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(57) ABSTRACT

Mammography apparatus comprising an X-ray source, a
movable paddle and a detector, wherein the paddle and the
detector are arranged to cooperate for pressurizing a breast
s0 as to prepare for x-ray imaging of the breast, wherein the
paddle connects to a paddle drive control system that drives
the paddle towards the detector with a selected speed,
wherein the paddle drive control system connects to a speed
controller which provides the paddle drive control system a
variating target setpoint that sets a rate at which the paddle
drive control system drives the paddle towards the detector,
wherein the apparatus comprises a contact area measure-
ment device with which the contact area of the breast with
the paddle and/or the detector is measurable, and that the
speed controller is only operable for varying the target
setpoint of the paddle drive control system when the contact
area measurement device establishes that the said contact
area surpasses a predefined first threshold value.

9 Claims, 4 Drawing Sheets
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1
MAMMOGRAPHY APPARATUS AND
METHOD OF PRESSURIZING A BREAST

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Patent
Application No. PCT/NL2018/050717, entitled “Mammog-
raphy Apparatus and Method of Pressurizing a Breast”, filed
on Oct. 29, 2018, which claims priority to Netherlands
Patent Application No. 2019834, entitled “Mammography
Apparatus and Method of Pressurizing a Breast”, filed on
Oct. 31, 2017, and the specification and claims thereof are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

U.S. Pat. No. 5,590,166 discloses a mammography appa-
ratus according to the preamble, wherein a measurement
device is used to measure a movement speed of the paddle
towards the detector cover in a procedure for preparing the
breast for subsequent x-ray imaging. The measurement of
the movement speed is used to control the movement of
respective movable parts of the known mammography appa-
ratus.

A known problem in mammography as acknowledged by
U.S. Pat. No. 5,590,166, is that compression of the breast
inflicts pain on the patient.

It is also known that the pain sensation differs from one
patient to the other; for instance persons with smaller breasts
respond differently than persons with larger breasts. In fact
from theoretical considerations and observations in research
it can be demonstrated as being probable that the pain
sensation increases progressively with smaller breast sizes.

U.S. Pat. No. 5,099,503 discloses a method for operating
a mammography apparatus and such a mammography appa-
ratus comprising an x-ray source, a movable paddle and a
detector, wherein the paddle and the detector are arranged to
cooperate for pressurizing a breast so as to prepare for x-ray
imaging of the breast, wherein the paddle connects to a
paddle drive control system that drives the paddle towards
the detector with a selected speed, wherein the paddle drive
control system connects to a speed controller which provides
the paddle drive control system a variating target setpoint
that sets a rate at which the paddle drive control system
drives the paddle towards the detector.

BRIEF SUMMARY OF THE INVENTION

Embodiments of the present invention relate to a mam-
mography apparatus comprising an x-ray source, a movable
paddle and a detector, wherein the paddle and the detector
are arranged to cooperate for pressurizing a breast so as to
prepare for x-ray imaging of the breast, wherein the paddle
connects to a paddle drive control system that drives the
paddle towards the detector with a selected speed.

The invention is also embodied in a method for pressur-
izing the breast so as to prepare the breast for x-ray imaging.

It is an object of the invention to reduce or limit the pain
sensation experienced by different persons, and to make this
pain sensation less dependent on the size of the breast.

This object is achieved according to the invention by an
apparatus and a method having the features of one or more
of the appended claims.

According to one embodiment of the present invention, a
mammography apparatus comprises a contact area measure-
ment device with which the contact area of the breast with
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the paddle and/or the detector is measurable, and the speed
controller is only operable for varying the target setpoint of
the paddle drive control system when the contact area
measurement device establishes that the said contact area
surpasses a predefined first threshold value. In this way the
apparatus is only functional when the pressurization forces
can be distributed over a large enough breast contact area,
which accordingly can limit the pain sensation during pres-
surization.

When the breast contact area is large enough the speed
controller provides the paddle drive control system a vari-
ating target setpoint that sets a rate at which the paddle drive
control system drives the paddle towards the detector, in
particular the detector cover. When the mammography appa-
ratus is provided with this feature it is possible to provide
that pressurization of the breast is executed to gradually
increase a pressure or force applied on the breast from an
initial value to an eventual target value for the pressure or
force which will be applied to the breast during x-ray
imaging.

Within the scope of this invention the term “pressure”
relates to the ratio of the force applied to the breast, and the
contact area between the breast and the paddle and/or at the
detector cover.

The gradual increase of the pressure or force applied on
the breast provides that even persons having small breasts
experience a reduced pain sensation. Accordingly the mam-
mography apparatus of the invention preferably provides
that the speed controller establishes a target setpoint of the
paddle drive control system so as to control the pressuriza-
tion of the breast to gradually increase to an eventual target
value for the pressure or force applied to the breast.

Preferably the target setpoint of the paddle drive control
system is adjusted at a rate to cause that the pressure applied
to the breast increases with an amount in the range 1-2 kPa
per second. When the pressure is adjusted at this rate it is
desirable that the pressure applied to the breast increases in
approximately 5-10 seconds to the eventual target value for
the pressure or force applied to the breast.

It is further preferred that the initial pressure or force
applied to the breast is set at a predefined second threshold
value, and that the speed controller is only operable for
varying the target setpoint of the paddle drive control system
when the pressure or force applied to the breast surpasses the
predefined second threshold value. This makes the system
appropriate for use by an operator, who can then otherwise
maintain the existing operating procedures.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The accompanying drawings, which are incorporated into
and form a part of the specification, illustrate one or more
embodiments of the present invention and, together with the
description, serve to explain the principles of the invention.
The drawings are only for the purpose of illustrating one or
more embodiments of the invention and are not to be
construed as limiting the invention. In the drawings:

FIG. 1 shows schematically a mammography apparatus
according to the invention;

FIG. 2 shows a plan view at the paddle of the mammog-
raphy apparatus of FIG. 1;

FIG. 3 shows schematically control circuitry of the mam-
mography apparatus of the invention; and

FIG. 4 shows a time pressure diagram showing in com-
parison the results from a mammography apparatus of the
prior art and the mammography apparatus of the invention.
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Whenever in the figures the same reference numerals are
applied, these numerals refer to the same parts.

DETAILED DESCRIPTION OF THE
INVENTION

Making reference first to FIG. 1 it shows a mammography
apparatus 1 according to an embodiment of the present
invention, which comprises an X-ray source 2, a movable
paddle 3 and a detector 4 with a detector cover 5, wherein
the paddle 3 and the detector 4 are arranged to cooperate for
pressurizing a breast 6 so as to prepare for x-ray imaging of
the breast 6.

As more schematically shown in FIG. 3, the paddle 3
connects to a motor 8 that is controlled by a paddle drive
control system 7 for moving the paddle 3. FIG. 1 shows that
for this purpose the paddle 3 is connected via a paddle arm
3' to a spindle 9 that is driven by the motor 8. When the
motor 8 rotates so does the spindle 9 which causes that the
paddle 3 moves with a selected speed, which is determined
by the rotational speed of the motor 8, towards the detector
4. It will be clear for the skilled person that instead of a
motor driven spindle any other suitable drive system for the
paddle 3 may be used, in particular since the drive system as
such is not essential to the invention and is accordingly not
mentioned in the independent claims.

FIGS. 1 and 3 show that the paddle drive control system
7 connects to a speed controller 10 which provides a
variating target setpoint to the paddle drive control system 7.
This variating target setpoint sets a rate at which the paddle
drive control system 7 drives the paddle 3 towards the
detector 4.

FIG. 1 further depicts that the mammography apparatus 1
comprises a sensor 12 which measures a force which cor-
responds to the force that the paddle 3 applies to the breast
6 which is being pressurized between the paddle 3 and the
detector 4. Further the paddle 3 is provided with a contact
area measurement sensor 11, for instance embodied as a
radiolucent conductive film on the paddle 3 as shown in FIG.
2, which can be used to measure the contact area between the
breast 6 and the paddle 3. The signals from the force sensor
12 and/or the contact area measurement sensor 11 are led to
the speed controller 10, so as to enable that the speed
controller 10 establishes a variating target setpoint setting
the rate at which the breast 6 is pressurized so as to realize
that the pressure on the breast 6 will be gradually increased,
preferably at a constant rate in the range 1-2 kPa per second
to an eventual target value for the pressure or force which
will be applied to the breast 6 during x-ray imaging.

So as to arrange that the setpoint of the paddle drive
control system 7 is based on an accurate measurement of the
pressure that is applied to the breast 6, it is required to apply
both the force sensor 12 and the contact area measurement
sensor 11. It is of course possible to position the force sensor
12 and the contact area measurement sensor 11 at other
locations than shown in the figures, or to base the sensors 11,
12 on other measurement principles then disclosed herein.
The contact area measurement sensor 11 could for instance
instead of being based on a conductive film on the paddle 3,
alternatively be based on camera vision or other means of
monitoring the contact area between the breast 6 and the
paddle 3.

It is further preferred that the target setpoint of the paddle
drive control system 7 is adjusted at a rate to cause that the
pressure applied to the breast 6 increases with an amount in
the range 1-2 kPa per second. The exact change rate of the
pressure can then be selected and individualized with respect

30

40

45

50

4

to the patient being subjected to the imaging by the mam-
mography apparatus, for instance based on earlier experi-
ence with that patient. When the target setpoint of the drive
control system 7 is adjusted at a rate in the range 1-2 kPa per
second, it is preferable that the pressure applied to the breast
6 increases in approximately 5-10 seconds to the eventual
target value for the pressure or force applied to the breast 6.
This is all clearly shown in FIG. 4 in which the preparatory
deformation period 1/5-5/5 corresponds to the 10 seconds
that are used for pressurizing the breast 6. Thereafter the
clamping period of the breast 6 starts in which the actual
x-ray imaging of the breast takes place.

The apparatus 1 comprises a contact area measurement
device 11 with which the contact area of the breast 6 with the
paddle 3 and/or the detector 4 is measurable, and the speed
controller 10 can be arranged to be only operable for varying
the target setpoint of the paddle drive control system 7 when
the contact area measurement device 11 establishes that the
said contact area surpasses a predefined first threshold value.
This restriction in the operation of the speed controller 10 is
desirable when the actual pressure is used to determine the
setpoint of the paddle drive control system 7.

It is further desirable that an initial pressure or force
applied to the breast 6 is set at a predefined second threshold
value, and that the speed controller 10 is only operable for
varying the target setpoint of the paddle drive control system
7 when the pressure or force applied to the breast 6 surpasses
the predefined second threshold value.

FIG. 4 represents with the graphs A pressurization of
breasts of five different sizes based on quintiles of a normal
population, graph A1 representing a small size breast, graphs
A2, A3 and A4 representing midsize breasts, and graph AS
representing a relatively large breast. The graphs B1, B2,
B3, B4 and BS5 respectively show the results of pressurizing
breasts of small size, midsizes and large size using a
mammography apparatus in accordance with the prior art.
From these graphs it is clear that particularly small size
breasts are expected to suffer from pain sensations in the
apparatus of the prior art, whereas the invention provides
that the subjective pain sensations which may be expected to
be experienced by persons with different breast sizes are
brought at the same level when using the same rate of
pressurizing.

Although the invention has been discussed in the forego-
ing with reference to an exemplary embodiment of the
mammography apparatus of the invention, the invention is
not restricted to this particular embodiment which can be
varied in many ways without departing from the invention.
The discussed exemplary embodiment shall therefore not be
used to construe the appended claims strictly in accordance
therewith. On the contrary the embodiment is merely
intended to explain the wording of the appended claims
without intent to limit the claims to this exemplary embodi-
ment. The scope of protection of the invention shall there-
fore be construed in accordance with the appended claims
only, wherein a possible ambiguity in the wording of the
claims shall be resolved using this exemplary embodiment.

Embodiments of the present invention can include every
combination of features that are disclosed herein indepen-
dently from each other. Although the invention has been
described in detail with particular reference to the disclosed
embodiments, other embodiments can achieve the same
results. Variations and modifications of the present invention
will be obvious to those skilled in the art and it is intended
to cover in the appended claims all such modifications and
equivalents. The entire disclosures of all references, appli-
cations, patents, and publications cited above are hereby
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incorporated by reference. Unless specifically stated as
being “essential” above, none of the various components or
the interrelationship thereof are essential to the operation of
the invention. Rather, desirable results can be achieved by
substituting various components and/or reconfiguration of
their relationships with one another.

Note that in the specification and claims, “about” or
“approximately” means within twenty percent (20%) of the
numerical amount cited. All computer software disclosed
herein may be embodied on any non-transitory computer-
readable medium (including combinations of mediums),
including without limitation CD-ROMs, DVD-ROMs, hard
drives (local or network storage device), USB keys, other
removable drives, ROM, and firmware.

The invention claimed is:

1. Mammography apparatus comprising:

an x-ray source;

a movable paddle; and

a detector;

wherein the paddle and the detector are arranged to

cooperate for pressurizing a breast so as to prepare for
x-ray imaging of the breast;

wherein the paddle connects to a paddle drive control

system configured to drive the paddle towards the
detector with a selected speed;

wherein the paddle drive control system connects to a

speed controller which provides the paddle drive con-
trol system a variating target setpoint that sets a rate at
which the paddle drive control system drives the paddle
towards the detector;

wherein the apparatus further comprises a contact area

measurement device with which the contact area of the
breast with the paddle and/or the detector is measur-
able; and

wherein the speed controller is only operable for varying

the target setpoint of the paddle drive control system
when the contact area measurement device establishes
that the said contact area surpasses a predefined first
threshold value.

2. Mammography apparatus according to claim 1,
wherein the speed controller establishes a target setpoint of
the paddle drive control system so as to control the pres-
surization of the breast to gradually increase to an eventual
target value for the pressure or force applied to the breast.
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3. Mammography apparatus according to claim 2,
wherein the target setpoint of the paddle drive control
system is adjusted at a rate to cause the pressure applied to
the breast to increase with an amount in the range of about
1-2 kPa per second.

4. Mammography apparatus according to claim 2,
wherein the target setpoint of the paddle drive control
system is adjusted at a rate to cause the pressure applied to
the breast to increase in approximately 5-10 seconds to the
eventual target value for the pressure or force applied to the
breast.

5. Mammography apparatus according to claim 1,
wherein an initial pressure or force applied to the breast is
set at a predefined second threshold value, and that the speed
controller is only operable for varying the target setpoint of
the paddle drive control system when the pressure or force
applied to the breast surpasses the predefined second thresh-
old value.

6. Method for x-ray imaging of a breast with a mammog-
raphy apparatus comprising:

pressurizing a breast using a movable paddle and a

detector, so as to prepare for x-ray imaging of the breast
using an x-ray source, wherein the pressurization of the
breast is executed at a variating rate; and

measuring the contact area of the breast with the paddle

and/or with the detector, wherein the rate for the
pressurization of the breast is only varied when it is
established that the measured contact area of the breast
with the paddle and/or with the detector surpasses a
predefined first threshold value.

7. Method according to claim 6, wherein the pressuriza-
tion of the breast is executed to gradually increase a pressure
or force applied on the breast to an eventual target value for
the pressure or force applied to the breast which will be
present during x-ray imaging.

8. Method according to claim 6, wherein the pressure
applied to the breast is provided to increase with an amount
in the range of about 1-2 kPa per second.

9. Method according to claim 7, wherein the pressure
applied to the breast is provided to increase in approximately
5-10 seconds to the eventual target value for the pressure or
force applied to the breast.

#* #* #* #* #*



