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ABSTRACT

Purpose: This systematic review aimed to compare assessments of the healing of periapical endodontic surgery using
conventional radiography and cone-beam computed tomography (CBCT).

Materials and Methods: This review of clinical studies was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) checklist. All articles published from 1990 to March 2020
pertaining to clinical and radiographic healing assessments after endodontic surgery using conventional radiography
and CBCT were included. The question was “healing assessment of endodontic surgery using cone-beam computed
tomography.” The review was conducted by manual searching, as well as undertaking a review of electronic literature
databases, including PubMed and Scopus. The studies included compared radiographic and CBCT assessments of
periapical healing after periapical endodontic surgery.

Results: The initial search retrieved 372 articles. The titles and abstracts of these articles were read, leading to the
selection of 73 articles for full-text analysis. After the eligibility criteria were applied, 11 articles were selected for data
extraction and qualitative analysis. The majority of studies found that CBCT enabled better assessments of healing
than conventional radiography, suggesting higher efficacy of CBCT for correct diagnosis and treatment planning. A
risk of bias assessment was done for 10 studies, which fell into the low to moderate risk categories.

Conclusion: Three-dimensional radiography provides an overall better assessment of healing, which is imperative for

correct diagnosis and treatment planning. (Imaging Sci Dent 2022; 52: 1-9)
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Introduction

The paramount importance of being able to perform a
predictable assessment after endodontic therapy is gaining
recognition. A peri-radicular infection may persist even
after adequate root canal treatment.' Normal function, a
lack of clinical symptoms, and osseous regeneration signs in
radiographs coupled with the re-establishment of a peri-
odontal ligament space are indicators of favourable healing
of apical periodontitis.2 Assessments of periapical surgery
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are usually based on clinical and radiographic criteria.’ Two-
dimensional (2D) radiography is commonly employed for
the assessment of the extent of radiographic healing. The
limitations of 2D radiography have paved the way for
3-dimensional (3D) evaluations of the healing site through
cone-beam computed tomography (CBCT).

Apical surgery is performed to eradicate tissues showing
signs of necrosis or infection. This involves apicoectomy
(apical resection) of the tooth, with or without a retrograde
filling.4 However, the healing of periapical tissues after
resection is the sole indication of the success of periapical
surgery.

Although it may seem traumatic, the assessment of peri-
apical surgery is more satisfactory than that of orthograde
treatment. The inception of microsurgery has begun to dimi-
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nish perceptions of conventional periapical surgery as trau-
matic. There is documented evidence of a 90% success rate
with microsurgery.” Follow-up after every treatment is the
backbone of achieving a predictable treatment assessment.
Although the histopathologic diagnosis remains the gold
standard for evaluating the extent of healing, evidence exists
that CBCT produces highly accurate assessments.”

CBCT and microsurgery go hand in hand to achieve suc-
cessful endodontic therapy. Presently, CBCT imaging is fre-
quently used for diagnosis and treatment planning in sur-
gical endodontics.® CBCT has enabled new possibilities
for clinicians as compared with conventional radiographic
methods, which replicate 3D structures as 2D images; ins-
tead, CBCT is a 3D imaging method that offers the possi-
bility to view a specific tooth or teeth in any view.’

The 2D healing categories proposed by Rud et al.® and
Molvin et al.” may not be satisfactory for periapical assess-
ments. CBCT scans make it possible to visualise the third
dimension because they can be rearranged and reviewed
in all dimensions; consequently, one can assess the lesion
to near perfection. For the purpose of assessing healing
after apical surgery, a new guideline involving the use of
CBCT images have been proposed. Specifically, healing
can be assessed based on 3D imaging using the RAC/B
indices (R =resection plane, A =apical area, C =cortical
plate, B =bone healing overall), and the modified Penn 3D
criteria.*®' Another classification of healing criteria clas-
sification was initially described by Zetterqvist'' in 1991
and advanced by Jesslén et al.,12 wherein software such as
Imagel is used to delimit defects."

A major obstacle in 2D radiography is the overlap of ana-
tomic structures in the area of interest, which poses chal-
lenges both for diagnosis and healing assessments. Hence,
the purpose of this systematic review was to compare con-
ventional radiography and CBCT used for healing assess-
ments after periapical endodontic surgery.

Materials and Methods

The protocol of the systematic review was prepared
based on the Preferred Reporting Items for Systematic Rev-
iews and Meta-Analyses (PRISMA) checklist. The protocol
was registered in the International Prospective Register of
Systematic Reviews (PROSPERO) with reference acknowl-
edgement number 183955. The population, intervention,
comparison, and outcome (PICO) framework of a systema-
tic review was used to formulate the review question, and
the formulated question was “healing assessments of peri-
apical endodontic surgery using conventional radiography

and cone-beam computed tomography.”

Literature Search Strategy

The following databases were employed to conduct the
literature search: MEDLINE/PubMed and Scopus, as well
as a manual reverse search performed using suitable Medi-
cal Subject Headings (MeSH; https://www.ncbi.nml.nih.
gov/mesh) terms or keywords. MeSH terms were used in
conjunction with the Boolean operators “AND” and “OR”
to build a set of keywords to focus the search. In PubMed
and Scopus the following search was performed: (“end-
odontic surgery” OR “periapical surgery” OR “apicoec-
tomy” OR “periradicular surgery” OR “root end surgery”
AND “endodontic failure” OR “periapical curettage” OR
“periapical pathology” AND (“cone-beam computed tomo-
graphy” [MeSH Terms] OR “cone-beam computed tomo-
graphy” OR “healing assessment”). The collected data
were searched manually and reverse-searched in order to
identify and avoid duplication, and the final studies were
selected after applying and framing using the PRISMA
checklist (Table 1)."*

Inclusion and exclusion criteria

Prior to inclusion, the abstracts and titles of all articles
were screened and identified by electronic and manual
searches. Articles that did not meet the criteria for inclusion
were accordingly filtered out. All the remaining articles
were thoroughly and independently screened.

The inclusion criteria were: a) all studies published in
the period from 1990 to 2020, b) clinical studies published
in the English language, c) studies with adult human pati-
ents indicated for periapical surgery, d) studies comparing
radiographic healing in periapical surgery cases using both
CBCT and periapical radiographs, e) studies with follow-up
evaluation done by CBCT, f) studies involving both peri-
apical radiographs and tomographic analysis including
patients who underwent CBCT concurrently with periapical
surgery, and g) studies with at least 6 months of follow-up.

The exclusion criteria were: a) studies without postopera-
tive CBCT evaluations, b) studies of patients with root frac-
tures or iatrogenic perforations, ¢) studies including pati-
ents with the presence of any systemic disease or history
of any medication use, d) studies done on paediatric patients,
e) studies only using CBCT, and f) studies only using peri-
apical radiographs.

Quality assessment and data extraction
Two examiners (G.S. and A.G.) used the following para-
meters to extract data and analyse each study: author (year)/
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Relevant records identified through the
database search strategy (PubMed,
Scopus, manual) (n=372)
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‘( Studies excluded due to duplicates

A\ 4

Studies selected after duplicate
exclusion and abstract evaluation

'L (n=157)

(n=215)
N
‘( Studies excluded based on
{ 'L abstract evaluation (n=142)
e ™ <
Studies selected for full-text analysis
(n=73)
\. y, N
_ ( Studies excluded after full-text
{ 'L analysis (n=62)
e ~ J
Full-text articles assessed for eligibility
(n=18)
\_ J

( Articles excluded (n=7)

v

N
Studies included in the systematic

review that fulfilled the inclusion criteria
(n=11)

J

'L - only CBCT was performed

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.

country, name of the journal, language of the study, diag-
nostic criteria, endodontic surgery healing assessment, age
group, study design, and sample size, determined as per the
guidelines issued by the NHS National Services Scotland."”
Disagreements between the 2 authors were resolved by
a third author. Risk of bias was evaluated using the 2014
Joanna Briggs Institute checklist.'® The examiners inde-
pendently evaluated the risk of bias for each study, which
was followed by a discussion of every point.

Results

The search strategy employed is presented in Figure 1. By
undertaking a search of electronic databases and a manual
search, 372 articles were identified as relevant. After exclud-
ing duplicate articles, 215 articles were screened and inclu-
ded for abstract evaluation. Finally, 11 articles satisfying the
inclusion criteria were included in the systematic review.

Study characteristics

In the final analysis, 11 studies were included, all of
which were related to periapical radiography and CBCT
used for endodontic surgery healing assessments. Table 1

shows a summary of the main features of the included stud-
ies. The interpretation of the 11 studies showed that they
used both types of radiographic assessments (periapical
radiography and CBCT) that were deemed relevant for this
systematic review. All the studies were clinical, and the
maximum follow-up duration was 1 year.'”"'*'"" The stud-
ies conducted periapical surgery irrespective of the material
used.

The criteria used by each individual study for postsurgi-
cal healing assessment with 2D and 3D imaging were pre-
sented in detail. The results of healing were reported using

2,3,17,18,20,21

inconsistent units, such as percentages, cubic

millimetres,4'10’13’19
and true negatives. Studies applied the criteria of Rud et al.
(1972)% and Molven et al. (1987)° to classify outcomes into
1) complete healing, 2) incomplete healing, 3) uncertain

healing, or 4) unsatisfactory healing.'”*'*'"?**! The modi-

and results in the form of true positives

fied Penn 3D criteria were also used to assess 3D healing
using CBCT scans.'*'7*!

Risk of bias
The risk-of-bias assessment was done on 10 studies using
the Joanna Briggs Institute Critical Appraisal Checklist.
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Was follow up complete and if not, differences between groups

Kurt et al.'®

Safi et al.?!

Meschi et al.!

&
he)
(6]
3
o
kel
| =
o
©
N
€
o
el
| =
©
[0)
=
=
2]
(]
=
Parmar et al."” O

o~
c -
[
2 ° g
o c < o =]
o ) Y ] o
o) il Q.
c 2 © 3 o
(] 2 c o =
® c ®© 5 ©
o 72} = o =
o ~ © £ c b5 )
2 ° € o ® N >
53 @ o = o = ©
o) c I b= @ s
% 2 =] @© 2 -8 o
© 3 3 & 5 < £
= @ 2 a ® @ o PN
5 ¢ 5 =z 28 5 8 3z 3
%- o £ c o © g o el _g o
] © o > £ ©
@ c = e] = = = 8 S =
= £ 8 E c g L e c o s 2
Q 8 = O o o g ko) - = Q S
e @ o 2 » 2 T 9 ? ® g <]
Q = = @ N L L ©
9 o o B S > 5 5 ® o
e ® 2 = A 2 & ® @ ] B 3
o i = © 3 8 a c ] ] >
2 ] 2 £ @ = > © 2 “E’ T S
3 E 2 a @ @ z £ s ‘@
S _ c [} o <) c (%] [72] [0} —_
= 0 ®© 5 (] =] = ®© Q Q T o° 2
= » o o £ o K<) =3 € € o = )
o = ke o 8 &) = 2 3 3 B 2 =
=3 3 .= ) L] o © b= 3] Qo iz E D
e 5 & & 3 £ 2 & 3 3 % g 8
o 3= £ = £ c
» o o 2 o o o o o o » » 3
s £ 2 2 = = s 2 = £ £ 2 @
£ L

HIGH RISK
O O

LOW RISK

UNCLEAR
O RISK

Fig. 2. Risk of bias assessment in clinical studies.

Four of these 10 studies were randomized controlled tri-
als,""7"®2! which had a low to moderate risk of bias (Fig. 2).
Only one study had a low risk of bias,”' with an evidence
level of 1+. The remaining 6 studies were nonrandom-
ized clinical studies (Fig. 3), 410131920

moderate risk of bias and an evidence level of 2+ . For all

which had a low to

studies, the evidence level was determined following the
guidelines given by the NHS National Services Scotland."

Discussion

The aim of this systematic review was to analyse studies
comparing healing assessments as evaluated using 2D and
3D radiographic methods - irrespective of the retrograde

filling material, membrane used, site, or case - in terms of
the new CBCT-based criteria for radiographic assessment.

Complete periapical repair and regeneration are markers
of successful endodontic therapy.”” Pursuant to the intro-
duction of microsurgical principles, periapical surgery has
become a highly significant treatment option in the field of
modern endodontics.

Periapical surgical procedures entail the removal of infec-
ted and/or necrotic tissues; apicoectomy involves resection
of the apical part of the tooth and preparation of the apical
cavity for the insertion of a retrograde filling material >
The established protocol for apical surgery involves full-
thickness mucoperiosteal flap reflection, osteotomy prepa-
ration, and root-end resection, along with ultrasonic prepa-

_6_
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Fig. 3. Risk of bias assessment in clinical studies.

ration and root-end fillings.2 Most original studies applied
Molven’s criteria for assessing healing after endodontic sur-
gery, including the criteria of periapical radiographs show-
ing potential clinical symptoms and radiographic healing,
whereas evaluations of surgical endodontic healing based on
CBCT imaging were conducted according to the modified

Penn 3D criteria."

The introduction of CBCT in endodontic has made it
possible to assess the periapical region with much greater
accuracy.17 Introduced in 1996, maxillofacial CBCT - cre-
ated through the pioneering efforts of users of conventional
computed tomography (CT) and micro-CT - provided the
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first clinically practical technology that envisaged 3D ima-
ging for endodontic considerations.”* CBCT is a highly ac-
curate 3D imaging technique, in addition to being one of
the foremost diagnostic tools enabling the assessment of
regenerated tissue. There is a high correlation between pre-
dictions based on CBCT and those based on histologic evi-
dence, indicating that CBCT is an effective, non-invasive
tool for the diagnosis of periapical lesions.”™

Studies have demonstrated that the radiographic assess-
ment of periapical healing differs between conventional peri-
apical radiographs and CBCT imaging.” Many clinical stud-
ies have shown that 3D imaging provides a superior assess-
ment of postoperative healing after periapical surgery than
2D imaging,17 and more recent studies have confirmed that
in cases where CBCT is employed for posttreatment radio-
graphic follow-up, the rate of detection of persisting or non-
healing periapical lesions after surgical endodontic retreat-
ment is higher.20

Therefore, the use of CBCT prior to periradicular surgery
can ensure accurate treatment planning.18 Further, CBCT
imaging shows a higher level of sensitivity in identifying
periapical lesions than digital radiography.”

While periapical radiography is an integral part of end-
odontics used in both diagnosis and treatment, it also has
some widely acknowledged limitations. Although periapical
radiographs provide considerable important information
about factors such as the progression, regression, and con-
tinuity of apical periodontitis, in some instances the peri-
radicular region cannot be correctly evaluated using periapi-
cal radiographs. Pathologic bone loss in the apical region,
unless in the late stages of its development, is usually unde-
tectable on periapical radiographs. Furthermore, even if
such pathologic bone loss presents on a periapical radio-
graph, its true dimensions are likely to be underrepresented.
The superior capabilities of CBCT free the observer from
the need to account for the issue of superimposition of struc-
tures in multiple planes, which is the primary issue with
periapical radiography as an imaging modality. Multiple
factors including the thickness of the cortical bone, the
angle of incidence of X-rays, the extent and location of a
lesion, and the existence of neighbouring anatomical struc-
tures may influence the 2D radiographic evaluation of peri-
apical lesions. In contrast, the results obtained from the 3D
measurement and evaluation of periapical lesions using
CBCT images are usually considerably more reliable than
the results obtained using 2D radiographs.26 Grimard et al.”’
compared the measurements obtained from periapical radio-
graphs and CBCT images, with the measurements recorded
directly during periodontal surgery; the results showed that

the measurements from CBCT imaging had strong correla-
tions with the actual measurements obtained during sur-
gery, whereas periapical radiographs correlated less favour-
ably. Another study implied that with the aid of CBCT, peri-
apical radiolucencies as small as 0.5-1.0 mm in diameter
could be detected and measured.** Further studies have also
demonstrated the superiority of CBCT imaging over peri-
apical radiographs in the detection and diagnosis of apical
periodontitis J

Several authors have studied correlations between the
dimensions of postoperative bone defects and the assess-
ments of endodontic microsurgery. Von Arx et al® reported
that the mesiodistal dimension of the bony crypt had a
strong correlation with postoperative healing at follow-up
examinations. Song et al.* concluded that the height of the
remaining buccal bone plate was a significant indicator of
surgical outcomes.” Molven’s criteria were used to assess
radiographic healing in 2D images (periapical X-ray films)
as complete healing, incomplete healing, uncertain healing,
and unsatisfactory healing.” The modified Penn 3D crite-
ria were employed in the assessment of 3D healing using
CBCT scans.'” While 2D radiographic measurements only
show the mesiodistal and apico-coronal extension, assess-
ments based on 3D CBCT scans also measure and provide
the depth of lesions."”

A review of the relevant literature showed that CBCT de-
tects more periapical lesions than periapical radiography.’
While there may be limitations in the use of CBCT imaging
to represent smaller defects in an accurate manner, digital
periapical radiography has been demonstrated to be even
less accurate than CBCT imaging in this regard. The limita-
tions of the study include the fact that results were inconsis-
tently presented as cubic millimetres, volume, or percent-
ages. Regular follow-up is required after endodontic surgery
to evaluate the healing process. Few studies have compared
postoperative healing assessed using periapical radiography
versus CBCT with a follow-up period of 1 year.21

An advantage of this systematic review is that it included
clinical studies and randomized control trials with a low risk
of bias and a high grade of evidence (levels of 2+/1+).
This review could conclude that many studies have shown
insubstantial differences in healing assessments after peri-
apical endodontic surgery using CBCT and conventional
radiography, although some studies have shown that 3D
radiography enables an overall better assessment of heal-
ing, which is imperative for correct diagnosis and treatment
planning.

Conflicts of Interest: None

_8_



—_

10.

11

12.

13.

14.

References

. Meschi N, Vanhoenacker A, Strijbos O, Camargo Dos Santos

B, Rubbers E, Peeters V, et al. Multi-modular bone healing
assessment in a randomized controlled clinical trial of root-end
surgery with the use of leukocyte-and platelet-rich fibrin and an
occlusive membrane. Clin Oral Investig 2020; 24: 4439-53.

. Curtis DM, VanderWeele RA, Ray JJ, Wealleans JA. Clini-

cian-centered outcomes assessment of retreatment and end-
odontic microsurgery using cone-beam computed tomographic
volumetric analysis. J Endod 2018; 44: 1251-6.

.von Arx T, Janner SF, Hinni S, Bornstein MM. Agreement

between 2D and 3D radiographic outcome assessment one year
after periapical surgery. Int Endod J 2016; 49: 915-25.

. Kruse C, Spin-Neto R, Reibel J, Wenzel A, Kirkevang LL. Diag-

nostic validity of periapical radiography and CBCT for assess-
ing periapical lesions that persist after endodontic surgery. Den-
tomaxillofac Radiol 2017; 46: 20170210.

.Kim D, Ku H, Nam T, Yoon TC, Lee CY, Kim E. Influence of

size and volume of periapical lesions on the outcome of end-
odontic microsurgery: 3-dimensional analysis using cone-beam
computed tomography. J Endod 2016; 42: 1196-201.

.von Arx T, Janner SF, Hanni S, Bornstein MM. Evaluation of

new cone-beam computed tomographic criteria for radiographic
healing evaluation after apical surgery: assessment of repeat-
ability and reproducibility. J Endod 2016; 42: 236-42.

. Patel S, Durack C, Abella F, Shemesh H, Roig M, Lemberg K.

Cone beam computed tomography in endodontics - a review.
Int Endod J 2015; 48: 3-15.

.Rud J, Andreasen JO, Jensen JE. Radiographic criteria for the

assessment of healing after endodontic surgery. Int J Oral Surg
1972; 1: 195-214.

. Molven O, Halse A, Grung B. Observer strategy and the radio-

graphic classification of healing after endodontic surgery. Int J
Oral Maxillofac Surg 1987; 16: 432-9.

Schloss T, Sonntag D, Kohli MR, Setzer FC. A comparison
of 2- and 3-dimensional healing assessment after endodontic
surgery using cone-beam computed tomographic volumes or
periapical radiographs. J Endod 2017; 43: 1072-9.

. Zetterqvist L, Hall G, Holmlund A. Apicectomy: a comparative

clinical study of amalgam and glass ionomer cement as apical
sealants. Oral Surg Oral Med Oral Pathol 1991; 71: 489-91.
Jesslén P, Zetterqvist L, Heimdahl A. Long-term results of
amalgam versus glass ionomer cement as apical sealant after
apicectomy. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1995; 79: 101-3.

Tanomaru-Filho M, Jorge EG, Guerreiro-Tanomaru JM, Reis JM,
Spin-Neto R, Gongalves M. Two- and tridimensional analysis
of periapical repair after endodontic surgery. Clin Oral Investig
2015; 19: 17-25.

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group.
Preferred reporting items for systematic reviews and meta-anal-
yses: the PRISMA statement. Ann Intern Med 2009; 151: 264-
9.

. Harbour R, Miller J. A new system for grading recommenda-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Garima Sharma et al

tions in evidence based guidelines. BMJ 2001; 323: 334-6.

The Joanna Briggs Institute. Reviewer’s Manual. Australia: The
Joanna Briggs Institute 2014.

Parmar PD, Dhamija R, Tewari S, Sangwan P, Gupta A, Duhan J,
et al. 2D and 3D radiographic outcome assessment of the effect
of guided tissue regeneration using resorbable collagen mem-
brane in the healing of through-and-through periapical lesions -
a randomized controlled trial. Int Endod J 2019; 52: 935-48.
Kurt SN, Ustiin Y, Erdogan 0, Evlice B, Yoldas O, Oztunc H.
Outcomes of periradicular surgery of maxillary first molars using
a vestibular approach: a prospective, clinical study with one
year of follow-up. J Oral Maxillofac Surg 2014; 72: 1049-61.
Christiansen R, Kirkevang LL, Gotfredsen E, Wenzel A. Peri-
apical radiography and cone beam computed tomography for
assessment of the periapical bone defect 1 week and 12 months
after root-end resection. Dentomaxillofac Radiol 2009; 38: 531-
6.

Kruse C, Spin-Neto R, Wenzel A, Vaeth M, Kirkevang LL. Imp-
act of cone beam computed tomography on periapical assess-
ment and treatment planning five to eleven years after surgical
endodontic retreatment. Int Endod J 2018; 51: 729-37.

Safi C, Kohli MR, Kratchman SI, Setzer FC, Karabucak B.
Outcome of endodontic microsurgery using mineral trioxide
aggregate or root repair material as root-end filling material: a
randomized controlled trial with cone-beam computed tomo-
graphic evaluation. J Endod 2019; 45: 831-9.

Singh S, Singh A, Singh S, Singh R. Application of PRF in sur-
gical management of periapical lesions. Natl ] Maxillofac Surg
2013; 4: 94-9.

Karan NB, Aricioglu B. Assessment of bone healing after mine-
ral trioxide aggregate and platelet-rich fibrin application in peri-
apical lesions using cone-beam computed tomographic ima-
ging. Clin Oral Investig 2020; 24: 1065-72.

Scarfe WC, Levin MD, Gane D, Farman AG. Use of cone beam
computed tomography in endodontics. Int J Dent 2009; 2009:
634567.

Lépez FU, Kopper PM, Cucco C, Della Bona A, de Figueiredo
JA, Vier-Pelisser FV. Accuracy of cone-beam computed tomo-
graphy and periapical radiography in apical periodontitis diag-
nosis. J Endod 2014; 40: 2057-60.

Tsai P, Torabinejad M, Rice D, Azevedo B. Accuracy of cone-
beam computed tomography and periapical radiography in detec-
ting small periapical lesions. J Endod 2012; 38: 965-70.
Grimard BA, Hoidal MJ, Mills MP, Mellonig JT, Nummikoski
PV, Mealey BL. Comparison of clinical, periapical radiograph,
and cone-beam volume tomography measurement techniques
for assessing bone level changes following regenerative peri-
odontal therapy. J Periodontol 2009; 80: 48-55.

von Arx T, Jensen SS, Hénni S. Clinical and radiographic assess-
ment of various predictors for healing outcome 1 year after peri-
apical surgery. J Endod 2007; 33: 123-8.

Song M, Kim SG, Shin SJ, Kim HC, Kim E. The influence of
bone tissue deficiency on the outcome of endodontic microsur-
gery: a prospective study. J Endod 2013; 39: 1341-5.



