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Endodontic treatment is one of the most progres-

sive aspects of modern dentistry. Success rates for

conventional endodontic treatment are often re-

ported at 80–85%.1 However, the treatment is not

routinely successful, and retreatment is necessary as

a common clinical practice, reflecting an increased

patient demand for teeth to be maintained in the

dental arch. The main causes of failure are salivary

microleakage, incomplete cleaning and obtura-

tion, previous unsuccessful endodontic therapy,

the anatomy of the tooth, and occlusal trauma.2–7

Teeth with failed endodontic treatment have con-

siderable bacterial diversity, and the number of

species isolated from a retreatment case probably

depends on the quality of initial treatment and

the filling material used.8 Bacterial colonization

Effect of Intracanal Medication with 
Calcium Hydroxide and 1% Chlorhexidine 
in Endodontic Retreatment Cases with
Periapical Lesions: An In Vivo Study
Ertugrul Ercan,1* Mehmet Dalli,2 Ç. Türksel Dülgergil,1 Ferhan Yaman3

Background/Purpose: Calcium hydroxide (Ca(OH)2) has been widely used as an intracanal medicament
for endodontic retreatment, but very few studies used both Ca(OH)2 and 1% chlorhexidine (CHX) as intra-
canal medicaments. The purpose of this study was to assess the in vivo effectiveness of a combination of
Ca(OH)2 and 1% CHX as intracanal medicaments in endodontic retreatment cases with periapical lesions.
Methods: Previous cases of endodontically treated teeth with periapical pathosis in 70 patients (36 men
and 34 women, age range 18–60 years) were included. Of these teeth, 59 had received root canal treat-
ment and 11 had been subjected to previous apical surgery, indicating endodontic failure. Following the
routine procedures, including canal reshaping and irrigation with 2% CHX, a canal medication material
containing Ca(OH)2 powder and a 1% CHX solution was placed into the root canals. Over a 6-week period,
the intracanal medication was periodically changed until the teeth became asymptomatic. Patients were
recalled at 3-month intervals for radiographic and clinical examination.
Results: Our clinical and radiographic assessment of retreatment cases showed complete healing in 41
(64%) teeth, incomplete healing in 9 (14%) teeth, and failure in 14 (22%) teeth. For complete healing
teeth, the healing time varied from 6 to 36 months. The size of the periapical lesions and previous surgical
treatment had no influence on the prognosis.
Conclusion: Our results suggest that a combination of Ca(OH)2 and 1% CHX can be successfully used as
intracanal medicament for disinfection in endodontic retreatment cases with periapical lesions. [J Formos

Med Assoc 2007;106(3):217–224]

Key Words: calcium hydroxide, chlorhexidine, medication, periapical diseases, root canal retreatment

©2007 Elsevier & Formosan Medical Association
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1Department of Operative Dentistry, School of Dentistry, Kirikkale University, Kirikkale, 2Department of Conservative Dentistry and
Endodontics, and 3Department of Oral and Maxillofacial Surgery, School of Dentistry, Dicle University, Diyarbakir, Turkey.

Received: August 8, 2006
Revised: September 23, 2006
Accepted: October 3, 2006

*Correspondence to: Dr Ertugrul Ercan, Department of Operative Dentistry, School of Dentistry,
University of Kirikkale, Mimar Sinan Caddesi, Mediko Sosyal Binasi 25, 71100 Kirikkale City, Turkey.
E-mail: ertugrulercan@hotmail.com



E. Ercan, et al

218 J Formos Med Assoc | 2007 • Vol 106 • No 3

and/or endotoxins in root canals generally play a

vital role in the pathogenesis of periapical lesions.9

When unsuccessful endodontic therapy and

surgical failures occur, endodontic retreatment 

is preferred over apical surgery or tooth extrac-

tion.10–13 In deciding on retreatment, analysis of

the clinical and radiographic signs and symp-

toms and patient cooperation should be care-

fully evaluated.14

Calcium hydroxide (Ca(OH)2) has been widely

used as an intracanal medicament for retreatment

of such failed cases.1,15 Retreatment requires the

use of suitable intracanal medicaments that simul-

taneously eliminate bacteria, prevent their prolif-

eration, act as a barrier against their ingress and

cut off their nutrient supply.16,17 Previous studies

have shown good results when a tooth had for-

merly been retreated with nonsurgical treatments

using a Ca(OH)2 paste.18–20 It has been shown in

many previous studies that Ca(OH)2 paste applied

at intervals of at least 7 days is able to eliminate

and/or reduce the total number of bacteria sur-

viving even after biomechanical preparation.15,21

Despite the fact that the antimicrobial activity of

Ca(OH)2 seems dependent upon direct contact

with bacteria,22 Ørstavik and Haapasalo23 demon-

strated that it is not effective in eliminating bacte-

ria living in the deep part of the dentinal tubules.

This poor activity of Ca(OH)2 is, in part, related

to its low solubility,24,25 and research has focused

on alternative substances. For two decades now,

chlorhexidine (CHX) has been proposed both 

as an irrigant and an intracanal medicament in

endodontics.26–28 Chlorhexidine gluconate is rec-

ognized as an effective oral antimicrobial agent

with a broad antibacterial spectrum, and is rou-

tinely used in periodontal therapy and for caries

prevention.29–31 CHX combined with Ca(OH)2 has

recently been advocated as a suitable medicament

in insistent, endodontic periapical pathology, even

though the clinical data available are limited.

The purpose of this study was to evaluate a mix-

ture of Ca(OH)2 and 1% CHX as a medicament

in endodontic cases needing retreatment. Clinical

results obtained from the period from March 2002

to May 2005 are presented.

Materials and Methods

The study was carried out at the Department of

Endodontics, School of Dentistry, Dicle University.

Although not a criterion for inclusion or exclu-

sion, the reason for retreatment was determined

from the material on the basis of combined radi-

ographic signs and clinical symptoms. Patients

reporting any kind of systemic disorder and/or

medication, teeth without periapical radiolucen-

cies, or mobile teeth with advanced periodontitis

were excluded from the study.

Seventy patients (70 teeth) attending the uni-

versity endodontic clinic between 2002 and 2005

were included. All teeth were retreatment, endo-

dontic cases, and periapical pathosis was observed

at radiographic examination. Of the 70 teeth, 59

had a failed root filling, and 11 had previously

been subjected to apical surgery. The age range of

the patients was 18–60 in both sexes.

Before implementing the clinical procedures,

all subjects were informed of the aim of treatment

and the clinical results expected, as well as the

advantages and disadvantages of the treatment,

and informed consent was obtained. The patients

were interviewed and examined by two operators,

and the clinical characteristics of the 70 teeth

studied were categorized as follows: acute pain

(28/70), previous pain (40/70), tenderness to per-

cussion (32/70), swelling (8/70), tooth mobility

(6/70), and fistula (7/70). Of the teeth, 23 had

acute pain/tenderness to percussion and swelling;

17 had previous pain and tooth mobility; four had

tooth mobility and fistula, and three had tooth

mobility and swelling. There were no swellings

of the alveolar ridge or any other abnormalities.

At radiographic examination, an experienced

radiographer took all the radiographs, using the

long-cone paralleling technique with a setting of

70 kV, 10 mA and a film focus distance of 28 cm

with Ultra Speed film (Eastman Kodak, Rochester,

NY, USA). To standardize the evaluation of the

radiographs, all films were examined using an 

illuminated view box and a magnifying lens in

the dark room. The status of the periapical tis-

sues was evaluated according to the “periapical



index” (PI), by two of the authors using the peri-

apical radiographs. This index is a simplified ver-

sion of the radiographic method of interpretation

used by Ørstavik et al,32 and consists of five cate-

gories, numbered 1–5.

All cases were treated by a single operator in

order to reduce the effect of interpersonal dis-

parity. After isolation with a rubber dam, coronal

restorations were removed using a high-speed hand

piece and a sterilized round bur. The removal of

previous root canal fillings was performed using

Gates Glidden drills, hand files, heated pluggers,

and Ni-Ti rotary instruments without chemical

solvents. After this procedure, the working lengths

were determined using an apex locator and peri-

apical radiographs, withdrawing 1 mm from the

apexes. With irrigation by 2% CHX, step-back

preparation was performed on each canal using

hand files.

The canal was then dried with paper points,

and a canal dressing containing Ca(OH)2 and 1%

CHX paste was applied. To prepare the dressing

material, 0.48 mL of CHX at 1% was added to

4.8 g of Ca(OH)2 paste (Calen; composition: 2.5 g

Ca(OH)2, 0.5 g zinc oxide p.a., 0.05 g colophony,

1.75 mL polyethylene glycol 400; SS White) in 

a laminar air flow, and the material homoge-

nized and kept in sterile tubettes, using a Lentulo

spiral filler. A sterilized cotton pellet was placed

in the canal orifice and the tooth sealed with

zinc oxide-eugenol cement (Cavex, Haarlem, The

Netherlands).

At the next appointment, the tooth was re-

opened, the Ca(OH)2 paste was removed and a

patency file (size 08 Flexofile; Dentsply-Maillefer)

was pushed through the foramen. The root canal

was again irrigated with 2% chlorhexidine glu-

conate hypochlorite, and dried and redressed with

the same paste. The intracanal medication was

changed periodically over 6 weeks, by which time

the teeth were asymptomatic and the canals could

be dried. All teeth with clinical symptoms were

treated two or three times until they became

symptom-free.

Treatment was considered successful (com-

plete healing) when the tooth was determined to

be clinically free of symptoms and radiographs

showed the complete disappearance of the pre-

existing radiolucency. Depending on the degree of

radiographic appearance, all periapical pathosis

was classified according to the following criteria

modified from Strindberg33 and Rud et al34: (1)

complete healing; (2) incomplete healing; and

(3) failure. Cases exhibiting a decrease in size 

of periapical radiolucency in the final observation

period were placed in the incomplete healing

category. If expansion or no change in the size 

of the preexisting lesion was observed, the treat-

ment was recorded as a failure. At all follow-up

examinations, clinical and radiographic exami-

nations were performed in order to evaluate the

success and/or failure of the treatment.

All teeth categorized as complete and/or 

incomplete healing were reopened, and any 

remnants of Ca(OH)2 were removed using a pa-

tency file (size 08 Flexofile; Dentsply-Maillefer).

The teeth were symptomless and the root canal

was obturated with gutta-percha points and a

Ca(OH)2-based root canal sealer (Sealapex;

Sybron/Kerr, Romulus, MI, USA) using the lateral

condensation technique. Access cavities were sealed

with a light-cure composite resin (Charisma,

Kulzer, Germany) after proper etching, priming,

and bonding.

Results

Of the selected study population (n = 70), 36

(53.8%) were male and 34 (46.2%) female (Table

1). Six patients did not attend recall visits, and

were excluded from the study. Table 2 shows the

distribution of the causes of failure and tooth

types in the endodontic retreatment cases accord-

ing to clinical and radiographic examinations.

All patients were followed-up clinically and

radiographically at months 3, 6, and 12. Generally,

at month 3, clinical symptoms subsided, and api-

cal lesions exhibited significant opaque trabecula-

tion radiographically. After month 12, apical

radiolucency was absent, and bone trabeculation

was clearly visible on radiographic examination. 

Endodontically retreated cases with periapical lesions
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The results are shown in Table 3. Forty-one teeth

were categorized as having complete healing

(64.1%), nine as incomplete healing (14.1%),

and 14 as failures (21.9%).

As seen in Table 3, when we observed the 41

complete-healing teeth according to “previous

treatment group”, 35 teeth were included in the

previously inadequate root-canal therapy group.

Of these teeth, seven, 11, nine, five, and three

healed within 0–6, 7–13, 14–20, 21–27, and

28–36 months, respectively. In the complete-

healing-group, of the six teeth in the previous sur-

gical failure category, three, two, and one healed

within 7–13, 14–20, and 28–36 months, respec-

tively (Table 3).

Discussion

The aim of this in vivo study was to evaluate the

effect of a Ca(OH)2-CHX mixture as an intracanal

medicament in endodontically retreated teeth with

periapical lesions. At the end of 12 months,

many of the cases exhibited radiographic and clin-

ical healing except for six cases that showed no

radiographic changes.

The reasons for root canal treatment failure

were inadequate control of infection, poor design

of the access cavity, inadequate instrumentation

and obturation, missed canals, and coronal leak-

age.35 There are three treatment options in such

cases: conventional nonsurgical root canal re-

treatment, periradicular surgery, or extraction.36

Generally, retreatment is regarded as the therapy of

choice,11,12,19 and in a recent study, it was re-

ported that endodontic retreatment success rates

vary from 60% to 98%.1

Generally, bacteria in the root canal system are

known to be the cause of endodontic periapical le-

sions, and they cause endodontic failure.19,37 Some

clinical studies have confirmed that simple non-

surgical treatment with proper infection control

E. Ercan, et al
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Table 1. Patient sex, age, and tooth-type distribution

Tooth type
Gender Age (yr)

Male Female 18–28 29–39 40–50 51–60

Incisor 14 13 11 4 7 5
Canine 10 8 9 4 3 2
Premolar 6 8 3 6 3 2
Molar 6 5 8 2 1 0

Total 36 34 31 16 14 9

Table 2. Distribution of causes of root canal treatment failure according to tooth type

Tooth type After completion of retreatment

Incisor Canine Premolar Molar Total
Complete Incomplete

Failure
healing healing

Inadequate coronal 7 5 5 2 19 13 4 2
restoration

Poorly condensed 8 8 3 4 23 15 2 3
filling

Underfilling 10 5 3 4 22 13 0 6
Overfilling 2 0 1 0 3 0 2 1
Broken instrument 0 0 2 1 3 0 1 2

Total 27 18 14 11 70 41 9 14
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can promote the healing of large lesions.11,13 There-

fore, intracanal medicaments are thought to be

useful in preventing periapical lesions caused by

intracanal microorganisms or microbial invaders.22

Ca(OH)2 is a dressing material routinely used

in endodontic therapy.1,15 It has been recom-

mended as an intracanal medicament because 

of its antibacterial, antiresorptive, and tissue-

dissolving properties.38,39 It has two main bioac-

tive mechanisms: the killing of bacteria in inac-

cessible areas of the root canal system and the

healing of periapical lesions.15 When used as an in-

tracanal medicament, it can be effective in elimi-

nating bacteria from the root canal. Its high pH

has a destructive effect on bacterial cell mem-

branes and protein structures.16 As the paste

used in the present study is viscous, calcium and

hydroxyl ions are released slowly, enabling them

to persist in the periapical region for a considerable

length of time, thus exerting a beneficial action.14

As stated above, Ca(OH)2 effectiveness is

highly pH-related.40 Although direct clinical evi-

dence is still elusive, it may be stated that bacte-

ria and yeasts such as Enterococci and Candida

species, with a high tolerance for basic pH levels,

may not be effectively eliminated by conven-

tional Ca(OH)2 suspensions.40,41 The combina-

tion of another bioactive material with Ca(OH)2

therefore seems reasonable.

Our study evaluated the periapical healing

process in terms of an intracanal medication with

Ca(OH)2-1% CHX paste in the recovery process of

teeth with chronic periapical lesions and surgically

failed cases. A scan of the literature revealed no in

vivo studies concerning the effect of Ca(OH)2-1%

CHX used as an intracanal medicament for elimi-

nating and/or reducing periapical pathosis. This

is in agreement with de Rossi et al,42 who used the

same intracanal medicament in the endodontic

treatment of dog teeth with chronic periapical le-

sions. In that study, a paste consisting of Ca(OH)2-

1% CHX resulted in a significant reduction in the

size of periapical lesions at the end of 120 days.

As a general rule, our results suggest that “the

smaller the size of the pathosis the greater the chances

of healing in retreatment cases.” This is in line with

a recent study by Çalis,kan.19 In that in vivo study,

it was observed that previous surgical treatment

and the size of the periapical lesion were factors

that had a slightly negative influence on the out-

come of nonsurgical retreatment. However, in

our study, there was no statistically significant

difference between healing frequency and the

original size of the periapical lesion (p = 0.955).

This is in contrast to various clinical studies that

have reported that infection at the time of the root

filling, the size of the periapical lesion, and the

level of root filling at the radiographic apex can

negatively affect prognosis in endodontic retreat-

ment.5,8,12 In agreement with these observations,

Engström et al43 and Sjögren et al44 determined

significant differences in healing frequency be-

tween lesions initially larger than 5 mm and those

smaller than 5 mm. One possible explanation for

our incompatible results, indicating nonsignificance

between the size of periapical pathology and heal-

ing capacity, may be the high antibacterial activ-

ity of CHX, which was used as both an intracanal

medicament and an irrigant in our study. This

antibacterial agent has been found to be highly

effective against both major bacteria—Enterococcus

faecalis and Candida albicans—commonly found

in necrotic pulp and responsible for periapical

pathosis.23 Moreover, because these two bacteria

are resistant to Ca(OH)2 only, in one clinical

study, Ca(OH)2 was mixed with CHX, which has

been shown to be effective against E. faecalis and

C. albicans.45,46

In our study, much of the complete healing at

radiographic examination was seen in month 12.

This period is relatively short when compared with

other in vivo studies in the literature. For example,

Engström et al 43 and Sjögren et al44 stated that 

a follow-up period of at least 4–5 years was nec-

essary for the complete healing of some of the

largest lesions. However, according to other recent

studies,9,23,24 a 2-year follow-up period is sufficient

to reach a conclusion concerning the treatment

outcome of most lesions. Although it has not been

achieved in any in vivo study, theoretically fast

healing of periapical lesions can be attributed to

the Ca(OH)2-CHX mixture employed.

E. Ercan, et al
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In an in vitro study by Sirén et al,47 possible

chemical reactions and antibacterial effective-

ness in combinations of Ca(OH)2 and CHX were

investigated, using both fresh and 96-hour mix-

tures. Although 24-hour experiments showed

somewhat slower disinfection by combinations

of CHX and Ca(OH)2, after 1 week the effect of

the Ca(OH)2-CHX mixture was the same as that

observed with pure CHX. Additionally, the

Ca(OH)2-CHX mixture disinfected the tubules

to a depth of 600 μm in 1 week and was able to

kill all bacteria in one of the four test pieces.

Finally, the authors maintained that Ca(OH)2

does not impair the disinfecting effect of CHX,

and that it provides an additional antibacterial 

activity, preserving its high alkalinity for longer

periods of time.

In this clinical study, teeth with periapical le-

sions could be successfully retreated with Ca(OH)2-

CHX as a medicament, and the antibacterial effect

of CHX in combination with Ca(OH)2 may prove

to be of benefit in the treatment of certain types of

persistent infections in primary, and particularly

in retreatment cases.

References

1. Sjögren U, Figdor D, Persson S, et al. Influence of infection
at the time of root filling on the outcome of endodontic
treatment of teeth with apical periodontitis. Int Endod J
1997;30:297–306.

2. Jokinen MA, Kotilainen R, Poikkeus P, et al. Clinical and
radiographic study of pulpectomy and root canal therapy.
Scand J Dent Res 1978;86:366–73.

3. Lindhe J, Nyman S, Ericsson I. Trauma from occlusion. In:
Lindhe J, Karring T, Lang NP, eds. Clinical Periodontol-
ogy and Implant Dentistry, 3rd edition. Copenhagen:
Munksgaard, 1998:279–94.

4. Pekruhn RB. The incidence of failure following single-visit
endodontic therapy. J Endod 1986;2:68–72.

5. Petersson K, Lewin B, Hakansson J, et al. Endodontic status
and suggested treatment in a population requiring sub-
stantial dental care. Endod Dent Traumatol 1989;153:
153–8.

6. Swartz DB, Skidmore AE, Griffin JA. Twenty years of 
endodontic success and failure. J Endod 1983;9:198–202.

7. Torabinejad M, Ung B, Kettering JD. In vitro bacterial 
penetration of coronally unsealed endodontically treated
teeth. J Endod 1990;16:566–9.

8. Sundqvist G, Figdor D, Persson S, et al. Microbiologic
analysis of teeth with failed endodontic treatment and the
outcome of conservative re-reatment. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 1998;85:86–93.

9. Kakehashi S, Stanley H, Fitzgerald RJ. The effects of surgical
exposures of dental pulps in germ-free and conventional
laboratory rats. Oral Surg Oral Med Oral Pathol 1965;
20:340–9.

10. Bergenholtz G, Lekholm U, Milthon R, et al. Retreatment
of endodontic failures. Scand J Dent Res 1979;87:217–24.

11. Çali,skan MK, ,Sen BH. Endodontic treatment of teeth with
apical periodontitis using calcium hydroxide: a long-term
study. Endod Dent Traumatol 1996;12:215–21.

12. Lovdahl PE. Endodontic retreatment. Dent Clin of North
Am 1992;36:473–90.

13. Weiger R, Rosendahl R, Löst C. Influence of calcium 
hydroxide intracanal dressings on the prognosis of teeth
with endodontically induced periapical lesion. Int Endod J
2000;33:219–26.

14. Fava LR. Calcium hydroxide in endodontic retreatment
after two nonsurgical and two surgical failures: report of 
a case. Int Endod J 2001;34:72–80.

15. Byström A, Claesson R, Sundqvist G. The antibacterial effect
of camphorated paramonochlorophenol, camphorated phe-
nol and calcium hydroxide in the treatment of infected root
canals. Endod Dent Traumatol 1985;1:170–5.

16. Siqueira JF, Uzeda M. Disinfection by calcium hydroxide
pastes of dentinal tubules infected with two obligate and
one facultative anaerobic bacteria. J Endod 1996;22:674–6.

17. Siqueria JF Jr. Aetiology of root canal treatment failure:
why well-treated teeth can fail. Int Endod J 2001;34:1–10.

18. Allen RK, Newton CW, Brown CE Jr. A statistical analysis
of surgical and nonsurgical endodontic retreatment cases.
J Endod 1989;15:261–6.

19. Çali,skan MK. Nonsurgical retreatment of teeth with peri-
apical lesions previously managed by either endodontic or
surgical intervention. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2005;100:242–8.

20. van Nieuwenhuysen JP, Aouar M, D’Hoore W. Retreatment
or radiographic monitoring in endodontics. Int Endod J
1994;27:75–81.

21. Sjögren U, Figdor D, Spangberg LSW, Sundqvist G. The
antimicrobial effect of calcium hydroxide as a short-term
intracanal dressing. Int Endod J 1991;24:119–25.

22. Siqueira JF Jr, Lopes HP. Mechanisms of antimicrobial 
activity of calcium hydroxide: a critical review. Int Endod J
1999;32:361–9.

23. Ørstavik D, Haapasalo M. Disinfection by endodontic irri-
gants and dressings of experimentally infected dentinal
tubules. Endod Dent Traumatol 1990;6:142–9.

24. Fuss Z, Szajkis S, Tagger M. Tubular permeability to calcium
hydroxide and to bleaching agents. J Endod 1989;15:362–4.

25. Fuss Z, Rafaeloff R, Tagger M, Szajkis S. Intracanal pH
changes of calcium hydroxide pastes exposed to carbon
dioxide in vitro. J Endod 1996;22:362–4.

Endodontically retreated cases with periapical lesions

J Formos Med Assoc | 2007 • Vol 106 • No 3 223



26. Lindskog S, Pierce AM, Blomlöf L. Chlorhexidine as a root
canal medicament for treating inflammatory lesions in the
periodontal space. Endod Dent Traumatol 1998;14:186–90.

27. Siqueira JF Jr, Uzeda M. Intracanal medicaments: Evaluation
of the antibacterial effects of chlorhexidine, metronidazole,
and calcium hydroxide associated with three vehicles. 
J Endod 1997;3:167–9.

28. Ferraz CCR, Gomes BPFA, Zaia AA, et al. In vitro assess-
ment of the antimicrobial action and the mechanical abil-
ity of chlorhexidine gel as an endodontic irrigant. J Endod
2001;27:452–5.

29. Fardal O, Turnbull RS. A review of the literature on use of
chlorhexidine in dentistry. J Am Dent Assoc 1986;112:863–9.

30. Lee LW, Lan WH, Wang GY. An evaluation of chlorhexidine as
an endosonic irrigant. J Formos Med Assoc 1990;89:491–7.

31. White RR, Hays GL, Janer LR. Residual antimicrobial activity
after canal irrigation with chlorhexidine. J Endod 1997;23:
229–31.

32. Ørstavik D, Kerekes K, Eriksen HM. The periapical index:
a scoring system for radiographic assessment of apical 
periodontitis. Endod Dent Traumatol 1986;2:20–34.

33. Strindberg LZ. The dependence of the results of pulp therapy
on certain factors: an analytical study based on radiographic
and clinical follow-up examination. Acta Odont Scand
1956;14:1–175.

34. Rud J, Andreasen JO, Jensen JE. Radiographic criteria for
the assessment of healing after endodontic surgery. Int 
J Oral Surg 1972;1:195–214.

35. Nair PN, Sjögren U, Figdor D, et al. Persistent periapical
radiolucencies of root-filled human teeth, failed endodontic
treatments, and periapical scars. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1999;87:617–27.

36. Öztan MD. Endodontic treatment of teeth associated with
a large periapical lesion. Int Endod J 2002;35:73–8.

37. Ingle JI, Beveridge EE, Glick DH, et al. Modern endodontic
therapy. In: Ingle JI, Bakland LK, eds. Endodontics, 4th edition
Baltimore: Williams & Wilkins, 1994:1–52.

38. Tronstad L, Andreasen JO, Hasselgren G, et al. pH changes
in dental tissues after root canal filling with calcium 
hydroxide. J Endod 1981;7:17–21.

39. Hasselgren G, Olsson B, Cvek M. Effect of calcium hydrox-
ide and sodium hypochlorite on the dissolution of necrotic
porcine muscle tissue. J Endod 1988;14:125–7.

40. Evans M, Davies JK, Sundqvist G, et al. Mechanisms 
involved in the resistance of Enterococcus faecalis to 
calcium hydroxide. Int Endod J 2000;35:221–8.

41. Waltimo T, Sirén E, Ørstavik D, et al. Susceptibility of oral
Candida species to calcium hydroxide in vitro. Int Endod J
1999;32:94–8.

42. de Rossi A, Silva L, Leonardo MR, et al. Effect of rotary 
or manual instrumentation, with or without a calcium 
hydroxide/1% chlorhexidine intracanal dressing, on the
healing of experimentally induced chronic periapical lesions.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2000;
99:628–36.

43. Engström B, Hard AF, Segerstad L, et al. Correlation of pos-
itive cultures with the prognosis for root canal treatment.
Odontol Revy 1964;15:257–70.

44. Sjögren U, Hagglund B, Sundqvist G, Wing K. Factors 
affecting the long-term results of endodontic treatment. 
J Endod 1990;16:498–504.

45. Yoldas O, Topuz A, Isçi S, et al. Postoperative pain after
endodontic retreatment: single- versus two-visit treatment.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2004;98:483–7.

46. Ercan E, Dalli M, Dulgergil CT. In vitro assessment of the
effectiveness of chlorhexidine gel and calcium hydroxide
paste with chlorhexidine against Enterococcus faecalis and
Candida albicans. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2006;102:e27–31.

47. Sirén EK, Haapasalo MPP, Waltimo TMT, et al. In vitro 
antibacterial effect of calcium hydroxide combined with
chlorhexidine or iodine potassium iodide on Enterococcus
faecalis. Eur J Oral Sci 2004;112:326–31.

E. Ercan, et al

224 J Formos Med Assoc | 2007 • Vol 106 • No 3


