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result, the m xing procedure is very sinple. However, the presence of a
very ba5| c calci umfhosphat e (TTCP) decreases the bi oresorbabi lity
From the US-A 4 880 610 a mixture of an aqueous solution, a-tricalcium phosphate (o-

TCP; Caz(PO4)2), monocalcium phosphate monohydrate (MCPM; Ca(H2P04)2'H20),
and calcium carbonate (CC; CaCOs) is known. Due to the presence of MCPM, the
paste is initially acid. Therefore, dicalcium phosphate dihydrate (DCPD; CaHPO,-2H,0)
crystals form during the initial seconds of the setting reaction, hence rendering the paste

hard. These crystals have to be broken down to be able to keep a paste consistency
and to be able to fill the bone defect with the cement paste. Hardening of the paste
occurs in a second step via the formation of carbonated apatite. Due to the fact that the
paste hardens in two steps, the cement cannot be mixed with a pestle and a spatula: it
requires the use of a mixing machine providing large mechanical forces (to break DCPD
crystals). For the surgeon, this is obviously a disadvantage.

From the US-A 5 338 356 a mixture of an aqueous solution, a~-TCP, tetracalcium
phosphate (TTCP; Cas(P0.);0), dicalcium phosphate (DCP; CaHPO;) and
hydroxyapatite (HA, Cas(POs);OH) is known. This paste sets via one single setting
reaction to form an apatite. As a result, the mixing procedure is very simple. However,
the presence of a very basic calcium phosphate (TTCP) decreases the bioresorbability
of the set cement [4], which might be undesirable. Additionally, the cement formulation
is rather complicated with its four different powder components.
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cenent. From US 6, 206,957 a " bi ocenent paste conprising (a) tricalcium
phosphate (b) at |east one further cal ci um phosphate-contai ni ng conpound,

(c) a Cphﬁﬁi L nd: wSetting accelerator, wherein components
(5) ancF LR SSB R 7o Al O AR Rk peaneecs epibgon
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patent, not only one, but two cal ci um phosphate conpounds Wwere used,
From US-A 5 954 867 a method is known for »making a calcium phosphate cement
which self-sets at ambient temperatures comprising combining a calcium phosphate salt
which is substantially free of TTCP with an additional source of calcium and an aqueous
soluthn adjusted with a base to maintain a pH of about 12.5 or above". Such a high

basic pH-value is not desirable due to the adverse effect on the tissue cells which leads
to a low compatibility of such a cement.

From US 6,206,957 a " biocement paste comprising (a) tricalcium phosphate (b) at least
one further calcium phosphate-containing compound, (c) a cohesion promoter and (d) a
setting accelerator, wherein components (a) and (b) form a cement powder, and
components {(c) and (d) are in an aqueous solution, wherein said cement powders...." is
known. In this patent, not only one, but two calcium phosphate compounds were used,
one being a-TCP. However, no mention of CSD is made.

In the scientific literature, Nilsson et al. (Key Eng.Mater, vols. 218-220 (2202) pp 365-
368) described the effects of mixing o-TCP with CSH. But again, the use of CSD is not
mentioned. Although some of the CSH is hydrolysed in CSD in the presence of water
so that entanglement of CSD crystals can take place this reaction has to compete with a
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It would be desirable therefore to provide a calcium phosphate cement which
overcomes or alleviates in part or all of the above mentioned drawbacks

According to a broad aspect, the present invention solves the problem of providing a
hydraulic cement based on calcium phosphate for surgical use which has not a very
basic component such as TTCP, consists of a limited amount of components, sets
fast, and is easy to mix.

The invention solves the posed problem with a cement that displays the features of
claim 1 as well as with the use of such a cement that displays the features of claim 49.

CSH has a solubility roughly 10 times larger than that of CSD. Therefore, small amounts
of CSH can have a very large impact on the cement. It is therefore very important to
limit the CSH amount to a minimum, namely at least 10 times lower than the CSD
amount. But it is preferable to lower this amount down to 1-2% and more prefefably fo
0%.
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As a result, a-TCP/CSD mixtures implanted in vivo becomes denser and stronger with
the implantation time, until all CSD is dissolved. Additionally, the precipitation of
hydroxyapatite provokes a slight acidification of the cement surroundings, which is
positive o keep a high bioresorbability.
Solubility data shows that the equilibrium pH between CSD and hydroxyapatite is close
to pH 4. Therefore, if the cement was placed In pure water, the equilibrium pH should
tend towards this pH value. In vivd, the pH value in the cement pores will always tend to
decrease to reach this low equilibrium pH value, However, the body fluids are buffered
at a pH value close to 7,4. Therefore, there will always be a competition between the
latter two reactions: (a) acidification of the cement to reach equilibrium and (b) buffering
of the cement by body fluids.

The use of CSD has also the advantage to promote the flow properties of the cement
paste. This improvement is characterised by the fact that the amount of mixing liquid
can be reduced when the amount of CSD is increased.
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The setting time can be controlled by the particle size of the o-TCP powder: the smaller

the particle size, the faster the setting reaction. However, a decrease of the patrticle size
can be difficult to achieve (especially for diameters below 1um). Therefore, other
methods should be considered. A very efficient way to accelerate the sefting time is to
have large concentrations of phosphate ions in the mixing solution. This can happen via
two ways: (i) a soluble phosphate salt is added as a powder in the cement formulation.
Upon contact with the mixing solution, the phosphate salt dissolves, and hence
accelerate the chemical reaction (LeChatelier principle). (ii) a soluble phosphate salt is
pre-dissolved in the mixing liquid. Examples of soluble phosphate salts are Nay;HPO,,
NaH:PO4, KoHPO,4, KH:PO4, NH4H2PO4. Typical concentrations in the mixing liquid are
in the range of 0,05 to 1,00 M. Another way to accelerate the setting reaction is to add
nuclei for apatite crystal growth, as the nucleation step of the setting reaction is a
limiting factor. Typically, apatite crystals can be used, preferably a calcium-deficient
hydroxyapatite or hydroxyapatite powder. Small amounts (a few weight percents) are
sufficient to drastically reduce the setting time.

When the setting time is too short, various setting additives can be added to increase
the setting time. Typical examples are compounds which inhibits the nucleation and/or
growth of apatite crystals. Common examples are pyrophosphate, citrate, or
magnesium fons. One particularly interesting compound is calcium carbonate (CC;
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dr amat i Gangigering theakael of adequate cure and the increasing number of elderly people, this
trend is expected to continue. Osteoporotic fractures are often very difficult to repair,
because the bone is very weak. It is therefore not possible to insert screws to hold
osteosynthesis plates. A way to solve the problem is to inject a calcium phosphate
cement into the osteoporotic bone to reinforce it. In order to prevent any extravasation
of the cement into the tissues surrounding bone, it is very important to visualise the
cement. The easiest way is to increase the radio-opacity of the cement, for example by
means of contrasting agents. Metallic powders of tantalum, titanium or tungsten (among
others) can be used. However, it might not be desirable to use such powders in partially
bioresorbable cements. It is preferable to use liquid agents, such as iodine compounds.

Examples are iopamidol, iohexoi and iotrolan.

- The injection of a CPC into an osteoporotic bone is only possible if the cement is well
injectable. Often, CPC are not well injectable. The reason is a too large average particle
size and a too low viscosity of the mixing liquid, leading to so-cailed filter pressing: when
a pressure is applied on the cement paste (e.g. during cement injection), the liquid and
solid phases are separated. The easiest way to solve the problem is to increase the
viscosity of the mixing liquid, for example by adding small amounts of polysaccharides
into the mixing liquid. Typical polymers that can be used are hyaluronic acid or salt,
chondroitin sulphate, dermantan sulphate, heparan sulphate, heparin, dextran, alginate,
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m X An increase of the P/L ratio leads to a increase of the cement viscosity. If the P/L ratio is
too high, the amount of mixing liquid is too low to fill up all the pores between the
different solid particles, and hence to form a cement paste. The volume of mixing liquid
(VL) should be in the range of: 0.5 VT < VL < 10VT where VT is the powder volume of
the cement paste. More typical values are in the range of 1.0 VT < VL < 2 5VT, By
volume is meant the real volume (and not the apparent volume), i.e. the weight divided
by the density of the material.

CPC particles have the disadvantage that they do not have macropores, i.e. pores
larger than 50 -100um in diameter, in which blood vessels and bone cells can grow in.
As a result, the bioresorption occurs layer-by-layer and not everywhere in the cement
bulk. To prevent this, bioresorbable or biodegradable granules can be added to the
cement paste, in particular CSD granules. Upon implantation, CSD granules will
dissolve, hence leaving empty pores. Typically, these granules, e.g. CSD granules,
should have an average size in the range of 100 to 500 pm.

A different way to create macropores in the cement structure is to incorporate gas
bubbles in the cement paste. This incorporation can be promoted by adding a
tensioactive agent. Tensioactive agents can also be used to incorporate a poorly water-
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be inco cﬁorat ed in one of said three conponents of the cenent, preferably
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sesquistearate (Ca3He3Os5), sorbitan tri-isostearate (CasHesOss), sorbitan tricleate
(Ca3He30g 5), sorbitan tristearate (Ca3Hes04.5), glyceryl monooleate (C21Ha00.), isopropyl
myristate (C17H3405), isopropyl palmitate (C1gHss0O2), lanclin [CAS registry number
8006-54-0], lanolin aicohols [CAS registry number 8027-33-6], hydrous lanolin [CAS
registry number 8020-84-6), lecithin [CAS registry number 8002-43-5], medium chain
triglycerides (no registry number), monoethanolamine (C,H;NO), oleic acid
(C17H33CO0HR), polyethylene glycol monocetyl ether [CAS registry number 9004-95-9],
polyethylene glycol monostearyl ether [CAS registry number 9005-00-9], polyethylene
glycol monolauryl ether [CAS registry number 9002-92-0], polyethylene glycol
monooleyl ether [CAS registry number 9004-98-2], polyethoxylated castor oil [CAS
registry number 61791-12-6], polyoxyl 40 stearate (CesH106042), polyoxyl 50 stearate
(C118H2360s2), triethanolamine (CgH1sNOs), anionic emulsifying wax [CAS registry
number 8014-38-8], nonionic emulsifying wax [CAS registry number 977069-99-0], and
sodium dodecyl sulphate (NaC12H25S04).

Quite often, bone defects are not due to a traumatic event, but to a disease, e.g. bone
tumor, infection, etc... In these cases, it would be interesting to incorporate drugs, in
particular pharmaceutically or physiologically active substances, preferably antibiotics,
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Example 2
All the cement components were pre-heated at 37°C for one hour. 59 a-TCP powder
(SSA: 0,6 mPg), 3.0g CSD powder (SSA: 0,3 m?/g), 0,2g calcium-deficient
hydroxyapatite powder (SSA: 27 m%g), and 2,8 ml 1,0% wiw hyaluronate solution (Mw
= 1000 kDa) were mixed for 60 seconds in a beaker using a spatula. Afterwards, the
cement paste was placed into a pre-heated mould and left to harden at 37°C. The
setting time of the cement was 12,0 + 2,2 min. The cement was placed in a phosphate
- buffer solution for 24 hours and tested mechanically. The compressive strength of the
cement was 13 £ 3 MPa.

Example 3
All the cement components were pre-heated at 37°C for one hour. 5g a~-TCP powder

(SSA: 0,6 m*g), 1,09 CSD powder (SSA: 0,3 m?/g), 2,0 g CSD granules (diameter 150
-250 pm, 85% apparent density), 0,2g calcium-deficient hydroxyapatite powder (SSA:
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cenment beakek3usily Papattlanfpfierviards, the cement paste was placed into a pre-heated
mould and left to harden at 37°C. The setting time of the cement was 4,3 + 0,7 min. The
cement was placed in a phosphate buffer solution for 24 hours and tested mechanically.

The compressive strength of the cement was 28 + 4 MPa.

Example 5

All the cement components were pre-heated at 37°C for one hour. 59 a-TCP powder
(SSA: 0,6 m?/g), 0,8g CSD powder (SSA: 0,3 m?/g), 2,4 ml of a solution containing 0,2M
Na:HPO, and 1,0% w/w hyalurcnate (Mw = 1000kDa), and 0,5 ml iopamidol solution
were mixed for 60 seconds in a beaker using a spatula. Afterwards, the cement paste
was placed into a pre-heated mould and left fo harden at 37°C. The setting time of the
cement was 6,5 = 0,9 min. The cement was placed in a phosphate buffer solution for 24
hours and tested mechanically. The compressive strength of the cement was 21 + 5
MPa.

Example 6

All the cement components were pre-heated at 37°C for one hour. 5g o-TCP powder
(SSA: 0,6 m?/g), 0,8g CSD powder (SSA: 0,3 m?/g), 0,2g hydroxyapatite powder (SSA:
48 m?/g), and 2 ml of a solution containing 2,0% wiw hyaluronate (Mw = 1000 kDa) and
5% wiw gentamicin sulphate were mixed for 60 seconds in a beaker using a spatula.
Aiterwards, the cement paste was placed into a pre-heated mould and left to harden at
37°C. The setting time of the cement was 13,3 % 1,6 min. The cement was placed in a
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Example 8

All the cement components were pre-heated at 37°C for one hour. 5g o-TCP powder
(SSA: 2,5 m%/g), 0,8g CSD powder (SSA: 0,3 m?%g), 0,2 g calcium-deficient
hydroxyapatite powder (SSA: 27 m?/g), 0,2 g K-HPO, powder, and 2,8 ml of a solution
containing 1,3 % wiw chondroitin sulphate (Mw = 1300 kDa) were mixed for 60 seconds
in a beaker using a spatula. Afterwards, the cement paste was placed into a pre-heated
mould and left to harden at 37°C. The setting time of the cement was 5,9 + 0,7 min. The
cement was placed in a phosphate buffer solution for 24 hours and tested mechanically.
The compressive strength of the cement was 25 + 5 MPa.

Example 9
x g a-TCP (88A = 2.4 m2/g) were mixed with 0.37g CSD (0.8 m2/g) and (4-0.37-x)g of

calcium carbonate (CaCQO3; 1.5 m2/g) where x varied between 3.20 and 3.63g. The
powder was then mixed with 1.5-1.7 mL of a potassium phosphate solution (0.2 M
KH2P0O4) and the resulting paste was kneaded for 80 seconds. Afterwards, the paste
was placed into a syringe whose tip had been previously cut off and its setting time was
determined. The cement setting time increased gradually with an increase in CaC03
content. The x-ray diffraction analysis (XRD) of the cement after two days of incubation
at 37C showed that the setting reaction was strongly slowed by the addition of CaCQ3.
However, the specific surface area of the cement was strongly increased (+50% with
5% CaCO3).
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carbonate powder (CaCO3; 1.5 m2/g; average diameter in number: 1.9 m), and 4.5
mL of a 0.1M MgSO4, 0.1M Na2HPQ4, and 0.05 M Na2H2P207 solution. After 2
minutes of mixing, the paste placed into a cylindrical form, and vibrated with a vibrator
to eliminate air bubbles. The top of the form was then covered with a wet piece of cloth.
Thirty minutes after setting (Setting time = 47 min +/- 5 min), the block was unmoulded
and placed in 10 mL of phosphate buffer. solution (pH 7.4, 0.15M) at 37C for 5 days.
After that time, the block was dried at 60C for 3 days and then ground (with a mortar
and a pestle) and sieved. The granules in the range of 0.125 mm to 2.8 mm were
collected for further use in an in vivo application. All operations were performed in

aseptic conditions with sterile components.

Example 12
9g a-TCP (SSA = 2.4 m2/g) were mixed with 0.9g CSD (0.8 m2/g), 2.1g of calcium

carbonate powder (CaCO3; 1.5 m2/g; average diameter in number: 1.9 m), 4g of
maltose crystals (0.2 mm in diameter), and 4.5 mL of a 0.1M MgS04, 0.1M Na2HPO4,
and 0.05 M Na2H2P207 solution. After 2 minutes of mixing, the paste placed into a
cylindrical form, and vibrated rapidly with a vibrator to eliminate air bubbles. The top of
the form was then covered with a wet piece of cloth. Thirty minutes after setting (Setting
time = 47 min +/- 5 min), the block was unmoulded and placed in 50 mL of phosphate
buffer solution (pH 7.4, 0.15M) at 37C for 5 days. Adter that time, the block was dried at
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been pré/iCofes|3/days farfiurthed use sn satitivinpg eppicatien. Alletperaiioredweliéh pedenmed

tti ti Ny d | | ith [ in CaC03 tent. Th
vt oy dnreRRe PENSRRRS Yot RagritondE conent after tno days of | ncubati on

at 37C showed that the setting reaction was strongly slowed by the addition .

of CaCO3. However, the specific surface area of the cement was strongly

i ncreased (+50% with 5% CaC03). 9 October 2006 WO 2004/000374

PCT/ CH2003/ 000304 12 Exanple 10 The followi ng pre-sterilized conponents,
i.e. 7.26g a-TCP (SSA = 2.4 n2/g), 0.74g CSD (0.8 n2/g), 0.10g NaH2PO4,
2.0 mL of iopam dol (organic iodine solution) and 1.2 nL of a 4% sodi um
hyal uronate sol ution, were mxed together in a sterile and cl osed m xer.
After 30 seconds of thorough m xing, the paste was injected fromthe m xer
into two 2nlL syringes. The paste present in the syringes was then injected
into the osteoporotic. vertebrae (BVMD = -3.5) of a corpse. The x-ray

anal ysis of the vertebra showed a very good radiographical contrast, as
wel |l as a perfect cenent distribution (spherical distribution). Exanple 11
99 a-TCP (SSA = 2.4 n2/g) were mxed with 0.9g CSD (0.8 n2/g), 2.1g of

cal cium carbonate powder (CaCO3; 1.5 nR/g; average diameter in nunber: 1.9
nmM, and 4.5 nL of a 0.1 M MS4, QA M Na2HPO4, and 0.05 M Na2H2P20O7
solution. After 2 mnutes of mxing, the paste placed into a cylindrical
form and vibrated with a vibrator
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C) a third component comprising water,

characterized in that

D) said hydraulic cement does not contain more calcium sulfate hemihydrate (CSH)
than 10 % of the total amount of said calcium suphate dihydrate (CSD); whereby
E) said hydraulic cement does not contain a very basic component.

2. Cement according to claim 1, characterized in ]t'hat the amount of calcium sulfate
sulfate hemihydrate (CSH) of the cement is lower than 5% of said calcium sulphate
dihydrate (CSD). '

3. Cement according to claim 2, characterized in that the amount of calcium sulfate
hemihydrate (CSH) of the cement is lower than 2 %,":gpreferably lower than 1 % of
said calcium sulphate dihydrate (CSD). !

4. Cement according to claim 3, characterized in that essentially no calcium suifate
hemihydrate (CSH) is detectable in the cement. '

5. Cement according to one of the claims 1" to 4, characterised in that the powder
particles of said first component have an average diameter inferior to 20 pm and
preferably inferior to 10 um. '

6. Cement according to one of the claims 1 to 5, characterised in that at least one of
the three cement components comprises a setting regulator.

——
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;(EéQYffwtjmé third conponent conprising water, characterized in that D)

(CSH) ~than 10 % of the total anourmt

GLAIMS 1.. A hydraulic cement based on cal ci um phosphate forﬁibé
conprising-A) a first conponent LOiplix§iing a-trical ci um phosp ool
1ﬂﬁﬁ¥%§8&45) a second Conpon@ﬁgﬁggﬂﬂﬁ'sing cal ci um sul phat e di hy

-

said hydraulic ceaent does not contain, pore calciumsul fate hem hydrate.. -- -
lg%ggsﬁd cal ci um suphate di hydrate

(CSD); whereby E) said hydraulic cement does not contain a very basic

conpdhefiement s@eording e coedifrithetaiainisal e B, chreaciensad inethatatiipast eRe Arount

f | cj | | £ . ] h is | h
o6 of . sHieaefcmegiaEEBmenHy &/ AT el el e accor di ng Lo cl ai m

2, characterized in that the amount of calciumsulfate hem hydrate (CSH)

of the cenent is lower than 2 % ,preferably |lower. than 1 % of said

cal ci8inCamenaacsonding de [aim 659%'?@16@&%'& that dae dirstgot seepng fRegnponent

char act g j.; i ka3l |y no calciumsulfate hem hydrate (CSH) is
detectagégéﬁ%e%%é&%@#%%?iﬁgghgﬁnent according to one of the clainms 1 to 4,
characterised in that the powder particles of said first conponent have an
average dianmeter inferior to 20 mand preferably inferior to 10 m 6.
Cenment according to one of the clains | to 5, characterised in that at

| east one of the three cenent conponents conprises a setting regul ator
AVENDED SHEET r07-04-204 rted: 13 09 2004; CLMSPAMD! 9 Cat r~~ 7. Cenent
according to one of the clains 1 to 6, characterised in that at |east one
of the cenent conponents conprises a setting accelerator. 8. Cenent
according to claim7, characterised in that the first or second conmponent
conprises a setting accelerator. |

AMENDED SHEET 107-04-2004,




AVENDED SHEET 07-04-2004 9 Cctober 2006 WO 2004/ 000374 PCT/ &é/ 000 04
15 9. Cenent according to claim7 or 8, characterised in that

accel er at Wwo r®4a00374apati t e powder. 10. Cement according ;t(gy@]i{@bmoﬁ;;(gr 8
characterised in that the setting accelerator is a calciumdeficient

hydr oxyapatite or hydroxyapatite powcler5 11. Cement according to claim?7 or
8, characterised in that the setting accelerator is a water-soluble
phosphate salt, preferably taken in the group of Na2HPO4 NaH2PO4, K2HPO4,

::< Eﬁfggt er |d§é§aﬁ%h%€]ag ﬁg%ﬁ [ o or r‘i’g;h f gﬁﬁrtﬁ@te 't?é gﬁﬁélﬁé‘%@f iSra or .

13. Cenentapatiopclviigr.t o one of the claine 1 to 12, characterl sed in that
the setting accelerator is a dissolved phosphate salt, preferably taken in
t he group of Na2HPO4,  NaH2PO4, K2HPO4, KH2ZPO4 or NHAHZ2PO4. 14. Cenent

equl at hy PARAT2Cpoldify ) Bl 700 8 HbrRORIREN T KR bk IR el o RO o
1 to clai ma[t:{-‘umfdwcmﬁBydmglapatltehlmhytii‘iﬁ(yépaﬁtbcpcﬂfd@econd conponent

conprises a setting retarder. 16. Cenent according to claim 14 or 15,
characterised in that the setting retarder is taken fromthe group of

ci tral et1 ArERRAPEREG I r g
to one of the clains %@&'nghgrrgc%@?se é?ﬁ‘l@ﬁﬁ?&t{t% W%ei?}%ﬁ@(ﬂé‘

t he cemenwatersselublet phosphatg/ sait,xpreterabiydakén dre the gpoupeof dagHPB;CNa$,PO,,
conpri sed W te 18. Cenment according to one of the
clains | FSH EE!&FQ? élhﬁmthat the setting tine of the cenent paste
at 37C is conprised between 2 and 15 minutes. 9 Cctober 2006 WO

2004/ 000374 PCT/ CH2003/ 000304 ]
12. Cement according to one of the claims 1 to 11, characterised in that the third

component comprises a setting accelerator.

13. Cement according to one of the claims 1 to 12, characterised in that the setting
accelerator is a dissolved phosphate salt, preferably taken in the group of Na;HPO.,,
NaH2P04, K2HPO4, KH2P04 or NH4H2PO4.

14.Cement according to one of the claims 1 to 13 characterised in that the setting
regulator is a setting retarder.

15. Cement according to one of the claims 1 to claim 14, characterised in that the first
or second component comprises a setting retarder.

16. Cement according to claim 14 or 15, characterised in that the setting retarder is
taken from the group of citrate, pyrophosphate, carbonate or magnesium ions.

17. Cement according to one of the claims 1 to 16, characterised in that the setting time
of the cement paste obtained by mixing said three components at 37°C is comprised
between 1 and 20 minutes.

18. Cement according to one of the claims 1 to 17, characterised in that the setting time
of the cement paste at 37°C is comprised between 2 and 15 minutes.




.16 19. Cenent according to claim 18, characterised in that t ti
time of the cenent paste at 37C is conprised between 5 and 1%691%}? rs%%
Cement acwwr tioxgooss one of the clains 1 to 19, charact empicarckions/doosis t he
Ca/P nolar ratio of the cenent paste obtained by mxing said three
conponents is larger than 1,5. 21. Cehent accor di ng to claim 20,
characterised in that the Ca/P nolar ratio of the cenent is equal to
1,667. 122. Cémenhacmdimgdbr@airmw ahanaztarisedein dbatetheszatting titteaof theecaTnéift

mol ar ratio 0 £~ .CENME r 67 23. Cement according to
claim 20, P @ﬂﬁra&g}e |'§88mPHS?‘ﬁQFg’t’%%" 15% fUUS i 0 of the cenent is
equal or larger than 2,0. 24. Cenent accordl ng to one of the clains 1 to
23, characterised in that one of the conponents contain a radiol ogical

cont r aR0. igemgrinaccording G eeetofdbe elaiingd tool % 1chianactarisedh iy et tha Cad” molamat

| odi ne.colfi e RERRsRE oA 1y riking 3H yEETTRB AT KEIRGRY

t he radi off@gi cal contrasting agent is an organic iodine conpound,
preferably iopam dol (Cl7H2213N308), iohexol (Cl9H2613N309), or iotrolan
(C37HA816N6018) 27. Cenent according to one of the clainms 1 to 26,

char actAr | §gfhehfl abB@rtduﬁp"g%Sﬁ%lﬁﬁw ch&¥a® r&%ﬂpiﬁnfﬁ%l the R%é? Pofie ryr::zrtlti‘za%ft g d

conponent, conprises a ive to control he cenen ogy

Cenent accmmdnhrge::ﬂmltn?ﬁﬁ?char acterised in that the third conponent
conprises an additive to control the cement rheol ogy. 9 Cctober 2006 WO
2004/ 000374 PCT/ CH2003/ 000304 17 29. Cenent according to claim 27 or 28,

char acter i ggghenf a"cbéltdlﬁd"@o it PUe chHaR@tdrRedCifNthal thé Sa/Perilr raiBobots | S
taken fromthe group of” pol sacchari de derivatives,

cement is [arger than 1,667.

23. Cement according to claim 20, characterised in that the Ca/P molar ratio of the

cement is equal or larger than 2,0.

24. Cement according to one of the claims 1 fo 23, characterised in that one of the
components contain a radiological contrasting agent.

25. Cement according to claim 24, characterised in that the radiological contrasting
agent is a liquid compound, preferably an iodine compound.

26. Cement according to claim 25, characterised in that the radiological contrasting
agent is an organic iodine compound, preferably iopamidol (C7H22lsN3Osg), iohexol
(C19H25I3N309), or iotrolan (037H43|5N501a).

27. Cement according to one of the claims 1 to 26, characterised in that one of said
three components, preferably the third component, comprises an additive to control

the cement rheology.

28. Cement according claim 27, characterised in that the third component comprises an
additive to control the cement rheology.




preferably hyaluronic acid or salt, chondroitin sul phate, der t
sul phate, heparan sul phate, heparin, dextran, alginate, kera’[@ﬁ g?r}?‘:iﬂ%ﬂo@

hydr oxypr &feyioneedegt4 cel | ul ose, chitosan, xanthan gum @@AYCHR08/000504
carrageenan. 30. Cenent according to claim?27 or 28, characterised in that
the additive used to control the cenent’ rheol ogy is hyaluronic acid and/or
hyal uronic salt. 31. Cenent according to one of the clains 27 to 30,

char act 29 Senent aceardingeto claimo e it 28 nehsractedsed dnt et the ediditivecused do

oy gt Ton cgntiBp e emgnt Metfitay I tign #ERI dlbuBidl diihatnBHES delaliass; e

1 to 31, ¢hefepsile VT?éldrOrﬁctééiH bheséﬂt)' @ﬁ@n&’nlont:rpfsdib@atbhl@é'rn@émﬁﬁnsu hits,i N
the range of 0,5 s VL < 10,0 VT where VT is the total powder vol unme of

the first heparasdnbates gpatn: dexign, algiaale, Ketﬂtamsﬁ@hﬁbe dysirexypropylmethyl

characteri onent is in the range
of 1,0 VTCEﬁgI{}EQ élﬁ@%awm%ﬁgégwlgsu%&ﬁhﬁf #%F%gvxgﬂgp vol unme of the first
and second conponent. 34. Cement according to one of the clains 1 to 33,
charactgrised in that the first or second co f the cepent ma

[ urt her SoRiaearl SFCHMNG-OFBIE o Sredtyr Charmgionsos dasiat Je Edeye used to

pr ef er abl of said
powder p&é{)ﬁ?f)&ﬁl@(ﬁ%ﬂi@ﬁ&h?ﬁﬁ)g?%ﬂ Iu;%@l?aag?%wu@g?ﬁl ng to claim 34,
characterised in that the granul es have an average dianeter in the range
of 100 0 500 m , ordln | ai racter| d i

Chat ¢ e iGSTnREs afboiding, 18, Bha A’ 16 athg 37, 61D, Eha@eliishes nothat 489 m
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to one of the clains o 36, characterised in that the granules are nade
of cal ci uM%his%hﬁt@ef@Qtﬁuﬁﬁﬂqmﬁﬁ weight %giohthe thig. camepententaccor ding to one
of the clains | to 37, characterised in that said first and second

conponent is in the for m of particles having an average di aneter | arger
than  32. Cement according to one of the claims 1 to 31, characterised in that the volume VL

of the third component is in the range of 0,5 VT < VL < 10,0 VT where VT is the total
powder volume of the first and second component.

33. Cement according to claim 32, characterised in that the volume VL of the third
component is in the range of 1,0 VT < VL £ 2,5 VT where VT is the total powder
volume of the first and second component.

34.Cement according to one of the claims 1 to 33, characterised in that the first or
second component of the cement may further comprise granules whose diameter
are at least two times, preferably at least 10 times larger than the average diameter
of said powder particles of said first component. |

35. Cement according to claim 34, characterised in that the granules have an average
diameter in the range of 100 um to 500 um.

36. Cement according to claim 35, characterised in that the granules have an average
diameter in the range of 200 pm to 350 pm.




0,1 m 39. Cenent according to one of the clains 1 to 38, cha[ﬁa@t gri se&d'sn
that one or nore of said three conponents conprises pharnmce (9?'?‘?7
physi ol oghwattoy/o@etd ve substances, preferably anti bi ot irgI/ca2003/000304
anti-inflammtory drugs, drugs agai nst __osteoporosis, anti-cancer drugs,
pepti des, and proteins such as growth flictors. 40. Cement accor di ng to one
of the clains 1 to 39, characterised in that the one of said three
conponedf.sCemest acawiding teeondiof the olairos &dtfo Iamharaasrised émthiab the gramules

agent, preferably taken fromthe up_.of . docusat e sodi um ( C2OH37NaCOrS) ,
2o um | ATy e, gt el RecaBbale GRS, Buimer PEBIRRAS 2171 s2000m)
al kyl di met hyl (phenyl nmet hyl ) - amoni um chl ori de [ CAS regi stry nunber

8001-54-5], benzethonium chloride (C27H42C NO(Z;%’ cetrimde (C17H38BrN),
gl ycer i 38-neABEINE aceording fe10ne of the claliwsshie 37 20harestsriseddndhat sajd st and e

ool ysor bate ald pREBEASHR iRt ot Brttie ey idibe BR0BRS el GTRARE 1
(C641-11240PfAM. pol ysorbate 81 (C34H640L1), pol ysorbate 85

(C1001"1188028), polysorbate 120 (C64H126026), pol yvinyl al cohol
((C2H40) n), sorbitan di-isostearate (C42H3007), sorbitan diol eate

CA2H7 - ' ; | 4546 et
(Cua1- T8y eR abtanREPel (7 chifts, 4 o) Chiraoftsdd i ndT U G ArRLS of
E g :2)) Eg :2)) gg)sgids dhte'etb at{:omponsmteam.atrmtr(ség ?:3 Iﬁgégggcée%tmmliai bg_n {:)hyaiqb'gidaﬂys Laeﬂ\v'eat e
. sornitan _sesqul O . , ., SOr an sesquil stearate
( C33116306 SHPStaBERD « BIPFRRPY o ufiBioRist.c FRGITIBUTRALYY QUbaRe ANy oPORE
(C33H6306o§?eo_p’é%§?$,ta’#ﬂi—ééﬂc%?%g'§,?g?ﬁ3§ﬁ !_%ieingls‘tfélﬁ’%'grﬂﬂﬁ%bﬁﬁé.e

(C21H4004), isopropyl nyristate 7H3402)"," i'sopropyl palmtate
(C19H3802), lanolin [CAS registry nunber 8006-54-0], l|anolin alcohols [CAS

s e BTGB RN BB SSClRe RRae, of s
(L) 4550gime conmparpesrerbhsd Lns00mions, Syt s g
9004- 95- 9Prefﬁfﬁb})é¥aWDé‘F@ﬂdh9Q@W%ﬁosﬁ@éﬁ@ﬂe sadilgn ( 7Na§l78).rspdiiumdauryl
9005- 00- Oy ipRatd (BDR,sM4885s), V=200 H P P8 sféaoq;ﬁ?%I&%Rﬁ(phenylmethy!)—
ammonium chloride [CAS regisiry number 8001-54-5], benzethonium chloride
(C2rH42CINGQ2), cetrimide (C17H3sBrN), glycerin monooleate (C21H1004), polysorbate
20 (CssH114026), polysorbate 21 (CasHs0O10), polysorbate 40 (CeaH122026),
polysorbate 60 (CasH126026), polysorbate 61 (CaHe2040), polysorbate 65
(C100H104028), polysorbate 80 (CesH124025), polysorbate 81 (CssHs4Q11), polysorbate
85 (CqooH188028), polysorbate 120 (CssH126026), polyvinyl alcohol ((C2HsO)n),
sorbitan di-isostearate (C42HgoO7), sorbitan dioleate (CaiHzs07), sorbitan
monoisostearate (Co4Hss06), sorbitan monolaurate (C1sHs40¢), sorbitan monooleate
(C24H4406), sorbitan monopalmitate (Cz;H420s), sorbitan monostearate (Ca4Hse06),
sorbitan sesqui-isostearate (C33He30s 5), sorbitan sesquioleate (CasHgaOs5), sorbitan
sesquistearate (CasHssOss), sorbitan iri-isostearate (Ca3He30s.5), sorbitan trioleate
(Ca3Hs30s.5), sorbitan tristearate (CasHgsOss), glyceryl monooleate (CaqHi004),
isopropyl myristate (C17Ha402), isopropyl palmitate (C1oH3502), lanolin [CAS registry
number 8006-54-0], lanolin alcohols [CAS registry number 8027-33-6], hydrous
lanolin [CAS registry number 8020-84-6], lecithin [CAS registry number 8002-43-5],
medium chain triglycerides (no registry number), monoethanolamine (C.H;NO), oleic
acid (C47H3COOH), polyethylene glycol monocetyl ether [CAS registry number
2004-95-9), polyethylene glycol monostearyl ether [CAS registry number 9005-00-9],




19 polyethylene glycol nonolauryl ether [CAS registry nunberz?‘)@g@?gr-ﬁ%
pol yet hyl ene gl ycol nonool eyl ether [CAS registry nunber 9004-93-Z77;

pol yet hoxW2oe¢iomast or oil [ CAS registry nunber 61791- PRafdmzopspogsdy! 40
stearate (C98H196042), pol yoxyl 50 stoi%r ate (C118H236052), triethanol am ne
(CrH1I5N03), anionic enul sifying wax | regi stry nunber 8014-38-8],

noni oni ¢ enul sifying wax [ CAS regi stry nunber 977069- 99-0], and sodi um
dodecyl s@ojireiidenagyceipenotpurylethe regisicy numbgr 9908+f22-8], polyetoylanes |

to 40, ch ' ' £l r A), of . L he powder
part 1 ¢l os oL BioriEioll BACAS ToGREY riniber 3004266 27 Syeitiotelty dustabB.
42. CenmenfCASCragistng numbe@rag 119411 2-6) apalpdeyl i49edtelarate s HgOs) e polyosyl 50
surface ar?a éSS@): f the first conmponent is in the range of 1 to 2 n2/g.
43. CenenSiefiaiy 'ﬁg'(’)'mo e tigthanglaging (gshsNGahoanignig: ausityinagwax, iGAS

t he cenmentgagqivf | t ¥ : Pas: e of
40001, 0ROy fidef 4L RSE HORInic iy WK TCAS gty errgRes o
to cl ai m £9;0]cbhad sodim sledecyl sulphate (NaCeMesBONi scosity of the cenent is

| arger than 10Pas at a shear rate of 400s-1, one mnute after the start of
cenment m xing, preferably larger than 100 Pa-s. 45. Cenent according to one

of the £ aC@ehttdchbding hércﬁffé{) 8f theelaims Uy ﬁb,t cﬁé}'téﬁie?fsé\c,\lgﬁ tRat the specific

powder/liquid fornulation to be m xed, whereby a) e powder conprises said
first andsudeeadreaPSAdnf thaapowder) particlesiafsiaid fsisompenenhis inithedange of

conponent 2 according to one of the clains | to 45, characterised
p'@%@sf@@r}ﬁf@

In that i "the follow ng parts: c) a powder conprising said

first and second conponent d) a first viscous solution conprising said

third c nent; and _e) a second solution conprising a contrasting agent.
9 Octo b&@ég@@n’t gccording? to claim 41, characterised in Eﬁ)at the s%ecific surface areag (SgA)

of the first component is in the range of 1 to 2 m%/g.

43. Cement according to one of the claims 1 to 42, characterised in that the cement
viscosity of the cement is larger than 1Pa's at a shear rate of 400s™, one minute
after the start of cement mixing.

44. Cement according to claim 43, characterised in that the cement viscosity of the
cement is larger than 10Pa-s at a shear rate of 400s™, one minute after the start of
cement mixing, preferably larger than 100 Pa-s.

45. Cement according to one of the claims 1 to 44, characterised in that it consists of a
powder/liquid formulation to be mixed, whereby

a) the powder comprises said first and second component; and

b) the liquid comprises the third component.

46. Cement according to one of the claims 1 to 45, characterised in that it consists of
the following parts: |

c) a powder comprising said first and second component

d) a first viscous solution comprising said third component; and

e) a second solution comprising a contrasting agent.



20 47. Cenent according to claim46, characterised in that CogeRi
additionally conprises water-sol uble phosphate salts and corrponen@B%Si‘606
conprises a polyner, preferably sodium hyaluronate. 48. Cenent according
to one of the clainms 1 to 47, characterise& in that the setting tine of
the m xture of said three conponents i #0bet ween 2 ‘to 15 mi nutes, pr ef er ebyl
between 5 and 12 m nutes. 49. Use of cenent conprising the m xture of said
t hree cthpCement awoodidgniy tlairnnétothatkterisedi ims tHatt component aheadditionally

manufacture.of a npedi canent for, injecting into an apinal or . human bone
dof ect GAPSAS fAtory0bE0 PRRBRNIE PO ERT RGN el SAMBRSaR &t HOBTEG'
tenporaﬁréfé}ggﬁ éo?ﬂrﬁ‘?ﬁ%ﬂﬂbn%te“ al, characterised in that said three

I ng

conmponent s accor to one of the claims 1 to 48 are mixed together and
al l owed to harden. 51. Method according to claimb50, characterised in that

the fir nd second,conponent.,, are.pre-m xgd and.the third. co ent. 1 s
added Sib<RlER FGPoTabd Banba1p chils T B A coAliad R it R SRR nl’  ne
met hod GfaRemeikiide P saicBihfée 86MPbNeALs is PREVEEeRIt6 9% Mhuiddltpreferébydtwesn an
apatite. 53. Tenporary bone replacenent material according to claimb52,

charact®andd@ minuemt it conprises CSD enbedded in said apatite matrix.
54. Granul es or bl ocks obtai ned by hardening the cenent according to one of
the clains | to 48 for in vivo inplants.

49. Use of cement comprising the mixture of said three components according to one of

the claims 1 to 48 for the manufacture of a medicament for injecting info an animal or

human bone defect and set in vivo.

50. Method for producing a matrix of apatite as temporary bone replacement material,
characterised in that said three components according to one of the claims 1 to 48 are

mixed together and allowed to harden.

51. Method according to claim 50, characterised in that the first and second component
are pre-mixed and the third component is added subsequently.

52. Temporary bone replacement material obtained by the method according to claim
50 or 51, characterised in that it comprises an apatite.

53. Temporary bone replacement material according to claim 52, characterised in that it
comprises CSD embedded in said apatite matrix.

54, Granules or blocks obtained by hardening the cement according to one of the claims
1 to 48 for in vivo implants.



