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Abstract

The aim of this study was to evaluate the efficiency of using various auxiliary tools used in the stage of highlighting
the cervical limit of dental preparations. We obtained a series of 20 dental preparations from 10 clinical cases, through
the Medit program, then introduced into the ExoCAD program, assessing the quality of dental preparations and the quality
of scans were and classifying them in the table in 5 possible ratings: very good, good, satisfactory, poor, very poor.

For each preparation, the cervical border was determined digitally using 5 methods provided by the ExoCAD
software: Detect Supragingival, Detect Subgingival, Draw Non-magnetic, Draw Magnetic Supragingival, Draw Magnetic
Subgingival. In our study, from the results obtained for all 20 preparations, the most advantageous functions for
determining the cervical limit were “Detect Subgingival” and “Draw Non-magnetic”, both obtaining the lowest values
for 35% of the preparations, but discrepancies can be observed between the values obtained for preparations of the same
tooth type, but in different cases.

Automatic detection may seem innovative, spectacular and easy for a novice operator, but the difficult clinical
situations, require the use of manual functions for the best possible detection of the preparation edges.

Keywords: margin line, intraoral scanning, digital design

Introduction
Computer technologies are substantially

finishing line, is one of the most important
components of a tooth preparation. It defines

changing dentistry today, not only in terms of
research and  digital  simulation [1]
possibilities, but also in current clinical activity
[2, 3], starting with the communication method
between the dental office and the dental lab [4],
and continuing with the modernization of the
technological stages of creating the design of
dental prostheses [5].

The cervical margin, also known as the

where the restoration ends and the natural tooth
structure begins, directly influencing marginal
integrity [6] and gingival health [7,8].

The marginal adaptation of fixed dental
prosthesis is a fundamental criterion for
achieving the success and longevity of these
prosthetics works. An incorrect adaptation can
be defined as the presence of a gap between the
finish line of the tooth preparation in the
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cervical area and the correspondent cervical
margin of the crown [9].

In many cases it is better to delay the
time of scanning and pay more attention to the
healing of traumatized tissues by improving
the quality of provisional restorations and
maintaining proper hygiene [10].

Specifically, if the crown margin
matches the tooth preparation, the risks of
plaque accumulation, microleakage, recurrent
dental cavities, and marginal gingivitis are
minimal [11].

The influence of tooth terminal
preparation on the marginal adaptation of the
prosthesis has been the subject of several
analyses and debates [12]. Over time, multiple
types of terminal area preparation have been
imagined, such as knife-edge, chamfer, with
shoulder or beveled shoulder. [13]. The
cervical limit of the preparation should be
easily determined on the working model to
help technicians establish the correct cervical
margin of the prosthesis [14]. In addition, the
margin should be selected based on the type of
crown, aesthetic requirements, and
preservation of tooth structure. Dental
technicians should be familiar with the
characteristics of the terminal areas of
preparations and the appropriate cervical
margins in each clinical situation [15, 16].

In the creation of dental crown and
bridges, digital tools such as using optical
scanning and computer-aided design and
computer-aided manufacturing (CAD/CAM)
are alternatives to conventional workflows
which require manual wax-up procedures and
melting and casting of metal alloys [12].

The digitalization of the stages of crown
manufacturing has proven to be a significant
benefit in dental technology by increasing the
quality of the prosthetic structures obtained,
through design software and by reducing
working time for both the technician and the

doctor [15, 16].

However, the transition from
conventional impression and casting methods
to virtual ones presents a series of new
obstacles that may arise, requiring an update of
the devices and software used, as well as the
information transmitted by the doctor to the
laboratory [17, 18].

The placement of the crowns finish line
may vary depending on the treatment plan. The
ability of an intraoral scanner (IOS) to
accurately identify the preparation limit may
directly affect the marginal fit of the future
crown [19]. It has been shown that the location
of the margin line, the complexity of the
preparation type, the digitizing technology, can
affect the scanning accuracy and determination
of the cervical limit for different 10Ss [20].
Also, a subgingival preparation could result in
inadequate scanning accuracy due to the
inability of the light beam to reach the cervical
limit, and may compromise the scan quality
due to the presence of blood, saliva, and
gingival retraction [21].

The creation of the digital design of
future prosthetic crowns is increasingly done
with the help of the ExoCAD software.

Within this, an important step is related
to highlighting the cervical limit of dental
preparations for prosthetic crowns. For this
step, the software offers several auxiliary tools
whose knowledge and correct use by the
operator is important for obtaining optimal
results.

The purpose of this study was to evaluate
the efficiency of using various auxiliary tools
used in the stage of highlighting the cervical
limit of dental preparations, on a series of 20
dental preparations from 10 clinical cases.

Materials And Methods
Intraoral scans were obtained through

the Medit program, sent in .ply format, then
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introduced into the ExoCAD program.

Before performing the stage of
highlighting the cervical limit, the quality of
dental preparations and the quality of scans
were qualitatively assessed and noted in the
table in 5 possible ratings: very good, good,
satisfactory, poor, very poor

For each preparation, the cervical border
was determined digitally using 5 methods

- 1 Detect Supragingival, where the
boundary will follow the proximal convexities
of the preparation;

- 2 Detect Subgingival, where the
boundary will follow the proximal concavities
of the preparation;

- 3 Draw Non-magnetic (Free),

- 4 Draw Magnetic Supragingival, where
the boundary between 2 placed points adapts to
the proximal convexities of the preparation;

- 5 Draw Magnetic Subgingival, where
the boundary between 2 placed points adapts to
the proximal concavities of the preparation.

To quantify the difficulty of determining
the cervical limit, we noted the number of
points needed to establish a correct cervical

To determine the cervical limit by
detection methods, a number of at least 4
points were applied for each side of the
preparation: vestibular, oral, mesial, distal,
required by the ExoCAD program. If the
cervical limit is not satisfactory, we continue
to apply auxiliary points, followed by
correcting the cervical limit by the correction
module. Each point placed or modified in the
"Correct" module modified the quantified
assessment.

To determine the cervical limit by
manual drawing methods, the quantification
was done taking into account the number of
points needed to close the line, but also the
modification of the positions of the already
existing points and those added by the "Draw
Magnetic" methods.

The results were entered in a table and
analyzed using suggestive graphs.

Results
In the first case presented, we

highlighted the cervical limit of the preparation
for 6 prosthetic abutments with subgingival
knife edge preparations corresponding to the

Tooth Type of Scan quality Preparation Detect Detect Draw Draw Magnetic Draw
tooth (Satisfactory, quality Supragingival Subgingival Non- Supragingival Magnetic
preparation | good,very good) Magnetic Subgingival
(Free)
1.3 Subgingival Good Good 33 12 13 30 14
Knife edge
1.2 Subgingival Good Very Good 22 13 12 35 12
Knife edge
1.1 Subgingival Good Good 28 4 13 35 12
Knife edged
2.2 Subgingival Good Good 25 21 11 35 12
Knife edged
2.3 Subgingival Good Very Good 45 25 11 37 12
Knife edged
2.7 Subgingival Good Good 48 23 16 50 15
Knife edged

Fig. I Table of values obtained for each of the functions used to determine the cervical limits

of the 6 preparations analyzed in this case
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Subgingival knife edged preparation no.1
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Detect supragingival 33 22 28 25 45 48
Detect subgingival 12 13 4 21 25 23
Draw non-magnetic 13 12 13 11 11 16
Draw magnetic supragingival 30 35 35 35 37 50
Draw magnetic subgingival 14 12 12 12 12 15

M Detect supragingival B Detect subgingival B Draw non-magnetic

Draw magnetic supragingival M Draw magnetic subgingival

Fig. 2. Graph of the values obtained for each of the functions used to determine the cervical
limits of the 6 preparations analyzed in this case
In the second case presented, we highlighted the cervical limit of the preparation for 2 prosthetic

abutments with preparations with a vestibular shoulder corresponding to teeth 16 and 26.

Tooth Type of Scan Preparation Detect Detect Draw Draw Draw
tooth quality quality Supragingival | Subgingival Non - Magnetic Magnetic
preparation (Satisfactory, Magnetic Supragingival | Subgingival
good,very (Free)
good)

1.6 shoulder Good Good 39 20 16 37 14
(vestibular)

2.6 shoulder Good Satisfactory 34 13 14 39 14
(vestibular)

of the 2 preparations analyzed in this case

Fig. 3 Table of values obtained for each of the functions used to determine the cervical limits
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Shoulder preparation (vestibular)
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0 16 26
M Detect supragingival 39 34
B Detect subgingival 20 13
B Draw non-magnetic 16 14
Draw magnetic supragingival 50 37
B Draw magnetic subgingival 14 14
M Detect supragingival B Detect subgingival B Draw non-magnetic

Draw magnetic supragingival M Draw magnetic subgingival

Fig. 4. Graph of values obtained for each of the functions used to determine the cervical limits

of the 2 preparations analyzed in this case

In the third case, we highlighted the cervical limit of the preparation for a prosthetic abutment

with a subgingival knife edge preparation corresponding to tooth 2.7.

Tooth Type of Scan Preparation Detect Detect Draw Draw Magnetic Draw
tooth quality quality Supragingival | Subgingival Non - Supragingival Magnetic
preparation (Satisfactory, Magnetic subgingival
good,very good) (Free)
2.7 Subgingival Good Very Good 39 15 18 34 17
Knife edged

Fig. 5. Table of values obtained for each of the functions used to determine the cervical limits

of the preparation analyzed in this case
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Subgingival knife edge preparation no.2

B AutomatSupragingival

B Automat Subgingival

B Manual Non -Magnetic

Magnetic Supragingival

B Magnetic subgingival

B AutomatSupragingival B Automat Subgingival

27

39
15
18
34
17

Magnetic Supragingival B Magnetic subgingival

of the preparation analyzed in this case

with a shoulder preparation corresponding to tooth 3.6.

B Manual Non -Magnetic

Fig. 6 Graph of values obtained for each of the functions used to determine the cervical limits

In the fourth case, we highlighted the cervical limit of the preparation for a prosthetic abutment

Tooth Type of Scan Preparation Detect Detect Draw Draw Magnetic Draw
tooth quality quality Supragingival | Subgingival Non - Supragingival Magnetic
preparation | (Satisfactory, Magnetic Subgingival
good,very good) (Free)
3.6 shoulder Very Good Very Good 29 21 18 29 23
(total)

of the preparation analyzed in this case
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Shoulder preparation (total)

35
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25
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5

0
3.6
B AutomatSupragingival 29
W Automat Subgingival 21
B Manual Non -Magnetic 18
Magnetic Supragingival 29
W Magnetic subgingival 23

W AutomatSupragingival B Automat Subgingival B Manual Non -Magnetic
Magnetic Supragingival B Magnetic subgingival
Fig. 8. Graph of values obtained for each of the functions used to determine the cervical limits

of the preparation analyzed in this case

Placement of minimum required Placement of auxiliary points Final appearance

points
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Fig. 9 Placed points needed for determining the finish line 3.6: A- Detect supragingival, B- Detect

subgingival, C- Draw Non-magnetic, D- Draw magnetic supragingival, E- Draw magnetic

subgingival

In the fifth case, we highlighted the cervical limit of the preparation for 3 prosthetic abutments

with subgingival knife edge preparations corresponding to teeth 1.8; 1.5 and 1.3.

Tooth | Type of tooth Scan Preparation Detect Detect Draw Draw Draw
preparation quality quality Supragingival | Subgingival Non - Magnetic Magnetic
(Satisfactory, Magnetic Supragingival Subgingival
good,very (Free)
good)

1.8 Subgingival Very Good Very Good 35 22 17 41 18
Knife edged

1.5 Subgingival Very Good Very Good 27 10 17 28 16
Knife edged

13 subgingial Very Good Very Good 26 23 15 27 14
Knife edged

Fig..10 Table of values obtained for each of the functions used to determine the cervical limits

of the preparations analyzed in this case

Placement of minimum required

points

Placement of auxiliary points

Final appearance
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Fig. 11. Placement of the points required to determine the cervical limit of the preparation 1.3: A- Detect
supragingival, B- Detect subgingival, C- Draw Non-magnetic, D- Draw magnetic supragingival, E- Draw

magnetic subgingival
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Placement of minimum required Placement of auxiliary points Final appearance

points

Fig. 12 . Placement of the points required to determine the cervical limit of the preparation 1.5: A- Detect
supragingival, B- Detect subgingival, C- Draw Non-magnetic, D- Draw magnetic supragingival, E- Draw

magnetic subgingival
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Placement of minimum required Placement of auxiliary points Final appearance

points

Fig. 13 . Placement of the points required to determine the cervical limit of the preparation 1.8: A- Detect
supragingival, B- Detect subgingival, C- Draw Non-magnetic, D- Draw magnetic supragingival, E- Draw

magnetic subgingival
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Subgingival knife edged preparation no.3

B Automat Supragingival

B Automat Subgingival

B Manual Non -Magnetic

Magnetic Supragingival

B Magnetic subgingival

Vol. 17, No.2 April-June 2025

35
22
17
41
18

B Automat Supragingival B Automat Subgingival

Magnetic Supragingival B Magnetic subgingival

27
10
17
28
16

0
1.8 1.5

B Manual Non -Magnetic

26
23
15
27
14

Fig. 14 Graph of the values obtained for each of the functions used to determine the cervical
limits of the preparations analyzed in this case

In the sixth case, we highlighted the cervical limit of the preparation for 2 prosthetic abutments
with subgingival knife edged preparations corresponding to teeth 2.3 and 2.4.

Tooth Type of tooth Scan Preparation Detect Detect Draw Draw Draw
preparation Quality quality Supragingival Subgingival Non - Magnetic Magnetic
(Satisfactory, Magnetic Supragingival | Subgingival
good,very, (Free)
good)

23 Subgingival Good Satisfactory 39 28 15 44 22
Knife edged

24 Subgingival Good Good 40 17 17 43 19
Knife edged

Fig. 16 Table of values obtained for each of the functions used to determine the cervical limits

of the preparation analyzed in this case
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Subgingival knife edged preparation no.4

50
45
40
35
30

owu

B AutomatSupragingival

B Automat Subgingival

B Manual Non -Magnetic

Magnetic Supragingival

B Magnetic subgingival

39
28
15
44
22

B AutomatSupragingival B Automat Subgingival

Magnetic Supragingival B Magnetic subgingival

40
17
17
43
19

B Manual Non -Magnetic

25
20
15
2.3 2.4

Fig. 17 Graph of the values obtained for each of the functions used to determine the cervical

limits of the preparation analyzed in this case

In the seventh case presented, we highlighted the cervical limit of the preparation for a

prosthetic abutment with subgingival knife edged preparation corresponding to tooth 1.5..

Tooth Type of tooth Scan Preparatio Detect Detect Draw Draw Draw
preparation quality n quality Supragingiva | Subgingival Non- Magnetic Magnetic
(Satisfactory, 1 Magnetic Supragingival | subgingival
good,very (Free)
good)
1.5 Subgingival Satisfactory Good 30 19 16 45 29
Knife edged

Fig. 18 Table of values obtained for each of the functions used to determine the cervical limits

of the preparation analyzed in this case
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Subgingival knife edged preparation no.5

1.5

50
45
40
35
30
25
20
15
10

5

0

B AutomatSupragingival

B Automat Subgingival

B Manual Non -Magnetic

Magnetic Supragingival

B Magnetic subgingival

W AutomatSupragingival B Automat Subgingival

Magnetic Supragingival B Magnetic subgingival

30
19
16
45
29

B Manual Non -Magnetic

Fig. 19 Graph of the values obtained for each of the functions used to determine the cervical

limits of the preparation analyzed in this case

In the eighth case presented, we highlighted the cervical limit of the preparation for a prosthetic

abutment with subgingival preparation knife edged corresponding to tooth 3.6.

Tooth Type of tooth Scan Preparation Detect Detect Draw Draw Draw
preparation quality quality Supragingiva Subgingival Non- Magnetic Magnetic
(Satisfactory, 1 Magnetic Supragingiva | Subgingival
good,very good) (Free) 1
3.6 Subgingival Very Good Good 39 13 16 50 19
Knife edged

Fig. 20 Table of values obtained for each of the functions used to determine the cervical limits

of the preparation analyzed in this case
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Subgingival knife edged preparation no.6

60
50
40
30
20
10

0

B AutomatSupragingival

B Automat Subgingival

B Manual Non -Magnetic

Magnetic Supragingival

B Magnetic subgingival

3.6

B AutomatSupragingival B Automat Subgingival

Magnetic Supragingival B Magnetic subgingival

39
13
16
50
19

B Manual Non -Magnetic

Fig. 21. Graph of values obtained for each of the functions used to determine the cervical limits

of the preparation analyzed in this case

In the ninth case, we highlighted the cervical limit of the preparation for 2 prosthetic abutments

with subgingival knife edge preparations corresponding to teeth 3.5 and 4.4.

Tooth Type of tooth Scan Preparatio Detect Detect Draw Draw Draw
preparation quality n quality Supragingiva | Subgingival Non - Magnetic Magnetic
(Satisfactory, 1 Magnetic Supragingiva subgingival
good, very (Free) 1
good)

35 Subgingival Satisfactory Good 32 12 12 42 16
Knife edged

44 Subgingival Satisfactory Good 21 7 11 34 11
Knife edged

Fig. 22. Table of values obtained for each of the functions used to determine the cervical limits

of the preparations analyzed in this case
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Subgingival knife edged preparation no.7

III B B.=' =
3.5 4.4

B AutomatSupragingival 32 21
B Automat Subgingival 12 7
B Manual Non -Magnetic 12 11

Magnetic Supragingival 42 34
B Magnetic subgingival 16 11

B AutomatSupragingival B Automat Subgingival B Manual Non -Magnetic

Magnetic Supragingival B Magnetic subgingival

Fig. 23. Graph of the values obtained for each of the functions used to determine the cervical

limits of the preparations analyzed in this case

In the tenth case presented, we highlighted the cervical limit of the preparation for a prosthetic
abutment with subgingival knife edged preparation corresponding to tooth 3.8.

Tooth Type of tooth Scan Preparation Detect Detect Draw Draw Draw
preparation quality quality Supragingi | Subgingival Non - Magnetic Magnetic
(Satisfactory, val Magnetic Supragingiva Subgingival
good,very (Free) 1
good)
38 Subgingival Good Satisfactory 49 19 17 52
Knife edged

Fig. 24. Table of values obtained for each of the functions used to determine the cervical limits

of the preparation analyzed in this case

Subgingival knife edged preparation no.8

60 49 52
50
40
30 19 17 22
20
I ] ]
0 [ ]
3.8
W AutomatSupragingival 49
W Automat Subgingival 19
B Manual Non -Magnetic 17
Magnetic Supragingival 52
B Magnetic subgingival 22

B AutomatSupragingival B Automat Subgingival B Manual Non -Magnetic

Magnetic Supragingival m Magnetic subgingival

Fig. 25. Graph of values obtained for each of the functions used to determine the cervical limits

of the preparation analyzed in this case

1020
DOI: 10.62610/RJOR.2025.2.17.91



Romanian Journal of Oral Rehabilitation

Vol. 17, No.2 April-June 2025

Analysing the values obtained for all 20
preparations, we can see that the most
advantageous functions for determining the
cervical limit were “Detect Subgingival” and
“Draw Non-magnetic”, both obtaining the
lowest values for 35% of the preparations,
followed by the “Draw Magnetic Subgingival”
function, which was the most advantageous
determination method in 15% of the cases. It
was also possible to observe moments when
the values obtained by 2 different functions
were equal. Thus, the values of the “Detect
Subgingival” and “Draw Non-magnetic”
functions were equal in 10% of the
preparations, while the values of the “Draw
Non-magnetic” and  “Draw  Magnetic
Subgingival” functions were equal in 5% of the
preparations. A discrepancy can be observed
between the values obtained for preparations
of the same type of tooth, but in different cases.
For the cervical limit of the preparation of
tooth 1.5 present in case VII, when determined
by the “Detect Subgingival” function, 10
points were needed to obtain a correct margin
line, a lower value than the number of points
placed for determining the cervical limit by the
same function of the preparation of tooth 1.5 in
case V, even though the quality of the
preparation and the scan of case V was better
than that of case VII. A possible explanation
for this discrepancy is the presence of a
concavity on the distal face of the preparation,
which determined the deviation of the
characteristic limit of the subgingival functions
towards that concavity and the need to be
corrected by the “Correct” function.

1. Discussions
Older studies have shown that to obtain
a good marginal adaptation, shoulder or
chamfered finish lines would be preferred for
zirconia crowns [22].
CAD/CAM systems have brought

significant improvements in many aspects of
fixed denture technology, including marginal
adaptation [23, 24]. From this point of view,
the adaptation of digitally obtained parts
depends less on the type of cervical preparation
compared to manually obtained parts [25], if
the scanning accuracy is very good [26], but
the necessary quality, the factors influencing
the use of digital functions and the necessary
settings are still under debate [27].

In our study, most cervical preparations
were subgingival knife edge, which often made
scanning  difficult. Other studies also
emphasize the importance of the type of
preparation and the placement of the cervical
margin in comparison to the free gingival
margin. It is therefore considered that to obtain
an accurate determination after an IOS,
threshold and supragingival preparations are
preferred, while subgingival preparations
require a minimum 0.4 mm widening of the
gingival sulcus [28]. Thus, although some
studies consider that internal and marginal
adaptation is similar regardless of the type of
cervical limit, it is still important at least for
efficient scanning and correct detection of the
finish line. [29]

In our study, we observed that in the case
of preparation anomalies such as the
appearance of a concavity at the finish line,
even in the case of a good scan, an increased
number of auxiliary points is needed to obtain
a correct determination. The size of the
anomaly as well as its location affects the
quality of the correct determination of the
margin line, especially when using the
automatic mode, even for experienced
operators [30]. In such difficult situations,
using manual mode presents a lower risk of
errors in margin line detection [31]. Also other
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studies have shown that a software dedicated
to preparations cervical limit highlighting
based on deep learning offers better results
than other software frequently used especially
in these cases, such as for the posterior teeth
with finish lines in concave regions [32].

2. Conclusions
The use of a dedicated software to the
design of fixed dental prostheses highlights the
importance of this stage by offering the
operator, dental technician or dentist, a series

of specialized tools in the correct detection of
the cervical limit of the preparations.
Automatic detection may seem innovative,
spectacular and easy for a novice operator.
However, good results can only be obtained
with this function in the case of a good quality
preparation and scan. Difficult clinical
situations, with anatomical particularities,
parsimonious preparations or suboptimal scans
require the use of manual functions for the best
possible detection of the preparation edges.
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