
Quasi-static Transfer Function of the Rabbit Middle EarP
Measured with a Heterodyne Interferometer
with High-Resolution Position Decoder

JORIS J. J. DIRCKX, JAN A. N. BUYTAERT, AND WILLEM F. DECRAEMER

1Laboratory of Biomedical Physics, Department of Physics, University of Antwerp, Groenenborgerlaan 171, B-2020,
Wilrijk-Antwerpen, Belgium

Received: 3 March 2006; Accepted: 9 June 2006; Online publication: 4 August 2006

ABSTRACT

Due to changes in ambient pressure and to the gas-
exchange processes in the middle ear (ME) cavity,
the ear is subject to ultra-low-frequency pressure
variations, which are many orders of magnitude
larger than the loudest acoustic pressures. Little
quantitative data exist on how ME mechanics deals
with these large quasi-static pressure changes and
because of this lack of data, only few efforts could be
made to incorporate quasi-static behavior into com-
puter models. When designing and modeling ossicle
prostheses and implantable ME hearing aids, the
effects of large ossicle movements caused by quasi-
static pressures should be taken into account. We
investigated the response of the ME to slowly varying
pressures by measuring the displacement of the
umbo and the stapes in rabbit with a heterodyne
interferometer with position decoder. Displacement
versus pressure curves were obtained at linear pres-
sure change rates between 200 Pa/s and 1.5 kPa/s,
with amplitude T2.5 kPa. The change in stapes
position associated with a pressure change is inde-
pendent of pressure change rate (34 mm peak-to-peak
at T2.5 kPa). The stapes displacement versus pressure
curves are highly nonlinear and level off for pressures
beyond T1 kPa. Stapes motion shows no measurable
hysteresis at 1.5 kPa/s, which demonstrates that the
annular ligament has little viscoelasticity. Hysteresis
increases strongly at the lowest pressure change rates.
The stapes moves in phase with the umbo and with
pressure, but the sense of rotation of the hysteresis

loop of stapes is phase inversed. Stapes motion is not
a simple lever ratio mimic of umbo motion, but is the
consequence of complex changes in ossicle joints
and ossicle position. The change in umbo position
produced by a T2.5 kPa pressure change decreases
with increasing rate from 165 mm at 200 Pa/s to
118 mm at 1.5 kPa/s. Umbo motion already shows
significant hysteresis at 1.5 kPa/s, but hysteresis
increases further as pressure change rate decreases.
We conclude that in the quasi-static regime, ossicle
movement is not only governed by viscoelasticity, but
that other effects become dominant as pressure
change rate decreases below 1 kPa/s. The increasing
hysteresis can be caused by increasing friction as
speed of movement decreases, and incorporating
speed-dependent friction coefficients will be essential
to generate realistic models of ossicle movements at
slow pressure change rates.
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INTRODUCTION

Apart from acoustic pressures, the middle ear (ME) is
also subject to very slow pressure variations caused by
changes in ambient pressure and by the gas exchange
processes through the ME mucosa. These quasi-static
pressure variations are orders of magnitude larger
than the highest sound pressures, and have been
measured both indirectly and directly by many
authors (e.g., Flisberg et al. 1961; Hergils and
Magnuson 1985; Tideholm et al. 1996). Recently,
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we reported results of ME pressure monitoring in
intact human MEs (Dirckx et al. 2000) and found
pressure changes up to 1 kPa over intervals of hours
and minutes (e.g., when rising from recumbent to
upright position). When caused by mechanisms of
gas exchange, pressure varies very slowly. When
caused by changes in ambient pressures, e.g., when
taking an elevator or an airplane, or when submerg-
ing the head under water, pressure changes can be
much faster and can have amplitudes of the order of
several thousands of pascals. Large quasi-static pres-
sure variations are therefore an important aspect in
the mechanics of the ME. As to practical implica-
tions, the large ossicle movements caused by chang-
ing ME pressure should be taken into account when
designing ossicle prosthesis and implantable ME
hearing aids.

It is well known that static pressure changes the
stiffness of the ME mechanical system, and hence its
acoustic transfer function. This property of the ME is
the basis of tympanometry, which has been used as a
diagnostic tool for many years now. More recently, the
effect of static pressure on eardrum and ossicle vibra-
tion has also been investigated (Lee and Rosowski
2001; Teoh et al. 1997). From the early days of
tympanometry, the effect of Bpumping speed^ has
been a subject of investigation (e.g., reviewed by
Therkildsen and Gaihede 2005) and, more recently,
the effects of preconditioning in repeated tympano-
metric cycles were investigated (Therkildsen and
Gaihede 2005). From these results, it is clear that the
response of the ME chain at a given static pressure
value can be quite different depending on the
pressure change rate (pumping speed) and the
direction (pumping direction) of the change that
lead to the given pressure value.

Although insight has been gained in how static
pressure influences acoustic vibration of the umbo
(Rosowski and Lee 2002) and of the pars tensa (PT)
and pars flaccida (PF) of the tympanic membrane
(TM; Lee and Rosowski 2001; Teoh et al. 1997), it
was never investigated experimentally how much of
the large quasi-static movements of the eardrum is
transferred to the cochlea. The large quasi-static
motions of the eardrum and ME ossicles are strongly
nonlinear, and hence they are not integrated in
current finite-element models that use an infinitesi-
mal linearizing approach. The nonlinear behavior of
the ossicular chain can be attributed to nonlinear
viscoelastic behavior of the eardrum and the ligaments
(e.g., Price and Kalb 1991), but other factors, e.g.,
static friction within the joints or between the ossicles
and the cavity walls, may be involved as well. To
expand existing models into the quasi-static, high-
amplitude pressure range, the motion of the ossicles
under these conditions needs to be known.

The deformation of the eardrum and the displace-
ment of the umbo as function of pressure have been
measured in intact MEs of gerbil (Dirckx and
Decraemer 2001), cat (Ladak et al. 2004), and
human (Dirckx and Decraemer 1991) using moiré
interferometry. This technique allows full field defor-
mation measurement, but it takes several seconds to
measure the deformed TM shape at a single pressure.
Hence, the technique does not allow measurements
of the deformation at different rates of pressure
change. Hüttenbrink (1989) presented a detailed
study of the displacements of malleus, incus, and
stapes in human cadaver temporal bones under static
pressure. Here, also, pressure was maintained at the
same value over a longer period of time, so dynamic
changes were not studied and the effect of pressure
change rate could not be measured.

The object of the present work is to investigate the
pressure transfer function of the ME in the quasi-
static regime by measuring the motion of umbo and
stapes at different pressure change rates, and to see
how different pressure change rates influences this
transfer function.

MATERIALS AND METHODS

Animals and specimen preparation

Conventional New Zealand White rabbits (2.8 T 0.3 kg)
were used for the study. In total, nine animals were
used for the study. When giving mean values of
measurement results, we will add the standard devia-
tion as a measure of variability. We chose the rabbit as
animal model because their ME is rather large, and
these animals are easy to keep and are readily
available. Animals were sacrificed using intravenous
injection of sodium pentobarbital 60 mg/kg. Injection
was performed in the vein of the pinna after local
surface anesthesia with lidocain spray. The study was
performed according to the regulations of the local
ethical committee (application number 02/063).

The temporal bone was removed from the skull
and the ME cavity was opened so that a free view on
the malleus is obtained from the medial side. The
cochlea was carefully removed in such a way that the
bone around the oval window and the attachment of
the tensor tympani muscle was kept perfectly intact.
By removing the cochlea, we obtain a free view on the
stapes footplate and we can measure the pure
mechanical response of the ME ossicles without fluid
pressure effects of the cochlea. Figure 1a shows a
photograph of the prepared specimen. To perform
the measurement, the specimen was turned and
tilted so that either the plane of the stapes footplate
or the plane of the annulus of the TM was at right
angles with the measuring direction.
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In previous work on eardrum elasticity in gerbils
(von Unge et al. 1993), we found that drying out of
the specimen can cause artifacts: When the walls of
the bulla and the medial side of the TM start to dry,
eardrum and malleus mobility drop dramatically.
Therefore, precautions were taken to prevent dehy-
dration: During the whole surgical procedure, the
specimen is kept under a stream of water-saturated
air from an ultrasonic humidifier, and during the
measurement the temporal bone is wrapped in moist
paper, with only a small opening for viewing the
ossicles open to the air. The surgical procedure took
G20 min, and installation of the specimen in the
setup and measuring both ossicles at all frequencies
took G15 min; thus, all measurements were finished
within about half an hour postmortem.

A plastic tube was glued to the bony part of the ear
canal, and through this tube air pressure was applied
to the eardrum. In all of the following, we will refer
to pressure as the pressure difference between the
ME side of the TM to the ear canal side. Therefore,
pressure values are positive when the pressure at the
ME side of the eardrum is higher than the pressure at
the ear canal side (when negative pressures were
applied to the tube).

Glass microbeads with a diameter of õ25 mm were
put on the tip of the malleus and on the footplate. In
Figure 1a, the specular reflection of the beads is seen
on the specimen. The beads adhere to the moist
structures by natural adhesion and serve to obtain
enough light reflectivity and to keep track of the
exact measuring location. Figure 1b shows a partial
reconstruction of a computed tomography (CT) scan
we made of the same specimen. The petrous bone is
partly reconstructed (shown in white in Fig. 1b) so
that the location of the stapes foot plate in the bone
can be seen as in the photograph of Figure 1a. In the
model, we left out some bony structures so the

position of the ossicles can be well seen. The glass
beads absorb x-rays strongly so we can easily pinpoint
their position in the CT slices and reconstruct them
in the model. Figure 1b shows a view on the model
from approximately the same angle as the direct
photograph of Figure 1a. Figure 1c shows a side view
of the model, where we have indicated with arrows
the directions in which stapes and umbo motion was
measured.

Displacement measurement

The motions of the beads are measured using a
Polytec laser interferometer vibrometer (OFV353
sensor head and OFV 5000 controller), equipped
with a digital high-resolution position decoder (Poly-
tec DD-100). The Polytec vibrometer uses a 1 mW
HeNe laser beam that is focused on the reflecting
beads, and delivers a calibrated analog output signal
that is proportional to the object position. The
output signal is linear with position to a precision
better than 0.25%; in the range of amplitudes we
measured, the apparatus has a resolution of 160 nm.
In all of the following, displacements are defined as
positive when the bead moves away from the inter-
ferometer, thus when the malleus moves in lateral
direction out of the ME and when the footplate
moves in lateral direction out of the cochlea. The
motion of the umbo was measured in the direction
perpendicular to the TM annulus plane, the motion
of the stapes was measured in the direction perpen-
dicular to the plane of the footplate, as indicated by
the arrows in Figure 1c. The position signal is relative
to a chosen reference position, which is set by pushing
the system reset button. As reference position, we
chose the position the ossicle returns to at 0 Pa, after
pressure has been increased to 2.5 kPa (_2.5 kPa in
the tube at the ear canal side) with the pressure

FIG. 1. (a) Prepared specimen as seen under the operation microscope. The specular reflection from the glass beads saturates the camera. (b)
View on a 3-D partial reconstruction from an x-ray CT scan of the same specimen. Glass beads absorb x-rays well, so they are clearly seen in CT
slices and their position can be exactly reconstructed in the model. Petrous bone has been partly reconstructed (shown in white) so the location
of the stapes footplate in the bone is seen. (c) Side view on the same model. Arrows indicate the direction in which ossicle displacements were
measured: for the umbo, at right angles with the annulus of the TM; for the stapes, at right angels with the plane of the footplate.
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change rate used to perform the measurement. In
Results, we will see that large hysteresis is observed, so
the origin point of the curves is not uniquely defined.
Therefore, the choice of a reference position is rather
arbitrary, and we will describe the measurements
without referring to a (0,0) reference point on the
displacement versus pressure curves. To report on the
magnitude of ossicle motion, we will give peak-to-peak
values. The position of the ossicle and the pressure
were simultaneously sampled at a rate of 1000 samples
per second, and were stored in computer. We thus
obtain input/output curves of ossicle displacement
versus pressure at given pressure change rates. It is
important to note that this is very different from
classical acoustic input/output curves, where ampli-
tude is given as function of frequency, at a given
sound pressure.

Pressure generation

To apply pressure to the eardrum, we use a custom-
made pressure generator. Two buffer vessels are
respectively kept at constant positive and negative
pressure. A solid-state pressure transducer measures
the pressure in the ear canal tube, and an electronic
feedback system controls two proportional valves to
constantly adjust ear canal pressure to the value set
by an analog input signal. After calibration, the
system keeps pressure at the desired value to a
precision better than 20 Pa. For pressure changes
up to frequencies of 150 mHz, the system is nearly
perfectly linear. It should be noted that we did not
vary pressure in a sinusoidal way, but that we are
using a triangular-shaped input signal. In that way, we
measure the response as a function of pressure to a
constant pressure change rate. Using linear pressure
changes corresponds to the constant pumping speed

used in tympanometry, but test experiments showed
us that a sinusoidal pressure change delivers nearly
identical results.

Preliminary experiments showed that the impor-
tant part of the motions occurred in a pressure range
between _2.5 and +2.5 kPa. In all of the following, we
will denote pressure variation in a range from _2.5 to
+2.5 kPa as T2.5 kPa. For the final experiments, we
decided to use T2.5 kPa (5 kPa peak to peak) and
pressure change rates from 200 Pa/s to 1.5 kPa/s. A
200 Pa/s pressure change rate corresponds to a
frequency of 20 mHz of the triangular pressure
control signal because in a full period of 50 s, pressure
decreases from 2.5 to _2.5 kPa and back again; thus, in
a half period of 25 s, pressure changes between _2.5
and +2.5 kPa, or 5 kPa/25 s. We performed measure-
ments at 200 Pa/s (corresponding to 20 mHz and
T2.5 kPa for the triangular wave), 300 Pa/s (30 mHz,
T2.5 kPa), 500 Pa/s (50 mHz, T2.5 kPa), 1 kPa/s (100
mHz, T2.5 kPa), and 1.5 kPa/s (150 mHz, T2.5 kPa).

Ten rabbits were used in preliminary experiments
(which are not part of this report) to determine the
most relevant pressure and frequency ranges. The
linearity of our pressure generation system is limited
to about 150 mHz; at frequencies lower than 20 mHz,
specimen stability becomes a problem.

RESULTS

Repeatability over time and postmortem changes

As explained before, all measurements on each
specimen were obtained within half an hour post-
mortem. To control for repeatability, we measured
the motion of the stapes and of the umbo at 1 kPa/s
over an extended period of time. Figure 2a shows
stapes peak-to-peak amplitude (PPs) as a function of

FIG. 2. (a) Stapes peak-to-peak amplitude (PPs) at pressure change rate of 1 kPa/s and T2.5 kPa pressure amplitude as a function of measuring
time: Even after 91 hour, no changes occur. (b) Umbo peak-to-peak amplitude (PPu) at 1 kPa/s and T2.5 kPa as a function of measuring time:
Over 91 hour, no systematic changes are seen.
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time over a period of 91 h. We see that stapes
amplitude stays perfectly constant. Figure 2b shows
the same measurement for umbo peak-to-peak mo-
tion: Here, also, no significant changes are seen. At
1 kPa/s, stapes motion showed no measurable
hysteresis, and this remained so for 91 h. Figure 3
shows umbo hysteresis (calculated as the surface area
enclosed by the position versus pressure curve) as a
function of measuring time. Small variations in the
curve cause a little variability on calculated hysteresis
values, but once again there are no significant sys-
tematic changes with measuring time. These mea-
surements show that repeatability is very good and
that postmortem artifacts are minimal in the 15-min
time span needed for the entire measurement
protocol.

Displacement versus pressure curves

As we may be dealing with viscoelastic material,
repeated measurements of the same displacement
versus pressure curves may differ. To obtain stable
results, we cycled through each given frequency three
times before performing the actual measurement to
obtain stable preconditioning. The changes during
the preconditioning were, however, minimal, and
repeated curves nearly coincided. Only at the lowest
frequencies, there were sometimes limited differ-
ences between subsequent cycles.

Figure 4 shows typical measurement results of
displacement as a function of pressure for the stapes
and for the umbo, respectively. All data presented in
this figure were obtained in a single ear. Note that
the scale used for umbo displacement (right column
in Fig. 4) is four times larger than the scale used for

the stapes. The curves are not averages, but raw data
obtained in single pressure cycles. The only process-
ing used was a 50-point median filter to remove
electronic noise from the vibrometer and pressure
transducer (as mentioned, recordings were made at a
sampling rate of 1000/s). Comparable results were
obtained in six animals. In all animals, we inspected
the motion of the PF and PT before measurements
by looking with the operation microscope into the
space between the malleus head and the overhanging
bone. In two animals in the group of nine, the PF was
so soft that it ballooned inward so much during
underpressures that it touched the malleus head and
even the stapes. We did not quantify the possible
effect of this touching, but this counterpressure on
the malleus head may impede its normal motion so
we decided to discard these ears from the start. These
ears were not used for this study. In one animal, a
strange jump occurred in the displacement curves.
We were not able to trace the cause of this anomaly
and did not use the ear for further measurements.

From Figure 4, we see that stapes motion is
extremely nonlinear and nearly looks like a step
function: The peak-to-peak amplitude at T2.5 kPa is
39.46 mm, and 90% of that maximal value is already
reached at a pressure of 1 kPa; for pressures beyond
1 kPa, the stapes only moves a few more micrometers.
The curves also demonstrate the extremely high
precision of these measurements: The use of a very
sturdy specimen mount and a well-stabilized pressure
generator allows us to measure the ossicle motion
with a precision better than 1 mm. At 1.5 kPa/s, the
stapes motion shows extremely little hysteresis. As
pressure change rate decreases, peak-to-peak ampli-
tude remains practically unchanged, but hysteresis
increases. In the right column of Figure 4, we see that
the umbo motion is also strongly nonlinear, but not
as much as the stapes: At 1 kPa, about 80% of the
maximal amplitude at 2.5 kPa is reached. The umbo
peak-to-peak amplitude (PPu) is 141.25 mm at 2.5 kPa,
which is 3.57 times larger than the stapes amplitude.
The curve shows large hysteresis already at 1.5 kPa/s,
and hysteresis strongly increases with decreasing
pressure change rate: At 200 Pa/s, hysteresis, seen as
the surface area enclosed by the curve, is more than
doubled compared with the 1.5 kPa/s curve. In six
animals, curves with the same main features were
obtained. Finally, we remark a peculiarity in the umbo
position curves: For pressures beyond T2 kPa, the
position of the umbo decreases a little bit. Observation
through the stereomicroscope showed that at these
high pressures, a wrinkle appears in the membrane
around the umbo. Once this wrinkle is present, the
manubrium moves back a little bit, whereas the
membrane itself is pushed further outward or inward.
The effect is, however, very small.

FIG. 3. Umbo motion hysteresis (Hu) at 1 kPa/s over a pressure
range of T2.5 kPa as a function of measuring time: Over a period of
91 hour, no significant changes are seen.
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FIG. 4. Stapes displacement (left column) and umbo displacement (right column) as a function of pressure at different ultra-low frequencies
obtained in one ear. Displacement is given in micrometer, and the scale for umbo displacement is four times larger than the scale of stapes
displacement. Stapes motion is extremely nonlinear and shows no hysteresis at 1.5 kPa/s. Hysteresis increases with decreasing pressure change
rate, and the sense of rotation of the hysteresis loop is inversed, as indicated by the arrows. Umbo motion is also nonlinear and shows hysteresis
at 1.5 kPa/s. Hysteresis increases as pressure change rate decreases. The bottom row shows repeat measurement at 1 kPa/s, after completion of
all other measurements: Curves are identical to those obtained in the first measurement (second row).
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Repeatability

In all ears, we repeated the 1 kPa/s cycle after
making the recordings at the other pressure change
rates. Within the standard deviation, all measured
parameters remained the same between the first and
the repeated measurement when averaged over the
six animals.

The frames at the bottom of Figure 4 show the
result for the stapes and the umbo. If we compare
these to the first recording at 1 kPa/s (second row in
Fig. 4), we see that the curves are practically identical.
For the stapes as well as for the umbo, peak-to-peak
amplitude is the same as in the first recording
(second frame in Fig. 4) and the hysteresis is also
practically unchanged. This very good repeatability
emphasizes once again that the changes we find with
decreasing pressure change rate are only a result of
different change rate and are not caused by measur-
ing time or increasing postmortem artifact.

Interanimal variation: peak-to-peak amplitude

Figure 5 shows PPs as a function of pressure change
rate in six animals, Figure 6 shows the result for the
umbo (PPu). In all animals, PPs remains constant at
all pressure change rates, with a value of 34 T 5 mm
(mean T S.D., n = 6). PPu is nearly the same at 1.5
and 1 kPa/s (118 T 15 mm at 1.5 kPa/s; 121 T 15 mm
at 1 kPa/s, n = 6). At lower pressure change rates,
PPu increases a bit (165 T 19 mm at 200 Pa/s, n = 6).
In animal number 2, PPu at 1 and 1.5 kPa/s is a bit
lower than in the other animals, but it increases
relatively more with decreasing pressure change rate
than the others. At 1.5 Pa/s, the average ratio of PPs/
PPu is (0.29 T 0.02, n = 6); at 200 Pa/s, this ratio
decreases to (0.21 T 0.02, n = 6).

Interanimal variation: hysteresis

Figure 7 shows hysteresis in the stapes motion (Hs) as
a function of pressure change rate. Hs was calculated
as the area enclosed by the position–pressure curve,
and hence is given in mm kPa. Between pressure
change rates 1.5 and 1 kPa/s, hysteresis is extremely
small and changes little. At lower pressure change
rates, hysteresis rises strongly from 2.0 T 1.2 mm kPa
(n = 6) at 1.5 kPa/s to 12 T 4 mm kPa (n = 6) at 200
Pa/s. As PPs remains the same at all frequencies,
changes in Hs are only caused by increasing energy
loss, not by amplitude changes. Because umbo
motions are much larger than stapes motions, the
area enclosed in the position versus pressure curves
will scale accordingly, and it will also grow when
umbo amplitude increases. Hysteresis of umbo mo-
tion (Hu) is shown in Figure 8a. Between the first 1

FIG. 5. Stapes peak-to-peak displacement amplitude PPs as a
function of pressure change rate, measured in six animals. For each
animal, amplitude remains constant for all pressure change rates.

FIG. 6. Umbo peak-to-peak amplitude PPu as a function of
pressure change rate, measured in six animals: Amplitude increases
slightly from 1.5 to 1 kPa/s, and increases more strongly at lower
pressure change rates.

FIG. 7. Stapes hysteresis Hs as a function of pressure change rate
measured in six animals. Hysteresis is practically absent between 1.5
and 1 kPa/s, but increases strongly at the lower pressure change rates.
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kPa/s run and the repeated run, which was recorded
after all the other pressure change rates, no signifi-
cant difference was found for the stapes hysteresis:
2.4 T 1.2 mm kPa (n = 6) and 2.5 T 1.8 mm kPa (n = 6).
For the umbo, there was a slight decrease and a bit
more variability in the repeated run compared with
the first run, 63 T 14 mm kPa (n = 6) and 51 T 20 mm
kPa (n = 6), respectively. Still, this small change is
within the standard deviation and far smaller than
the differences induced by different pressure change
rates.

To be able to compare hysteresis of umbo and
stapes, and to scale Hu for changing amplitude, we
normalize umbo hysteresis by multiplying Hu with
PPs/PPu: Figure 8b shows Hu.PPs/PPu as a function
of pressure change rate. At 1.5 kPa/s, nonnormalized
umbo hysteresis (Fig. 8a) is 51 T 10 mm kPa (n = 6)
and it gradually increases, as pressure change rate
decreases, to obtain a value of 149 T 27 mm kPa (n =
6) at 200 Pa/s. Normalized umbo hysteresis (Fig. 8b)
increases from 15 T 3 mm kPa (n = 6) at 1.5 kPa/s to
30 T 5 mm kPa (n = 6) at 200 Pa/s. To compare stapes
hysteresis to normalized umbo hysteresis, we have
plotted their ratio, Hs/(Hu.PPs/PPu), as a function
of pressure change rate in Figure 9. Because of the
combination of measurement errors in the computed
ratios, the inter-ear variability increases, but, never-
theless, we can see that stapes hysteresis grows faster
than normalized umbo hysteresis as pressure change
rate decreases, especially at the lowest frequencies of
300 and 200 Pa/s. At 1.5 kPa/s, Hs is 13.5% of
normalized umbo hysteresis, whereas at 20 mPa/s, Hs
is 38.8% of Hu.PPs/PPu.

To be more explicit, hysteresis is directly related to
the energy dissipated per cycle and we can rewrite m

Pa as J/m2. If the TM were a uniformly moving plate,
one could multiply with the hysteresis observed at the
umbo with the area of the TM to obtain the energy
dissipated in Joules. For the stapes, the relationship
between pressure applied to the TM and the force
present on the stapes is less straightforward. On our
specimens, we measured the projected PT surface
area and found 25.7 mm2, which is comparable with
the value of 28.2 given in literature Hemilä et al.
(1995). In the approximation that the PT moves as a
uniform plate, multiplication with umbo movement
gives a value of 1.3 mJ of dissipated energy per
movement cycle at a pressure change rate of 1.5 kPa/s
and 3.8 mJ at 200 Pa/s.

FIG. 8. (a) Umbo hysteresis Hu as a function of pressure change rate, measured in six animals. Hysteresis increases constantly as pressure change
rate decreases. (b) Normalized umbo hysteresis, measured in six animals: Umbo hysteresis Hu is multiplied by the ratio of stapes peak-to-peak
amplitude over umbo peak-to-peak amplitude PPs/PPu at each pressure change rate to make values independent of changing amplitude and to
compare umbo to stapes at the same value of displacement. Also, normalized hysteresis increases constantly as pressure change rate decreases.

FIG. 9. Ratio of stapes hysteresis Hs over normalized umbo
hysteresis Hu.PPs/PPu, measured in six animals: As errors accumu-
late due to calculations, measuring points show more variability, but
it is clear that stapes hysteresis increases more rapidly than umbo
hysteresis for pressure change rates G1 kPa/s.
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Sense of rotation of the hysteresis loop

From the motion curves like the ones presented in
Figure 4, we see that both for increasing and
decreasing pressures, ossicle motion is of course in
phase with pressure change. At first glance, we also
expected that during decreasing ME pressure, ossicle
position will be a bit more lateral than at the same
pressure value during increasing pressure: In normal
hysteresis curves for viscoelastic materials, the motion
lags behind the applied force, so the up-going curve
lies below the down-going curve. For the motion of
the umbo, this is indeed the case, but closer
inspection of the exact ordering of the measurement
points drew our attention to a very peculiar aspect of
stapes hysteresis: In all of the rabbits, we found that
stapes motion runs ahead of pressure instead of
lagging behind. In Figure 4, we indicated with arrows
the course of the curves: When pressure decreases,
umbo position is more lateral than at corresponding
pressures in the increasing part of the curve, but
stapes position is more medial during pressure
decrease than during pressure increase. This phe-
nomenon was found at all frequencies in all ears.

DISCUSSION

Umbo displacement

The measurement of quasi-static displacements with
high resolution poses stringent long-term stability
requirements. By careful design of the measurement
setup, combined with automated continuous pressure
cycling, we managed to measure displacements with
submicrometer accuracy down to pressure change
rates of 200 Pa/s (2.5 kPa amplitude at 20 mHz).

Quantitative data on eardrum and ossicle displace-
ments caused by static pressure are sparse. Using
moiré topography in four gerbils, we measured
eardrum displacements near the umbo as a function
of pressure (Dirckx and Decraemer 2001). Because
these measurements were made on the medial side of
the TM, the sharp ridge running underneath the
manubrium did not allow to obtain moiré data on
the umbo itself. At best, we can compare the present
data to measurements obtained on the eardrum in a
zone near the umbo. In our 2001 article, we showed
for the first time full pressure cycle curves of eardrum
displacement at different stages of dissection and
found that eardrum displacement remained the same
before and after removing the cochlea, so we can
compare our measurements of umbo displacements
to results obtained with intact MEs. Our moiré
technique was also used by Ladak et al. (2004) in
cats. The cat TM movement was measured from the
lateral side, and umbo displacements of 156, 181, and

226 mm at +2.2 kPa were reported. Because negative
pressures cause somewhat smaller displacements,
peak-to-peak amplitude will be a bit less than twice
these values. In both articles, hysteresis was observed,
but it was not quantified. From the graphs (Ladak et
al. 2004, Fig. 6; Dirckx and Decraemer 2001, Figs. 8–
11), one can, however, see that the eardrum hyster-
esis was considerably smaller than the hysteresis we
observed now (Fig. 4). The moiré technique offers a
resolution of, at the best, 10 mm. In all of these
measurements, several seconds elapsed between each
subsequent pressure step, and the moiré measure-
ment itself also takes several seconds, so pressure
variation from 0 to 2 kPa took at least several minutes.
In our 2001 article, we reported a duration of 7 min to
obtain measurements in one pressure cycle (Dirckx
and Decraemer 2001, p. 128), Ladak et al. (2004,
p. 3010) reported 1.25 h to perform measurements
in three subsequent cycles. For pressures varying
between 2.5 and _2.5 kPa, we found PPu of 118 T
15 mm at 1.5 kPa/s, increasing slightly to 165 T 19 mm
at 200 Pa/s. Compared with the peak-to-peak values
found by Ladak et al. in cat, which are of the order of
300 to 600 mm, these values are much smaller. Of
course, both results were obtained in different
animal models, but eardrum sizes are comparable,
although the cat eardrum is narrower than in rabbit:
The annulus of the rabbit eardrum resembles the
shape in humans more. A possible major reason for
the difference may be that we increase pressure
gradually from 0 to 2.5 kPa in seconds, whereas in
the moiré measurements the pressure increase was
stepwise, with several minutes of time interval be-
tween steps.

Hüttenbrink (1989) reported a mean value (n = 6)
of umbo peak-to-peak amplitude in human temporal
bones: 475 mm when pressure is changed from +2 to
_2 kPa, and 610 mm when pressure varied between +3
and _3 kPa. These measurements were made on
temporal bones using a surgical microscope, which,
according to the author, offers a resolution of 2 mm.
Each pressure value was maintained over several
minutes while the measurement was performed. In
his work, no closed pressure cycles were used, and,
therefore, no hysteresis data are available. Using
moiré interferometry in a human temporal bone
study, we found an umbo peak-to-peak displacement
of 375 mm in a pressure range of T0.8 kPa. The
human eardrum is larger than rabbit eardrum, and
once again both Hüttenbrink’s and our moiré
measurements were obtained in the fully static
regime. If we interpolate between values obtained at
2 and 3 kPa, Hüttenbrink found about 540 mm peak-
to-peak umbo amplitude at 2.5 kPa for human ears,
whereas for the rabbit we found 165 mm, which is a
factor of 3.2 less. Once again, the TM is a bit larger in
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human than in rabbit, and the pressure sequence
used in both experiments is different, but also the
motion mechanism of the ossicles may be different as
we will discuss below. For acoustic frequencies below
1 kHz, Rosowski (1995) calculated values of acoustic
stiffness of the eardrum and ossicles on the basis of
acoustic stiffness measurements of total ME and ME
air space, and found 500 Pa/mm3 in rabbit and 170
Pa/mm3 in human. Thus, in the low-frequency
acoustic range, the rabbit ear is a factor of 2.9 stiffer
than the human, which approximately corresponds
to the factor of 3.2 now observed in the static regime.

Stapes displacement and the incudomallear
lever ratio

As far as we know, the only available quantitative data
on stapes static pressure–induced motion were mea-
sured by Huttenbrink in his human temporal bone
study, again at given static pressure values and with
the cochlea attached. From his tables, we can read that
in the direction perpendicular to the footplate, he
found a mean (n = 6) stapes peak-to-peak amplitude of
34 mm when pressure varies between _2 and +2 kPa,
and 30 mm for pressure variation between _3 and
+3 kPa, a difference that is close to the measuring
accuracy. We found a value of 34 T 4 mm (n = 6) for
PPs in the T2.5 kPa pressure range, and the value is
independent of pressure change rate. Using the values
given by Hüttenbrink for 2 kPa, the ratio of stapes to
umbo motion in human is 0.07. At 1.5 kPa/s, we
found a ratio of 0.29 T 0.02 (n = 6) at 200 Pa/s; this
ratio decreases to 0.21 T 0.02 (n = 6), which is still the
threefold of the value reported in human.

To interpret this difference, it is of course
important to note that significant differences exist
between morphology of the human and rabbit ME.
On the basis of data from literature (Hemilä et al.
1995), the ratio of the incus lever length and the
manubrium lever length is 0.71 in human and 0.4 in
rabbit. Between mammal species, the lever ratio
varies only moderately, between 0.28 and 0.83
(Henson 1974). The lever length is defined as the
distance from the tip of manubrium and of the tip of
the long process of the incus to the so-called axis of
rotation of the incudomallear (I–M) complex. In
rabbit, we found a ratio of stapes over umbo motion
in the order of 0.2–0.3, which is a bit smaller than the
lever ratio of 0.4. As will be explained below (section
Sense of rotation of the hysteresis loop), a gap develops
within the incudo–stapedial (I–S) joint at overpres-
sures, which at least can partly account for the
difference between lever ratio and amplitude ration
in rabbit. In human, however, the lever ratio of 0.7 is
a factor of 10 larger than the displacement ratio of
0.07 measured by Hüttenbrink. In our moiré study,

we found that, at least in the static regime, the concept
of a single fixed rotation axis is not valid in human:
From full-field displacement measurements on the
manubrium, we found that 125 mm of the total umbo
displacement can be accounted by malleus rotation
around an axis located within the I–M joint, but
superimposed on this motion there is a pure transla-
tion of the malleus of 232 mm; thus, only about one
third of umbo motion is involved in a lever action. On
the other hand, this still does not account for a factor
of 10. A possible other mechanism involved in human
could be attributed to slippage in the I–M joint.
Besides, our present measurements were obtained in
extremely fresh material, whereas human measure-
ments were performed many hours postmortem.

Another prominent morphologic difference be-
tween the human and rabbit ossicle structure is the
anterior process of the malleus. In human, it is only a
small nub of bone to which the anterior ligament of
the malleus is attached, whereas in the rabbit it is a
bony structure closely connected to the tympanic
bone (Rosowski 1995). This much more rigid con-
nection can be a cause of the higher stiffness of the
ossicular chain in rabbit. As to the I–S joint, Funnell
et al. (2005) reported that, in cat, the ossicles are
closely coupled together by a fibrous capsule around
the joint. Also, in human, this thick fibrous capsule is
seen around the I–S joint, whereas in rabbit we
observed that the ossicles are very loosely coupled
and may even separate at ME overpressures. Whether
there is slippage in the I–M joint, we cannot decide
from the present measurements. We have performed
a few full 3-D measurements of ossicle motion using x-
ray CT, and from these measurements it seems that
slippage in the I–M joint is minimal in the rabbit;
however, results are on the edge of the resolution of
the technique. More high-resolution interferometric
measurements will be necessary to determine the 3-D
motions of the separate ossicles. The absence of
slippage could explain the existence of an additional
protective mechanism formed by the separation of the
I–S joint in the rabbit.

Finally, we should note that we performed mea-
surements without the fluid load of the cochlea on the
stapes footplate. In the present work, we wanted to
measure simultaneously umbo and stapes movement
caused by pressure in the ear canal and we decided to
investigate first the transfer function of the ossicles
only, so the cochlea was removed. It can be expected,
however, that for quasi-static displacements, the
presence of the cochlear fluid will not considerably
impede the motion of the stapes due to the high
static compliance of the round window. The imped-
ance of the cochlea becomes important at acoustic
frequencies; however, for quasi-static pressure varia-
tions, little effect is to be expected. Clearly, more
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measurements will be useful here, and it would be
interesting to remeasure the ratios of umbo and
stapes movement in humans on fresh material or
living subjects to verify if the small stapes motions
that were previously reported are indeed correct.

Motion asymmetry

As explained before, the choice of a reference
position for positive and negative motions is some-
what arbitrary because of the presence of hysteresis.
As zero position, we choose the position the ossicles
take at 0 Pa after the application of _2 kPa. Relative
to this reference position, one can calculate the
amplitude at overpressure and underpressure sepa-
rately. From Figure 4, we can already see that
amplitudes at ME overpressures are always signifi-
cantly larger than amplitudes at equal ME under-
pressures. When choosing the position after
application of negative pressure as a reference, the
effect is a little bit overestimated for the umbo and a
bit underestimated for the stapes (as for the stapes,
the increasing pressure curve lies above the decreas-
ing curve). The position difference between the two
points of pressure–zero crossing is, however, small
compared with the maximal amplitudes, so the effect
of overestimation and underestimation due to hys-
teresis is rather moderate when calculating the ratio
of maximal overpressure and underpressure ampli-
tudes. We calculated the ratio of maximal amplitudes
at +2.5 and _2.5 kPa at all pressure change rates and
found no systematic changes in function of pressure
change rate. Averaged over all ears and all pressure
change rates, the ratio is 2.6 T 0.8 for the stapes
motion and 1.6 T 0.2 for the umbo motion.

Lee and Rosowski (2001) measured sound-in-
duced umbo velocity in live gerbils at different levels
of static pressure in the T3 kPa range. When pressure
deviated from zero, the umbo velocity was reduced,
and at all measured acoustic frequencies the reduc-
tion of velocity magnitude at large ME underpressure
was always greater than at large overpressure. The
authors also observed dependence on the direction
of pressure change. From our data, we see that ME
overpressures make the umbo move more than equal
underpressures. Earlier, we observed the same effect
in human (Dirckx and Decraemer 1991) and gerbil
(Dirckx and Decraemer 2001), and we attribute it at
least partially to the conical shape of the TM: Due to
this shape, the TM can easily balloon at overpressure
but is stretched at underpressure. In gerbil, Lee and
Rosowski (2001) observed a factor of 10 difference
between acoustic velocities measured with large static
underpressures and overpressures. In combination
with the present results of quasi-static umbo displace-
ment, one tends to conclude that the smaller inward

motion at negative pressure is indeed accompanied
by a greater stiffening of the system than the larger
outward motion.

Hysteresis

We found that hysteresis in umbo displacement is
much more pronounced than in stapes displace-
ment. Even at the slowest pressure change rates, stapes
hysteresis is still G40% of normalized umbo hysteresis
(Fig. 8b). At faster pressure changes (2.5 kPa
amplitude at 150 mHz, or 1.5 kPa/s), stapes hyster-
esis nearly disappears. From this result, we draw two
conclusions. On the one hand, the absence of
hysteresis at higher pressure change rates indicates
that damping and viscous effects in the stapedial
annular ligament is negligible. On the other hand,
this result indicates that stapes hysteresis is not a
simple mimic of malleus hysteresis, but that a
complex mechanical transfer of motion is involved.

In previous work on effects of otitis media on ME
mechanics, it was shown that diseased ears in which
the TM becomes more compliant show increasing
hysteresis (Gaihede et al. 1997). As a function of
pressure change rate, our data show the opposite
relationship: As rate decreases, both umbo motion
and hysteresis increase. Apparently, different mecha-
nisms are involved. In the diseased ear, the viscoelas-
tic parameters of the TM may be changing, whereas,
in our work, we are looking at the transition between
moving and nearly static ossicles.

Umbo hysteresis increases as pressure change rate
or frequency of the triangular wave decreases. This is
in clear contradiction with the notion that the main
cause of such hysteresis would be the viscoelastic
properties of the eardrum and the mallear ligaments:
In a pure viscoelastic system, hysteresis should
increase with increasing frequency and disappear as
the static regime is approached. Our measurements
show that a very different process is governing the
system at the lowest pressure change rates. A possible
explanation is friction between the ossicles and the
ME walls and within the ossicle joints. As the coef-
ficient of static friction will be higher than the
coefficient of dynamic friction, static friction effects
take over as pressure change rate decreases. This
effect will not be seen when pressure is increased in
steps to reach a certain value.

From volume displacement measurements of hu-
man TMs in living subjects, Gaihede (1999) mea-
sured a hysteresis of about 20 mJ. The volume
displacements he applied corresponded to a peak-
to-peak pressure change of approximately 3.5 kPa
over a 3.5-s time period, so to a pressure change rate
of 1 kPa/s. As the value was determined from overall
volume displacements, it includes the contribution to
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hysteresis of the PT as well as of the PF. From our
results, we found an umbo hysteresis of 63 mJ/m2.
The projected surface area of the PT in our rabbit
specimens was 25.7 mm2, which leads to a PT
hysteresis of 1.6 mJ if the membrane would move like
a uniform plate. This is of course only a very crude
approximation, because, at the edges, the membrane
does not move at all. To calculate actual hysteresis,
full field displacement data would be needed, but if
we regard the deformation as a cone being formed,
the mean surface displacement would be about one
third of the displacement at the center, which results
in a PT hysteresis of 0.53 mJ. The projected surface
area of the human TM is about 60 mm2, which is a factor
of 2.3 larger than the rabbit, but the hysteresis values
determined by Gaihede are a factor of 37 larger than
the ones we found. When we scale for the 2.3 difference
in surface area, the human global TM hysteresis is 16
times larger than the rabbit umbo hysteresis. An
important part of this difference may be attributed to
the inclusion of the PF contribution in the human
measurements. In any case, the present measurements
show that PT hysteresis in rabbit is much smaller than
the one previously reported in human, and only little of
the energy due to static pressure–induced motion is
dissipated within the TM and the joints.

We found that hysteresis decreases as pressure
change rate increases, but the curves do not go to
zero but rather tend to flatten and seem to converge to
a certain nonzero value at higher pressure change
rates. This can be a consequence of the viscoelastic
properties of the membrane and the joints: We
therefore think that in the quasi-static regime, friction
effects are important, but that for acoustic frequencies
viscoelasticity may be the remaining factor. ME
models that describe both dynamic and static ME
behavior will need to incorporate both effects. We are
currently undertaking experiments to bridge the gap
between quasi-static and acoustic measurements.

Sense of rotation of the hysteresis loop

The sense inversion of the stapes hysteresis loop
came as a surprise and is a rather puzzling phenom-
enon. Observation of the I–S joint with the operation
microscope showed that as the umbo moves laterally,
the I–S joint remains closed at first and the stapes
head follows the movement of the lenticular process.
For pressures beyond +1 kPa, a gap develops in the I–
S joint. Stapes and incus do not separate, they keep
connected together at a small distance by fibers and
the gap between the stapes head and the capsule is
filled with fluid. When the pressure is released, the
stapes immediately starts to move inward into the
cochlea, the gap in the I–S joint remains and only in
the negative part of the pressure cycle the gap

between both ossicles closes again. At the start of
the next pressure increase, the ossicles are again
closely coupled. This way, the stapes is pulled to a
more lateral position during pressure increase than
during pressure decrease at the same pressure value,
and motion seems to lead pressure rather than lag
behind like in normal hysteresis behavior. As the
magnitude of stapes hysteresis increases with slower
pressure changes and has inversed phase on top of
that, viscoelasticity can certainly not be its major
cause. Adhesion between the ossicles appears to play
an essential role in this process. It should be noted
that this behavior may be specific for rabbit and
maybe other animals such as the gerbil, but that it
may not be representative for humans where the I–S
joint is constructed in a much different way, with a
much thicker cuff of strong fibers closely connecting
both ossicles all around the I–S joint.

Relation to results from tympanometry

In older work on tympanometry, there was much
debate on the effect of pumping speed, which causes
a separation between the peaks obtained during the
increasing and decreasing part of the pressure cycle.
Much of the difference could be attributed to phase
lag in the instruments. In a recent article using a
modern high-speed tympanometer (Therkildsen and
Gaihede 2005), no significant effect of pumping
speed was found. In previous work, pressure differ-
ences of 500 Pa (Shanks and Wilson 1986) and 350 Pa
(Kobayashi et al. 1987) were seen between the tym-
panographic peaks recorded for increasing and de-
creasing pressure, using pumping speeds of 700 Pa/s
(Shanks and Wilson 1986) and 500 Pa/s (Kobayashi
et al. 1987). Gaihede used pumping speeds going
from 500 to 4000 Pa/s, and found no significant
changes: Pressure difference between peaks remained
constant at about 120 Pa. This finding concurs largely
with our results in rabbit: For pressure change rates of
1 and 1.5 kPa/s, stapes hysteresis remains unchanged
and umbo hysteresis changes little. At 500 Pa/s, we
find some increase in both stapes and umbo hysteresis.
At the lowest rates (300 and 200 Pa/s), stapes hyster-
esis increases dramatically. This may mean that
tympanography with low pumping speeds could reveal
information about static friction effects in the ossicles,
and that increasing distance between positive and neg-
ative tympanographic peaks with decreasing pumping
speed could contain clinically relevant information.

CONCLUSIONS

We performed high-resolution measurements of sta-
pes and umbo displacements caused by increasing and
decreasing pressure at different pressure change rates,
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and determined the quasi-static pressure transfer
function of the ME. PPs is independent of pressure
change rate and does not show hysteresis for pressure
change rates faster than 1 kPa/s. We conclude that the
annular ligament possesses little viscoelastic proper-
ties. Stapes motion is limited to pressures of about
T1 kPa; for pressures beyond T1 kPa, stapes position
remains practically constant. Stapes motion and
hysteresis are not just a lever ratio transformed mimic
of umbo behavior, but are caused by very complex
changes in ossicle joints and ossicle position.

Umbo displacement amplitude increases with
decreasing pressure change rate. Umbo hysteresis is
present at 1.5 kPa/s, which may result from the
viscoelastic properties of the eardrum and the ossicle
joints. Umbo hysteresis, however, increases strongly
as pressure change rate decreases, also after normal-
izing for increasing umbo displacement amplitude.
This finding is in direct contradiction with the notion
that umbo and eardrum motion under static pressure
is mainly governed by viscoelastic properties, in
which case hysteresis should diminish at slower
pressure change rates. We conclude that viscoelas-
ticity is not the main source of the hysteresis at the
lowest pressure change rates, and we put forward
the hypothesis that static and dynamic friction in the
joints play an important role as the static pressure
situation is being approached. It will be essential to
take this result into account and to incorporate
speed-dependent friction coefficients to obtain real-
istic models of large quasi-static ossicle motions.

The changes in ossicle motion with decreasing
pressure change rate may be related to the changes
of difference between peak location during increas-
ing and decreasing pressure cycles, observed in
tympanometry at different pressure change rates. If
the observed behavior is indeed caused by increasing
friction, tympanometric measurements and measure-
ments of ossicle motion at different pumping speeds
could contain clinically relevant information.

In future work, we will investigate the effect of the
cochlea on these quasi-static ossicle motions, and we
are currently improving our pressure generation
system so we can bridge the gap from the quasi-static
regime to (ultra)low-frequency sound.
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ometer. Hear. Res. 70:229–242, 1993.

DIRCKX ET AL.: Quasi-Static Transfer Function of the Rabbit Middle Ear 351


	Quasi-static Transfer Function of the Rabbit Middle Ear&lsquor; Measured with a Heterodyne Interferometer �with High-Resolution Position Decoder
	Abstract
	Introduction
	Materials and methods
	Animals and specimen preparation
	Displacement measurement
	Pressure generation

	Results
	Repeatability over time and postmortem changes
	Displacement versus pressure curves
	Repeatability
	Interanimal variation: peak-to-peak amplitude
	Interanimal variation: hysteresis
	Sense of rotation of the hysteresis loop

	Discussion
	Umbo displacement
	Stapes displacement and the incudomallear �lever ratio
	Motion asymmetry
	Hysteresis
	Sense of rotation of the hysteresis loop
	Relation to results from tympanometry

	Conclusions
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


