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or dentinal tubule, thereby affecting root apex develop-
ment by causing pulp infection and necrosis; this even-
tually results in a short root, a thin root canal wall, and 
unclosed apical foramen.

Nonsurgical treatment is generally the first choice of 
treatment for teeth with an unclosed root apex and peri-
apical periodontitis [2]. Immature permanent teeth with 
pulp necrosis or periapical periodontitis are generally 
subjected to apexification, apical barrier technique or 
revascularization. These methods primarily aim to elimi-
nate bacteria in the root canal to create a conducive envi-
ronment to seal the root apex or promote root growth 
[2]. However, these procedures have certain failure 
rates, with 14% of the failures being caused by persistent 

Background
Abnormal central cusps primarily occur in the mandibu-
lar second premolars, with a prevalence of approximately 
2% in the Asian population and 1.29–3.6% in the Chinese 
population [1]. Several abnormal central cusps are worn 
or fractured by the time they are diagnosed. Bacteria 
commonly invade the root canal from the exposed pulp 
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Abstract
Aim To determine the efficacy of endodontic microsurgery for teeth with an undeveloped root apex and periapical 
periodontitis caused by an abnormal central cusp fracture after failed nonsurgical treatment.

Methodology Eighty teeth in 78 patients were subjected to endodontic microsurgery. All patients were clinically 
and radiologically examined 1 year postoperatively. The data were statistically analyzed using SPSS 27.0 software.

Results Of the 80 teeth in 78 patients, periapical lesions had disappeared in 77 teeth at 1-year postoperative 
follow-up, with a success rate of approximately 96.3% (77/80). The efficacy of endodontic microsurgery was not 
affected by sex, age, extent of periapical lesions, and presence of the sinus tract. Between-group differences were not 
statistically significant (P > 0.05).

Conclusions Endodontic microsurgery can be an effective alternative treatment option for teeth with an 
undeveloped root apex and periapical periodontitis caused by an abnormal central cusp fracture after nonsurgical 
treatment failure.
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infection [3]. When these treatment regimens fail, it 
seems pointless to reperform the treatment. As a result, a 
portion of the patients and dentists may lose faith during 
the treatment and opt for tooth extraction.

Endodontic microsurgery incorporates high magnifica-
tion, ultrasonic root-end preparation and root-end filling. 
The development and widespread use of dental micro-
scopes, microinstruments, biocompatible filling materi-
als and cone-beam computerized tomography (CBCT) 
have facilitated the use of endodontic microsurgery as 
an alternate approach with predictable outcomes for 
endodontic diseases [4]. The root canals can be precisely 
obturated under a direct, clear vision to achieve high-
quality obturation and improve the survival rate of those 
teeth.

The procedures mentioned above assist to achieve a 
better root canal obturation to isolate periapical tissue 
from bacteria in root canal or to promote tooth growth. 
Calcium silicate-based cements are the most used mate-
rial in clinical settings owing to their excellent biocom-
patibility and sealing ability, which provide an extremely 
high success rate in endodontic microsurgery [5]. The 
effective obturation of the apical foramen can guarantee 
a successful endodontic microsurgery.

The present study aimed to determine if the endodon-
tic microsurgery had an efficacy on teeth with an unde-
veloped root apex and periapical periodontitis that failed 
in nonsurgical treatment after one year follow-up, there-
fore, paving the clinical basis for the application of the 
endodontic microsurgery.

Materials and methods
Participants
Eighty teeth in 78 patients who had visited the Depart-
ment of Endodontics of Suzhou Stomatological Hos-
pital for the treatment of periapical periodontitis with 
an unclosed apical foramen from January 2021 to Janu-
ary 2022 were included in the study. These patients had 
previously undergone the apical barrier technique or 
revascularization, but low-density images still existed on 
the X-ray images of periapical tissue. The treatment out-
comes were reassessed based on clinical symptoms and 
X-ray images after 6–18 months, including pain, pres-
ence of periapical lesions and sinus tract. The inclusion 
criteria were as follows: patients with (1) abnormal cen-
tral cusp fractures that led to pulp necrosis, resulting in 
existence of low-density image on the X-ray image of 
periapical tissue, along with an undeveloped tooth apex; 
(2) bone destruction or the presence of clinical symp-
toms, although the apical barrier technique or revascu-
larization was performed; and (3) no systemic diseases. 
The exclusion criteria were as follows: (1) presence of 
periodontitis and alveolar bone resorption beyond one-
third of the apex or a crown-to-root ratio of less than 

1:1; (2) complete absence of the bone plate on the labial 
(buccal) side of the tooth or penetration of periodontal 
lesions with periapical lesions; and (3) a root length of 
< 10 mm, with no value to preserve the tooth.

Data collection
Information on the patients’ age, sex, and other param-
eters was collected. Radiographs were obtained preop-
eratively, immediately after surgery, and at 3 months, 6 
months, and 1 year postoperatively. The patient’s clinical 
symptoms, radiological data and histopathological results 
were used to evaluate the transformation of the teeth and 
efficacy of endodontic microsurgery.

Surgical method
Preoperative radiography and CBCT were performed to 
comprehensively understand the morphology and length 
of the root, the location and extent of the periapical 
lesions, and their relationship with adjacent anatomical 
structures, including the mental foramen and mandibular 
nerve canal. All procedures were performed by the same 
endodontist. The procedure was performed in the fol-
lowing steps. After intra- and extraoral disinfection, the 
surgical area was locally anesthetized with 1:100,000 epi-
nephrine in 4% articaine. A gingival sulcus incision and a 
proximal vertical incision were created under the lens of 
a dental microscope (Zumax 2380, Suzhou, China) on the 
labial (buccal) side of the affected tooth. The mucoperi-
osteal flap was subsequently turned upward. The apex 
of the affected tooth was identified, and a contra-angle 
handpiece (ImpactAir45, Kerr) with a high-speed fissure 
bur was used to create a bone opening. The lesion tissue 
was entirely scraped and sent for histopathological exam-
ination. Perpendicular to the central axis of the root, 
1 mm of the root apex was removed using a long-handled 
fissure drill. The root was stained with methylene blue to 
determine whether there were microcracks under a high-
magnification microscope. An ultrasonic instrument 
was used to perform a 3-mm root-end preparation with 
minimal damage to the dentin walls. Then, a 3-mm root-
end filling was performed by using iRoot BP (Innova-
tive Bioceramix, Canada). After confirming the absence 
of foreign bodies in the bone cavity, the bone walls were 
scratched to be filled with blood. The mucoperiosteal 
flap was restored and sewed by using a 6 − 0 absorbable 
suture. Finally, an X-ray image was immediately captured. 
The suture was removed 5–7 days postoperatively (Figs. 1 
and 2).

Evaluation criteria
The efficacy of the endodontic microsurgery was evalu-
ated 1 year postoperatively based on the patients’ 
symptoms, clinical findings, and radiographs. (1) Com-
plete healing was indicated by the complete or rough 
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disappearance of the apical dark shadow, reappearance of 
the lamina dura, no significant abnormality in periodon-
tal membrane width, and no clinical symptoms and signs. 
(2) Incomplete healing was considered when the apex 
showed scar tissue formation with no clinical pain, swell-
ing, or sinus tract. (3) Uncertain healing was indicated by 
a decreased apical dark shadow that was still larger than 
normal. (4) Unsatisfactory healing was considered when 
imaging suggested that the size of the apical dark shadow 
remained the same or expanded. Radiographs were inde-
pendently evaluated and classified by three endodontists 
based on radiological evaluation criteria. Before the eval-
uation, training and tests were performed by using stan-
dard samples, and a consistent diagnosis was ensured by 
using Cohen’s Kappa test analysis. After obtaining differ-
ent evaluation results, the evaluators reached a consen-
sus following a discussion.

Statistical analyses
The SPSS 27.0 software package was used for data analy-
sis. Nonparametric Wilcoxon’s signed rank test was used 
to analyze the effects of sex, age, distribution of teeth 
positions, presence of sinus tract, and extent of periapical 
lesion on the efficacy of endodontic microsurgery. Differ-
ences were considered statistically significant at P < 0.05.

Results
The patients were aged 13–39 years (average age = 23 
years). The study included 44 men and 34 women with 
16 mandibular first premolars and 64 mandibular second 
premolars. Of these patients, 71 underwent the apical 

barrier technique and 9 underwent revascularization. 
As a result, 77 of the 80 affected teeth were successfully 
treated, with a success rate of 96.3% (77/80). The end-
odontic microsurgery outcomes were not statistically 
significant (P > 0.05) in terms of sex, age, distribution of 
teeth position, extent of periapical lesion, and presence of 
sinus tract (Table 1).

Discussion
Apexification is a classical method for treating teeth with 
an undeveloped root apex and periapical periodonti-
tis by stimulating calcification and producing the apical 
closure. It may involve one or more appointments per 

Table 1 Comparison of success rates between the groups
Number 
of suc-
cessful 
cases

Number 
of surgical 
failures

Total Suc-
cess 
rate

Age (years) < 16 63 2 65 0.969

> 16 14 1 15 0.933

Sex Men 42 2 44 0.955

Women 35 1 36 0.972

Sinus tract Yes 54 2 56 0.964

No 23 1 24 0.958

Teeth position Mandibular 
first premolar

15 1 16 0.938

Mandibu-
lar second 
premolar

62 2 64 0.969

Extent of peri-
apical lesion

< 1 cm2 61 2 63 0.968

> 1 cm2 16 1 17 0.941

Fig. 2 Changes in the periapical tissue radiographs after endodontic microsurgery upon revascularization failure. (A) Preoperative radiograph, (B) post-
operative radiograph, and (C) follow-up radiographs after 3 months, (D) 6 months, and (E) 1 year

 

Fig. 1 Changes in the periapical tissue after endodontic microsurgery upon the failure of the apical barrier technique. (A) Preoperative radiograph, (B) 
postoperative radiograph, and (C) follow-up radiographs after 3 months, (D) 6 months, and (E) 1 year
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month to place calcium hydroxide inside the root canal 
to eliminate the intracanal infection. Although the suc-
cess rate of apexification has been reported to be desir-
able [6], it has several limits in clinical settings, including 
long treatment course, unpredictability between apical 
closure and treatment time, and poor patient follow-up 
compliance because of the long treatment course. Cal-
cium hydroxide is the first choice for apexification. How-
ever, long periods of calcium hydroxide in contact with 
the root canal walls will dissolve collagen and other bio-
active matrix components of mineralized dentin. The 
resistance to root fracture will reduce drastically [7] and 
may even prevent it from further development [8]. There-
fore, the overall prognosis may be affected by apexifica-
tion because of these factors.

Pulp revascularization can be defined as the vascular-
ization of an immature permanent tooth with an infected 
necrotic pulp and periapical periodontitis/ abscess [9]. It 
can promote the root development and reinforcement of 
dentinal walls by deposition of hard tissue. Revascular-
ization significantly increases root length and thickness 
compared with apexification, and thus, this advantage 
reduces the possibility of postoperative root fracture. 
Nevertheless, other challenges include different root 
shapes, time of failure, or intracanal changes [10]. The 
choice of root canal disinfectant may directly or indi-
rectly affect the survival of stem cells in the periapical 
tissue, making it difficult to accurately predict its effi-
cacy [11, 12]. The persistence of bacteria usually confuses 
endodontists. A meta-analysis and systematic review by 
Tong et al. [13] revealed that current evidence is insuf-
ficient to provide definitive conclusions on revasculariza-
tion predictability. The age of the patient should also be 
considered before treatment. Immature permanent teeth 
between the ages of 9 and 18 years are more suitable for 
revascularization, and the prognosis may be worse with 
age increasing [14].

The apical barrier technique involves the addition of 
a biocompatible artificial barrier directly in the apical 
region after controlling infection to achieve immediate 
root canal obturation. It significantly reduces the treat-
ment time and has become one of the preferred tech-
niques for treating teeth with an unclosed apex foramen.

Whether apexification, apical barrier technique, or 
revascularization is performed for immature permanent 
teeth with periapical periodontitis, a certain rate of fail-
ure exists because of the difficulty of eliminating bacteria 
in the root canal, the lesion of periapical periodontitis, 
and patients’ age and general condition. Once apexifica-
tion fail, apical barrier technique and revascularization 
can be used as an alternative. While when they fail again, 
it is difficult to gain access from the crown because cal-
cium silicate-based cements would solidify. Undergo-
ing the same procedure again would mean losing more 

dentine along with an unpredictable result. In such cases, 
endodontic microsurgery could be another choice to pre-
serve teeth. The advantage of endodontic microsurgery 
is that it promotes tissue healing by tightly sealing the 
root canal system under the direct vision and creating an 
effective barrier preventing microorganisms from enter-
ing the periapical tissue. A recent retrospective analy-
sis [15] on endodontic microsurgery revealed that the 
affected teeth have a long-term survival rate of 95.2%.

Calcium silicate-based cement plays an indispensable 
role in such treatments, contributing to favorable bio-
compatibility, osteoconductivity, sealing ability, and clini-
cal operability [5, 16]. It also contains certain amounts of 
oxide compounds known to potentially exhibit antimi-
crobial activities [17]. Materials such as iRoot BP have 
been found to enhance MC3T3-E1 preosteoblast activity 
in the acidic environment formed by anaerobic bacteria, 
facilitating periapical healing [7, 12, 18].

All 80 affected teeth included in this study were per-
manent premolars with abnormal central cusp fractures 
and unclosed apical foramen, resulting in periapical peri-
odontitis. All teeth had been subjected to the apical bar-
rier technique or revascularization before. In cases which 
the root canal infection is not effectively controlled 
during the previous treatment follow-up, endodontic 
microsurgery may be considered the last alternative to 
preserve tooth. The classical 3-mm apicoectomy gener-
ally required in endodontic microsurgery was not per-
formed because the occurrence of the lateral canal and 
canal divergence were less likely. Only 1-mm apicoec-
tomy was performed to ensure an adequate crown-to-
root ratio. Subsequently, 3-mm root-end preparation and 
3-mm root-end filling were performed.

In two of the failed cases, the existence of root frac-
ture was confirmed after tooth extraction. Reduction 
of dentin thickness is one of the most common reasons 
[19–21]. The resistance of immature premolars, already 
unsatisfactory due to the short root canals and the thin 
dentinal walls, may be further reduced after apicoec-
tomy and root-end preparation. Maintaining balance 
between bacterial removal and preservation of dental tis-
sue require further research. After expelling leaky canal, 
missing canal, anatomical complexity, over filling and 
root fracture, the last failed case was diagnosed as unex-
plained failure.

Conclusion
At 1-year postoperative follow-up, only 3 of the 80 
affected teeth failed, with a success rate of approxi-
mately 96.3%. Nonsurgical treatment is absolutely the 
first choice for teeth with an undeveloped root apex and 
periapical periodontitis. After failure of these nonsurgical 
treatments, however, the access of root canal may have 
been blocked by calcium silicate-based cements. In these 
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cases, endodontic microsurgery for preserving such teeth 
is highly feasible. However, the roots of the affected teeth 
were undeveloped. Long-term observation is required to 
understand whether the short length of the root or the 
thin dentinal wall decreases root fracture resistance after 
endodontic microsurgery.
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