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(54) SELF-HOLDING SCREW HEAD

(57) A screw insertion system has a screw (12) hav-
ing a threaded shaft (25) and a head (22). The head (22)
has a conically tapered outer surface, the taper increas-
ing in distance from a central longitudinal axis (28) of the
screw (12) from a free end of the head towards a larger
diameter adjacent the connection between the head (22)
and the threaded shaft (25). The conically tapered head
(22) outer surface has preferably two helically extending
partially rounded threads (40). The head (22) has a drive

element (20) for engaging a driver (16). A tubular screw
holder (14) has an outer surface and internal bore ex-
tending between a leading end and a trailing end for re-
ceiving the screw (12). The leading end having a conically
tapered inner threaded portion (26) for engaging the con-
ically tapered outer thread of the screw head (22). The
tubular screw holder (14) outer surface having a diameter
less than or equal to the maximum diameter of the con-
ically tapered head (22).
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Description

BACKGROUND OF THE INVENTION

[0001] During intramedullary nailing (IM) surgery it is
of importance (especially in a freehand locking screw in-
sertion procedure through large soft tissue coverage) to
firmly fix the locking screw to the screw driver to avoid
dropping and mis-angulating the locking screw. Present
solutions are self-holding screw drivers which suffer from
insufficient holding forces and susceptibility to deflexion
caused by bending moment.
[0002] The screw head of the present invention offers
a conical or spherical shape with an integrated external
multiple, preferably triple thread (preferably a round
thread and left-handed thread) which eases the adapta-
tion of an external sleeve with internal thread. The exter-
nal sleeve is guided/axially constrained by the screw driv-
er shaft creating firm connection between sleeve and
screw. Due to the conical/spherical design the outer di-
ameter of the assembled screw head and sleeve con-
struct does not exceed the maximum outer diameter of
screw head and can be used through existing tissue pro-
tection sleeve systems. The transmission of the required
torque remains utilizing the internal hex of the screw sole-
ly.
[0003] Compared to the already existing solutions the
design of the present invention offers a more rigid con-
nection under all loading conditions.

SUMMARY OF THE INVENTION

[0004] The present invention is a system having a
screw with a threaded head, a tissue protection sleeve
with an internal thread and a screw driver.
[0005] At the distal end of the screw is a threaded shaft
having a first thread adapted to extend through the nail
and engage the bone surrounding the IM canal. At the
proximal end of the screw, there is formed on a screw
head an outer thread, which extends preferably only a
few millimeters along the screw head in the direction
along the central axis of the screw. This second thread
is a different kind of a thread compared with the first
thread, since the second thread is adapted to engage
with the tissue protection sleeve inner thread. To avoid
negative interdependencies like irritations or lesions, be-
tween the second outer thread and tissue surrounding
the bone, the outer contour of the windings are flattened
or rounded so as to have a smooth contact area.
[0006] The second outer thread is adapted to be con-
nected to an internal threaded tissue protection sleeve,
wherein, the sleeve is supported at the proximal end of
the screw by means of the second thread.
[0007] Furthermore, the proximal end of the screw in-
cludes an inner drive tool engagement portion. This
means that the screw is coupled with a driver having a
corresponding driving end. This driving end may be a
hexagonal or a TORX® drive, wherein the driver may

also be a wrench. It is noted that the driver may also be
driven by a power source including an electric, pneumatic
or other suitable mechanism.
[0008] The outer diameter of the second thread tapers
outwardly from the central axis of the screw on moving
along the head toward the distal end of the screw includ-
ing the first thread. The second thread has a greater di-
ameter than an outer diameter of the screw shaft. There-
fore, a step will be formed between the second thread at
the proximal end and the first thread of the shaft. Accord-
ing to that embodiment, the screw further comprises a
distally facing annular surface between the second
thread and the first thread shaft to provide a smooth junc-
tion or shoulder between the head second thread and
the shaft first thread. Alternately, the distally facing sur-
face may be formed as a part-spherical head portion with
the part-spherical surface facing the distal end of the
screw.
[0009] For the case of an implantation of a screw into
a bone, a set or system for installation of the screw ac-
cording to the invention comprises, beside the screw as
described above, a driving tool adapted to engage with
the inner tool engagement portion of the screw, and a
hollow tissue protection sleeve adapted to engage with
the second outer thread of the screw.
[0010] The tissue protection sleeve is a kind of a length-
ening piece, which may be suitable to facilitate the intro-
duction of the screw into a bone, wherein muscles or
other tissue surrounding the bone will complicate the at-
tachment of an augmentation tool directly at the proximal
end of the screw.
[0011] With two separate elements, i.e. the sleeve and
the driver, each engaging directly at the proximal (head)
end of the screw, it is possible to apply forces indifferent
directions precisely onto the screw, so that the screw
may be positioned accurately at an appropriate site. With
the driver, forces in circumferential direction may be ap-
plied to screw in (or out for explanation) the screw. With
the sleeve, forces in an axial or a radial direction may be
applied to the screw. As another advantage, the screw
may be held in place by the screw driver while the tissue
protection sleeve is loosened and removed from the prox-
imal end of the screw.
[0012] A screw insertion system includes a screw hav-
ing a leading end having a threaded shaft and a head at
a trailing end. The head has a first diameter at a free end
and a second diameter at an end connected to the thread-
ed shaft. The first diameter being less than the second
diameter. The head has an outer surface with a plurality
of external helical threads extending from the first to the
second end thereof. The head also has a drive element
located within the first diameter open to the free end of
the head. A screw holder or sleeve is provided and has
a through bore with a trailing end. An interior surface at
the leading end of the screw holder has a helically thread-
ed portion, the thread portion having a first diameter lo-
cated towards the trailing end of the holder and a second
diameter at the leading end of the holder. The second
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diameter is greater than the first diameter, the second
diameter of the holder generally equal to the second di-
ameter of the bone screw head. A screw driver extends
through the tubular screw holder and is engagable with
the drive element on the screw head.
[0013] The screw head preferably has a conical outer
shape between the first and second diameter of the head,
and the threaded portion of the interior surface of the
screw holder threaded portion has a matching conical
shape. The screw head may have a part-spherical distally
facing outer shape between the first and second diame-
ters of the head.
[0014] The external threads of the head and the interior
threads of the screw holder preferably are at least par-
tially rounded threads. The at least partially rounded
threads have rounded roots and flattened crests. Prefer-
ably the threads on the head and on the screw holder
are left-handed threads.
[0015] The screw driver has an outer diameter small
enough to be received within the bore of the screw holder
preferably with a close fit. Preferably the outer diameter
of the screw holder does not exceed the second diameter
of the screw head so that a smooth transition is formed.
The drive element of the bone screw head may be an
internal hex drive. The conical outer shape of the head
preferably has an opening angle of about 20°. Other as-
pects of the present invention are obtained by a screw
insertion system including a screw having a threaded
shaft and a head connected to the threaded shaft. The
head has a conically tapered outer surface. The tapered
surface increasing in distance from a central longitudinal
axis of the screw from a free end of the head towards a
larger diameter adjacent the connection between the
head and the threaded shaft. The conically tapered head
outer surface has at least two helically extending partially
rounded threads. The screw head also has a recessed
drive element open to the free end of the head. A tubular
screw holder is provided having an outer surface and
internal bore extending between a leading end and a trail-
ing end for receiving the screw. The leading end has a
conically tapered inner threaded portion for engaging the
conically tapered outer thread of the screw head. The
tubular screw holder outer surface having a diameter less
than the maximum diameter of the conically tapered
head. A screw driver is provided extending through the
base in the tubular screw holder for engaging the re-
cessed drive element in the screw head. Preferably, the
threads on the head and on the screw holder are left-
handed threads.
[0016] The system of the present invention includes a
bone fastener. Preferably the bone fastener has a shaft
at a leading end and a head connected to the shaft at a
trailing end. The head having a first diameter at a free
end and a second diameter at an end connected to the
shaft. The first diameter is less than the second diameter
with, the head having an outer surface extending be-
tween the first and second diameter. The head outer sur-
face comprising a plurality of helical threads extending

around the outer surface. Preferably each thread has
curved flanks and a curved root intermediate the curved
flanks with the threads having a flat crest on the outer
surface of the head extending between adjacent curved
flanks forming the thread.
[0017] The bone fastener shaft has a threaded portion
at the leading end and the head outer surface has a con-
ical shape. The conical shape of the head preferably has
an opening angle of 18° to 22°. Preferably the threads
on the head are left-hand threads, and are double or triple
lead threads.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Figure 1 is a cross-sectional view of the bone screw
insertion system of the presentation invention show-
ing a bone screw, a tissue protection sleeve, and a
screw driver;
Figure 1A is an enlarged view of the coupling be-
tween the tissue protection sleeve, bone screw head,
and screw driver of the present invention as shown
in Figure 1;
Figure 2 is an isometric view of the bone screw of
Figure 1;
Figure 2A is a side view of the screw of Figure 2;
Figure 3 is a view of the threaded head of the bone
screw of Figure 2;
Figure 4 is a cross-sectional view of the bone screw
of Figure 2;
Figure 5 is an enlarged view of the hex drive of the
bone screw of Figure 2;
Figure 6 is a cross-sectional view of the tissue pro-
tection sleeve of the present invention;
Figure 7 is an enlarged view of the distal end of the
tissue protection sleeve of the present invention; and
Figures 8A and 8B (in cross-section) show an alter-
nate distal end for the tissue protection sleeve
wherein the distal end of the sleeve can flex with
respect to the axis of the bone screw .

DETAILED DESCRIPTION

[0019] Referring to Figure 1 there is shown the screw
insertion system of the present invention generally de-
noted as 10. The screw insertion system includes a screw
12, a sleeve or holder14 for connecting to screw 12, and
a driver 16 with shaft 17. In the preferred embodiment
screw 12 is a bone screw, and sleeve 14 is a tissue pro-
tection sleeve used for inserting the threaded screw into
a bone plate or bone nail (not shown). Driver 16 can be
any standard screw driver having a leading distal end
with a standard screw drive 18, such as a hex drive or a
Torx® drive. Drive 18 is adapted to engage a socket or
recess 20 in a head 22 of screw 12. Preferably screw 12
has a head 22 with threads 23 and a threaded shaft 25.
Head 32 is adapted engage the threads 26 of internal
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surface 24 at a distal end of tissue protection sleeve 14.
Threads 23 taper inwardly on moving away in a proximal
direction from the bone screw threads on shaft 25.
[0020] Referring to Figure 1A there is an enlarged view
of the engagement between tissue protection sleeve 14,
screw head 22, driver 16 and socket 20. It can be seen
from Figure 1A that the distal end 24 of sleeve 14 includes
a plurality of threads along a threaded inner diameter 26.
At the distal end 24 inner diameter threads 26 taper out-
wardly from central axis 28 of the bone screw sleeve 14
preferably in a conical manner. The distal threaded distal
end inner surface 24 of sleeve 14 preferably includes flat
root areas 30 and flat crests 31 along the outwardly ta-
pered surface of inner surface 26 of sleeve 14. Screw
head 22 has rounded roots 33 and flat crests 35. The
outer diameter 27 at the leading end of the sleeve is sub-
stantially equal to the largest thread diameter of head 22
which is located adjacent to shaft 25. While the diameters
do not have to be exactly equal a large step is to be
avoided so that surrounding tissue is not irritated during
insertion.
[0021] Referring to Figures 2 and 2A, there is shown
bone screw 12 with head 22 and shaft 25 with threads
32. The threads 32 of bone screw 12 include a helical
thread adapted to engage bone and may or may not have
a self-drilling feature 34 adjacent a distal tip 36. The
threads 32 of bone screw 12 may be any typical threads
used for bone screws. A transition area 37 extends be-
tween the head 22 and shaft 25.
[0022] Sleeve 14 has an inner diameter 52 which re-
ceives an outer surface of driver shaft 17. These surfaces
may be a close fit to permit sliding engagement.
[0023] Referring to Figure 3, there is shown an en-
larged view of head 22 which tapers outwardly from cen-
tral axis 28 at an angle α. Angle α is preferably 9 to 10°
thus making the cone angle of the tapering head 18 to
20°. The head 22 includes helical thread 40 which pref-
erably has an arcuate root-shape 33 separated by a flat-
tened crest 35 as best shown in Figure 1A. The root 33
may have a circular shape of, for example, a radius of
0.6 to 0.8mm. The threaded depth from the crest 35 to
the bottom of the root 33 may be, for example, .14mm.
The threads are preferably a double or triple lead thread,
and are left-handed, whereas, the threads of the bone
screw shaft are right-handed. As shown in Figure 3, the
head has an annular surface 48 facing the distal end of
the screw (i.e. towards tip 36)
[0024] Referring to Figures 4 and 5, there is shown a
cross-section of bone screw 12 including the bone screw
shaft 25 and in particular head 22, which includes a hex
socket 20 for receiving the drive end 18 of the screw
driver 16. Figure 5 shows the flat sides 42 of hex socket
20. Socket 20, as shown, is adapted to receive a standard
hex drive from an Allen wrench or screw driver. A TORX®
drive or other polygonal drive could be used.
[0025] Referring to Figures 6 and 7 there is shown tis-
sue protection sleeve 14 including threaded distal end
24 including threaded inner diameter 26, which tapers

outwardly from centerline 28. Threaded diameter 26 ta-
pers outwardly at the same angle that screw threads 23
are tapered inwardly towards the head free end i.e., for
example, 10°. Thus, the entire distal opening of the
sleeve tapers outwardly on moving distally at an included
angle of 20°. In order to more easily engage and disen-
gage from head 22 of screw 12, the threads 26, as shown
in Figure 1A, have flat crests and flat roots. The crests
are spaced such that they engage the deepest root area
of circular or arcuate threads 33. These thread shapes
produce less friction so that the tissue protection sleeve
may be more easily removed from the head of the screw
after implantation.
[0026] Referring to Figure 3, in the preferred embodi-
ment, head 22 includes a distally facing surface 37 which
in Figure 4 is annular planar surface 48. Surface 48 may
be connected to screw shaft 25 by an arcuate portion 50
which, in the preferred embodiment, is concave. Howev-
er, this connection portion 50 could be convex and have
a part-spherical shape around the entire circumference
of the junction between shaft 25 and screw head 22. This
would allow for polyaxial movement of the screw as, for
example, when implanted in a bone plate (not shown).
[0027] In use the surgeon threadably couples the
sleeve or screw holder 14 to the head of 22 of screw 52
so that the outer diameter 27 is flush or nearly flush with
the largest thread diameter of head 22. The surgeon then
inserts the driver 16 through sleeve 14 into the drive 18
of screw 12. Screw 12 is then inserted into the bone. The
sleeve 14 can be removed by rotating an exposed end
of sleeve 14 in the direction of screw rotation because of
the opposite left and right threads on the bone screw
head 22 and shaft 25.
[0028] The sleeve may have a smaller outer diameter
(OD), for example 7 mm and have markings near the grip
which indicate when to stop turning, it may also have
slotted structures to allow for "gripping" even when
screws are inserted in a non-axial fashion. In other words,
the distal end of sleeve 14 can flex slightly when the screw
axis is angled with respect to the sleeve axis. Such struc-
tures are shown in U.S. Patent No. 6,337,142, the dis-
closure of which is incorporated herein by reference.
Such a structure is shown in Figures 8A and 8B which
has a plurality of slots 200 spaced around the circumfer-
ence of the tissue protection sleeve.
[0029] The sleeve may have a larger OD, for example
9mm. The reason for the larger diameter of 9mm is that
especially for axially stable screws such a larger diameter
increases the contact area between the tool tip and screw
head which respectively improves the tactile sensation
for the operator. This is important as the operator needs
to know and feel when to stop turning (when the screw
head hits the bone surface). With the larger diameter the
sleeve distal end will be larger than the screw head di-
ameter by 1 to 2mm.
[0030] Although the invention herein has been de-
scribed with reference to particular embodiments, it is to
be understood that these embodiments are merely illus-
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trative of the principles and applications of the present
invention. It is therefore to be understood that numerous
modifications may be made to the illustrative embodi-
ments and that other arrangements may be devised with-
out departing from the spirit and scope of the present
invention as defined by the appended claims.

Claims

1. A screw insertion system comprising:

a screw (12) having a leading end having a
threaded shaft (25) and a head (22) at a trailing
end, the head having a first diameter at a free
end and a second diameter at an end connected
to the threaded shaft, the first diameter being
less than the second diameter, the head having
an outer surface with a plurality of external hel-
ical threads (40) extending from the first to the
second end thereof, the head having a drive el-
ement (20) located within the first diameter open
to the free end of the head;
a screw holder (14) having a through bore with
a trailing end and a leading end, an interior sur-
face at the leading end having a threaded portion
(26), the thread portion having a first diameter
located towards the trailing end of the holder and
a second diameter at the leading end of the hold-
er, the second diameter greater than the first
diameter, the second diameter of the holder gen-
erally equal to the second diameter of the bone
screw head; and
a driver (16) extending through the screw holder
(14) engagable with the drive element (20) on
the screw head (22).

2. The screw insertion system of claim 1 wherein the
screw head (22) has a conical outer shape between
the first and second diameter of the head, and the
threaded portion (26) of the interior surface of the
screw holder (14) has a matching conical shape.

3. The screw insertion system of claim 1 wherein the
screw head (22) has a part-spherical outer shape
between the first and second diameters of the head.

4. The screw insertion system of claim 1 wherein the
external threads (40) of the head and the interior
threads (26) of the screw holder are at least partially
rounded threads

5. The screw insertion system of claim 4 wherein the
at least partially rounded threads have rounded roots
(33) and flattened crests (35).

6. The screw insertion system of claim 4 wherein the
threads (40) on the head and the interior threads (26)

of the screw holder are left-handed threads.

7. The screw insertion system of claim 1 wherein the
driver (16) has an outer diameter being slidably re-
ceived within the bore of the screw holder (14).

8. The screw insertion system of claim 1 wherein the
outer diameter of the screw holder (14) does not ex-
ceed the second diameter of the screw head (22).

9. The screw insertion system of claim 1 wherein the
drive element (20) of the bone screw head is an in-
ternal hex drive.

10. The screw insertion system of claim 2 wherein the
conical outer shape of the screw head (22) has an
opening angle of about 20°.

11. A screw insertion system comprising:

a screw (12) having a threaded shaft (25) and a
head (22) connected to the threaded shaft (25),
the head (22) having a conically tapered outer
surface, the taper increasing in distance from a
central longitudinal axis (28) of the screw from
a free end of the head towards a larger diameter
adjacent the connection between the head and
the threaded shaft, the conically tapered head
outer surface having at least two helically ex-
tending partially rounded threads (40), the screw
head having a recessed drive element (20) open
to the free end of the head;
a tubular screw holder (14) having an outer sur-
face and internal bore extending between a
leading end and a trailing end for receiving the
screw, the leading end having a conically ta-
pered inner threaded portion (26) for engaging
the conically tapered outer thread of the screw
head, the tubular screw holder (14) outer surface
having a diameter less than or equal to the max-
imum diameter of the conically tapered head
(22).

12. The screw insertion system of claim 11 further com-
prising a driver (16) extending through the bore in
the tubular screw holder (14) for engaging the re-
cessed drive element (20) in the screw head (22).

13. The screw insertion system of claim 11 wherein the
threads (40) on the head and the interior threads (26)
of the screw holder are left-handed threads.

14. The screw insertion system of claim 11 wherein the
at least partially rounded threads have rounded roots
(33) and flattened crests (35).

15. The screw insertion system of claim 11 wherein the
conical outer shape of the screw head (22) has an
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opening angle of about 20°.
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