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Abstract: Objective: To compare the clinical efficacy of four root canal filling materials for the treatment of chronic 
periapical periodontitis. Methods: The clinical data of 200 patients with chronic periapical periodontitis from Janu-
ary 2023 to October 2024 were retrospectively analyzed. Based on the different filling materials, the patients were 
divided into four groups: Group A (C-Root SP group), Group B (AH Plus group), Group C (Apexit Plus group), and Group 
D (iRoot SP group), with 50 patients in each group. The overall effective rate, pain status (Visual Analog Scale, VAS 
score), and Perial Index (PAI) score were compared among the four groups. Results: There was no statistically sig-
nificant difference in total effective rate among the four groups at 3 and 6 months after treatment (P > 0.05). At 12 
months after treatment, the total effective rate of groups A, B, and D was significantly higher than that of group C 
(P < 0.05). There was no statistically significant difference in VAS scores among the four groups after treatment (P 
> 0.05). At 12 months after treatment, the PAI scores of groups A, B, and D were significantly lower than those of 
group C (P < 0.05). Conclusion: There is no significant difference in the short-term application effects of C-Root SP, 
AH Plus, Apexit Plus and iRoot SP in chronic periapical periodontitis, but the long-term effect and stability of Apexit 
Plus are relatively poor.

Keywords: C-Root SP, AH Plus, Apexit Plus, iRoot SP, root canal filling, chronic periapical periodontitis, short-term 
efficacy, long-term efficacy

Introduction

Chronic periapical periodontitis refers to a per-
sistent inflammatory disease of the tissues 
around the root apex. It is commonly seen in 
clinical practice and causes great harm to the 
oral health status of patients. This disease is 
characterized by easy recurrence and a rela-
tively long course, with a high demand for treat-
ment. Root canal treatment is one of the effec-
tive ways to treat this disease. Therefore, there 
are many related studies on various aspects of 
root canal treatment in clinical practice, and 
the related research on the selection of root 
canal filling materials is the main focus [1, 2]. 
C-Root SP, AH Plus, Apexit Plus and iRoot SP 
are root canal filling materials with a relatively 
high application rate in clinical practice, and 
each has its own advantages. iRoot SP has mo- 
re advantages over AH Plus in terms of reduc-
ing the pain rate and saving the filling time, and 

the control of the degree of inflammatory reac-
tion by the two is basically the same [6]. Apexit 
Plus has good tissue compatibility and is more 
helpful in controlling related adverse stimuli 
and reducing discomfort. However, the compre-
hensive and detailed research on the efficacy 
and stability of the four root canal filling materi-
als is relatively insufficient [3-5]. In particular, 
as a new domestic material, C-Root SP is even 
more lacking in comparative studies with the 
classic materials previously used orally. There- 
fore, this study now explores the clinical effects 
and value of the four root canal filling materials 
including C-Root SP in those patients affected 
by chronic periapiccal periodontitis.

Materials and methods

Ethical statement

The study was reviewed and approved by the 
Clinical Research Ethics Committee of Shen- 
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zhen Second People’s Hospital (2024-142-
01PJ). Patient informed consent has been 
granted exemption.

General data

The clinical data of 200 individuals with chronic 
periapical periodontitis from January 2023 to 
October 2024 were retrospectively analyzed. 
The preliminary experiment required 41 cases 
per group, but considering a 20% dropout rate, 
50 cases were included in each group. The 
patients were allocated into four groups (A, B, C 
and D) based on different filling materials, with 
each group comprising 50 cases. In Group A, 
there were 30 males (35 teeth) and 20 females 
(23 teeth). The age range was 36 to 64 years 
and the average age was 46.93±7.71 years, 
including 26 premolars and 32 molars. In Group 
B, there were 29 males (34 teeth) and 21 
females (23 teeth). The age range was 35 to 65 
years and the average age was 47.10±7.51 
years, including 25 premolars and 32 molars. 
In Group C, there were 28 males (33 teeth) and 
22 females (24 teeth), with an age range of 37 
to 65 years and an average age of 47.21±7.69 
years, including 26 premolars and 31 molars. 
In Group D, there were 29 males (35 teeth) and 
21 females (22 teeth), with an age range of 35 
to 63 years and an average age of 46.89±7.56 
years, including 25 premolars and 32 molars. 
No statistically significant difference was ob- 
served in the proportion of males and females, 
age and tooth position proportion among the 
four groups of patients with chronic periapical 
periodontitis (P > 0.05). 

Inclusion criteria: Those aged 20 to 65 years; 
Patients with chronic periapical periodontitis.

Exclusion criteria: Those who had used hor-
mones or other drugs within one month; Those 
with low treatment compliance or unable to 
accept the whole process of follow-up visits; 
Those with dental fear; Those with normal men-
tal status; Those with normal cardiopulmonary 

function; Those with normal cognitive function; 
Those with periodontal pockets exceeding 5 
mm and mobility exceeding degree I; Those 
with acute exacerbation of chronic periodonti-
tis; Those with abnormal communication or 
cognition; Those with unstable vital signs; 
Those who did not sign up for the group.

Methods

All the patients in the four groups underwent 
root canal filling treatment. First, the patients’ 
conditions were carefully evaluated, and the 
treatment plan was formulated according to 
the results of X-ray examination. The surround-
ing conditions were probed, and treatments 
such as pulp cavity opening and root canal 
dredging were carried out. After measuring the 
working length, root canal preparation was per-
formed. During the whole process of preparing 
the root canal, the root canals were soaked 
with sodium hypochlorite. The WaveOne® Gold 
system (Densply) root canal files were used for 
root canal treatment, and then the ultrasonic 
root canal irrigator (Satelec) was used for root 
canal irrigation treatment. The drugs for root 
canal irrigation were 17% EDTA, 3% sodium 
hypochlorite and normal saline. Each root canal 
was irrigated with EDTA twice, 30 seconds each 
time, with a total duration of 1 minute. Each 
root canal was ultrasonically irrigated with sodi-
um hypochlorite for 20 seconds, three times in 
total, with a total duration of 1 minute. Finally, it 
was rinsed with saline solution, and then a cal-
cium hydroxide paste was used for temporary 
sealing treatment. One week later, those with-
out symptoms and/or exudation underwent 
root canal treatment. First, effective cleaning 
was carried out. After ultrasonic irrigation and 
drying, C-Root SP (Figure 1) was applied in 
Group A, AH Plus (Figure 2) was applied in 
Group B, Apexit Plus (Figure 3) was applied in 
Group C, and iRoot SP (Figure 4) was applied in 
Group D. The above filling materials were slowly 
inserted with appropriate tapered gutta-percha 
points until reaching the working length, and 

Figure 1. Cases treated with C-Root SP. A: Before surgery; B: 3 months after surgery; C: 6 months after surgery; D: 
12 months after surgery.
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then the gutta-percha was cut off at the level of 
the root canal orifice, pressurized, and post-
treated. Among them, the hydraulic single-point 
method was used for treatment in Group A and 
Group D. After selecting the main gutta-percha 
point and inserting it into the root canal, it was 
pulled back at a distance of 0.5 mm from the 
root apex. If there was resistance, it indicated 
that it was appropriate. Then, an appropriate 
needle was used to inject the sealer. The main 
point was dipped with a small amount of SP 
and inserted into the root canal, and it was cut 
off 1 mm below the root canal orifice and pres-
surized. In both Group B and Group C, the con-
tinuous wave of heated gutta-percha vertical 
pressurization method was used for treatment. 
First, appropriate working tips of the heat car-
rier and vertical pressurizers were selected, the 
points were tested, the main point and paste 
were placed, the gutta-percha points outside 
the root canal orifice were removed, rootward 
pressure was applied, and continuous wave 
vertical pressurization was carried out. After 
the working tip of the heat carrier was with-
drawn, 3-4 mm of gutta-percha at the root apex 

segment was retained, and the middle and up- 
per segments were filled with heated gutta-per-
cha in layers. Each time, a vertical pressurizer 
with an appropriate diameter was used for ver-
tical pressurization. After root filling in the four 
groups, direct resin filling or indirect restoration 
was carried out according to the situation.

Observation indicators

The therapeutic effective rate was assessed 
after treatment at 3 months, 6 months, and 12 
months, by measuring the pain conditions, 
Visual Analog Scale (VAS) score and Peripical 
Index (PAI) score.

(1) Treatment efficacy: Complete recovery was 
required as disappearance of relevant symp-
toms and signs of the affected tooth after treat-
ment, no percussion pain and loosening, nor-
mal masticatory function, and normal X-ray 
findings. Effectiveness was defined as the dis-
appearance of relevant symptoms and signs of 
the affected tooth after treatment, no percus-
sion pain and loosening, basically normal mas-
ticatory function, and a reduction in the periapi-

Figure 2. Cases treated with AH Plus. A: Before surgery; B: 3 months after surgery; C: 6 months after surgery; D: 12 
months after surgery.

Figure 3. Cases treated with Apexit Plus. A: Before surgery; B: 3 months after surgery; C: 6 months after surgery; D: 
12 months after surgery.

Figure 4. Cases treated with iRoot SP. A: Before surgery; B: 3 months after surgery; C: 6 months after surgery; D: 12 
months after surgery.
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cal radiolucent area shown by X-ray. Ineffec- 
tiveness was defined as no significant improve-
ment in relevant symptoms and signs of the 
affected tooth, masticatory function, etc. after 
treatment, and no obvious reduction, no change 
or further expansion of the periapical radiolu-
cent area shown by X-ray [7]. The overall effec-
tive rate = (number of complete recovery cases 
+ number of effective cases)/total number of 
cases × 100%. (2) Pain conditions: The VAS 
scores were used to assess the pain feelings of 
the four groups pre-treatment and at 1, 3 and 7 
days following the treatment. The scoring range 
of this standard is 0-10 points. First, draw a 
10-cm straight line and mark the numbers from 
0 to 10. Guide the patients to select a number 
according to their pain feelings at a specific 
time point, where 0 means no pain and the 
higher the values, the more intense of discom-
fort such as pain [8]. (3) PAI scores: The PAI 
scores were used to assess the four groups of 
patients preoperatively and at 3, 6 and 12 
months post-treatment. The results were jud- 
ged by X-ray films and determined by two pro-
fessionals using the double-blind method. The 
scoring range is 1-5 points, where 2 points and 
above indicate chronic periapical periodontitis, 
and the higher the score indicates the more 
severe periapical condition [8].

Statistical methods

Statistical analysis was tested using SPSS 
23.0. Categorical variables were expressed as 
[n (%)] and subjected to χ2 test processing with 
the above software.

Measurement data following to a normal distri-
bution were expressed as (

_
x±sd). Bonferroni 

correction was performed using multiple com-
parisons. Repeated measurement of measure-
ment data was analyzed by variance analysis, 
and the further pairwise comparisons were per-

formed using the SNK-qtest. P-value of less 
than 0.05 (P < 0.05) was considered to indicate 
statistical significance.

Results

Comparative analysis of the total effective 
rates among the four groups at the 3 months 
post-treatment

There was no statistically significant difference 
among the four groups regarding total effective 
rates at 3 months after treatment (P > 0.05), as 
shown in Table 1.

Comparative analysis of the total effective 
rates among the four groups at the 6 months 
post-treatment

There was no statistically significant difference 
among the four groups regarding total effective 
rates at 6 months after treatment (P > 0.05), as 
shown in Table 2.

Comparative analysis of the total effective 
rates among the four groups at the 12 months 
post-treatment

The total effective rates of Group A, B and D 
were notably higher than that of Group C 12 
months after treatment, and the statistically 
significant disparity (P < 0.012) was shown in 
Table 3.

Comparison of VAS scores of the four groups 
before and after treatment

There was no statistically significant difference 
in the VAS scores as well as PAI scores in the 
four groups before treatment (P > 0.05). The 
VAS scores of the four groups at 1, 3 and 7 days 
after treatment were significantly reduced from 
those before treatment (P < 0.05). While there 
was no statistically significant difference in the 

Table 1. Comparison of the total effective rates of the four groups 3 months after treatment [n (%)]
Group Cured Effective Ineffective Total Effective Rate
A (n=58) 50 (86.21) 8 (13.79) 0 (0.00) 58 (100.00)
B (n=57) 49 (85.96) 7 (12.28) 1 (1.75) 56 (98.25)
C (n=57) 49 (85.96) 6 (10.53) 2 (3.51) 55 (96.49)
D (n=57) 52 (91.23) 5 (8.77) 0 (0.00) 57 (100.00)
χ2 value --- --- --- 3.745
P value --- --- --- 0.290
Note: A: C-Root SP; B: AH Plus; C: Apexit Plus; D: iRoot SP.
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Table 2. Comparison of the total effective rates of the four groups 6 months after treatment [n (%)]
Group Cured Effective Ineffective Total Effective Rate
A (n=58) 45 (77.59) 12 (20.69) 1 (1.72) 57 (98.28)
B (n=57) 41 (71.93) 11 (19.30) 5 (8.77) 52 (91.23)
C (n=57) 40 (70.18) 11 (19.30) 6 (10.53) 51 (89.47)
D (n=57) 46 (80.70) 10 (17.54) 1 (1.75) 56 (98.25)
χ2 value --- --- --- 6.853
P value --- --- --- 0.076
Note: A: C-Root SP; B: AH Plus; C: Apexit Plus; D: iRoot SP.

Table 3. Comparison of the total effective rates of the four groups 12 months after treatment [n (%)]
Group Cured Effective Ineffective Total Effective Rate
A (n=58) 43 (74.14) 13 (22.41) 2 (3.45) 56 (96.55)*

B (n=57) 38 (66.67) 13 (22.81) 6 (10.53) 51 (89.47)*

C (n=57) 26 (45.61) 15 (26.32) 16 (28.07) 41 (71.93)
D (n=57) 41 (71.93) 10 (17.54) 6 (10.53) 51 (89.47)*

χ2 value --- --- --- 16.630
P value --- --- --- < 0.012
Note: Compared with group C, *P < 0.012. A: C-Root SP; B: AH Plus; C: Apexit Plus; D: iRoot SP.

Table 4. Comparison of VAS scores of the four groups before and after treatment [n (%)]
Group Before treatment 1 d after treatment 3 d after treatment 7 d after treatment
A (n=58) 5.61±0.92 3.79±0.69* 2.35±0.59* 0.93±0.21*
B (n=57) 5.59±0.89 3.66±0.72* 2.33±0.61* 0.95±0.19*
C (n=57) 5.66±0.95 3.59±0.71* 2.29±0.56* 1.01±0.20*
D (n=57) 5.53±0.86 3.67±0.75* 2.27±0.62* 0.96±0.22*
F value 1.679 0.771 0.216 1.574
P value 0.172 0.511 0.885 0.196
Note: Compared with the group before treatment, *P < 0.05. A: C-Root SP; B: AH Plus; C: Apexit Plus; D: iRoot SP.

VAS scores among the four groups after treat-
ment (P > 0.5), as shown in Table 4 and Figure 
5.

Comparison of PAI scores of the four groups 
before and after treatment

There was no statistically significant difference 
in PAI scores among the four groups before 
treatment, 3 months after treatment and 6 
months post-treatment (P > 0.05). The PAI 
scores of Group A, Group B and Group D were 
significantly lower than that in Group C 12 
months after treatment, and the difference was 
statistically significant (P < 0.05), as shown in 
Table 5 and Figure 6.

Discussion

Chronic periapical periodontitis can cause pain, 
limited masticatory function and other condi-

tions in patients, and may even develop into 
periapical cysts, causing great harm to the oral 
health status and related quality of life of 
patients [9, 10]. Therefore, the need and signifi-
cance for the precise diagnosis and therapeu-
tic strategies of chronic periapical periodontitis 
are both high. Among the treatment measures 
related to chronic periapical periodontitis, root 
canal treatment has obvious application advan-
tages. It achieves the purpose of treating dis-
eases by sealing the dead space and prevent-
ing bacterial infections [11-14], and its clinical 
application effect has been widely recognized. 
Meanwhile, there are many studies related to 
root canal filling treatment for such patients in 
clinical practice, covering a wide range of 
research aspects [15-17], among which the 
research on filling materials is the focus. In the 
past, AH Plus, Apexit Plus and iRoot SP were 
mostly used for treatment in clinical practice, 
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Figure 5. VAS scores of the four groups before and after treatment. VAS: Visual Analog Scale; A: C-Root SP; B: AH 
Plus; C: Apexit Plus; D: iRoot SP.

Table 5. Comparison of PAI scores of the four groups before and after treatment

Group Before treatment 3 months  
after treatment

6 months  
after treatment

12 months  
after treatment

A (n=58) 3.39±0.79 1.35±0.35# 1.40±0.36# 1.52±0.38*,#

B (n=57) 3.40±0.76 1.33±0.32# 1.41±0.35# 1.55±0.40*,#

C (n=57) 3.43±0.77 1.39±0.29# 1.49±0.40# 1.95±0.43
D (n=57) 3.38±0.80 1.36±0.33# 1.43±0.37# 1.56±0.41*,#

F value 0.043 0.341 0.678 14.479
P value 0.988 0.796 0.567 < 0.001
Note: Compared with group C, *P < 0.05; compared with the group before treatment, #P < 0.05. A: C-Root SP; B: AH Plus; C: 
Apexit Plus; D: iRoot SP.

Figure 6. PAI scores of the four groups before and after treatment. PAI: Peripical Index; A: C-Root SP; B: AH Plus; C: 
Apexit Plus; D: iRoot SP.

achieving good results, but there were also cer-
tain differences in related comparative studies 
[18-22]. AH Plus, an epoxy resin-based root 
canal filling material, has the characteristics of 
good apical sealing performance, slow curing, 
good fluidity, low solubility, etc., and has strong 
adhesiveness. However, it cannot fully bond 
with gutta-percha, and its biocompatibility is 

also poor. If it extends beyond the apical fora-
men, it can cause local inflammatory reactions 
[10], but it has the advantage of small volume 
shrinkage [23]. Apexit Plus has the advantages 
of broad-spectrum antibacterial and hard tis-
sue induction. After curing, its volume can 
slightly expand, and the filling is more compact. 
However, it will be absorbed, so its long-term 
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effect and stability are relatively poor. iRoot SP 
is a calcium silicate-based bioceramic material, 
with good fluidity, high biocompatibility, short 
curing time, and relatively simple clinical opera-
tion. It can absorb a certain amount of water 
during the solidification process, and may not 
be cured for a long time in a dry environment 
[11]. C-Root SP is a strontium silicate-based 
bioceramic material, which has many advan-
tages, such as no toxic or side effects, good 
compatibility and corrosion resistance, etc., 
and also has the advantages of good fluidity, 
good sealing, filling more lateral root canals, 
good radiopacity, small postoperative reaction 
and fast periapical healing. The discomfort of 
patients is also greatly reduced. The strontium 
silicate in it is also relatively effective in inhibit-
ing inflammatory factors and relieving pain. 
However, the research on its long-term effect 
and stability is extremely scarce. Moreover, 
iRoot SP cures faster and is more advanta-
geous in emergency filling, but it is inferior to 
C-Root SP in terms of root apical bone tissue 
healing. C-Root SP can effectively improve the 
root filling efficiency by using the hydraulic sin-
gle-point method, and it is more convenient to 
remove the excess paste. iRoot SP also uses 
the hydraulic single-point method. One reason 
is that its bonding strength decreases under 
high temperature [23].

Yu and Yi [6] believed that there is no signifi-
cant difference in the short-term therapeutic 
outcomes of AH Plus and Apexit Plus in the 
therapeutic strategies of chronic periapical 
periodontitis after 3 months, and Apexit Plus 
had a more significant advantage in controlling 
pain and other discomforts, while the research 
on the long-term efficacy was not involved. The 
study by Jieqi et al. [3] showed that the treat-
ment effect of iRoot SP single-point filling meth-
od in patients with chronic periapical periodon-
titis was significantly better than that of AH Plus 
at 3 months after treatment, while there was no 
significant difference in the effect at 1 year 
post-treatment, but the comparative study with 
Apexit Plus and others was not involved. As a 
relatively new domestic material, C-Root SP 
has a relatively short application time and rela-
tively insufficient relevant research reports. 
However, the study by Liu [14] gave a certain 
affirmation to its clinical application effect. In 
view of the differences and deficiencies of the 
above studies, it is of great significance to fur-
ther research the short-term and long-term effi-

cacy of the above four root canal filling materi-
als in the treatment of patients with chronic 
periapical periodontitis.

The analysis revealed that there were no statis-
tically significant differences in the total effec-
tive rates among the four groups at 3 and 6 
months post-treatment. However, the total 
effective rate of patients treated with Apexit 
Plus was relatively lower than that of the other 
three groups at 12 months after treatment. 
Meanwhile, the VAS scores of the four groups 
at 1, 3 and 7 days post-treatment all showed a 
decreasing trend with no obvious difference. 
But the PAI score of patients treated with Apexit 
Plus was relatively worse at 12 months after 
treatment. This data indicates no statistically 
significant difference in short-term efficacy 
among the four root canal filling materials, and 
all of them can well control the discomfort. 
However, the long-term efficacy of Apexit Plus is 
relatively poor and there are certain deficien-
cies in its stability. At the same time, the results 
also suggest that the new material C-Root SP is 
worthy of affirmation in terms of application 
effect and stability compared with the previous 
classic materials, providing a certain reference 
for the selection of oral treatment materials by 
clinicians. Moreover, C-Root SP not only has the 
advantages of no need for mixing and no shrink-
age after solidification, but also has better bio-
compatibility as a prominent advantage. It has 
fewer postoperative adverse reactions, better 
and faster healing effects, all of which lay an 
effective foundation for its clinical application. 
Meanwhile, its effect on apical sealing perfor-
mance is similar to that of iRoot SP. Its strong 
antibacterial property helps to reduce adverse 
stress such as inflammatory reactions after 
treatment, which is also an important basis for 
controlling discomfort. Furthermore, its ultra-
fine characteristics are more conducive to the 
filling of lateral branches, achieving seamless 
three-dimensional filling in one step with higher 
efficiency, all of which are the absolute advan-
tages of it as a filling material. Therefore, its 
clinical application advantages are further 
affirmed.

Conclusion

We believe that there is no statistically signifi-
cant difference in short-term application ef- 
fects of C-Root SP, AH Plus, Apexit Plus and 
iRoot SP in chronic periapical periodontitis, but 
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the long-term effect and stability of Apexit Plus 
are relatively poor. However, due to the limited 
number of participants in this research, future 
study with larger sample sizes and more com-
prehensive and detailed investigations are still 
needed.
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