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Abstract: This article describes the design of complete removable prostheses following the Slavicek
philosophy, which involves the integration between condylographic data and an individual cephalo-
metric study of the patient. The electronic condylograph is a device that records the mandibular
movements made by the patient. This case report shows how condylography data are useful not only
in the individual articulator setting, but also for diagnostic completion and for planning a functional
prosthetic rehabilitation.

Keywords: electronic codylograph; removable prosthesis; edentulism; temporomandibular joints;
dental occlusion; elderly patient; digital prosthetic planning; treatment strategies

1. Introduction

Tooth loss seriously affects the quality of the patients’ lives, not only in terms of the
repercussions on a physical and functional level, but also for the social and psychological
discomfort that follows. To date, a removable prosthesis represents one of the most
suitable treatment options, especially for totally edentulous subjects [1,2]. The masticatory
function plays an important role in the patient’s general health. Several studies have shown
that inefficiency in chewing is associated with cardiovascular disease, increased risk of
cognitive impairment, and changes in eating habits, which, if not controlled, can lead to
malnutrition [3–7]. Therefore, when designing a prosthesis, the dentist must pay more
attention to the functional aspect than to the aesthetics of the prosthetic device. The clinical
use of the electronic condylograph can be of great support for a functional analysis [8,9].
This device allows one to record the mandibular movements made by the patient in the
three spatial planes (x, y, z coordinates), starting from a centric relation position [10,11].
The recorded condylar paths are transferred to the personal computer and processed by
a specific software [10,11]. According to Slavicek, the integration of these data with the
patient’s cephalometric parameters allows one to design customized, functionally correct
and aesthetically harmonious prostheses [9].

The aim of this article is to show how the electronic condylograph may provide the
parameters for articulator setting, as well as information about the neuromuscular system,
the morphofunctional state of the temporomandibular joints (TMJs), and the reciprocal
connection between the mandibular dynamics and dental occlusion [9–12]. To this end, the
JMAnalyser + (Zebris Medical GmbH, Isny im Allgäu, Germany), an ultrasonic motion-
capture device supported by the software program “WINJAW+” (Zebris Medical GmbH,
Isny im Allgäu, Germany), was used.

2. Case Report

A 78-year-old female patient presented to the dental office because she was dissatisfied
with the aesthetics of her complete removable prostheses (Figure 1); furthermore, she
complained of postural pains, neck cramps, headaches, and digestive disorders.
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A 78-year-old female patient presented to the dental office because she was dissatis-
fied with the aesthetics of her complete removable prostheses (Figure 1); furthermore, she 
complained of postural pains, neck cramps, headaches, and digestive disorders. 
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(c) (d) 

Figure 1. Intraoral view of old complete removable prostheses: (a) frontal view; (b) right lateral 
view; (c) occlusal view of upper jaw; (d) occlusal view of lower jaw. 

After the anamnestic data collection, a physical examination (intra-oral and extra-
oral) was performed and it revealed a generalized muscle and joint pain upon palpation. 
Keeping the old complete removable prostheses in the oral cavity, occlusal contacts were 
analyzed, intra- and extra-oral photographs were taken, and routine radiographic exami-
nations were carried out: orthopantomography (OPT) (Figure 2a), antero-posterior telera-
diography (AP Ceph) (Figure 2b), and latero-lateral teleradiography (Lat Ceph) (Figure 
2c). 

  

Figure 1. Intraoral view of old complete removable prostheses: (a) frontal view; (b) right lateral view;
(c) occlusal view of upper jaw; (d) occlusal view of lower jaw.

After the anamnestic data collection, a physical examination (intra-oral and extra-oral)
was performed and it revealed a generalized muscle and joint pain upon palpation. Keeping
the old complete removable prostheses in the oral cavity, occlusal contacts were analyzed,
intra- and extra-oral photographs were taken, and routine radiographic examinations were
carried out: orthopantomography (OPT) (Figure 2a), antero-posterior teleradiography (AP
Ceph) (Figure 2b), and latero-lateral teleradiography (Lat Ceph) (Figure 2c).
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Figure 2. Initial radiographic images: (a) initial orthopantomography (OPT); (b) initial antero-pos-
terior teleradiography (AP Ceph); (c) initial latero-lateral teleradiography (Lat Ceph). 
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study of the patient. 

The condylographic tracings were recorded on the patient with the JMAnalyser + 
(Zebris Medical GmbH, Isny im Allgäu, Germany) and processed by the software pro-
gram “WINJAW+” (Zebris Medical GmbH, Isny im Allgäu, Germany). Subsequently, they 
were evaluated through the interpretation of specific parameters: quantity, quality, char-
acteristic, start/endpoint and coincidence. The analysis of these tracings revealed muscu-
lar problems and joint instability, associated with a mandibular latero-deviation, which 
was already evident in the AP Ceph and also highlighted by the great discrepancy be-
tween the values of the Sagittal Condylar Inclination (SCI or eminence angle): 47.3 degrees 
on the right side and 32.7 degrees on the left. The values of the Transversal Condylar In-
clination (TCI or Bennett angle) were also different between the two condyles: 6.1 degrees 
on the right; 0 degrees on the left (Figure 3). 
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posterior teleradiography (AP Ceph); (c) initial latero-lateral teleradiography (Lat Ceph).
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The collected information showed that the old complete removable prostheses were
incongruous. The proposed treatment plan involved the realization of new complete
removable prostheses with bilateral balanced occlusion. In agreement with the patient, the
complete removable prostheses were designed following the Slavicek philosophy, which
refers to the integration between condylography data and an individual cephalometric
study of the patient.

The condylographic tracings were recorded on the patient with the JMAnalyser +
(Zebris Medical GmbH, Isny im Allgäu, Germany) and processed by the software program
“WINJAW+” (Zebris Medical GmbH, Isny im Allgäu, Germany). Subsequently, they were
evaluated through the interpretation of specific parameters: quantity, quality, characteristic,
start/endpoint and coincidence. The analysis of these tracings revealed muscular problems
and joint instability, associated with a mandibular latero-deviation, which was already
evident in the AP Ceph and also highlighted by the great discrepancy between the values
of the Sagittal Condylar Inclination (SCI or eminence angle): 47.3 degrees on the right
side and 32.7 degrees on the left. The values of the Transversal Condylar Inclination (TCI
or Bennett angle) were also different between the two condyles: 6.1 degrees on the right;
0 degrees on the left (Figure 3).
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Figure 3. Initial condylographic recordings: (a) protrusion/retrusion tracing; (b) open/close of the 

mouth tracing; (c) mediotrusion right tracing; (d) mediotrusion left tracing; (e) SCI and TCI values of 

the right (green) and left (red) condyles. 
 

The cephalometric tracing, performed with Lat Ceph, highlighted a severe skeletal 

class II (brachyfacial type), an inadequate occlusal plane (OP), both for position and 
inclination (OPI: 18.8 degrees, referring to the axis-orbital plane (AOP)), and an occlusal 

Figure 3. Initial condylographic recordings: (a) protrusion/retrusion tracing; (b) open/close of the
mouth tracing; (c) mediotrusion right tracing; (d) mediotrusion left tracing; (e) SCI and TCI values of
the right (green) and left (red) condyles.

The cephalometric tracing, performed with Lat Ceph, highlighted a severe skeletal
class II (brachyfacial type), an inadequate occlusal plane (OP), both for position and
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inclination (OPI: 18.8 degrees, referring to the axis-orbital plane (AOP)), and an occlusal
vertical dimension (OVD), which is much smaller (38.5 degrees) than the Individual Norm
(41.3 degrees) (Figure 4a). On the basis of standardized tables included in the Slavicek
protocol, how much the incisal pin of the articulator should be elevated to increase the OVD
in order to be similar to the Individual Norm was calculated. The alginate impressions of the
patient’s edentulous arches were made with a perforated rigid (metal) stock tray and plaster
casts were developed. Subsequently, the plaster casts with the old complete removable
prostheses were mounted in a centric relation position on the articulator, applying a 10 mm
increase in the incisal pin so that the correct re-establishment of the intermaxillary relation
was achieved (Figure 4b).
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Figure 4. Initial individual cephalometric study: (a) digital cephalometric tracing according to
Slaviceck: shows the value of the vertical dimension, the inclination of the occlusal plane and the
skeletal class; (b) incisal pin table: blue box shows the OVD and Individual Norm values calculated
from the cephalometric tracing, with the incisal pin of the articulator at 0 mm; red box shows the OVD
and Individual Norm values in the Therapeutical Position (ThP), obtained with a 10 mm elevation of
the incisal pin.

This increase was divided into two steps of 5 mm each. In the first step, the gap
was filled by building two resin splints on the old complete removable prostheses: an
upper one, on which the cusps of the upper active centric line of old complete removable
prostheses were simulated, and a smooth lower one. Eight weeks later, after obtaining a
stable occlusion, the incisal pin was increased by 5 mm more and the gap was filled by
adding resin to the lower splint. The gradual increase in the OVD determined mastictory
muscles deconditioning and, as a consequence, the new position of the jaw, the Therapeutic
Position (ThP), was defined (Figure 5).
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gestive disorders. Therefore, the radiographic examinations and a condylographic and 
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showed an improvement in the mandibular latero-deviation and the achievement of a 

Figure 5. Models mounted on articulator in ThP after splint therapy: frontal view.

After three months, during the follow-up the patient did not report any muscle
and joint discomfort on palpation, episodes of postural pain, neck cramps, headaches
or digestive disorders. Therefore, the radiographic examinations and a condylographic
and cephalometric analysis were performed again, keeping the old complete removable
prostheses and the splints in the oral cavity. The teleradiographs and the cephalometric
tracing showed an improvement in the mandibular latero-deviation and the achievement of
a vertical compensation: by increasing the OVD (41.9 degrees), the patient was reclassified
to skeletal class I (Figure 6).
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Figure 6. Individual cephalometric study after splint therapy: (a) digital cephalometric tracing
according to Slaviceck after splint therapy: the new OVD value is within the range of Individual Norm;
(b) antero-posterior teleradiography (AP Ceph) after splint therapy; (c) latero-lateral teleradiography
(Lat Ceph) after splint therapy.
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The condylographic tracings showed an improvement in muscular problems, joint
instability, and mandibular latero-deviation, as shown by the SCI values (49.5 degrees right;
44.4 degrees left) and the TCI values (4.9 degrees right; 5.3 degrees left), whose similarity is
more evident between the two condyles (Figure 7).
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Figure 7. Condylographic recordings after splint therapy: (a) protrusion/retrusion tracing; (b) open/close
of the mouth tracing; (c) mediotrusion right tracing; (d) mediotrusion left tracing; (e) SCI and TCI
values of the right (green) and left (red) condyles after splint therapy.

After having verified the accuracy of the treatment plan, all the parameters necessary
for the creation of the wax-up were provided to the dental technician:

• The OVD (41.9 degrees), the length of the lower incisors, the ideal OPI (16.6 degrees),
and the radius of the curve of Spee (70 mm) were extrapolated (Figure 6) from the
cephalometric tracing;

• The SCI (49.5 degrees on the right; 44.4 degrees on the left) and the TCI (4.9 degrees
on the right; 5.3 degrees on the left), which are useful for the individual setting of the
articulator, and the inclination of the occlusal surfaces of the maxillary teeth (Figure 7)
were obtained from the condylographic tracings.

Being an elderly patient, the smile line was evaluated in order to better manage the
perioral soft tissues; thus, the length of the lower incisors was defined on the basis of that
of the upper ones. To calculate the ideal OPI (16.6 degrees), it was sufficient to subtract
6 degrees from the value obtained from the cephalometric analysis (22.6 degrees), as the
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treatment was set referring to the FH, which differs from the AOP of 6 degrees. The radius
of the curve of Spee (70 mm) was calculated by using the equation:

(−1.42 × DPO) + 134.46

where DPO is the distance between the hinge axis (AX) and the OP.
The inclination of the occlusal surfaces of the maxillary teeth was defined by studying

the path drawn by the mandibular teeth on the upper ones during lateral and protrusion
movements. As this is a bilateral balanced occlusion, the F1–F2 path, described during the
lateral movements, has an inclination equal to the value of the SCI from the first molar to
the canine. The F1–F3 and F3–F2 paths, describing the upper incisors during the protrusion
movement, have a different inclination: the first is equal to −10 degrees SCI, whereas the
second is equal to +10 degrees SCI.

Subsequently, with the wax-up positioned in the oral cavity of the patient, latero-
lateral teleradiography, cephalometric tracing, condylographic tracings and postural tests
were carried out again in order to verify the validity of all data provided to the dental
technician. After having verified its accuracy, the wax-up was scanned: the flange of the
final complete removable prostheses was made in acrylic resin, while the dental elements
were milled in composite with the CAD/CAM system. Finally, the products were finished
and delivered to the patient, who was fully satisfied.

During the follow-ups at 3, 6 and 12 months, the patient always reported a positive
opinion about the aesthetics, function and stability of her new complete removable pros-
theses and also confirmed the resolution of the episodes of postural pain, neck cramps,
headaches and digestive disorders (Figure 8).
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Figure 8. Intraoral view of definitive complete removable prostheses: (a) Frontal view; (b) right
lateral view; (c) occlusal view of upper jaw; (d) occlusal view of lower jaw.

3. Discussion

This report shows how the analysis of condylographic tracings and, particularly, the
value of the SCI, can guide clinicians in the development of a customized prosthetic design.
The SCI, in fact, is closely related to the OPI and the CI [10,13–15]. This is calculated by
means of the following equation:

SCI—OPI = RCI (Relative Condylar Inclination)
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RCI—DOA (Disocclusal Angle) = CI (Cusp Inclination)

Normally, the SCI is 45 degrees, the OPI is about 8–10 degrees (compared to FH), the
DOA is 8–10 degrees and the CI is 28–30 degrees. Thanks to these calculations, it was
verified that a given OPI allows the desired movement of the cusps during functional
movements [10,13–15].

The influence of the SCI on the OPI also affects the value of the radius of the curve
of Spee; therefore, as the OPI changes, the DPO and, consequently, the curve of Spee are
modified too [9,13,16].

Compared to the mechanical recording systems, the electronic condylograph allows
one to study the condylar paths both from a static point of view and from a dynamic
one. Another advantage is the possibility of storing, enlarging and overlapping multiple
tracings, so as to analyze them more accurately and conduct a re-evaluation over time. Thus,
the condylography was performed to collect data that are useful for setting the articulator
and for diagnostic purposes, as well as to recognize and correct any TMJ dysfunctions and
muscle disorders.

This protocol has limitations related primarily to the long period of the treatment, its
management complexity and costs for both the clinician and the patient.

4. Conclusions

This clinical report shows how the electronic condylograph can contribute to im-
proving the current standards of daily clinical practice. In fact, a prosthesis that takes
into account the individual values of the subject, guarantees excellent aesthetics, greater
stability in the oral cavity, and better chewing efficiency; as a result, a greater long-term
patient satisfaction is achieved.
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