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Abstract

Background: The main aims of this study were to evaluate mean volume reduction, radiographic healing rate and
healing outcome two years after endodontic microsurgery. The effects of certain preoperative clinical factors upon
preoperative volume, volumetric changes and healing outcome were also studied.

Material and Methods: A clinical database was searched for patients who had undergone endodontic microsurgery
and with the availability of a cone beam computed tomography (CBCT) scan preoperatively and after a control
period. Volumetric analysis of the periapical area was made to assess volumetric reduction. The modified Penn 3D
criteria were applied. The relationship between preoperative volume, volumetric reduction and healing outcome
and certain preoperative factors was also studied.

Results: Fifty-seven cases were evaluated. Initially, the bone cavities had a median volume of 163.2 mm?, and
this volume decreased by 147.7 mm?® after treatment, with a radiographic healing rate of 6.2 mm® per month.
After applying the modified Penn 3D Criteria, 53 cases were classified as successful healing (93%). Regarding
the influence of the different preoperative factors, patient age and sex, dental arch and cortical bone significantly
influenced preoperative volume, while only the dental arch exerted a significant influence upon volumetric changes
and preoperative symptoms on healing outcome.

Conclusions: The CBCT data evidenced a significant volume reduction of 79.1%, with a monthly volume reduction
rate of 6.2 mm’®. The success rate obtained was 93%. Patient age and sex, dental arch and cortical bone influenced
preoperative volume, tooth type had an impact upon the volumetric changes, and the preoperative symptoms in-
fluenced healing outcome.
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Introduction

As a result of the latest technical advances in endodon-
tic microsurgery, the success rates of such treatment are
now very high, in the range of 90% (1,2) and define such
surgery as a reliable patient management option. The-
se advances include preoperative study involving cone
beam computed tomography (CBCT), the use of high
magnification, ultrasonic root-end preparation, and the
use of biocompatible root-end filling materials.

Cone beam computed tomography has demonstrated
great diagnostic sensitivity prior to endodontic micro-
surgery (3-5), and is very useful for monitoring patients
after such surgery (6,7) or following endodontic retreat-
ment (7). Nowadays CBCT is widely accepted for the
diagnosis of periapical disease as well as for planning
endodontic microsurgery, but it is not regarded as the
gold standard for monitoring these endodontic cases
over time (8). In some cases, as when a tooth is in-
tended to be used as an abutment for a prosthesis, it is
important to be sure about the outcome of endodontic
microsurgery or endodontic retreatment. According to
studies based on periapical radiographs, the indicated
follow-up time to ensure healing after periapical sur-
gery is one year (9-11). However, considering the su-
periority of CBCT in the diagnosis of these lesions, it
would be useful to assess the course of healing over time
using this imaging technique. With regard to the size of
the periapical lesion prior to endodontic microsurgery,
some studies report that the areas measured by CBCT
are larger than those measured by two-dimensional ra-
diographs (6,12). On the other hand, some authors have
observed no significant differences between two- (2D)
and three-dimensional (3D) imaging-based diagnoses as
far as lesion size is concerned (13,14). The relationship
between other preoperative factors (i.e., the presence of
pain, probing depth, patient age and sex, etc.) and the
surgical outcomes has also been studied, and there are
conclusions both in favor and against their influence
upon the results of surgery (7,15,16).

The present study was carried out to evaluate the mean
volume reduction of the periapical lesions two years
after endodontic surgery, the radiographic healing rate
and the healing outcome after endodontic microsurgery,
based on the use of CBCT. The effects of certain preope-
rative clinical factors upon preoperative volume, volu-
metric changes and healing outcome were also studied.

Material and Methods

-Study design and patient selection

A retrospective cohort study was carried out in the
Unit of Oral Surgery (Department of Stomatology) of
the University of Valencia (Valencia, Spain), following
approval by the Research Ethics Committee of the Uni-
versity of Valencia (Ref. n°. H1523379927800). The
study sample was selected on a consecutive basis from a
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population of patients in the Department of Stomatology
who had undergone endodontic microsurgery between
January 2015 and January 2018. For statistical reasons,
only one tooth per patient was included. Each patient
signed a consent form based on the principles of the De-
claration of Helsinki (2013), accepting participation in
the study and the performance of CBCT controls. This
study is presented following the STROBE guidelines
(17).

-Inclusion and exclusion criteria

The following inclusion criteria were applied:

1. Patients subjected to primary endodontic microsur-
gery with the use of an endoscope and ultrasonic ins-
truments, and employing mineral trioxide aggregate
(MTA) for retrograde filling.

2. Availability of a CBCT scan performed two years af-
ter the surgery.

The following exclusion criteria were applied:

1. Endodontic surgery involving bone grafting or the use
of barrier materials.

2. Patients failing to report to the follow-up visits.
-Surgical procedures

Modern surgical techniques were used in all patients,
and all the operations were carried out by the same oral
surgeon (M.P.D.) (18). High magnification with a rigid
endoscope (Karl Storz-Endoskope, Tuttlingen, Ger-
many) was used, with ultrasonic preparation (Piezon®
Master 400, EMS®, Electro Medical Systems S.A,
Switzerland) and root-end filling with MTA (ProRoot
MTA White, Dentsply Tulsa Dental, Tulsa, OK, USA).
-Radiographic evaluation

All the CBCT images were obtained using the Planme-
ca ProMax 3D Classic CBCT unit (Planmeca, Helsinki,
Finland) with the patient in the sitting position. Image
processing was carried out with Planmeca Romexis®
software (version 4.5.2., Planmeca). A limited field of
view (40 x 40 mm) with a 12-second duration and set-
tings of 90 kV, 8 mA and voxel size 0.15 mm were used.
All the CBCT scans were devoid of personal identifying
data.

Lesion volume was measured both pre- and postopera-
tively by CBCT using the same software. The area was
traced manually, measuring from the first to the last slice
in which the lesion was observed. Then the program au-
tomatically calculated the total outlined volume. In ante-
rior teeth (canines and incisors), tracing was performed
from axial sections, because due to their vestibular tilt,
this plane registered all the area better. In posterior tee-
th (molars and premolars), tracing was performed from
coronal sections because, due to interpositioning of the
maxillary sinus, these allowed better visualization of the
lesion. If a multiple-root tooth had more than one peria-
pical area, the individual defect volumes were added and
counted as one (6). An example of the volumetric assess-
ment of the periapical lesions is shown in Figure 1.
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Fig. 1: Volumetric assessment of a periapical lesion of a lateral upper right incisor
using CBCT. A) Coronal plane. B) Sagittal plane. C) Axial view. D) 3D image of the
traced lesion.

The program automatically transformed the number of width of the periodontal ligament were assessed as 0
voxels measured into mm?. In the postoperative CBCT mm? (6) (Fig. 2).
scan, any radiolucent volumes with less than twice the These measurements were made jointly by two pre-ca-

Fig. 2: The same case as in Figure 1, in the control period. Volume reduction was 100%
(counted as 0 mm3). A) Coronal plane. B) Sagittal plane. C) Axial view. D) 3D image
of the traced lesion.
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librated investigators (A.R.A. and D.P.O.). Both exa-
miners discussed and reached consensus on borderline
designations. Previously, in order to assess the validity
of both examiners, 10 CBCT scans not involved in the
final sample were evaluated independently by these two
examiners.

All images were evaluated on a 21.5” monitor (iMac;
Apple, Cupertino, CA, USA) with a screen resolution
of 4096 x 2304 pixels and located in a quiet room with
subdued lighting.

-Data collection

Lesion volume reduction: initial lesion volume — final
lesion volume (expressed as a percentage).
Radiographic healing rate: lesion volume reduction /
time elapsed between surgery and control CBCT.
Healing assessment: the modified Penn 3D criteria were
used to assess the results of endodontic microsurgery
(19), classifying healing as complete, limited, uncertain
or unsatisfactory (Fig. 3). This classification was made

CBCT study of bone healing after endodontic microsurgery

-Preoperative clinical variables

The following variables were collected: preoperative
volume, patient age and sex, smoking, symptoms and
signs, type of tooth, dental arch, the presence of intrara-
dicular posts, bone crest level and cortical fenestration.
The criteria of von Arx and Kurt were used to assess the
patient symptoms and signs (20).

-Statistical analysis

Inter-examiner agreement in the calculation of lesion
volume was assessed with the intraclass correlation
coefficient (ICC). In turn, inter-examiner agreement in
assessing healing outcome was evaluated with the Co-
hen kappa statistic. Both agreements were interpreted
respectively by the Fleiss scale (21) and the Landis and
Koch scale (22).

With regard to analysis of the variables, the Student t-test
was used to evaluate the changes in volume distribution
from pre- to post-endodontic microsurgery. In order to
relate the preoperative clinical parameters to initial volu-

Modified PENN 3D criteria (radiographic)

(1) Complete Healing

(A) Re-formation of periodontal space of normal width and lamina dura over the entire
resected and un-resected root surfaces.

(B) Slight increase in width of apical periodontal space over the resected root surface, but
less than twice the width of non-involved parts of the root.

(C) Small defect in the lamina dura surrounding the root-end filling.

(D) Complete bone repair with discernible lamina dura; bone bordering the apical area does
not have the same density as surrounding non-involved bone.

(E) Complete bone repair. Hard tissue covering the resected root-end surface completely.

No apical periodontal space can be discerned.

(2) Limited Healing

Complete healing can be observed in immediate vicinity of the resected root surface, but
the site demonstrates one of the following conditions:

(A) The continuity of the cortical plate is interrupted by an area of lower density.

connection with the periodontal space.

(B) A low density area remains asymmetrically located around the apex or has an angular

(C) Bone has not fully formed in the area of the former acces osteotomy.

(D) In areas with pre-existing periodontal disease or physiologic fenestrations un-resected
root surfaces do not demonstrate bone coverage and/or periodontal reattachment.

(3) Uncertain Healing

following conditions:

The volume of the low density area appears decreased and demonstrates one of the

(A) The thickness is larger than twice the width of the periodontal space.

periodontal space.

(B) The location is symmetrically around the apex as a funnel-shaped extension of the

(4) Unsatisfactory healing

The volume of the low density area appears enlarged or unchanged.

Fig. 3: Modified Penn 3D criteria.

independently by two examiners (A.R.A. and D.P.O).
Disagreement between the examiners was resolved by
discussion with a third advisor (D.S.P). The study unit
was considered to be the tooth, and multiple-root tee-
th were classified according to the worst-appearing root
(15). Outcomes were dichotomized as either success
(complete or limited healing) or failure (uncertain or un-
satisfactory healing) (6).
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me, average volumetric reduction and healing outcome,
use was made of the Mann-Whitney U-test (MW), Krus-
kal Wallis test (KW), Fisher exact test and Spearman’s
correlation coefficient. Patient age was dichotomized as
either < or > 45 years, as in a previous study (23), only
to assess volumetric reduction. The type of tooth was
defined as incisor, canine, premolar or molar, and the
dental arch was also considered. The bone crest level
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was measured as either < or >3 mm from the cementoe-
namel junction to the bone crest.

Statistical significance was considered for p < 0.05.
The SPSS version 15.0 statistical package (Chicago, IL,
USA) was used throughout.

Results

Of the 298 patients subjected to endodontic microsur-
gery between January 2015 and January 2018, 15 had
undergone previous endodontic microsurgery, 12 had
teeth filled with materials other than MTA, 154 patients
did not accept a control CBCT scan after two years or
the control CBCT scan was not performed two years af-
ter endodontic microsurgery, 35 received bone grafting
or barrier materials during surgery, and 25 patients were
lost to follow-up. A total of 57 patients met the inclu-
sion criteria, representing a total of 57 operated teeth.
The characteristics of the study sample are described in
Table 1.

Table 1: Distribution of the evaluated cases.

Characteristics Cases (n)
Total 57
Age (years)

<20 3
21-30 6
31-40 11
41-50 6
51-60 17
>60 14
Sex

Male 19
Female 38
Tooth position

Maxillary incisor 14
Maxillary canine 6
Maxillary premolar 6
Maxillary molar 6
Mandibular incisor 2
Mandibular canine 5
Mandibular premolar 8
Mandibular molar 10

The ICC for the volume measurements was 0.857 (95%
confidence interval [95%CI] 0.822-0.885), evidencing
excellent agreement between the two examiners. In turn,
the Kappa index for healing assessment was 89.5%,
which was rated as very good in the Landis and Koch
evaluation. Preoperatively, the mean absolute lesion vo-
lume was 163.2 mm?® (n=57, standard deviation [SD] +
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288.4 mm?; range 11-1373 mm?), with a median of 62.0
mm®. In turn, the mean absolute lesion volume in the
postoperative images was 15.5 mm® (n=57, SD + 37.4
mm?; range 0-227 mm?), with a median of 0 mm?. The
lesions decreased an average of 147.7 mm?® (SD + 282.1
mm?®). In terms of percentages, the mean volumetric
change was 79.1% (median = 100%). In 31 cases the
volume reduction was 100%; in 6 cases the mean reduc-
tion was over 90%; in 12 cases the reduction was less
than 90% but more than 50%; in four cases the reduction
was between 50% and 0%; and in four cases an increase
in lesion volume was recorded. These changes in volu-
me were statistically significant (p<0.001, paired t-test).
The four lesions that increased in volume all presented a
preoperative volume below the median - the maximum
being 56 mm?. The mean radiographic healing rate was
6.2 mm*/month (SD + 12.6 mm?).

In the assessment of healing outcome, and after discus-
sion of 6 cases in which the examiners initially failed to
agree, a total of 37 teeth were classified as complete hea-
ling, 16 teeth as limited healing, one tooth as uncertain
healing, and three teeth as unsatisfactory healing (Fig.
4). Thus, the final classification was: 53 teeth classified
as success and four teeth classified as failure. The overa-
11 success rate was therefore 93% (53/57).

Preoperative volume was significantly influenced by pa-
tient age and sex, the dental arch and the cortical bone
conditions. Larger lesions were seen in younger patients
(p=0.006, r=-0.36), males (p=0.031, MW), maxillary
teeth (p=0.014, MW) and in lesions with cortical fenes-
tration (p=0.002, MW). Only the type of tooth signifi-
cantly influenced the volumetric changes, with greater
volume reduction being recorded in incisors, canines and
premolars (p=0.036, KW). The influence of crestal bone
level and cortical perforation upon the volume changes
tended towards clinical significance. Only the preopera-
tive symptoms had a significant impact upon the healing
outcome of endodontic microsurgery (p=0.032, KW)
(Table 2).

Discussion

The present retrospective cohort study analyzed the de-
crease in volume, the radiographic healing rate and hea-
ling outcome of a group of teeth with periapical disease
and subjected to endodontic microsurgical treatment, ba-
sed on the CBCT findings. The duration of follow-up was
two years, which can be accepted as sufficient according
to the literature (6,7). The lesions decreased in volume
an average of 147.7 mm?, from a mean preoperative va-
lue of 163.2 mm? to a postoperative mean volume of 15.5
mm?, corresponding to a mean healing rate of 6.2 mm? per
month. Of the 57 cases with periapical disease, 53 were
considered to represent successful healing.

In analyzing the healing rate, it may be useful to know
when the implicated tooth can be used for other purpo-
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Fig. 4: Healing of periapical lesions after endodontic microsurgery accord-
ing to the modified Penn 3D criteria. A) Complete healing. B) Limited heal-
ing. C) Uncertain healing. D) Unsatisfactory healing.

ses, if necessary. The best way to establish this is via
biopsy, though this approach is not feasible in routine
practice; a CBCT study therefore could be a good op-
tion. Nevertheless, the healing rate could be underesti-
mated in this case, since the CBCT scan may have been
performed some time after healing completion. The hea-
ling rate could only be accurately calculated if CBCT
scans were made each month, though such a practice
would not be justified.

The mean reduction in volume of the periapical areas
in our study was 79.1%. This differs from the findings
of Curtis et al. (7), who reported an average volumetric
change of 95%, but is similar to the percentage repor-
ted by Schloss et al. (83.7%) (6), though these authors
reported 38 cases in which the volume reduction was
100%, 7 cases with a reduction of > 90%, two cases with
<90%, and four cases in which the reduction was < 0%.
These cases of healing with volume reductions of > 90%
were more numerous than in our series. The differences
among the studies may be due to the fact that the eva-
luation times after surgery were longer than in our study,
reaching 48 months in the study by Curtis ef al. and 37
months in that the publication of Schloss et al.

In the present study, a volume reduction was observed in
53 out of 57 teeth, and according to the modified Penn
3D criteria, 93% of them healed successfully. These out-
comes are similar to those reported by other studies in
recent years. Schloss et al. (6), who used the same hea-
ling criteria, recorded a successful healing rate of 92.2%.
In turn, Parmar et al. (24) carried out a study involving
30 through-and-through periapical lesions divided into
two equal groups - one group regenerated with a resor-
bable collagen membrane and the other group without
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regeneration. Both groups yielded a healing success rate
of 87%. This lower success rate could have been due to
the complexity of their sample.

With respect to the initial volume of the periapical areas,
many studies have explored possible relations between
the initial size of the lesion and healing assessment after
endodontic surgery. Some authors consider initial lesion
size to influence the prognosis of surgery (16,25), while
other have observed no such relationship (26). We di-
vided our sample based on the median initial volume
(62 mm?), which was quite similar to that of Kreisler
et al. (25) with a median of 60 mm?; of the four cases
classified as failures, none were larger than the median:
no relationship was therefore observed between initial
volume and the final outcome.

Regarding the influence of the preoperative variables
upon the preoperative volume, Cheung ef al. (27) obser-
ved differences between the two dental arches in their
CBCT evaluation of the preoperative volume, but did
not specify whether these differences reached statistical
significance. Lemagner ef al. (28) in turn carried out a
study on teeth with an without endodontic treatment,
and concluded that there was no relationship between
the dimension of the apical bone defects and patient
sex or tooth position (mandibular or maxillary). In this
study, only the type of tooth was seen to influence mean
volume reduction, with a lesser decrease in posterior
teeth. The explanation for this is that in the case of mo-
lars - particularly lower molars and the palatal root of
the upper molars - the amount of bone that needs to be
removed during surgery is greater. It is therefore likely
that after two years of follow-up, the bone has not com-
pletely healed. Ogiitlii et al. (29) also reported poorer
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Table 2: Analysis of the influence of the preoperative parameters upon preoperative volume, volume reduction and healing outcome.

Variable Preoperative volume Volume reduction Healing outcome
n p-value (test) % p-value (test) | Success | Failure p-value (test)
Total 57 53 4
-83.2(<45y)
Age 0.006*(r=-0.36
& ¢ ' 6 C459) | 0824 =003 | 488 64.5 0.066 (MW)
Sex
Male 19 -84.3 19 0
Female 38 0.031*(MW) -76.5 0.567 (MW) 34 4 0.290 (Fis)
Smoking
No 35 -69.2 30 5
0.265 (MW) 0.676 MW
Yes <10 c. 22 756 (MW) 20 2 1.000 (Fis)
Symptoms
Absent 22 -51.2 16
Pain 19 -85.6 19
Inflammation 3 -84.3 3
pain and infl . 0.618 (KW)
ainand inflammation | 53| 515 (gw) -83.4 13 0 0.032 (KW)*
Signs
Absent 41 -71.5 36
Swelling -51.3 2
- 0.229 (KW) -
Fistula 0.498 (KW) -99.2 0 1.000 (Fis)
Tooth
Incisor 16 -91.8 16 0
Canine 11 -92.2 10 1
Premolar 14 -80.4 13 1
0.036* (KW)
Molar 16 0.605 (KW) -56.4 14 2 0.576 (KW)
Maxilla 32 -72.3 29 3
- 0.254 (MW) -
Mandible 25 0.014*(MW) -87.7 24 1 0.623 (Fis)
Post
Absent 50 -78.9 46 4
0.345 (MW) -
Present 7 0.803 (MW) -80.7 7 0 1.000 (Fis)
Crestal bone level
<3mm 42 -87.2 41 1
0.093 (MW) -
>3 mm 15 | 0717 (MW) -56.5 12 3 0.052 (Fis)
Cortical fenestration
No 35 -84.1 33 2
0.071 (MW) -
Yes 22 0.002*(MW) -71.2 20 2 0.635 (Fis)

y: years. MW: Mann-Whitney U-test. KW: Kruskal Wallis test. c: cigarettes. Fis: Fisher exact test. R: correlation coefficient.

healing in posterior teeth at 6 months after periapical
surgery, compared to anterior teeth.

With regard to the relationship between the preopera-
tive parameters and the healing outcomes, significant
differences were observed in relation to the preoperative
symptoms, with more failures among the patients wi-
thout such symptoms — though this may be a casual fin-
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ding due to the few failed cases in our series. Von Arx et
al. (15) conducted a 5-year longitudinal study analyzing
a series of preoperative variables and their influence
upon healing outcome. Their findings coincided with our
own data in relation to many of the analyzed preopera-
tive parameters, though the mentioned authors recorded
significant differences in crestal bone level, while in our
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series differences were found between crestal bone level
and volume reduction, though without reaching statis-
tical significance. Kim et al. (16) also studied the des-
truction of cortical bone, and recorded no impact of this
variable upon the final outcome. Curtis et a/. (7) analyzed
the influence of a number of preoperative and intraope-
rative variables, and although they did not all match our
own evaluated factors, the mentioned authors recorded no
association for any of the examined parameters.

With regard to the strengths and limitations of the pre-
sent study, mention must be made of the homogeneity of
the surgical procedure (e.g., the use of a rigid endoscope,
root-end filling material, the hemostatic technique em-
ployed, and the radiographic techniques) by a surgeon
with expertise in endodontic microsurgery. The data of
most of the included patients were previously registe-
red using standardized forms, and most potential con-
founders were accounted for statistically to deal with
the selection bias inherent to the retrospective study
design. On the other hand, the greater the volumes of
the periapical areas, the greater the margin of error that
can be made in the measurement. In this sense, dupli-
cate assessment by precalibrated examiners was carried
out to deal with bias in the measurement of outcomes.
In short, the stringent inclusion criteria ensured a clini-
cally valuable and representative study cohort. Further
studies are needed to confirm the reproducibility of our
findings. The data obtained are useful for surgeons and
dental practitioners in rehabilitating teeth subjected to
endodontic microsurgery.

CONCLUSIONS

The periapical area exhibited a significant volume re-
duction of 79.1% two years after endodontic microsur-
gery. According to follow-up with CBCT, the monthly
volume reduction rate was found to be 6.2 mm?; this can
be useful for certain prosthetic situations, contributing to
treatment planning. The recorded success rate was 93%,
which is consistent with the existing scientific evidence.
The magnitude of the preoperative volume was influen-
ced by patient age and sex, the dental arch involved, and
the cortical bone conditions. The type of tooth influen-
ced the volumetric changes, while the clinical symptoms
had an impact upon healing assessment.
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