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Modern optoelectronics and computer-assisted reconstruction and therapy

Electronic functional analysis
Electronic functional therapy

by Dr. Olaf Winzen, Frankfurt (Germany) and Dr. Gerd Christiansen, Ingolstadt (Germany)

Introduction

The aim of every dental
restoration is to reinstate the
natural function of the
gnathostomatic system within
the functionally impaired or
functionally treated masticato-
ry organs. The following crite-
ria must be fulfilled in order to
achieve this goal:

[] the origin of the movement
must be precisely reproduced

[J] each individual mandibular
movement must be registered
accurately

[] the actual movement pro-
cess must ba known

[ the values obtained from
the measurements must be
reproducible on a device (sim-
ulator or articulator)

] the device (simulator or ar-
ticulator) used must repro-
duce the movements as accu-
rately as possible in all de-
grees of freedom

[0 a waxing up concept

Fig. 3 Congruency between CAR and patient Fig. 4 The CAR system equipped with mea-
suring heads and reflectors

(NAT/NFR) must be used with
a system that allows for opti-
mal reconstructive reproduc-
tion

Computer-assisted registra-
tion methods yield a wealth of
information that to date has
been used for diagnostic pur-

poses (functional analysis)
and only partially for thera-
peutic purposes (condylar
path parameters).

Computer-assisted
production of
check records in the
electronic positioner

Computer-assisted pantogra-
phy

[] provides clues about the
nature of the functional im-
pairment of the masticatory
organ

[] and thus evidence indicat-
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Fig. 2 Electronic registration of the mandibular movement

Fig-. 5 Mecﬁanical stages for condylar posi-
tioning on the CAR system



ing the direction and the ex-
tent of how the condyles need
to be repositioned by splint
treatment.

The precision of contact-free
mechanical registration of
movements over time and
space is far superior to that of
other diagnostic methods
(imaging, X-ray, NMRI, clinical
functional analysis).

The superiority of this method,
previously only used in diag-
nostics, would suggest that it
can also be used in therapy
tor condylar positioning in the
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Fig. 6 Registration of limited movement
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Fig. 7 Unlimited opening with pain on the left-hand side (Nole the
minor deviation between excursive and incursive movement)

functionally impaired mastica-
tory argan or to determine the

extent and nature of the
condylar movements during
reconstruction. The check
record for therapeutic condy-
lar positioning is thus no
longer prepared intraorally,
but using an analog position-

er under computer guidance.

The advantages of the CAR
method  (computer-assisted
registration):

1. The baseline position of the
patient's condylar path is doc-
umented metrically.

ance with their splint therapy.
5. Each repositioning can be
performed independently of
the practitioner or of the mus-
cular status of the patient.

6. The therapeutic resulls
achieved by warious practi-
tioners can be correlated.

7. The bite does not have to
be blocked while preparing
the check record.

preraq_u isites

It is imperative that the me-
chanical adjustment of the
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Fig. 8 Enlargement of the lime lag upon protrusion with tooth con-
tact

Fig. 10 Using the mechanical stages and a transversal adjustment

option, we shift the mandibular cast against the maxillary cast ...

2. Precise reference of the
therapeutic condylar position
in relation to the baseline po-
sition and thereby

3. The ability to accurately
reposition based on the thera-
peutic outcome.

4. Targeted, but minor correc-
lions enhance patient compli-

cast be completely identical to
the patient’s situation so that
the condylar paths measured
with the Condylocomp corre-
gpond to the movements of
the mandible and to the
mandibular cast.
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Specifically:

[0 Transferal of the maxillary
cast with reference to the sen-
sors using a precisely drawn
transter bow

[l Allocation of the mandibu-
lar cast with or without check
record (intercuspation posi-
tion) (see photo)

[} Correction of the measure-
ments after axial determina-
tion

Fig. 12413 By changing the cast position only slightly (starting position on the left, therapeutic position on the right), we achleve free-
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Fig. 11 ... in order to achieve the therapeutically fabricated position
(red arrow)

"

dom from pain and unimpaired articular movement
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Fig. 14 Articulator programming for the KaVio Protar Il based on
the values measured in the Condylocomp

Description nf_ _
the device

The basic device used was
the SAM articulator, version 3
with mechanical stages being
used instead of condylar box-
es. The mechanical stages al-

low for adjustments in the x/z
direction. Positional changes
in the horizontal direction are
possible by transverse adjust-
ment of the axis (authors” own
modification), the articulator is
hung and mounted in the
frame of the Condylocomp,
thus enabling the movements

were attached to the
mandibular frame of the artic-
ulator so that they were also
adjustable (authors' own mod-
ification).

Procedure

After transfaral of the maxil-
lary cast, the mandibular cast
was articulated using a check
record in median intercuspa-
tion position. Under the pro-
gram item condylar position
analysis string CAR (Condylo-
comp “computer assisted reg-
istration”), the condylar posi-

.

Fig. 15 Articulated maxillary casl based on the jaw relations

of the cast to be analogous to
those of the patient. The sen-
sors on the Condylocomp are
arranged analogously to the
patient. We used a sell-de-
signed transfer bow for maxil-
lary transfer in relation to the
sensors. The reflectors were
adjusted in the usual way and

tion of the intercuspation posi-
tion-coded cast appears as a
cross. By adjusting the screws
on the mechanical stages or
the transversal screws, we
positioned each “condyle”
separately within the condylar
path as well as outside of it.
We manipulated this on
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Fig. 16 Suretrans adjusted o the settings for horizontal and verti-

cal movements and transversal settings

STRING - Elekironische Funkifonsdiagnostk vemion 7.09.0867

sagitial mechins frowral sanirial links
.30 Dhgtrmchrn Ak
1 sr pro Teilsirich ¥
I f
Eckzahinkonrak
m O Zestnsk (Pos 1)
(o homizona] |+ bl (Pos 2] p

Fig. 18 Registration ol the settings for waxing up (NFR), here for

the right-hand working side

Fig. 20 Transversal adjustment of the Suretrans

screan by means of online
measurements analogous lo
the patient. We fabricated the
therapeutic cast on the un-
locked casts in the desired
position achieved upon com-
pletion of the adjustment pro-
cedure.

' Clinical procedure

Case report: The patient pre-
sented with painful opening
limitation on the lelt (incisal
edge distance in mm). The
woman's dental history was

Fig. 19 Suretrans with angles pasted on the lower member of the

articulator and extra-fine threaded screws for adjusting the retru-

slon/surtrusion

Fig. 21 Actual movement of the mandible with refrusion/suritrusion

on the working side

laken, manual functional ex-
amination indicated that an
anterior medial disc disloca-
tion repositioning was in-
volved, although there was no
palpable or audible cracking,
i.e. no evidence of total dislo-
cation.

Meither did the computer im-
age show the typical picture of
a dislocation, but did reveal
limited jaw opening move-
ments which the patient re-
ported to be painful. When the
limitation of movement was
exceeded, causing pain, a
tima lag in the movemenl was
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Fig. 22 Registered movements of the mandible with
retrusion/surtrusion on the working side
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Fig. 26 After natural waxing up, the waxed rec;unslru:l,kun (D.

Schulz)

measured at the same site.
Manual techniques involving
compression and translation
produced no major shift in the
melrically reproducible pain
site.

NMR imaging confirmed the
suspicion of a dislocation, but

4
i
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Fig. 24 Settings for waxing up (NFR), here an example of the right-
hand working side

also revealed a rostral os-
seous spur on the left
condyle.

We now considered the fol-

lowing: If immersion of the
rostral spur into the disc mass
was responsible for the

painful limitation and conse-
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Fig. 23 List of techniques for programming the articulator with
retrusion and surtrusion values

Fig. 25 The articulated casls can be used in both the Suretrans as

well as the Protar Il

guently for displacement of
the disc, then a condylar path
to the caudal would have o
enable premature rotation of
the available condyle, thereby
circumventing the painful im-
mersion peoint. The fabricated
caudal condylar path required
a new baseline point, i.e. a

Fig. 2'? Inclusion of the occlusal abrasion pattern in the Suretrans

new condylar position, creat-
ed on the EMPC device. For
comparison, after a minimal
change achieved by reposi-
tioning, the patient was free of
pain after only one week of
splint therapy & the incisal
edge distance of 40 mm was
within the normal range.
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ig. 28 + 29 Waxing up & the combined result of anatomical form and individual function

Reconstruction in the
Suretrans SRT
(Surtrusion/Retru-
sion/Translation)

Once the bassaline point of the
mandibular motion is repro-
duced, reconstruction can fol-
low based on this point. This
requires that the mandibular
movements be reproduced as
precisely as possible. After
registration and calculation of
the values for condylar incli-
nation, Benett angle, 1SS and
incisor guide plate, the casts
in a fully adjustable articulator
are transferred with reference
to the joints and the articulator
programmed accordingly.

Since an articulator becomes
gither very complicated or
susceptible due to the addi-
tional possibilities for adjust-
ing retrusion and surtrusion or
it has no centric lock because
of the diverse adjustment op-
tions, the idea occurred, fo
develop an auxiliary device
that allows the registered val-
ues to be transferred for the
technician and the dentist.
This device, dubbed Sure-
trans, is calibrated to an artic-
ulator system and allows the
casts to be transferred without
having to rearticulate.

The advantages of Suretrans:
[] The dentist and technician
can keep working with their
accustomed articulator.

[1 Waxing up is performed on

the articulator using the com-
monly practiced waxing-up
technigue

[ The centric relation can al-
ways be recovered in the ar-
ticulator

[0 Pure surtrusion and/or
retrusion movements are pos-
sible

[0 The adjustments on the
prototype presented here are
possible up o a precision of
0.02 - 0.03 mm

] The device is only used for
these movements

[] The Suretrans can be cali-
brated to every articulator sys-
tem

[ For the first time, retrusion,
surtrusion and proshift values
calculated from the computer
can be transferred for natural-
ly and functionally appropriate
reconstructions, whereby de-
fined occlusal abrasion pat-
terns can be integrated.

Instrumentational
prerequisites

In order to be able to repro-
duce the retrusion/surtrusion
and the proshift values in the
Suretrans, it is important to
determine a precise baseline
position of the mandibular
movement (therapeutic base-
line position). Using a thera-
peutic check record, the
mandibular cast is allocated in
the articulator to the maxillary
cast previously transferred ac-
cording to the arlicular rela-
tionship. After the wvalues

have been obtained from
the path analysis in the
Condylocomp, the move-
ments can be reproduced af-
ter transferring the casts to
the Suretrans.

Description of
the device

The basic device used was
the KaVo Protar Il articulator.
Its lower member, including
the articulator adjustment,
was left as it was and only
supplemented by two right an-
gles pasted next to the condy-
lar balls. The condylar boxes
were removed and the upper
member of the articulator was
modified in such a way that it
was possible o adjust the up-
per member separately in the
vertical or horizontal direc-
tions. The exira-fine threaded
serews that were used rested
on the right angle of the lower
member of the articulator. Ad-
ditionally, a transversal adjust-
ment option of the entire up-
per member was incorporated
for testing and control with an
attached reflector bow. This
will not be required in routine
practice or for laboratory work
since the mandible should be
positioned under online com-
puter guidance in the dentist's
practice (CAR).

Procedure

First, the movemenis were
registered in the Condylo-
comp. Then, the settings for

the KaVo Protar Il were ob-
tained using the “arliculator
programming” software func-
tion. Using the function "path
analysis® or "condylar position
analysis" based on a
mediotrusive movement, the
values for retrusion/surtrusion
and, if applicable, for proshift
were obtained and document-
ed by retracing the movement
on the working side. Subse-
quently, the occlusal plane
was transferred in condylar re-
lationship to the articulator us-
ing the transfer bow. After ar-
ticulating the maxillary mode,
the mandibular cast was ad-
justed using the therapeutic
check record. Once this has
been done, work can be per-
formed on both the articulator
as well as on the Surelrans.
MNow, waxing up can be car-
ried out in the articulator ac-
cording to the natural tech-
nigue (NAT). Thereafter, the
casts are placed in the Sure-
trans and the obtained values
set for surtrusion/retrusion
and, if applicable, for proshift.

For this purpose, the techni-
cian can use a graduated
scale with which he can adjust
the values for each side sepa-
rately. The resulting relative
movements between maxillary
and mandibular casts produce
a defined occlusal abrasion
pattern through the wax re-
moval. Completion of the work
now continues in the articula-
tor. After fabrication is com
plete, the final check is done
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Fig. 30 to 32 Registration of the dentition-guided movements for
checking the fabricated reconstruction
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Fig. 32

in the Suretrans. As identifi-
able in the movement records,
the values obtained with the
Condylocomp can be repro-
duced with a very high accu-
racy. In our experiments, no
interferences occurred in the
dentition-guided movements.

We thereby hope that we
have come one step further to
translating the naturally and
functionally oriented recon-
struction into dental and labo-
ratory routine.

Conclusion

Malpositioning caused by
prosthetic work based on a
poorly fabricated cast, taken
intraorally, after postprepara-
tiona loss of supporting
zones, represents one of the
problems arising in functional
therapy that should not be un-

derestimated, espeacially in a
time when the demands are
great and in which the slight-
est inducement is enough fo
parafunctionally activate the
patient. Now, more than ever,
it is highly imperative to ren-
der a precise diagnosis fol-
lowed by the proper therapy
before restoration is undertak-
en, and to as accurately as
possible achieve good regis-
tration of the starting point of
the movement and to rely ex-
clusively on the data of the in-
dividual patient. The main fo-
cus of our attention should
concentrate on the warking
side of the temporomandibu-
lar joint. The aim of this paper
is to help contribute to devel-
oping more precise and accu-
rate methods of preventing
functional impairments, to
identify and eliminate latent
disorders and to correct obvi-
ous afflictions.
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