
Wear Resistance of Pro taper Universal Rotary NiTi Retreatment Files- An SEM
Study

ABSTRACT:
Aim: To investigate the wear resistance of Protaper Universal (PTU) rotary retreatment files as correlated to the

number of use. Methodology: Ten sets of three files each (n=30 files) of PTU retreatment files (0 I, 02, and 03)

were experimented with. They were inspected as received from the manufacturer for surface quality and

imperfections using a stereo microscope (x40). Representative PTU samples were also examined using SEM. 40

freshly extracted double rooted maxillary premolars teeth were used for the study. Canals were prepared and

obturated with Gutta Percha and Pulp Canal Sealer using continuous wave of compaction; after which they were

grouped randomly into three groups of 40, 20, and 20 canals respectively. Un-filling of the obturated premolars

canals of group I (40 canals) was done so that each instrument set (0 I, 02, 03) was used in un-filling of 4 canals.

This was followed by stereomicroscopic and SEM examination. The previous PTU files' sets were then used in

unfilling of teeth of group II (6 canals unfilling), and group III (8 canals unfilling). Following canals' unfilling of

each of the previously mentioned groups; PTU files were subjected to the same sequence of stereomicroscopic and

SEM examination to examine the features of instrument's wear. The wear criteria perceived and studied were: No

visible defect (NVO), PittIng (P), Distorted machine grooves (OG), Blade blunting (BB), Microfracture (MF), and

Blade turnover (BT). Results: 67% of the as received instruments showed NVO. Two thirds of the used instruments

showed rapid increase in the visible wear features after unfilling of 4 canals. On the other hand, all of instruments

gradually showed different kinds of visible defect after being used in unfilling of 6 and 8 canals. Generally, highly

significant difference were detected between most of tested instrument conditions as compared to the as received (p-

value =0.000). Exceptions were MF after unfilling of 4 canals as stated above as well as after unfilling of 6 canals.

Conclusion: Under the conditions of this study, Protaper Universal retreatment rotary files can be safely used in

unfilling of 4-6 canals provided that no visible signs of distortion are noted.
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The classic technique 1'01' gutta percha removal
for retreatmenL of unhealed cases was through hand
tiles coupled with or without solvents (,·J/This was
partially facilitated coronally by heated pluggers
1-15\ or Gates Glidden drills ihl. Ultrasonic removal
or gutta pereha fi II i ng was also reponed (7·"1 .Shortl)
after the introduction of NiTi rotary enlarging in-
struments systems they were recommended to be
used in removal or I'llot canal Ii II ing as an c.\.tcnsion
1'01'their use; for eniciency [[0.[-1\ and for time saving
IIS,II,\. It has been suggested that gutta-percha can he
efrectively remOl ed using ProFile nickel-tiwnium
rotary instruments 11'.17.'<)'" However. no one treat-

ment alternative solely or in combinations seems
to guarantee canal walls that are completely free of
debris ([,I<I",nd 1-11,

ProTaper (PT) system (Dentsply Maillefer. 8al-
laigues. Switz.erland) cnnsists of three 'Shaping'
tiles (Sx. S I and S2) and three 'Finishing' files (Fl.
F2 and F3). They hm'e varyi ng taper over thc length
of the shaft and a triangular cross-sectional shape
with conve\. sides (Co'. The absence of radial land,
supposedly. made these instruments pcrrorm a 'cut-
ting' rather than a 'planning' action (c['I, Patiilo et al.
leli reported that instruments used more than eight
times (in canals with mean cunatures or abuut'+O
degrees) fractured more frequently than those used
sparingly. As a limitation of NiTi instruments sys-
tems designed for canals preparation and shaping is
that they should not be used to negotiate a constrict-
ed canal or a ledged canal and it should always be
preceded hy a negotiating initi81118nd lile Ice) This is
owed to the non acti ve tip.

Recently, 8 new NiTi rotary system, PTll
(Dentspl) Tulsa, Tulsa, OK) was introclul'ed1c1', It
\\as specially designed for unfilling or the root ca-
nals in a preparation for retreatl1lenl. With respect
ro the original kit [e"" the new system consists of
three PTU retreatment files, D I, D2, and D3 as well
as two new Pro-Taper finishing files. F4 and F.'iThe

three PTU System retreatment files have different
lengths, tapers, and apical tip diameters, They are
designed to racilitatc the safe unlilling uf the root
canals, The DI instrumenl h8s a lenglh of 16 mm,
a tip or 0.30 rTIm, and a 0.09(fu taper. ft is dcsigned
with an active tip to facilitate initial penetration into
the filling material: The D~ instrument h8s 8 length
of IX 111III , a li p oj' 0.25 I'll m, and (j O,Ogl1r! lapel'. fl is
used for removal of filling material from the middle
third of the rlK)t. The D3 instrument has a length of
22 mm, a ti pol' 0,20 mm, and a 0.07% taper and de-
signed 1'01'removal or Ii/ling material rrom the api-
cal thire! up to the working length.

Many irll estig8tions \Vereconducted on the fac-
tors contributing to NiTi instruments distortion and
lor separation cluring clinical use in canal's prepa-
ration (C-l.c7', Again the ability of these super clastic
Ae.xible instrulllents to maintain sharpness ancl resist
wear. was also tested le~,e'ii, sometimes with recom-
mendations on the safe I1Llmberof use lcl \. Erficicncy
or rotary NiTi instruments in unfilling root can81s
was also extensively' assessed(Jil.J5,.

In 200R (Jiuliani el 81 (31,\ reported on the few
numher of studies investig<lting the erricacy or PTU
Retreatment hies in remOling intra-canal lilling
material during retreatmenl.

To date the wear features of this new retreatment
system was not yet studied. Again growing empha-
sis on the single use of contemporary NiTi rotary
instruments are stressed on ;171, The purpose of this
study was to investigate the wear resistance of PTU
rotary retreatment files as correi::lted to the numher
of use.

A lolal ur ten sets or three files each (n=30 liles)
of PTU retreatment rotary liles (The new generation
Dcntsply I Maillefer-Swi7.erland) \Vere used for the
present study. Fach of the retre8tmcnt file systems



used consisted of a hie symbol (D I) which is a

sile 1/ OlO ISO, ')Il{ taper and l6mm length-I'm

cmllll,t1 Iilling remo\(t1, a lile symhol (D2): ,I si/.e

/1025 ISO. 8% taper and l8mm length-for middle

filling removal, and a Iile symbol (03): a size 11020
ISO, 71ft, taper and 22mm length- for apical filling

removal.

A tutal of 40 rreshly extracted human double

rooted maxillary premolar teeth were selected ror

the study (enclosing 80 canals). Collected teeth had

intact crowns, full) developed roots, \\ ith no open,

chipped, l)r rraclurecl apices. They were chosen

10 have nearly comp<trable tooth length ur 21 mm

and root curvatures or no more than 20 degrees as

digiti7.ed using Digora. Teeth were radiographed

from facial and proximal views to rule out pulp

stones. canals' calcilication or internal resorption.

Conventional access cavities were made ror

the selected teeth using high speed carbicle burs

under water cooling spray. Burs \vere renewed

regularly whenever needed. Accesses were refined

with ultrasonic tips and straight line accesses were

confirmed ror hoth canals in each premular [(loth.

Canals were then negotiated with size 1/ J 0 K-files

until it appcared at the apex, flushed with it. Working

lengths were recorded for each canal by subtracting

I mm rrom the files' projected length. hach 01'

the premolars' canals \\ere subjected to coronal

flaring using Gates-Glidckn drills or size /I -1-. 3.

and 2 sequentially. They were then instrumented

with K-tiles to a standard apical si7.e of 3S and

step backed to size 60 K-liles. l3eJore each ne\\'

instrulllent size use, irrigation with 5.25(k NaOCL

W,IS made and apical patencies checked with size

1t10 K-tile. During the whole pmcedure of canals'

preparation K-files enlarging instruments were

whi I' red clean. checked for distortion and di storted

instrumenl was changed immediatcl y. Generally,

K-files were discarded regularly alter use in 10

canals and new sel were used. Prepared canals

were then tinally flushed with I ml of EDTA (!7IX)

irrig,lling solutilln I'm I min rollowed by N,JOCL (9

mil and dried with paper points. All prepared canals

were obturated with Gutta Pereha and Pulp Canal

Sealer (Kerr. Romulus, Mil using continuous wave

or compaction technique by System 13. Back filling

was then completed wi th Obt ur<.t I I to the canals

orifices. Access cavities \\ere restored with glass

ionomer.

Obturated teeth speci mens were stored in I 00%

humidity at :nco for 7 days ror complete sealer

setting.

Obturated teeth were grouped randomly into

three groups as follows:

Ciroup I: comprising 40 canals in 20 premolar

teeth speci mens.

CJroup II: comprising 20 canals in 10 premolar

teeth specimens.

Group HI: comprising 20 canals in 10 premolar

teeth specimens.

Testing PTU instrument sets were done according

tll their sil.es and numher or use in un-fliling or

the obturated canals specimens in the following

sequence:

All the thirty instruments (10 DI. 10 D2,

and 10 D3) were i nspcctccl as recei veel from the

manufacturer for surface quality and imperfections

if present using a stereo microscope at a standard

position and fi.\ecl magnilication of 40x. Features

examined were: no visible defect. pitting, distorted

machine grouves, hlade blunting, micro-fractures,

and bl ades turnO\TJ'. I nstru ments' inspection usi ng

the stereomieroscope was then repeated for each

instrument arter being used in the un-lilling of 4.6.

ancl8 canals (01 groups I, II, and III respectively).



Representative samples fmm each file si/.e - as
received and then after each un-filling sequence -
II'ere selected. ultrasonically cleaned in absolute
alcohol tor 90 seconds :Jndexam ined at a higher pre-
selected standard magnilications using the scanning
ekctron microscope (Quanta Environmental SEM)
for the same features mentioned above.

Un-filling of the obturated premolars canals

Un-filling of the l1hturated premolars canals of
group I (40 canals) was done so that each instrument
set (1)1, ])2,1)3) was used in un-filling of 4 canals.
Gutta-Pereha Iilling Ivas removed following the
manufacturer rules ane!sequence of use in a crown
e!own manner. File penetration was carried out by
exerting slight apical pressure and a light brushing
motion at a constant speed of 500 rpm for DIane!
-1-00 rpm for D2 and 03, with a torque 01'.3 Ncm.
in an electric mnlor (X-Smart; Dentsply Maillerer)
II'i th no sol vent added. D I fi Ie \Vas used for coronal
filling removal, D2 fur middle third filling removal.
and 03 for apical filling removal. Files Ilere
repeateclly withdrawn. debris removed, and canals
irrigated with 5.25% NaOel after each file size
used. Inslruments were then collected, subjected to
ultrasonic' cleaning in alcohol for 10 minutes befure
autl1c1aving. SlereornicrosCllpic as well as SEM
examination \Vas followed for the same features and
at the same standard position and magnification as
mentioned above.

Instruments were then returned back to be used
In the un-filling of teeth of group TT. so that each
instrument set (0 1,02, D3) \Vasused in un-filling of
2 more canals totaling 6 canals. Ultrasonic cleaning
and autoc.:laving was also repeated and microscopic
examination rolluweLi as menliuned before.

Same procedure I·vas followed with teeth of
group III so that each instrument set now was used
in un-filling of ~ canals. Stereomicroscopic as well
as scanning electron microscopic examination was
done using the same standards as mentioned above.

Statistical analysis

Results were tahulated and subjected to statistical
analysi s using the Cochran's Q test. The level of
significance l,vasset at p-value <0.001.

Results of wear features as related to the
Instruments numher or use are presented
collectively in tables I. 2 ami figure I. The wear
criteria perceived and studied were: No visible
dekct (NY D), Pitting (P), Distorted machine
grooves (DC). Blade blunting (BB), Micrnfractun:
(MF). and Rlade turnovcr (RT).

Stereomicroscopic examination or the asreceived
instruments re\'L~aledno visible dcl'ects (NYD) in
20 out of the 30 instruments examined (66.66%).
NY D were detecled in 33.3:)(1< or liles after unlill ing
of rour canals. Ivhile after preparation of 6 and 8
canals all studied instruments sullered various types
of defects (tahle I and figure I). Statistically high
significant differences were detected between all
tested instrument conditions (p-value =0.0(0)

Surface .pilling (P) lIas detectecl sparingly on
the nel\' (as received) instruments surface (6.66%).
'],his result Ivas round to be statistically insignificant
(p-Ialue =0.004). Surface pitting however,
increased markedly after unfilling or .+, 6, and 8
canals to reach to 40%, 63.33%. and 66.66(}(' of
the studied, instruments respectively. This increase
was round tp be highly significanl as compared to
thc as rcccil'cd c'ondition (table 2). On the other
hand the in-between groups comparative statitistics
revealed statistical insignificance in -1- vs. 6 and 4 vs.
8 canals unlillecl (p-value =OJ)·.jJ, p-valuc =0.021

respectively).

The "as received" liles showed regular
unc\istortecl and uniform machine grooves as
appeared under the stereomicroscope with no
visihle c1ist\lrlions. Distorted machine grooves



TARLF. ~I) Wear features of Protapcr Universal Rctrcatmcnt Files as received. after 4. 6. and 8 canals'
unlilling

Protapcr conuition As n:cein:d 4 canals unlilkd 6 canals unlilkd 8 canals unfilled

Criteria Nu. (ex·) No. (%) No. (0/<.) No. ( 0/,.)

N(l visihle defect (NVD) 20 (66.66\ 10 (:B.33) 0 (0) 0 (0)
-- --

Pilling (P) 2 (6.66) 12 (-\.0) Il} (6333\ 20 (66.66)

Distorted machine gro()\es (DO) 0 (0) 6 (20) 14 (46.66) 17 (56.66)

Blade blunting (BB) S (16.66\ 17 (S6.66) 2S (X3J3\ 30 (100)

Microfractu rc (MF\ 0 (0) () (0) 7 (2.L13 \ 12 (40)

Blade turnover (In) 3 ( 10) 1/1 «(iO) 22 (7.L')3\ .., - (/1.\..')3)"-~

started to appear after untilling of 4 canals where
2()t7r ()! Jiles shO\\cd this phenomenon. Progrcssi ve
increase in this defect was round arter unfilling of 6
and 8 canals to account for 46.66 & 56.66 % of the
studied instrulllcnts respectively (table I &Iigure I).
Compared to the as received condition. there was a
highl) signitiGlIlt ditlerl:nce after unfilling of -t. 6.
and 8 canals. Alternatively. statistically insignilicant
difference was detected on comparing the increase
in features of distorted machine grooves after
unfilling of 6 canals with those of 4 canals unfilJing
(table 2).

Figure I shows a tremcndous increase in blade
blunting (BB) that was detccted comparing the
unused files with those used in unfilling of 4 canals
(16.66% and 56.66% respectively). The number
of instruments that showed features of wear at the
stcreomicroscopic lel'el llf magnilication (40x) \vas
found to be directly proportional to the number of
untilled canals (17.25. and 30 after untilling of

4. 6. and g canals rcspecti\'Cly-table I). Statistical
analysis revealed generally. high significant
differences among all studied groups. Exception
was found when group 11 was compared to group
I (tahle 2).

~ 25
Ql

E 20;:
Vi
" 15

D As received

oAlter4C

DAiter 5C
oAfter8C

Ql 10.::.
E
z

Fig. (I) Wear features of t'rotaper Universal Files as received
and arter use in unfilling <)1' 4-8 canals

Microfracture (MF) was not detected for any
of the examined fi Ics as recei ved as well as after

untilling of 4 canals. It started to appear however

after unli II ing of 6 wld Rcanal s to account for 2:1 .3:V7r.

and 40'" or the towl number or studied instruments

respectively (tahle I and ligulT I). rhe increase in

the number of instruillents showing MF was found

to he statistically insignificant in group J and highl)

significant in group IlJ (p-value =0.(J07. p-value

=0.000 respectively). High statisticul significance

was found also when group I was compared with
group III.



Blade turnover (BT) followed a similar pattern

to that of blade blunting. It was detected in 10'Y!,
of the as received filcs, then, markedly and rapidly

increased after unfilling of -+ canals (60'Jr,). This

tracked a gradual i ncn:ase in RT wi th the increase

in the number of untilled canals (table I and tigurc

I). Accordingly. a statistically high significant

difference was found between the as recei vcd fi Ics

and each of the used fi Ie grou ps (I. [I. and III).

Conversely, statistical insignificlIlce was recorded

\\'ith the innease in the number of unfilled canals

(table 2).

Representative samples of the PTU Retreatment

ti Ies were sel ected for fu rther i nvcsti gation of

features of wear using higher magnification under

SEM.

Most of the as received instruments showed

generally minimum visible defects, uniform Hutcs,

regular rnachi ne groO\es .Iowcst blade irregularities.

wcar or surface pitting as shown in figure 2 a ancl b.

Generally all of the selected instruments showed

rnore than one type of surface defect whieh was in

di reet relation to the nurn bel' of use in canal's un-

filling. Figure 3 is a composite SEM micrngraph

uf a si7.e "D3" PTU instrument's tip and the first

three Illites after un-filling of 4 canals. Few debris

accurnulations were shown ncar to the i nstrulllent's

tip figure 3 a. Figure 3 b revealed starting of features

of blade blunti ng. However, widen i ng and disruption

of machine grooves was clearly detected after

unti II i ng of 6 canals (Iigure 2 c and d). This occurred

principally at the central rart of the instrument's

second Hute betwcen thc consecutive blades. Rlade

blunting and irregularity are also evident. This was

clearly and successfully captured in figure 2 c and

d. After unfilling of R canals; markeJ distraction at

the central part of the rnachine grooves at the file's

secund nute was Jetected in D2 PTU Retreatment

file resulting in cracks and microfractures at the

same siLl' (figure 2 e anJ f).

Blade blunting and irregularities as well as

debris accumulation are also clearly seen (Figure 4

a and b). Tip turnover was detected in some of the

narnined illstrumerlls moslly uf size D2 (Figure 4

c and d).


