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Healing outcomes of root canal treatment for 
C-shaped mandibular second molars: a retrospective 
analysis

Objectives: This study aimed to evaluate the healing rate of non-surgical endodontic 
treatment between C-shaped and non-C-shaped mandibular second molars. Materials 
and Methods: Clinical records and radiological images of patients who had undergone 
endodontic treatment on mandibular second molars between 2007 and 2014 were 
screened. The periapical index scoring system was applied to compare healing 
outcomes. Information about preoperative and postoperative factors as well as the 
demographic data of the patients was acquired and evaluated using chi-square and 
multinomial logistic regression tests. Results: The total healing rate was 68.4%. 
Healing rates for the mandibular second molar were 70.9% in C-shaped canals (n = 
79) and 66.6% in non-C-shaped ones (n = 117). The difference was not statistically 
significant. Conclusions: The presence of a C-shaped canal in the mandibular second 
molar did not have a significantly negative effect on healing after treatment. Instead, 
proper pulpal diagnosis and final restoration were indicated as having significantly 
greater influence on the healing outcomes of C-shaped and non-C-shaped canals, 
respectively. (Restor Dent Endod 2016;41(4):262-270)

Key words: C-shaped canal; Endodontic treatment; Healing rate; Mandibular second 
molar; Periapical index

Introduction 

A thorough understanding of root canal anatomy and its variation plays a very 
important role in carrying out successful endodontic treatment. To advance our 
knowledge about root canal anatomy, many studies have reported different kinds 
of root canal morphologies, one of which is a C-shaped root canal.1-3 The C-shaped 
root canal, first named by Cooke and Cox in 1979, is an unusual variation of canal 
morphology.4 Although clinical cases have reported a C-shaped root canal in the 
maxillary and mandibular first molar, it is primarily found in the mandibular second 
molar.5 Studies have mapped the incidence of a C-shaped root canal in different 
populations. It shows an increasing tendency from Northeast Africa to East Asian 
countries such as China, Korea, and Japan.6,7

Because of the unusual morphology and structural complexity of a C-shaped root 
canal, many technologies have been recommended to facilitate successful endodontic 
treatment. For example, some studies have proposed the use of ultrasonic equipment 
in combination with a nickel-titanium (NiTi) rotary instrument for effective cleaning8,9 
and the use of a continuous wave technique, instead of cold lateral compaction, for 
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achieving fillings with greater density.10 Nonetheless, a 
C-shaped root canal is generally believed to complicate 
endodontic treatment and might have an unfavorable effect 
on healing outcomes. Although this belief is based on the 
complexity of the C-shaped root canal, there are no studies 
that directly compare the healing rates of endodontic 
treatment between C-shaped and non-C-shaped root canals. 
This study aims to evaluate the healing rate of non-

surgical root canal treatment between C-shaped and non-C-
shaped mandibular second molars. In addition, this study 
aims to identify factors that significantly affect treatment 
outcome.

Material and Methods

Subjects

The protocol of this study was approved by the 
Institutional Review Board of Wonkwang University Daejeon 
Dental Hospital (W1406/001-001). This study included 
patients who received endodontic treatment on mandibular 
second molars from 2007 to 2014 at the Department of 
Conservative Dentistry of Wonkwang University Daejeon 
Dental Hospital (Daejeon, Korea).

Inclusion/Exclusion criteria

Mandibular second molars treated with endodontic 
retreatment or surgical treatment like intentional 
replantation and cases with a fol low-up period 
shorter than 6 months were excluded. Patients with a 
notable medical history, including conditions such as 
diabetes, cancer, chemotherapy, HIV infection, or other 
immunocompromising disease, were also excluded.

Treatment protocol 

Endodontic treatments were performed under rubber 
dam isolation, with a straight-line access prepared using 
diamond high-speed burs. Then the coronal third of the 
canal was enlarged with Gates-Glidden burs at low speed. 
The working length (WL) was determined with Root ZX (J. 
Morita Corp., Tokyo, Japan) and periapical radiography. 
The apical third was then prepared using ProTaper NiTi files 
(Dentsply Tulsa Dental, Tulsa, OK, USA) and Profile NiTi 
files (Dentsply Tulsa Dental). Five mL sodium hypochlorite 
at 2.5% was used as an irrigant. Compacted warm gutta-
percha cones (DiaDent, Cheongwon, Korea) and AH Plus 
(Dentsply Tulsa Dental) sealer filled the canals. A final 
radiograph was exposed after removal of the rubber dam.

Pre- and post-operative factors 

The personal details (including age at the time of last 

follow-up and sex) of 195 patients were recorded. 
Information about the involved tooth, including the 
location of the tooth, the presence of a C-shaped canal, 
pulpal and periapical status like vital or nonvital pulp, 
normal or pathologic periapex, and the presence of 
cracks or fractures, was collected to determine the set of 
preoperative factors. The restorative status of the tooth 
such as the presence of full-coverage restoration was also 
noted as a postoperative factor.

Healing evaluation 

At the initial visit and at every follow-up visit, patients 
were asked about tooth pain (spontaneous, or upon 
chewing or with pressure) and the tooth was then 
examined clinically and radiographically. Radiographs 
were taken using the paralleling technique. The 
exposure time for each tooth type was standardized. 
Radiographic evaluation was performed preoperatively and 
postoperatively, at the endpoint of follow-up visits, double-
blind, by two additional examiners. Before evaluating 
the radiographs, the two examiners were calibrated 
with well-defined instructions and reference radiographs 
with different periapical types of lesions. When the two 
examiners disagreed, the radiograph was subjected to joint 
evaluation. Irrespective of the number of treated roots, the 
tooth was always considered as the unit of evaluation and 
rated according to the worst value.

Radiographic evaluation

1.	�Identification of the presence of a C-shaped root canal 
by radiographic features 

The presence of a C-shaped root canal was identified on 
radiographs using the radiographic features recommended 
by Fan et al.11 Mandibular second molars having a conical 
or square root whose canals are merged into 1 major canal 
or separated by a radiolucent longitudinal separating line 
were recognized as C-shaped.11 These were also confirmed 
by clinical inspection during endodontic treatment for the 
identification of C-shaped canals.

2.	The periapical index (PAI) scoring system 

For radiographic evaluation, periapical and panoramic views 
were used. PAI scoring system was used to compare the 
differences in periapical status before and after treatment 
at the last follow-up point. With this method, periapical 
radiolucencies are scored on a 5 point scale ranging from 
1 to 5: score 1 represents a radiographically healthy 
periapex; score 2 is a small change in periapical bone 
structure (< 0.5 mm); score 3 denotes changes in periapical 
bone structure with some mineral loss (0.5 - 1 mm); score 
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4 is demineralization of the periapical bone with a well-
defined radiolucent area (2 - 4 mm); score 5 represents 
demineralization of the periapical bone with exacerbating 
features (≥ 5 mm).12,13 In multi-rooted teeth, the scoring 
was assigned to the root with the highest PAI score.

3.	�Categories for determining healing or non-healing 
following endodontic treatment with the PAI scoring 
system 

In studies on endodontic outcomes, the criteria for 
healing were based on clinical symptoms and radiographic 
findings. Four categories were used for the classification 
of healing following endodontic treatment. These criteria 
were modified from the three categories presented by 
Dammaschke et al., which classified healing following 
endodontic treatment into complete healing, incomplete 
healing, and no healing.14 Details of radiographic changes 
for the modified four criteria are based on the PAI scoring 
system (Table 1). Completely and incompletely healed are 
considered as healed, while uncertain and unsatisfactory 
healing belongs to the non-healing category.

Statistical analysis

All data were analyzed using IBM SPSS Statistics for 
Windows version 21.0 software program (IBM Corp., Armonk, 
NY, USA). To differentiate the demographic characteristics 
of selected patients, an analysis of frequency was done. 
In order to evaluate the effect of the identified factors on 
the healing outcome, chi-square analysis and regression 
analysis were used. Multinomial logistic regression was also 
chosen to predict the possibilities of different potential 
healing outcomes. All the statistical tests were set at 95% 
significance level (p < 0.05).

Results

Demographic data of the study

The demographic data distribution of this study is shown 
in Table 2. A total of 330 patients were treated with non-
surgical root canal treatment on mandibular second molars. 
After applying subject criteria and excluding those lost 
during follow-up, a total of 195 patients consisting of 
59.9% male (115/195) and 41.1% female (80/195) were 
included. The recall rate was 69.9%. The distribution of 
tooth locations was 51.0% for the left mandibular second 
molar and 49.0% for the right. The mean age was 46.0 (± 
14.9) years, ranging from 12 to 81. The mean follow-up 
duration was 24.4 (± 17.3) months. The longest duration 
of recall was 80 months and the shortest duration was 6 
months. Total 196 teeth from 195 patients were included 
in this study.

Evaluation of healing outcomes for mandibular second 
molars
 

Among the 196 teeth, the total healing rate was 68.4%, 
which includes 103 completely healed teeth (52.6%) and 
31 incompletely healed teeth (15.8%). Among C-shaped 
root canals (n = 79), 44 teeth (55.7%) had completely 
healed and 12 teeth (15.2%) had incompletely healed, 
which means the healing rate was 70.9%. In the case of 
non-C-shaped root canals (n = 117), 59 teeth (50.4%) 
underwent complete healing and 19 teeth (16.2%) 
incompletely healed, demonstrating a healing rate of 
66.6%. The difference in healing rates between the two 
groups was not statistically significantly.

Ahn HR et al.

Table 1. The classification of healing outcome

Clinical symptom Radiologic change PAI score change Others

Completely healed Absent
Continuous periodontal ligamental 
space with normal width

5, 4, 3, 2, 1 → 1

Incompletely healed Absent
Reduction of apical lesion but not 
completely resolved

5, 4, 3, 1 → 2
Or 2 → 2

Uncertain healing Absent
Suspected reduction of apical lesion 
but not completely resolved or no 
change of apical lesion

5, 4 → 3
5 → 4
Or 3 → 3

Unsatisfactory healing Present
Increase of apical lesion, 
neoformation of apical lesion, or 
visible root resorption

5, 4, 3, 2, 1 → 5
1, 2, → 3
Or 1, 2, 3, 4 → 4

Record of 
extraction or 

surgical treatment

PAI, periapical index.
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Table 2. The demographic data of the study

Frequency (No.) Percentage

Gender
Male 116 59.2

Female 80 40.8

Location
Left 100 51.0

Right 96 49.0

Pulp status
Vital 153 78.1

Necrosis 43 21.9

Periapical status
Normal 109 55.6

Lesion 87 44.4

Canal shape
C-shaped 79 40.3

non-C-shaped 117 59.7

Full crown restoration
Absent 41 21.0

Present 155 79.0

Crack or fracture
Absent 160 81.6

Present 36 18.4

Total 196 100.0

Factors affecting healing outcome

A chi-square analysis was conducted in order to reveal the 
factors that affect healing outcome. The results of the chi-
square test of C-shaped root canals (n = 79) are shown in 
Table 3. This indicates that in teeth with C-shaped root 
canals, only the presence of final full crown restoration 
had a significant correlation with healing outcome (p < 
0.05). To see the direction of correlation, a multinomial 
logistic regression analysis was also done. The results are 
summarized in Table 4. Absence of full crown restoration 
had a positive correlation with the cases rated for 
incomplete or unsatisfactory healing.
The cases of non-C-shaped root canals were also analyzed 

for comparison with C-shaped root canals. The results 
are shown in Table 5. As mentioned above, a multinomial 
logistic regression analysis was also applied to see the 
direction of correlation. The results are summarized in 
Table 6. Age had a significant correlation with incomplete 
healing and normal pulp had a correlation with uncertain 
healing.

Follow-up period

The follow-up period was calculated from the day of canal 
filling to last follow-up. With the follow-up period set as an 
independent variable and healing outcome as a dependent 
variable, regression analysis results showed that the follow-
up period significantly affected healing outcome (p < 0.05). 
The mean follow-up period was 24.4 months.

Discussion

The PAI scoring system, which was suggested by 
Orstarvik et al.,15 has been accepted as a useful tool for 
revealing changes caused by periapical inflammation 
and for evaluating root canal treatment outcomes.16 
This system was developed for use in clinical trials and 
epidemiological surveys.17 Although scoring with the use 
of periapical radiographs was first suggested, panoramic 
views have also been used for scoring in many studies and 
so are considered to be valid tools for periapical lesion 
detection.13 As such, both of them were used in this study.
The main anatomic feature of the C-shaped root canal is 

the fin or the web that connects individual root canals.5 
The apical third is generally regarded as an important 
section where complete debridement is critical for a good 
prognosis for root canal treatment; hence, a C-shaped 
root canal undoubtedly poses a challenge to clinicians.5 
However, the results of this study show that there were no 
significant correlations between the healing outcomes of 
non-surgical root canal treatment of C-shaped and non-C-
shaped root canals. Therefore, the presence of C-shaped 
root canal morphology did not significantly affect healing 
outcome. 
As shown in the results of the multinomial logistic 

analysis of C-shaped root canal cases (n = 79), 
unsatisfactory healing significantly increased without final 
full crown restoration. This agrees with the studies of Ray 
and Trope,17 Pirani et al.,18 and Katebzadeh et al.,19 which 
demonstrated that the coronal seal above the canal filling 
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Table 4. The results of a multinomial logistic regression analysis showing the detailed direction of correlation of C-shaped root 
canals (n = 79)

Incompletely healed Uncertain healing Unsatisfactory healing
B p value Exp (B) B p value Exp (B) B p value Exp (B)

Age 0.023 0.390 1.023 6.961 0.936 1054.689 0.035 0.149 1.035

Gender (male) 0.805 0.283 2.236 -179.090 0.969 1.668 1.544 0.023* 4.685

Location (right) -0.816 0.279 0.442 207.381 0.943 1.159 -1.207 0.067 0.299

Pulp (normal) 17.637 -† 456500500.273 82.447 0.981 6.402 -1.018 0.224 0.361

Periapex (normal) -1.273 0.089 0.280 -197.931 0.936 1.095 0.082 0.908 1.085
Full crown 
Restoration (absent)

2.195 0.031* 8.981 296.360 0.957 5.097 2.590 0.009* 13.326

Crack or fracture 
(absent)

0.017 0.984 1.018 289.034 0.960 3.354 -0.567 0.420 0.567

B, coefficient for the constant; Exp (B), the exponentiation of the B constant, which is an odds ratio.
*Indicates significant differences (p < 0.05).
†Indicates the p value cannot be calculated.

Table 3. The results of a chi-square analysis of C-shaped root canals (n = 79)

Healing outcome
Total p valueCompletely 

healed
Incompletely 

healed 
Uncertain 
healing

Unsatisfactory 
healing

Gender
Male

18 7 1 14 40 0.150
45.0% 17.5% 2.5% 35.0% 100.0%

Female
26 5 2 6 39

66.7% 12.8% 5.1% 15.4% 100.0%

Location
Left

19 7 1 13 40 0.351
47.5% 17.5% 2.5% 32.5% 100.0%

Right
25 5 2 7 39

64.1% 12.8% 5.1% 17.9% 100.0%

Pulp status
Vital

37 12 3 15 67 0.241
55.2% 17.9% 4.5% 22.4% 100.0%

Necrosis
7 0 0 5 12

58.3% 0.0% 0.0% 41.7% 100.0%

Periapical 
status

Normal
27 5 0 11 43 0.156

62.8% 11.6% 0.0% 25.6% 100.0%

Lesion
17 7 3 9 36

47.2% 19.4% 8.3% 25.0% 100.0%

Full crown 
Restoration

Absent
3 4 2 7 16 0.005*

18.8% 25.0% 12.5% 43.8% 100.0%

Present
41 8 1 13 63

65.1% 12.7% 1.6% 20.6% 100.0%

Crack or 
fracture

Absent
35 9 3 13 60 0.461

58.3% 15.0% 5.0% 21.7% 100.0%

Present
9 3 0 7 19

47.4% 15.8% 0.0% 36.8% 100.0%

Total
44 12 3 20 79

55.7% 15.2% 3.8% 25.3% 100.0%

*Indicates significant differences (p < 0.05).
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Table 5. The results of a chi-square analysis of non-C-shaped root canals (n = 117)

Healing outcome

Total p valueCompletely 
healed

Incompletely 
healed

Uncertain 
healing

Unsatisfactory 
healing

Gender
Male

41 9 5 21 76 0.258
53.9% 11.8% 6.6% 27.6% 100.0%

Female
18 10 1 12 41

43.9% 24.4% 2.4% 29.3% 100.0%

Location
Left

30 11 3 16 60 0.931
50.0% 18.3% 5.0% 26.7%

Right
29 8 3 17 57

50.9% 14.0% 5.3% 29.8% 100.0%

Pulp status
Vital

47 17 2 20 86 0.010*
54.7% 19.8% 2.3% 23.3% 100.0%

Necrosis
12 2 4 13 31

38.7% 6.5% 12.9% 41.9% 100.0%

Periapical 
status

Normal
38 8 2 18 66 0.216

57.6% 12.1% 3.0% 27.3% 100.0%

Lesion
21 11 4 15 51

41.2% 21.6% 7.8% 29.4% 100.0%

Full crown 
restoration

Absent
12 3 1 9 25 0.425

48.0% 12.0% 4.0% 36.0% 100.0%

Present
47 16 5 24 92

51.1% 17.4% 5.4% 26.1% 100.0%

Crack or 
fracture

Absent
50 16 6 28 100 0.782

50.0% 16.0% 6.0% 28.0% 100.0%

Present
9 3 0 5 17

52.9% 17.6% 0.0% 29.4% 100.0%

Total
59 19 6 33 117

50.4% 16.2% 5.1% 28.2% 100.0%

*Indicates significant differences (p < 0.05).

Table 6. The results of a multinomial logistic regression analysis showing the detailed direction of correlation of non-C-shaped 
root canals (n = 117)

Incompletely healed Uncertain healing Unsatisfactory healing
B p value Exp (B) B p value Exp (B) B p value Exp (B)

Age -0.060 0.008* 0.942 -0.041 0.211 0.960 -0.030 0.060 0.970

Gender (male) -1.041 0.095 0.353 1.368 0.268 3.928 -0.203 0.685 0.816

Location (right) -0.577 0.341 0.562 -0.461 0.657 0.630 0.009 0.985 1.009

Pulp (normal) 1.081 0.221 2.947 -2.216 0.038* 0.109 -0.933 0.067 0.393

Periapex (normal) -1.085 0.074 0.338 -2.133 0.096 0.118 -0.301 0.526 0.740
Full crown 
Restoration (absent)

-1.386 0.663 1.362 -2.485 0.831 1.277 -0.288 0.449 0.681

Crack or fracture 
(absent)

-0.618 0.450 0.539 17.059 -† 25621236.227 -0.191 0.765 0.826

B, coefficient for the constant; Exp (B), the exponentiation of the B constant, which is an odds ratio.
*Indicates significant differences (p < 0.05).
†Indicates the p value cannot be calculated.
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material is critical in preventing coronal leakage and root 
canal re-infection. In the study by Ray and Trope,17 teeth 
with poor restoration had a significantly higher presence 
of periradicular inflammation when compared to teeth with 
good restoration.17 Considering the structural complexity 
of the C-shaped root canal and the retention of debris 
and a smear layer along the apical third of canal walls, 
an isthmus and fins are commonly seen in C-shaped root 
canals. It is also difficult to remove diseased or necrotic 
pulp tissue from these parts of the root completely.6 This 
results in an absence of sealing material in these areas, 
which might contribute to a higher degree of microleakage. 
Although apical leakage from the complexity of the 
C-shaped canal has not been adequately proven, the above-
mentioned results can be assumed to be consequences of 
the combination of coronal leakage because of the absence 
of full crown restoration and partial apical leakage from the 
complex canal structure.
In the case of a non-C-shaped root canal, treatment 

outcomes were significantly related to the preoperative 
status of the pulp. This is in accordance with a Tennessee 
study that evaluated factors affecting healing outcome 
and the time following non-surgical root canal treatment. 
The outcome was significantly affected by the preoperative 
pulp condition, with a more favorable outcome in vital 
pulps than non-vital ones.20 Another study by Sjogren et 
al.21 showed similar results. 
The multinomial logistic regression was used to assess 

whether independent variables (age, gender, location, 
pulp, periapex, full crown, and crack or fracture) were 
related to the potential outcomes of periapical healing 
after endodontic treatment in terms of the four categories 
of the PAI scoring system. In the case of follow-up period, 
solely to determine if this factor affects healing outcomes, 
a regression analysis was chosen. In the regression 
analysis, the R2 value refers to the Nagelkerke R2 for the 
explanation of goodness-of-fit. Regarding the impact of 
follow-up periods in this study, the results showed that 
the duration of follow-up had a significant relationship 
with healing outcomes, in a negative direction. This means 
that a longer follow-up period resulted in a less successful 
treatment outcome. However, as the R2 value was 0.03, this 
relationship is not important. This consequence seemingly 
resulted from the fact that other variables were not taken 
into consideration in this analysis. 
For the evaluation of healing, according to the change 

value of the PAI score, four categories including ‘completely 
healed’, ‘incompletely healed’, ‘uncertain healing’, and 
‘no healing’ were applied. Typically based on histological 
correlation, PAI scores of 1 and 2 are regarded as healed 
or minimally inflamed and scores of 3 - 5 are defined 
as diseased.22 Therefore, in cases with the same scores, 
a change could imply a different healing outcome. For 
example, cases with PAI scores changing from 4 to 2 were 

included in the ‘incompletely healed’ category and cases 
with PAI scores changing from 5 to 3 were included in the 
‘uncertain healing’ category. A study by Azim et al. divided 
the ‘not healing’ cases into two categories: ‘uncertain 
healing’, which shows no change in the size of the lesion 
or clinical signs and symptoms and ‘unsatisfactory healing’, 
which indicates the presence of a new lesion, an increase 
in size, or clinical signs and symptoms.20 Considering this, 
it can be said that the utilization of the change value of 
the PAI score system in this study is meaningful because 
a more detailed division of healing outcome, including 
uncertain healing, was possible. 
As a retrospective study, the main limitation of this study 

is the non-standardization of intra-operative factors in 
detailed clinical procedures. Important features such as 
properly controlled procedures and significant parameters 
for the outcome should be appropriately monitored in 
order to provide good evidence. It is suggested that in 
future studies the healing rate of root canal treatment of 
C-shaped root canals be clinically studied prospectively.23

Given that the reported average survival rate of non-
surgical endodontic treatment in the literature is between 
85 and 95%,24-27 the healing rate of this study is quite low. 
This is because, usually, the criteria for the healing rate 
apply a stricter standard than for the survival or retention 
rate of endodontic treatment. Another study concerning 
the diagnosis of cracked teeth in Koreans agreed that 
patients are referred to endodontists only following a long 
period since the initial manifestation of the symptoms; 
hence, they were referred for late diagnosis, which required 
advanced treatment.28 Since most studies that evaluate 
healing outcome after root canal treatment recommend 
a 1 year follow-up period on average,29-31 a mean follow-
up period of 24.4 months might also be the reason for the 
relatively lower healing rate considering that more time 
gives more opportunity for healing. 

Conclusions

This study evaluated the non-surgical root canal treatment 
outcomes of 196 mandibular second molars based on 
radiographic images and the clinical records of 195 Koreans 
with a comparison between C-shaped and non-C-shaped 
root canals. The results showed a healing rate of 70.9% in 
C-shaped root canals (n = 79), and 66.6% in non-C-shaped 
ones (n = 117). This study revealed that the presence of 
a C-shaped root canal in the mandibular second molar 
did not have a significantly negative effect on the root 
canal treatment outcome. Out of all the evaluated factors, 
the presence of final restoration significantly affected 
the healing outcomes of C-shaped root canals and the 
preoperative pulp status significantly affected that of non-
C-shaped ones. 
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