of gutta-
percha. Others, such as customizing master cones, call for a solvent
that will evaporate immediately. For both procedures chloroform
has been the preferred solvent because it effectively dissolves the
material and evaporates fast with a vapor pressure of 195 mm Hg.
On the other hand procedures such as removal of gutta-percha root
canal fillings call for a softening agent that will facilitate the
mechanical removal of the gutta-percha. Using fast evaporating
solvents, such as chloroform, may result in a rather messy proce-
dure with remaining residues of dissolved gutia-percha on the
canal walls and in the pulp chamber (1, 2). For this kind of
procedure a slowly evaporating softening solvent, such as xylene,
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that may allow more working time and a cleaner procedure may be
desired (2).

The commonly used solvents, chloroform and xylene, have
caused concern as putative hazardous materials and even as sus-
pected carcinogens (3, 4). Proper handling may minimize a pa-
tient’s exposure to these solvents; nevertheless the staff of an
endodontic office is repeatedly exposed to the vapors of these
materials and therefore they may constitute an occupational hazard
(5). '

This concern led to searching for safe but efficient chloroform
and xylene substitutes for use in endodontics. In recent years
several such solvents were proposed, including methyl-chloroform
(5), halothane (1, 6, 7), and white rectified turpentine (8). The
search was also extended to a variety of essential oils as well as
industrial solvents (5, 6, 8, 9). Some of these materials may be less
hazardous than the traditional organic solvents; however recent
toxicity studies have shown that even halothane and white rectified
turpentine, which were considered relatively safe, are toxic to
fibroblasts and also have other potential negative effects such as
hepatotoxicity and contact dermatitis (10-12).

Hemo-De is a xylene substitute that has been introduced for
laboratory use in both histology and microbiology (13, 14). It is
also used as a safe xylene substitute for aircraft part degreasing and
is not classed or specified by OSHA’s Federal Hazard Communi-
cation Standard.

Hemo-De, like xylene, is insoluble in water and evaporates
slowly without any remaining residues: vapor pressure of 4.7 mm
Hg, compared with 10.66 mm Hg for xylene and 195 mm Hg for
chloroform. It is less flammable than xylene with a flash point of
57.8°C, compared with 26.2°C for the latter. The active ingredient
of Hemo-De is d-limonene (4-isopropenyl-1-methyl-1-cyclohex-
ane) that is a naturally occurring compound derived from citrus
fruits. It is used as a food flavoring material and has been defined
by the Food and Drug Administration as a “Generally Recognized
As Safe” material (15, 16).

We therefore tested Hemo-De as a potential safe xylene substi-
tute for softening gutta-percha. It was found to be a good solvent
that has ~50% of the gutta-percha—dissolving capacity of chloro-
form and is almost as effective as xylene, which has 64% of that
capacity.
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MATERIALS AND METHODS
Solvents

“Hemo-De” (Scientific Safety Solvents, Keller, TX), a solvent
introduced as a safe xylene substitute for histology and microbi-
ology laboratories, was compared with xylene (p-Xylene, Puris,
Fluka, Switzerland). Both were compared with chloroform (Merla,
Germany), which served as a positive control, whereas distilled
water was used as a negative control.

Gutta-Percha

Three gutta-percha brands were tested and compared. For each
of them master cones and accessoty cones were tested and com-
pared. DMS (United Dental Manufacturers, Inc., West Palm
Beach, FL) miaster cones (#90) and accessory cones (fine), batch
#131122 and #131124, respectively. DeTrey master cones (#90)
and accessory cones (fine), batch #311291 and #31 1290, respec-
tively. Hygienic master cones (#90) and accessory cones (fine),
batch #107405 and #107406, respectively.

Gutta-Percha Sample Preparation

Sample preparation was done as described by Tamse et al. (9).
Gutta-percha cones were gently heated until a uniform mass of
gutta-percha could be formed. Condensing the softened material
into standard metal forms resulted in cylindrical samples with a 10
mm diameter and 2 mm height. Uniformity of the samples was
verified by weight that was 378.5 (£9.8)mg and 375.0 (*=4.8)mg
for DMS master and accessory cones, respectively. DeTrey sam-
ples were 465.1 (+11.2)mg and 457.2 (£7.6)mg for master and
accessory cones, respectively, whereas weight of Hygienic sam-
ples was 403.1 (*10.2)mg and 408.0 (*5.8)mg for master and
accessory cones, respectively.

Gutta-Percha Seolubility Assay

Solubility of the gutta-percha samples in each of the solvents
was measured as previously described by Tamse et al. (9). The
assay is based on weight loss of the sample after I min immersion
in | ml of the solvent at 37°C, using a Vortex stirrer. Each sample
was placed in a preweighed flat-bottomed glass vial and placed in
an incubator at 37°C. One milliliter aliquots of the solvent in sealed
glass tubes were also placed at 37°C. The designed solvent was
then added to each sample and the vial stirred for 60 s in a chemical
hood. The remaining sample was then picked up with a needle,
removed from the solvent, placed on a preweighed glass micro-
scope slide, and allowed to dry, first in the hood and later in a 37°C
incubator. Evaporation of the solvent was followed daily by weigh-
ing the slides and considered complete when the weight remained
stable for two consecutive days. A stirring time of 60 s was defined
in a pilot experiment (Fig. 1) that verified that weight loss was in
direct relation to stirring time. Longer stirting resulted in samples
that were messy and difficult to handle and with a resulting wider
spread of weight loss within the groups.
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Fia 1. Kinetics of gutta-percha solubility. Gutta-percha solubility

- measured as weight loss of a standardized DMS gutta-percha sam-

ple immersed in each solvent at 37°C. Each point represents the
mean weight loss of six samples. Standard errors were <5%.

RESULTS
Solubility in Chloroform

Chloroform, which was used as a positive control, was the best
gutta-percha solvent (p << 0.0001; Figs. 1 and 2, Table 1). Average
weight loss of all gutta-percha samples in chloroform was 13.93
(+0.52)%. The highest solubility in chloroform was that of DMS
gutta-percha: 17.89 (£0.95)% and 17.05 (£0.35)% for master and
accessory cones, respectively (Fig. 2). Hygienic gutta-percha fol-
lowed with a loss of 15.67 (£0.32)% and 14.98 (*+048)% for
master and accessory cones, respectively. The lowest solubility in
chloroform was that of DeTrey gutta-percha with a weight loss of
10.42 (*0.39)% and 7.60 (*0.41)% for master and accessory
cones, respectively.

Solubility of master cone gutta-percha of all brands in chloro-
form was higher than that of accessory cone gutta-percha with an
average weight loss of 14.62 (*0.67)% for the former and 13.21
(£0.79)% for the latter.

There was no solubility of gutta-percha in water (Fig. 1).

Solubility in Xylene

Gutta-percha solubility in xylene was significantly lower than
that in chloroform (p << 0.0001, Table 1). An average weight loss
of all samples in xylene was 8.57 (+0.49)%, compared with 13.53
(£0.52)% in chloroform. :

Xylene, like chloroform, better dissolved the DMS gutta-percha
samples: 10.96 (+0.49)% and 9.83 (+0.31)% weight loss for
master and accessory cones, respectively (Fig. 2). Hygienic gutta-
percha followed with a 9.55 (+0.15)% and 8.05 (+0.35)% weight
loss for master and accessory cones, respectively. The lowest
solubility in xylene was that of DeTrey gutta-percha that lost 7.93
(£0.34)% and 5.11 (*0.16)% of its weight for master and acces-
sory cones, respectively (Fig. 2). The average solubility of all
master cones in xylene was greater than that of accessory cone
gutta-percha: 9.48 (£0.30)% and 7.66 (*+0.40)%, respectively.
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Fiz 2. Solubiity of master and accessory cone gutta-percha in
chlonoform, wdens, and Hamo-Do. Guita-percha solubility mea-
sured as weight loss of standardized gutta-percha samples im-
marsed in either chlorofarm, xydens, or Hemo-De for 60 5 at 37°C,
Each Bar represents the meaan welght loss of 10 samples (£5EM).
Master cones and accessory cones of three brands of gutta-parcha
wiers compared.

Solubility in “Hemuo-De™

Hemo-De dissolved gutta-percha in o range close to that of
xylene but slightly less. The average weight loss of all samples in
Hemwo-De was 7.23 (+0.32)%, compared with 8,57 {£0.27)% in
rylens (p = O01T). This preparation dissolved DMS gutta-percha
better than Hygienic, which was better than DeTrey. DMS mutia-
percha lost 10,65 (£0.42)% and 8.96 (*0.23)% of its weight for
master and accessory cones, respectively (Fig. 2). Hygienic lost
THI(H0.151% and 716 (40, 18, with DeTrey following with 2
weight loss of £.72 {=0.300% and 4.05 (20.18)%, respectively.

Hemo-De: A Xylene Substilute 3487

The average weight loss of all master cones in Hemo-De was
773 (Z0.A8y%, whereas that of all accessory cones was 6.72

(+0.39)%.

Salubility by Gutta-Percha Brands

The relative solubility of the three brands tested, as an average
of master and accessory cone gutta-percha, is presented in Fig. 3.

DHSCUSSION

Chloroform was found, as in most other studies, to be the most
elficient gulta-percha solvent (53-7, 9, 100, Mevertheless even with
this potent solvent significant differences were demonsirated be-
tween the solubality of vanous gutia-percha preparations, The
difference betwesn master and accessory cone gutta-percha of each
of the brands tested may suggest that master cone gutta-percha
differs in its composition from the matenal used for manofacturing
accessory cones, Yanability in solubility of master cones in chio-
rofprm may have clinical implications. High solubility of DMS
masier cones makes them easier to use in chloroform-dipped
customized master cone preparation (17, 18). For this technigue
st softening of the outer surface of ithe tp of the cone, combined
with fast evaporation of the solvent, is essential. Master cones with
lower solubility in this wolatile solvent may be more difficult io
use.

Femoval of a gutta-percha root canal Glling, on the other hand,
may call for a milder solvent with a slower evaporation rate, such
a3 x¥lens. Chloroform tends 0 be messy and inconvenient in such
procedures as it dissolves rather than softens the gutta-percha,

TaBLE 1. Statistical analysis (p values §test)
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Fia 3, Sodubifity of diflerent guita-percha brands. Gutta-parcha sol-
ubility measwred as welght boss of standardized gutta-percha sam-
ples immersed in each soleant fior 60 s at 37°C. Each bar repesents
the mean waight loss of 20 samples of both master cone and
accessory cong quita-percha fcombined) (=SEM).
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leaving residues on the walls of the pulp chamber. Its fast evapo-
ration makes it essential to add more and more solvent as soon as
it evaporates. Xylene on the other hand dissolves the gutta-percha
more slowly, thus allowing a better control and removal of soft-
" ened rather than liquefied gutta-percha (2). Furthermore, Sjogren et
al. (19) have recently demonstrated that chloroform-dissolved gut-
ta-percha evokes an inflammatory tissue reaction. It is therefore
desirable to avoid as far as possible the passage of dissolved
gutta-percha into the periapical tissues. Softening and mechanical
removal of the gutta-percha, rather than dissolving it, may prove to
be not only efficient but also a biologically safer procedure.

A slow softening of the root canal filling, before any attempt to
remove it, is an extremely useful procedure. This may be accom-
plished by sealing a cotton pellet moist with a solvent in the pulp
chamber and removing the root canal filling at the following
appointment. Because aged root canal fillings tend to become
harder and more difficult to remove, such a procedure is of
potential importance. The potentially toxic nature of xylene may
be a concern that may limit the use of this efficient agent.
Therefore an alternative safe substitute, similar to xylene in its
efficiency as a solvent and less volatile may enhance the use of
this method.

Hemo-De was almost as effective as xylene in dissolving gutta-
percha. Our results are in agreement with those of Uemura et al.
(20), who have also recently demonstrated that d-limonene is a
good gutta-percha solvent. Similarly in their study the passage of
a #15 file through the laterally condensed root canal ﬂllmg took
twice as long with d-limonene as with chloroform.

Hemo-De is a less volatile and safe solvent that may be a proper
safe material for the two-step gutta-percha removal technique
mentioned previously. Its active ingredient d-limonene is a natu-
rally occurring compound derived from citrus fruits. It is used as
a food flavoring material and has been defined by the Food and
Drug Administration as a “Generally Recognized As Safe” mate-
rial. The lower volatility of Hemo-De may also be of benefit in a
direct softening of gutta-percha, because the material will not
evaporate as fast as xylene and much slower than chloroform, thus
allowing the operator more working time.
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