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A DETACHABLE CONNECTOR AND SPLITTABLE RF COIL HOUSINGS

CROSS-REFERENCE TO PRIOR APPLICATIONS:

This application claims the benefit of U.S. Provisional Patent Application No.

61/818477, filed May 2, 2013, the entire contents of which are incorporated herein by

reference.

The following relates generally to magnetic resonance medical imaging. It

finds particular application in conjunction with magnetic resonance (MR) local radio-

frequency (RF) coils and will be described with particular reference thereto. However, it will

be understood that it also finds application in other usage scenarios and is not necessarily

limited to the aforementioned application.

Local RF coils or surface coils are positioned closely adjacent or touching a

patient in an MR scanner. Some local coils have an internal cavity or opening to receive an

imaged portion of subject anatomy such as a chest, head, shoulder, wrist, forearm, knee, foot,

etc. Local coils with splittable housings allow a coil to be separated into halves or sections.

The sections allow greater freedom in ergonomic design and patient comfort. For example, a

split knee coil allows the sections to be separated and mated around a knee of a subject. The

contours of the housing surface close to the subject can be matched more closely with the

shape of the knee. With a non-splittable housing, the subject slides the foot and lower leg

through an opening large enough to accommodate the foot and lower leg. The opening large

enough to accommodate the foot and lower leg increases the size of the opening and changes

the contours which place the coil elements or antenna further away from the portion of the

subject anatomy being imaged.

A typical design for a splittable housing includes halves which mate and each

half includes galvanic electrical connections, e.g. pins, which connect to sockets in the other

section. The electrical connections complete coil loops, provide DC power to halves, and

carry received MR signals to an attached cable. For example, a mating edge of a lower and

upper section typically includes multiple electrical connections on each side. An electrical

connection connects coil loop segments between the halves to form complete loops. A local

coil can include multiple coil elements. Typically, the coil edge of each section includes a

series of electro-mechanical connectors which mate to connect the sections electrically and

mechanically. The cable, often permanently affixed to the lower section, provides for



communication of the received MR signals from the local coil to the system, provides power

from the system to circuitry such as analog-to-digital converters and amplifiers of the local

coil, and/or provides power for RF pulses if the local coil is configured to operate as a

transmit coil. Having the cable connected to one section while the section is being fitted to

the subject can add complexity or extra bulk to the effort by the healthcare practitioner in

positioning the split housing.

Repeated use of the split housing wears the electrical connectors between the

two halves, which can become damaged, unreliable, and/or add noise to the signals. For

example, a lower half in a head coil is placed beneath the head the subject. The upper half is

placed over the face of the subject and fitted to the lower half. As the upper half is being

position, the healthcare practitioner will naturally take care in positioning over the face of the

subject, but will likely involve some lateral or sliding movement to fit the upper to the lower

half of the split coil housing which wears and can damage the connectors. Additionally when

removing the upper housing after imaging, care may be taken with regard to the subject face,

but an upward pull to separate the two halves may not be a uniform upward motion. Some

designs attempt to reinforce or recess the connectors to minimize wear and possible damage,

but reinforcement or recess adds to the cost and to the complexity of fitting the sections

together.

The following discloses a new and improved detachable connector and

splittable RF coil housings which addresses the above referenced issues, and others.

In accordance with one aspect, a local magnetic resonance (MR) radio

frequency (RF) coil includes a plurality of housing sections that are separable and configured

with mating surfaces that meet and engage each other to form an opening which receives a

portion of subject anatomy for magnetic resonance imaging, a detachable connector, and a

cable. Each housing section includes coil elements enclosed within each housing section

which receive MR signals from the received portion of the subject anatomy, and external

connectors connected to the coil elements co-located on an outside surface of each housing

section and adjacent to the mating surfaces. The detachable connector connects to the

external connectors of the housing sections. The cable conveys at least the received MR

signals received by the coil elements.

In accordance with another aspect, A method of MR imaging with a local RF

coil includes physically mating housing sections of the local RF coil around a portion of a

subject anatomy, each section including a mating surface which meets and engages other



sections to form an opening which receives the portion of the subject anatomy, coil elements

enclosed within each housing section which receive MR signals, and external connectors

connected to the coil elements co-located on an outside surface of each housing section and

adjacent to the mating surface. A detachable connector is attached to the external connectors

of the housing sections.

In accordance with another aspect, a local MR RF coil includes a plurality of

housing sections that are separable and which receives a portion of subject anatomy for MR

imaging. Each housing section includes mating surfaces that engage other sections to form

an internal opening, and coil elements which when mated spatially overlap with coil elements

of the mated section to capacitively couple, and receive MR signals.

One advantage is split coil housings which separate mating of sections from

the connecting of power and communication connections.

Another advantage is ease in positioning coil housing sections without a cord.

Another advantage resides in the reduction of wear on the electrical

connectors during positioning of the sections on a subject.

Still further advantages will be appreciated to those of ordinary skill in the art

upon reading and understanding the following detailed description.

The invention may take form in various components and arrangements of

components, and in various steps and arrangement of steps. The drawings are only for

purposes of illustrating the preferred embodiments and are not to be construed as limiting the

invention.

FIGURE 1 schematically illustrates an embodiment of an MR system with a

detachable connector attached to a splittable local MR RF coil.

FIGURE 2 schematically illustrates in perspective one embodiment of a

splittable local MR RF coil and the detachable connector in a detached configuration.

FIGURE 3 diagrammatically illustrates in cross section one embodiment of

the detachable connector and a receiver of the splittable local MR RF coil.

FIGURES 4A-4B diagrammatically illustrates exemplary physical attachment

mechanisms of mating surfaces.

FIGURES 5A-5C diagrammatically illustrates in cross section exemplary

latching mechanisms of coil sections.



FIGURE 6 flowcharts a method of using an embodiment of the detachable

connector and local split MR RF coil.

With reference to FIGURE 1, an embodiment of an MR system 10 (shown in

diagrammatic partial cross-section) with a local splittable MR RF coil 12 and a detachable

connector 14 is schematically illustrated. The local RF coil 12 is embodied as a splittable

knee coil and the detachable connector 14 are shown in an attached configuration. The MR

system 10 includes a MR scanner 16 illustrated in partial cross section with a static B0 main

field such as a horizontal bore scanner, open system scanner, c-type scanner, vertical field

scanner, and the like. The MR scanner includes a subject support 18 such as a horizontal bed

or couch which supports a subject 20 and moves the subject into the MR scanner bore and

static field during imaging. The MR scanner 16 includes a main magnet 22 which generates

the static main field (B0) such as a horizontal main field. The MR scanner further includes

one or more gradient coils 24 for applying gradient fields for manipulating resonance in the

tissues of the subject. The MR scanner includes one or more RF coils 26 which generate RF

pulses to excite magnetic resonance in the subject 20 such as a transmit mode and can receive

resonance signals from the subject in a receive mode. In some embodiments the local RF coil

12 performs both transmit and receive functions, in which case the whole-body RF coil 26 is

optionally omitted.

The local RF coil 12 includes one or more coils or coil elements which receive

resonance signals from the subject in the receive mode and in some embodiments can operate

in the transmit mode. The detachable connector 14 is connected with a cable 28 can be used

interchangeably with other splittable coils. The connector can be uniform across multiple

coils. For example, the detachable connector 14 can be connected to other knee coils and to

other splittable coils with the same detachable connector receiver such as head, wrist, foot,

and the like.

The system 10 includes a sequence controller 30 and a RF receiver unit 32.

The sequence controller controls the operation of the imaging sequence which includes a RF

transmitter unit 34 controlling the operation of the RF coils 26 and/or the local RF coil 12

with the detachable connector 14. A gradient controller 36 controls the operation of the

gradient coils 24. The communication between the controlling unit and the corresponding

coils can be wired or wireless. The RF transmitter unit 34 works cooperatively with the local

coil 12 when the local coil is configured as a transmit/receive coil. The RF receiver 32

receives RF data, e.g. MR signals as from the cable with the connector detachably attached to



the local RF coil 12 indicative of the magnetic resonance excited in the tissue of the subject.

The coil elements can be located close to the subject anatomy being imaged because the split

coil can be narrowed to the subject anatomy. For example, the opening for the knee is shaped

to the knee anatomy and due to the split opening does not require a larger opening to

accommodate a foot or calf to pass through the opening. Power can be supplied to the

splittable coil through the cable 28. The cable 28 can transmit the MR signals electrically or

optically.

A reconstruction unit 38, embodied as a configured processor such as a

processor 40 of a system console 42, receives the demodulated MR signals from the RF

receiver 32 and reconstructs one or more images. The system console 42 includes the

electronic processor or electronic processing device 40, a display 44 which displays the

reconstructed image, power supply operational status, menus, panels, and user controls. At

least one input device 46 inputs healthcare practitioner selections. The system console 42 can

be a desktop computer, a laptop, a tablet, a mobile computing device, a smartphone, and the

like. The input device 46 can be a keyboard, a mouse, a microphone, and the like. The

reconstruction unit is suitably embodied by an electronic data processing device, such as the

electronic processor or electronic processing device 40 of the system console 42, or by a

network-based server computer operatively connected with the system console 42 by a

network, or so forth. Moreover, the reconstruction technique is suitably implemented using a

non-transitory storage medium storing instructions (e.g., software) readable by an electronic

data processing device and executable by the electronic data processing device.

With reference to FIGURE 2, one embodiment of a splittable local MR RF

coil 12 and the detachable connector 14 in a detached configuration is illustrated in

perspective. The splittable local MR RF coil 12 includes sections 50 which are separable. The

combining and splitting of the coil sections 14 is separate from connections for power and

transmission of MR signals. With the separation, the combining and splitting of the coil

sections does not wear on the connectors for power and data transmission. The sections 50

are each configured with mating surfaces 52 of a housing 54 that meet and engage each other

to form an opening 56 which receives a portion of subject anatomy, e.g., knee, forearm,

elbow, head, shoulder, etc. The housing 54 includes an outside or exterior surface 60 and an

inside or interior surface 62 which form a smooth surface across sections in a mated

configuration. The interior surface refers to the housing surface closest to the subject

anatomy. The opening 56 receives the region of interest for imaging.



Each section 50 includes a housing 54 which encloses coil elements 58. The

edges of the housing and the coil elements spatially overlap when the sections are mated such

that coil elements are capacitively coupled. With the mating surfaces 52 providing partial

overlap circumferentially between sections, and coil elements located in the overlapping

sections, the coil elements can be capacitively or inductively coupled across the mating

surfaces. The coil elements are connected with external connectors 64 which are co-located

on the exterior surface 60 of each housing section and adjacent to the mating surfaces. The

external connectors can be configured into a receiving block 66. The receiving block receives

the detachable connector 14 which includes a complement of connectors 68 shown in

phantom which connect to the external connectors 64 of the sections 50. A predetermined

format and number of connectors provides a unified connection between the detachable

connector and the external connectors 64 or receiver 66. The coil elements receive power

from the cable via the connectors and transmit MR signal data via the connectors to the cable.

The external connectors 64 and complement of connectors 68 include electrical connectors

and/or optical connectors.

The split coil housing can include one or more latching mechanisms 70 shown

in phantom, which physically latches the sections together in a closed configuration. The

latching mechanisms are located along the exterior surface 60 adjacent the mating surfaces

52. The latch can be incorporated into the detachable connector, along the exterior surface on

the same side as the receiver 66, and/or an opposite side 72.

With reference to FIGURE 3, one embodiment of the detachable connector 14

and the receiver 66 of the splittable local MR RF coil 12 is diagrammatically illustrated in

cross section. A first section 80 and a second section 82 meet and engage along the mating

surface 52. The mating surface includes an overlap 84 between the sections. The first section

80 and the second section 82 each include external connectors 64 which receive the

connectors 68 of the detachable connector 14.

The detachable connector 14 can include a latching mechanism 86 which latch

to latching elements 88 of the other sections. For example, the detachable connector includes

a rigid skirt 86 around the connectors 68 which extends from the detachable connector. The

skirt can protect the connectors 68. The connectors 68 can be male connectors while the

external connectors 64 of the sections can be female connectors. Alternatively, both male and

female connectors can be provided on all sections. The latching elements 88 of the sections

are shown as a recessed portion surrounding the external connectors and which receives the



rigid skirt and holds the sections together. Other latching mechanisms are contemplated such

as posts, levers, mechanical locks, Velcro™, and the like.

With reference to FIGURE 4A and 4B, exemplary physical attachment

mechanisms 90 of mating surfaces 52, are diagrammatically illustrated. FIGURE 4A shows

one embodiment in partial cross section with mating surfaces 52, interior surfaces 62 and the

exterior surfaces 62 of two sections. The mating surface includes the physical attachment

mechanism 90 in the form of a pin on a mating surface of a first section which mates with a

bore on a second section. Flex spring elements may be used to increase frictional connection

between the socket and bore. FIGURE 4B shows another embodiment as a partial front view

of the exterior surface of mating sections. The mating surfaces 52 include a physical

attachment mechanism 91 such as a notch. The physical attachment mechanism 90, 91 of

FIGURES 4A and 4B provide a mechanism which facilitates lateral alignment, but allows the

coil sections to be split with force or motion from a healthcare practitioner which pulls the

sections apart with opposing force.

With reference to FIGURES 5A-5C, exemplary latching mechanisms 70 of

coil sections are diagrammatically illustrated in cross section. A fabric hook and loop

fasterner, e.g. Velcro™, is shown in FIGURE 5A. Each section includes a first surface 92

such as loops which receives a second surface 94 such as hooks and latch together to hold the

sections together. Alternatively, a first section includes the first surface and a second section

includes a second surface which extends to latch to the first surface. FIGURE 5B shows a

hinge mechanism 96 which allows the sections to pivot open to receive the subject anatomy,

while remaining connected at the hinge. In another embodiment, the hinge pin can be

removable. FIGURE 5C shows a hook as a latching mechanism. One section includes the

hook 98 and the mating section includes a hook engaging element 100 to which the hook

latches.

FIGURE 6 flowcharts a method of using an embodiment of the detachable

connector and local split MR RF coil. In a step 110, a split coil is selected and the coil

housing sections separated. In a step 112, the coil sections are physically mated around a

portion of subject anatomy. For example, a first coil section is place under a knee and a

second coil section placed over the front or top of the knee and mated with the first coil

section to surround the knee. The mating surfaces of the sections meet and engage each other

to form the opening which holds the imaged portion of subject anatomy. The mating can

include engaging physical attachment mechanisms such as pins or notches in the mating

surfaces. The mating includes overlap in housing sections which include coil elements



enclosed within each housing section. The coil elements partially overlap circumferentially

around the mated sections and during imaging receive MR signals. External connectors

connected to the coil elements are co-located on an outside surface of each housing section

and adjacent to the mating surface. For example, the external connectors can be included in a

receiver formed when the sections are mated. Latching mechanisms can be engaged between

sections to latch the sections together such as hinges, hooks, fabric hook and loop fasteners,

and the like.

The detachable connector 14 is attached to the sections in a step 114. The

detachable connector connects to the external connectors of the housing sections and includes

a cable which conveys the received MR signals. The detachable connector 14 can be selected

from among a number of detachable connectors of the same connector format. The external

connectors can form a receptical which receives the detachable connector. The detachable

connector supplies power and/or receives MR signals. The attachment of the detachable

connector establishes electrical connections for power and/or communication connections for

transmission of MR signals across the connectors to the cable. The communications can

include electrical and/or optical communications. The detachable connector can include a

latching mechanism. The latching mechanism can be engaged when the detachable connector

is inserted into the receptical.

The portion of subject anatomy is imaged using the local split coil in a step

116. The step includes moving the subject with the local split coil on the subject support into

the static field of the MR scanner. The step includes the coil elements receiving MR signals

which are conveyed through the external connectors to the detachable connector which

includes the complementary connectors connected to wire and/or optical fiber included in the

cable. The transmitted MR signals are received by the RF receiver 32. The step includes

reconstructing the received MR signals into an image by the reconstruction unit 46.

In a step 118, the detachable connector 14 is detached from the local split coil

12. The detachment includes disconnecting the power and/or communications link.

Detachment can include releasing the latching mechanism of the detachable connector. The

latching mechanisms between the coil sections are released in a step 120 and the coil sections

removed from the subject. For example, a split knee coil with a latching mechanism that

includes a hinge can be opened and removed from the subject. In another example with a

split knee coil a latching mechanism of fabric hook and loops and an physical engagement

mechanism of pins, the fabric is separated to release the latching mechanism, and the sections



lifted apart with upward force to separate an upper section from a lower section. Each section

is removed from the subject.

It is to be appreciated that in connection with the particular illustrative

embodiments presented herein certain structural and/or function features are described as

being incorporated in defined elements and/or components. However, it is contemplated that

these features may, to the same or similar benefit, also likewise be incorporated in other

elements and/or components where appropriate. It is also to be appreciated that different

aspects of the exemplary embodiments may be selectively employed as appropriate to

achieve other alternate embodiments suited for desired applications, the other alternate

embodiments thereby realizing the respective advantages of the aspects incorporated therein.

It is also to be appreciated that particular elements or components described

herein may have their functionality suitably implemented via hardware, software, firmware

or a combination thereof. Additionally, it is to be appreciated that certain elements described

herein as incorporated together may under suitable circumstances be stand-alone elements or

otherwise divided. Similarly, a plurality of particular functions described as being carried out

by one particular element may be carried out by a plurality of distinct elements acting

independently to carry out individual functions, or certain individual functions may be split-

up and carried out by a plurality of distinct elements acting in concert. Alternately, some

elements or components otherwise described and/or shown herein as distinct from one

another may be physically or functionally combined where appropriate.

In short, the present specification has been set forth with reference to preferred

embodiments. Obviously, modifications and alterations will occur to others upon reading and

understanding the present specification. It is intended that the invention be construed as

including all such modifications and alterations insofar as they come within the scope of the

appended claims or the equivalents thereof. That is to say, it will be appreciated that various

of the above-disclosed and other features and functions, or alternatives thereof, may be

desirably combined into many other different systems or applications, and also that various

presently unforeseen or unanticipated alternatives, modifications, variations or improvements

therein may be subsequently made by those skilled in the art which are similarly intended to

be encompassed by the following claims.



CLAIMS:

What is claimed is:

1 . A local magnetic resonance (MR) radio frequency (RF) coil comprising:

a plurality of housing sections that are separable and configured with mating

surfaces that meet and engage each other to form an opening which receives a portion of

subject anatomy for magnetic resonance imaging, each housing section includes:

coil elements enclosed within each housing section which

receive MR signals from the received portion of the subject anatomy;

and

external connectors connected to the coil elements co-located

on an outside surface of each housing section and adjacent to the

mating surfaces;

a detachable connector which connects to the external connectors of the

housing sections; and

a cable which conveys at least the received MR signals received by the coil

elements.

2 . The local MR RF coil according to claim 1, wherein the mating surfaces include a partial

overlap around the circumference of each section and the coil elements such that the coil

elements capacitively couple across the mating surfaces.

3 . The local MR RF coil according to claim 1, wherein the mating surfaces mate to provide a

smooth surface across mated sections internal to the opening and exterior to the mated

surfaces.

4 . The local MR RF coil according to claim 1, wherein the mating surfaces include a physical

engagement and alignment mechanism.

5 . The local MR RF coil according to claim 4, wherein the physical engagement mechanism

includes pins.



6 . The local MR RF coil according to claim 1, wherein the detachable connector further

includes:

a latching mechanism which latches the detachable connector to the sections;

and

wherein each section includes a latching element which latchably interacts

with the latching mechanism.

7 . The local MR RF coil according to claim 1, wherein the sections include at least one

latching mechanism which physically latches the sections in a closed configuration.

8 . The local MR RF coil according to claim 1, wherein each section further includes on an

exterior opposing surface to the external connectors at least one of a mechanical latch, a

hinge, a mechanical interlock, or a fabric hook and loop fastener.

9 . The local MR RF coil according to claim 1, wherein the external connectors include

electrical connectors.

10. The local MR RF coil according to claim 1, wherein the external connectors include

optical connectors.

11 . A method of MR imaging with a local RF coil, comprising:

physically mating housing sections of the local RF coil around a portion of a

subject anatomy, each section including:

a mating surface which meets and engages other sections to

form an opening which receives the portion of the subject anatomy,

coil elements enclosed within each housing section which

receive MR signals, and

external connectors connected to the coil elements co-located

on an outside surface of each housing section and adjacent to the

mating surface;

attaching a detachable connector to the external connectors of the housing

sections.



12. The method according to claim 11, further including:

imaging the subject anatomy with the local R coil which includes conveying

MR signals from the coil elements of the mated sections through the detachable connector

and reconstructing the MR signals into an image of the portion of subject anatomy;

detaching the detachable connector from the local RF coil sections; and

removing the local RF coil from the portion of the subject anatomy by

physical separating the sections after detachment of the detachable connector.

13. The method according to claim 11, wherein physically mating includes:

partially overlapping coil elements around the circumference of each section

to capacitively couple the overlapped coil elements.

14. The method according to claim 11, wherein physically mating includes at least one of:

engaging a physical engagement mechanism between the mating surfaces;

latching a latching mechanism between the external surfaces of the sections;

or

latching a latching mechanism between the detachable connector and the

sections.

15. The method according to claim 11, further including:

latching the detachable connector to each of the sections.

16. The method according to claim 11, further including:

latching each section on an exterior opposing surface to the external

connectors.

17. The method according to claim 11, wherein attaching the detachable connector

establishes electrical connections between the external connectors and the detachable

connector.

18. The method according to claim 11, wherein attaching the detachable connector

establishes optical connections between the external connectors and the detachable

connector.



19. A local magnetic resonance (MR) radio frequency (RF) coil comprising:

a plurality of housing sections that are separable and which receives a portion

of subject anatomy for MR imaging, each housing section including:

mating surfaces that engage other sections to form an internal

opening, and

coil elements which when mated spatially overlap with coil

elements of the mated section to capacitively couple, and receive MR

signals.

20. The local MR RF coil according to claim 19, further including:

external connectors connected to the coil elements co-located on an outside

surface of each housing section and adjacent to the mating surfaces; and

a detachable connector which connects to the external connectors of the

housing sections, latches the plurality of sections, and includes a cable which conveys the

received MR signals.
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