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(54) LOCKING COMPRESSION MEMBERS FOR USE WITH BONE ANCHOR ASSEMBLIES

(57) Various exemplary methods and devices are
provided for fixing bone anchors to bone. In general, the
methods and devices can allow for a bone anchor to be
fixed to a bone at a desired angle to a surface of the
bone. In an exemplary embodiment, a bone anchor as-
sembly is provided that includes a bone anchor config-
ured to engage bone, a receiver member for seating a
head of the bone anchor, and a compression member
for securing the bone anchor at fixed angle with respect
to the receiver member when the compression member
is seated within the receiver member. Corresponding en-
gagement features of the compression member and the
receiver member can be engaged in a secured configu-
ration to inhibit or prevent removal of the compression
cap from the receiver member and optionally to substan-
tially prevent longitudinal and/or rotational movement of
the compression member with respect to the receiver
member.
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Description

FIELD

[0001] The present invention relates to methods and
devices for correcting a spine, and in particular to bone
anchor assemblies and methods of using the same.

BACKGROUND

[0002] Bone anchors may be used in orthopedic sur-
gery to fix bone during healing or during a fusion process.
In spinal surgery, bone anchors may be used with spinal
fixation elements, such as spinal rods, to stabilize multi-
ple vertebrae either rigidly, in which no relative motion
between the vertebrae is desired, or dynamically, in
which limited, controlled motion between the vertebrae
is desired. Fixation elements can help to support the
spine in a desired alignment, for example by defining a
shape towards which a deformed spine is to be corrected.
Attaching the vertebrae to the fixation element causes
vertebrae which are out of position to be drawn towards
the fixation element, so that they can then be retained in
a correct alignment against forces imposed by soft tissue
tending to revert the configuration of the spine towards
the deformed shape. Correction of the spinal deformation
can involve application to the vertebrae of translational
forces, torsional forces, or combinations thereof to cause
vertebrae to translate and/or rotate.
[0003] Surgical procedures using bone anchors often
require that the bone anchor be secured to the bone at
a predetermined angle to a surface of the bone. Tradi-
tional bone anchors can include a shaft having a spherical
head that is polyaxially seated in a receiver member and
that can be secured at a fixed angle to the receiver mem-
ber by a compression member. To reduce a risk that the
compression member is misplaced or dropped into a sur-
gical incision in a patient before the compression member
is secured proximally of the head, traditional methods
can require deformation of the receiver member against
the compression cap. The deformation process, called
"swaging," compresses the receiver member against the
compression cap to substantially prevent relative move-
ment therebetween. However, the swaging process can
weaken the structure of the bone anchor and can in-
crease the expense and the time required for manufac-
turing of the bone anchor.
[0004] Accordingly, there remains a need for improved
methods and devices for bone anchor fixation.

SUMMARY

[0005] The present invention generally provides meth-
ods and devices for fixing a bone anchor to a bone. In
one aspect, a bone screw assembly is provided that can
include a screw having a proximal portion and a distal
shank portion, a receiver member having a polyaxial seat
formed therein and configured to proximally seat the

head portion of the screw, and a compression cap. The
compression cap can be disposed within the receiver
member and can have a distal end configured to engage
the head portion of the screw. Opposed projections of
the compression cap can extend radially therefrom and
can be configured to mate with complementary recesses
formed in the receiver member such that the compres-
sion cap is retained within the receiver member.
[0006] The opposed projections can be configured in
any number of ways. A distance between outer surfaces
of the opposed projections can be greater than the inside
diameter of the receiver member, although the compres-
sion cap can have an outside diameter that is less than
an inside diameter of the receiver member. A width of
each projection measured horizontally about the circum-
ference of the compression cap can be greater than a
thickness of the opposed projection measured along a
radial axis of the compression cap. The opposed projec-
tions can be configured such that movement of the com-
pression cap distally within the receiver member is effec-
tive to deform the opposed projections until the opposed
projections snap into engagement with the complemen-
tary recesses. Rotating the compression cap relative to
the receiver member can also be effective to deform the
opposed projections until the opposed projections snap
into engagement with the complementary recesses,
and/or can be effective to move the opposed projections
into engagement with the complementary recesses. The
opposed projections and the complementary recesses
can be effective, when mated, to maintain the compres-
sion cap in a substantially fixed longitudinal and/or rota-
tional position relative to the receiver member.
[0007] A proximal-facing surface of each projection
and an inner superior surface of each complementary
recess can be planar such that, when mated, the com-
pression cap is prevented from being decoupled from the
receiver member. A distal-facing surface of each projec-
tion can be ramped, tapered, chamfered, and/or beveled
to provide a lead-in surface geometry. Similarly, the re-
ceiver member can include a shoulder disposed proximal
to the complementary recesses, the shoulder being
ramped, tapered, chamfered, and/or beveled to provide
a lead-in surface for the opposed projections as the com-
pression cap is advanced distally relative to the receiver
member. Where the complementary recesses comprise
cut-outs formed in a shelf that extends radially inward
from an interior sidewall of the receiver member, the shelf
can include one or more lateral edges that are ramped,
tapered, chamfered, and/or beveled to provide a lead-in
surface for the opposed projections.
[0008] In another aspect, a method is provided for as-
sembling a bone screw that can include passing a shank
portion of the bone screw through an aperture formed in
a distal end of a receiver member, inserting a compres-
sion cap into the receiver member, and engaging op-
posed projections extending radially outward from the
compression cap with complementary recesses formed
in the receiver member to retain the compression cap
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within the receiver member. The method can further in-
clude deforming the projections over a shoulder portion
of the receiver member disposed proximal to the com-
plementary recesses. The engaging can be effective to
maintain the compression cap in a substantially fixed lon-
gitudinal and/or rotational position relative to the receiver
member. Inserting the compression cap can comprise
sliding the compression cap distally within the receiver
member to deform the opposed projections until the op-
posed rejections snap into engagement with the comple-
mentary recesses. Inserting the compression cap can
also comprise rotating the compression cap relative to
the receiver member to move the opposed projections
into engagement with the complementary recesses.
Where the complementary recesses can be formed in a
shelf that extends radially inward from an interior sidewall
of the receiver member, the engaging can comprise cam-
ming the opposed projections over ramped, tapered,
chamfered, and/or beveled edges of the shelf and snap-
ping the opposed projections into the complementary re-
cesses.
[0009] The present invention further provides devices,
systems, and methods as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention will be more fully understood from
the following detailed description taken in conjunction
with the accompanying drawings, in which:

FIG. 1A (PRIOR ART) is a perspective view of a prior
art bone anchor assembly;

FIG. 1B (PRIOR ART) is an exploded view of the
bone anchor assembly of FIG. 1A;

FIG. 1C (PRIOR ART) is a top view of the bone an-
chor assembly of FIG. 1A;

FIG. 1D (PRIOR ART) is a cross-sectional view of
the bone anchor assembly of FIG. 1A;

FIG. 2 is a perspective, partially exploded view of a
bone anchor assembly including a bone anchor, a
receiver member, and a compression cap;

FIG. 3 is a perspective, partial cut-away view of the
bone anchor assembly of FIG. 2;

FIG. 4 is a cut-away view of the receiver member
and the bone anchor of the bone anchor assembly
of FIG. 2;

FIG. 5A is a partial cross-sectional view of the bone
anchor assembly of FIG. 2 before the compression
cap has been attached to the receiver member;

FIG. 5B is an enlarged cross-sectional view of the

compression cap and the receiver member of the
bone anchor assembly of FIG. 2 before the compres-
sion cap has been attached to the receiver member;

FIG. 6A is a partial cross-sectional view of the bone
anchor assembly of FIG. 2 after the compression
cap has been attached to the receiver member;

FIG. 6B is an enlarged cross-sectional view of the
compression cap and the receiver member of the
bone anchor assembly of FIG. 2 after the compres-
sion cap has been attached to the receiver member;

FIG. 7 is a partial perspective view of another em-
bodiment of a bone anchor assembly having a bone
anchor, a receiver member, and a compression cap,
before the compression cap has been attached to
the receiver member;

FIG. 8 is a partial perspective view of the bone anchor
assembly of FIG. 7 after the compression cap has
been attached to the receiver member;

FIG. 9 is a perspective view of the compression cap
of the bone anchor assembly of FIG. 7;

FIG. 10 is a partial cross-sectional view of the bone
anchor assembly of FIG. 7; and

FIG. 11 is a partial cross-sectional perspective view
of the receiver member of the bone anchor assembly
of FIG. 7.

DETAILED DESCRIPTION

[0011] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of
the devices and methods disclosed herein. One or more
examples of these embodiments are illustrated in the ac-
companying drawings. Those skilled in the art will under-
stand that the devices and methods specifically de-
scribed herein and illustrated in the accompanying draw-
ings are non-limiting exemplary embodiments and that
the scope of the present invention is defined solely by
the claims. The features illustrated or described in con-
nection with one exemplary embodiment may be com-
bined with the features of other embodiments. Such mod-
ifications and variations are intended to be included with-
in the scope of the present invention.
[0012] Various exemplary methods and devices are
provided for fixing bone anchors to bone. In general, the
methods and devices can allow for a bone anchor to be
fixed to a bone at a desired angle relative to a receiver
member. In an exemplary embodiment, a bone anchor
assembly is provided that includes a bone anchor con-
figured to engage bone, a receiver member for seating
a head of the bone anchor, and a compression member
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for securing the receiver member at fixed angle with re-
spect to the bone anchor. The compression member can
be seated within the receiver member, proximally of the
head of the bone anchor, and can include one or more
engagement features to facilitate attachment to the re-
ceiver member. Similarly, the receiver member can in-
clude one or more complementary engagement features
that correspond to the engagement features of the com-
pression member. Mating between the corresponding
engagement features of the compression member and
the receiver member in a secured configuration can be
sufficient to inhibit or prevent removal of the compression
member from the receiver member, thus reducing a risk
of accidental loss or misplacement of the compression
member. Engagement of the corresponding engagement
features can optionally be sufficient to substantially pre-
vent longitudinal and/or rotational movement of the com-
pression member with respect to the receiver member,
such that once the compression member is in the secured
configuration, the compression member can exert a distal
force on the head of the bone anchor and can substan-
tially fix the bone anchor at the desired angle with respect
to the receiver member.
[0013] FIGS. 1A-1D illustrate a prior art bone anchor
assembly 10 that includes a bone anchor 12, a receiver
member 14 for receiving a spinal fixation element, such
as a spinal rod 22, to be coupled to the bone anchor 12,
and a closure mechanism 16 to capture a spinal fixation
element within the receiver member 14 and fix the spinal
fixation element with respect to the receiver member 14.
The bone anchor 12 includes a proximal head 18 and a
distal shaft 20 configured to engage bone. The receiver
member 14 has a proximal end 26 having a pair of spaced
apart arms 28A, 28B defining a recess 30 there between
and a distal end 32 having a distal end surface 34 defining
an opening through which at least a portion of the bone
anchor 12 extends. The closure mechanism 16 can be
positionable between and can engage the arms 28A, 28B
to capture a spinal fixation element, e.g., a spinal rod 22,
within the receiver member 14 and fix the spinal fixation
element with respect to the receiver member 14.
[0014] The proximal head 18 of the bone anchor 12 is
generally in the shape of a truncated sphere having a
planar proximal surface 36 and an approximately spher-
ically-shaped distal surface 38. The illustrated bone an-
chor assembly is a polyaxial bone screw designed for
posterior implantation in the pedicle or lateral mass of a
vertebra. The proximal head 18 of the bone anchor 12
engages the distal end 32 of the receiver member 14 in
a ball and socket like arrangement in which the proximal
head 18 and the distal shaft 20 can pivot relative to the
receiver member 14. The distal surface 38 of the proximal
head 18 of the bone anchor 12 and a mating surface
within the distal end 32 of the receiver member 14 can
have any shape that facilitates this arrangement, includ-
ing, for example, spherical (as illustrated), toroidal, con-
ical, frustoconical, and any combinations of these
shapes.

[0015] The distal shaft 20 of the bone anchor 12 can
be configured to engage bone and, in the illustrated em-
bodiment, includes an external bone engaging thread 40.
The thread form for the distal shaft 20, including the
number of threads, the pitch, the major and minor diam-
eters, and the thread shape, can be selected to facilitate
connection with bone. Exemplary thread forms are dis-
closed in U.S. Patent Application Publication No.
2011/0288599, filed on May 18, 2011, and in U.S. Pub-
lication No. 2013/0053901, filed August 25, 2011, both
of which are incorporated herein by reference. The distal
shaft 20 can also include other structures for engaging
bone, including a hook. The distal shaft 20 of the bone
anchor 12 can be cannulated, having a central passage
or cannula extending the length of the bone anchor to
facilitate delivery of the bone anchor over a guide wire
in, for example, minimally-invasive procedures. Other
components of the bone anchor assembly 10, including,
for example, the closure mechanism 16, the receiver
member 14, and the compression member 60 (discussed
below) can be cannulated or otherwise have an opening
to permit delivery over a guide wire. The distal shaft 20
can also include one or more sidewall openings or fen-
estrations that communicate with the cannula to permit
bone ingrowth or to permit the dispensing of bone cement
or other materials through the bone anchor 12. The side-
wall openings can extend radially from the cannula
through the sidewall of the distal shaft 20. Exemplary
systems for delivering bone cement to the bone anchor
assembly 10 and alternative bone anchor configurations
for facilitating cement delivery are described in U.S. Pat-
ent Application Publication No. 2010/0114174, filed on
October 29, 2009, which is hereby incorporated herein
by reference. The distal shaft 20 of the bone anchor 12
can also be coated with materials to permit bone growth,
such as, for example, hydroxyl apatite, and the bone an-
chor assembly 10 can be coated partially or entirely with
anti-infective materials, such as, for example, tryclosan.
[0016] The proximal end 26 of the receiver member 14
includes a pair of spaced apart arms 28A, 28B defining
a U-shaped recess 30 there between for receiving a spi-
nal fixation element, e.g., a spinal rod 22. Each of the
arms 28A, 28B can extend from the distal end 32 of the
receiver member 14 to a free end. The arms 28A, 28B
can include a feature, such as a bore, recess, dimple,
notch, projection, or the like, to facilitate connection of
the receiver member 14 to instruments. In the exemplary
embodiment, opposing bores 80A, 80B are formed on
the arms 28A, 28B for insertion of two pins as part of a
swaging process, described in more detail below. The
outer surface of each arm 28A, 28B can further include
an arcuate groove at the respective free end of the arms.
Such grooves are described in more detail in U.S. Patent
No. 7,179,261, issued on February 20, 2007, which is
hereby incorporated herein by reference. At least a por-
tion of the proximal end surface 48 of the receiver mem-
ber 14 defines a plane Y. The receiver member 14 has
a central longitudinal axis L.
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[0017] The distal end 32 of the receiver member 14
includes a distal end surface 34 which is generally an-
nular in shape defining a circular opening through which
at least a portion of the bone anchor 12 extends. For
example, the distal shaft 20 of the bone anchor 12 can
extend through the opening. At least a portion of the distal
end surface 34 defines a plane X.
[0018] The bone anchor 12 can be selectively fixed
relative to the receiver member 14. Prior to fixation, the
bone anchor 12 is movable relative to the receiver mem-
ber 14 within a cone of angulation generally defined by
the geometry of the distal end 32 of the receiver member
and the proximal head 18 of the bone anchor 12. The
illustrated bone anchor is a favored-angle polyaxial screw
in which the cone of angulation is biased in one direction.
In this manner, the bone anchor 12 is movable relative
to the receiver member 14 in at least a first direction,
indicated by arrow A in FIG. 1D, at a first angle C relative
to the central longitudinal axis L of the receiver member
14. The bone anchor 12 is also movable in at least a
second direction, indicated by arrow B in FIG. 1D, at a
second angle D relative to the longitudinal axis L. The
first angle C is greater than the second angle D and, thus,
the shaft 20 of the bone anchor 12 is movable more in
the direction indicated by arrow A than in the direction
indicated by arrow B. The distal shaft 20 of the bone
anchor 12 defines a neutral axis 48 with respect to the
receiver member 14. The neutral axis 48 can be perpen-
dicular to the plane X defined by the distal end surface
34 and intersects the center point of the opening in the
distal end surface 34 through which the distal shaft 20 of
the bone anchor 12 extends. The neutral axis 48 can be
oriented at an angle to the central longitudinal axis L of
the receiver member 14. The plane Y defined by at least
a portion of the proximal end surface 48 of the receiver
member 14 intersects the plane X defined by at least a
portion of the distal end surface 34 of the receiver mem-
ber 12. The proximal end 26 of the receiver member 14
can include a proximal first bore 50 coaxial with a first
central longitudinal axis N (which is coincident with lon-
gitudinal axis L) and a distal second bore 52 coaxial with
a second central longitudinal axis M (which is coincident
with the neutral axis 48) and the first central longitudinal
axis N and second central longitudinal axis M can inter-
sect one another. The angle between the plane X and
the plane Y and the angle between the axis L and the
axis M can be selected to provide the desired degree of
biased angulation. Examples of favored angled polyaxial
screws are described in more detail in U.S. Patent No.
6,974,460, issued on December 13, 2005, and in U.S.
Patent No. 6,736,820, issued on May 18, 2004, both of
which are hereby incorporated herein by reference. Al-
ternatively, the bone anchor assembly can be a conven-
tional (non-biased) polyaxial screw in which the bone an-
chor pivots in the same amount in every direction and
has a neutral axis that is coincident with the central lon-
gitudinal axis L of the receiver member.
[0019] The spinal fixation element, e.g., the spinal rod

22, can either directly contact the proximal head 18 of
the bone anchor 12 or can contact an intermediate clem-
ent, e.g., a compression member 60. The compression
member 60 can be positioned within the receiver member
14 and interposed between the spinal rod 22 and the
proximal head 18 of the bone anchor 12 to compress the
distal outer surface 38 of the proximal head 18 into direct,
fixed engagement with the distal inner surface of the re-
ceiver member 14 The compression member 60 can in-
clude a pair of spaced apart arms 62A and 62B defining
a U-shaped seat 64 for receiving the spinal rod 22 and
a distal surface 66 for engaging the proximal head 18 of
the bone anchor 12. A largest diameter of the compres-
sion member 60 can be smaller than a smallest inner
diameter of the receiver member 14 to allow the com-
pression member 60 to fit within the recess 30 of the
receiver member 14.
[0020] As best seen in FIG. 1B, the compression mem-
ber 60 is configured to slide freely along the longitudinal
axis L within the slot 30 of the receiver member 14. To
secure the compression cap 60 in place within the re-
ceiver member 14, the compression member 60 is con-
figured to be mechanically deformed against the receiver
member 14. Opposing bores 68A, 68B formed on the
arms 62A, 62B of the compression member 60 are
aligned with the bores 80A, 80B of the receiver member
14, such that opposing pins can be inserted through the
passageways defined by bores 68A, 80A and bores 68B,
80B to compress or "swage" the compression member
60 against the receiver member 14. The swaging process
can prevent subsequent removal of the compression
member 60 from the receiver member 14.
[0021] The proximal end 26 of the receiver member 14
can be configured to receive a closure mechanism 16
positionable between and engaging the arms 28A, 28B
of the receiver member 14. The closure mechanism 16
can be configured to capture a spinal fixation element,
e.g., a spinal rod 22, within the receiver member 14, to
fix the spinal rod 22 relative to the receiver member 14,
and to fix the bone anchor 12 relative to the receiver
member 14. The closure mechanism 16 can be a single
set screw having an outer thread for engaging an inner
thread 42 provided on the arms 28A, 28B of the receiver
member 14. In the illustrated embodiment, however, the
closure mechanism 16 comprises an outer set screw 70
positionable between and engaging the arms 28A, 28B
of the receiver member 14 and an inner set screw 72
positionable within the outer set screw 70. The outer set
screw 70 is operable to act on the compression member
60 to fix the bone anchor 12 relative to the receiver mem-
ber 14. The inner set screw 72 is operable to act on the
spinal rod 22 to fix the spinal rod 22 relative to the receiver
member 14. In this manner, the closure mechanism 16
permits the bone anchor 12 to be fixed relative to the
receiver member 14 independently of the spinal rod 22
being fixed to the receiver member 14. In particular, the
outer set screw 70 can engage the proximal end surfaces
of the arms 62A, 62B of the compression member 60 to
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force the distal surface 66 of the compression member
60 into contact with the proximal head 18 of bone anchor
12, which in turn forces the distal surface 38 of the prox-
imal head 18 into fixed engagement with the distal inner
surface of the receiver member 14. The inner set screw
72 can engage the spinal rod 22 to force the spinal rod
22 into fixed engagement with the rod seat 64 of the com-
pression member 60.
[0022] The outer set screw 70 includes a first outer
thread 74 for engaging a complementary inner thread 42
on the arms 28A, 28B of the receiver member 14. The
outer set screw 74 includes a central passage 96 from a
top surface 98 of the outer set screw 74 to a bottom sur-
face 1 00 of the outer set screw 74 for receiving the inner
set screw 72. The central passage 96 can includes an
inner thread 102 for engaging a complementary outer
thread 104 on the inner set screw 72. The thread form
for the inner thread 102 and the outer thread 104, includ-
ing the number of threads, the pitch, major and minor
diameter, and thread shape, can be selected to facilitate
connection between the components and transfer of the
desired axial tightening force. The top surface 98 of the
outer set screw 74 can have one or more drive features
to facilitate rotation and advancement of the outer set
screw 74 relative to the receiver member 14. The illus-
trated outer set screw 74 includes drive features in the
form of a plurality of cut-outs 106 spaced-apart about the
perimeter of the top surface 98. The inner set screw 72
can include drive features for receiving an instrument to
rotate and advance the inner set screw 72 relative to the
outer set screw 74. The illustrated inner set screw 72
includes drive features in the form of a central passage
108 having a plurality of spaced apart, longitudinally ori-
ented cut-outs for engaging complementary features on
an instrument.
[0023] The bone anchor assembly 10 can be used with
a spinal fixation element such as rigid spinal rod 22. The
various components of the bone anchor assemblies dis-
closed herein, as well as the spinal rod 22, can be con-
structed from various materials, including titanium, tita-
nium alloys, stainless steel, cobalt chrome, PEEK, or oth-
er materials suitable for rigid fixation. In other embodi-
ments, the spinal fixation element can be a dynamic sta-
bilization member that allows controlled mobility between
the instrumented vertebrae.
[0024] In use, bone can be prepared to receive the
bone anchor assembly 10, generally by drilling a hole in
the bone which is sized appropriately to receive the bone
anchor 12. If not already completed, the bone anchor
assembly 10 can be assembled, which can include as-
sembling the bone anchor 12 and the receiver member
14, so that the distal shaft 20 extends through the opening
in the distal end 32 of the receiver member 14 and the
proximal head 18 of the bone anchor 12 is received in
the distal end 32 of the receiver member 14. A driver tool
can be fitted with the bone anchor 12 to drive the bone
anchor 12 into the prepared hole in the bone. The com-
pression member 60 can be positioned within the receiv-

er member 14 such that the arms 62A, 62B of the com-
pression member are aligned with the arms 28A, 28B of
the receiver member 14 and the distal surface 66 of the
compression member 60 is in contact with the proximal
head 18 of the bone anchor 12. A spinal fixation element,
e.g., the spinal rod 22, can be located in the recess 30
of the receiver member 14. The closure mechanism 16
can be engaged with the inner thread 42 provided on the
arms 28A, 28B of the receiver member 14.
[0025] One or more embodiments of inventive bone
anchor assemblies are described below. Except as indi-
cated below, the structure, operation, and use of these
embodiments is similar or identical to that of the bone
anchor assembly 10 described above. Accordingly, a de-
tailed description of said structure, operation, and use is
omitted here for the sake of brevity.
[0026] FIGS. 2-6 illustrate an exemplary embodiment
of a bone anchor assembly 110 that includes a compres-
sion cap 160 configured to mate to and engage a receiver
member 114 such that the compression cap 160 is re-
tained within the receiver member 114. The compression
cap 160 is configured to be seated within a recess 130
of the receiver member 11 4, proximally of the bone an-
chor 112, and the compression cap 160 can include fea-
tures formed thereon that engage corresponding en-
gagement features formed on the receiver member 114.
Once mated to the receiver member 114, the compres-
sion cap 160 can apply a frictional force to the bone an-
chor 112 to substantially maintain the anchor 112 at a
desired angle with respect to the receiver member 114,
while still allowing the angular orientation of the anchor
112 to be adjusted. Engagement of the corresponding
engagement features can be sufficient to prevent remov-
al of the compression cap 160 from the receiver member
114, and optionally to substantially prevent longitudinal
and/or rotational movement of the compression cap 160
with respect to the receiver member 114 when no force
is applied thereto.
[0027] Engagement features of the compression cap
160 for engaging the receiver member 114 can be formed
anywhere on a surface of the compression cap 160 that
is configured to contact the receiver member 114. In the
illustrated embodiment, the engagement features are in
the form of wings 161A, 161B that project radially outward
from outward-facing surfaces of the opposed arms 162A,
162B, distally of flanges 165A, 165B on the arms 162A,
162B. The wings 161A, 161B can extend around an entire
width of each of the arms 162A, 162B measured along
a circumference of the compression cap 160, although
it will be appreciated that the width WC. of the wings 161A,
161B can be smaller than the width of the arms 162A,
162B, and can be either the same or different from one
another. Moreover, it will be appreciated that although
the illustrated wings 161A, 161B extend in a plane that
is substantially perpendicular to the longitudinal axis L1
of the compression cap 160, the wings 161A, 161B can
extend in any plane, either the same or different from one
another.
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[0028] The longitudinal position of the wings 161A,
161B along the longitudinal length of the compression
cap 160 can vary, but preferably the wings 161A, 161B
are formed at a location that corresponds to a location
of complementary engagement features in the receiver
member 114, discussed below, and at a location that will
retain the compression cap 160 within the receiver mem-
ber 114 at a predetermined position just proximal to the
head of the bone anchor 112, and more preferably at a
predetermined position effective to apply some amount
of frictional force to the head of the bone anchor 112. As
shown in FIG. 2, the wings 161A, 161B are located distal
to the flanges 165A, 165B and proximal to the distal end
166 and also just proximal to the distal-most end of the
U-shaped cut-out 164 formed in the compression cap
160.
[0029] The wings 161A, 161B can have any shape and
dimension, either the same or different from one another.
In the illustrated embodiment, the wings 161A, 161B are
in the form of elongate protrusions or ridges formed on
the outer surface of each arm 162A, 162B. The wings
161A, 161B have a width WC measured horizontally
about a circumference of the compression cap 160, a
height HC measured along a longitudinal axis LJ of the
compression cap 160, and a depth or thickness TC meas-
ured along a radial axis of the compression cap 160. The
width WC of the wings 161A, 161B can vary depending
on the total width of the arms 162A, 162B, and the width
WC can be equal to or less than a total width of the arms
162A, 162B. The height HC and thickness TC of the wings
161A, 161B can also vary, but preferably the height HC
and thickness TC are small enough to allow for insertion
of the compression cap 160 into the recess 130 of the
receiver member 114. In some embodiments, the wings
161A, 161B have a height. HC and thickness TC that are
small enough to allow the wings 161A, 161B to deflect
as the compression cap 160 is inserted into the receiver
member 114, as described in more detail below. Although
the engagement features of the illustrated embodiment
are in the form of wings 161 A, 161B, it will be appreciated
by a person skilled in the art that the compression cap
160 can have a variety of engagement features thereon
for engaging the receiver member 114. Moreover, al-
though there are only two wings 161A, 161B in the illus-
trated embodiment, it will be appreciated by a person
skilled in the art that the compression cap 160 can have
any number of engagement features formed thereon.
[0030] One or more complementary engagement fea-
tures can be formed on the receiver member 114. In the
illustrated embodiment, best shown in FIG. 4, the receiv-
er member 114 includes pockets 124A, 124B formed on
inner walls of the opposed arms 128A, 128B. The pockets
124A, 124B are configured to seat the wings 161A, 161B
of the compression cap 160 when the compression cap
160 is in a secured configuration. The location of the
pockets 124A, 124B within the receiver member 114 can
vary, but as indicated above with respect to the compres-
sion cap 160, the pockets 124A, 124B are preferably at

a location that seats the compression cap 160 in a pre-
determined position that is proximal of the head of the
bone anchor 112. The location can also be configured to
position the u-shaped cut-outs formed between the arms
162A, 162B of the compression cap 160 in alignment
with u-shaped cut-outs formed between the arms 128A,
128B of the receiver member 114. In the illustrated em-
bodiment, the pockets 124A, 124B are located distal of
the threads 142 formed in a proximal portion of the re-
ceiver member 114, and proximal of the distal-most end
of the u-shaped cut-outs formed between the arms 128A,
128B.
[0031] The pockets 124A, 124B can have any shape
and dimension, either the same or different from one an-
other, but they preferably have a shape and size that
allows the wings 161A, 161P to be seated and retained
therein. At least one dimension of the pockets 124A,
124B can be substantially the same as or slightly smaller
than a corresponding dimension of the wings 161A, 161B
to provide for an interference fit between the wings 161A,
161B and the pockets 124A, 124B, and/or at least one
dimension of the pockets 124A, 124B can be slightly larg-
er than a corresponding dimension of the wings 161A,
161B to allow for some adjustment of the compression
cap 160 within the recess 130 when the compression
cap 160 is in the secured configuration. In an exemplary
embodiment, the pockets 124A, 124B have a width WR
measured horizontally about a circumference of the re-
ceiver member 114 that is substantially the same as the
width WC of the wings 161A, 161B, a depth DR measured
along a radial axis of the receiver member 114 that is
substantially the same as the thickness TC of the wings
161A, 161B, and a height LR measured along the longi-
tudinal axis LJ of the compression cap 160 that is sub-
stantially the same as a height HC of the wings 161A,
161B. A total diameter between an outer-most surface
of each of the wings 161A, 161B can also be greater than
an inner diameter of the receiver member 114 so as to
prevent removal of the compression cap 160 once mated
with the receiver member 114. A tight fit between at least
two of the corresponding dimensions, e.g., between the
width WC of the compression cap 160 and the width WR
of the receiver member 114, and/or between the height
HC of the compression cap 160 and the height HR of the
receiver member 114, and/or between the thickness TC
of the compression cap 160 and the depth DR of the re-
ceiver member 114, can help to substantially prevent
both longitudinal and rotational movement of the com-
pression cap 160 once the compression cap 160 is in the
secured configuration. A small difference between the
height HC of the wings 161A, 161B and the height HR of
the pockets 124A, 124B can allow for proximal-distal
movement of the compression cap 160, thus allowing for
further tightening of the compression cap 160 against the
bone anchor 112. This can be achieved by applying a
closure member (not shown) to the receiver member 114
so as to cause a spinal fixation rod seated within the
receiver member 114 to apply a distal force to the com-
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pression cap 160 to thereby cause the compression cap
160 to frictionally engage and lock the bone anchor 112
in a fixed position relative to the receiver member 114.
In addition, as will be explained in more detail below, the
additional space within the pockets 124A, 124B along
the longitudinal axis LJ of the compression cap 1 60 can
allow for the bone anchor 112 to assume various angles
with respect to the longitudinal axis LJ of the compression
cap 160 prior to locking the bone anchor assembly. In an
exemplary embodiment, the relative heights HC, HR are
configured so as to cause the compression cap 160 to
apply friction to the bone anchor 112 to maintain the bone
anchor 112 at a desired angle when no closure mecha-
nism is applied to the receiver member 114. The friction
can be overcome by applying a force to the receiver mem-
ber 114 to adjust the angle as desired.
[0032] As indicated above, the corresponding engage-
ment, features of the compression cap 160 and the re-
ceiver member 114 can be configured to facilitate inser-
tion of the compression cap 160 into the receiver member
114., but to inhibit or prevent removal of the compression
cap 160 from the receiver member 114. As the compres-
sion cap 160 is distally advanced from an unsecured con-
figuration, shown in FIG. 5, where the wings 161 A, 161B
are proximal of and not seated within the pockets 124A,
124B, toward a secured configuration, shown in FIG. 6,
where the wings 161A, 161B are seated within the pock-
ets 124A, 124B, a user can apply a distally-directed force
to overcome the resistive force of the wings 161A, 161B
against the inner walls of the receiver member 114. The
resistive force can be reduced by complementary lead-
in surface geometries of the wings 161A, 161B and the
receiver member 114. In the illustrated embodiment, the
wings 161A, 161B have ramped distal-facing surfaces
that are complementary to ramped shoulders 125A, 125B
of the arms 128A, 128B of the receiver member 114,
such that the wings 161A, 161B can slide along the shoul-
ders 125A, 125B of the arms 128A, 128B as the com-
pression cap 160 is advanced distally into the recess 130.
[0033] To further facilitate insertion of the compression
cap 160 into the receiver member 114, one or all of the
wings 161A, 161B, the cap’s arms 162A, 162B, and the
receiver’s arms 128A, 128B can be formed from one or
more flexible materials. In one embodiment, the wings
161A, 161B can be formed from one or more flexible
materials that can allow the wings 161A, 161B to deflect
or bend proximally as the wings 161A, 161B pass through
the receiver member 114 and into the pockets 124A,
124B. In another embodiment, the wings 161A, 161B can
be formed from a shape memory material that can allow
the wings 161A, 16 1B to compress or deform inwardly
as the wings 161A, 161B pass through the receiver mem-
ber 114 and then expand once the wings 161A, 161B are
seated within the pockets 124A, 124B. In another em-
bodiment (not shown), the wings 161A, 161B can be bi-
ased inwardly, e.g., by springs, and can deflect outwardly
as the compression cap 160 is advanced through the
receiver member 114 and then return to the biased in-

ward position once the wrings 161 A, 161B are aligned
with the pockets 124A, 124B. As the wings 161A, 161B
pass into the pockets 124A, 124B, the wings 161A, 161B
can snap into engagement with the pockets 124A, 124B,
thus providing tactile feedback to a user and helping to
inhibit or prevent subsequent removal of the compression
cap 160 from the receiver member 114. Similarly, the
arms 162A, 162B of the compression cap 160 can deflect
inwardly as the compression cap 160 is inserted into the
recess 130, and/or the arms 128A, 128B of the receiver
member 114 can deflect outwardly as the compression
cap 160 is inserted into the recess 130.
[0034] To inhibit or prevent removal of the compression
cap 160 from the receiver member 114, the wings 161A,
161B can have proximal-facing surfaces that extend in
a plane substantially perpendicular to the longitudinal ax-
is L1 of the compression cap 160. Once the wings 161A,
161B are seated within the pockets 124A, 124B in the
secured configuration, the proximal-facing surfaces of
the wings 161A, 161B can abut distal-facing surfaces of
the pockets 124A, 124B, which can also extend in a plane
substantially perpendicular to the longitudinal axis LJ of
the compression cap 160. In addition, the wings 161A,
161B can be configured such that distal or outward flexion
of the wings 161A, 161B away from the compression cap
160 is more difficult to achieve than any proximal or in-
ward flexion of the wings 161A, 161B toward the com-
pression cap 160 that is required for insertion of the wings
161A, 161B into the pockets 124A, 1248, e.g., the wings
161A, 161B can be biased proximally.
[0035] In one embodiment, once the compression cap
160 is seated within the receiver member 114 in the se-
cured configuration, with the wings 161A, 161B extend-
ing into the pockets 124A, 124B, a distal-facing surface
166 of the compression cap 160 can exert a frictional
force on a proximal head 118 of the bone anchor 112 to
substantially maintain the head 118 in a fixed position
relative to the receiver member 114. The force should be
sufficient to prevent free movement of the bone anchor
112 relative to the receiver member 114 while still allow-
ing a user to move the receiver member 114 relative to
the bone anchor 112. The force can vary slightly when
the compression cap 160 is in the secured configuration,
as the compression cap 160 can be capable of some
longitudinal movement. As explained above, the pockets
124A, 124B can have a slightly greater height HR than a
corresponding height HC of the wings 161A, 161B, there-
by allowing for slight movement of the wings 161A, 161B
and thus the compression cap 160 along a longitudinal
axis L1 of the compression cap 160. This can be neces-
sary to allow for minor adjustments to the angle of the
bone anchor 112 and for farther tightening of the com-
pression cap 160 against the proximal head 118. As
shown in FIGS. 5A and 6A, the proximal head 118 of the
bone anchor 112 can be substantially spherical to match
a corresponding spherical distal surface 166 of the com-
pression cap 160, thus allowing for articulation of the
bone anchor 112 at an angle to the longitudinal axis L1
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of the cap 160. When the compression cap 160 is distally
advanced and in a locked configuration, e.g., by applying
a closure mechanism (not shown) to the receiver member
114, the spherical distal surface 166 of the compression
cap 160 can engage the proximal head 118 of the bone
anchor 112 to thereby lock the bone anchor at a fixed
position relative to the receiver member 114. While not
shown, in certain embodiments the distal spherical sur-
face 166 of the compression cap 160 and the proximal
head 118 of the bone anchor 112 can each include op-
posed flats formed thereon and configured to limit angu-
lar movement of the bone anchor 112 to a single plane
of motion, e.g., to thereby provide uniplanar motion.
[0036] The corresponding engagement features of a
compression member and a receiver member can be of
any shape and size, and can be configured to engage
each other in a variety of ways. For example, an addi-
tional embodiment of a bone anchor assembly 210 hav-
ing corresponding engagement features formed on a
compression member and a receiver member is illustrat-
ed in FIGS. 7-11. The bone anchor assembly 210, as
well as other bone anchor assemblies described herein,
can generally be configured and used similar to the bone
anchor assembly 110 of FIGS. 2-6. Additionally, like-
named elements and like-illustrated elements of the bone
anchor assembly 110 and of the other bone anchor as-
semblies discussed herein can be configured and used
similar to one another.
[0037] FIGS. 7-11 illustrate the bone anchor assembly
210 having a compression cap 260 configured to secure
a bone anchor 212 at a fixed angle to a receiver member
214. Corresponding engagement features formed on the
compression cap 260 and the receiver member 214 can
be configured to engage one another upon rotation of
the compression cap 260 with respect to the receiver
member 214. Thus, rotation of the compression cap 260
can move the compression cap 260 from an unsecured
configuration, shown in FIG. 7, where the corresponding
engagement features are unengaged, to a secured con-
figuration, shown in FIG. 8, where the corresponding en-
gagement features are engaged. In particular, a user can
distally advance the compression cap 260 into a recess
230 of the receiver member 214 such that opposed arms
262A, 262B of the compression cap 260 are offset from
opposed arms 228A, 228B of the receiver member 214,
and then rotate the compression cap 260 while applying
a distal force to cause the opposed arms 262A, 262B of
the compression cap 260 to be aligned with the opposed
arms 228A, 228B. In the illustrated embodiment, the an-
gle of rotation required to move the compression cap 260
between the unsecured and the secured configurations
is approximately 90 degrees, although the angle of rota-
tion can vary from about 10 to 90 degrees depending on
various factors, e.g., the dimensions of the opposed arms
262A, 272B of the compression cap 260 relative to the
opposed arms 228A, 228B of the receiver member 214,
the dimensions and location of the corresponding en-
gagement features, etc.

[0038] Engagement features of the compression cap
260 can be a variety of shapes and sizes, although in the
illustrated embodiment the engagement features are in
the form of wings 261A, 261B extending radially from the
opposed arms 262A, 262B of the compression cap 260
and configured to engage complementary engagement
features of the receiver member 214. As best seen in
FIG. 9, both proximal and distal-facing surfaces of the
wings 261A, 261B on the compression cap 260 are up-
wardly sloped at substantially the same angle to a longi-
tudinal axis L2 of the compression cap 260, such that
radially outermost edges of the wings 261A, 261B are
proximal of radially innermost edges of the wings 261A,
261B. The sloped surfaces of the wings 261A, 261B can
thus allow distal advancement of the compression cap
260 into the receiver member, while substantially pre-
venting proximal movement of the compression cap 260
and reducing a likelihood of loss or removal of the com-
pression cap 260 once it is in the secured configuration.
The compression cap 260 can be adjusted longitudinally
while in the secured configuration, however, to allow for
additional tightening of the compression cap 260 against
the bone anchor 212 and/or for articulation of the bone
anchor 212 to a desired angle, as discussed above.
[0039] In this embodiment, shelves 242A, 242B extend
radially inward from inner walls of the arms 228A, 228B
of the receiver member 214 and are configured to engage
the wings 261A, 261B of the compression cap 260. The
shelves 242A, 242B can be disposed anywhere along
the inner walls of the arms 228A, 228B, although in the
illustrated embodiment the shelves 242A, 242B are dis-
posed distally of threads 242 that can be configured to
engage a closure mechanism, e.g., a set screw. As
shown in FIG. 10, cut-outs 224A, 224B formed on distal-
facing sides of the shelves 242A, 242B can be provided
for receiving the wings 261A, 261B when the compres-
sion cap 260 is in the secured configuration, although it
will be appreciated by a person skilled in the art that the
shelves 242A, 242B do not require any modifications to
engage the wings 261A, 261B. In another embodiment
(not shown), any one or more of the threads 242 can be
configured to engage the wings 261A, 261B.
[0040] Where provided, the cut-outs 224A, 224B of the
receiver member 214 can be configured to facilitate tran-
sition of the compression cap 260 into the secured con-
figuration, but to inhibit or prevent transition of the com-
pression cap 260 out of the secured configuration. In the
illustrated embodiment, shown in FIG. 11, the cut-outs
224A, 224B can have substantially the same dimensions
as the wings 261A, 261B, although the cut-outs 224A,
224B can have at least one dimension that is slightly
smaller than a corresponding dimension of the wings
261A, 261B to create an interference fit between the
wings 261A, 261B and the cut-outs 224A, 224B and/or
to allow for a snapping effect as the wings 261A, 261B
are inserted into the cut-outs 224A, 224B. By way of non-
limiting example, a width WC of the wings 261A, 261B
measured around a circumference of the compression
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cap 260 can be slightly larger than a width WR of the cut-
outs 224A, 224B measured around a circumference of
the receiver member 214, bounded on either end by
ramped edges 241. The ramped edges 241 can have a
slope inclined upwards towards a center of each of the
cut-outs 224A, 224B, and planar side surfaces that abut
opposite ends of the wings 261A, 261B when the com-
pression cap 260 is in the secured position. The ramped
edges 241 can thus provide a lead-in surface geometry
as the wings 261A, 261B are rotated into the secured
configuration and/or can inhibit removal of the compres-
sion cap 260 from the receiver member 214 by rotation
once the compression cap 260 is in the secured config-
uration.
[0041] As with the previous embodiment, the wings
261A, 261B can be formed from a flexible material that
is capable of being distally deflected as a user rotates
the compression cap 260 from the unsecured to the se-
cured configuration, such that the wings 261A, 261B are
slightly bent by the ramped edges 241 as the compres-
sion cap 260 is rotated into the secured configuration
and/or such that the wings 261A, 261B snap into align-
ment with the cut-outs 224A, 224B. In another embodi-
ment, not shown, the wings 261A, 261B remain distally
deflected while in the secured configuration, thus further
securing the compression cap 260 to the receiver mem-
ber 214 and providing additional distal force against the
bone anchor 212.
[0042] Although the illustrated embodiments of bone
anchor assemblies include male engagement features
on a compression cap and female engagement features
on a corresponding receiver member, the engagement
features can be reversed with the compression cap hav-
ing female engagement features and the receiver mem-
ber having corresponding male engagement features. By
way of non-limiting example, the receiver member can
have wings extending from inner walls thereof that can
be configured to engage recesses formed on outer sur-
faces of the compression cap. The wings and corre-
sponding recesses can be configured and used similarly
to those described above for bone anchor assemblies
110, 210.
[0043] In use, a bone anchor assembly can be assem-
bled, either during manufacturing or intraoperatively, by
passing an elongate shank of a bone anchor in a proxi-
mal-to-distal direction through an aperture formed in a
distal end of a receiver member. A proximal head portion
of the bone anchor can be polyaxially seated in a spher-
ical recess formed in a distal portion of the receiver mem-
ber. A compression member can be inserted between
the opposed arms of the receiver member, proximal to
the proximal head of the bone anchor. Corresponding
engagement features of the compression member and
the receiver member can be engaged by urging the com-
pression member distally within the receiver member, or,
in another aspect, by rotating and distally advancing the
compression member into the receiver member. En-
gagement of the corresponding engagement features in

a secured configuration can prevent proximal movement
of the compression member with respect to the receiver
member, thus securing the compression member within
the receiver member. Such engagement can also cause
the compression member to apply a frictional force to the
head of the bone anchor to maintain the bone anchor at
a fixed angle with respect to the receiver member. An
angle of the bone anchor with respect to the receiver
member can be adjusted by applying a force sufficient
to overcome the frictional force.
[0044] The assembled bone anchor can be implanted
in a bone of a patient. The bone can be prepared to re-
ceive the bone anchor assembly, e.g., by drilling an ap-
propriately sized hole. A driver tool can be fitted with the
bone anchor to drive the bone anchor into the prepared
hole in the bone. A spinal fixation element, e.g., a rod,
can be located in between the arms of the receiver mem-
ber. A closure mechanism can be engaged with an inner
thread formed on opposed arms of the receiver member,
proximally of the rod, which can urge the compression
member further distally to exert a frictional force on the
head of the bone anchor and thus lock the bone anchor
at a fixed angle with respect to the receiver member.
[0045] The invention also provides a bone screw as-
sembly, and a method of assembling a bone screw, hav-
ing features which are specified in the following num-
bered clauses:

1. A bone screw assembly, comprising:

a screw having a proximal head portion and a
distal shank portion;
a receiver member having a polyaxial seat
formed therein and configured to polyaxially
seat the head portion of the screw;
a compression cap disposed within the receiver
member and having a distal end configured to
engage the head portion of the screw, the com-
pression cap including opposed projections ex-
tending radially therefrom configured to mate
with complementary recesses formed in the re-
ceiver member such that the compression cap
is retained within the receiver member.

2. The bone screw assembly of clause 1, wherein
the opposed projections and the complementary re-
cesses are effective, when mated, to maintain the
compression cap in a substantially fixed longitudinal
position relative to the receiver member.

3. The bone screw assembly of clause 1, wherein
movement of the compression cap distally within the
receiver member is effective to deform the opposed
projections until the opposed projections snap into
engagement with the complementary recesses.

4. The bone screw assembly of clause 1, wherein
an outside diameter of the compression cap is less
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than an inside diameter of the receiver member.

5. The bone screw assembly of clause 1, wherein a
distance between outer surfaces of the opposed pro-
jections is greater than the inside diameter of the
receiver member.

6. The bone screw assembly of clause 1, wherein a
distal-facing surface of each projection is ramped to
provide a lead-in surface geometry.

7. The bone screw assembly of clause 1, wherein
the receiver member includes a shoulder disposed
proximal to the complementary recesses, the shoul-
der being ramped to provide a lead-in surface for the
opposed projections as the compression cap is ad-
vanced distally relative to the receiver member.

8. The bone screw assembly of clause 1, wherein a
proximal-facing surface of each projection and an
inner superior surface of each complementary re-
cess are planar such that, when mated, the com-
pression cap is prevented from being decoupled
from the receiver member.

9. The bone screw assembly of clause 1, wherein
the opposed projections and the complementary re-
cesses are effective, when mated, to maintain the
compression cap in a substantially fixed rotational
position relative to the receiver member.

10. The bone screw assembly of clause 1, wherein
rotating the compression cap relative to the receiver
member is effective to move the opposed projections
into engagement with the complementary recesses.

11. The bone screw assembly of clause 1, wherein
rotating the compression cap relative to the receiver
member is effective to deform the opposed projec-
tions until the opposed projections snap into engage-
ment with the complementary recesses.

12. The bone screw assembly of clause 1, wherein
the complementary recesses comprise cut-outs
formed in a shelf that extends radially inward from
an interior sidewall of the receiver member.

13. The bone screw assembly of clause 12, wherein
the shelf includes one or more lateral edges that are
ramped to provide a lead-in surface for the opposed
projections.

14. The bone screw assembly of clause 1, wherein
a width of each projection measured horizontally
about the circumference of the compression cap is
greater than a thickness of the opposed projection
measured along a radial axis of the compression
cap.

15. A method of assembling a bone screw, compris-
ing:

passing a shank portion of the bone screw
through an aperture formed in a distal end of a
receiver member such that a head portion of the
screw is seated in the receiver member; and
inserting a compression cap into the receiver
member and engaging opposed projections ex-
tending radially outward from the compression
cap with complementary recesses formed in the
receiver member to retain the compression cap
within the receiver member.

16. The method of clause 15, wherein said engaging
is effective to maintain the compression cap in a sub-
stantially fixed longitudinal position relative to the re-
ceiver member.

17. The method of clause 15, wherein inserting the
compression cap comprises sliding the compression
cap distally within the receiver member to deform
the opposed projections until the opposed projec-
tions snap into engagement with the complementary
recesses.

18. The method of clause 15, further comprising de-
forming the projections over a shoulder portion of
the receiver member disposed proximal to the com-
plementary recesses.

19. The method of clause 15, wherein said engaging
is effective to maintain the compression cap in a sub-
stantially fixed rotational position relative to the re-
ceiver member,

20. The method of clause 15, wherein inserting the
compression cap comprises rotating the compres-
sion cap relative to the receiver member to move the
opposed projections into engagement with the com-
plementary recesses.

21. The method of clause 15, wherein the comple-
mentary recesses are formed in a shelf that extends
radially inward from an interior sidewall of the receiv-
er member and said engaging comprises camming
the opposed projections over ramped edges of the
shelf and snapping the opposed projections into the
complementary recesses.

[0046] Although the invention has been described by
reference to specific embodiments, it should be under-
stood that numerous changes may be made within the
spirit and scope of the inventive concepts described. Ac-
cordingly, it is intended that the invention not be limited
to the described embodiments, but that it have the full
scope defined by the language of the following claims.
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Claims

1. A bone anchor assembly (210), comprising:

a bone anchor (212) having a proximal head por-
tion (118) and a distal shank portion;
a receiver member (214) comprising opposed
arms (228A, 228B) defining a recess (230), the
receiver member having a polyaxial seat formed
therein and configured to polyaxially seat the
head portion of the bone anchor;
a compression cap (260) disposed within the re-
cess (230) of the receiver member and having
a distal end (166) configured to engage the head
portion of the bone anchor and a pair of spaced-
apart arms (262A, 262B) defining a U-shaped
seat (64) for receiving a spinal fixation element
(22), the compression cap including wings
(261A, 262B) extending radially from outward-
facing surface of the arms of the compression
cap, the wings being configured to mate with
complementary engagement features of the re-
ceiver member such that the compression cap
is retained within the receiver member and ex-
erts a frictional force on the head portion of the
bone anchor to prevent free movement of the
bone anchor relative to the receiver member
while still allowing a user to move the receiver
member relative to the bone anchor;
wherein the wings (261A, 262B) of the compres-
sion cap are configured to mate with the com-
plementary engagement features of the receiver
member upon rotation of the compression cap
(260) with respect to the receiver member (214)
from an unsecured position to a secured posi-
tion.

2. The bone anchor assembly (210) of claim 1, wherein
the compression cap (260) is configured to be distally
advanced into the recess (230) of the receiver mem-
ber (214) with the opposed arms (262A, 262B) of the
compression cap (260) radially offset from opposed
arms (228A, 228B) of the receiver member (214) in
the unsecured position, and wherein subsequent ro-
tation of the compression cap (260) in the recess
(230) to the secured position comprises aligning the
opposed arms (262A, 262B) of the compression cap
(260) with the opposed arms (228A, 228B) of the
receiver member.

3. The bone anchor assembly (210) of claim 1, wherein
the wings (261A, 262B) of the compression cap are
configured to mate with the with complementary en-
gagement features of the receiver member upon the
opposed arms 262A, 262B of the compression cap
(260) being aligned with the opposed arms (228A,
228B) of the receiver member.

4. The bone anchor assembly (210) of claim 1, wherein
the wings (261A, 261B) define proximal and distal-
facing surfaces that are upwardly sloped at substan-
tially the same angle to a longitudinal axis (L2) of the
compression cap.

5. The bone anchor assembly (210) of claim 4, wherein
the wings (261A, 261B) define a radially outermost
edge that is proximal to a radially innermost edge.

6. The bone anchor assembly (210) of claim 4, wherein
the sloped proximal and distal-facing surfaces of the
wings (261A, 261B) allow distal advancement of the
compression cap (260) into the receiver member
(214) while preventing proximal movement of the
compression cap (260).

7. The bone anchor assembly (210) of claim 1, wherein
the complementary engagement features of the re-
ceiver member comprise shelves (242A, 242B) ex-
tending radially inward from inner walls of the arms
(228A, 228B) of the receiver member (214), wherein
the shelves are configured to engage the wings
(261A, 261B) of the compression cap (260) in the
secured position.

8. The bone anchor assembly (210) of claim 7, wherein
the receiver member comprises threads (242) con-
figured to engage a closure mechanism, and wherein
the shelves (242A, 242B) are disposed distally of
threads 242.

9. The bone anchor assembly (210) of claim 7, wherein
the shelves comprise cut-outs (224A, 224B) formed
on distal-facing sides of the shelves (242A, 242B)
for receiving the wings (261A, 261B) when the com-
pression cap (260) is in the secured configuration.

10. The bone anchor assembly (210) of claim 9, wherein
the cut-outs (224A, 224B) have the same dimen-
sions as the wings (261A, 261B).

11. The bone anchor assembly (210) of claim 9, wherein
the cut-outs (224A, 224B) have at least one dimen-
sion that is slightly smaller than a corresponding di-
mension of the wings (261A, 261B) to create an in-
terference fit between the wings (261A, 261B) and
the cut-outs (224A, 224B) and/or to allow for a snap-
ping effect as the wings (261A, 261B) are inserted
into the cut-outs (224A, 224B).

12. The bone anchor assembly (210) of claim 11, where-
in a width (WC) of the wings (261A, 261B) measured
around a circumference of the compression cap
(260) is larger than a width (WR) of the cut-outs
(224A, 224B) measured around a circumference of
the receiver member (214).
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13. The bone anchor assembly (210) of claim 9, wherein
the cut-outs (224A, 224B) are bounded on either end
by ramped edges (241), and wherein the ramped
edges (241) define a lead-in surface geometry as
the wings (261A, 261B) are rotated into the secured
configuration.

14. The bone anchor assembly (210) of claim 13, where-
in ramped edges (241) are configured to inhibit re-
moval of the compression cap (260) from the receiv-
er member (214) by rotation once the compression
cap 260 is in the secured configuration.

15. The bone anchor assembly (210) of claim 13, where-
in the ramped edges (241) define a sloped surface
inclined upwards towards a center of each of the cut-
outs (224A, 224B), and planar side surfaces that
abut opposite ends of the wings (261A, 261B) when
the compression cap (260) is in the secured position.
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