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Leakage of teeth root-filled with 
GuttaFlow and a single GP cone 

compared to lateral condensation 
and warm vertical condensation

SUMMARY

Introduc�on: Root canal obtura�on can be �me consuming 
and complicated. Gu�aFlow is suggested for use with a simple, 
single cone obtura�ng technique. 

Aims and Objec�ves: The aim of this study was to evaluate 
whether Gu�aFlow and a single GP cone would produce an ef-
fec�ve seal. 

Methods: Three experimental groups were used. Group one 
was obturated with GP using lateral condensa�on, group two with 
GP using ver�cal condensa�on and group three using Gu�aFlow 
and a single GP cone. Bacterial micro-leakage was tested using the 
two-chamber method, followed by dye penetra�on tes�ng. Data 
was subjected to sta�s�cal analysis using the Chi Square test. 

Results: There was no significant difference between GP us-
ing lateral condensa�on and Gu�aFlow using a single cone for 
bacteria (p=0.8989) or dye (p=0.7489). GP using lateral conden-
sa�on performed be�er than GP using ver�cal condensa�on for 
bacteria (p=0.0003) and dye (p=0.0006). Gu�aFlow using a single 
cone also performed be�er than GP using ver�cal condensa�on 
for bacteria (p=0.0003) and dye (p=0.0004). 

Conclusions: The micro-leakage of Gu�aFlow using a single 
cone technique is similar to that of GP using lateral condensa�on 
and less than that of GP using ver�cal condensa�on as used in 
this study.

INTRODUCTION

 Gu�a Percha (GP) has been the material most commonly used 
to obturate prepared root canals for decades. However, one of the 
most important requirements of a root canal obtura�on material 
is its ability to create a perfect seal along the en�re length of the 
root canal.1 GP on its own cannot create a perfect seal when used 
to obturate a root canal and a sealer is required. Because the 
physical proper�es of root canal sealers are inadequate, ver�cal 
or lateral compac�on of GP is required to ensure that the GP 

occupies most of the space of the root canal, while the thin layer 
of sealer provides the seal.2  Although cold lateral condensa�on 
is an accepted method of root canal obtura�on its ability to 
create a perfect seal has been ques�oned.3,4 Thermoplas�cized 
GP techniques are used to improve the homogenicity and surface 
adapta�on of gu�a-percha.5 

While the cold lateral condensa�on of GP can be quite �me 
consuming, the use of thermoplas�cized GP to obturate a root 
canal requires addi�onal equipment and there is usually a learn-
ing curve involved in the use of the equipment.

The introduc�on of GP points with tapers to match those of 
the nickel �tanium files used in canal prepara�on has led to a re-
surgence in the use of the single cone obtura�ng technique.6,7,8 
Using a single cone obtura�ng technique reduces the �me spent 
on the obtura�ng process and is less technique sensi�ve than the 
thermoplas�cized GP techniques.

Gu�a Flow (Colténe-Whaledent, Altstä�en, Switzerland) is a 
polydimethylsiloxane-based root canal sealer that incorporates 
GP in powder form. The manufacturers suggest that Gu�a Flow 
be used with a single cone technique.9

Linear measurement of tracer penetra�on is the most popular 
method of leakage assessment. However tracer penetra�on does 
not simulate the type of microbial leakage that may occur clini-
cally.10 Even though the dye molecules are small compared to the 
complex structure of most bacteria, bacteria tend to penetrate 
deeper and faster than do the dye molecules.11 

The use of a bacterial model for the tes�ng of micro-leakage 
is therefore a closer representa�on of the insult that a root canal 
obtura�on would need to withstand in the clinical situa�on.12

Enterococcus faecalis is the most commonly isolated species 
from root canals of teeth with failed endodon�c treatment.13 E. 
faecalis has the ability to survive in an environment in which the 
availability of nutrients are scant and in which commensality with 
other bacteria is minimal.14 
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Therefore it is an ideal microbial marker to be used in a bacte-
rial leakage study.

The aim of this study was to use dye, as well as E. faecalis 
to evaluate whether Gu�a Flow would produce an effec�ve seal 
when used together with a single cone obtura�ng technique.

MATERIALS AND METHODS

The research proposal was reviewed and approved by the re-
search and ethics commi�ee of the Faculty of Den�stry of the 
University of Limpopo. Eighty-five intact and caries-free single 
canal human teeth extracted for orthodon�c or periodontal pur-
poses were used. Specimens were cleaned of all periodontal at-
tachments and kept in an aqueous solu�on of 0.5% Chloramine T 
for no longer than six months. The coronal parts of the teeth were 
removed in order to produce specimens of approximately 15mm 
in length. The canals were prepared in a crown down sequence 
using Profile instruments (Tulsa Dental Products, Tulsa, UK). Irri-
ga�on with 5% NaOCl and 17% EDTA was performed a�er the use 
of each file. Apical patency was verified a�er root canal prepara-
�on using a size 10 K-File (Maillefer, Ballaigues, Switzerland). A 
final rinse using sterile water was performed in order to remove 
residual NaOCl and EDTA.

Twenty-five teeth were randomly assigned to three experi-
mental groups, with five teeth assigned to both the posi�ve and 
nega�ve control groups. 

Group one was obturated with GP (Maillefer, Ballaigues, Swit-
zerland) and Roth’s root canal cement (Roth Interna�onal LTD, Chi-
cago, IL, USA) using a cold lateral condensa�on technique. Group 
two was obturated with GP and Roth’s root canal cement using 
the System B heat source (Analy�c Technology, Redmond, Wash, 
USA) as described by Buchanan.15 Group three was obturated by 
tritura�ng and dispensing Gu�a Flow (Colténe-Whaledent, Alt-
stä�en, Switzerland) into the root canal using the “Canal Tip” pro-
vided by the manufacturer. An ISO #40, .06 taper GP cone (Maille-
fer, Ballaigues, Switzerland) was then coated with Gu�a Flow and 
slowly inserted into the canal. Any canals that displayed coronal 
spaces were backfilled by reinser�ng the “Canal Tip” between the 
GP cone and the canal wall.  The manufacturer’s instruc�ons were 
followed me�culously during the obtura�on process. The canals 
of the teeth in the posi�ve control group were le� unobturated. 
The canals of the nega�ve control group were obturated using the 
same technique as group one and the coronal and apical part of 
the sample was then sealed with three layers of nail varnish.

Bacterial micro-leakage was tested using the two-chamber 
method (Figure 1) described by Torabinejad et al16 and Barthel et 
al.11 The specimens were covered in nail varnish (Revlon, New York, 
USA) excluding the coronal and apical 1-2mm and 5mm was cut 
off the conical ends of polyethylene 1,5ml microfuge tubes (Sigma, 
Aston Manor, Johannesburg, SA). Specimens were a�ached to the 
microfuge tubes, with the apical por�on of the specimen protrud-
ing through the tube. The space between the tube and specimen 
was sealed fluid �ght using PVC solvent weld cement (Latrochem, 
Honeydew, Johannesburg, SA) and two layers of nail varnish. The 
microfuge tubes were then a�ached to an opening in the screw 
cap of polyethylene specimen containers (Sigma, Aston Manor, Jo-
hannesburg, SA). The prepared two-chamber systems were stored 
at 37oC for 48 hours and then sterilized overnight using ethylene 
oxide. A�er steriliza�on, 10ml of sterile tryp�case soy broth (Se-
lecta-Media, Ferndale, Johannesburg, SA) was poured into the 

lower chamber of each specimen and the chamber was sealed. The 
specimens were incubated aerobically at 37oC for 3 days to verify 
sterility. The upper chambers were inoculated with 0.75ml of soy 
broth containing Enterococcus faecalis. All specimens were kept at 
370C and the lower chambers were checked daily for 3 months, for 
the occurrence of turbidity. The bacterial broth of the upper cham-
ber and the soy broth of the lower chamber were replaced weekly 
under a laminar airflow hood.

If turbidity occurred in a lower chamber (Figure 2), fluid from 
both the upper and the lower chamber was cultured on McConkey 
agar and colonies were subjected to Gram staining to iden�fy the 
organism. The �me from inocula�on to when turbidity was observed, 
was recorded, as well as the culture and Gram staining result.

The upper and lower chambers of all the specimens were 
emp�ed and cleaned in order for the same specimens to be re-
used for the dye penetra�on test. India Ink (Royal Talens, Apel-
doorn, Holland) was placed in the upper chamber and le� for 72 
hours. Specimens were then sec�oned along the long axis of the 
root to produce two sec�ons for analysis. All measurements were 
performed by the same operator, using a stereo microscope (Lei-
ca MZ125) (Leica Microsystems, Heerbrugg, Switzerland) under 8 
x magnifica�on. No dye penetra�on was scored as 0, 1-5mm of 
dye penetra�on as 1, 6-10mm of dye penetra�on as 2, 11-15mm 
of dye penetra�on as 3 and penetra�on of dye along the en�re 

Figure 1:  Two-chamber bacterial micro-leakage model

Figure 2:  Turbidity in lower chamber of specimen 1. Specimen 10 has remained clear
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length of the root canal as 4. The scores of each specimen were 
combined to give an average score for that par�cular specimen.

Data was subjected to sta�s�cal analysis using the Chi Square 
test. Time (days) to micro-leakage, and depth of penetra�on, was 
compared by an analysis of variance (ANOVA). All sta�s�cal pro-
cedures were conducted on Excel and a p-value < 0.05 was con-
sidered as significant.

RESULTS 

The results obtained during the bacterial micro-leakage test 
are summarized in Table 1. The posi�ve control specimens all 
leaked within 24 hours and none of the nega�ve control speci-
mens leaked within 90 days. Four specimens in the GP cold lateral 
condensa�on group leaked, with one within the first day. In the GP 
warm ver�cal condensa�on group 17 specimens leaked before 90 
days with 13 leaking within the first day while 4 specimens in the 
Gu�a Flow single cone group leaked - with 1 leaking within the 
first day. There was no sta�s�cally significant difference between 
GP using the cold lateral condensa�on technique and Gu�a Flow 
using a single cone technique (p=0.8989). GP using the cold lat-
eral condensa�on technique was sta�s�cally significantly be�er 
than GP using warm ver�cal condensa�on (p=0.0003). Gu�a Flow 
using a single cone technique was also sta�s�cally significantly 
be�er than GP using warm ver�cal condensa�on (p=0.0003). 

The results obtained during the dye penetra�on test are sum-
marized in Table 2. There was no sta�s�cally significant differ-
ence between GP using the cold lateral condensa�on technique 
and Gu�a Flow using a single cone technique (p=0.7489). GP 
using cold lateral condensa�on once again allowed significantly 
less dye penetra�on than GP using warm ver�cal condensa�on 
(p=0.0006). Gu�a Flow using a single cone technique allowed sig-
nificantly less dye penetra�on than GP using warm ver�cal con-
densa�on (p=0.0004).

DISCUSSION

A bacterial micro-leakage model and a dye penetra�on model 
were used in order to compare the sealing ability of Gu�a Flow 
using a single cone technique to that of GP and Roth’s root ca-
nal cement using cold lateral condensa�on and warm ver�cal 
condensa�on techniques. The ability of Enterococcus faecalis to 
penetrate the prepared root canals was confirmed by the posi�ve 
control specimens all leaking within 24 hours during the bacterial 
micro-leakage test. Also, none of the nega�ve control specimens 
leaked within 90 days, indica�ng that the seal created between 
the two-chambers of the systems was efficient. 

The use of a single GP cone in order to obturate a prepared 
root canal has tradi�onally been discouraged and linked to a high 
failure rate.17 The use of tapered GP cones which match the shape 
of the prepared root canal may however produce an adequate 
root canal obtura�on without the use of more complicated and 

Table 1: Number of days from inocula�on to bacterial micro-leakage

Days to Bacterial Micro-leakage

Specimen 
Number

GP Lateral GP Ver�cal Gu�a Flow 

1 7 90+ 90+

2 90+ 90+ 1

3 90+ 1 90+

4 90+ 1 90+

5 90+ 90+ 90+

6 90+ 1 5

7 90+ 27 90+

8 90+ 1 90+

9 1 90+ 90+

10 90+ 1 90+

11 90+ 1 90+

12 90+ 90+ 42

13 90+ 57 90+

14 90+ 1 90+

15 90+ 90+ 90+

16 90+ 1 90+

17 90+ 1 90+

18 90+ 90+ 90+

19 90+ 1 90+

20 90+ 1 90+

21 90+ 1 90+

22 36 8 90+

23 90+ 30 90+

24 90+ 1 26

25 42 90+ 90+

Specimens that did not leak for the en�re 90 day period are indicated as 90+

Table 2: Average dye penetra�on scores

Average dye penetra�on scores

Specimen 
Number

GP Lateral GP Ver�cal Gu�a Flow 

1 1 0 1

2 0.5 0.5 0

3 0.5 3.5 0

4 1 2.5 0

5 0 1 1

6 0 4 1

7 0 2 0

8 0.5 2.5 0.5

9 1 0 1

10 0 4 0

11 0.5 3 0.5

12 0 1 1

13 1 3 0.5

14 1.5 2 0

15 1 1 0.5

16 0.5 2.5 0.5

17 0 2.5 0.5

18 0.5 0 0.5

19 1.5 4 1

20 0.5 1.5 0.5

21 0.5 3.5 0

22 1 4 0.5

23 1 1 0

24 0 2.5 1

25 0 0 1
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�me consuming techniques, such as lateral condensa�on or warm 
ver�cal condensa�on.18

During both the bacterial micro-leakage test and the dye pen-
etra�on test there was no sta�s�cally significant difference be-
tween the results obtained using Gu�a Flow and a single cone 
technique and those of GP and Roth’s root canal cement when 
using a cold lateral condensa�on technique. Warm ver�cal con-
densa�on performed rela�vely poorly in both tests. The rela�vely 
poor performance of a technique which is widely used may be 
due to poor execu�on and operator inexperience and the results 
of this study arguably confirms the technique sensi�vity of warm 
ver�cal condensa�on using System B - indica�ng that a simple 
technique when correctly done, is be�er than the state of the 
art, poorly executed. In this study thermoplas�cized GP, such as 
Obtura II (Spartan, Fenton, MO, USA) was not used for backfill-
ing, possibly influencing the result.  Montacelli et al indeed found 
that using Gu�a Flow and a single cone technique allowed more 
bacterial leakage to occur than using warm ver�cal condensa�on, 
together with thermoplas�cized GP backfilling.8 

Oval canals were purposefully included in their study and 
their results may indicate that warm ver�cal condensa�on s�ll 
results in be�er penetra�on of filling material into irregular canal 
shapes. 

The ability of Gu�a Flow to penetrate the den�nal tubules19 
may contribute greatly to its success in sealing the root canal 
while using a single cone technique. Bracke� et al demonstrated 
that when using the fluid filtra�on technique Gu�a Flow created a 
seal that was equivalent to that of AH Plus sealer using the warm 
ver�cal condensa�on technique. Furthermore, Gu�a Flow used 
to seal the en�re canal without a GP cone exhibited the same 
sealing ability.18 Improvements in canal prepara�on techniques 
and the con�nued development of materials such as Gu�a Flow 
may allow prac��oners to obturate root canals faster and more 
efficiently than before.

While the sealing ability of a root canal filling material is only 
one aspect predic�ng the success of root canal treatment this 
study gives an indica�on that new root canal filling materials such 
as Gu�a Flow allows the prac��oner to successfully obturate 
root canals using a simple single cone technique. Further stud-
ies concerning the physical behaviour and performance of Gu�a 
Flow would be valuable, while the single cone technique should 
be evaluated in curved canals of molar teeth as well as irregular 
shaped canals.  

CONCLUSION

Within the limita�ons of this study, the bacterial micro-leak-
age and dye penetra�on of a root canal sealed with Gu�a Flow 
using a single cone technique is similar to that of a root canal 
sealed using GP and Roth’s root canal cement, when using cold 
lateral condensa�on and significantly less than that of a root ca-
nal sealed with GP and Roth’s root canal cement using warm ver-
�cal condensa�on. 
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