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preanble of claiml1l and to an affixati gn system conprising such a e
plate as defined in the preanble of claim15. Basically there are two kinds
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Bone plate

The invention relates to as bone plate defined in the preamble of claim 1 and to an
affixation system comprising such a bone plate as defined in the preamble of claim 15.

Basically there are two kinds of osteosyntheses implemented with bone plates.

The first kind relates to ,rigid osteosynthesis®. Rigid osteosynthesis is used when
treating fractures of joints, simple shaft fractures (where nailing is impossible), and
also osteotomies. Aside anatomic repositioning ability, the bone per se supports the
stability of osteosynthesis, resulting in earlier and more pain-free extremity-stressing.
The advaniages of stable fracture treatment also are observed where the blood
circulation on account of frauma has been substantially reduced. When treating .non-
unions® or in the presence of infection, the fracture must be treated in stabilized manner
to allow bone healing and to preclude further stimulating the infection by instability in
the fracture gap.

The second kind relates to ,flexible osteosynthesis®. The biggest advantages of flexible
{biological) osteosynthesis relate to caring for comminuted fractures in the shaft zone of
long bones. The goal relating to these fractures is keeping the bone lengths, and
furthermore keeping the bone ends (joints), in their proper mutual positions. In this
procedure the fracture zone is not directly affixed or manipulated, and consequently the
blood circulation in this zone is not additionally hampered. The bone plates operats
similarly to a locking, medullary pin solely anchored in the metaphyses.

These two extremes of plate osteosynthesis, they are indeed far apart. Fractures
cannot always be assigned to either kind of osteosynthesis, and accordingly the
surgeon frequently must compromise because no implant tradeoff is available to him
when combining both methods. Such a combination for instance would be called for
when a joint fracture can be compressed by means of tightening screws through the
bone plate and the full joint part can be connected, by means of an inner affixation
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possible in the diaphyseal range and being supported by a plate tightening screw

passing through the fracture. Primary fracture stabilization can be achieved by this
kind of care.

As a result, bone implants have been developed for both kinds of ostecsynthesis and
are now on the market. Both sets of implants are optimally designhed for each method.
The drawback of both systems therefore is that they cannot be combined.

Such a combined plate is known from the US Talos et al patent 5,709,686 wherein a
cylindrical thread is present in the middle part of the elongated hole. The drawbacks of
this known plate are the following:

1} The central position of the thread in the elongated hole of the piate restricts the
range of the thread between 60 and 179°;

2} The central position of the thread in the elongated hole (clamping hole) of the plate is
subject to the danger that the side webs of the elongated hole may widen; and

3) Because the thread is cvlindrical, a special screw head must be used, that, when the
screw is being tightened, can rest on the plate surface.

The objective of the invention is remedy. lts goal is to create a bone plate which
combines both kinds of osteosynthesis without however entailing restriction on the care
inherently afforded by the two plates per se. Accordingly the plate of the invention
shall serve both as a compression plate and as a so-called inner affixation system
without incurring tradeoffs.

The invention solves this problem by means of a bone plate as claimed in claim 1.

Using the plate of the invention as an inner affixation system results in much more
stressing the interface of plate and screw because the plate is not forced against the
bone and therefore the bone fracture is fixed on account of friction between the plate
and the bone. This increase in siress is accounted for in that the thread in the
elongated hole subtends a range of at least 180° and thereby will enclose the thread of
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avai l abl e to hi mwhen conbi ni ng both nmethods. Such a conbination for
i nst ancén wotukitle P prafairba didvelopment, the inside thread of the elongated hole conically

tapers fowards the underside of the bone plate. This embodiment offers the advantage
that the screw affixation is implemented by the conical thread of the plate hole and by
the matching conical thread of the screwhead used. This kind of affixation is especially
important if self-drilling screws are used. Thanks to the conical thread in the head zone
of the screw, this screw can be inserted into the bone independently of the plate. The
screw shall be locked only when the threaded cone of the screwhead enters the inside
thread of the plate’s elongated hole. In spite of different thread beginnings in the plate
hole’s cone and in the bone, the conical screwhead thread will be centered in the
plate’s threaded cone.

When the conical thread is tightened, radial forces are generated in the plate hole. In
order to adequately absorb these forces, the conical plate must be sufficiently
dimensionally stable. Appropriately therefore the inside thread conically tapering
toward the underside of the bone plate subtends a conical angle of 5 - 20°, typically of
10°.

in a further preferred embodiment, the holes defined by the features (a) and (b) are
mutually identical and consequently the inside thread is fitted within a hole of which the
diameter Dy measured in the direction of the longitudinal plate axis is larger than this
hole's diameter Dq measured perpendicularly to said longitudinal plate axis.

In another preferred embodiment of the invention, the inside thread, when seen in the
direction of the longitudinal plate axis, is present at one of the fwo ends of the
elongated hole. This position aliows attaining an enlarged thread zone extending for
instance to arcs from 180 io 280°, preferably from 200 to 250°.

Because the elongated hole is conical, there will be various values of the range of the
inside thread at the underside or at the upper side of the plate. Measured at the
underside, the arc of the thread preferably shall run from 180 fo 230°, whereas

measured at the top side it shall preferably run from 200 to 270°.
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when a_joi nt fracture can be éorrpressed by neans of tightening screws

t hrough the bone plate and the full joint part can be connected, by neans
of an inner affixation 2 system wusing angularly invariant screws to the
di aphysis. Another application illustratively concerns porous bones where

a bone plate can be anchored by axially and angularly stabilized screws in
t he nmetaphysial fragnent, stable plate affixation being possible in the

di aphysegla fiAhee el HEbSHRRAL HRE BdniRaR | RhRal HHBLENH e HH6RYted hole
{clamping hole) is present at that end which Is nearsst the center of the plate. This
feature offers the advantage of leaving undegraded the clamping of the plate clamping
holes.

As regards another preferred embodiment, at least one of the holes defined by feature
{a) comprises at its upper portion facing the top side a concave and preferably
spherical recess {o receive a bone screw with a ballhead. This spherical screwhead of
a conventional bone screw is optimally seated in this concave, spherical recess,
foremost if the bone screw was inserted excentrically as required in fracture
compression.

in a further preferred embodiment the underside is concave. Because of this concave
underside, the plate better matches the round cross-section of the tibia, femur,
humerus and lower arm bone. Because the plate underside is concave, it is possible
to insert a conventional bone screw obliquely through the plate hole. Such a feature is
important foremost when gripping a small bone fragment which must be pulled up to
the plate.

In a further preferred embodiment, the inside thread runs over the full thickness of the
bone plate from the underside to the top side in order to maximize dimensional stability.

in yet ancther preferred embodiment, the elongated hole flares in its thread-free sector,

in its lower portion facing the underside, to allow bone-screw excursion.

in yet another preferred embodiment, the ratio of Di/Dq is within the range of 1.01 -
3.00, preferably in the range of 1.1 - 1.5, This ratio follows from the combination of the
clamping hole, which requires some clamping path for the screw, with the threaded
hole. The asceriained ratlo of D/Dq represents an optimal compromise between
clamping effectiveness and minimal plate weakening by the combination hole.

Besides the bone plate of the invention, another embodiment additionally comprises t
least one bone screw with an outer thread fitted on the screw head and maiching the

inside thread, said at least one bone screw preferably baing self-drilling.
This Sheet Has Been Replaced
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passi ng through the fracture. Primary fracture stablllzatlon can be
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thread ?,Sfe‘f"effﬁe Ga%vgntag E%1’erecl by the conical featurs of the threaded hole 4 is that the

screw can be inserted in plate-independent manner info the bone, the screw being
connected {o the plate by means of a threaded and matching screwhead only when the
plate is being tightened. Such a feature Is advantageous foremost when using self-
tapping and seli-drilling screws.

The invention and its further development are elucidated below in relation to the partly
diagrammatical drawings of several illustrative embodiments.

Fig. 1 is a topview of the bone plate of the invention comprising an unthreaded
elongated hole and a separate threaded hole,

Fig. 2 is a topview of the bone plate of the invention comprising an slongated hole with
an integrated thread,

Fig. 3 is a longitudinal section of the threaded hole of Fig. 1,

Fig. 4 is a longitudinal section of the threaded elongated hole of Fig. 2, and

Fig. 5 is a perspective of the bone plate of the invention with a bone screw inserted into
the elongated hole with integrated thread.

The bone plate of the invention shown in Fig. 1 comprises a top side 1, an underside 2
that shall make contact with the bone and two holes 4 situated along the longitudinal
plate axis 3 which shall receive the bone screws.

The arrow 7 indicates the direction toward one end of the bone plate and the arrow 8
points toward the center of the plate.

The diameter D of the hole 4 which is closer to the center of the plate when measured
in the direction of the longitudinatl plate axis 3 is larger than this hole’s diameter Dq
measured perpendicularly to said axis 3. The diameter Dy is 5.2 mm and the diameter
Dgis 3 mm.

This elongated hole is fitted at its upper portion facing the top side 1 with a concave
and preferably spherical recess 6 to receive a bone screw having a spherical head.
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2) The central position of the thread with a range between 60 and 179[err]
in the elongated hole (clanmping hole) of the plate is subject to the danger
that the side webs of the elongated hole nay w den; and 3) Because the
thread is cylindrical, a special screw head nmust be used, that, when the
screw is being tightened, can rest on ghe plate surface. The objective of
the invention is renmedy. Its goal is to create a bone plate which conbi nes
bot h ki nds of osteosynthesis wthout however entailing restriction on the
care inherently afforded by the two plates per se. Accordingly the plate of
t he i nvéheihoie 4siuatedaiass the plate end conmppices sindnsige dhread iusthiendisg -arasiced

I nner apf i@é@".i B Y Sy ?@n‘ﬂﬁﬁﬂtofitﬁg Léﬁﬁﬂdl@m%ﬁ%& Haste hole assumes the shape
of a cone tapering downward toward the underside 2, and accordingly the inside thread
5 also tapers downward toward the bone plate’s underside 2 at a cone angle of 10°,
Preferably the inside thread 5 is a double thread.

As shown in Fig. 3, the inside thread 5 of the hole 4 nearer the plate end runs along the
full thickness of the bone plate from the top side 1 to the underside 2.

In the preferred embodiment of the invention shown in Figs. 2 and 4, the two bone-
plate holes 4 of Fig. 1 are combined . as a result of which the inside thread 5 shall be
inside both elengated holes 4. The thread 5 is sifuated at that end of the elongated
hole which is nearer the center of the plate.

Furthermore the two elongated holes are the same as in the embodiment of Fig. 1.

Measured at the underside 2 and as indicated by the arc of circle 9, the inside thread 5
subtends an arc of 223° and when measured at the top side 1 and as indicated by the
arc of circle 10 subtends an arc of 256°.

The table below the preferred parameters depending on the diameter of the inside
thread 5.

Fig. 5 shows an affixation system fitted with a bone plate as shown in Fig. 4, wherein a
bone screw 11 comprising an outside thread 12 at the screwhead 13, said outside
thread 12 matching the bone-plate’s inside thread 5. Appropriately the bone screw 12
is self-drilling and self-tapping.
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The invention solves this problem by neans of a bone plate as clainmed in
claim1l. Using the plate of the invention as an inner affixation system
results in nuch nore stressing the interface of plate and screw because the
plate is not forced against the bone and therefore the bone fracture is
fixed on account of friction between the plate and the bone. This increase
In stress is accounted for in that the thread in the el ongated hol e

subtends a range of at |east 1800 and thereby will enclose the thread of
3

thread diameter 3.0mm 4.0 mm 5.0 mm

double thread yes yes yes

pitch of thread 0.7 [mm] 0.8 Imm} 1.0 [mm]

depth of thread (= ¥ of outside/inside 0.2025 [mm] 0.2575 [mm] 0.2810 [mm}

diameter- differential)

angular excursion (at top side) 200° 200° 180°

angular excursion {at underside) 260° 240° 250
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the screwhead by at |east this angular range. This circunstance is
especially significant where thin bone plates are involved. In a further
preferred devel opnent, the inside thread of the el ongated hole conically
tapers towards the undersi de of the bonegpl ate. ThissherhadiceReplawifers the
advant age that the screw affixation is inplenmented | thread of
the plate and by the matching conical thread 4 d used.
This kin clal fixation is especially inportant if i ng screws are
used. Thanks to the conical thread in the head zone of the screw, this
screw can_be inserted into the bone independent]y the plate. The screw
shal | be |-dtREBE S CRMUHISINGA teR @@eéﬁﬂce@h@n&rswﬁﬁ&mm%m ehiachuith
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begi nnings in the plate

configured along the longitudinal plate axis (3) and receiving bone screws (11), where

a) the diameter D of at least one of these holes (4) when measured in the direction of
the longitudinal plate axis (3) is larger than the diameter Dq of this hole perpendicularly
to the longitudinal plate axis (3), and

b) at least one of these holes (4) is fitted with an inside thread (5),

characterized in that

c) the inside thread (5) subtends an arc of at least 180° of the geometric body defined
by if.

2. Bone plate as claimed in claim 1, characterized in that the inside thread (5) tapers

conically in the direction of the underside {2) of the bone plate.

3. Bone plate as claimed in either of claims 1 and 2, characterized in that the inside
thread (5) subtends an arc of 190 to 280°.

4. Bone plate as claimed in claim 3, characterized in that the inside thread (5) subtends
an arc at least of 200 to 250°.

5. Bone plate as claimed in one of claims 1 through 4, characterized in that when
measured at the underside (2) the inside thread runs across an arc of 180 to 230° and

when measured at the top side (1) it runs across an arc of 200 to 270°.

6. Bone plate as claimed in one of claims 1 through 5, characterized in that the holes
(4) defined by the features (a) and (b) are mutually identical whereby the inside thread
(5) is fitted inside a hole (4) of which the diameter D, when measured in the direction of

the longitudinal plate axis (3) is larger than the diameter Dq of this hole (4) measured

N L A

perpendicularly to the longitudinal plate axis (3).



hol e's cone and in the bone, the conical screwhead thre be centered

in the plate's threaded cone. Wien the conical thread is gﬁgiﬁ en Re

forces are generated in the plate hole. In order to adequ hese

Appropriately therefore the inside thread conically taperlng tovvard t!
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thread is fitted within a hole of which the diameter Dlerr] neasure
di r ect i ontherelongated hgia (ﬂdldeéneeurafe@twl(g) ipseiesabyp neatesthe plate’s center (8).

forces, the conical plate nust be suffic?ently di mensi ona

8. Bone piate as claimed in one of claims 1 through 7, characterized in that at least one
of the holes (4) defined in feature (a) comprises a concave and preferably spherical
recess (6) in its portion facing the top side (1) to receive a bone screw (11) having a
spherical head (13).

9. Bone plate as claimed in one of claims 1 through 8, characterized in that the

underside (1) is concave.

10. Bone plate as in one of claims 1 through 9, characterized in that the inside thread
(5) runs through the full thickness of the bone plate from the top side (1) to the
underside (2).

11. Bone plate as claimed in one of claims 1 through 11, characterized in that the hole

(4) flares in its unthreaded sector in its lower portion facing the underside (2).

12. Bone plate as claimed in one of claims 1 through 11, characterized in that the ratio
of D\/Dq is in the range of 1.01 to 3.00.

13. Bone plate as claimed in claim 12, characterized in that the ratio of D./Dq is in the
range of 1.1 to 1.5.

14. Bone plate as claimed in one of claims 2 through 13, characterized in that the cone
angle of the inside thread (5) conically tapering toward the bone plate’s underside is
between 5 and 20°.

15. An affixation system comprising a bone plate claimed in one of claims 2 through 14,
characterized in that in addition it comprises at least one bone screw (11) fitted with an
outer thread (12) at the screwhead (13), said outer thread (12) matching the inside
thread (5).
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hol e' s di anmeter DQ nmeasured perpendicularly to said |longitudinal plate
axis. In another preferred enbodi nent of the invention, the inside thread
is extending to arcs from 200 to 250 of the geonetric body defined by it.
Because the elongated hole is conical, tt®re will be various val ues of the
range of the inside thread at the underside or at the upper side of the
plate. M 3 i ; el r I
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17. Affixation system as claimed in either of claims 15 and 16, characterized in that the

bone screw (11) is self-tapping
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4°1n a further preferred enbodi nent, the termnal, conical thread in the

el ongat ed. o 6o/43¢i0anpi ng hole) is present at that end whi chpé&fich8abdiss t he
center of the plate. This feature offers the advantage of |eaving
undegraded the clanping of the plate cl apfai ng holes. As regards anot her
preferred enbodi nent, at least one of the holes with insinde threads
conprises at its upper portion facing the top side a concave and preferably
spherical recess to receiveg a bone screw with a balihead. This spheri cal
screwhead of a conventional bone screwis optimally septed in this concave,
spherical recess, forenost]if tthe bone screw was inserjed excentrically as
required in fracture p ’
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conpression. In a further preferred enbodi nent the underside is concave.
Because of g cave underside, the plate better matches

cross-sect |‘§)’§ (ﬁ)?ﬁ? e tibia, fenur, hunerus and | ower arm bone E’gggaél}gg t he
pl ate undersi'de is concave, it is possi®/d to insert a conventional bone
screw obliquely through the plate hole. Such a feature is inportant
forenost when gripping a snall bone fragnment which nust be pulled up to the
plate. In a further prgf ed enbodignment, the inside tthread runs over the
full thickness of the bone m t e under si de t‘cL the top side in
order to maxi m ze di nmensio ity.! In yet anothg¢r preferred

enbodi nent, the el ongated sifpfits thread-free sector,
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inits l.ower portion facing the underside, to all ow bone-screw excursion.

In yet "anot erred enbodi nent, the ratio of [err] is range
of 1.01 - @gfoM preferably inthe range of 1.1 - 1.5. This W@f
fromthe conbination of the clanping hol g/4 whi ch requires sone cl anping
path for the screw, with the threaded hole. The ascertained ratio of DL/ DQ
represents an optinal conprom se between cl anping effectiveness and m ni nal
pl ate weakeni ng by the conbi nati on hol e. Besides the bone plate of the

i nvention, another enbodi nent additionally conprises at |east one bone
screw with an outer thread fitted on the screw head and matching the inside
thread, said at | east one bone screw preferably being self-drilling.

-
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5 When the bone plate is used as a conpression plate, the geonetry of the
cl anpi ng halgsemhifohe pl ate borehole is not adversely affectmer/duoddaces
terminal, .conical threaded hole. The advantage offered by the conical
feature of the threaded hole 4 is that t44 screw can be inserted in

pl at e-i ndependent  manner into the bone, the screw being connected to the
pl ate by neans of a threaded and matchi ng.screwhead only when the plate is
bei ng tightened. Such a feature is advantageous forenpst when using self-
tapping and self-drilling screws.
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The'invention and its further devel opnent are elucidated below in relation
to the pHraa/@C@ agranmati cal draw ngs of several illustrative enbodi nents.

Fig. 1 i¥.842083view of the bone plate of the invention conprising an

el ongated hole with an integrated thread, Fig. 2 is a longitudinal
of the threaded el ongated hole of Fig. 12, and Fig. 3 is a perspective of

the bone plate of the invention with a bone screwinserted into the
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Bone plate

The invention relates to as bone plate defined in the preamble of claim 1 and to an
affixation system comprising such a bone plate as defined in the preambie of claim 15.

Basically there are two kinds of osteosyntheses implemented with bone plates.

The first kind relates to ,rigid osteosynthesis*. Rigid osteosynthesis is used when
treating fractures of joints, simple shaft fractures (where nailing is impossible), and
aiso osteotomies. Aside anatomic repositioning ability, the bone per se supports the
stability of osteosynthesis, resulting in earlier and more pain-free extremity-stressing.
The advantages of stable fracture treatment also are observed where the blood
circulation on account of trauma has been substantially reduced. When treating ,non-
unions® or in the presence of infection, the fracture must be treated in stabilized manner
to allow bone healing and to preclude further stimulating the infection by instability in
the fracture gap.

The second kind relates to ,flexible osteosynthesis®. The biggest advantages of flexible
(biological) osteosynthesis relate to caring for comminuted fractures in the shaft zone of
long bones. The goal relating to these fractures is keeping the bone lengths, and
furthermore keeping the bone ends (joints), in their proper mutual positions. In this
procedure the fracture zone is not directly affixed or manipulated, and consequently the
blood circulation in this zone is not additionally hampered. The bone plates operate
similarly to a locking, meduliary pin solely anchored in the metaphyses.

These two extremes of plate osteosynthesis, they are indeed far apart. Fractures
cannot always be assigned to either kind of osteosynthesis, and accordingly the
surgeon frequently must compromise because no implant tradeoff is available to him
when combining both methods. Such a combination for instance would be called for
when a joint fracture can be compressed by means of tightening screws through the
bone plate and the full joint part can be connected, by means of an inner affixation
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The arrow 7 indicates the direction toward one end of the bone plate and
the arrow 8 points toward the center of the plate. The dianmeter Dierr] of
the hole 4 which is closer to the center of the plate when neasured in the
direction of the longitudinal plate axis 3 is larger than this hole's
di aneter D err] neasured perpendicularPy to said axis 3. The diameter DL is
5.2 mmand the dianeter DQis 3 nmm 6

system, using angularly invariant screws to the diaphysis. Another application
illustratively concemns porous bones where a bone plate can be anchored by axially and
angularly stabilized screws in the metaphysial fragment, stable plate affixation being
possible in the diaphyseal range and being supported by a plate tightening screw
passing through the fracture. Primary fracture stabilization can be achieved by this
kind of care.

As a result, bone implants have been developed for both kinds of osteosynthesis and
are now on the market. Both setfs of implants are optimally designed for each method.
The drawback of both systems therefore is that they cannot be combined.

Such a combined plate is known from the US Talos et al patent 5,709,686 wherein a
cylindrical thread is present in the middle part of the elongated hole. The drawbacks of
this known plate are the following:

1) The central position of the thread in the elongated hole of the plate restricts the
range of the thread between 60 and 179°;

2) The central position of the thread with a range between 60 and 179° in the elongated
hole (clamping hole) of the plate is subject to the danger that the side webs of the
elongated hole may widen; and

3) Because the thread is cylindrical, a special screw head must be used, that, when the
screw is being tightened, can rest on the plate surface.

The objective of the invention is remedy. Ilts goal is to create a bone blate which
combines both kinds of osteosynthesis without however entailing restriction on the care
inherently afforded by the two plates per se. Accordingly the plate of the invention
shall serve both as a compression plate and as a so-called inner affixation system
without incurring tradeoffs.

The invention solves this problem by means of a bone plate' as claimed in claim 1.

Using the plate of the invention as an inner affixation system results in much more
stressing the interface of plate and screw because the plate is not forced against the
bone and therefore the bone fracture is fixed on account of friction between the plate
and the bone. This increase in stress is accounted for in that the thread in the
elongated hole subtends a range of at least 180° and thereby will enclose the thread of
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As shown in Fig. 2 this elongated hole is fitted at its upper portion
facing the top side 1 with a concave and preferably spherical recess 6 to
recei ve a bone screw having a spherical head. In the range of the inside
thread termnally situated in the plate hole, the plate hole assunmes the
shape of a cone tapering dowward towarg the underside 2, and accordlng!y
the inside thread 5 al so tapers dowward toward the bone plate's underside

2 at a chiesciéwhéadby 4Pleabl @ﬁseéﬁqyldr r’ah@e"ﬂﬁé‘éﬁ‘cﬁmé Qe?sé @cnﬁgpé?él’ﬁf #emtead

The inside thread 5 runs l ong t ckness t he bone

the top wha@tblnhonm@atﬁmesmmv@ In the preferred enbodi ment of the

I nvention shown in Figs. 2 and 4, the two bone- plate holes 4 of Fig. 1 are
conbined . as a result of which the inside thread 5 shall be

In a further preferred development, the inside thread of the elongated hole conicaily
tapers towards the underside of the bone plate. This embodiment offers the advantage
that the screw affixation is implemented by the conical thread of the plate hole and by
the matching conical thread of the screwhead used. This kind of affixation is especially
important if self-drilling screws are used. Thanks to the conical thread in the head zone
of the screw, this screw can be inserted into the bone independently of the plate. The
screw shall be locked only when the threaded cone of the screwhead enters the inside
thread of the plate’s elongated hole. In spite of different thread beginnings in the plate
hole’s cone and in the bone, the conical screwhead thread will be centered in the
plate’s threaded cone.

When the conical thread is tightened, radial forces are generated in the plate hole. In
order to adequately absorb these forces, the conical plate must be sufficiently
dimensionally stable. Appropriately therefore the inside thread conically 'tapering
toward the underside of the bone plate subtends a conical angle of 5 - 20°, typically of
10°.

In a further preferred embodiment, the holes defined by the features (a) and (b) are
mutually identical and consequently the inside thread is fitted within a hole of which the
diameter D, measured in the direction of the longitudinal plate axis is larger than this
hole’s diameter Dq measured perpendicularly to said longitudinal plate axis.

In another preferred embodiment of the invention, the inside thread is extending to arcs
from 200 to 250° of the geometric body defined by it.

Because the elongated hole is conical, there will be various values of the range of the
inside thread at the underside or at the upper side of the plate. Measured at the
underside, the arc of the thread preferably shall run from 180 to 230°, whereas
measured at the top side it shall preferably run from 200 to 270°,
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i nsi de" both el ongated holes 4. The thread 5 is situated at that end of the
el ongated hole which is nearer the center of the plate. As shown in fig. 1
the inside thread 5 - nmeasured at the underside 2 and as indicated by the
arc of circle 9 - subtends an arc of 223 and when neasured at the top side
1 and as indicated by the arc of circlg 10 subtends an arc of 256[err]. The
tabl e bel ow the preferred paraneters depending on the dianeter of the

i nsi de YArLRMer preferred embodiment, the terminal, conical thread in the elongated hole
(clamping hole) is present at that end which is nearest the center of the plate. This
feature offers the advantage of leaving undegraded the clamping of the plate clamping
holes.

As regards another preferred embodiment, at least one of the holes with insinde
threads comprises at ifs upper portion facing the top side a concave and preferably
spherical recess to receive a bone screw with a ballhead. This spherical screwhead of
a conventional bone screw is obtimaily seated in this concave, spherical recess,
foremost if the bone screw was inserted excentrically as required in fracture
compression.

In a further preferred embodiment the underside is concave. Because of this concave
underside, the plate better matches the round cross-section of the tibia, femur,
humerus and lower arm bone. Because the plate underside is concave, it is possible
to insert a conventional bone screw obliquely through the plate hole. Such a feature is
important foremost when gripping a small bone fragment which must be pulled up to
the plate.

In a further preferred embodiment, the inside thread runs over the full thickness of the
bone plate from the underside to the top side in order to maximize dimensional stability.

In yet another preferred embodiment, the elongated hole flares in its thread-free sector,
in its lower portion facing the underside, to allow bone-screw excursion.

In yet another preferred embodiment, the ratio of Di/Dq is within the range of 1.01 -
3.00, preferably in the range of 1.1 - 1.5. This ratio follows from the combination of the
clamping hole, which requires some clamping path for the screw, with the threaded
hole. The ascertained ratio of D/Dq represents an optimal cofnpromise between
clamping effectiveness and minimal plate weakening by the combination hole.

Besides the bone plate of the invention, another embodiment additionally comprises at
least one bone screw with an outer thread fitted on the screw head and matching the
inside thread, said at least one bone screw preferably being self-drilling.
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7 thread di aneter 3.0 mm 4.0 mm

5.0 mm doubl e thread yes yes

yes pitch of thread 0.7 [ 0.9 [mMM
1.0 [nm depth of thread (= 1/2 of outside/inside 0.2025 [nm 0. 2575

[ mm] 0.2810 [m] dianmeter- differentigl) angular excursion (at top side)
2000 200[ err] 190 angul ar excursion (at underside)

260[ er r Jwhen the bone?paleis ].lsed as a cohgm Eiaté:'tﬂe giefr@ offhé&cld n’ﬁgﬁgon

systemfltted with a bone plate as s eren
screw 11helggfithe .n@eahvr@mlgula@ot mdga@e!waﬁected\@ystbedarmmal I®nicshithreaded

hole. The advantage offered by the conical feature of the threaded hole 4 is that the
screw can be inserted in plate-independent manner into the bone, the screw being
connected to the plate by means of a threaded and matching screwhead only when the
plate is being tightened. Such a feature is advantageous foremost when using self-
tapping and self-drilling screws.

The invention and its further development are elucidated below in relation to the partly
diagrammatical drawings of several illustrative embodiments.

Fig. 1 is a topview of the bone plate of the invention comprising an elongated hole with
an integrated thread,

Fig. 2 is a longitudinal section of the threaded elongated hole of Fig. 2, and

Fig. 3 is a perspective of the bone plate of the invention with a bone screw inserted into
the elongated hole with integrated thread. |

The bone plate of the invention shown in Fig. 1 comprises a top side 1, an underside 2
that shall make contact with the bone and two holes 4 situated along the longitudinal
plate axis 3 which shall receive the bone screws.

The arrow 7 indicates the direction toward one end of the bone plate and the arrow 8
points toward the center of the plate.

The diameter Dy_ of the hole 4 which is closer fo the center of the plate when measured
in the direction of the longitudinal plate axis 3 is larger than this hole's diameter Dq
measured perpendiculariy to said axis 3. The diameter D is 5.2 mm and the diameter
Dqis 3 mm.
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outside thread 12 matching the bone-plate's inside thread 5. Appropriately
the bone screw 12 is self-drilling and sel f-tapping. CLAIMS 1. A bone

plate conprising a top side (1), an underside (2) that shall make contact
with the bone, and sveral holes (4) fromthietop side (1) to the underside
(2) and configured along the longitudigal plate axis (3) and receiving
characterized in that

As shown in Fig. 2 this elongated hole is fitted at its upper portion facing the top side 1
with a concave and preferably spherical recess 6 to receive a bone screw having a
spherical head. In the range of the inside thread terminally situated in the plate hole,
the plate hole assumes the shape of a cone tapering downward toward the underside
2, and accordingly the inside thread 5 also tapers downward toward the bone plate’s
underside 2 at a cone angle of 10°. Preferably the inside thread 5 is a double thread.
The inside thread § runs along the full thickness of the bone plate from the top side 1 to
the underside 2.

In the preferred embodiment of the invention shown in Figs. 2 and 4, the two bone-
plate holes 4 of Fig. 1 are combined . as a result of which the inside thread 5 shall be
inside both elongated holés 4. The thread 5 is situated at that end of the elongated
hole which is nearer the center of the plate.

As shown in fig, 1 the inside thread 5 - measured at the underside 2 and as indicated
by the arc of circle 9 - subtends an arc of 223° and when measured at the top side 1
and as indicated by the arc of circle 10 subtends an arc of 256°.

The table below the preferred parameters depending on the diameter of the inside
thread 5.
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the dianmeter DL of at |east one of these holes (4) when neasured in the
direction of the longitudinal plate axis (3) is larger than the di aneter
Dierr] of this hole perpendicularly to the longitudinal plate axis (3). and
is fitted with an inside thread (5), which subtends an arc of 190 to 280 of
the geonetric body defined by it. 2. Bdhe plate as clainmed in claima1,
characterized in that the inside thread (5) tapers conically in the
direction of the underside (2) of the bone plate. 3. Bone plate as clained
inclaiml aor. .2 characterized in that the inside thread (5) subtends an

arc at | ¢@fpéadQfiani) t0 250 of the geonesfinim body pPebiaed by istomm. Bone
plate asjclained in one of clains 1 thyough 3, chpracterized in that when

measur ed [at—theumderside 2y the T s e timreadTpns—acrossTam arcof 1180
to 230 arhdouble thread yes yes yes
pitch of thread 0.7 [mm] 0.9 [mm] 1.0 [mm]
depth of thread (= % of outside/inside 0.2025 [mm) 0.2575 fmm] 0.2810 [mm]
diameter- differential) ' .
angular excursion {(at top side) 200° 200° 19¢°
anguiar excursion (at underside) 260° 240° 250°

Fig. 3 shows an affixation system fitted with a bone plate as shown in Fig. 1 and 2,
wherein a bone screw 11 comprising an outside thread 12 at the screwhead 13, said
outside thread 12 matching the bone-plate’s inside thread 5. Appropriately the bone
screw 12 is self-drilling and self-tapping. '



when nmeasured at the top side (1) it runs across an arc of 200 to 270[err].
5. Bone plate as clained in one of the clains 1 through 4, characterized in
that when seen in the direction of the |ongitudinal plate axis (3), the
inside thread (5) is situated at one of the two ends of the el ongated hole
(4) defined in feature (a), preferablygnearer the plate's center (8). 6.
Bone plate as clained in one of clains 1 through 5, characterized in that
at | east one of the holes (4) defined in feature (&) conprises a concave
recess (6) in its portion facing the top side (1) to receive a bone screw
(11) having a spherical head (13).

CLAIMS

1. A bone plate comprising a top side (1), an underside (2) that shalt make oontact with -

the bone, and sey s (4) from > (1) to
 Eonf gt!reé‘ along e !onglfudihal plate"aXIs (3) and receiwng bone screWs ( 1');" o

characterized in that

the diameter Dy of at least one of these holes (4) when meastied in the direction of thé -

longitudinal plate axis (3) is larger than the diameter Dq of this hole perpejﬁdiculétly fo

the longitudinal plate axis (3), and is fitted with an inside thread (5), which subtends an'

arc of 190° to 280° of the geometric body defined by it.

2. Bone plate as claimed-in claim 1, chafacterized in that the inside thread () tapers::
conically in the direction of the underside (2) of the bone plate.

3. Bone plate as claimed in claim 1 or 2, characterized in that the inside thread (5)
subtends an arc at least of 200 to 250° of the geometric body defined by it.

4. Bone plate as claimed in one of claims 1 through 3, characterized in that when
measured at the underside (2) the inside thread runs across an arc of 180 to 230° and
when measured at the top side (1) it runs across an arc of 200 to 270°.

5. Bone plate as claimed in one of the claims 1 through 4, characterized in that when
seen in the direction of the longitudinal plate axis (3), the inside thread (5) is situated at
one of the two ends of the elongated hole (4) defined in feature (a), preferably nearer
the plate’s center (8).

6. Bone plate as claimed in one of claims 1 through 5, characterized in that at least one

of the holes (4) defined in feature (a) comprises a concave recess (6) in its portion
facing the top side (1) to receive a bone screw (11) having a spherical head (13).

LB




9 7. Bone plate as clained in claim6, characterized in that the concave
recess (6) is spherically shaped. 8. Bone plate as clainmed in one of clains
1 through 7, characterized in that thesunderside (1) is concave. 9. Bone
plate as in one of clains 1 through 8, “characterized in that the inside

t hr ead (?) runs through the full thickness of the bone plate fromthe top
si de (1) 7t Bongeplgiadas Slai@medin claim 6peharastelizedds thattheeeongavenecess dbhiss 1

t hr ough %ph&ﬁh%ﬁl?%hﬁbé&.ed in that the hole

8. Bone plate as claimed in one of claims 1 through 7, characterized in that the

underside (1) is concave.

9. Bone plate as in one of claims 1 through 8, characterized in that the inside thread (5)
runs through the full thickness of the bone plate from the top side (1) to the underside

).

10. Bone plate as claimed in one of claims 1 through 9, characterized in that the hole
{4) flares in its unthreaded sector in its lower portion facing the underside (2).

11. Bone plate as claimed in one of claims 1 through 10, characterized in that the ratio
of D/Dq is in the range of 1.01 to 3.00.

12. Bone plate as claimed in claim 11, characterized in that the ratio of Di/Dq is in the

range of 1.1 to 1.5.

13. Bone plate as claimed in one of claims 2 through 12, characterized in that the cone
angle of the inside thread (5) conically tapering toward the bone plate’s underside is
between & and 20°.

14. An affixation system comprising a bone plate claimed in one of claims 1 through 13,
characterized in that in addition it comprises at least one bone screw (11) fitted with an
outer thread (12) at the screwhead (13), said outer thread (12) matching the inside
thread (5).

15. Affixation system as claimed in claim 14, characterized in that the bone screw (11)

~ is self-drilling.

16. Affixation system as claimed in either of claims 14 and 15, characterized in that the
bone screw (11) is self-tapping

R ) R



(4) flares in its unthreaded sector in its |lower portion facing the
underside (2). 11. Bone plate as clained in one of clains 1 through 10,
characterized in that the ratio of [gfyéais in the range of 1.01 to 3.00.
12. Bone plate as clainmed in claim 11} aracterized in that the ratio of
[err] is in the range of 1.1 to 1.5. 13. Bone plate as clainmed in one of
clainms 2 through 12, characterized in that the cone angle of the inside
thread (5) conlcalhy tapering topard the bone plateg' s underside is between
5 and 20. 14. An affi Lon syst n1c3npr|3|ng a bome plate clainmed in one
of claims | through 13} cha efized in that in addition it conprises at

| east one bone screw (Il1l) fittedfwth an

(XY

N{

Fig. 1




out-er thread (12) at the screwhead (13), said outer thread (12) matching
the inside thread (5). 15. Affixation systemas clained in claim 14,
characterized in that the bone screw (11) is self-drilling. 16. Affixation
systemas clained in either of clainms 14 and 15, characterized in that the

2]3

bone screw (11) is self-tapping
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