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THREADED CONNECTOR ASSEMBLY AND
METHODS OF MAKING AND USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Patent Application Ser. No.
62/352,452, filed Jun. 20, 2016, which is incorporated herein
by reference.

FIELD

[0002] The present invention is directed to the area of
implantable electrical stimulation systems and methods of
making and using the systems. The present invention is also
directed to implantable electrical stimulation leads having a
threaded connector assembly, as well as methods of making
and using the leads and electrical stimulation systems.

BACKGROUND

[0003] Implantable electrical stimulation systems have
proven therapeutic in a variety of diseases and disorders. For
example, spinal cord stimulation systems have been used as
a therapeutic modality for the treatment of chronic pain
syndromes. Peripheral nerve stimulation has been used to
treat chronic pain syndrome and incontinence, with a num-
ber of other applications under investigation. Functional
electrical stimulation systems have been applied to restore
some functionality to paralyzed extremities in spinal cord
injury patients. Stimulation of the brain, such as deep brain
stimulation, can be used to treat a variety of diseases or
disorders.

[0004] Stimulators have been developed to provide
therapy for a variety of treatments. A stimulator can include
a control module (with a pulse generator), one or more leads,
and an array of stimulator electrodes on each lead. The
stimulator electrodes are in contact with or near the nerves,
muscles, or other tissue to be stimulated. The pulse generator
in the control module generates electrical pulses that are
delivered by the electrodes to body tissue.

BRIEF SUMMARY

[0005] Inone embodiment, a connector assembly includes
a receptacle body that defines a portion of a connector lumen
and further includes a plurality of connector contacts dis-
posed within the receptacle body along the connector lumen.
The connector assembly further includes a rotational mem-
ber that defines another portion of the connector lumen and
includes a head portion and an elongated portion. The
elongated portion defines an inner surface and an outer
surface. The outer surface is rotatably coupled to the recep-
tacle body. Fastener threading is disposed along at least a
portion of the inner surface of the elongated portion. The
receptacle body and rotational member are configured and
arranged to receive a portion of a lead or a lead extension in
the connector lumen.

[0006] In at least some embodiments, an axial length of
the fastener threading predetermines a stopping point for the
lead or lead extension when received in the rotational
member.

[0007] In at least some embodiments, the fastener thread-
ing is disposed along an entire length of the rotational
member.
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[0008] In at least some embodiments, the head portion of
the rotational member defines a flared aperture into the
connector lumen to facilitate receiving the portion of the
lead or lead extension.

[0009] In at least some embodiments, an outer surface of
the head portion of the rotational member includes a tex-
tured outer surface.

[0010] In at least some embodiments, the connector
assembly includes an end stop disposed within the recep-
tacle body and terminating the connector lumen. The end
stop may be embedded into the receptacle body or integrally
formed as part of the receptacle body.

[0011] In at least some embodiments, the connector
assembly includes a collar disposed within the receptacle
body and the rotational member is rotatably attached to the
collar. The collar may be embedded into the receptacle body
or integrally formed as part of the receptacle body.

[0012] In at least some embodiments, the connector
assembly includes a stop member extending radially from
the rotational member for engagement with the collar, and
the stop member restricts longitudinal movement of the
rotational member relative to the receptacle body.

[0013] In a further embodiment, an electrical stimulation
system includes the connector assembly described above, an
electrical stimulation lead and a control module. The elec-
trical stimulation lead includes an externally threaded por-
tion configured to engage the fastener threading of the
rotational member of the connector assembly. The control
module is coupleable to the electrical stimulation lead. The
control module includes a housing and an electronic subas-
sembly disposed in the housing.

[0014] In at least some embodiments, the connector
assembly is disposed in the housing of the control module.
Additionally or alternatively the electrical stimulation sys-
tem includes a lead extension coupleable to both the elec-
trical stimulation lead and the control module, wherein the
lead extension includes the connector assembly.

[0015] In another embodiment, an electrical stimulation
lead includes a lead body having a distal end portion, a
proximal end portion, and a longitudinal length. The lead
further includes a plurality of electrodes disposed along the
distal end portion of the lead body and includes a plurality
of terminals disposed along the proximal end portion of the
lead body. The lead includes a plurality of conductors
electrically coupling the plurality of terminals to the plural-
ity of electrodes. Further, the lead includes an externally
threaded portion disposed along proximal end portion of the
lead distal to the plurality of terminals.

[0016] In at least some embodiments, the externally
threaded portion includes an externally threaded sleeve or
the externally threaded portion is machined into the lead.
Additionally or alternatively, the externally threaded portion
includes a major diameter sized to fit through a percutaneous
introducer.

[0017] In yet another embodiment, an electrical stimula-
tion system includes the aforementioned electrical stimula-
tion lead and a connector assembly. The connector assembly
defines a connector lumen for receiving the proximal end
portion of the electrical stimulation lead. The connector
assembly further includes a receptacle body, a plurality of
connector contacts disposed within the receptacle body
along the connector lumen, and a rotational member. The
rotational member is rotatably coupled to the receptacle
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body and includes fastener threading to engage the exter-
nally threaded portion of the electrical stimulation lead.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Non-limiting and non-exhaustive embodiments of
the present invention are described with reference to the
following drawings. In the drawings, like reference numer-
als refer to like parts throughout the various figures unless
otherwise specified.

[0019] For a better understanding of the present invention,
reference will be made to the following Detailed Descrip-
tion, which is to be read in association with the accompa-
nying drawings, wherein:

[0020] FIG. 1 is a schematic view of one embodiment of
an electrical stimulation system that includes a paddle lead
electrically coupled to a control module, according to the
invention;

[0021] FIG. 2 is a schematic view of one embodiment of
an electrical stimulation system that includes a percutaneous
lead electrically coupled to a control module, according to
the invention;

[0022] FIG. 3Ais a schematic view of one embodiment of
the control module of FIG. 1 configured and arranged to
electrically couple to an elongated device, according to the
invention;

[0023] FIG. 3B is a schematic view of one embodiment of
a lead extension configured and arranged to electrically
couple the elongated device of FIG. 2 to the control module
of FIG. 1, according to the invention;

[0024] FIG. 4A is a schematic, perspective view of an
insertable member of a lead according to at least some
embodiments of the present invention;

[0025] FIG. 4B is a close-up view of a threaded sleeve for
the insertable member of FIG. 4A;

[0026] FIG. 5A is a schematic, perspective view of a
receiving member of a lead according to at least some
embodiments of the present invention;

[0027] FIG. 5B is a cross-section view of the receiving
member of FIG. 5A;

[0028] FIG.5C is a close-up view of a threaded nut for the
receiving member of FIG. 5B;

[0029] FIG. 6 is a schematic, perspective view of the
insertable member of FIG. 4A just prior to insertion into the
receiving member of FIG. 5A according to at least some
embodiments of the present invention;

[0030] FIG. 7A is a close-up view of the insertable mem-
ber of FIG. 6 partially inserted into the receiving member of
FIG. 6 according to at least some embodiments of the
present invention;

[0031] FIG. 7B is a close-up view of the insertable mem-
ber of FIG. 6 fully inserted into the receiving member of
FIG. 6 according to at least some embodiments of the
present invention;

[0032] FIG. 7C is a cross-sectional view of the insertable
member of FIG. 6 fully inserted into the receiving member
of FIG. 6 according to at least some embodiments of the
present invention;

[0033] FIG. 8 is a close-up, cross-sectional view of an
insertable member inserted into a receiving member having
a bellmouth aperture according to at least some embodi-
ments of the present invention;
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[0034] FIG. 9 is a schematic overview of one embodiment
of components of a stimulation system, including an elec-
tronic subassembly disposed within a control module,
according to the invention.

DETAILED DESCRIPTION

[0035] The present invention is directed to the area of
implantable electrical stimulation systems and methods of
making and using the systems. The present invention is also
directed to implantable electrical stimulation leads having a
threaded connector assembly, as well as methods of making
and using the leads and electrical stimulation systems.
[0036] Suitable implantable electrical stimulation systems
include, but are not limited to, a least one lead with one or
more electrodes disposed along a distal end of the lead and
one or more terminals disposed along the one or more
proximal ends of the lead. Leads include, for example,
percutaneous leads, paddle leads, and cuff leads. Examples
of electrical stimulation systems with leads are found in, for
example, U.S. Pat. Nos. 6,181,969; 6,295,944; 6,391,985;
6,516,227, 6,609,029; 6,609,032; 6,741,892; 7,244,150,
7,450,997, 17,672,734,7,761,165; 7,783,359; 7,792,590;
7,809,446; 7,949,395; 7,974,706; 8,831,742; 8,688,235;
6,175,710; 6,224,450, 6,271,094; 6,295,944; 6,364,278; and
6,391,985; U.S. Patent Applications Publication Nos. 2007/
0150036; 2009/0187222; 2009/0276021; 2010/0076535;
2010/0268298; 2011/0004267; 2011/0078900; 2011/
0130817; 2011/0130818; 2011/0238129; 2011/0313500;
2012/0016378; 2012/0046710; 2012/0071949; 2012/
0165911; 2012/0197375; 2012/0203316; 2012/0203320;
2012/0203321; 2012/0316615; 2013/0105071; 2011/
0005069; 2010/0268298; 2011/0130817; 2011/0130818;
2011/0078900;  2011/0238129; 2011/0313500; 2012/
0016378; 2012/0046710; 2012/0165911; 2012/0197375;
2012/0203316; 2012/0203320; and 2012/0203321, all of
which are incorporated by reference in their entireties.
[0037] FIG. 1 illustrates schematically one embodiment of
an electrical stimulation system 100. The electrical stimu-
lation system includes a control module (e.g., a stimulator or
pulse generator) 102 and a lead 103 coupleable to the control
module 102. The lead 103 includes a paddle body 104 and
one or more lead bodies 106. In FIG. 1, the lead 103 is
shown having two lead bodies 106. It will be understood that
the lead 103 can include any suitable number of lead bodies
including, for example, one, two, three, four, five, six, seven,
eight or more lead bodies 106. An array 133 of electrodes,
such as electrode 134, is disposed on the paddle body 104,
and an array of terminals (e.g., 310 in FIG. 3A-3B) is
disposed along each of the one or more lead bodies 106.
[0038] It will be understood that the electrical stimulation
system can include more, fewer, or different components and
can have a variety of different configurations including those
configurations disclosed in the electrical stimulation system
references cited herein. For example, instead of a paddle
body, the electrodes can be disposed in an array at or near the
distal end of a lead body forming a percutaneous lead.
[0039] FIG. 2 illustrates schematically another embodi-
ment of the electrical stimulation system 100, where the lead
103 is a percutaneous lead. In FIG. 2, the electrodes 134 are
shown disposed along the one or more lead bodies 106. In
at least some embodiments, the lead 103 is isodiametric
along a longitudinal length of the lead body 106.

[0040] The lead 103 can be coupled to the control module
102 in any suitable manner. In FIG. 1, the lead 103 is shown
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coupling directly to the control module 102. In at least some
other embodiments, the lead 103 couples to the control
module 102 via one or more intermediate devices (324 in
FIG. 3B). For example, in at least some embodiments one or
more lead extensions 324 (see e.g., FIG. 3B) can be disposed
between the lead 103 and the control module 102 to extend
the distance between the lead 103 and the control module
102. Other intermediate devices may be used in addition to,
or in lieu of, one or more lead extensions including, for
example, a splitter, an adaptor, or the like or combinations
thereof. It will be understood that, in the case where the
electrical stimulation system 100 includes multiple elon-
gated devices disposed between the lead 103 and the control
module 102, the intermediate devices may be configured
into any suitable arrangement.

[0041] In FIG. 2, the electrical stimulation system 100 is
shown having a splitter 107 configured and arranged for
facilitating coupling of the lead 103 to the control module
102. The splitter 107 includes a splitter connector 108
configured to couple to a proximal end of the lead 103, and
one or more splitter tails 1094 and 10956 configured and
arranged to couple to the control module 102 (or another
splitter, a lead extension, an adaptor, or the like).

[0042] With reference to FIGS. 1 and 2, the control
module 102 typically includes a connector housing 112 and
a sealed electronics housing 114. An electronic subassembly
110 and an optional power source 120 are disposed in the
electronics housing 114. A control module connector 144 is
disposed in the connector housing 112. The control module
connector 144 is configured and arranged to make an
electrical connection between the lead 103 and the electronic
subassembly 110 of the control module 102.

[0043] The electrical stimulation system or components of
the electrical stimulation system, including the paddle body
104, the one or more of the lead bodies 106, and the control
module 102, are typically implanted into the body of a
patient. The electrical stimulation system can be used for a
variety of applications including, but not limited to deep
brain stimulation, neural stimulation, spinal cord stimula-
tion, muscle stimulation, and the like.

[0044] The electrodes 134 can be formed using any con-
ductive, biocompatible material. Examples of suitable mate-
rials include metals, alloys, conductive polymers, conduc-
tive carbon, and the like, as well as combinations thereof. In
at least some embodiments, one or more of the electrodes
134 are formed from one or more of: platinum, platinum
iridium, palladium, palladium rhodium, or titanium.

[0045] Any suitable number of electrodes 134 can be
disposed on the lead including, for example, four, five, six,
seven, eight, nine, ten, eleven, twelve, fourteen, sixteen,
twenty-four, thirty-two, or more electrodes 134. In the case
of paddle leads, the electrodes 134 can be disposed on the
paddle body 104 in any suitable arrangement. In FIG. 1, the
electrodes 134 are arranged into two columns, where each
column has eight electrodes 134.

[0046] The electrodes of the paddle body 104 (or one or
more lead bodies 106) are typically disposed in, or separated
by, a non-conductive, biocompatible material such as, for
example, silicone, polyurethane, polyetheretherketone
(“PEEK™), epoxy, and the like or combinations thereof. The
one or more lead bodies 106 and, if applicable, the paddle
body 104 may be formed in the desired shape by any process
including, for example, molding (including injection mold-
ing), casting, and the like. The non-conductive material
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typically extends from the distal ends of the one or more lead
bodies 106 to the proximal end of each of the one or more
lead bodies 106.

[0047] In the case of paddle leads, the non-conductive
material typically extends from the paddle body 104 to the
proximal end of each of the one or more lead bodies 106.
Additionally, the non-conductive, biocompatible material of
the paddle body 104 and the one or more lead bodies 106
may be the same or different. Moreover, the paddle body 104
and the one or more lead bodies 106 may be a unitary
structure or can be formed as two separate structures that are
permanently or detachably coupled together.

[0048] Terminals (e.g., 310 in FIGS. 3A-3B) are typically
disposed along the proximal end of the one or more lead
bodies 106 of the electrical stimulation system 100 (as well
as any splitters, lead extensions, adaptors, or the like) for
electrical connection to corresponding connector contacts
(e.g., 314 in FIG. 3A). The connector contacts are disposed
in connectors (e.g., 144 in FIGS. 1-3B; and 322 FIG. 3B)
which, in turn, are disposed on, for example, the control
module 102 (or a lead extension, a splitter, an adaptor, or the
like). Electrically conductive wires, cables, or the like (not
shown) extend from the terminals to the electrodes 134.
Typically, one or more electrodes 134 are electrically
coupled to each terminal. In at least some embodiments,
each terminal is only connected to one electrode 134.
[0049] The electrically conductive wires (“conductors™)
may be embedded in the non-conductive material of the lead
body 106 or can be disposed in one or more lumens (not
shown) extending along the lead body 106. In some embodi-
ments, there is an individual lumen for each conductor. In
other embodiments, two or more conductors extend through
a lumen. There may also be one or more lumens (not shown)
that open at, or near, the proximal end of the one or more
lead bodies 106, for example, for inserting a stylet to
facilitate placement of the one or more lead bodies 106
within a body of a patient. Additionally, there may be one or
more lumens (not shown) that open at, or near, the distal end
of'the one or more lead bodies 106, for example, for infusion
of drugs or medication into the site of implantation of the
one or more lead bodies 106. In at least one embodiment, the
one or more lumens are flushed continually, or on a regular
basis, with saline, epidural fluid, or the like. In at least some
embodiments, the one or more lumens are permanently or
removably sealable at the distal end.

[0050] FIG. 3A is a schematic side view of one embodi-
ment of a proximal end of one or more elongated devices
300 configured and arranged for coupling to one embodi-
ment of the control module connector 144. The one or more
elongated devices may include, for example, one or more of
the lead bodies 106 of FIG. 1, one or more intermediate
devices (e.g., a splitter, the lead extension 324 of FIG. 3B,
an adaptor, or the like or combinations thereof), or a
combination thereof

[0051] The control module connector 144 defines at least
one port into which a proximal end of the elongated device
300 can be inserted, as shown by directional arrows 312a
and 3125. In FIG. 3A (and in other figures), the connector
housing 112 is shown having two ports 304a and 3045. The
connector housing 112 can define any suitable number of
ports including, for example, one, two, three, four, five, six,
seven, eight, or more ports.

[0052] The control module connector 144 also includes a
plurality of connector contacts, such as connector contact
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314, disposed within each port 304a and 30456. When the
elongated device 300 is inserted into the ports 304a and
3045, the connector contacts 314 can be aligned with a
plurality of terminals 310 disposed along the proximal
end(s) of the elongated device(s) 300 to electrically couple
the control module 102 to the electrodes (134 of FIG. 1)
disposed on the paddle body 104 of the lead 103. Examples
of connectors in control modules are found in, for example,
U.S. Pat. Nos. 7,244,150 and 8,224,450, which are incor-
porated by reference.

[0053] FIG. 3B is a schematic side view of another
embodiment of the electrical stimulation system 100. The
electrical stimulation system 100 includes a lead extension
324 that is configured and arranged to couple one or more
elongated devices 300 (e.g., one of the lead bodies 106 of
FIGS. 1 and 2, the splitter 107 of FIG. 2, an adaptor, another
lead extension, or the like or combinations thereof) to the
control module 102. In FIG. 3B, the lead extension 324 is
shown coupled to a single port 304 defined in the control
module connector 144. Additionally, the lead extension 324
is shown configured and arranged to couple to a single
elongated device 300. In alternate embodiments, the lead
extension 324 is configured and arranged to couple to
multiple ports 304 defined in the control module connector
144, or to receive multiple elongated devices 300, or both.
[0054] A lead extension connector 322 is disposed on the
lead extension 324. In FIG. 3B, the lead extension connector
322 is shown disposed at a distal end 326 of the lead
extension 324. The lead extension connector 322 includes a
connector housing 328. The connector housing 328 defines
at least one port 330 into which terminals 310 of the
elongated device 300 can be inserted, as shown by direc-
tional arrow 338. The connector housing 328 also includes
a plurality of connector contacts, such as connector contacts
340. When the elongated device 300 is inserted into the port
330, the connector contacts 340 disposed in the connector
housing 328 can be aligned with the terminals 310 of the
elongated device 300 to electrically couple the lead exten-
sion 324 to the electrodes (134 of FIGS. 1 and 2) disposed
along the lead (103 in FIGS. 1 and 2).

[0055] In at least some embodiments, the proximal end of
the lead extension 324 is similarly configured and arranged
as a proximal end of the lead 103 (or other elongated device
300). The lead extension 324 may include a plurality of
electrically conductive wires (not shown) that electrically
couple the connector contacts 340 to a proximal end 348 of
the lead extension 324 that is opposite to the distal end 326.
In at least some embodiments, the conductive wires dis-
posed in the lead extension 324 can be electrically coupled
to a plurality of terminals (not shown) disposed along the
proximal end 348 of the lead extension 324. In at least some
embodiments, the proximal end 348 of the lead extension
324 is configured and arranged for insertion into a connector
disposed in another lead extension (or another intermediate
device). In other embodiments (and as shown in FIG. 3B),
the proximal end 348 of the lead extension 324 is configured
and arranged for insertion into the control module connector
144.

[0056] In conventional connectors, a neuromodulation
lead or lead extension is fixed to a connector using a set
block and set screw mechanism. The set block and set screw
mechanism generally tends may have a relatively large
profile (e.g., spatial envelope) as compared to the profile of
the lead or lead extension. The mechanism’s relatively large

Dec. 21, 2017

profile can be undesirable in various clinical applications in
which a smaller or a reduced profile may be beneficial for
patient comfort and clinical efficacy.

[0057] As an alternative, at least some embodiments com-
prise lead having a threaded sleeve coupled to or integrally
formed with the lead. A connector assembly configured to
receive the threaded sleeve includes a rotational member
such as, but not limited to, a female-type fastener like a
threaded nut. In at least some embodiments, the rotational
member may take the form of a block or cylinder perforated
with at least a partially, internally threaded bore so that it can
be mated with an externally threaded element (e.g., such as
a male-type fastener, a bolt, a threaded rod, a threaded lead,
etc.) to connect the lead to the connector assembly. The
connector assembly may further include a collar embedded
in or integrally formed with a receptacle body of the
connector assembly.

[0058] FIG. 4A shows a schematic, perspective view of an
insertable member 400. For purposes of brevity and clarity,
the insertable member 400 is referred to as the lead, but it is
understood that at least some embodiments may also apply
to a lead extension, a control module, a cable, some com-
bination of thereof, or some other device in which one
elongated member requires coupling to another elongated
member while achieving an overall low profile for the
combination.

[0059] The lead 400 includes a sleeve 402 and a terminal
array 404. In at least some embodiments, the sleeve 402
includes external threading. FIG. 4B shows a close-up view
of the external threading in which a major diameter 406 of
the threading is sized to fit through a percutaneous intro-
ducer or lumen (not shown).

[0060] In at least some embodiment, the sleeve 402 is slid
onto the lead 400 and affixed to the lead at a distance 408
from the terminal array 404. In at least some embodiments,
the sleeve 402 is made from a rigid material and may
mechanically bonded, interference fit, press fit, shrink fit
using heat, crimped or otherwise coupled to the lead body
410 of the lead 400. The rigid material may take the form of
a metallic material or a plastic material. Preferably, the
sleeve 402 is made from a material capable of withstanding
the stresses and strains associated with assembling the
sleeve onto the lead body, connecting the sleeve to a
threaded rotational member, implanting the lead into a
patient, and mechanically functioning for at least an opera-
tional life of the lead.

[0061] Alternatively, the sleeve 402 is integrally disposed
with (e.g., molded) or machined into the lead body 410. In
such an embodiment, the sleeve 402 is made out of the same
material as the lead body 410, which may be a non-
conductive, biocompatible material, for example, silicone,
polyurethane, polyetheretherketone (“PEEK”), epoxy, and
combinations thereof.

[0062] FIG. 5A shows a schematic, perspective view of a
connector assembly 500. The connector assembly 500 may
be located on either a proximal end portion or a distal end
portion of the lead. The connector assembly 500 includes a
rotational member 502 that is rotatable independent of a
receptacle body 504 of the connector assembly. In at least
some embodiments, the receptacle body 504 is made out of
the same material as the lead body 410 (FIG. 4A) such as,
but not limited to, a non-conductive, biocompatible material,
for example, silicone, polyurethane, polyetheretherketone
(“PEEK™), epoxy, and combinations thereof.



US 2017/0361108 Al

[0063] FIG. 5B shows a longitudinal, cross-sectional view
of the connector assembly 500. In the illustrated embodi-
ment, the receptacle body 504 includes an annular member
or collar 508 embedded into and fixed to the receptacle body
504 and a plurality of connector contacts 512. In at least
some embodiments and after connecting the lead 400 with
the connector assembly 500, each connector contact 512
aligns with and electrically communicates with each respec-
tive terminal comprising the terminal array 404 (FIG. 4A).
Examples of connector assemblies for electrical stimulation
systems with leads are found in, for example, U.S. Pat. Nos.
8,849,396, 7,244,150, 8,600,507, 8,897,876; 8,682,439,
U.S. Patent Applications Publication Nos. 2012/0053646;
2014/0148885; 2015/0209575; 2016/0059019; and U.S. Pat-
ent Provisional Patent Application Nos. 62/193,472; 62/216,
594; 62/259,463; and 62/278,667, all of which are incorpo-
rated by reference in their entireties.

[0064] Optionally, the receptacle body 504 further
includes an end stop feature 510 embedded in or integrally
disposed (e.g., molded) in the receptacle body 504. It is
appreciated that the collar 508, the end stop feature 510, or
both may be integrally formed with the receptacle body 504,
and thus of the same material as the receptacle body, it is
preferable that the collar 508, the end stop feature 510 or
both be made from a more rigid material as compared to the
receptacle body 504. A more rigid material for the collar 508
would permit the collar 508 to have a durable contact and
bearing surface that is more suitable for rotational contact
during insertion of the lead into the connector assembly.
Similarly, the more rigid material for the end stop feature
510 would provide for a more durable and robust contact and
bearing surface when the lead is inserted into the connector
assembly.

[0065] Referring briefly back to FIG. 5A and in at least
some embodiments, the rotational member 502 may include
a textured surface that may be integrally formed with or
machined onto the rotational member 502. In the illustrated
embodiment, the textured surface takes the form of a cross-
hatched, grippable pattern to improve one’s grip when
turning the rotational member 502.

[0066] FIG. 5C shows a cross-sectional, close-up view of
the rotational member 502 and the collar 508. The rotational
member 502 includes a head portion 514 and an elongated
portion 516. A bearing interface 518 separates the elongated
portion 516 from the collar 508 and permits the rotational
member 502 to rotate freely with respect to at least the
receptacle body 504, the collar 508, end stop feature 510,
and the connector contacts 512 (FIGS. 5A and 5B). The
elongated portion 516 includes a stop member 522 that
extends radially from at least a portion of the elongated
portion 516. The stop member 522 engages with the collar
508 to reduce or prevent longitudinal movement or removal
of the rotational member 502 relative to the receptacle body
504.

[0067] In the illustrated embodiment, both the head por-
tion 514 and the elongated portion 516 of the rotational
member 502 have internal threading 520 that extend the
length of the rotational member 502, and therefore an
insertion depth of the lead into the connector assembly is
determined by the location of the end stop feature 510 (FIG.
5B). In at least some embodiments, the rotational member
502 takes the form of a threaded, locking nut.

[0068] FIG. 6 shows a schematic, perspective view of the
lead 400 about to be inserted into the connector assembly
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500. Because the rotational member 502 freely spins relative
to the receptacle body 504, the collar 508, end stop feature
510, and the connector contacts 512 (FIGS. 5A and 5B),
rotation of the rotational member 502 after engagement with
the sleeve 402 pulls or urges the lead 400 into the connector
assembly 500. The receptacle body and rotational member
are configured and arranged to receive a portion of a lead or
a lead extension through a connector assembly lumen 524.
[0069] FIG. 7A shows a schematic, perspective, close-up,
cross-sectional view of the lead 400 partially inserted into
the connector assembly 500 in that only a portion of the
sleeve 402 is received into the rotational member 502. FIGS.
7B and 7C show the lead 400 fully inserted into the
connector assembly 500 such that (1) the sleeve 402 is fully
received into the rotational member 502; (2) the respective
terminals of the terminal array 404 are respectively aligned
and in electrical communication with the connector contacts
512; and (3) the longitudinal insertion depth of the lead 400
is determined and halted by the end stop feature 510.
[0070] FIG. 8 shows a schematic, perspective, close-up,
cross-sectional view of a lead 600 fully inserted into a
connector assembly 700. A head portion of a rotational
member 702 includes a flared (e.g., bellmouth) opening or
aperture 704 for receiving the lead 600. In at least some
embodiments, the flared aperture 704 is configured to pro-
vide an amount of radial or lateral deflection for the lead 600
relative to the head portion of the rotational member 702.
Allowing the lead to radially or laterally deflect may advan-
tageously provide strain relief in that lead migration or
connector assembly migration would not cause the lead to be
pressed against an edge of the connector assembly, which
could kink or otherwise damage the lead.

[0071] In at least some of the aforementioned embodi-
ments, the threading of the sleeve extended along a full
length of the rotational member. Alternatively, portions of
the rotational member may be unthreaded. By way of
example, the internal threading of the elongated portion of
the rotational member may stop at a predetermined depth
that is less than a length of the collar. In such an embodi-
ment, it would only be possible to thread the lead into the
connector assembly to where the threading ended. Accord-
ingly, the partially threaded elongated portion could operate
as a mechanical stop to determine the insertion depth and
stop the advancement of the lead into the connector assem-
bly without employing an end stop feature.

[0072] In at least some embodiments, the connector
assembly can be water resistant or hermetically sealed.
[0073] FIG. 9 is a schematic overview of one embodiment
of components of an electrical stimulation system 800
including an electronic subassembly 810 disposed within a
control module. It will be understood that the electrical
stimulation system can include more, fewer, or different
components and can have a variety of different configura-
tions including those configurations disclosed in the stimu-
lator references cited herein.

[0074] Some of the components (for example, a power
source 812, an antenna 818, a receiver 802, and a processor
804) of the electrical stimulation system can be positioned
on one or more circuit boards or similar carriers within a
sealed housing of an implantable pulse generator, if desired.
Any power source 812 can be used including, for example,
a battery such as a primary battery or a rechargeable battery.
Examples of other power sources include super capacitors,
nuclear or atomic batteries, mechanical resonators, infrared
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collectors, thermally-powered energy sources, flexural pow-
ered energy sources, bioenergy power sources, fuel cells,
bioelectric cells, osmotic pressure pumps, and the like
including the power sources described in U.S. Pat. No.
7,437,193, incorporated herein by reference.

[0075] As another alternative, power can be supplied by
an external power source through inductive coupling via the
optional antenna 818 or a secondary antenna. The external
power source can be in a device that is mounted on the skin
of the user or in a unit that is provided near the user on a
permanent or periodic basis.

[0076] If the power source 812 is a rechargeable battery,
the battery may be recharged using the optional antenna 818,
if desired. Power can be provided to the battery for recharg-
ing by inductively coupling the battery through the antenna
to a recharging unit 816 external to the user. Examples of
such arrangements can be found in the references identified
above.

[0077] Inone embodiment, electrical current is emitted by
the electrodes 134 on the paddle or lead body to stimulate
nerve fibers, muscle fibers, or other body tissues near the
electrical stimulation system. The processor 804 is generally
included to control the timing and electrical characteristics
of the electrical stimulation system. For example, the pro-
cessor 804 can, if desired, control one or more of the timing,
frequency, strength, duration, and waveform of the pulses. In
addition, the processor 804 can select which electrodes can
be used to provide stimulation, if desired. In some embodi-
ments, the processor 804 selects which electrode(s) are
cathodes and which electrode(s) are anodes. In some
embodiments, the processor 804 is used to identify which
electrodes provide the most useful stimulation of the desired
tissue.

[0078] Any processor can be used and can be as simple as
an electronic device that, for example, produces pulses at a
regular interval or the processor can be capable of receiving
and interpreting instructions from an external programming
unit 808 that, for example, allows modification of pulse
characteristics. In the illustrated embodiment, the processor
804 is coupled to a receiver 802 which, in turn, is coupled
to the optional antenna 818. This allows the processor 804
to receive instructions from an external source to, for
example, direct the pulse characteristics and the selection of
electrodes, if desired.

[0079] In one embodiment, the antenna 818 is capable of
receiving signals (e.g., RF signals) from an external telem-
etry unit 806 which is programmed by the programming unit
808. The programming unit 808 can be external to, or part
of, the telemetry unit 806. The telemetry unit 806 can be a
device that is worn on the skin of the user or can be carried
by the user and can have a form similar to a pager, cellular
phone, or remote control, if desired. As another alternative,
the telemetry unit 806 may not be worn or carried by the user
but may only be available at a home station or at a clinician’s
office. The programming unit 808 can be any unit that can
provide information to the telemetry unit 806 for transmis-
sion to the electrical stimulation system 800. The program-
ming unit 808 can be part of the telemetry unit 806 or can
provide signals or information to the telemetry unit 806 via
a wireless or wired connection. One example of a suitable
programming unit is a computer operated by the user or
clinician to send signals to the telemetry unit 806.

[0080] The signals sent to the processor 804 via the
antenna 818 and the receiver 802 can be used to modify or
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otherwise direct the operation of the electrical stimulation
system. For example, the signals may be used to modify the
pulses of the electrical stimulation system such as modifying
one or more of pulse duration, pulse frequency, pulse
waveform, and pulse strength. The signals may also direct
the electrical stimulation system 800 to cease operation, to
start operation, to start charging the battery, or to stop
charging the battery. In other embodiments, the stimulation
system does not include the antenna 818 or receiver 802 and
the processor 804 operates as programmed.

[0081] Optionally, the electrical stimulation system 800
may include a transmitter (not shown) coupled to the pro-
cessor 804 and the antenna 818 for transmitting signals back
to the telemetry unit 806 or another unit capable of receiving
the signals. For example, the electrical stimulation system
800 may transmit signals indicating whether the electrical
stimulation system 800 is operating properly or not or
indicating when the battery needs to be charged or the level
of charge remaining in the battery. The processor 804 may
also be capable of transmitting information about the pulse
characteristics so that a user or clinician can determine or
verify the characteristics.

[0082] The above specification provides a description of
the structure, manufacture, and use of the invention. Since
many embodiments of the invention can be made without
departing from the spirit and scope of the invention, the
invention also resides in the claims hereinafter appended.

What is claimed as new and desired to be protected by
Letters Patent of the United States is:

1. A connector assembly comprising:

a receptacle body defining a portion of a connector lumen
and comprising a plurality of connector contacts dis-
posed within the receptacle body along the connector
lumen; and

a rotational member defining another portion of the con-
nector lumen and comprising a head portion and an
elongated portion, the elongated portion comprising an
inner surface and an outer surface, wherein the outer
surface is rotatably coupled to the receptacle body,
wherein fastener threading is disposed along at least a
portion of the inner surface,

wherein the receptacle body and rotational member are
configured and arranged to receive a portion of a lead
or lead extension in the connector lumen.

2. The connector assembly of claim 1, wherein an axial
length of the plurality of fastener threading predetermines a
stopping point for the lead or lead extension received in the
rotational member.

3. The connector assembly of claim 1, wherein the fas-
tener threading is disposed along an entire length of the
rotational member.

4. The connector assembly of claim 1, wherein the head
portion of the rotational member defines a flared aperture
into the connector lumen to facilitate receiving the portion of
the lead or lead extension.

5. The connector assembly of claim 1, wherein an outer
surface of the head portion of the rotational member com-
prises a textured outer surface.

6. The connector assembly of claim 1, further comprising
an end stop disposed within the receptacle body and termi-
nating the connector lumen.

7. The connector assembly of claim 6, wherein the end
stop is embedded into the receptacle body.
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8. The connector assembly of claim 6, wherein the end
stop is integrally formed as part of the receptacle body.

9. The connector assembly of claim 1, further comprising
a collar disposed within the receptacle body, wherein the
rotational member is rotatably attached to the collar.

10. The connector assembly of claim 9, wherein the collar
is embedded into the receptacle body.

11. The connector assembly of claim 9, wherein the collar
is integrally formed as part of the receptacle body.

12. The connector assembly of claim 9, further compris-
ing a stop member extending radially from the rotational
member for engagement with the collar, wherein the stop
member restrict longitudinal movement of the rotational
member relative to the receptacle body.

13. An electrical stimulation system comprising:

the connector assembly of claim 1;

an electrical stimulation lead comprising an externally

threaded portion configured to engage the fastener
threading of the rotational member of the connector
assembly; and

a control module coupleable to the electrical stimulation

lead, the control module comprising
a housing, and
an electronic subassembly disposed in the housing.

14. The electrical stimulation system of claim 13, wherein
the connector assembly is disposed in the housing of the
control module.

15. The electrical stimulation system of claim 13, further
comprising a lead extension coupleable to both the electrical
stimulation lead and the control module, wherein lead exten-
sion comprises the connector assembly.

Dec. 21, 2017

16. An electrical stimulation lead comprising:

a lead body having a distal end portion, a proximal end
portion, and a longitudinal length;

a plurality of electrodes disposed along the distal end
portion of the lead body;

a plurality of terminals disposed along the proximal end
portion of the lead body;

aplurality of conductors electrically coupling the plurality
of terminals to the plurality of electrodes; and

an externally threaded portion disposed along proximal
end portion of the lead distal to the plurality of termi-
nals.

17. The lead of claim 16, wherein the externally threaded

portion comprises an externally threaded sleeve.

18. The lead of claim 16, wherein the externally threaded
portion is machined into the lead.

19. The lead of claim 16, wherein the externally threaded
portion comprises a major diameter sized to fit through a
percutaneous introducer.

20. An electrical stimulation system comprising:

the electrical stimulation lead of claim 16;

a connector assembly defining a connector lumen for
receiving the proximal end portion of the electrical
stimulation lead, the connector assembly comprising
a receptacle body;

a plurality of connector contacts disposed within the
receptacle body along the connector lumen; and

a rotational member rotatably coupled to the receptacle
body and comprising fastener threading to engage
the externally threaded portion of the electrical
stimulation lead.
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