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OF FACEBOW RECORDS - PART |

Z. Pavlova, A. Tumbalov, A. Filtchev

Department of Prosthetic Dentistry, Faculty of Dental Medicine, Medical University — Sofia, Bulgaria

Abstract. The purpose of the study is to create computer program for the achievement of
precise digital data processing of records performed with the “Facebow Mini-Maxi” and the
facilitation of information transfer to the articulator. Material and method: A conceptual proj-
ect was developed in order to create a new software product and requirements were defined
towards its capacities, which are to provide quidance for its creation. With the assistance
of computer programmer, the project was implemented. Results: The computer program
“Facebow Mini-Maxi Analyzer” for digital data processing of registrants performed with the
auricular type facebow was created. The program provides automatic recognition, reading,
calibration and measurement of data obtained by “Facebow Mini-Maxi”. The main module
gives us opportunities for measuring the values of: the sagittal condylar pathway; the arrow
point angle and the length of the hinge axis. After finalizing the calculations, the software
automatically generates a scheme with visualization of the parameters that significantly sup-
ports the dental technician when it comes to defining the accurate position of the models in
dental articulator with individual parameters. Conclusion: The computer program provides
accurate analysis of facebow records and assists in determining individual patient movement
parameters of the lower jaw. The obtained results from the analysis improve the precision of
casts mounting in articulator. The program cuts down the risk of subjective error when ana-
lysing the data via manual measurement of the recorded parameters on paper carrier.
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der to perform the accurate reproduction of mandibu-
lar movements via the device we should register the
individual parametric features of patient's mastica-
tory apparatus, as sagittal condylar pathway, lateral
condylar guidance, and horizontal hinge axis’s posi-
tion [1, 6, 7]. In order to register these parameters,
we use different types of facebows [20].

INTRODUCTION

he determination of the patient’s individual

I lower jaw movement parameters is essential
to create balanced occluso-articulational rela-
tionships in prosthetic treatment. The dental articu-

lators are devices that simulate patient's mandibular
movements and assist in achieving this objective.

Those that are widely applicable in the modern dental
practice are the semi-adjustable and fully adjustable
articulators. Irrespective of the articulator type, in or-

The importance of horizontal hinge axis’s position
and length has been the topic of numerous studies
[12, 15, 21]. The exact location of the hinge axis
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supports the accurate orientation of the maxillary
model within the articulator [22]. Some authors be-
lieve that horizontal hinge axis’s localization is with-
in an area whose radius is 5 mm off the cinematic
axis [21], while others state that the actual anatomic
localization of the horizontal hinge axis is among
the centres of the condyles of temporo- mandibular
joints [15].

Christensen [13] recommends the use of facebow
and intraoral registering plates in order to register the
inter-mandibular ratios. Numerous studies have de-
scribed the possible errors in making constructions
because of the imprecise transferring of the data
from the facebow [4, 16]. For example, the avail-
able nonconformities between the location of the real
hinge axis and the articulator axis could result in the
presence of premature contacts during models’ retru-
sion within the articulator that could not be clinically
established [5].

In order to avoid mistakes scientific researches were
undertaken in view of the reliability of different elec-
tronic devices for studying and recording the man-
dibular movements [3, 18]. Some authors suggest
[8] reducing the errors in bow orientation with the use
of the computerized method for defining the three-di-
mensional position of the occlusal plane. Others sug-
gest the concept of registration that is directly related
to the articulator in order to minimize the registration
errors [17]. In order to ensure accuracy different devic-
es have been created, for example the “Dento-Facial
Analyzer* — a system that was created for transferring
models within the analogue articulator [11].

The CAD/CAM systems include virtual articulator that
is a simulator module for simulating the mandibular
movements that could be adjusted with the use of
digital values in order to reproduce the individual pa-
rameters [2, 9]. However, the orientation about the
adequate position of the mandibular bow without an
analogous instrument such as facebow is a great
challenge. The digital 3-D models behave just like
floating objects in the space that are inaccurately
oriented towards x, y and z axes of the coordinate
system that makes identifying the middle line and the
occlusal plane impossible without the use of real ref-
erence points [2]. Different systems have been used
for transferring this information to the CAD-software,
yet most of them are complex, use data from com-
puted tomography or 3D facial scanner and require
a lot of time [19].

While looking for ways to improve the communication
between the doctor of dental medicine and the dental
technician was created dental software applications
—the Virtual Facebow App [10], yet the results are not

always satisfactory. Maveli [14] found deviation from
0.03° to 6° degrees in the sagittal direction when fix-
ing models within the articulator with the use of virtual
facebow.

The studying that was performed of the dental litera-
ture shows that it would be suitable to be looking for
ways to optimize methods for data analysis of the
conventional facebows, in order to cut down the risk
of making errors when transferring the data and as-
sembling the models inside the articulator.

The purpose of the study is to create computer
program for the achievement of precise digital data
processing of records performed with the “Face-bow
Mini-Maxi” and the facilitation of information transfer
to the articulator.

MATERIAL AND METHOD

A conceptual project was developed in order to cre-
ate a new software product and requirements were
defined towards its capacities, which are to provide
guidance for its creation. With the assistance of com-
puter programmer, the project was implemented.

RESULTS

The computer program “Facebow Mini-Maxi Ana-
lyzer” for digital data processing of registrants per-
formed with the facebow “Face-bow Mini-Maxi” was
created.

The computer program includes administrative mod-
ule and 9 dialogue windows.

When starting up the program we automatically open
a window that makes it possible to set up username
and password. That prevents its usage by unauthor-
ized users and the data about the patients of the par-
ticular user have been separated and protected.

The next window makes it possible to create profile of
a new patient, in order to be looking for already avail-
able profiles of patients or to eliminate them. The but-
ton “Settings” opens up the administrative program
module. Within it the users could perform editing.
Technical information about the program could be
visualized and the system setups could be edited —
for example change the language in which it is being
used — Bulgarian with English language.

The next window includes several blocks: for enter-
ing passport information about the patient; for includ-
ing digital photographs; for anamnestic data about
patient’s general condition; for data from the extra-
oral patient study (Fig. 1).
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On the right of the fields for entering the passport data
opportunity is provided for integrating digital photo-
graphs, concerning the prosthetic treatment of the
patient. Noting the data in the program fields could
be done via clicking with the mouse onto the particu-
lar square, and if there are options that specify the
particular feature, while making a selection among

\f Facmbow mini-ma anabyzer

the contextual menus that get opened with a single
mouse click onto the arrow button.

The fourth dialogue window includes data from pa-
tient’s intraoral examination concerning the condition
of the hard dental tissues of the available dentition
(Fig. 2).

[ | '
Hame Midella narrs Surnanme
| Age Phone ]l ji!maﬂm | &
(I | Il — | s N R
( J
A Bydical anamnasis B/Dentsl anammesis

Allermy 1. Russon ot the vl 2 Tooth loss

[] meggul ar nedlication intake [] Proprytactic checkup &, Reeson for teeth lass

[ Bronchial ssthma [ Emergency Cariea and complications

[ smaker [ Pain [ Farodantic

[ b [ Afecting af herd tissues [ Trauma

[ Henatitia [ Fracture of presthatic conatuction b, Tooth loss sequance

[ Cancer Soft thssue rauma

¥ Btood pressun | Huh W Combied irgry

B Cardigvascular disaase [ Meed of prosthetic treztmant becsuss

[[] Diabetes [] Preventive reascne

[ Joint diseases B Furticnal resson

[ Pragrancy Chewirg

[ ither diseaass ] Phonatic

[ ] B Aesthetic reasons
Cf Extracen] axaenimation
1. Firclal examnination N, TH cendition
Eﬂlcesnm normal | Upper ip O L‘:ernllum Laft ThiJ Right T
| Harlzontal Facial Properticna: Srrlle lire 1. Fain O
yes W Facisl symmetry Choleric W | Peychological prafile 2 Clicking O
Foaltive W | Lateral lip ratia | Trismua

Fig. 1.

@ Facehaw mink-mai anekyzes

Screen for plotting patient’s passport data, anamnestic data and data from the extraoral examination

Ce= | '
DV Intracral seamination
L Exnmisation of hard destsl tisswes and endodontic ara
I Tr 16 15 T4 3 T ie 71 L X2z L ea a4 L gn b2 X 27 K 75 )
T ¥

—nenluma

BT
L il

Prognathia

a

E
E 3
35 26

e

RS

L i}

(= W W w e w w( wi e w w e e w w W

i Wi

v W W e[

L& 1 &7 N 46 W 40 1 44 4 47 ] 47 4 4T 4 ST N 2 o 1 4 N oo N % 7 N B ]

Fig. 2. Dialogue window for the data from studying the hard dental tissues of the available dentition
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An interactive scheme of the dental status is located
in the middle of the screen. A field for defining the
bite type is located on its left, whereas clicking onto
it opens up a contextual menu and after marking the
selected option, it is written onto the screen. When
clicking with the mouse onto the number of a partic-
ular tooth a contextual menu opens up with options
for choosing the current tooth condition (Fig. 3).

The menu includes the basic diagnoses such as car-
ies, pulpitis, periodontitis; the presence of pathologi-
cal mobility with the option for choosing its degree;
the presence of obturation, crown or crown fracture
of the tooth. There are options for noting the tooth as
an artificial — if it is part of the prosthetic recovery, or
missing — if it was extracted. In view of each option
we have noted suitable abbreviation and once we
choose it, it is marked into the field next to the par-
ticular tooth. If some restoration was performed onto
the tooth — obturation or a crown — from the fields
located above and below the status scheme in view
of each and every tooth we could note the material
from which it was made.

Within these menus the options are provided with
suitable generally accepted abbreviations. In order to
make things easier to the user, next to the inscription
of the particular field — there is the help button — 7
whose activation would result in the appearance of a
legend of the used abbreviations.

Current conditon of the theeat

The fifth dialogue window includes data from the de-
tailed intraoral study concerning the periodontium
condition of the available dentition (Fig. 4).

When clicking with the mouse onto the number of
a particular tooth a contextual interactive scheme
opens up with options for choosing the current tooth
condition — for example the value of probing depth of
gingival sulcus.

The sixth dialogue window includes the data from
the intraoral study of the occlusion and the prosthetic
field (Fig. 5).

This window contains: 1. Block for studying patient’s
occlusion that makes it possible to report the follow-
ing data: fixed occlusion height that is present or not
— we could choose the fixation type; reporting the
presence of lowered bite in millimetres and type of
frontal teeth overlap; presence of mandible deviation
and reporting it in millimetres; defining the type of the
lateral occlusion; reporting the areas with premature
contacts or articulation blocking.

2. Block for researching the prosthetic field which
provides the opportunity for reporting the following
data: class of edentulation according to Kennedy;
shape and symmetry of the dental bow; condition
of the edentulated sections: shape of the alveolar
ridge; slope inclination, type and degree of atrophy;
shape of the hard palate and expression degree of
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Fig. 3. A contextual menu opens up with options for choosing the current tooth condition
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Fig. 5. Dialogue window for the data from patient’s occlusion study

the palate torus; noting the areas with the available
exostoses; condition of alveolar ridge’ mucous mem-
brane — susceptibility and mobility; attachment of the
labial frenulums; plicae gingivo-buccalis and lingual
frenulum to the alveolar ridge; characteristics of the
“A-zone”.

The seventh dialogue window includes module for
calculation and registration of the data from patient’s
gnathologic examination. In order to facilitate the
user every panel contains a button marked with “?*
whose activation switches on a short training video
for operating the particular panel.
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The operations with the panels for defining the sagit-
tal condylar pathway should be performed in the fol-
lowing manner:

Digital photograph should be taken of the records
made with facebow, whereas the only prerequisite is
to place the card onto a darker background. We se-
lect a photo of records that reflects the movement on
the right or on the left. The photograph is automati-
cally opened in selected module’s panel, respectively
right or left (Fig.6).

In order to make things easier for the user — via drag-
ging the mouse the image could be relocated within
the window, and via the scroll-button it could be en-
larged so that we could get better visibility of the reg-
istered lines. The registrant section onto which mea-
surement is to be performed should be visible within
the calculation field. After accurately positioning the
photograph, we proceed to calculating the sagittal
condylar pathway.

Each card contains three records that were performed
consistently with the aid of the “Facebow Mini-Maxi”.
The calculation is performed for every registration in-
dividually. There is the particular panel underneath
the photograph accommodates three fields that au-
tomatically visualize the measured value. In order to
define the actual parameters of the sagittal condylar
pathway, it is necessary to be obtained one and the
same value of the measured angle in at least two of
the lines registered onto the card. If there is no such
coincidence, it would be perceived that the clinical
study was not performed precisely and should be
repeated. In the case of coincidence, the particular
value should be entered onto the right in the field “Se-
lection”.

The program offers two measurement options: “au-
tomatic” and “manual”. After selecting the option “au-
tomatic” the user should click onto the particular re-
cord’s section with the mouse, whereas the program
automatically generates onto it the line that repeats
precisely the inclination of record’s line in the partic-
ular section towards the horizontal plane and auto-
matically calculates the sagittal condylar pathway in
degrees, whereas the value appears in the first tex-
tual field in the lower panel part (Fig. 6 — right field).

After selecting the “manual” option, the user should
note with the mouse two points onto the record’s sec-
tion designated for defining the sagittal condylar path-
way. After noting the points the program automatically
generates straight line between them and calculates
the value of the sagittal condylar pathway when it ap-
pears in the textual field in the lower panel part (Fig.
6 — middle field). The opportunity for defining the mea-
surement section in manual manner is suggested for

the cases where we have an atypical configuration of
the registrant and the program could not automatically
generate line onto the selected section.

Operating the panel for calculating the arrow point
angle would be done in the following manner: It's
necessary to be import in computer program, photo-
graph with record of arrow point angle over intraoral
registration plate through the abovementioned man-
ner. We have the options for rotation, relocation and
enlargement of the photo. The photograph should be
positioned in such manner onto the screen that reg-
istrant’s peak is pointing upwards. The user should
note consecutively three measurement points — from
the right to the left onto the screen — one point onto
the straight line, one that coincides with the angle top
and one onto the second line. After noting the points,
the program automatically visualizes the angle and
shows the calculated value in the textual field in the
lower panel edge (Fig. 7).

Fields are located beneath the panels for calculating
the sagittal condylar pathway and the arrow point an-
gle for entering the intercondylar distance and the au-
ricular distance. On the right onto the screen there is
a field facing them in which after plotting the data we
automatically calculate the length of the hinge axis.

Fields are located beneath them for entering the dis-
tance from the averaged hinge axis to the upper inci-
sive point and the distance to the upper incisive point
and the distance to the occlusal plane. On the right
onto the screen there is a field facing them in which
after plotting the data the program automatically cal-
culate the distance to the lower incisive point. After
finalizing the calculations done in this module part
on the right onto the screen we automatically have
generated a scheme with visualization of the param-
eters that significantly supports the dental technician
when it comes to defining the accurate position of the
operational models when including them within the
articulator (Fig. 6 — bottom-right field ).

The eighth dialogue window includes 4 blocks: for
plotting data from the performed paraclinical exami-
nations; for entering diagnoses; treatment plan — plan
for the stages of the necessary pre-prosthetic prepa-
ration; interactive scheme of the planned prosthetic
constructions or more (Fig. 8).

Usage of the interactive scheme for marking the
planned prosthetic constructions should be done in
the following manner: onto the interactive scheme
the teeth noted as missing within the status are
marked only with a contour. There is a colour panel
on the right of the scheme with options for choosing
a construction with which to perform the prosthetic
treatment. In view of each construction type and its
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Fig. 6. Integrated photograph of re-
cords of a sagittal condylar pathway,
on the right and on the left and of an
arrow point angle within program’s
calculating module

Fig. 7. Measurement of the an arrow
point angle

Fig. 8. Plan for pre-prosthetic prepa-
ration and selection of prosthetic
constructions
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elements we have set the particular colour codes.
When it comes to choosing the construction type a
contextual menu shows up with its elements in the
particular colour code and in the field “current con-
struction” we put down the selected type. Then we
select an element and note the particular tooth in the
scheme with the particular colour code.

If a combined prosthetic treatment was undertaken, we
could select special retainers — joint, bars, telescope-
crowns that are being visualized with the suitable sticker
onto the particular supporting tooth. The ninth window
makes it possible to choose teeth colour and the mate-
rial of the planned prosthetic constructions.

The tenth window is an order to the attention of the
dental technician laboratory that includes the follow-
ing fields: data about the dental practice; data about
the patient — name, age etc.; data from patient’s
gnathological examination and scheme for axes vi-
sualization; type of the planned prosthetic construc-
tions: interactive scheme that was created onto the
previous screens and text field with description of the
construction type, retainers and the material of which
these should be performed; the textual field for ad-
ditional information; field for photographs integration.
All the data contained in the order are being generat-
ed automatically when filling in the previous screens.
Only the information in the field “additional informa-
tion”, if any, should be entered.

DISCUSSION

The minimum requirements towards the hardware
and software for using the program are being satis-
fied by every modern computer that makes the prod-
uct accessible for application in each and every den-
tal practice.

The usage of the created product does not require
special computer skills or additional training. The of-
fered training videos to the modules are sufficient for
assimilating the work with the program. In order to
enter the data we use ready templates and contex-
tual menus. Their entry could be done mainly with
the assistance of the computer mouse, whereas the
keyboard operations are minimized, thus making the
product easy to use and cuts downs the operational
time. The free text entry is necessary only in the case
of registering new patient and when entering supple-
mentary explanatory information.

The opportunity provided for integrating digital pho-
tographs to the program interface without additional
requirements towards the scale or the standardized
conditions when taking the photograph, facilitates the
program use.

The program ensures automatic recognition and
measurement with maximum data precision based
on photographs with records taken with the “Face-
bow Mini-Maxi”. An important feature of the program
is the fact that it makes it possible to perform analy-
sis in detail and reflection in detail of the prosthetic
field and patient’s status. While following all the study
steps, set in the program, the doctor of dental medi-
cine could receive exhaustive information about all
the important aspects of patient’s status, which pro-
motes making a motivated decision concerning the
prosthetic treatment. The consistent approach in ana-
lysing the data makes it possible to precisely interpret
them and construct a suitable plan for pre-prosthetic
preparation and selection of the prosthetic construc-
tions. The establishment of the individual parameters
of the sagittal condylar pathway, the arrow point an-
gle and the averaged hinge axis make it possible to
precisely transfer patient’s data within the articulator.
This is a prerequisite for the precise elaboration of
the prosthetic constructions and the creation of bal-
anced and optimal occlusal-articulation ratios.

The created software product significantly facilitates
the data analysis taken with a facebow. The opportu-
nities for automatic marking of the sections for mea-
surement onto the clinically performed records and
the electronic data calculation cut down the present
risk of subjective error when measurement is per-
formed on paper.

We share the opinion of Christensen [13] that the use
of facebow and intraoral registering plates in order
to register the inter-mandibular ratios is the reliable
method for this purpose. On the other hand, the val-
ues of arrow point angle and positions of its vectors
are not studied enough, as possibility for addition
analysis of individual mandibular movements. The
computer program makes it possible to create large
database for future scientific surveys.

We share the opinion [3, 8, 11] that the subjective er-
rors made when operating a facebow and analysing
the records could be reduced with the inclusion of
modern digital methodologies. Unfortunately, we didn’t
find in the literature accessible to us data about soft-
ware auxiliary product similar to the one created by us
for analysing the data that have been registered via
the facebow hence we cannot make a comparison.

CONCLUSION

A software product that is easy to apply was created
and it makes it possible to achieve rapid and precise
data processing taken with the facebow and estab-
lishing the individual features of patient’s masticatory
apparatus.
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The computer program significantly cuts down the
time for data processing and analysis, and their re-
flection in detail promotes the accurate orientation
and inclusion of gypsum models within the articulator.

The program cuts down the risk of subjective error
when analysing the data via manual measurement
of the recorded parameters of the sagittal condylar
pathway on paper carrier.

The schematic presentation in detail of the forecast-
ed prosthetic constructions makes it easier for the
dental technician to understand the assigned tasks.

The software makes it possible to collect and store
parameters that are important to the prosthetic den-
tal medicine and to create large database for future
scientific surveys in the gnathology field.
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