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ABSTRACT  
The aim of the study was to assess the perforation by stripping after endodontic treatment with stainless steel 
(SS) and Ni-Ti manual instruments. 65 resin blocks have been prepared using the circumferential filing method 
with unprecurved 0.02-tapered SS and Ni-Ti K-files and then photographed with a stereomicroscope. The angle 
and the radius of the canal curve following instrumentation and the transportation distance of the curvature inner 
wall were measured at 5 and 8 mm from the apex. At 8mm, SS size 40 performed a -2.2 transportation compared 
to the sample. At 5mm, sizes 35 and 40 recorded modifications after both techniques, translated by an increase of 
the internal diameter. There were significant differences related to the curvature radiuses achieved both by SS 
files 35 and 40 and Ni-Ti size 40 by an increase compared to the sampl P<0.05). The 
stripping risk appears both in stainless steel and Ni-Ti files when large sizes are used. 
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INTRODUCTION 

Manual instrumentation of the root canals 
is performed in order to obtain a final 
endodontic cavity to allow laying on a dense, 
sealing and long-lasting obturation mass that 
follows the anatomic structures without 
altering the initial aspect of the canal shape.  

In curved canals, all these requirements are 
quite difficult to achieve [2]. 

Failures in approaching root canals may 
often lead to accidents such as ledges, stripping 
perforations, apical foramen transportation or 
apical blockages encountered during 
preparation of curved canals. 

Stripping is an iatrogenic failure that 
appears during endodontic treatment near the 
root furcation region on the mesio-buccal 

and/or palatal roots of upper molars and on 
the mesial roots of lower molars. Directly 
related to the loss of radicular dentine in the 
two coronary thirds of the canal, stripping 
perforation leads to a weakening root 
resistance and thus to its predisposition to 
fracture in case of extreme forces applied on 
the tooth, a reason why a thorough study on 
this accident is extremely valuable. 

To avoid this procedure accident and obtain 
a shape of the canal as safer and correct there 
have been established certain principles and 
techniques for manual endodontic 
instrumentation to control its action to scrape 
dentine out of the canal walls [7]. 

Willing to assess the efficiency of the 
technique proposed by Abou-Rass to protect 
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the danger zone on the inner wall of the canal 
curvature and reduce the root stripping 
perforation risk, Lim & Stock [1] conducted 
in 1987 a comparative study between the 
anticurvature filing and circumferential filling 
methods. 

In time, numerous studies were performed 
to assess the efficiency of endodontic 
treatment achieved with either manual 
stainless steel or Ni-Ti files [6, 7]. 

The design of endodontic instruments, the 
material they are made of and the way they 
are used are important for meeting the goals 
of endodontic treatment. Studies such as that 
conducted by Canalda - Sahli et al., [4] 
demonstrate superior flexibility to files made 
of Ni-Ti, however after a comparative 
evaluation between stainless steel and Ni-Ti 
files, contradictory aspects appear. Thus, the 
study of Chan & Cheung, [3] demonstrates 
that both types of files perform a 
transportation of the canal centre. Though, Ni-
Ti files achieve a smaller transposition in the 
risk zones.  

With the emergence of numerous Ni-Ti 
rotary endodontic files systems, most of the 
studies have focused on evaluating their 
efficiency both among themselves and in 
comparison with manual instruments. 
Nevertheless, at hand of any clinician and as a 
first step in endodontic treatment, especially 
in curved canals, manual instruments prevail. 
That is the reason why we have considered 
important to evaluate it with regard to a less 
thoroughly studied aspect: perforation by 
stripping. 

This study aims to evaluate stripping 
following endodontic treatment performed 
with manual stainless steel and Ni-Ti instru-
ments in resin blocks with curved canals. 

The stripping perforation risk is evaluated 
by measuring the angle and the radius of the 
root canal curvatures before and after chemo-
mechanical treatment as well as the transport-
tation distance of the curvature inner wall. 

In this study we focus on the results 
obtained with files size 35 and 40 as they 
frequently represent the last sizes used in the 
enlargement treatment of the canals.  

 
MATERIAL AND METHODS 

Within this study there have been 
introduced a number of 65 resin blocks 
having inside a curved canal made after a 
standard model in all the selected endodontic 
blocks. The blocks were divided into two 
groups: the first one was instrumented with 
unprecurved 0,02 tapered stainless steel K-
files (PNP) and the second group with K-files 
having the same tapering but made of nickel-
titanium (PNT).  

The circumferential filing technique was 
used in preparing both groups and consisted 
in passively introducing the file down to the 
apex and then pulled back actively by a 
rasping motion using an equal number of 
motions around the walls of the canal.  

In order to capture the moment when 
errors appear in the canal preparation 
technique it was used a block for each 
sequence of files, that is one block for size 15, 
another block for size 20, previously 
instrumented with size 15, another block for 
size 25 that was already instrumented with 
sizes 15 and 20, and so on. Hence were 
prepared 6 resin blocks in a complete 
sequence of files ranging from size 15 to 40. 
Five unprepared blocks were preserved to be 
used as control samples.  

The instrumented blocks were positioned 
on a measuring ruler and then photographed 
through a stereomicroscope, the same way as 
the sample blocks. The pictures were entered 
into a computer program (Allplan software) 
and the following measurements were 
performed: the angle and the radius of the 
canal curvature resulted after instrumentation 
with each file and the transportation distance 
of the curvature inner wall at 5 and 8 mm 
from the apex. 
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Fig. 1. PNP technique with file 40  Fig. 2. PNT technique with file 40  

RESULTS 
Since stripping can occur in the coronal 

and middle thirds of the canal, one can 
consider the results obtained at 8 and 5 mm 
from the apex. Pursuant a descriptive analysis 
and a one-way analysis of variance (ANOVA) 
the results were:  

 at 8mm from the apex  
Following PNP technique file size 35 

registered a 4.15 mean value of the inner wall 
transportation.  

Ni-Ti file size 35 registered a mean value 
of the inner wall transportation of 3.88.  

Stainless steel file size 40 registered a 
transportation of the inner wall towards the 
interior of the canal curvature with an average 
of 4.98 compared to the sample that has a 
2.78 mean of canal internal diameter; the 
probabilistic value between PNP technique 
and the Sample being 0.049.  

Ni-Ti file size 40 presents at this level an 
average of the external diameter of 2.19 
compared to the sample that has a 2.78 mean 
value. 

 at 5 mm from the apex  
Starting with file size 15 the PNP method 

presents a greater transportation of the inner 
wall towards the interior of the canal curvature 
both compared to PNT and to the Sample. 

Differences appear in files 35 and 40 by an 
increasing diameter of the inner canal both 
after PNP and PNT when compared to the 
Sample (Table 1). 

In file size 35 there were significant 
statistic differences between the Sample and 
both PNP and PNT methods (Table 2).  

Significant statistic differences occurred in 
file size 40 in relation with the two techniques 
compared to the sample (Table 3). 
 

Radius  
Compared to the Sample, PNP technique 

registered significant differences regarding 
the radius of the curvature. After 
instrumentation with stainless steel file size 
35 the radius increased compared to the 
sample that is from an average value of 
113.32 to a radius mean of 147.94.  

 
Var. Technique Obs. Mean Std. Dev. Min Max 

di5_35 
PNP 5 4.443333 .5492116 3.98 5.05 
PNT 5 3.66 .7432362 2.88 4.36 

S 5 2.021667 .0752219 1.935 2.07 

di5_40 
PNP 5 4.996667 .8663332 4.31 5.97 
PNT 5 4.26 .524309 3.66 4.63 

S 5 2.021667 .0752219 1.935 2.07 

Table 1. Mean (standard deviation) of curvature inner diameter at 5 mm from the apex. 



Romanian Journal of Oral Rehabilitation 

Vol. 5, No. 1, January - March 2013 
 

24 

 

Row Mean- 
Col Mean 0 1 

1 -.783333 
0.276  

2 -2.42167 
0.004 

-1.63833 
0.027 

 

 

Row Mean- 
Col Mean 0 1 

1 -.736667 
0.369  

2 -2.975 
0.002 

-2.23833 
0.010 

Table 2. Comparison of inner diameter at 5 
mm from the apex for file size 35 used 
through PNP=0, PNT=1 and Sample=2 

techniques 

 

Table 3. Comparison of inner diameter at 5 
mm from the apex for file size 40 used 
through PNP=0, PNT=1 and Sample=2 

techniques 

Differences appear also between the 
curvature radius of the sample and the one 
obtained through PNT technique but 
significant statistical differences appear only 
between the sample and PNP with a 
probabilistic value of 0.016.  

File size 40 leads to modifications both 
after PNP and PNT techniques when 
compared to the Sample that means an 
increase in the radiuses of the curvatures 
obtained following the two techniques (r_40 
in PNP is 170.37; r_40 in PNT is 144.59) 
versus the radius of the sample curvature 
(r_40 of the sample is 113.32). 

 
Curvature angle 
There were no significant statistic 

differences for the curvature angles obtained 
after instrumentation of the resin blocks 
through the two techniques PNP and PNT, as 
the probabilistic values exceed 0.05. 

 
DISCUSSIONS 

This study reports that the use of 
unprecurved stainless steel files increases the 
risk of stripping perforation in the danger 
zone, which is the inner wall of the canal 
curvature, in the coronal and middle third. 
This study finds that unprecurved stainless 
steel files size 35 and 40 do not have a canal 
centering ability. This can be noticed during 
enlargement yet from stainless steel size 15 
that incurs a stripping perforation risk higher 
than Ni-Ti files with the same size. Instead, 
Ni-Ti files present at 8 mm from the apex, the 
advantage of maintaining themselves centred 

in the canal even for files with an increased 
diameter. It is important to mention that, at 8 
mm from the apex, Ni-Ti file size 40 performs 
a transportation of the canal wall also towards 
the exterior of the curvature.  

According to the literature, Ni-Ti files 
under size 35 present a lower stripping 
perforation risk due to a higher deviation of 
the external wall of the canal curvature 
compared to the inner wall. [3]  

However, Ni-Ti files with an average 
thickness (25, 30, 35), due to their flexibility, 
do not allow a complete enlargement down to 
the apical third when instrumented with filing 
motions. Since Ni-Ti file size 40 is more 
active than these, it allows apical enlargement 
but modifies the anatomy of the canal 
curvature. Luiten et al. [2] reported also that 
Ni-Ti file size 40 is more aggressive and can 
reach the working length, something that files 
with a smaller diameter could not.  

Instead, this study reports that stainless 
steel size 40 presents a risk for stripping 
perforation due to a thinning inner wall of the 
canal even at 8 mm from the apex.  

The flexibility of Ni-Ti instruments does 
not improve the centering ability in curved 
canals, but the centre of the canal is 
transported in a direction considered as being 
safer. [3] In our study it is proven that files 
with a diameter smaller than 35 achieve canal 
enlargement mostly by thinning the outer wall 
of the curve.  

Garip and Gunday [7] advocate that, on the 
contrary, Ni-Ti instruments follow the curve 
of the canal, due to their super-elasticity, thus 
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decreasing the risk of perforation by stripping, 
regardless of the file size. 

Other authors (Gambill et al.) [5] reported 
no major differences regarding the centering 
degree between Ni-Ti and stainless steel in 
the canal middle third, whenever semi-
rotation and pull motions are used. Instead, 
after complete rotation motions, Ni-Ti files 
achieve at this level a better centering degree. 

However, Chan and Cheung [3] consider 
safer to use Ni-Ti instruments in curved 
canals together with filing motions. 

In this study however, in order to advance 
until the apex of the canal, Ni-Ti file 35 
requires filing and semi-rotation combined 
motions.  

As it was reported in this experiment 
starting with stainless steel file 30 sometimes 
elbows appear in the apical third and it 
becomes difficult to reintroduce files with a 

smaller diameter. Thus it is recommended to 
use carefully files with an increased diameter, 
especially 35 and 40.  

Along this study one could also capture the 
moment when the risk of stripping perforation 
appeared but our main objective was to look 
for the result of the treatment. 

 
CONCLUSIONS 
1. The most important alterations on the resin 

blocks with regard to the stripping 
perforation risk were obtained following 
instrumentation with unprecurved stainless 
steel K-files size 35 and 40. 

2. Ni-Ti K-files present the maximum 
stripping perforation risk when using 
larger diameters of the files (size 35, 40). 

3. In Ni-Ti K-files only size 40 present 
important statistic differences related to the 
canal curvature change after enlargement. 
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