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(57) Abstract: Drill alignment device (6) for use during the removal of bone cement (42) from a
cavity (5) resulting from the removal of a cemented prosthetic device (3) from a long bone, such
as a femur (2), during the revision of said prosthetic device, wherein the alignment device com -
prises an elongate body (61) having a size and shape for msertion mn the cavity, wherein at least a
part of the outer surface of said elongate body 1s complementary to the corresponding mnner sur -
face of said cavity, wherein the alignment device comprises a channel (7) extending through the

clongate body between a proximal end (68) and a distal end (64) and wherein said channel is ar-
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DRILIL ALIGNMENT DEVICE, METHOD FOR MANUFACTURING THE DRILL
ALIGNMENT DEVICE AND A METHOD FOR REMOVING BONE CEMENT

The present 1nvention relates to a drill alignment device, a

method for manufacturing a dri1ll alignment device and a

method for removing bone cement, 1.e. a cement plug, from a

distal part of a cavity 1n a long bone.

In revlislon surgery to replace a cemented prosthesis 1n a

long bone, for i1instance the femur, 1t 1s of particular
1mportance that the bone cement used to 1mplant the 1nitial

prosthesis 1s removed prior to 1mplanting a new prosthesis.

It 1s known to remove the bone cement from the cavity after

extraction of the prosthesis by drilling and reaming.

When removing bone cement from for 1nstance the medullary

channel 1n the femur, care must be taken to minimize the

removal or damage to any healthy bone material, as thils will

negatively 1nfluence the rate of success of the revision

surgery. In practice 1t 1s possilible to remove the bone

cement from the more proximal parts of the cavity without

any guldance using a sultable reamer. Removal of bone cement

from the distal end of the cavity, 1.e. the cement plug, by

reaming 1s however more critilical, as any deviation of the

reamer from the central axis 1n the cavity may result 1n

damage of the bone surroundiling the cavity. It 1s therefore
known to use a drill alignment device or drill guide to
facillitate drilling or reaming the cement plug.

US 2008/0275566 Al for instance describes an alignment

device comprising an alignment body that comprises a drill

gulde body and a set of sleeves that support the shaft of

the reamers and end mills. Thilis alignment body 1s attached
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ﬁ

to the outside surface of the femur by two bone saddles.

This device however requilires that a large part of the femur

has to be exposed durilng surgery, whilich 1ncreases the

complexity of the surgery and subsequent recovery time.

US 4860735 describes a similar drill alignment guide.

In US 5,470,336, a cannulated trial femoral component 1s

described having a stem which 1s shaped substantially the

same as the shape of a stem of the original prosthesis. The

stem has a longitudinally extending passageway whilch extends

from the distal end to the upper end where 1t forms an

outlet opening. Through this passageway, a hole can be

drilled for the 1nsertion of a guidewlre 1n the bone. After

removal of the trial femoral component from the bone, the

guldewlre 1s then used for guiding reamers having a hollow

stem.

Although the above mentilioned devices may form sultable means

for aligning a reamer, there 1s still a need for a more

ﬁ

efficient drill alignment device which 1s easy 1n use.

It 1s therefore a goal, among other goals, of the present

P

invention to provide an improved, efficient and/or reliable

dri1ll alignment device.

This goal, among other goals, 1s met by a drill alignment

device according to appended claims 1.

More 1n particular, this goal, among other goals, 1t 1s met

by a dri1ll alignment device for use during the removal of

bone cement from a cavity resulting from the removal of a

cemented prosthetic device from a long bone, such as a
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femur, during the revision of said prosthetic device,

whereln the allgnment device comprises an elongate body

having a size and shape for 1nsertion 1n the cavity, whereln

ﬁ

at least a part of the outer surface of said elongate body

1s complementary to the correspondling i1nner surface of said
cavity, whereln the alignment device comprises a channel
extending through the elongate body between a proximal end

and a distal end and wherein said channel 1s arranged and

has a diameter suiltable for receiving and guldlng a reamer

arranged for removing bone cement 1n a distal part of said

cavity.

In particular the elongate body, or stem, which 1s

preferably tapered, 1s arranged to be fitted closely 1n the
cavlity 1n the bone such that 1ts position to the patient’s

anatomical structure 1s uniligque and stable. As the cavity,

formed by the remainling bone cement or perhaps surrounding

—

bone, 1n the long bone has a unigque or patlent specific

shape, forming the elongate body accordingly allows a stable

fit.

F

The outer surface of the elongate body arranged to be 1n

ﬁ

contact with the 1nner surface of the cavity, 1s hereto

formed complementary to the corresponding section of the

inner surface. Complementary 1n thils respect means that the

two surfaces 1n 1nserted state extend adjacently without any

substantial play, or at least with minimal play. The

elongate body 1s most preferably arranged to allow a shape

fit 1n the cavity, such that the elongate body 1is

introducible 1n the cavity substantially without any wedglng

forces.
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Since the drill alignment device engages the long bone 1n

P

the cavity left by the removal of the prosthesilis, no

additional engaglng surfaces on the exterilor on the bone are

needed. No extra exposure of the bone durling surgery 1S

therefore needed to align the reamer.

Preferably, the complementary formed outer surface of the

elongate body has at least three distinct contact points

F

with corresponding surface areas of the 1nner surface of the

I

cavlity to ensure 1n a stable fit of the alignment device 1n

the cavity.

The channel has a distal end and a proximal end and 1s there

between preferably surrounded by the body of the alignment

device, 1n particular the elongate body. In other words, the

channel 1s preferably tubular shaped having ends at or near

the proximal and the distal ends of the alignment device. It

may be advantageously to provide the i1inner surface of the

channel with a frictilon resistant coating, 1n case the

ﬁ

material of the drill alignment device 1s not sufficiently

ﬁ

friction resistant. Dependent on the used material for

manufacturing the alignment device, 1t may be preferable to

provide the walls of the channel with a reinforcing

material. In case the used material 1s relative weak or

flexible, the reinforcing material, for 1nstance 1n the form

of a surface or 1nner wall of the channel, can provide

ﬁ

sufficient strength or rigidity to the device.

According to a preferred embodiment of the drill alignment

device accordiling to the i1nvention, said channel has a

diameter of at least 5,0 mm, preferably at least 6,5 mm or

more preferably at least 8,0 mm. Dependent on the reamer to

be used, the diameter of the channel 1s chosen. In this
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respect, 1t should be noticed that with a reamer, a tool 1s

meant which 1s used

Typical reamers, 1n the particular the head thereo:

the removal of

bone

a diameter starting from 5

to create an accurate sized hole.

F

, used 1n

cement, for 1nstance cement plugs, have

miIn .

It should however be noted that also other medical devices

can be 1ntroduced through to channel, such as endoscopes or

ultrasonic tips

cement plug to be removed.

for providilng ultrasonilic energy to the

In this respect, the 1nvention

relates equally well related to an alignment tool for

medical devices

device.

According to a

for use during revision of a prosthetic

further preferred embodliment of the drill

allgnment device accordling to the i1invention, substantially

the whole outer surface of

complementary to the 1nner

particular allows a stable

the elongate body 1s

surface of said cavity. This 1n

B

fit of the drill alignment device

1n the bone. The elongate body 1s hereby formed congruent to

the 1nverse of

According to a

F

the cavity.

further pre:

"erred embodiment at least a part

of the outer surface of sald elongate body 1s congruent to

ﬁ

the corresponding outer surface of said prosthetic device.

As the outer surface of 1n

particular the stem of the

P

prosthetic device corresponds to the surface of the cavity,

the contours o:

the design of the drill

the prosthesilis may be used as a basis for

alignment device as will be

explalned 1n more detail below. Preferably, the whole outer

surface for contacting the cavity of the elongate body, the

part arranged to be 1nserted 1n the cavity and arranged for

contacting the cavity, 1s

formed congruently to the
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corresponding surfaces of the prosthesis. In other words,

P

the elongate body and the prosthesis for a large part have

the same shape and size. It may for 1nstance be possible

that the elongate body has a length smaller than the

prosthesis as will be explained below. In any case, the

volume of the elongate body willl always be enclosed by the

ﬁ

volume of the prosthesis to allow the fit of the elongate

body 1n the cavity.

According to a further preferred embodiment of the drill

allgnment device accordling to the i1nvention the alignment

device preferably comprises a head and 1s at least partly

formed congruently to the prosthetic device. In this
embodiment, the drill alignment device 1s shaped similar to
the prosthesis, preferably 1ncluding the head. In particular

the head provides a reference poilint to the surgeon, as he 1s

then able to position the alignment device until the head of

the alignment devilice reaches substantially the same position

as the head of the removed prosthesis. The complimentary or

congruent surfaces then facilitate the exact fit of the

alignment tool.

Tt should however be noted that 1t 1s not 1n all cases

P

preferred to design the outer surface of the elongate member

ﬁ

based on the outer surface of the prosthesis. For 1nstance,

ﬁ

in case of bone resorption around the prosthesis and/or in

case the prosthesis 1s displaced within the bone, the outer

surface of the drill guide 1s preferably designed on the

basis of the surrounding bone structures and/or bone cement

to allow a stable fit of the allgnment device.

The channel device may extend rectilinear with a fixed

diameter 1n the alignment device. However, according to a
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further preferred embodiment of the drill alignment device

P

according to the 1nvention at least the proximal end of the

channel has a curvature towards a medilal direction,

preferably such that 1n inserted situation at least a part

F P

of the extension of said channel with said curvature does

not protrude the greater trochanter. As the extended

trajectory of a rectilinear channel due to 1ts dlameter

would protrude the greater trochanter, the trochanter would

be damaged 1n case a reamer 1s 1nserted 1nto this channel.

By providing a curvature or bent 1n at least the proximal

end of the channel, at least a part of the extension of said

channel does not overlap the trochanter such that upon

insertion of a reamer, the trochanter 1s not damaged.

Reamers typically have a shaft showling at least some

flexibillity, allowlng the reamer to conform to the

curvature.

The channel may be bent towards for 1nstance the medial

plane while the diameter remains unchanged to allow the

insertion of the reamer without damaging the neilghbouring

tissue. It 1s however also possible that the channel 1s

capered towards the distal end, 1.e. has a decreasing

dlameter towards the distal end, to the predetermilined

A

diameter. The wider proximal end allows easy 1nsertion of

the reamer without damaglng the tissue, as at least a

possible trajectory of the reamer to be 1ntroduced does not

protrude this surrounding tissue. The narrower distal end

F

then provides sufficient guiding for the reamer such that no

bone tissue 1s damaged whille reaming. To 1ncrease the

gulding properties, preferably at least a length of the

channel at the distal end hereto has the predetermined

diameter, wherein the channel for i1nstance wilidens from the

end of this length towards the proximal end. In other words,
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preferably the proximal part of the channel 1s tapered

towards the distal end to the predetermined diameter,

whereln more preferably a distal part of the channel has a

length having the predetermined diameter.

According to a further preferred embodiment of the drill

alignment device according to the 1nvention the elongate

body has a length such that the distal end of the elongate

body has a diameter corresponding to the sum of the diameter

P

of the channel and a predetermined wall thickness ©

preferably 3 mm. As the elongate body, or stem, has a

tapered shape, wherein the cross sectional area decreases

towards the distal end, an end face 1s chosen which allows

sald minimal wall thickness. This ensures that the alignment

tool, and 1n particular the elongate body thereof, has

ﬁ

sufficient structural integrity. Thilis may thus result 1n an

elongate body having a length shorter than the depth of the

cavlity or the length of the stem of the prosthesilis as

already mentioned above.

A further preferred embodiment of the drill alignment device

according to the 1nvention 1s manufactured by a three-

dimensional printing technique. Usling additive manufacturing

technigques, which are known as such, 1t 1s possible to

manufacture an alignment device with small tolerances from a

digital 3d-design. Preferably, the drill alignment device 18

manufactured from polyamilde.

The 1nvention further relates to an assembly of a drill

allgnment device accordling to the i1nvention and a reamer.

The dri1ill alignment tool 1s hereby arranged to recelve and

gulde said reamer.
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The 1nvention furthermore relates to a method for

manufacturing a dri1ill alignment device for use during the

removal of bone cement from a cavity resulting from the

removal of a cemented prosthetic device from a long bone,

such as a femur, during the revision of sald prosthetic

device, comprlsing the steps of:

— providlng surface position data comprising at least

positional 1Information of the 1nner surface of said

cavity;

— desligning an elongate body as a part of the drill

alignment devilice 1n accordance wilith the surface position

data such that at least a part of the outer surface of

sald elongate body 1s complementary to the corresponding

inner surface of saild cavity;

— designing a channel 1n the drill alignment device

extending through the elongate body between a proximal

end and a distal end of the alignment device, whereiln

the channel has a diameter sultable for receiving and

guliding a reamer, and;

— manufacturing sald designed drill alignment device.

As already described above, the drill alignment device 1s

designed to c¢losely fi1t 1n the cavity 1n the bone. The

design of the elongate body, the part of the alignment tool

arranged for 1nsertion 1n the cavity, 1s thereto designed

usling data comprising the actual geometry of the cavity. The

surface position data preferably comprises three-dimensional

ﬁ

data belng representative of the cavity. The steps of

designing preferably comprise designing the alignment device

uslng computer aided design.

According to a preferred embodiment of the method, said

channel has a diameter of at least 5,0 mm, preferably at
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least 6,5 mm or more preferably at least 8,0 mm. This allows

P

the 1nsertion and guidance of correspondingly sized medica.

devices, 1n particular a reamer.

According to a preferred embodiment of the method, the

surface positlion data comprises data obtained from a medical

ﬁ

scan, for 1nstance a CT-scan, of at least the prosthetic

device and the surrounding bone. The surface position date

F

1n thils case comprises geometrical data of the patilent’s

anatomical structures, 1ncludling the i1mplanted prosthesis.

Based on a the data resulting from a pre-operative scan, for

instance a CT-scan, the alignment tool can be manufactured

patlent specific for allowlng a close fit of the device as

discussed 1n detail above.

In thls respect 1t should be noticed that any feature

discussed above relating to the drill alignment device as

such, 1s also applicable to the method for designing said

device, and vlice versa.

It 1s however also posslble that the surface position data

data of the outer surface of the prosthetic device

comprilises. Such data may be obtalned from a scan as

mentioned above, 1t 1s however also possible to derive such

data from standard design data of said prosthetic device.

Prosthetic devices 1n general have a generic, 1.e. non

—

patlent specific, shape. As the cavity 1n the bone 1s shaped

to thls prosthesis, 1t 1s possilble to shape a corresponding

dri1ll alignment device based on the shape of prosthesis to

be revised.

According to a further preferred embodiment of method for

manufacturing a drill alignment device according to the
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1nvention, the step of designing the channel and the

elongate body comprises the steps of:

P

— determining a minimal wall thickness of sald elongate

body;

— ldentifying a cross sectional plane substantially

perpendicular to the longltudinal axis of saild bone

belng closest to the distal end of said elongate body

which has a sur:

diameter of

thickness, and;

"ace area sultable for containing the

the channel and the additional minimal wall

— designing the elongate body such that sailid the

ldentified cross sectional plane forms the distal end of

the elongate body.

The length of the tapered elongate body of the drill

alignment device 1s according to this embodiment determined

by the minimum cross sectional area whilich 1s can contailn,

both 1n terms of

shape and area, both the channel with 1ts

predetermined diameter and the additional surrounding

predetermined wall

F

"hickness. The areas of the cross

sections perpendicular to the longltudilinal axis of the

elongate member,

longitudinal axis of

which axis 1s substantially parallel to the

the bone and the cavity, decrease 1n

the distal dilirection due to the tapered shape of the

elongate member.

1s as long as possible, as thilis 1ncreases the stability of

Pre:

"erably the length of the elongate body

the elongate member 1n the 1nserted position. Preferably,

the step of determining the minimal wall thickness comprises

compensating for tolerances 1n the manufacturing process.

Such toleration may include adding 0,6 — 1,0 mm to the

diameters of the channel and the wall thickness.
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B

P

designing the channel comprises aligning the channel with

the middle of the distal end of the elongate body and the

middle of the bone

cement 1n the distal part of the cavity.

At least the distal end of the channel 1s aligned such that

the longltudinal axis of the channel extends through both

F

F

che centre of distal plane or end of the elongate member and

the centre of the cement plug.

A further preferred embodiment further comprises the step of

providling bone data comprising at least positional data o:

B

the surrounding bone, wherein the step of desligning the

channel comprises desligning a curvature 1n at least the

proximal part of the channel towards a medial direction

based on said bone

data preferably such that an extension of

sald channel with said curvature does not protrude the

greater trochanter. According to thilis embodiment, at least

the proximal end o:

- the channel 1s designed such that any

reamer 1nserted and guided through the channel will not

1nterfere with the

surrounding bone structures, 1n

particular the greater trochanter. It should be noted that

any other curvatures 1n any other dilrection 1s also possible

ﬁ

to prevent unwanted protrusion of the extended channel

through any neighbouring tissue or material.

The curvature may 1nclude a bent, wherein the diameter of

the channel 1s substantially the same along the length. It

1s however also possible, as discussed above, that the

channel 1s tapered

towards the distal end. The wider

proximal end allows easy 1nsertion of the reamer while

preventing damage to surrounding tissue, whereas the
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narrower distal end having a diameter corresponding to the

P

intended, predetermlined diameter, allows safe guiding of the

realiecr.

According to a further preferred embodiment of method for

manufacturing a drill alignment device according to the

invention the step of manufacturing the designed drill

alignment device comprises three-dimensional printing,

pre:

clll

F

c

erably from polyamide. As discussed above, this allows

ﬁ

"1clent manufacturing process, for i1nstance based on

the designs made by computer aided design.

The 1nvention furthermore relates to a method for designing

a gulde according to the 1nvention, which can be

manufactured at a later stage. The 1nvention also relates to

a computer readable memory contalining data relating to the

design of the guide according to the invention.

The 1nvention furthermore relates to a method for removing

ﬁ

bone cement from a cavity resulting from the removal of a

cemented prosthetic device from a long bone, such as a

comprising the steps of:

femur, during the revision of said prosthetic device,

ﬁ

introducing a drill alignment device according to the

invention 1n the cavity;

introducing a reamer 1n the channel of the drill

allgnment device, and;

operating said reamer until the bone cement 1n a distal

ﬁ

part of said cavity 1s sufficilently removed.

Using the drill alignment device according to the 1nvention,

1t 1s easy an e:

F

ficient to remove bone cement 1n distal

parts of the long bone, such as the femur.
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The present 1nvention 1s further 1llustrated by the

followling Figures, which show a preferred embodiment of the

device and method according to the invention, and are not

P

intended to limit the scope of the 1nvention 1n any way,

wherein:

- Figure 1 schematically shows a cross section of a

patient with a hilip prosthesis through the coronal plane;

- Figure 2 schematically shows a femur wilith a prosthesis

to be revised 1n perspective;

— Figure 3 schematically shows the femur of figure 2 1n
cross section along the coronal plane with the

prostheslis removed;

I

— Figures 4 - 6 schematilically show the determination of

the length of the drill guide;

— Figure 7a-b, 8a- ¢ schematically show the design of the

channel 1n the drill guide;

- Figures 9a and b schematically show the drill guilide 1n

ﬁ

perspective from two different views, and;

- Figures 10 and 11 schematically show the femur 1n Ccross

section 1n two steps of the method for removing bone

cement.

In figure 1, a patient 1 1n pre-operatlve state 1s shown.

The left femur 2 1s provided with a prosthesis 3 Implanted

1n said femur using bone cement 4. The head 32, see figure

2, of the prosthesis 2 engages a corresponding cup (not

shows) 1n the acetabulum of the pelvis 5.
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ay between the prosthesis 3 and the femur

2 makes 1t necessary to replace the prosthesis 3 during

revision surgery. A:

1s known 1n the art i1in hip prosthesis revision,

bone cement 43 at the sur:
prosthesis 3 1s then removed

prosthesis,

direc

prosthesis,

~ion 100.

figure 3.

A

Nt

"he loca

a cavity 5 1s le:

F

c10on O

"ace 1s removed.

for 1nstance on the head 32,

" he

"t behind 1n the

"ter exposing the head of the

F

stem 31 o:

femur 2 as
any present

The stem 31 of the

from the bone 2 by pulling the

proximally 1n a

“he

femur 2, see

The cavity 5 1s surrounded by bone cement 4 which needs to

be removed prior to preparing the

prosthesis.
31 can

cement plug 42 1s however more di

tool

1N case the tool 1s ©

removal of the cement plug 1s there:

The guide 1s designed preopera
the patient.

preoperative planning,

ﬁﬁ

axls.

ﬁ

femur 2

A guilide

"Oore needed.

for a tool

c1ively based on a CT scan of

for the new

The bone cement 41 radially surrounding the stem
for 1nstance be removed by scraplng or reamlng. The
C1cult to remove as any

for removing said plug may damage the surrounding bone

for the

A

Uslng 1mage segmentation algorilithms and

the shape of the patient’s anatomical

structures and current prosthetic 1mplants are determined.

There

design of the drill

fore, 1n

cl

gulde 6,

herea:

first step of designing the guide, the
‘ter also simply the

gulde, 1s exactly the same as the shape of the prosthesis 3,

such that

4.

an exact

fi1t 1n the bone 2 1s assured,

see filigure

The guide 6 1s provided with a head 63 correspondiling to the

size and shape of

the head 32 of

the prosthesis 3. The head
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"erence poilnt for the surgeon durlng

the procedure. The guide 6 1s furthermore provided with an

elongated body 1n the

form of a stem 61. The stem 61 1s

ﬁ

arranged for contacting the surfaces of the cavity 5.

In a next step, the length of the stem 61 1s determined. To

this end, a minimal c¢ross sectional area of the stem 61 1s

determined based on the i1ntended diameter D of the channel

O be created 1n the guide 6 and a minimal wall thickness W

of the guide 6 surrounding said channel, see filigure O.

Starting from the most distal end 69 of the stem 61 towards

the proximal end 68,

Cross section perpendicular to the longitudilinal axis A of

the

first plane 64 1s selected having a

ﬁ

the stem 61 which 1s large enough and 1s shaped to contaln

the channel and the surrounding wall. This plane 1s

indicated with the dotted line 1n figure 4. The design of

the guilde 6, 1n particular the stem 61, 1s cut o

I

PP

below

this plane, resulting 1n the design as shown 1n figure 6.

As a next step, the channel 7 for receiving and gulding the

channel 1s designed 1n the guide 6, see figure 7/a. To this

end, a trajectory 70

F

OL

“he reamer, see figure 8a, 1S

determined which 1s used to cut out the channel 7 1n the

design of the guide

0,

SCC

figure 8b. The trajectory 70,

hereafter also simply the channel 7, has a rectililinear

distal part 7 and a curved proximal part 7Z2. The distal end

71 of the channel 7 1s aligned along the axis A through the

centre of the distal end 64 of the gulde 6 and the centre of

the cement plug 42.

F

Until an upper part 62 of the stem 61,

the guide extends rectilinear through sailid stem 61.

such as the greater trochanter 21, the proximal part 72 of

In order to prevent the reamer from damaglng bone structures

B
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the channel has a curvature wilith radius R 1n the medial

direction. The radius R 1s chosen such that the trajectory

70, 1.e. the channel and the extension thereof, does not

protrude the trochanter 2Z21. At

any location the diameter of

the channel 7 or the trajectory 70 1s at least equal to D.

As an alternative

, as shown 1n

figure /b, the proximal part

12b of the channel 7 1s tapered towards the distal part 61l

F

of the guide 6. The diameter D2 at the proximal part 1s

therefore greater than the diameter D at the more distal

part /1 of the ch

annel /. Along a length,

line B, from the distal end 64, the channel has a diameter

CO ensure proper

guiding of the reamer. Next to the

tapering, the proximal part 72b 1s also bent towards the

medial plane, see

wlder entrance at

easy 1lnsertion of

the bent axis 1ndicated with Alb. The

the proximal

end of the guilide allows an

the reamer, whille at the same time damage

to the trochanter 21 1s prevented.

Agalin referring the design of the channel of figure 7/a, the

design of the trajectory 70,

see figure 8a 1s subtracted

(Boolean) from the design of the of the guide 6, which

results 1n a guide 6 with a channel 7 as shown 1n cross

section 1n figure 7a and 1n perspective 1n figures Ya and

9. The same 1s of course possible for the channel as shown

1n figure /b.

The design of the prosthesis 6 made using computer aided

design. The next step 1n the process 1s to actually

manufacture the guide 6 using an additive manufacturing

usling polyamide.

Additive manu:

facturing or 3d-printing

technigques as such are known 1n the art.

D

1n this case until
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The manufactured guide 6 1s used to guilide a tool such as a

P

reamer 8 for the removal or drilling of the cement plug 47

1n the distal part of the cavity 5, see figure 10. To this

end, the guilde

6 1s 1nserted 1n the cavity. Due to the

P

design of guide 6, 1n particular the outer surfaces of the

gulde 6 belng
1n particular

This allows a

F

The reamer 8,

81 1s 1nserted

distal end of
The reamer 8 1
reamer 8 18 Op

ﬁ

sufficliently r

there 1s no da

P

off axis, due

controlled rea

After reaming,

6 1s removed.

processing, fo

41 .

The present 1n

shown, but ext

F

the scope of t

possible to us

bones Than the

complementary to the surfaces of the cavity D,

the bone cement 41, the gulde 6 filits exactly.

stable guide 6 allowling a controlled reamiling

of the cement plug 42.

with a head 82 and relatively flexible shaft

into the channel 7 and 1s extended beyond the

the guide 6 for reaming the cement plug 42.

n this example has a diameter of 8 mm. The

erated until the cement plug 42 1s

emoved. During operation of the reamer g,

nger of the reamer 8 beling milisaligned or being

to the guidance of the channel 7. Thilis allows

ming of the cement plug as mentioned above.

the reamer 8 1s withdrawn and also the guide

The bone 2 1s then ready for further

r 1nstance removing the remalnling bone cement

vention 1s not limited to the embodiment

ends also to other embodiments falling within

he appended claims. It 1s for 1nstance

e the dri1ll alignment gulde 1n other long

femur as described, such as the humerus.
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CLAIMS

1. Drill alignment device for use during the removal of

bone cement from a cavity resulting from the removal of

O a cemented prosthetic device from a long bone, such as a

femur, during the revision of sald prosthetic device,

wherein the alignment device comprises an elongate body

having a size and shape for 1nsertion i1n the cavity,

whereiln at least a part of the outer surface of said

10 elongate body 1s complementary to the correspondlng

inner surface of said cavity, whereln the allgnment
device comprilises a channel extendling through the
elongate body between a proximal end and a distal end

and whereln said channel 1s arranged and has a diameter

15 sultable for receiving and guidiling a reamer arranged for

removing bone cement 1n a distal part of said cavity.

2. Drill alignment device accordiling to claim 1, whereln

sald channel has a diameter of at least 5,0 mm,

20 preferably at least 6,5 mm or more preferably at least
8,0 mm.
3. Drill alignment device according to c¢laim 1 or 2,

ﬁ

wherein substantilially the whole outer surface of the

I

25 elongate body 1s complementary to the 1nner surface of

sald cavity.

4. Drill alignment device according to any of the preceding

claims, whereln at least a part of the outer surface of

30 sald elongate body 1s congruent to the correspondiling

outer surface of said prosthetic device.
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10.

11.

2.0

Drill alignment device accordiling to any of the preceding

claims, wherein the allgnment device comprises a head

and 1s at least partly formed congruently to the

prosthetic device.

Drill alignment devilice according to any of the precedlng

claims, wherein at least the proximal end of the channel

has a curvature towards a medial direction such that 1in

1nserted situation an extension of said channel with

sald curvature does not protrude the greater trochanter.

Drill alignment devilice according to any of the precedilng
claims, wherein the channel 1s tapered towards the

distal end.

Drill alignment device accordling to any of the preceding

claims, whereln the elongate body has a length such that

the distal end of the elongate body has a dilameter

corresponding to the sum of the diameter of the channel

and a predetermined wall thickness of preferably 3 mm.

F

Drill alignment device accordling to any of the preceding

claims manufactured by a three-dimensional printing

technique, preferably from polyamide.

I

Assembly of a drill alignment device according to any o:

the preceding claims and a reamer.

Method for manufacturing a drill alignment device for

use during the removal of bone cement from a cavity

resulting from the removal of a cemented prosthetic

device from a long bone, such as a femur, durlng the
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revision of said prosthetilic device, comprising the steps

ﬁ

O

— providing surface position data comprising at least

positional information of the inner surface of said

cavity;

— desligning an elongate body as a part of the drill

allgnment device 1n accordance wilith the surface

ﬁ

posltion data such that at least a part of the outer

surface of sald elongate body 1s complementary to

the corresponding 1nner surface of said cavity;

— designing a channel 1n the drill allignment device

extendling through the elongate body between a

proximal end and a distal end of the alignment

device, wherein the channel has a dilameter suitable

for receilving and gulidling a reamer, and;

— manufacturing said designed drill alignment device.

Method for manufacturing a drill alignment device

accordling to claim

11, wherein said channel has a

diameter of at least 5,0 mm, preferably at least 6,5 mm

Oor more preferably

at least 8,0 mm.

Method for manufacturing a drill alignment device

according to claim

11 or 12, wherein the surface

position data comprises data obtained from a medical

scan, for i1nstance

a CT-scan, of at least the prosthetic

device and the surroundiling bone.

Method for manufacturing a drill alignment device

according to any O:

-~ the preceding claims, wherein the

surface position data comprises data of the outer

surface of the prosthetic device, 1n particular standard

design data of sailid prosthetic device.
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Method for manufacturing a drill alignment device

according to any of

the preceding claims, wherein the

step of designing the channel and the elongate body

comprilses the steps of:

— determining a minimal wall thickness of said

elongate body;

— ldentilfving a cross sectilional plane substantially

perpendicular to the longiltudilinal axis of saild bone

being closest to the distal end of said elongate

body whilich has a surface area suilitable for

containing the diameter of the channel and the

additional minimal wall thickness, and;

— designing the elongate body such that saild the

ldentified cross sectional plane forms the distal

end of the elongate body.

Method for manufacturing a drill alignment device

according to any O:

comprising the step of providing bone data comprising at

the preceding claims, further

least positional data of the surrounding bone and bone

cement, whereln the step of designing the channel

comprises aligning the channel with the middle of the

distal end of the elongate body and the middle of the

bone cement 1n the distal part of the cavity.

Method for manufacturing a drill alignment device

accordlng to any oO:

the preceding claims, further

comprising the step of providing bone data comprising at

least positional data of the surrounding bone, whereiln

the step of designing the channel comprises deslgning a

curvature 1n at least the proximal part of the channel

towards a medial direction based on said bone data such
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that an extension of said channel with said curvature

does not protrude the greater trochanter.

Method according to any of the precediling claims, whereiln

the step of manufacturing the designed drill alignment

device comprises three-dimensional printing, preferably

from polyamide.

Method for removing bone cement from a cavity resulting

from LThe removal o:

a cemented prosthetic device from a

long bone, such as a femur, durlng the revision of said

prosthetic device,

— introducing a drill

P

comprising the steps of:

alignment device according to

any of the preceding claims 1n the cavity;

— introducing a reamer 1n the channel of the drill

alilgnment device, and;

— operating sald reamer until the bone cement 1n a

distal part of

sald cavility 1s su

F

"1clently removed.
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