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ABSTRACT
The electromagnetic articulography offers the possibility to
examine lip and tongue movements. In a laboratory test

measurement accuracy of a  new system and of the AG 100¨

was investigated in the median sagittal plane and 10
respectively 20 mm next to it. In a circle with a diameter of 80
mm and with a torsion angle of 0 degree the new system
showed a mean measuring error of 0.12 mm in comparison to

0.26 mm for the AG 100¨. In a zone of 80-120 mm outside of
the measuring center and 20 mm next to the median sagittal
plane our new system showed only a mean error of 0.92 mm

whereas the value of the AG 100¨ increased to 3.31 mm. No
information concerning the rotation angle is given by the AG

100¨ whereas this could be assessed by the new system.

1. INTRODUCTION
Assessment of orofacial movements during speaking and
swallowing is important in phonetics, speech pathology,
orthodontics as well as neurology.

That is why up to today the question is voiced in
orthodontics to what extent tongue malfunctions have
influence etiologically in the development of malocclusion
and tooth malpositions and to what extent tooth malpositions
support a disordered development of the tongueÕs function.
The positon of the tongue within the oral cavity and its
course of movement during speech and swallowing are of
interest here. Because of its position being in immediate
relation to the anterior teeth and the alveolar ridge, the tip of
the tongue seems to be of  utmost importance. However, i t
should not be overlooked that in above mentioned functional
movements the surrounding soft tissues like lips and M.
mentalis have an effect, the extent of which can only be
partially assessed [1, 8, 9, 10].

Next to the clinical evaluation there are radiological,
sonographical and palatographical procedures serving as
diagnostic possibilities for the evaluation of lip and tongue
function [7]. A non-invasive method without radiation i s
given by application of electromagnetic articulography
(EMA), during which by using electromagnetic fields, tongue
and lip movements can be recorded in a certain period of time
[4, 6]. Hereby magnetic fields are conveyed by 3 transmitting
coils and caught by miniaturized receiver coils clued to
relevant positions at the lip and the tongue. The
corresponding distance to the transmitting coils can be
inferred from the induced tension. The measuring system

presently on the market (AG 100¨, Carstens, Lenglern,
Germany) has some limitations in regards to information about

the torsion angle of the coils, fitting of the transmitter helmet
and quality of the recorded acoustic signal.

Because of that a new measuring system according to the
functional principle was developed at the University of
T�bingen in recent years with the determination to avoid

some of the disadvantages of the articulograph AG 100¨ and
to optimize the procedure. Following factors were regarded as
being important: keeping the transmitting coils from mutually
influencing each other, enhanced utilization of the
transformation area of the analog-digital converter, explicit
measurements of the torsion of coils as well as an unlimited
receptivity. Furthermore, a light-weight helmet as well as easy
use during clinical application was thought of value. The new
system can be used on adults as well as children because of its
lightweight construction.

For the evaluation of a pathological tongue movement i t
is necessary, i.e. during the swallowing process, to achieve a
sufficient measuring accuracy in a range clinically relevant. In
the field of orthodontics this includes the region from the lips
to the uvula.

Depending on the method of calibration the AG 100¨

showed varying measuring accuracy. However, the position
within the measuring area, the torsion of the receiving coils
and the deviation from the median sagittal plane were
important [4, 5, 6].

Aim of the study was to compare the measuring accuracy

of the AG 100¨ with our device. Furthermore, it was looked
for the extent to and the condition under which both devices
remained capable to distinguish between different movements.

2. MATERIAL AND METHOD
In order to test to what degree the measuring accuracy i s
influenced by the new construction principle, the new
construction was compared in laboratory examinations with

the AG 100¨. Both systems were calibrated according to their
specificity. Afterwards the measuring helmets were adjusted
within a fixture on which a measuring plate was attached. In
exactly determined positions, these measuring plate had holes
drilled into it. In the laboratory, these holes were measured
with both EMA-systems in the course of the measuring
procedure. The receiving coil used for the measuring
procedure was attached to a plastic rod. The measurements
were conducted in the median sagittal plane and 10
respectively 20 mm next to it. The torsion angel of the
receiving coils was 0, 10, 20 and 30 degrees. Altogether, 49
different positions were measured on every plane and at every
angular adjustment. By calculating the difference between
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measured and actual position the measuring error of each
measuring device was determined in a circle with the diameter
80 mm and a zone around this circle with the diameter 80-120
mm.

3. RESULTS
The new system is capable of recording the movement of the
receiver coils in the sagittal plane as well as torsions with a
measuring rate up to 1 kHz for each of the 10 measuring
channels. For the first time torsion and measuring errors due to
the turning of the sensor coils can be assessed and corrected
because of the separate measuring of the rotation angle. The
data can be saved without any time limit.

In the circle with a diameter of 80 mm and with a torsion
angle of 0 degree the new system showed a mean measuring
error of 0.12    +    0.10 mm in comparison to 0.26    +    0.14 mm for the

AG 100¨ (table 1, 2). In the range of  80-120 mm the
measuring error increased to 0.16    +    0.12 mm when the new
construction was used, while 0.61    +    0.23 mm were recorded

by application of the AG 100¨.
When diverting from the measuring plane increased

measuring errors were recorded for both systems. By a 20 mm
lateral deviation from the median sagittal plane the device from
T�bingen showed a difference of 0.90    +    0.10 mm on average,

while the AG 100¨ showed a difference of 2.37    +    0.14 mm.
Even more pronounced was the difference of measuring error in
both devices in the range of  80-120 mm. The mean error of the

new device was 0.92    +    0.12 mm, while of the AG 100¨ it was
three times as high with 3.31    +    0.23 mm.

In the range of 80 mm/80-120 mm a 10 degree torsion of
the receiver coil caused the new device to record a mean
measuring error of 0.28    +    0.10/0.31    +    0.13 mm in the median

sagittal plane and the AG 100¨ of  0.40    +    0.13 /0.71    +    0.21

mm, respectively. Here, too, an increased lateral deviation
caused an increase in the measuring error of both devices,

whereby the AG 100¨ always recorded the more inaccurate
values. An increased lateral deviation as well as torsion of the
receiving coil led to an overall increase of the measuring error
in both systems.

Worst case of measuring error was recorded at a lateral
deviation of 20 mm and a 30 degree torsion in the range of 80
mm/80-120 mm. There the new construction recorded 12.59    +   
0.12 mm/12.74    +    0.18 mm making the recording almost

identical to the one from the AG 100¨, which deviated by
12.27    +    0.14 mm/12.43    +    0.25 mm.

Measuring the torsion of the receiving coil was only
possible when using the newly constructed device due to the
system itself. In the following the mean evaluations of the
torsions are listed. It is shown that the measuring error was
not always the same. In the median sagittal plane at 0 degree a
torsion of 1.19    +    1.63/0.76    +    1.31 degree was evaluated in the
range of 80 mm/80-120 mm (table 3).

Without lateral deviation the measured torsion was
mostly equal to the adjusted torsion. However, with lateral
deviation of 10 and 20 mm an increased torsion resulted in a
greater measuring error. Therefore, at a lateral deviation of 20
mm and a 20 degree torsion in the range of 80 mm/80-120 mm
an only average angle of 16.35    +    0.91/14.53    +    0.76 degree was
assessed. However, the deviation decreased again at the
maximal torsion of 30 degree. In the range of 80 mm/80-120 mm
a torsion of 27.85    +    0.62/26.99    +    0.60 degree was measured
with a 20 degree lateral deviation and a 30 degree torsion.

ddddeeeevvvv iiii aaaatttt iiii oooonnnn ttttoooo rrrr ssss iiii oooonnnn mmmmeeeeaaaannnn    ((((mmmmmmmm))))    ssssttttdddd    ((((mmmmmmmm)))) mmmmeeeeaaaannnn    ((((mmmmmmmm)))) ssssttttdddd    ((((mmmmmmmm))))
((((mmmmmmmm)))) ((((ddddeeeeggggrrrreeeeeeee)))) ((((88880000    mmmmmmmm)))) ((((88880000    mmmmmmmm)))) ((((88880000----111122220000    mmmmmmmm)))) ((((88880000----111122220000    mmmmmmmm))))

0 0   0.12  0.10  0.16  0.12
10 0  0.60  0.10  0.64  0.12
20 0  0.90  0.10  0.92  0.12
0 10  0.28  0.10  0.31  0.13

10 10  1.82  0.10  1.85  0.14
20 10  4.17  0.10  4.21  0.12
0 20  0.41  0.10  0.45  0.14

10 20  3.70  0.10  3.73  0.14
20 20  8.18  0.11  8.33  0.15
0 30  0.64  0.11  0.76  0.14

10 30  5.76  0.11  5.65  0.15
20 30  12.59  0.12  12.74  0.18

Table 1: Measuring error of the new construction concerning the calculated position (mean and standarddeviation) in the zones 80
mm and 80-120 mm
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ddddeeeevvvv iiii aaaatttt iiii oooonnnn ttttoooo rrrr ssss iiii oooonnnn mmmmeeeeaaaannnn    ((((mmmmmmmm))))    ssssttttdddd    ((((mmmmmmmm)))) mmmmeeeeaaaannnn    ((((mmmmmmmm)))) ssssttttdddd    ((((mmmmmmmm))))
((((mmmmmmmm)))) ((((ddddeeeeggggrrrreeeeeeee)))) ((((88880000    mmmmmmmm)))) ((((88880000    mmmmmmmm)))) ((((88880000----111122220000    mmmmmmmm)))) ((((88880000----111122220000    mmmmmmmm))))

0 0  0.26  0.14  0.61  0.23
10 0  1.05  0.15  1.44  0.24
20 0  2.37  0.14  3.31  0.23
0 10  0.40  0.13  0.71  0.21

10 10  2.31  0.14  2.53  0.26
20 10  4.46  0.14  5.02  0.25
0 20  0.54  0.15  0.68  0.20

10 20  3.80  0.14  3.89  0.28
20 20  7.64  0.14  7.99  0.21
0 30  0.56  0.15  0.63  0.24

10 30  6.30  0.15  6.35  0.22
20 30  12.27  0.14  12.43  0.25

Table 2: Measuring error of the AG 100¨ concerning the calculated position (mean and standarddeviation) in the zones 80 mm
and 80-120 mm

ddddeeeevvvv iiii aaaatttt iiii oooonnnn ttttoooo rrrr ssss iiii oooonnnn mmmmeeeeaaaannnn    ((((ddddeeeegggg))))    ssssttttdddd    ((((ddddeeeegggg)))) mmmmeeeeaaaannnn    ((((ddddeeeegggg)))) ssssttttdddd    ((((ddddeeeegggg))))
((((mmmmmmmm)))) ((((ddddeeeeggggrrrreeeeeeee)))) ((((88880000    mmmmmmmm)))) ((((88880000    mmmmmmmm)))) ((((88880000----111122220000    mmmmmmmm)))) ((((88880000----111122220000    mmmmmmmm))))

0 0  1.19  1.63  0.76  1.31
10 0  0.00  0.00  0.00  0.00
20 0  0.00  0.00  0.00  0.00
0 10   9.86  0.96  9.92  0.76

10 10  7.86  1.28  7.01  0.87
20 10  0.00  0.00  0.00  0.00
0 20  20.59  0.45  20.61  0.42

10 20  19.69  0.44  19.35  0.30
20 20  16.35  0.91  14.53  0.76
0 30  30.72  0.25  30.89  0.34

10 30  30.10  0.25  30.09  0.33
20 30  27.85  0.62  26.99  0.60

Table 3: Calculated torsion of the new construction (mean and standarddeviation) in the zones 80 mm and 80-120 mm

4. DISCUSSION
By comparing studies about the measuring accuracy of the AG

100¨ EMA-system it has to be noted that different authors
used different calibrating procedures and that the system was
optimized by the manufacturer in recent years.

Sch�nle recorded a measuring error of 1.9 mm in the
measuring field of 8 x 14 cm [6]. The maximal deviation was
5.65 mm. In the central field of 8 x 6 cm the median deviation
was 1.29 mm. A maximal deviation of 1.4 mm was measured
with lateral deviation of 1 cm from the median sagittal plane, 2
cm away from the central calibration point. A torsion of    +    30
degree resulted in a deviation of 1.1 mm at a distance of 2 cm
from the calibration point. A combination of lateral deviation

of 1 cm and a torsion of 15 degree resulted in an error of 3.7
mm, while at 30 degree of 7.2 mm.

With an 18 degree torsion and a lateral distance of 10 mm
to the median sagittal range Engelke reported in 1994 an
absolute error of 7 mm in direction of the y-axis as well as 0.6
mm in direction of the x-axis [3].

In comparison Honda reported in 1993 a 4 mm deviation
with 10 mm displacement, 0 degree tilt, and 20 degree twist
[5].

The assessed values for the AG 100¨ of our study are
comparable with the ones of the manufacturerÕs study of
measuring accuracy, because the calibrating method was
identical [2]. The measurings were conducted in a circle of 45
mm in comparison to our central measuring field of 80 mm
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diameter. The results varied in all 5 measuring channels. The
mean error was 0.15-0.31 mm in the median sagittal plane
without torsion of coils in comparison to the values 0.26 mm
for the AG 100¨ and 0.12 mm for the device from T�bingen
measured by us.

With a lateral deviation of 10 mm without torsion
Carstens records a mean error of 0.48-1.06 mm. This is in
contrast to the values achieved by us with 1.05 mm for the AG

100¨ and 0.90 mm for the new construction.
With 20 degree torsion without lateral deviation the

manufacturer evaluated a mean measuring error of 0.15-0.25 for

the AG 100¨, while we measured 2.37 mm for the AG 100¨

and 0.90 mm for the new device.
There is no explanation as to why in this particular case

the manufacturerÕs data is in such strong contrast to our
findings up to now. It has been shown, however, that it was
useful to test both types of devices in a direct comparison,
because the studies cited in literature are only partly
comparable. This is because of different calibrating methods
used and due to different study conditions.

4. CONCLUSION
With the aid of the newly designed instrument it is possible
to record torsion of the receiving coils in the magnetic field for
the first time. Because of the continuously saved data and its
comfortable wear this measuring device provides new
possibilities for investigation of orofacial malfunctions
especially in children and adolescence. With the new
articulograph the measuring accuracy could be improved in

comparison to the Articulograph AG 100¨.

When choosing measuring points for observation it has
to be considered that especially different kinds of torsion of
coils and lateral deviation causes more and more incorrectness
in the measuring accuracy. This has to be considered or the
assessment of the marked courses of movement.
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