
Resistance to Fracture of
Roots Treated with Resorcinol 
Formaldehyde Resin:
a Comparative in Vitro Study

Sum mary

Hy poth e ses. There were three hy poth e ses in this study: H1) roots
treated with res or cinol form al de hyde resin (RFR) are less re sis tant to
frac ture than roots with an in tact pulp, H2) RFR roots are weak ened by
the re-treat ment, and H3) re-treated RFR roots are fur ther weak ened by 
the pres ence of mi cro cracks.

Meth ods. A to tal of 160 spec i mens from sin gle roots were se lected
and di vided into four groups: the neg a tive con trol group (C1) which com -
prised of roots with an in tact pulp, the E1 group which had RFR teeth
with out cracks, the E2 group which had re-treated RFR teeth with out
mi cro cracks, and the E3 group which had re-treated RFR teeth with mi -
cro cracks. The re sis tance to frac ture (RtoF) was eval u ated af ter ap ply -
ing a ver ti cal com pres sive force (250 N/s) un til a spec i men frac tured.

Re sults. Bivariate anal y ses (one-way ANOVA with Dunnett ad -
just ment) showed that the re sis tance to frac ture was sig nif i cantly
(P<0.001) higher in the con trol group than in the E1-E3 groups. The
mean ± sd for C1 was (227.5±29.6 N/mm2), for E1 174.7±41.5 N/mm2, for
E2 169.7±31.4 N/mm2, and for E3 it was 150.5±11.4 N/mm2. The lin ear
mul ti ple re gres sion anal y ses with the three con trasts showed that the
RtoF was af fected by the RFR (b=-0.56; P<0.001), the re-treat ment of the 
RFR roots (b=-0.17; P=0.018), and the pres ence of mi cro cracks in the
RFR roots (b=-0.17; P=0.003).

Con clu sion. The RtoF was sub stan tially af fected by RFR ma te rial
and to a lesser ex tent, by the re-treat ment of the RFR roots and by the
pres ence of mi cro cracks in the RFR roots.

Keywords: res or cinol form al de hyde resin, re sis tance to frac ture,
cracks, retreatment.

INTRODUCTION

Endodontic treat ments may neg a -
tively af fect the prop er ties of root
dentine such as micro hard ness and re -
sis tance to frac ture [1]. A multifacto -
rial eti ol ogy has been sug gested where 
root prep a ra tion and its ir ri ga tion and 
the use of med i ca tions play im por tant
roles in the root frac ture pro cess [2].
For ex am ple, a tooth’s me chan i cal
strength may de crease due to re moval
of hard tis sues, al ter ations in phys i cal

prop er ties of dentine dur ing endo -
dontic treat ments, and/or occlusal
load ing [3]. It has been re ported that
dentine of endodontically treated
teeth may have sim i lar me chan i cal
prop er ties to that of vi tal teeth [3, 4].
Root ca nal en large ments and re duc -
tions of tooth struc tures have been
con sid ered as main risks for ver ti cal
root frac tures [5, 6]. Ex ces sive wid en -
ing of root ca nals, par tic u larly dur ing
the re-treat ment pro ce dures, re quires
an ad di tional me chan i cal prep a ra tion

234 LABORATORINË MEDICINA � 2017, t. 19, Nr. 4(76)

MOKSLO DARBAI • SCIENTIFIC PAPERS 

Eglë Nedzinskienë
1

Vytautë Peèiulienë
1

Jolanta Aleksejûnienë
2

1Institute of Odontology, Faculty
of Medicine, Vilnius University,
Þalgirio Str. 115, Vilnius, Lithuania

E-mail: nedzinskieneegle@gmail.com

2Division of Preventive and Community 
Dentistry, Faculty of Dentistry,
University of British Columbia,
2199 Wesbrook Mall Vancouver BC,
Canada V6T1Z3

Laboratorinë medicina.
2017, t. 19, Nr. 4(76), p. 234–239.



that re sults in sub stan tial dentine re -
moval, which weak ens roots [7]. The
range of endodontic ma te ri als that
have been used dur ing root ca nal
treat ments in clude form al de hyde-con -
tain ing ma te ri als, which have known
cytotoxic and al ler gic prop er ties [8, 9].
In East ern Eu rope and in other post-
 So viet coun tries, res or cinol-form al de -
hyde resin (RFR) has been widely used 
in endodontic ther apy for many years
[10]. Such teeth treated with RFR
have been de scribed as “red teeth”,
“pink teeth” or “Rus sian Red teeth”
[11]. RFR was mainly rec om mended
and used for the treat ment of nar row
and curved root ca nals [12, 13]. In
most cases, only pulp am pu ta tion was
per formed and in cases of large root
ca nals, RFR was placed on a pulp
cham ber floor [10, 12]. Con se quently,
root ca nals were left ei ther un filled or
were only par tially obturated with the
ra tio nale of hav ing a fix a tion of the re -
sid ual pulp tis sues and to en sure pro -
longed an ti bac te rial ac tiv ity [12]. It is
im por tant to con sider that the re-
 treat ment of RFR roots is chal leng ing
at best and may be un pre dict able due
to a large vari a tion in the pro vi sion of
pre vi ous treat ments in clud ing the use
of RFR.

From a clin i cal stand point, it is im -
por tant to ex am ine the re sis tance to
frac ture (RtoF) of RFR-treated teeth
and con com i tantly dis crim i nate the
mag ni tude of neg a tive ef fects due to
the ma te rial and re-treat ment of such
teeth as well as the im pact of mi cro
cracks and how they may af fect the
resistance to fracture.

We for mu lated three hy poth e ses
for the pres ent in vi tro  study:
H1) roots of teeth treated with RFR
are less re sis tant to frac ture than
roots with in tact pulps, H2) the RFR
roots are fur ther weak ened if re-treat -
ment of such roots is per formed, and
H3) the re-treated RFR roots with mi -
cro cracks are less re sis tant to frac ture 
as com pared to the re-treated RFR
roots with out micro cracks.

MATERIAL AND METHODS

The in sti tu tional Eth ics com mit tee,
Vilnius Uni ver sity hos pi tal “Zalgirio
clinic”, ap proved the study.

Selection of teeth

A to tal of 247 ex tracted teeth were in -
spected, of which 120 ful filled our se -
lec tion cri te ria of i) per ma nent first
man dib u lar mo lars, ii) ma ture api ces,
and iii) pre vi ous treat ments with
RFR. These 120 teeth with RFR were

cho sen to rep re sent three ex per i men -
tal groups (E1-E3), each con tain ing a
to tal of 40 teeth. For the neg a tive con -
trol group (C1), we chose an other
40 permanent first man dib u lar mo lars 
(with ma ture api ces and un treated
pulp) which were ex tracted for perio -
dontal rea sons. Af ter ex trac tions,
teeth were gently cleaned with a gauze 
in or der to avoid dam age to root sur -
faces and im me di ately placed into con -
tain ers with a dis tilled wa ter to pro -
tect root dentine from de hy dra tion.

Sub se quently, dig i tal ra dio graphs
(Planmeca Only, Hel sinki, Fin land) of
each root were taken in buccolingual
and mesiodistal po si tions. For both po -
si tions, the dis tance be tween film and
root was held at 3 cm. Ex ter nal root
sur faces were in spected with a mi cro -
scope (Zeiss Stemi SV6, Carl Zeiss,
Jena, Ger many) un der 16× mag ni fi ca -
tion in or der to iden tify the pres ence of 
res or cinol form al de hyde, con firm the
pres ence of only one root ca nal, and ex -
am ine roots for micro cracks and/or
infractions.

Preparation of roots

Us ing a wa ter-cool ing di a mond bur,
sin gle dis tal roots of lower per ma nent
mo lars were sec tioned from a crown to
ob tain a stan dard ized 12 mm root
length. A to tal of 160 stan dard ized
roots were used to form four study
groups (C1, E1, E2, and E3), each com -
pris ing 40 roots. The neg a tive con trol
group (C1) in cluded the roots with in -
tact pulps. The first ex per i men tal
group (E1) in cluded roots with out mi -
cro cracks which were pre vi ously
treated with res or cinol form al de hyde.
No fur ther treat ments for the E1
group were ini ti ated. The sec ond ex -
per i men tal group (E2) in cluded roots
with out mi cro cracks which had pre vi -
ously been treated with RFR and were
re- treated. The third ex per i men tal
group (E3) in cluded roots with mi cro
cracks which were pre vi ously treated
with RFR and re ceived a sim i lar re-
 treat ment as the roots from the E2
group.

Root re-treatment procedures 
(Groups E2-E3)

The root ca nal patency was es tab -
lished with a size 15 K-Flexofile
(Dentsply Maillefer, Bellaigues, Swit -
zer land) and a stan dard ized work ing
length was en sured by keep ing a
work ing in stru ment 1 mm short from
an api cal fo ra men. The re-treat ment
was done with ProTaper ro tary in stru -
ments (Dentsply Maillefer, Bellai -

gues, Swit zer land) us ing a torque- con -
trol mo tor (Dentsply Maillefer, Bellai -
gues, Swit zer land). Fol low ing the
man u fac turer’s rec om men da tions, the 
full se quence of ProTaper ro tary in -
stru ments was used to en large ca nals
em ploy ing a speed of 300 rpm and the
fol low ing files: Sx, S1, S2, F1, F2, F3,
F4, and F5. Dur ing the me chan i cal
prep a ra tion, each ca nal was ir ri gated
with a 2 mL of 2% so dium hypochlorite 
be tween the uses of each in stru ment.
Af ter the com ple tion of the in stru men -
ta tion, the root ca nals were rinsed
with 2 mL of dis tilled wa ter.

Preparation of specimens

A to tal of 160 roots (40 for each group)
were fixed in resin and then sec tioned
hor i zon tally at 3 mm and 9 mm dis -
tance from an an a tom i cal apex us ing a 
low- speed saw un der wa ter-cool ing
(Leica SP, Wetzlar, Ger many). This
way, 6 mm length dentine spec i mens
with two smooth sur faces were ac -
quired which helped to pre vent in ter -
fer ence from the jaws of a test ma chine 
(Toni Technik GmbH, Gustav-Meyer-
 Allee 25-D-13355, Berlin, Ger many).
Sub se quently, ex ter nal root sur faces
and flat sur faces of these spec i mens
were in spected with a mi cro scope un -
der 16× mag ni fi ca tions (Zeiss Stemi
SV6, Carl Zeiss, Jena, Ger many). The
im ages of flat sur faces were taken and
ex am ined for the pres ence/ab sence of
a crack. All pro ce dures re lated to the
prep a ra tion of roots and spec i mens
were per formed by the same op er a tor
(EN). An other ob server per formed an
in de pend ent ex am i na tion for the pres -
ence/ab sence of cracks.

The loading test

Prior to the load ing, each root was em -
bed ded in a sil i con im pres sion ma te -
rial (Panasil, Kettenbach, Gmbh and
Co, Ger many) to sim u late a perio -
dontal lig a ment space by mim ick ing
its mech a nism of stress dis tri bu tion.
The root width was mea sured at the
buccolingual and mesiodistal po si tions 
for the api cal and co ro nal sec tions of
the spec i mens. In the load ing test, a
sim u lated periodontal lig a ment – rep -
re sented by a sil i con im pres sion ma te -
rial – al lowed a spec i men to move
within a lim ited space. The spec i mens
were placed be tween the jaws of a uni -
ver sal test ing ma chine (Toni Technik
GmbH, Gustav-Meyer-Allee
25-D-13355, Berlin, Ger many) and the 
load ing forces were ap plied from a co -
ro nal end of a spec i men to a slowly in -
creas ing ver ti cal di rec tion with the
point of ap pli ca tion be ing cen tered in
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the root ca nal. The load ing speed of
250 N/s was ap plied un til a spec i men
frac tured. The “frac tur ing mo ment”
was de ter mined when a sud den drop
in a force oc curred that was ob served
in the dis play of the test ing ma chine.
The max i mum force re quired to frac -
ture each spec i men was re corded in
Newtons (N).

Calculations of apical flats of
specimens

An im age of an api cal sur face of a spec -
i men was eval u ated in the graphic
AutoCAD pro gram. Us ing the bucco -
lingual and mesiodistal di am e ters as
land marks, the syn apse was drawn as
in di cated by a red line and sub se -
quently an area of a syn apse A0 was
cal cu lated (Fig. 1). The green line cor -
re sponds to an api cal out line of a spec -
i men and the Areal is cal cu lated au to -
mat i cally by the AutoCAD pro gram.
Con sid er ing the dis crep ancy (er ror)
be tween the A0 and Areal mea sure -
ments, for mu las were used to cal cu -
late the api cal ar eas us ing the syn apse 
(oval), the area of which was cal cu -
lated from the buccolingual (a) and
mesiodistal (b) di am e ter via:

 A
a b

0
4

=
× ×p

The frac ture to re sis tance was cal -
cu lated us ing the fol low ing for mula:

sfr
uF

A
=

0

Statistical analyses

All sta tis ti cal anal y ses were per -
formed em ploy ing the SPSS soft ware
(IBM, ver sion 22.0) and the sig nif i -
cance for all tests was set as P<0.05.
The univariate anal y sis (Shapiro-Wilk 
test) tested the data for nor mal ity in
prep a ra tion for the in fer en tial anal y -
ses (bivariate and multivariate).

The bivariate anal y sis (one-way
ANOVA with a post hoc Dunnett ad -
just ment) com pared the re sis tance to
frac ture among the four study groups.
The as sump tion re gard ing the ho mo -
ge ne ity of vari ance was tested em ploy -
ing the Levene test.

The multivariate anal y sis (lin ear
mul ti ple re gres sion with three con -
trasts) was used to test the three study 
hy poth e ses which pos tu lated three po -
ten tially det ri men tal ef fects (here,
three con trasts), each in de pend ently
re duc ing the root’s re sis tance to frac -
ture. To sup port the test ing with con -
trasts, three dummy vari ables were
pre pared and their cod ing is pre sented 
in Ta ble 1. The as sump tion of the in de -
pend ence among the in de pend ent
vari ables (here among the three con -
trasts) was tested em ploy ing the
collinearity di ag nos tics. The ab sence
of collinearity was con sid ered if tol er -
ance val ues were be low 0.500 and the
Vari ance In fla tion Fac tor (VIF) val ues 
were be low 2.0.

Fig. 2 dem on strates how the three
con trasts were de signed and their se -
quence of test ing. The dummy 1 vari -
able rep re sents contrast 1 (ef fect due
to the treat ment with RFR ma te rial),

which com pares the re sis tance to frac -
ture of teeth treated with RFR to the
re sis tance to frac ture of teeth not
treated with the RFR. Con trast 1 com -
pared the com bined re sis tance to frac -
ture val ues of three ex per i men tal
groups (E1, E2, and E3) to the re sis -
tance to frac ture val ues of the neg a -
tive con trol group (C1). Con trast 2 (ef -
fect due to the re- treat ment of the
RFR) eval u ated the RFR roots with out 
mi cro cracks which also re ceived a
re-treat ment. Contrast 2 com pared
the com bined E2 and E3 val ues
(re-treated RFR roots) with the E1
group that also com prised the RFR
roots but which were not re- treated.
Con trast 3 (ef fect due to the pres ence
of cracks) eval u ated the ef fect of the
re-treat ment of the RFR teeth with
cracks. This con trast com pared the
RFR re-treated roots with out mi cro
cracks (E2) with the sim i lar group of
roots with mi cro cracks (E3).
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Fig. 1. Cal cu la tion of the ad justed ar eas in the cross-sec tional sec tions of spec i -
mens

Ta ble 1. Cod ing of dummy vari ables for the Lin ear Mul ti ple Re gres sion with 3 con trasts

Groups
Dummy vari able 3 Dummy vari able 3 Dummy Vari able 3

Con trast 1 Con trast 2 Con trast 3

C1: Neg a tive con trol (roots with an in tact pulp) -3 0 0

E1: Res or cinol form al de hyde roots with out cracks 1 -2 0

E2: Re-treated res or cinol form al de hyde roots with out cracks 1 1 -1

E3: Re-treated res or cinol form al de hyde roots with cracks 1 1 1

To tal sum 0 0 0

Fig. 2. The test ing se quenc ing of the study hy poth e ses (Lin ear Mul ti ple Re gres -
sion)



RESULTS

Univariate and bivariate
analyses

The as sump tion of nor mal ity was ful -
filled as in di cated by a non-sig nif i cant
value ac cord ing to the Shapiro-Wilk
test (P=0.549). Ac cord ing to Levene’s
test, the as sump tion of the ho mo ge ne -
ity of vari ance was also ful filled
(P=0.565). The bivariate anal y sis
(one- way ANOVA with a post hoc
Dunnett ad just ment) com pared the
re sis tance to frac ture among the four
study groups. It is im por tant to note
that each of the study groups were ex -
posed to only one ex per i men tal con di -
tion.

The re sults of this test ing are pre -
sented in Ta ble 2. As ex pected, the
high est re sis tance to frac ture was
found for the teeth with an in tact pulp
(C1 group) and the low est re sis tance
to frac ture was ob served in the E3
group which con tained the re-treated
RFR roots with mi cro cracks. For the
C1 group, the mean ± sd was
227.5±29.6 N/mm

2
, for the E1 group it

was 174.7±41.5 N/mm
2
, for the E2

group it was 169.7±31.4 N/mm
2
, and

for the E3 it was 150.5±11.4 N/mm
2
.

More de tails about the re sis tance
to frac ture ob served in dif fer ent
groups and their vi sual com par i son
are pre sented in Fig. 3, where box and

whis ker plots, one for each group, rep -
re sent the dis tri bu tion of the re sis -
tance to frac ture de pend ent upon the
ex per i men tal con di tion. There was a
clear, in creas ing pat tern of de creased
re sis tance to frac ture as more risks
were in volved. Roots in the neg a tive
con trol group (C1) were most re sis tant 
to frac ture and this group had a sub -
stan tially less intra-group vari a tion as 
com pared to the other groups. The
least re sis tant group to frac ture was
cracked roots of the RFR teeth that
were also re-treated.

Multivariate analyses

The lin ear mul ti ple re gres sion (LMR)
em ploy ing the three in de pend ent con -
trasts tested the three study hy poth e -
ses. The re sults of this test ing are pre -
sented in Ta ble 3. The collinearity di -
ag nos tics showed that the as sump tion
for the in de pend ence among the three
con trasts was ful filled, as in di cated by
the rel a tively high tol er ance val ues
(>0.65) and by the low VIF val ues
(<1.0). The LMR model’s sum mary in -
di cates that an over all lin ear re gres -
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Fig. 3. Study groups and their se quenc ing in the lin ear re gres sion anal y sis

Ta ble 2. Re sis tance to frac ture (N/mm2) – com par i sons among the study groups

Groups Mean±sd Dif fer ence # 95% CI# P val ues*

C1-Neg a tive con trol 227.5±29.6

E1-Res or cinol form al de hyde w/o cracks 174.7±41.5 -53.2 -69.4; -37.1 <0.001

E2-Re-treated res or cinol form al de hyde w/o cracks 169.7±31.4 -57.2 -73.3; -41.1 <0.001

E2-Re-treated res or cinol form al de hyde with cracks 150.5±11.4 -77.5 -93.9; -61.3 <0.001

# Mean dif fer ence from the mean of the con trol;
*One Way ANOVA with a Post Hoc Dunnett adjustment: comparisons with the control group

Ta ble 3. Re sis tance to frac ture (N/mm2) – com par i sons among ex per i men tal teeth frac tured un der dif fer ent study con di -
tions (Lin ear Mul ti ple Re gres sion Anal y sis)

Sum mary: Ad justed R-Squared 0.47; F=47.221 (df=3); P<0.001

Con di tion B (se)# b (95% CI)* P value Tol er ance VIF Fac tor^

Con stant 227.9 (4.8) <0.001

Con trast 1: Ef fect of the treat ment with res or cinol form al de -
hyde (RFR) (con trolled for the re sis tance to frac ture of teeth
with an in tact pulp)

-53.2 (6.8) -0.56 (-66.7; -39.8) <0.001 0.67 1.50

Con trast 2: Ef fect of the re treat ing the RFR teeth (con trolled
for the re sis tance to frac ture of teeth with an in tact pulp and
for the treat ment with RFR)

-14.1 (5.9) -0.17 (-25.7; -2.5) 0.018 0.68 1.5

Con trast 3: Ef fect of the cracks (con trolled for the re sis tance
to frac ture of teeth with an in tact pulp, for the treat ment with
RFR and for the re-treat ment of RFR teeth).

-10.1 (3.4) -0.17 (-16.9; -3.4) 0.003 1.00 1.0

B (se)# Un stan dard ized re gres sion co ef fi cient (stan dard er ror)
b (95% CI)* Stan dard ized re gres sion co ef fi cient (95% Con fi dence In ter val)
^ VIF Factor Variance Inflation Factor



sion model was highly sta tis ti cally sig -
nif i cant (P<0.001) and that the three
con trasts, namely 1) the treat ment
with RFR, 2) the re-treat ment of the
RFR teeth with out mi cro cracks, and
3) the re-treat ment of RFR teeth with
mi cro cracks, jointly ex plained 47% of
vari ance (ad justed R-squared=0.47) in 
the study out come (roots’ re sis tance to
frac ture). It is im por tant to note that
each of the three con trasts, namely the 
risks de creas ing the re sis tance to frac -
ture as pos tu lated by the three study
hy poth e ses, had an in de pend ent ef fect 
even when con trolled for the other two
con trasts. The con stant in the LMR
model rep re sents the value of the first
con trast in di cat ing the mag ni tude of
RFR’s det ri men tal ef fect (b=-0.56;
p<0.001). The sec ond con trast which
rep re sents the neg a tive ef fect due to
the re-treat ment of non-cracked RFR
roots was also sta tis ti cally sig nif i cant
(b=-0.17; P=0.0018). The third con -
trast or the det ri men tal ef fect due to
the re-treat ment of cracked RFR roots
was also sta tis ti cally sig nif i cant
(b=-0.17; P=0.003).

DISCUSSION

Endodontic treat ments with the RFR
tech nique were com mon root ca nal
treat ment mo dal i ties in East ern Eu -
rope [10]. Teeth af ter endodontic
treat ments be come weaker and are
more prone to frac ture than vi tal teeth 
[4]. The strength of endodontically
treated teeth has been ana lysed in
sev eral stud ies and has been as so ci -
ated with the ex tent of re main ing tis -
sues [6]. In stru mented roots were
found to be sig nif i cantly weaker that
roots with an in tact pulp [14]. Con se -
quently, it is im por tant to con sider
that a tooth’s strength may be com pro -
mised due to me chan i cal root prep a ra -
tions [5, 15]. The pres ent in vi tro study 
was de signed to ex am ine the strength
of teeth treated with RFR and thus re -
sis tance to frac ture (RtoF), which was
used as a proxy for a root’s me chan i cal
strength [16].

We stud ied RtoF of the RFR teeth
un der dif fer ent study con di tions. In
or der to sup port this test ing, we pos tu -
lated three study hy poth e ses, each of

them re lated to an in de pend ent det ri -
men tal ef fect con trib ut ing to the re -
duc tion of a root’s re sis tance to frac -
ture. The first hy poth e sis stated that a 
root is weak ened be cause of the treat -
ment with the RFR ma te rial; this was
con firmed be cause the RtoF was sub -
stan tially lower in the roots that had
pre vi ous RFR treat ments com pared to
the roots with in tact pulps. The sec ond 
study hy poth e sis tested an ad di tional
det ri men tal ef fect that oc curred due to 
the re-treat ment of RFR teeth. This
hy poth e sis was also con firmed since
the re-treat ment of the RFT teeth
showed the fur ther weak en ing of the
RFR roots. The third hy poth e sis con -
sid ered an ad di tional risk fac tor of the
pres ence of mi cro cracks while re-
 treat ing the RFR teeth; this hy poth e -
sis was also con firmed. It is im por tant
to con sider that the pres ent ex per i -
ment clearly demonstated the cu mu la -
tive det ri men tal ef fect of the three
risks, namely the use of the RFR ma te -
rial, the re-treat ment of the teeth
treated with the RFR ma te rial, and
the im pact of the mi cro cracks pres ent
in the RFR teeth. These are con sid er -
able risks that may be en coun tered in
clin i cal endodontic prac tices. How -
ever, any broad gen er al iza tions from
the pres ent find ings should be drawn
with cau tion, mainly due to the fact
that we used an in vi tro de sign for the
test ing of our hy poth e ses. To com pen -
sate for this lim i ta tion, we tried to
mimic the clin i cal en vi ron ment as
much as pos si ble. Know ing that a
periodontal lig a ment plays an im por -
tant role in a tooth’s re sis tance to frac -
ture, we em bed ded each root into a sil -
i con im pres sion ma te rial prior to the
load ing. We also ac knowl edge that it is 
im pos si ble to rec re ate fully the com -
plex ity of the periodontal lig a ment
[17, 18]. An other im por tant con sid er -
ation of the pres ent study was to avoid
the de hy dra tion of roots. Thus af ter an 
ex trac tion, each tooth was im me di -
ately placed into a con tainer with dis -
tilled wa ter. To min i mize the po ten tial 
for in for ma tion bias, we stand ard ised
the pro ce dures for the se lec tion of
teeth, preparation of roots and
specimens, and outcome assessments.
However, the lack of standardisation
among different studies [19] makes it

difficult to compare our study with
other studies.

The pres ent ex per i ment only eval -
u ated ver ti cal load ing, even though
occlusal forces in oral en vi ron ment are 
com plex and di verse [20]. We chose
this ap proach based on the ev i dence
that ver ti cal root frac tures have been
mainly asociated with pro ce dures dur -
ing root canal treatment [21].

Pre vi ous in vi tro stud ies have re -
ported that the use of ro tary in stru -
ments may cause cracks in root
dentine [22–24]. Sim i lar to other in vi -
tro stud ies, we em ployed the sec tion -
ing method that al lows a di rect in spec -
tion of a root dentine, which is im pos -
si ble in clin i cal prac tice. This method
al lowed us to ex am ine the det ri men tal 
ef fects of cracks in teeth al ready weak -
ened by an endodontic treat ment and
the use of RFR and the re-treat ment of 
such teeth. Our ex per i ment dem on -
strated that the pres ence of cracks
poses an ad di tional risk fac tor to the
RtoF. This im por tant find ing about in -
her ent risks of treat ment or re-treat -
ment of teeth pre vi ously treated with
RFR should in form a cli ni cian’s ap -
proach when treating patients who
present with cases of RFR.

CONCLUSIONS

The three study hy poth e ses were con -
firmed by the pres ent in vi tro study
that sug gested there are three risk
fac tors that re duce the root’s RtoF:
1) us ing res or cinol-form al de hyde
resin (RFR), 2) re-treat ing RFR teeth,
and 3) re-treat ing RFR teeth with
cracks. The stron gest det ri men tal ef -
fect to RtoF was the use of the RFR
ma te rial.
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Santrauka

REZORCINO FORMALINO DERVA GYDYTØ DANTØ ÐAKNØ ATSPARUMAS
SKILIMUI: LYGINAMASIS IN VITRO TYRIMAS

Eglë Nedzinskienë, Vytautë Peèiulienë, Jolanta Aleksejûnienë

Hi po te zës. Prieð at lie kant ty ri mà bu vo
su da ry tos trys hi po te zës: 1 hi po te zë –
dan tys, gy dy ti re zor ci no for ma li no der va, 
yra ma þiau at spa rûs ski li mui nei dan tys,
tu rin tys gy vy bin gà pul pà; 2 hi po te zë –
dan tø, gy dy tø re zor ci no for ma li no der va,
en do don ti nio per gy dy mo pro ce dû ros sil -
pni na at spa ru mà ski li mui; 3 hi po te zë –
dan tø, gy dy tø re zor ci no for ma li no der va,
at spa ru mas ski li mui dar la biau su ma þë -
ja en do don ti nio per gy dy mo me tu ávy kus
ski li mams.

Ty ri mo me to dai. Bu vo nau do ja ma
160 apa ti nio þan di kau lio pir mo jo krû mi -
nio dan ties dis ta li niø ðak nø, tu rin èiø vie -
nà ka na là. Pa ruoð ti më gi niai su skirs ty ti

á ke tu rias gru pes: ne igia ma kon tro li në gru -
pë (C1) – dan tys, tu rin tys gy vy bin gà pul pà,
E1 gru pë – dan tys, gy dy ti re zor ci no for ma -
li no der va, be ski li mø, E2 gru pë – dan tys,
gy dy ti re zor ci no for ma li no der va, po en do -
don ti nio per gy dy mo ne tu rin tys ski li mø,
E3 gru pë – dan tys, gy dy ti re zor ci no for ma -
li no der va, po en do don ti nio per gy dy mo tu -
rin tys ski li mø. At spa ru mas ski li mui bu vo
ver ti na mas at li kus gniuþ dy mo ty ri mà nau -
do jant ver ti ka lø di dë jan tá krû vá (250 N/s)
iki më gi nio ski li mo mo men to.

Re zul ta tai. Dvi ma të duo me nø ana li -
zë: vie no fak to riaus ANO VA su post hoc
Dun nett pa tai sy mu nau do ta sie kiant pa ly -
gin ti at spa ru mà ski li mui tarp gru piø. Sta -

tis tið kai reikð min gai (p < 0,001) di des nis
at spa ru mas bu vo kon tro li në je gru pë -
je (C1) ne gu E1–E3 gru pë se. C1 gru pë je
at spa ru mo ski li mui vi dur kio reikð më bu -
vo 227,5 ± 29,6 N/mm2, E1 gru pë je –
174,7 ± 41,5 N/mm2, E2 gru pë je –
169,7 ± 31,4 N/mm2 ir E3 gru pë je –
150,5±11,4 N/mm2. Dau gia ly pë tie si në
re gre si ja nau do jant tris skir tin gus kon -
tras tus pa ro dë, kad ski li mo at spa ru mui
da ro áta kà gy dy mas re zor ci no for ma li no
der va (b = -0,56; p < 0,001), re zor ci no for -
ma li no der va gy dy tø dan tø per gy dy mas
(b = -0,17; p = 0,018) ir per gy dy mo me tu
ávy kæ ski li mai (b = -0,17; p = 0,003).

Ið va dos. Gy dy mas re zor ci no for ma li -
no der va vei kia at spa ru mà ski li mui, o ðiø 
dan tø per gy dy mas esant ski li mams ar jø
ne sant dar la biau ma þi na at spa ru mà ski -
li mui.

Reikð mi niai þo dþiai: re zor ci no for ma li -
no der va, at spa ru mas ski li mui, ski li mai,
en do don ti nis per gy dy mas.
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