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Case Report
Periradicular regenerative surgery guided with
3D CBCT reconstruction: report of a case
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Abstract: Preciseness, minimally invasiveness and digitization are the objectives of periradicular surgery. This case
presents two maxillary incisors involved in a large periradicular cyst, which was in proximity with naso-palatine nerve
canal. We innovatively applied cone-beam CT (CBCT) three-dimensional (3D) reconstruction technique to evaluate
the cyst location, root involvement condition, as well as the risky area of damaging naso-palatine nerve. Based on
the analysis in 3D reconstruction, we performed cyst enucleation, apicoectomy, as well as root-end filling. In order
to maintain the thickness and shape of the alveolar bone, this case applied regenerative technique as well. At 3
months follow-up, the patient showed an uneventfully healing in the surgical area, and the radiographic examinations revealed the bone formation in the apical area. This case report demonstrates that CBCT 3D reconstruction
has the value of pre-operative evaluation, and regenerative technique could achieve a successful outcome in periradicular surgery.
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Introduction
In order to treat tooth with unresolved periapical lesions, especially when the size of the
lesion is relatively large and prognosis of nonsurgical root canal therapy (RCT) is uncertain, it
is recommended to apply endodontic microsurgery-periapical surgery [1]. For a tooth with
large periapical cyst, the routine procedures
include root canal therapy, cyst enucleation,
precise apicoectomy, and root-end filling [1, 2].
However, without detailed pre-operative analysis, periapical surgery could lead to extensive
bone damage, unclear surgical exposure and
high risks of complications. Therefore, we advocate the use of cone-beam CT (CBCT) reconstruction, which could visually present the cyst,
bone, tooth, and other major anatomic structures such as nerves [3, 4].
Here, we present a case to describe the innovate use of CBCT three-dimensional (3D) reconstruction. The challenge of this case is that the
cyst locates in proximity to nasopalatine nerve.
Surgery based 3D reconstruction analysis
could avoid the complication of nerve damage.

To maintain the alveolar bone shape, regeneration technique is applied as well.
Report
Clinical and radiographic presentations
A 33-year-old man was referred to the Department of Endodontology, Shanghai Stomatolgical
Hospital, Fudan University, Shanghai, in May
2017 with the chief complaint of constant
swelling in the apical area of the tooth #21 and
#22. He had a history of trauma 20 years ago,
and since then painless swelling had been
developed. Root canal therapy was performed
in both tooth #21 and #22 three months before
the referral, but the swelling persisted.
At presentation, there was labial gingival swelling and tenderness to palpation associated
with tooth #21 and #22 (especially #21). No
fistula or deep probing pocket depth was presented. X-ray examination revealed the dense
filling roots, in addition to an 8 mm×9 mm periapical radiolucency involving roots of #21 and
#22 (Figure 1A). Tooth #21 was over-filling.
CBCT examinations showed the lesion was

Periradicular surgery with 3D CBCT reconstruction
CBCT 3D reconstruction
The data of the CBCT scan
(slice thickness was 0.25 mm;
GE, USA) were imported to
Mimics 19.0 software (Materialize Co, Leuven, Belgium)
for 3D reconstruction. Teeth,
bone, lesion and the nasopalatine nerve canal were segmented out (Figure 2).

Figure 1. X-ray presentations of the tooth before and after surgery. A. A lesion (1.6 mm*2.9 mm) exists with the involvement of tooth #21 and #22 before surgery; B. X-ray shows the lesion is filled with normal bone at 3 months
follow-up after the surgery.

The detailed information showed in CBCT 3D reconstruction are listed as follows: ①
the length of root is 21.07 mm
(#21) and 20.54 mm (#22); ②
about 2 mm of roots of tooth
#21 and #22 were involved in
the lesion; ③ the posterior
and inferior area of the lesion’s
inner side was in shortest distance (about 1 mm) to the
nasopalatine nerve canal.

Surgical procedure and follow up

about 8 mm×9 mm×10 mm with the buccal and
palatal bone defect, and roots of 21 and 22
were inside the lesion. Nasopalatine nerve
canal was in proximity to the lesion.

The surgery was performed by Dr Zhu Jing, who
is chief of endodontics with more than 20 years
clinic experience. Under local anesthesia (primacaine with adrenaline 1/100000, 2.5 mL), a
full thickness sulcular flap was elevated, with
one release incision distal to the left canine. To
achieve a better surgical exposure, a round bur
with diameter of 1.6 mm was applied to widen
the buccal bone defect to about 5 mm×5 mm.
The cyst-like lesion was then enucleated carefully (especially the posterior, inferior area of
the inner side) and sent to the pathology department. The apicoectomy was achieved using
surgical fissure bur, and the root-end cavity was
filled with mineral trioxide aggregate (MTA,
ProRoot MTA, Dentsply Tulsa Dental, USA)
(Figure 3A, 3B). Then, the xenograft (Bio-Oss)
and collagen membrane (Bio-Gide) were used
to fill the defect (Figure 3C, 3D). The flap was
repositioned and sutured.

This study followed the Declaration of Helsinki on medical protocol and ethics and the
regional Ethical Review Board of Shanghai
Stomatological Hospital, Fudan University
approved the study. The patient was informed
about surgical purpose, surgical protocol,
recovery period, possible complications and
signed a consent form.

The patient was reviewed 7 days after the surgery. There had been minimal pain and localized swelling. Histopathology result confirmed
the presence of a radicular cyst. Then the
patient was reviewed 1 month and 3 months
after surgery. The clinic examination showed
healing progressed uneventfully, and the radiographic examinations revealed the bone forma-

Figure 2. CBCT 3D reconstruction of the case. In the
view of the 3D reconstruction of CT by mimics software, teeth, bone, lesion as well as the nasopalatine
nerve canal are segmented out with different colors.
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the risk of complications. Besides, the digital simulation
based on the reconstruction
could help the case with intact
bone to design the surgical
approach. In this case, we use
the X-ray image to discover
the lesion, then applied CBCT
for size and location evaluation, and finally we performed
3D reconstruction to detect
the risky area and provide an
overall surgical guidance.
Periradicular cyst with large
bone defect could be treated
with two methods: ① decompression [6-8]; ② regeneration technique [9]. DecompreFigure 3. The surgical procedure. A. Apicoectomy; B. Root-end filling; C. The
ssion is a conservative treatdefect is filled with Bio-Oss; D. The surgical field is covered with Bio-Guide.
ment for odontogenic cyst
with high successful rate in
tion and remodeling in the apical area (Figure
literature [6, 7]. By creating an opening to the
cyst, decompression could reduce pressure of
1B).
the cavity to induce bone formation. Then, the
Discussion
method provides good surgical access to smaller lesions, which not only generate few postopThere are two features of the periradicular
erative complications, but also produce great
lesion in this case: (1) the lesion is in proximity
therapeutic effects with less recurrence [6, 7].
with the important structure-naso palatine
In the previous study, it is suggested that the
nerve canal; (2) the lesion has caused large
reaction of decompression varies depending
bone defect. Therefore, it is necessary to preon the cyst [7, 10]. The reduction rate in keratopare a careful pre-operative analysis, and
cystic odontogenic tumors (KOT) was higher
regeneration technique is valid. In this case, we
than the other cyst like dentigerous cysts and
innovatively applied CBCT reconstruction in
radicular cysts. It may due to the aggressive
three dimensions, which improve the peri-opercharacter and greater size of KOT. Therefore, in
ative evaluation. Besides, we performed regenthis case of periradicular cyst, it is not advised
eration surgery after cyst enucleation to accelto use decompression. The other reason of not
erate bone remodeling.
applying decompression in this case is the long
treatment procedure.
It is common to discover a periapical lesion
with apical X-ray image [1, 5]. However, X-ray
In this case, careful enucleation is a time-savhas the shortcomings of overlapping and its
ing and effective method. After enucleation,
bidimensional character. Therefore, CBCT is
apicoectomy is performed to resect the infectadvised as a supplemental tool, for its advaned tissue in 2~3 mm root-end [11, 12]. MTA, a
tages of showing the lesion’s space location as
reliable bioactive material, is then used as a
well as its relationship with other anatomic
root-end filling material to resolve the apical
structures [5]. Preciseness, minimally invasiveperiodontitis [13, 14]. After enucleation, apiconess and digitization are the objectives of modectomy and root-end filling, there is a big space
ern surgery. CBCT reconstruction is the develleft in this case. Thus, how to deal with the
opment trend in the endodontic surgery. The
large cavity became another problem.
CBCT 3D reconstruction could segment bone,
teeth, nerve and the lesion, thus it could visuWhat is the healing prognosis after enucleally provide the location information to avoid
ation? In literature, the following characteristics
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were significantly associated with higher healed
rates in periradicular surgery [15, 16]: cases
without preoperative pain or signs, cases with
good density of root canal filling, and cases
with absence or size < or = 5 mm of periapical
lesion. In this case, the patient has no preoperative pain, and the density of root canal filling
is adequate, but the size of the lesion is > 5
mm. In histological study, periapical wound
healing requires recruitment and differentiation of progenitor cells/stem cells into osteoblasts, cementoblasts, and periodontal ligament cells in large periapical lesions [17-19]. It
is proposed that if the size of the osseous
defect is too large, osseous regeneration of the
wound will not occur and the defect will heal by
fibrous connective tissue repair. In some clinic
research, guided tissue regeneration (GTR) is
found beneficial for the treatment of large periapical lesion [18]. Bio-guide could be used as a
barrier to treat “through-and-through” lesions
by blocking undesired proliferation of gingival
connective tissue or migration of oral epithelium into the defect [19]. Bio-Oss is a bovine
bone, it could be used to fill the cavity and
improve the bone regeneration [20]. Therefore,
in this case, both bio-guide and bio-oss are
applied in order to conserve the thickness and
shape of the alveolar bone, as well as to
improve the bone regeneration.
To our knowledge, it is the first to report 3D
CBCT reconstruction for pre-operative evaluation in periradicular surgery. In this case, we
applied regeneration technique in endodontic
surgery, which is not widely reported as well.
There are some improvements of the research
on this topic in the future. Firstly, CBCT 3D
reconstruction and surgical simulation will be
more valuable to locate the lesion with intact
bone. Secondly, piezosurgery could be applied
to develop the surgical approach [21], and
ultrasonic surgical tools could be used for apicoectomy, which are less invasive. Thirdly, longterm follow-up of this case should be recorded,
and randomized clinical research could be
designed.
Conclusion
CBCT reconstruction could be applied in the
radicular surgery with value of better pre-operative analysis. For large defect after cyst enucleation, Periradicular regenerative surgery

2866

could achieve a successful clinical and radiographic outcome.
Disclosure of conflict of interest
None.
Address correspondence to: Drs. Jing Zhu and
Zhou-Xi Ye, Department of Endodontology, Shanghai
Stomatological Hospital, Fudan University, No. 356
East Beijing Road, Huangpu District, Shanghai
200001, China. Tel: +86-21-63509092; Fax: +8621-63505970; E-mail: 450219713@qq.com (JZ);
vivi_yzx@163.com (ZXY)

References
[1]

Niemczyk SP. Essentials of endodontic microsurgery. Dent Clin North Am 2010; 54: 375399.
[2] Nayyer NV, Macluskey M, Keys W. Odontogenic
cysts-an overview. Dent Update 2015; 42:
548-555.
[3] Ye ZX, Yang C, Ge J. Adjacent tooth trauma in
complicated mandibular third molar surgery:
risk degree classification and digital surgical
simulation. Sci Rep 2016; 15: 39126.
[4] Iwai T, Tamai N, Matsui Y, Tohnai I. Use of inhouse, full-colour printed three-dimensional
model for training in endoscopic periradicular
surgery for molar radicular cyst. Br J Oral
Maxillofac Surg 2012; 50: e41-42.
[5] Guo J, Simon JH, Sedghizadeh P, Soliman ON,
Chapman T, Enciso R. Evaluation of the reliability and accuracy of using cone-beam computed tomography for diagnosing periapical
cysts from granulomas. J Endod 2013; 39:
1485-1490.
[6] Gao L, Wang XL, Li SM, Liu CY, Chen C, Li JW,
Yan XJ, Zhang J, Ren WH, Zhi KQ. Decompression as a treatment for odontogenic cystic
lesions of the jaw. J Oral Maxillofac Surg 2014;
72: 327-333.
[7] Lee ST, Kim SG, Moon SY, Oh JS, You JS, Kim
JS. The effect of decompression as treatment
of the cysts in the jaws: retrospective analysis.
J Korean Assoc Oral Maxillofac Surg 2017; 43:
83-87.
[8] Matijević S, Jovivić B, Bubalo M, Dukić S,
Cutović T. Treatment of a large radicular cystenucleation or decompression? Vojnosanit
Pregl 2015; 72: 372-374.
[9] Kourkouta S, Bailey GC. Periradicular regenerative surgery in a maxillary central incisor:
7-year results including cone-beam computed
tomography. J Endol 2014; 40: 1013-1019.
[10] Anavi Y, Gal G, Miron H, Calderon S, Allon DM.
Decompression of odontogenic cystic lesions:

Int J Clin Exp Med 2019;12(3):2863-2867

Periradicular surgery with 3D CBCT reconstruction

[11]

[12]
[13]
[14]
[15]
[16]

clinical long-term study of 73 cases. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2011;
112: 164-169.
Wesson CM, Gale TM. Molar apicectomy with
amalgam root-end filling: results of a prospective study in two district general hospitals. Br
Dent J 2003; 195: 707-714.
el-Swiah JM, Walker RT. Reasons for apicectomies. A retrospective study. Endod Dent
Traumatol 1996; 12: 185-191.
Tang Y, Li X, Yin S. Outcomes of MTA as rootend filling in endodontic surgery: a systematic
review. Quintessence Int 2010; 41: 557-566.
Bogen G, Kuttler S. Mineral trioxide aggregate
obturation: a review and case series. J Endod
2009; 35: 777-790.
von Arx T, Peñarrocha M, Jensen S. Prognostic
factors in apical surgery with root-end filling: a
meta-analysis. J Endod 2010; 36: 957-973.
Carrillo C, Peñarrocha M, Bagán JV, Vera F.
Relationship between histological diagnosis
and evolution of 70 periapical lesions at 12
months, treated by periapical surgery. J Oral
Maxillofac Surg 2008; 66: 1606-1609.

2867

[17] Sullivan M, Gallagher G, Noonan V. The root of
the problem: occurrence of typical and atypical
periapical pathoses. J Am Dent Assoc 2016;
147: 646-649.
[18] Bernardi L, Visioli F, Nör C, Rados PV. Radicular
cyst: an update of the biological factors related
to lining epithelium. J Endod 2015; 41: 19511961.
[19] Tsesis I, Rosen E, Tamse A, Taschieri S, Del
Fabbro M. Effect of guided tissue regeneration
on the outcome of surgical endodontic treatment: a systematic review and meta-analysis. J
Endod 2011; 37: 1039-1045.
[20] Akbarzadeh Baghban A, Dehghani A, Ghanavati F, Zayeri F, Ghanavati F. Comparing alveolar bone regeneration using Bio-Oss and autogenous bone grafts in humans: a systematic
review and meta-analysis. Iran Endod J 2009;
4: 125-130.
[21] Hirsch V, Kohli MR, Kim S. Apicoectomy of maxillary anterior teeth through a piezoelectric bony-window osteotomy: two case reports introducing a new technique to preserve cortical
bone. Restor Dent Endod 2016; 41: 310-315.

Int J Clin Exp Med 2019;12(3):2863-2867

