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(57) ABSTRACT

A fibrin adhesive for use in the minimally-invasive treatment
of a rupture of a body component formed by hard connective
tissue adhesively bonds to that body component. A suitable
treatment method features locating the rupture, providing
the fibrin adhesive, and supplying the fibrin adhesive at the
body component to be treated.
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TREATMENT OF A RUPTURE OF A BODY
COMPONENT

RELATED APPLICATION

This application claims the benefit of German Application
No. 102017105256.9 priority date of Mar. 13, 2017, the
contents of which are herein incorporated by reference.

FIELD OF INVENTION

The invention relates to the treatment of a ruptured or torn
body component, and in particular, to a ruptured or torn
body component that is formed from hard connective tissue.

BACKGROUND

Certain body components are formed substantially from
hard connective tissue. Examples include tendons, cartilage,
menisci, and capsules. Ruptures regularly occur in such
body components.

In the event of a rupture, the ruptured body part is entirely
or partially torn. Such a rupture is often painful. It can also
impair the patient’s freedom of movement. Treatment of a
rupture is therefore often desirable.

A particularly common injury is a torn meniscus in the
knee. Known methods of treating a torn meniscus include
arthroscopically removing at least a portion of the meniscus
rather than restoration of the torn tissue.

Such treatment can result in permanent problems for the
patient. Partial removal can lead to function loss. This, in
turn, can contribute arthrosis in the knee joint.

Other known treatments often comprise substantial inter-
ventions. These are linked to risks and often result in a
protracted and unpleasant rehabilitation period. In addition,
the treatment’s success is often inadequate. In some cases,
there may be consequential damage. This can lead to pain
that is not completely alleviated by the intervention. Addi-
tionally, it is quite possible for freedom-of-movement to
never be completely restored. In many cases, additional
intervention is necessary.

SUMMARY

The invention features the possibility of treating a rup-
tured body component of the type formed by hard connec-
tive tissue and doing so with low risk and a particularly short
rehabilitation phase.

In one aspect, the invention features a fibrin adhesive be
used during minimally-invasive treatment of a ruptured
body component by adhesively bonding a ruptured body
component. A suitable physiological adhesive is a fibrin
adhesive.

As used herein, a “body component” will mean a body
component formed from “hard connective tissue,” which
itself means supporting tissue, such as cartilage tissue and
taut connective tissue. The term “connective tissue” particu-
larly preferably comprises cartilage, and in particular,
meniscus tissue. The term “taut connective tissue” includes,
in particular, taut parallel-fiber connective tissue, and in
particular tendons and/or ligaments.

In some practices, treatment includes locating the rupture,
providing the fibrin adhesive, and supplying the fibrin adhe-
sive at the ruptured body component.

In other practices, treatment includes locating the rupture
in the ruptured body component, positioning a cannula
having a first end for supplying a liquid from a reservoir in
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the cannula and a second end for discharging a liquid so that
the second end is positioned adjacent to or in a sub-region
of the rupture, providing the fibrin adhesive, and supplying
the fibrin adhesive through the first end of the cannula and
through the second end of the cannula.

It is preferable to diagnose the existence of a ruptured
body component before the locating step. This can be
performed by, for example, a clinical examination and/or an
imaging diagnosis. The locating step typically includes
locating a tear in the ruptured body component. This can be
performed, for example, by an imaging method.

Examples of imaging methods include those based on
x-ray radiation, such those that use computer tomography.
Other examples include those methods that rely on magnetic
resonance tomography, referred to herein as “MRT.” The use
of an imaging method that enables three-dimensional acqui-
sition and display of data and therefore three-dimensional
location of the rupture, in particular with regard to its
location, shape, and/or extension, is preferred. The use of an
MRT method is preferred in this case, because it avoids
exposing the patient to ionizing radiation.

An alternative practice includes positioning a cannula that
has a first end and a second end. The first end supplies liquid
from a reservoir in the cannula. The second end discharges
the liquid. The second end is therefore positioned adjacent to
or in a sub-region of the rupture.

Proper positioning of the cannula permits the later step of
supplying fibrin adhesive, by way of the cannula, directly at
or in the rupture. This promotes adhesive bonding of the
rupture.

In some practices, cannula positioning includes using an
imaging method to monitor the cannula to ensure guiding
fibrin adhesive to the rupture, thus promoting the most
efficient adhesive bonding of the rupture.

When using MRT methods, it is preferable to use MRT-
capable contrast agents. These increase contrast. Preferably,
the contrast agents act quickly enough so that they change
contrast within the relaxation times in the MRT method.

When using MRT, it is preferable to use MRT-compatible
cannulas. Injection with contrast agent promotes correct
positioning of such cannulas.

The next step is to provide the fibrin adhesive. In some
practices, this includes removing a ready-to-use fibrin adhe-
sive from a package. In other practices, this includes mixing
components immediately before and during use.

The fibrin adhesive thus provided is then supplied to the
ruptured body component, and in particular, to the tear. One
way to do this is to inject the fibrin adhesive using a cannula.

Whichever way this is carried out, it is preferable that the
fibrin adhesive completely fill up the tear. The fibrin adhe-
sive is preferably supplied only to the tear. This will avoid
undesired adhesive bonding of body components adjacent to
the ruptured body component. Accurate location of the
rupture or tear is a particularly useful way to avoid such
unintended adhesion.

In those cases in which the fibrin adhesive is made on the
spot from multiple components, it is useful to execute the
foregoing steps jointly. This can be carried out using a
cannula having multiple parallel channels that deliver the
components to the rupture, where they can then mix to form
the adhesive in situ.

Some practices include the use of a quick-curing fibrin
adhesive. In such cases, it becomes possible for the now-
bonded body component to bear weight again. In some
cases, only a few seconds is required for the adhesive to set.

As an example, a patient who undergoes the foregoing
treatment for a torn meniscus can often begin running again
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more or less immediately after treatment. This is possible
because the foregoing method dispenses with the need to
wait for healing or growth of the body component to restore
its load-bearing capacity. The treated body component’s
load-bearing capacity returns upon curing of the fibrin
adhesive. This can take only a few seconds depending on the
fibrin adhesive used. Post-treatment rehabilitation is there-
fore substantially shortened using the described treatment
method.

From the patient’s viewpoint, the treatment method only
requires a single injection. As used herein, such a small
intervention is considered “minimally-invasive.” Because
the described treatment method is minimally-invasive, it can
be carried out using only local anesthesia. Depending on the
body component to be treated and depending on the type and
extent of the rupture, anesthesia can sometimes be commit-
ted. In either case, it becomes possible to avoid or substan-
tially reduce the risks of anesthesia.

Yet another advantage of the treatment method described
herein is its high level of treatment success, as manifested by
its low recurrence rates.

Fibrin adhesive is particularly well-suited for adhesively
bonding a meniscus tear, such as a rupture of an inner or
outer meniscus in the knee.

In a further preferred embodiment, the body component to
be treated has a tear that is closable by at least partial filling
using the fibrin adhesive. As used herein, “closing” a tear
means using the fibrin adhesive to reconnect those parts of
the body component that have been partially separated by
the tear.

The treatment method as described herein is particularly
suitable for treating a body component that has been par-
tially or completely torn. In particular, the treatment method
is suitable for treating a completely or partially torn menis-
cus, such as an inner and/or outer meniscus in the knee.

As used herein, “adhesive bonding” means that the tear is
at least partially filled by the fibrin adhesive in such a way
that the fibrin adhesive forms a mechanically loadable
connection between tear surfaces.

As used herein, “tear surfaces” are surfaces that were
formed as a result of separation caused by the tear.

Whether the tear is to be partially or completely filled, it
is preferable that the fibrin adhesive be supplied to the
ruptured body component, and in particular, directly into a
part of the tear.

The treatment method described herein is particularly
useful when either the tear surfaces are close to each other
or when the tear does not twist sub-regions of the body
component relative to each other. This means that the
treatment can be carried out without having to move the tear
surfaces towards each other and without having to pivot the
tear surfaces relative to each other using a mechanical
actuator.

The treatment can therefore be performed without the tear
surfaces having to be moved toward one another and/or
pivoted in relation to one another by mechanical action, for
example.

In a further embodiment, the fibrin adhesive is provided
in the form of a liquid solution and supplied to the body
component to be treated via injection through a cannula.

In yet another embodiment, a solvent is admixed to the
fibrin adhesive, for example to alter its viscosity, for
example by increasing it. Alternatively, a solvent dissolves
the fibrin adhesive. After treatment, as the fibrin adhesive
cures, the body resorbs the solvent.

Having a higher viscosity can, in many cases, facilitate
injection of the fibrin adhesive. For example, the fibrin
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adhesive will be able to penetrate particularly well into the
tear and be distributed over the tear surfaces.

Some practices include the temporary visual display and
location of the body component during the treatment.

In some practices, the rupture of the body component to
be treated is first located, using, for example, an imaging
method. In such embodiments, it is also possible to view the
body component during delivery of the fibrin adhesive, for
example while a cannula introduces the fibrin adhesive into
the region to be treated. This promotes accurate delivery
thereof.

The same imaging method is preferably, but not neces-
sarily, used in other treatment steps. Suitable imaging meth-
ods include MRT (magnetic resonance tomography) and/or
CT (computer tomography).

In the particular cases of treating a knee’s meniscus, it is
preferable to use MRT, and in particular, open magnetic
resonance tomography. Such imaging includes generating a
substantially constant magnetic field using a superconduct-
ing main coil and exposing the patient to that field. At the
same time, an excitation coil generates a time-varying
magnetic field at the knee. This permits display of the
meniscus.

Open magnetic resonance tomography using an open
main coil means that it is not necessary to enclose the
patient’s entire length. This is more comfortable for the
patient and also permits greater access to the patient. In a
preferred practices, the excitation coil is one that can be
opened and closed around the patient’s knee.

Some embodiments feature imaging the cannula used
during injection. When MRT is used, the cannula is formed
from a paramagnetic or diamagnetic material. In some
practices, the cannula comprises titanium.

Because the surgeon is able to actually see the cannula, it
becomes possible to precisely position the cannula and to
monitor its position during the injection. This permits the
cannula to be guided with great accuracy to the torn body
component so that the tear can be adhesively bonded.

Furthermore, it is preferable for the fibrin adhesive to also
be displayed by the imaging method. Therefore, it can be
recognized by the imaging method whether and to what
extent the tear is filled by the fibrin adhesive. The dosing of
the fibrin adhesive is preferably performed on the basis of
the imaging method.

In a further preferred embodiment, a marking is applied to
the skin of a patient to be treated, which is used as a zero
point of a coordinate system, wherein the injection of the
fibrin adhesive is performed on the basis of the coordinate
system.

The marking can take the form of a geometric body that
is adhesively bonded to the patient’s skin. In some practices,
the geometric body has a size that is on the order of a few
millimeters.

As a marking, some practices make use of a material that
can be displayed by the imaging method. Some practices use
a capsule or ball that is filled by a liquid that can be seen in
an MRT image. A suitable liquid is one that includes fat,
preferably in the form of an oil.

When displaying the data using the appropriate imaging
method, the marking can thus be easily found and used as the
zero point of the coordinate system. Thus, by way of a
comparing the position of the marking on the body of the
patient and the position of the marking in the image, it
becomes easier to accurately align the cannula.

On the basis of the marking and the anatomy of the
patient, for example, on the basis of the external contours of
the body component, and also the position of the rupture in
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relation to the marking and in relation to the anatomy of the
patient, on the basis of the visual display, a penetration point,
a penetration angle, and a penetration depth for the cannula
can be determined and the cannula can subsequently be
introduced accordingly into the tissue of the body compo-
nent.

The injection of the fibrin adhesive is preferably per-
formed by a cannula that is guided by an automated injection
device. The guiding of the injection needle can be performed
by motors and/or actuators of the injection device.

Some practices control the injection device using the
coordinate system and corresponding software. The coordi-
nate system is only provided virtually in the software. In
these practices, the marking is essentially an interface
between the virtually existing coordinate system and reality.
In the case of an MRT method, motors and/or actuators are
preferably formed outside the significant scattering field, in
particular outside the 10 gauss contour, and/or as magneti-
cally encapsulated.

Automation, while useful, is by no means required. Some
practices are carried out manually by carrying out a manual
injection using a manually operated cannula with MRT
monitoring.

In particular, a penetration point, a penetration depth, and
a penetration angle can be defined using the imaging method
and on the basis of the coordinate system. If an automated
injection device is used, the values thus obtained for the
penetration depth and the penetration angle can be trans-
ferred to the software of the injection device. This means
that the cannula actually penetrates according to these values
into the patient’s body. Subsequently, the injection device
guides the injection needle on the basis of these values and
thus implements the values from the software accordingly.

If an automated injection device is not used, the values
obtained from the imaging method and on the basis of the
coordinate system for the penetration point, the penetration
depth, and the penetration angle can be used manually by
inserting the cannula a penetration point ascertained in
accordance with the data of the imaging method in a
corresponding penetration depth at the corresponding pen-
etration angle. After having used the cannula, the positioning
thereof with respect to the rupture can be checked again by
the imaging method.

An alternative practice features applying plural markings
to the patient’s skin. This defines a zero point, or coordinate
origin, and axes for a coordinate system.

In this practice, it is possible to compensate for patient
movement. This permits delivering a particularly precise
supply of the fibrin adhesive at the ruptured body compo-
nent.

Further practices of the invention feature defining any one
or more of the following during the injection: the cannula’s
penetration point, its penetration depth, and its penetration
angle in three-dimensions.

Other practices feature, after having carried out the injec-
tion, holding the ruptured body component without move-
ment for some predetermined time that depends on how fast
the adhesive solidifies. A suitable time would be at least 30%
greater than the fibrin adhesive’s solidification time, or 50%
greater than the fibrin adhesive’s solidification time. As used
herein, “solidification time” means the required for the fibrin
adhesive to reach its final strength after having been applied.

Other practices include holding the body component still
following application of fibrin adhesive until such time as
the fibrin adhesive is cured or solidified. These practices
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include those in which the time spent holding the body
component still is enough to completely cure the fibrin
adhesive.

Alternative practices include mixing first and second
components to make the fibrin adhesive. Among these
practices are those in which the first component includes any
one or more of human fibrinogen having a concentration in
the range of 80 milligrams per milliliter to 100 milligrams
per milliliter, aprotinin having a concentration in the range
of 2800 kallidinogenase inactivator units per milliliter to
3200 kallidinogenase inactivator units per milliliter, and
polysorbate 80 having a concentration in the range of 0.6
milligrams per milliliter to 1.9 milligrams per milliliter and
those in which the second component includes any one or
more of human thrombin having a concentration in the range
of 400 international units per milliliter to 600 international
units per milliliter, and calcium chloride having a concen-
tration in the range of 35 micromoles per milliliter to 45
micromoles per milliliter. Such embodiments of fibrin adhe-
sive are particularly suitable for the treatment of a ruptured
body component which is formed by hard connective tissue.

A composition available under the trade name TISSEEL®
is preferably useful as the fibrin adhesive. In such a case, the
first component comprises human fibrinogen having a con-
centration of 91 milligrams per milliliter, aprotinin having a
concentration of 3000 kallidinogenase inactivator units per
milliliter, and polysorbate 80 having a concentration in the
range of 0.6 milligrams per milliliter to 1.9 milligrams per
milliliter, while the second component comprises human
thrombin having a concentration of 600 international units
per milliliter, and calcium chloride having a concentration of
40 micromoles per milliliter.

In some practices, the amount of fibrin adhesive used to
treat the meniscus is between 1 and 4 milliliters. In other
practices, the amount of fibrin adhesive used to treat the
meniscus is between 1.5 and 3 milliliters. And in yet other
practices, the amount of fibrin adhesive used to treat the
meniscus is between 1.7 and 2.5 milliliters.

BRIEF DESCRIPTION OF THE DRAWING

The invention and the technical environment will be
explained in greater detail hereafter on the basis of the
FIGURE. The FIGURE shows a particularly preferred
embodiment. However, the invention is not restricted to this
illustrated embodiment. In particular, the FIGURE and in
particular the illustrated size ratios are only schematic.

FIG. 1 shows a schematic illustration of the treatment of
a rupture of a body component.

DETAILED DESCRIPTION

FIG. 1 shows a patient 1 in an open magnetic resonance
tomograph 3 having an excitation coil 4 that is placed around
the knee of the patient 1. The main coil of the tomograph 3
is omitted for clarity. In the example, shown the tomograph
3 displays a body component 2 to be treated. The body
component 2 is one formed by hard connective tissue. In the
illustrated example, the body component 2 is a meniscus 12.

A rupture of the meniscus 12 is treated in a minimally-
invasive manner by adhesively bonding the meniscus 12
using a fibrin adhesive. To carry this out, the open magnetic
resonance tomograph 3 is used for locating the meniscus 12.
The fibrin adhesive is then supplied, for example, as a
solution. A useful method for providing the solution is to
inject the solution into the meniscus 12 using an injection
device 13 having at least one cannula 5. A particularly
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precise injection of the fibrin adhesive can be carried out by
a coordinate system 9 having a first axis 7 and a second axis
8 perpendicular to the first axis 7. A marking 10 on the
patient’s skin 11 indicates the coordinate origin 6 of the
coordinate system 9.

A rupture of a body component 2, for example, a meniscus
12, can be treated particularly well by adhesive bonding
using fibrin adhesive. The foregoing minimally-invasive
intervention permits such treatment with particularly low
risk and a particularly short rehabilitation phase.

Having described the invention, and a preferred embodi-
ment thereof, what is claimed as new, and secured by Letters
Patent is:

1. A method of minimally-invasive treatment of a
patient’s ruptured body component, the method comprising:

treating the ruptured body component, said body compo-

nent being a meniscus made of hard connective tissue,
wherein treating said ruptured body component com-
prises:
obtaining, from a magnetic resonance tomography
(MRT) imaging system placed outside the patient’s
body, image data of the ruptured body component
during all steps of the minimally-invasive treatment
of the patient’s body component;
bonding a marking comprising a geometric body to the
patient’s skin, said marking being made of a material
detectable by the MRT imaging system placed out-
side the patient’s body;
delivering through skin tissue of the patient an MRT-
compatible cannula constructed from a paramagnetic
or diamagnetic material that is seen by the MRT
imaging system, wherein delivering the cannula
comprises:
computing from the obtained image data penetration
data based on a location of the ruptured body
component and a position of the cannula relative
to the bonded marking as the cannula is guided
towards the ruptured body component, wherein
the penetration data includes at least a penetration
point of the cannula, a penetration angle of the
cannula, and a penetration depth of the cannula,
and
guiding the cannula based on the computed penetra-
tion data, the guiding includes injecting an MRT-
compatible contrast agent through the guided can-
nula during the guiding to promote correct
positioning of the guided cannula; and
in response to determining, based on the obtained
image data, that the guided cannula is at a location
near or into the ruptured body component, injecting
a fibrin adhesive for adhesively bonding with the
ruptured body component, the fibrin adhesive being
injected through the same MRT-compatible cannula,
through which the MRT-compatible contrast agent
was injected during the guiding of the cannula, after
the guided cannula is determined to reach the loca-
tion near or into the ruptured body component; and
wherein the method further comprises guiding the cannula
to the ruptured body component using an automatic
guidance system fitted with the cannula, the automatic
guidance system being actuated based on data gener-
ated according to the MRT imaging system.

2. The method of claim 1, further comprising partially
filling a tear in said ruptured body component with said
fibrin adhesive.

3. The method of claim 1, further comprising obtaining
said fibrin adhesive by mixing together a first component
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and a second component, wherein said first component
comprises human fibrinogen at a concentration in the range
of 80 mg/ml to 100 mg/ml, aprotinin at a concentration in the
range of 2800 kallidinogenase inactivator units (KIE)/ml to
3200 KIE/ml, and polysorbate 80 at a concentration in the
range of 0.6 mg/ml to 1.9 mg/ml, and wherein said second
component comprises human thrombin at a concentration in
the range of 400 international units (I.E.)/ml to 600 L.E./ml,
and calcium chloride at a concentration in the range of 35
umol/ml to 45 umol/ml.

4. The method of claim 3, further comprising providing
said fibrin adhesive as a liquid and injecting said liquid into
said ruptured body component using the MRT-compatible
cannula.

5. The method of claim 4, further comprising applying the
marking to said patient’s skin, said marking serving as a zero
point of a coordinate system, and injecting said fibrin
adhesive is performed on the basis of said coordinate
system.

6. The method of claim 5, further comprising defining a
factor on the basis of said coordinate system, said factor
being selected from the group consisting of the penetration
depth of said MRT-compatible cannula, and the penetration
point of said cannula.

7. The method of claim 5, further comprising defining a
factor on the basis of said coordinate system, said factor
being a three-dimensional penetration angle of said cannula
used for the injection.

8. The method of claim 7, further comprising rendering
said body component immovable for a predetermined dura-
tion following injection of said fibrin adhesive.

9. The method of claim 8, further comprising using
between 1 milliliter and four milliliters of said fibrin adhe-
sive to treat said damaged meniscus.

10. The method of claim 1, wherein delivering the para-
magnetic or the diamagnetic material cannula comprises
inserting the paramagnetic or diamagnetic material cannula
at a single penetration point on the skin tissue of the patient.

11. The method of claim 1, wherein guiding the cannula
to the ruptured body component using the automatic guid-
ance system comprises determining, based on image data
from the MRT imaging system, one or more of the penetra-
tion point, the penetration depth, or the penetration angle to
automatically penetrate and guide the cannula.

12. The method of claim 1, wherein guiding the cannula
to the ruptured body component comprises guiding the
cannula according to the imaging generated, based in part on
the MRT-capable contrast agent included with the fibrin
adhesive contained within the MRT-compatible cannula, by
the MRT imaging system.

13. The method of claim 1, wherein delivering the MRT-
compatible cannula comprises:

determining the penetration point, the penetration angle,

and the penetration depth for inserting the MRT-com-
patible cannula to deliver the fibrin adhesive to the
ruptured body component based on the location of the
ruptured body component and the position relative to
the bonded marking comprising the geometric body
determined from the imaging data;

penetrating the body of the patient with the cannula at the

determined penetration point; and

displacing the cannula towards the ruptured body com-

ponent at the determined penetration angle.

14. The method of claim 13, wherein injecting the fibrin
adhesive comprises injecting the fibrin adhesive by an
automated injection device.
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15. The method of claim 1, wherein bonding the marking
comprises bonding to the patient’s skin a liquid-filled ball or
capsule geometric body that is visually detectable by the
MRT-imaging system.
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