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A B S T R A C T

Purpose: Static guided trephine apicoectomy has been developed as a less invasive and more accurate alter-
native to conventional freehand apicoectomy with drills. Overpenetration is a frequent issue with this proce-
dure, which deteriorates accuracy and raises safety concerns. A safety improvement to address this problem
is presented.
Materials and Methods: Guided apicoectomies were performed in porcine mandibles with either a conven-
tional bone trephine or a custom-made endo-trephine with built-in depth control. The deviation of the apical
endpoint of the trephine from the digital surgical plan was analyzed. Overpenetration frequency was
recorded.
Results: Procedures performed with the custom trephine were significantly more accurate both along the x-
axis and globally, but no significant difference was found for the y and z axes. Overpenetration frequency
was 70% in the conventional trephine group versus 38% in the stop trephine group.
Conclusion: The results indicate that the lack of physical depth control can interfere with the accuracy (and
safety) of these procedures to a significant extent, as visual cues (such as the depth markings on a conven-
tional trephine) are insufficient to prevent overpenetration. Our results show that custom-made trephines
with a built-in stop offer an optimal solution for this problem.
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1. Introduction

Apicoectomy is a routine endodontic surgical procedure in which
the apical 3 mm of the root tip is removed. This method allows the
elimination of >90% of the ramifications and lateral canals [1,2], and
is used when the conventional treatment of an endodontically com-
promised tooth is not possible (for instance because of the presence
of ramifications that cannot be accessed with conventional ortho-
grade instrumentation). Success rates have been reported from a
range as wide as 17 to 96% [3,4]. This high variability is most probably
related to the fact that success with this approach presupposes high
accuracy. There is agreement in the literature that to eliminate the
internal structures that interfere with the success of root canal treat-
ment, the terminal 3 mm of the apical third must be removed [5,6].
Besides, it is recommended that the section be performed
perpendicularly to the root axis to minimize the chance of bacterial
leakage via the dentinal tubuli during and after the surgery [7]. When
these principles are observed, elimination rates may be as high as
98% for apical ramifications and 93% for accessory canals [8]. These
requirements are quite difficult to meet with the conventional tech-
nique, which is freehand drilling based on mental navigation, thus
being highly dependent on the operator’s skills and experience.
Furthermore, the intervention may be quite invasive and carries the
risk of damaging anatomical structures in the vicinity of the target
area [9].

Cone-beam computed tomographic imaging (CBCT) is of consider-
able help in these situations, so much so that by today it is considered
essential before periapical surgical interventions [10,11]. Indeed,
CBCT provides valuable information about the three-dimensional
relations of the infected area and the neighboring anatomical struc-
tures, but without any further aid, the accuracy of the procedure still
depends on the operator.
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The advantages of using CAD/CAM templates as apicoectomy
guides were first pointed out by Pinsky and co-workers in 2007, who
demonstrated that guided apicoectomy was significantly more pre-
cise than the conventional freehand approach [12]. The idea caught
on only about a decade later, most probably because it was in this
period that stereolithographic techniques became widely available.
Liu and colleagues used guides to aid osteotomy and localization of
the apex [13]. The group of Patel used 3D printed devices as soft tis-
sue retractors to aid apicoectomy [14]. With the development of 3D
surgical planning software, it became possible to plan the depth and
angle of the resection and print a 3D template from the plan to guide
the operation: this was the birth of the “pilot-drill” protocol where
the template was used for apex localization [15−17]. Note, however,
that in these studies the template did not physically guide the drill or
bur; it served merely as an optical reference to support mental navi-
gation. The most efficient combination of these novel methods was
published first by Giacomino and co-workers [18] who used a tre-
phine bur to perform a fully guided osteotomy, apicoectomy, and
biopsy at the same time. Since then, this method has appeared in var-
ious case studies and case series with generally favorable results, [19
−21] but still little is known about its accuracy.

Our research group has dealt with guided endodontic surgery for
almost a decade, including the trephine approach. In one of our previ-
ous publications, we showed that the accuracy of guided apicoec-
tomy performed with a commercially available trephine was similar
to the accuracy of guided implant surgery. However, we also found
overpenetration to be a regularly occurring (and potentially hazard-
ous) issue as commercially available bone trephines have no physical
stop on them to prevent this, only depth markings [22]. We con-
cluded that this might be a major limitation of the method and a con-
siderable source of inaccuracy. This observation prompted us to
design a set of trephines especially for endodontic purposes and inte-
grate the new instrument in an existing surgical planning software to
enable use in a fully digital workflow. [20] Among other
Fig. 1. Preparations for the apicoectomies. (a) a porcine mandible with teeth; (b) impression
3D- printed, tooth-supported surgical guide on the porcine mandible.
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modifications, a key feature of the new instrument is that it has a
built-in physical stop to prevent overpenetration.

In the present in vitro study, we performed guided apicoectomies
with commercially available trephines and our instrument. The pur-
pose was, first of all, to determine if an overpenetration tendency is
an inherent weakness of trephine apicoectomy. Thus, we sought to
test if it could be reproduced under controlled conditions. Related to
this, we sought to test if the addition of the stop can effectively pre-
vent overpenetration and, if so, to what extent it improves the accu-
racy of trephine apicoectomy, especially in the buccolingual
dimension. We hypothesized that overpenetration would be a fre-
quent finding with a conventional trephine, and less frequent or
absent with the trephine equipped with a stop. We also hypothesized
that the accuracy of the procedures performed with the stop trephine
would be higher. Given the general paucity of data on the accuracy of
this type of intervention in the literature, it was also a goal to gener-
ate and publish such data.

2. Methods

2.1. Specimens

For the experiments, we used porcine mandible, an accepted model
in the literature of dental implantology, [23−25] because its density and
mineral content is similar to that of the humanmandible [26−29]. Fresh
porcine mandibles with teeth were obtained from the local meat proc-
essing facility (Tisza-Maros H�us Kft., Szeged, Hungary, Fig. 1a). The ani-
mals were not sacrificed for the sake of the experiments. Altogether 8
mandibles were used, 4 in the conventional trephine group (control
group) and 4 in the stop trephine group (study group). After the experi-
ments, the remnants were disposed of according to the pertinent regu-
lations regarding the treatment of organic waste.

Twenty-one procedures were performed in the study group, and
twenty-three in the control group (5−9 apicoectomies per mandible,
taking in an individualized tray with gutta-percha markers; (c) digital planning; (d) the



Fig. 2. The trephines used in the study. (a) the conventional trephine used in the con-
trol group; (b) the endo-trephine used in the study group. Note that the body of the
instrument widens at the proximal end to form a shoulder. When this shoulder (the
stop) meets the outer rim of the guiding tunnel of the surgical template, it prevents
the instrument from being introduced any deeper (see also Fig. 3b).
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depending on the anatomy of the given specimen as judged from an
initial CBCT scan).

2.2. Imaging and surgical planning

To provide imaging input for the digital planning, we followed a
double CBCT scan protocol with an individualized impression tray
with gutta-percha markers made from Photopolymerizable Resin
Trays (Elite LC Tray, Zhermack, Italy, Fig. 1b). The markers served the
purpose of digital image registration. First, we took a silicone impres-
sion into the individualized tray (Zetaplus, Zhermack, Italy). The first
CBCT scan was taken of the mandible with the impression on (in the
tray) and the second scan was taken of the impression in the tray
(without the mandible). For the CBCT scans, an i-CAT Next Generation
device was used (Imaging Sciences- Kavo, Hatfield, PA, USA) with
standard settings (tube voltage: 120 kV, tube current: 5 mA, exposi-
tion time: 14.7 s, voxel size: 250 mm, FOV: 160 £ 130 mm).

Preparation of the input images for planning, the process of surgi-
cal planning itself, and 3D printing of the surgical templates hap-
pened entirely according to the surgical guide production of
dicomLAB Dental Ltd. (Szeged, Hungary) [30]. Specifically, surgical
planning was done in SMARTGuide 1.26 (dicomLAB Dental, Szeged,
Hungary, Fig. 1c), and the surgical templates were 3D printed with a
multijet technology printer (ProJet MD3510, 3D Systems). Note that
all procedures were planned with the help of a cylindrical implant
model (as shown in Fig. 1c), regardless of whether the given proce-
dure was to be performed in the study group or the control group.
This way, it was possible to avoid the bias caused by the method of
planning (i.e. we did not use the digital model of the new instrument
for planning, as no such model was available for the conventional tre-
phine). In any given case, the physical dimensions of the cylindrical
model corresponded to those of the body of the trephine to be used.
This was possible because the “universal” module of the software is
not implant brand-specific and it allows the user to define the length
and diameter of the model used for planning.

2.3. Instruments and instrumentation

In both groups, trephines of 20 mmworking length were used and
always through a surgical template (Fig. 1d).

In the control group, commercially available, 4.21 mm diameter
bone trephines were used (Hager & Meisinger, Neuss, Germany)
through a 4.25 mm guiding sleeve embedded in the surgical tem-
plate. Fig. 2a shows one of these trephines.

In the study group, we used the 4.46 mm endo-trephine from our
set [20] (Fig. 2b) through a 4.50 mm guiding sleeve embedded in the
surgical template. This way, the difference between the diameter of
the sleeve and that of the trephine’s body was the same as in the con-
trol group. This difference is large enough to allow frictionless rota-
tion but small enough not to risk efficient guidance. All trephines of
the set are made of sulfur-alloyed martensitic stainless steel with
13% chromium content and high corrosion resistance (W.nr. 1.4197)
and have a stop at 20 mm above the working end. The bits are manu-
factured by a local company specializing in metal surgical devices
(Lajos D€ome EV, Szeged, Hungary). Figs. 3a and 3b demonstrate how
the endo-trephine fits in the sleeve of the surgical guide how the
built-in stop works. Figs. 3c and 3d show how the conventional tre-
phine fits in the sleeve of the surgical guide and that without a built-
in stop, it is possible to insert the instrument beyond its working
length. In both groups, the trephines were used in a surgical hand-
piece (WS-75 L, W&H, Austria) connected to an implant motor
(Implantmed, W&H, Austria). The drilling speed was 800 RPM. The
implant motor provided constant external irrigation throughout the
procedures (Fig. 3e). As for the depth of the osteotomy, in the control
group, the operator relied on the depth markings of the instrument,
and in the study group, the instrument was pushed in until the stop
3

prevented further penetration. Most of the time, the apex was
removed along with the bone when the trephine was removed from
the canal, but if it did not happen or bone fragments remained in the
canal, debridement was performed with a periotome.
2.4. Analysis

Control CBCT scans for the analysis were taken with the same set-
tings as described before. For the scans, metal cylinders of the same
length and diameter as the body of the trephine used were inserted
in the canals formed by the osteotomies. This was necessary because
the analysis was segmentation-based, that is, it used grayscale values
to differentiate between objects. Without the insertion of these cylin-
ders, the inside of the canals would have appeared continuous with
the surrounding air in the analytical software, rendering analysis
impossible. By applying a metal cylinder of the same dimensions as
the trephine, we reproduced the end-position of the trephine inside
the bone, which could then be digitally compared to the planned
end-position.

Analyses were conducted in Amira 5.4 (ThermoFisher Scientific,
USA), with dedicated algorithms (dicomLAB Dental, Szeged, Hun-
gary). First, the pre-and postoperative CBCT scans were registered so
that they were in the same coordinate system. Next, the metal cylin-
ders placed for the postoperative scans were segmented (Fig. 4a) and
transformed into virtual bodies (Fig. 4b). It was in this step that we
obtained the virtual reconstruction of the trephines’ end-position
inside the bone. This was followed by the reconstruction of the
planned positions. For this, virtual cylinders corresponding to the
dimensions of the given trephine’s body were used. The spatial coor-
dinates of the plan were applied to the virtual cylinder. This step
yielded the end-position of the trephine as planned. After this step, it
was possible to compare the end- positions of the cylinder as planned
and as actually placed in three dimensions (Fig. 4c).

The analysis concentrated on the imaginary apical (distal) central
endpoint of the trephine conceptualized as a solid cylinder. The basis
of comparison was the spatial position of this point according to the
surgical plan. Deviation along three axes (x,y,z) and global deviation
were calculated. Global deviation (GD) was defined as the square
root of the summed squares of the deviations along the three axes. As
for the axes, x represented the horizontal (bucco-lingual) dimension,
y represented depth (mesio-distal deviation) and z represented the
vertical (cranio-caudal) dimension. The analysis paid special atten-
tion to the bucco-lingual dimension (x), as this dimension allowed
the assessment of over/underpenetration.



Fig. 3. The trephines in use. Panels (a) to (d) illustrate how the instruments fit in the surgical guide. Note that the endo-trephine cannot be introduced into the guide any further
than what the shoulder of the trephine allows, so the degree of insertion cannot exceed the instrument’s working length (a) and (b). In contrast, there is nothing to prevent the con-
ventional trephine from being introduced beyond its working length (c) and (d). This is what makes overpenetration possible. Panel (e) shows guided trephine apicoectomy being
carried out on a porcine mandible.
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The statistical analyses were performed in SPSS 23.0 (IBM, USA).
First, the frequency and magnitude of over-and underpenetration
were calculated for both groups. These were characterized descrip-
tively. Then we used linear regression analysis for GD (as a summed
measure of deviations along the three axes) with group and surgical
template ID as factors to exclude the possibility that the poor fit or
some manufacturing issue of the surgical templates interfered with
the results. Having excluded the confounding effect of the templates
themselves, the variables (GD, x, y, z) were compared with one-way
ANOVA by group. Descriptive statistics (means and standard devia-
tions) were also calculated by group.

Accuracy was defined as the closeness between the planned and
the actual spatial position of the apical endpoint.

3. Results

3.1. Over- and underpenetration

The observations regarding the frequency and magnitude of over-
and underpenetration by group are given in Table 1. Both over- and
underpenetration occurred in both groups, but there was a vast dif-
ference in their occurrence: in the study group, underpenetration
was more frequent (in 62% of the procedures), while in the control
group, the situation was just the opposite: overpenetration was the
predominant finding (in 70% of the procedures). The degree of under-
penetration was quite similar in the two groups, approximately
0.7 mm, while the degree overpenetration differed vastly. In the
study group, the mean overpenetration was 0.36§0.31 mm, while
the control group overpentrated by a mean of 2.45§1.88 mm.

3.2. Accuracy

The results of the linear regression analysis indicated that the
model was a significant predictor of GD (F (2,41) = 7.21, P = 0.002,
R2 = 0.26. Group contributed significantly to the model (b = 0.53,
P = 0.040), but surgical template did not (b = �0.02, P = 0.951). Con-
sidering this result, all further analyses were done by group.

As for GD, ANOVA indicated a significant difference between the
groups (F = 14.77, df=1, P = 0.0004, two-tailed). According to the
descriptive analysis, the significant difference stemmed from the
higher global accuracy of the study group: the mean global deviation
4

in the study group was 0.92§0.60 mm [95% CI: 0.64−1.18 mm], in
contrast to 2.45§1.88 mm [95% CI: 1.66−3.05 mm] in the control
group.

ANOVA also indicated significant difference in deviation along the
x-axis (F = 12.01, df=1, P = 0.001, two-tailed). This, again, reflected the
higher accuracy of the study group. In contrast to a mean deviation of
1.47§2.22 mm [95% CI: 0.51−2.43 mm] in the control group, the
study group exhibited a mean deviation of only �0.28§0.72 mm
[95% CI: �0.61−0.5 mm] (the negative value indicates that most of
the procedures were characterized by slight underpenetration, see
above).

As for the x and y axes, no significant difference was found
between the groups. Table 2 provides the descriptive statistics for all
studied parameters by group, with the significance levels for the
between-groups comparisons.
4. Discussion

Guided trephine apicoectomy is an emerging endodontic surgical
technique to enhance the accuracy of apicoectomy. While there is
already some evidence to suggest that guided apicoectomy, in gen-
eral, is indeed superior to the freehand approach in terms of accuracy,
[20,22,31,32] but data are scarcely available on guided interventions
performed with a trephine. In this study, we sought to compare the
accuracy of digitally planned, guided apicoectomy performed with a
commercially available and a custom-made trephine, in vitro. The
rationale for this comparison was an earlier observation of our
research group, which suggested that trephine apicoectomy might
carry the risk of (even considerable) overpenetration in the bucco-
lingual direction. The endo-trephine used in this study was designed
to prevent such overpenetration. It must be noted that bone tre-
phines of varying working lengths and diameters are available. Our
endo-kit, for instance, contains altogether six pieces (2 diameters and
3 working lengths) [20]. It can be hypothesized that a shorter work-
ing length (especially with a wider diameter) allows more accurate
outcomes. In this study, we used only one working length (20 mm)
and two negligibly different diameters (4.21 and 4.46 mm). The con-
crete, numerical accuracy results, therefore, are best interpreted as
characterizing instruments of similar dimensions, which is a limita-
tion of this study. Further research is necessary to clarify how the



Fig. 4. Accuracy analysis in Amira. (a) segmentation is based on the difference in radiodensity between the tissues and the inserted metal cylinders; (b) the segmented cylinders are
transformed into three-dimensional bodies that correspond to the cylinders in the bone; (c) a cylindrical model of the same dimensions as the body of the trephine is aligned with
the segmented cylinder in the position to be analyzed (blue) and compared to an identical model positioned according to the surgical plan (red) with a custom algorithm. The algo-
rithm returns the global apical deviation and deviation along the axes x,y and z in millimeters.

Table 2
Descriptive statistics of the studied parameters by group and the significance levels
of the between-groups comparisons (one-way ANOVA). S: study group (stop tre-
phine); C: control group (conventional trephine); GD: global deviation of the apical
endpoint (millimeters); x: deviation of the apical endpoint along the bucco-lingual
axis; y: deviation of the apical endpoint along the mesio-distal axis; z: deviation of
the apical endpoint along the cranio-caudal axis. Means and standard deviations are
given in millimeters.
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working length and the diameter of the applied instrument influence
the accuracy of these procedures.

We hypothesized that overpenetration would be a frequent find-
ing with a conventional trephine, and less frequent or absent with
the trephine equipped with a stop. The results confirmed this
hypothesis: while overpenetration did occur in the study group, it
occurred less frequently, and its degree was well within a safe 1 mm
margin. In contrast, overpenetration was seen in 70% of the interven-
tions performed with the conventional trephine, and its degree was
considerably higher. The explanation for this tendency of overpene-
tration is probably quite simple: as the operator uses the instrument,
Table 1
Over- and underpenetration (deviation along the x-axis) in the study and control
groups. Means and standard deviations are given in millimeters.

S (N = 21) C (N = 23)
OVER UNDER OVER UNDER

N (%) 8 (38%) 13 (62%) 16 (70%) 7 (30%)
Mean 0.36 0.76 2.45 0.75
SD 0.31 0.54 1.88 0.97

5

he or she applies pressure on the handpiece to push the trephine for-
ward in the bone. Even if the pressure is not excessive and is applied
evenly, the hardness and structure of the bone are not completely
Parameter Group N Mean SD 95% CI of mean Significance

GD S 21 0.92 0.60 0.64−1.18 P= 0.0004
C 23 2.35 1.61 1.66−3.05

x S 21 �0.28 0.72 �0.61−0.5 P=0.001
C 23 1.47 2.22 0.51−2.43

y S 21 0.03 0.32 �0.12−0.17 P= 0.510
C 23 0.14 0.70 �0.17−0.44

z S 21 0.51 0.50 0.28−0.74 P=0.317
C 23 0.31 0.76 �0.18−0.64



Fig. 5. The characteristic mark that the trephine leaves in the bone. The serrated work-
ing end makes a circular cut that surrounds a small piece of unreduced bone. The figure
also illustrates the problem of overpenetration: a shallower penetration would have
been enough for a successful procedure, but there was no stop to prevent overpenetra-
tion and the instrument stopped in the cortical bone on the opposite side. Any further
penetration could have ended up in perforation, which is not a desirable outcome in a
clinical setting.
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homogeneous. If the working end of the instrument meets an area of
lesser resistance (which the operator cannot see and thus applies the
same amount of pressure), it might cause the instrument to slip for-
ward in the bone. This cannot be prevented by observing the depth
markings on the trephine, while the addition of a physical stop does
efficiently prevent major overpenetration.

Underpenetration was present in both groups and to a notably
similar degree. We have concluded that this is not a real problem, but
a consequence of a minor flaw of our measurement method. When
we planned the apicoectomies, we planned how deep the trephine
should penetrate the bone, and we used solid cylindrical models for
planning. We conceptualized the trephines as solid cylinders and
used the distal endpoint of these cylinders for our measurements.
However, the trephines are, in fact, not solid but hollow and they
have a cutting working end. This way, the final depth of penetration
is defined by how deep the working end cuts, not where the endpoint
of the body conceptualized as a solid cylinder is. Following from this,
if a solid body of the same length and diameter as the trephine is
introduced in the tunnel (like we did for the postoperative control
scans), it cannot penetrate just as deep as the trephine, as it will be
blocked by the small piece of unreduced bone left behind by the non-
working inside of the trephine (Fig. 5). To put it simply, it is safe to
assume that in most cases, the trephine penetrated slightly deeper
than what we could measure because the metal cylinders we used as
segmentation aids were solid. The difference is obviously negligible,
and it probably has no clinical relevance, but it is both a reasonable
explanation to part of the findings and a limitation we need to men-
tion.

We also hypothesized that the accuracy of the procedures per-
formed with the stop trephine would be higher. This hypothesis was
also confirmed. Significant difference between the two groups was
found in global apical deviation and in deviation along the x axis
(bucco-lingual depth, as discussed above). Note that the two instru-
ments were characterized by almost identical accuracy along the y
and z axes, which means that considerable deviation along the x axis
in the control group had been the source of error that resulted in the
6

significant global difference between the two instruments. This sug-
gests that the control of penetration depth is indeed the key issue of
the accuracy (and safety) of trephine apicoectomy. It is also notewor-
thy that the standard deviations for GD and x in the control group are
much higher than in the study group, indicating that the lack of
appropriate depth control resulted not only in poorer accuracy but
also in poorer precision.

How accurate and satisfactory is the global apical deviation of
0.92§0.60 mm [95% CI: 0.64−1.18 mm] achieved with the endo-tre-
phine? Given the novelty of the approach, a direct comparison with
the literature is not possible. However, it makes sense to compare the
results against those of studies that examined the accuracy of digi-
tally planned guided implant placement through a tooth-supported
surgical template, because a goal of key importance in both proce-
dures is to position a cylindrical body in the human mandible or max-
illa as accurately as possible. Global apical deviation is a frequently
reported measure of accuracy in the literature of implant surgery.
[30,33−37] In their latest systematic review and meta-analysis, based
on the analysis of 20 studies, Tahmaseb and co-workers concluded
that the mean error of apical position for partially edentulous cases
(i.e., cases where a tooth-supported template could be used) was
1.2 mm [95% CI: 1.11−1.20 mm]. In a previous randomized controlled
clinical trial of our research group [30], where we used the same soft-
ware and digital workflow for implant placement as here for apicoec-
tomy, we found a mean of 1.59 mm global apical deviation for both
partial and full guidance (the two comparable study arms of the four,
where the surgical guide was used for the entire process of osteot-
omy). For this discussion, we re-analyzed the old dataset for partial
and full guidance only. As the analysis did not indicate significant dif-
ference in global apical deviation between the two groups, we treated
them as a single group and found a mean global apical deviation of
1.66§0.84 mm [95% CI: 1.44−1.88 mm]. The results may make the
impression that the accuracy of guided trephine apicoectomy is
somewhat higher than that of guided implant placement. It must be
taken into consideration, though, that in vitro results tend to show
higher accuracy than what is clinically achievable. It appears more
proper to conclude that the guided use of the endo-trephine allows
results approximately of the same accuracy as guided implant sur-
gery. Clearly, it is not possible to reach the same level of accuracy
when a conventional trephine is used.
5. Conclusions

Within the limitations of the study, we conclude that the lack of
depth control is a major source of error if guided apicoectomy is car-
ried out with a conventional trephine. The use of a custom-made
endo-trephine with a stop reduced this error to a safe and acceptable
level. With proper depth control, the accuracy of apicoectomy was
similar to that of guided implant surgery. Without such control,
major overpenetration was a frequent finding. Obviously, this surgi-
cal approach is a new one, and much testing is yet to be done before
firm conclusions may be drawn. Other safety issues, such as intraoss-
eous heat generation during these interventions, also remain to be
clarified. It does not seem to be far-fetched, however, to assume that
protection against overpenetration increases both the accuracy and
the safety of these interventions. Visual cues (such as the depth
markings on a conventional trephine) are insufficient to prevent
overpenetration. Our results show that custom-made trephines with
a built-in stop offer an optimal solution for this problem.
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