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Abstract - The influence of several factors on the success rate of 
removal procedures of fractured endodontic instruments was 
evaluated postoperatively. In 105 teeth with 1 13 fragments removal 
attempts were undertaken using a wide range of techniques and 
instruments. All cases were analyzed with special regard to the fol- 
lowing factors: type of tooth and root canal, site of fragment in re- 
lation to root canal curvature, length of fragment, and type of frac- 
tured instrument. Success of treatment was defined as removal or 
complete bypassing of the fragment. Of 82 instruments in molars 
(maxillary: 32, mandibular: 50), 56 were removed or bypassed (max.: 
26, mand.: 30). Of 16 fragments in premolars (max.: 12, mand.: 4), 
8 could be removed or bypassed (rnax.: 6, mand.: 2). Of 14 frag- 
ments in canines and incisors (max.: 7, mand.: 7), 13 could be 
removed completely (max.: 6, mand.: 7). When the fragment was 
localized before the curvature 2 of 18 cases failed, when localized 
inside the curvature 13 of 3 1 cases failed and when localized beyond 
the curvature 15 of 33 cases failed. Anatomical factors favorable 
for removal were: straight canals, incisors and canines, localization 
before the curvature, length of fragment more than 5 mm, localiz- 
ation in the coronal or mesial third of the root canal, reamer or 
lentulo spirales. In molars removal procedures were most successful 
in the palatal canals of maxillary molars. 
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Fracture of root canal instruments is one of the most 
troublesome incidents in endodontic therapy. “The 
dentist who has not fractured the tip of a reamer, file 
or broach has not treated many root canals ... Who 
has not felt the pang, the anguish, the mortification 
caused by the breaking of an instrument? That mo- 
ment of remorse lives on for days until it is faded out 
by time,” noted Grossman (1). 

Evaluations of endodontic recall radiographs indi- 
cated that the frequency of remaining fragments 
ranges between 2% and 6% of the cases investigated 
(2-8). According to Grossman (9) and Crump & Nat- 
kin (10) the prognosis of teeth with remaining frag- 
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ments mainly depends on the preoperative condition 
of the penapical tissue. Prognosis was favorable in vi- 
tal pulp extirpation cases. In teeth in which a peri- 
apical lesion could already be diagnosed preopera- 
tively, healing occurred in only about half of the cases. 
However, in almost all cases where no pathological 
changes were recognized before treatment, the teeth 
remained without symptoms in spite of incomplete 
instrumentation and obturation. Ingle & Beveridge 
(1 1) have shown that less than 1% of endodontic fail- 
ures result from broken instruments. 

The orthograde removal of broken instruments in 
most cases is very difficult and often hopeless. Never- 
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theless, an attempt to remove these fragments should 
be undertaken in every case. Intentionally leaving a 
fragment in the root canal may only be considered 
when nonsurgical removal has been attempted with- 
out success. No standardized procedure for successful 
removal even in difficult cases exists, although a num- 
ber of different techniques and devices have been de- 
scribed in the literature (12, 13), among them the 
Masserann-Kit (14, 15), ultrasonics (16-20), and the 
Canal-Finder-System (2 1-23). Although the removal 
of fractured instruments sometimes is a rather difficult 
and time-consuming procedure the success rate has 
been reported as 55% to 79% (12). Three studies 
from the early 1970s report on the successful use of 
the Masserann-Kit (6, 14, 16). In vitro studies using 
ultrasonics show 79% and 68% success, whereas in 
vwo 67% of the fragments could be removed (20). The 
use of the Canal-Finder-System resulted in 59% of 
the fragments being removed or bypassed in an in vitro 
study, and 58% in vwo (22). But technical equipment 
should not be considered the only factor influencing 
success or failure of removal procedures. The skill and 
experience of the operator as well as anatomical fac- 
tors (root canal curvature, root canal diameter) may 
be even more important factors. 

Therefore, it was the aim of this retrospective study 
to evaluate the influence of several factors (type of 
tooth and root canal, length of fragment, site of frag- 
ment with regard to root canal curvature, type of frac- 
tured instrument) on the success or failure of attempts 
to remove fractured instruments from the root canal. 

Material and methods 

In 105 teeth in 105 patients with 1 13 fragments re- 
moval attempts were undertaken using a wide range 
of techniques and instruments. The following devices 
and techniques were most frequently used: Canal- 
Finder-System (SET, Marseille, France), Ultrasonics 
(Piezon Master 400, EMS, Munich, Germany), hand 
instruments: reamers for bypassing and Hedstroem 
files for removal (braiding technique), and chelating 
agents (Calcinase, Lege artis, Dettenhausen, Ger- 
many). In most cases more than one technique and 
device were used until the fragment was removed or 
bypassed or the removal attempt was stopped. All pa- 
tients were treated by the same dentist (MH). 

The patients with fractured instruments were dis- 
covered during routine initial radiographic examina- 
tions in the different departments of the dental clinics 
during the students’ or assistant teachers’ clinical 
treatment courses, or were referred by general prac- 
titioners to the Department of Operative Dentistry. 

All cases were analyzed with special regard to the 
following factors: type of tooth and root canal, degree 
of root canal curvature, site of fragment in relation 
to the root canal curvature, radiographic length of 

fragment, and type of fractured instrument. The de- 
gree of root canal curvature was determined using 
the method described by Schneider (24). Procedural 
accidents such as additional instrument fractures or 
root perforations were evaluated by control of the 
treatment protocols or the radiographs. All radio- 
graphs were evaluated with an X-ray viewer 
(Microbox, Fa. Welp, Bad Nauheim, Germany) under 
a 10 X magnification. 

Success of treatment was defined as removal or 
complete bypassing of the fragment. Due to the small 
number of cases in the subgroups and the relatively 
large number of variables no statistical analysis could 
be undertaken. 

Results 
Overall success/failure rate 

The overall success rate was 68.1%: 55 fragments 
(48.7%) could be removed completely and 22 (19.4%) 

Fig. 1. The fragment in the middle part of the curved mesio-lingual 
root canal of this mandibular molar could be bypassed completely. 
The case was rated a success. 

Fig, 2. The attempt to remove this fragment resulted in a root 
perforation as the tip of the instrument was directed to the root 
outside by the top of the fragment. The case was rated a failure. 
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Table 1. Summary of results of removal attempts by type of tooth and root canal 

Success Failure 

n Removed Bypassed n % n YQ 

Maxillary teeth 

Molar 
Palatal canal 
Buccal canals 

Premolar 
Canine/incisor 

Mandibular teeth 

Molar 
Distal canal 

Mesial canals 
Premolar 
Caninelincisor 

52 29 

5 3 
28 17 
12 3 
7 6 

61 25 

12 6 
38 11 
4 1 
7 7 

9 38 73 14 27 

3 60 2 4023 
6 23 82 5 18 
3 6 50 6 50 

6 86 1 14 

14 39 64 22 36 

2 8 67 4 33 
11 22 58 16 42 
1 2 50 2 50 

7 100 

Total 113 55 (48.7%) 22 (19.4%) 77 68.1 36 31.9 

could be bypassed completely (Fig. 1) so that they 
were embedded in gutta-percha. In 36 cases (31.8%) 
removal procedures failed: in 13 of these failures 
(1 1.5%) the removal procedures ended with root per- 

forations (Fig. 2). Additional instrument fractures 
were not observed (Table 1). The success rate was 
slightly higher in maxillary (73%) than in mandibular 
teeth (64%). 

Type of tooth and root canal 

The results of removal attempts with regard to the 
type of teeth and of the root canal in which the instru- 
ments had fractured are summarized in Table 1. The 
majority of the fractures had occurred in molars; the 
most frequently involved root canals were the mesial 
canals of mandibular molars followed by buccal ca- 
nals of maxillary molars. The lowest success rates 
were found in maxillary (50%) and mandibular pre- 
molars (50%). 

Site of fragment 

All fragments from the coronal third of the root canal 
(n=5) could be removed completely. When the frag- 
ment was localized in the middle third (n=44) or in 
the apical third (n=44), the success rates were 68% 
and 59%, respectively (Fig. 3 a-b). Long fragments 
extending over the complete root canal (n=7) could 
all be removed. From 6 fragments extending beyond 
the apical constriction 3 were removed (Table 2). 

Localization of fragment with regard to curvature 

Most of the fractured instruments were localized in- 
side (n=31) or beyond (n=33) the root canal curva- 
ture. In these groups the success rates (58% and 52'10, 
respectively) were lower than in straight root canals 
with a success rate of 82%. The highest success rate 
was found when the instrument had fractured before 
the curvature (Table 3). 

F@. 3a. Small fragment locdzed in the apical part of the distal 
canal of a lower molar. 
&. 36. The fragment could be removed completely. 
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Table 2. Success and failure of removal attempts by site of fragment 

Success 

n Removed Bypassed n Yo Failure 

Coronal third 5 5 0 5 100 0 
Middle third 44 17 13 30 68 14 
Apical third 44 19 7 26 59 18 
Beyond apex 7 3 0 3 43 4 
Complete canal 7 7 0 7 100 0 
Coronal and middle 2 2 0 2 100 0 
Middle and apical 4 2 2 4 100 0 

Total 113 55 22 77 68 36 

Table 3. Success and failure of removal attempts by relation between fragment 
and root canal curvature 

Success 
Relation to 
curvature n Removed Bypassed n % Failure 

Before 18 10 6 16 89 2 
Inside 31 14 4 18 58 13 
Beyond 33 12 5 17 52 16 
Straight 22 15 3 18 82 4 
Beforefinside 3 2 1 3 100 0 
Insidelbeyond 6 2 3 5 83 1 

Total 113 55 22 77 68 36 

Table 4. Success and failure of removal attempts by degree of root canal 
curvature 

Success 

Curvature (") n Removed Bypassed n % Failure 
~ 

0-1 0" 38 24 4 28 74 10 
11-20" 33 15 7 22 67 11 
21-30" 28 11 8 19 68 9 
31-40" 11 3 3 6 55 5 
41-50" 2 1 1 50 1 
51-60" 
61-70" 
71-80" 1 1 1 100 

Total 113 55 22 77 68 36 

Degree of curvature 

The results concerning the degree of curvature of the 
involved teeth are summarized in Table 4. The suc- 
cess rate was highest in roots with a curvature be- 
tween 0" and 10" (74%) and only slightly worse in 
root canals with curvatures from 1 1"-20" and 2 lo- 
30" (67% and 68%, respectively). The success rate 
was lower in teeth with higher degrees of curvature. 

Type of fractured instrument 

The results concerning the type of the fractured in- 
struments are presented in Table 5. Some of the frag- 
ments could not be identified due to deformation, loss 
of fragment, unclear radiographic feature, or failure 
in removal. Most of the fractured instruments were 
definitely or probably Hedstroem fles (n=5 1); 67% 
could be removed or bypassed. Lentulos were in- 
voked in 14 cases, 13 (93%) of these could be re- 
moved completely (Fig. 4 a-b). Reamer-type instru- 
ments (n= 17) were treated successfully in 76% of the 
cases. The remaining identifiable fragments were 
Gates-Glidden burs (n=5), NiTi files (n=3), and an 
ultrasonic file (n= 1). 

Length of fragment 

The results of removal attempts with regard to the 
length of the fragment are summarized in Table 6. In 
subgroup A, including all fragments shorter than 5 
mm, 32 of 78 fragments could be removed and an 
additional 16 bypassed. The success rate was 62%. In 
subgroup B, including all fragments 5-10 mm length 
(n=24) 13 fragments were removed completely and 
an additional 5 bypassed. The success rate was 79%. 
In subgroup C, including all fragments between 10.5 
and 15 mm (n= lo), 9 fragments could be removed; 
the success rate was 89% (Fig. 5). 

Discussion 

It is widely acknowledged that conservative re- 
treatment of cases of previously failed endodontic 
therapy produces good results. Success rates between 
65% and 84% have been reported in several investi- 
gations (25-29). The prerequisite for these success 
rates is complete removal of the obturation material 

Table 5. Influence of type of fractured instrument on success and failure of 
removal attempts 

~~~ 

Type of instrument n Removed Bypassed Success Failure 

Hedstroem file 46 19 
Probably Hedstroem file 4 2 
Lentulo 12 12 
Probably Lentulo 2 1 
Reamer 14 11 
Probably Reamer 4 
Spreader 3 
Probably Spreader 2 1 
Gates-Glidden 5 2 
Lig htspeed 2 1 
Profile 1 1 
Ultrasonic file 1 1 
Not identified 17 4 

30 16 
1 3 1 

12 
1 1 

2 13 1 
1 1 3 

0 3 
1 1 

2 4 1 
1 1 
1 
1 

5 9 8 

11 

Total 113 55 22 77 36 
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portant. In the present study lentulo spirales and 
reamers were most frequently removed, probably due 
to their shape (lentulos) and their fracture mode 
(reamers), whereas Hedstroem files showed a lower 
success rate. This may be because these instruments 
often fracture when they are screwed in a rotational 
motion into the root dentin. This results in close con- 
tact with the root canal wall, leaving little or no space 
for bypassing, whereas reamers with a triangular, rec- 
tangular or rhomboid cross-section may leave at least 
a minimal space for bypassing. Lentulo spirales in 
many cases may be instrumented via the empty cent- 
er of the instrument and thus easily grasped. 

Concerning the length of the fragments long frag- 
ments seemed easier to remove than short fragments. 
The success rate was higher when the fragment was 
longer than 5 mm. Again it may be presumed that the 
longer fragments were engaged into the root dentin at 
their tips and thus provided at least some space for 
bypassing in the coronal part, thus facilitating 
loosening, for example, by ultrasonics. 

The success of removal attempts seemed also to be 
related to the type of root canal. In canines with large 
root canals all 14 fragments could be removed com- 

Table 6. Success and failure of removal attempts by length of fragment 

Success 
Length Fig. 4u. Lentulo fractured inside curvature of first maxillary molar. 

Fig. 4b. The lentulo could be removed completely. Group (mm) n Removed Bypassed n % Failure 

and proper cleansing and disinfection of the root ca- 
nal system. Whereas semisolid filling materials in 
most cases may be removed with hand instruments 
and the use of softening agents such as chloroform, 
xylene or halothane, the removal of solid metal ob- 
jects may be more difficult (1 2). This is true especially 
for the removal of inadvertedly fractured instruments. 
Instrument fracture occurs during preparation of the 
root canal when the root canal still is rather narrow 
and not finally flared, so in many cases there is hardly 
any space to bypass the fragment. Some instruments, 
for example Hedstroem files, tend to fracture when 
used in an excessively rotational movement. Once 
‘Lscrewed” into the root dentin it is very difficult and 
time-consuming, sometimes even hopeless, to loosen 
and retrieve these fragments. Meanwhile there are 
several clinical reports on different devices and tech- 
niques for the treatment of such situations (for review 
see 12, 13), but only very few data exist on the success 
rates of such devices and techniques. 

On the other hand it should be obvious that special 
techniques and devices are not the only factors that 
influence the success or failure of removal attempts. 
The type and length of the fractured instrument as 
well as anatomical factors may be at least equally im- 

A 1.5 3 1 
2 9 4 
2.5 8 3 
3 12 5 
3.5 17 3 
4 18 9 
4.5 4 2 
5 7 5 

4 78 32 

1 2 67 1 
3 7 78 2 
2 5 63 3 
2 7 58 5 
6 9 53 8 
2 11 61 7 

2 50 2 
5 71 2 

16 48 62 30 

B 5.5 2 2 
6 11 4 
6.5 1 
7 5 3 
8 2 2 
9 1 

10 2 2 

5.5-10 24 13 

2 
4 8 

1 
1 4 

2 
1 1 

2 

6 19 

100 
73 3 
0 1 

90 1 
100 
100 
100 

79 5 

c 11 2 2 
11.5 2 2 
12 1 1 
13 1 1 
14 2 1 
15 1 1 

11-15 9 8 

2 100 
2 100 
1 100 
1 100 
1 50 1 
1 100 

8 89 1 

17 1 1 
18 1 1 

1 100 
1 100 

Total 113 55 22 77 68.1 36 
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these cases the tip of the instrument used for by- 
passing probably was directed to the root canal wall 
by the top of the broken instrument (Fig. 2). No ad- 
ditional instrument fractures or other procedural inci- 
dents occurred. 

Finally it should be stressed that in all cases of in- 
strument fracture several factors influenced the treat- 
ment outcome so that no definite preoperative prog- 
nosis on the probability of successful retrieval could 
be made. Nevertheless, certain factors concerning the 
site of the fragment and the type of root canal might 
give valuable hints, which are helpful for informing 
the patient preoperatively on the presumed treatment 
outcome and possible treatment risks. 

The influence of the removal technique could not 
be evaluated as in most cases a variety of techniques 
and devices had to be used until removal or bypassing 
was achieved or failure became evident. Nevertheless, 
the techniques and devices used for removal as well 
as the operator’s skill, experience and level of fatigue 
had an important influence on the treatment out- 
come. 

Fig. 5. Although localized in a radiographically straight root canal 
this small fragment (arrow) in the middle of a second premolar 
could be neither bypassed nor removed. 

pletely. In distal canals of mandibular molars and 
palatal canals of maxillary molars the success rates 
were 67% and 6O%, respectively, which probably was 
due to the shape of the canals, which in most cases is 
oval or irregular, at least in the coronal and middle 
sections. In mesial canals of mandibular molars, al- 
though mostly moderately or even severely curved, 
the isthmus between the mesio-buccal and mesio-lin- 
gual canal in some cases allowed bypassing of the 
fragment, resulting in a success rate of 58% (Fig. 6 a- 
b). Most difficult to treat were premolars, mandibular 
as well as maxillary, which in most cases showed 
rather narrow root canals. 

Concerning root canal curvature it was no surprise 
that removal success was higher in straight or only 
moderately curved canals, although it should be kept 
in mind that radiographs only allow two-dimensional 
analysis of three-dimensional curvatures. Fragments 

low success rate compared to fragments localized co- 
localized to the showed a F@, Ga, Fractured instrument in the cuIved root canal of a man- 

dibular molar, 
ronally or inside the curvature. 

perforations occurred (1 0.6%), 7 of these in the dim- 
cult mesial canals of mandibular molars. In most of 

Fig. 6b. The fragment was bypassed via the isthmus between the 
mesio-lingual and mesio-buccal root canals and could finally be 
removed by ultrasonics. The radiograph indicates a massive loss of 
dentin. 

During the removal attempts of this study 12 root 
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In the present investigation the following devices 
and techniques were most frequently used: Canal- 
Finder-System, ultrasonics, hand instruments: 
reamers for bypassing and Hedstroem files for re- 
moval (braiding technique), and chelating agents. 
Nevertheless, several other devices and techniques 
have been described in the literature (12-20, 30-33). 
With very few exceptions (6, 14, 16, 20, 22) there 
unfortunately are no data on the success rates of frag- 
ment removal for the different techniques or devices. 

Although no statistical analysis was performed in 
the present study because of the relatively small num- 
ber of cases and the relatively large number of vari- 
ables, there seemed to be several factors influencing 
the outcome of attempts to remove broken instru- 
ments from the root canal system. The success rate 
was higher: 

In maxillary teeth (73%) than in mandibular teeth 
(64%) 
When the fragment extended into the coronal third 
of the root canal 
When the instrument had separated before the root 
canal curvature 
For fragments longer than 5 mm 
For reamer-type instruments and lentulo spirales 
than for Hedstroem file type instruments. 
Anatomical factors favorable for removal were: 

straight canals, single-rooted teeth, localization before 
the curvature, localization in the coronal or mesial 
third of the root canal. 

References 
1. Grossman LI. Guidelines for the prevention of fracture of root 

canal instruments. Oral Surg Oral Med Oral Pathol 1969; 

2. Klammt W. Frakturen an Wurzelkanalinstrurnenten - ihre Ur- 
sache, Verhutung und Beseitigung [thesis]. Berlin; 1941. 

3. Castagnola L, Alban J. fJber das Abbrechen von Instrumenten 
bei der Wuxzelbehandung. Schweiz Monatsschr Zahnheilk 

4. Strindberg LZ. The dependence of the results of pulp therapy 
on certain factors. Act Odontol Scand 1956;14(Suppl 21):78- 
93. 

5. Engstroem B, Lundberg M. The correlation between positive 
culture and the prognosis of root canal therapy after pulpecto- 
my. Odont Revy 1965;16:193-203. 

6. Ketterl W. Instrumentenfraktur im Wunelkanal. Dtsch Zahn- 
antekalender. Munich: Hanser; 1975. p. 7 1-81. 

7. Plathner CH. Komplikationen bei der Wunelkanalbehand- 
lung. In: Plathner CH, Taatz H, editors. Grundlagen der Kari- 
ologie und Endodontie. 2nd ed. Munich: Hanser; 1975. p. 
603-6. 

8. Kerekes K, Tronstad L. Long-term results of endodontic treat- 
ment performed with a standardized technique. J Endod 

28:746-52. 

1955;65:855-93. 

1979;5:83-90. 

9. Grossman LI. Fate of endodontically treated teeth with frac- 
tured root canal instruments. J Br Endod SOC 1968;2:35-7. 

10. Crurnp MC, Natkin E. Relationship of broken root canal in- 
struments to endodontic case prognosis: a clinical investigation. 
J Am Dent Assoc 1970;80:1341-7. 

11. IngleJI, Beveridge EE, editors. Endodontics. 2nd ed. Philadel- 
phia: Lea & Febiger; 1976. p. 34-57,606. 

12. Hulsmann M. Methods for removing metal obstructions from 
the root canal. Endod Dent Traumatol 1993;9:223-7. 

13. Fors UGH, Berg JO. Endodontic treatment of root canals ob- 
structed by foreign objects. Int Endod J 1986;19:2-10. 

14. Masserann J. L'extraction des fragments de tenons intraradic- 
ulaires. Actual Odonto-stomatol 1966;75:392-402. 

15. Gundlach W. Die Entfernung von Fragmenten aus dem Wun- 
elkanal mit Hilfe des Instrumentariums nach Masserann. 
Zahnaxztl WeWReform 1972;81:803-12. 

16. Sano S, Miyake K, Osada T. A clinical study on the removal 
of the broken instrument in the root canal using Masserann 
Kit. Kanagawashikagu 1 9 7 4;9 : 50- 7. 

17. Moriya K, Osada T. Ultrasonic preparation of the root canal 
system. Dent Outlook 1984;64: 1-1 I .  

18. Chenail BL, Teplitsky PE. Endosonics in curved root canals. J 
Endod 1985;11:369-74. 

19. Souyave LC, Inglis AT, Alcalay M. Removal of fractured in- 
struments using ultrasonics. Br Dent J 1985;159:251-3. 

20. Nagai 0, Tani N, Kayaba Y,  Kodoma S, Osada T. Ultrasonic 
removal of broken instruments in root canals. Int Endod J 
1986; 19:298-304. 

2 1. Hiilsmann M. Die Entfernung frakturierter Instrumente mit 
Hilfe des Canal-Finder-Systems. Dtsch Zahnairztl Z 1990; 
45:229-32. 

22. Hillsmann M. The removal of silver cones and fractured in- 
struments using the Canal-Finder-System. J Endod 1990; 
16:596-600. 

23. Hillsmann M. Removal of fractured instruments using a com- 
bined automated/ultrasonic technique. J Endod 1994;20: 144- 
6. 

24. Schneider SS. A comparison of canal preparations in straight 
and curved root canals. Oral Surg I97 1 ;32:27 1-5. 

25. Grahnen H, Hansson L. The prognosis of pulp and root canal 
therapy. Odont Revy 196 1 ; 1 2: 146-65. 

26. Sjogren U ,  Hagglund B, Sundqvist G, Wing K. Factors affect- 
ing the long term results of endodontic treatment. J Endod 

27. Molven 0, Halse A. Success rates for gutta-percha and Kloro- 
perka N - 0  root fillings made by undergraduate students: 
radiographic findings after 10-17 years. Int Endod J 1988; 
2 1 :243-50. 

28. Strindberg LZ. The dependence of the results of pulp therapy 
on certain factors. An analytical study based on radiographic 
and clinical follow-up examinations. Acta Odontol Scdnd 
1956;14:1-174. 

29. Bergenholtz HG, Lekholm U, Milthon R, Heden G ,  Odesjo 
B, Engstrom B. Retreatment of endodontic fillings. Scand J 
Dent Res 1979;87:217-24. 

30. Johnson WB, Beatty RG. Clinical technique for the removal 
of root canal obstructions. J Am Dent Assoc 1988;117:473-6. 

3 I .  Roig-Greene JL. The retrieval of foreign objects from root ca- 
nals - a simple aid. J Endod 1983;9:394-7. 

32. Chenail BL, Teplitsky PE. Orthograde ultrasonic retrieval of 
root canal obstructions. J Endod 1987; 13: 186-90. 

33. Feldman G ,  Solomon C, Notaro P, Moskowitz E. Retrieving 
broken endodontic instruments. J Am Dent Assoc 1974; 
88:588-9 I .  

1990; 16:498-504. 

258 


