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BONE VOID FILLER

Inventors: Wei-Hsing Tuan, Taipei (TW)
Po-Liang Lai, Taoyuan (TW)
Man-Ping Chang, Taipei (TW)
Chia-Jung Wu, Taoyuan (TW)
Hsiu-Ching Hsu, Taipei (TW)

ABSTRACT

The recovery time needed from bone defects usually takes days to even months.
Many compounds are taken orally by patients to enhance bone formation. Some of
these compounds are stable after heat-treating at elevated temperatures. The
compounds are used as the starting material for bone void filler. The filler inchudes a
plurality of major grains of solid solution of strontium, calcium, oxygen, sulfur and
phosphorus, and a plurality of pores located at boundaries of the major grains.
Inserting the filler into the location of bone defect can enhance the rate of bone

formation; consequently reduce the recovery time of the patient.

FIG. 1(a)

FIG. 1(b)
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BACKGROUND OF THE INVENTION
FIG. 16

Bone void fillers are used to heal many bone-related defects, such as nonunions,
160] [—-1 Control

1 ) delayed unions, cystic defects, arthrodesis, and skeletal defects after tumor removal or
S 10% Sr-CS-1200

140 trauma etc. These bone void fillers are inserted into location of the defects. Despite

the use of bone void filler, the healing of bone defects is time-consuming. Depending

on the size of defects and the age of patients, the recovery time may vary from days to

ell viability (%)
8

months. For aged persons, the recovery may even take more than 3 months. There are

~,

C
g

needs to reduce the time for the recovery from bone defects. The key to achieve such
goal is lying on the growth rate of new bones.

Many medicines are available to increase the formation rate of bone,

consequently reduce the recovery time from the bone defects. These medicines

Dayl Day3 ays. : : H i itoni
Y ay . Days include calcium supplements, ergocalciferol, cholecalciferol, calcitonin,

bisphosphonates, denosumab, teriparatide, strontium ranelate etc. (C-W Kuo, C-Y

Hung, T-J Fang, C-F Hsieh, Taiwan Geriatrics & Gerontology, 9, 1-14, 2014). These
medicines are in the form of pills or liquid, and they are taken orally or through

injection on a daily basis. Though body absorbs these medicines within hours; their

effects last for hours only. The time is much shorter than the time needed to recover
from bone defects. After swallowing these pills into human body, they are attacked by
gastric juice. Their effect on the injury bones is reduced significantly. Therefore, the

patients are requested to take these pills for a long time. Days or months are still
needed to heal the bone defects.

The best way to heal the bone defects is introducing the medicines directly into
the location of bone defects. Since the recovery time of any bone defects is in 2 range

of days and moths, these medicines have to stay at the location of bone defects for

|
i
|
i
!
|
|
i
|
i
!

days or months. The key is thus lying on the long-term stability within body fluid.

{ SUMMARY OF THE INVESTION

'w Hereby, the present invention discloses stable bone void filler in terms of its
m stability in the body fluid. After introducing these bone void fillers into the bone
,, defects, the filler is stable for days. The filler contains the elements from the

|

*

oral-taken pills. Since the filler is stable within body fluid for days and the presence

| 17 18
|



of bone-formation elements, the use of these fillers can improve the growth rate of
bones.

Many organic elements and inorganic elements are present in the bone-formation
medicines (such as calcium supplements, ergocalciferol, cholecalciferol, calcitonin,
bisphosphonates, denosumab, teriparatide, strontium ranelate etc.) These inorganic
elements include calcium, strontium and phosphorus. Some calcium-based
compounds, strontium-based compounds and phosphorus-based compounds are stable
after heat-treating at elevated temperatures. For examples, the calcium sulfate can be
heat treated at a temperature above 1000°C (US 8,263,513 B2, US 8,906,817 B2). .
The calcium sulfate pellet prepared using heat treatment is stable within human fluid
for a time frame more than 28 days. The solubility of calcium sulfate, depending on
the amount of crystal water) is in the range of 0.21g-0.30 g in 100 cc cold water (CRC
Handbook of Chemistry & Physics). The om_&.::._ ions are releasing from the calcium
sulfate bone void filler into body to enhance the formation rate of new bones.

The bisphosphonates and strontium ranelate (C1,HgN>OsSSr.) are used to treat
osteoporosis. By taking bisphosphonates and strontium ranelate orally, the bone
resorption becomes slower and the bone formation faster (J. Buehler, P. Chappuis, J.
L. Saffar, Y. Tsouderos, A. Vignery, Bone, 29, 176-179, 2000). Though most the
organic elements, such as carbon, hydrogen, and nitrogen are removed after heating to
elevated temperatures, the inorganic elements, strontium, calcium and phosphorus
remain. These compounds may dissolve into water slowly. For example, the solubility
of strontium sulfate (SrSO4) compound is 0.01 g in 100 cc cold water. The amount of
soluble strontium depends strongly on the amount of surface area exposed to the
water. As long as the surface area for each pellet is low, the dissolving the pellet
completely can take a very long time. By controlling the amount of pores within the
pellet, the solubility for each pellet within human body can be tailored. For example,
the specific surface area, the surface area for each pellet, is very high as the
strontium-containing compound is in its powder form, as demonstrating in FIG. 1(a).
In the figure, 1 is one compound; 11 is another compound; 21 is the pore. By using
heat treatment at elevated temperature, the reduction of surface area acts as the
driving force to move elements into the pores between the particles, as demonstrating
in FIG. 1(b). At the same time, the compounds react with each other to form solid
solution. In FIG. 1(b), 12 is the solid solution forming from the reactions between

19

compound 1 and compound 11 at elevated temperature. The specific surface area is
then reduced; consequently, the solubility of each pellet is decreased due to less
availability of the free surface area.

The strontium-containing compounds can be used as the starting material, and
then heat-treated at elevated temperatures to reduce the surface area of the
strontium-containing pellet. With little surface area, the strontium compound is stable
within body fluid for days.

The scope and the applicability of the present invention will become apparent
from the detailed description given hereinafter. However, it should be understood that
the detailed description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become

apparent to those skilled in the art from this detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood from the detailed
description given hereinbelow and the accompanying drawings which are given by

way of illustration only, and thus are not limitative of the present invention, wherein:

FIG. 1 (a) to 1 (b) respectively depicts the schematics of the pellet before and after
heat treatment at elevated temperatures;

FIG. 2 depicts the morphology of the calcium sulfate hemihydrate powder pellet after
soaking in Hank’s solution at 37°C for 1 hour;

FIG. 3 depicts the morphology of calcium sulfate pellet after soaking in Hank’s
solution at 37°C for 3 days. The calcium sulfate pellet was heat treated at 1100°C;
FIG. 4 depicts the cell viability for the calcium sulfate pellet. The calcium sulfate
pellets were heat treated at 1150°C. The CSA in the legend denotes the calcium
sulfate.

FIG. 5 (a) to 5 (b) respectively depicts the cell morphology after 1 day and 3 days on
the surface of calcium sulfate pellets. The pellets were heat treated at 1150°C;

FIG. 6 depicts the density of the calcium sulfate pellet, calcium-strontium compound

pellet and strontium sulfate pellet after heat-treating at elevated temperatures; The

20




pure CS in legend denotes the calcium sulfate pellet; 10%Sr-CS denotes
calcium-strontium compound pellet, there is 10 wt% strontium sulfate in the calcium
sulfate; pure SrSO4 denotes strontium sulfate pellet;

FIG. 7 depicts the X-ray diffraction patterns for the calcium sulfate pellet,
calcium-strontium compound pellet and strontium sulfate pellet pellets after heat
treating at 500°C and 600°C. The pure CS in legend denotes the calcium sulfate pellet;
10%Sr-CS 500 denotes calcium-strontium compound pellet heated at 500°C, there is
10 wt% strontium sulfate in the compound; SrSO4 500 denotes strontium sulfate
pellet heated at 500°C;

FIG. 8 depicts the X-ray diffraction patterns for the calcium sulfate pellet,
calcium-strontium compound pellet and strontium sulfate pellets after heat-treating at
700°C and 800°C;

FIG. 9 depicts the X-ray diffraction patterns for the calcium sulfate pellet,
calcium-strontium compound pellet and strontium sulfate pellets after heat-treating at
900°C and 1000°C;

FIG. 10 depicts the cell viability for the strontium sulfate pellet. The strontium sulfate
pellet was heat treated at 1000°C;

FIG. 11 (2) to 11 (c) respectively depicts the morphology of cells on the surface of
strontium sulfate pellets after 1 day, 3 days and 7 days. The pellets were heat treated
at 1200°C;

FIG. 12 depicts the morphology of the cells on the surface of strontium sulfate pellets
after 1 day. The pellet was heat treated at 1200°C;

FIG. 13 depicts the flowchart for the preparation of strontium-calcium compound
pellet of the present invention;

FIG. 14 depicts the surface of the strontium-calcium compound pellet. The pellet was
heat treated at 1250°C;

FIG. 15 depicts the cell viability for the strontium-calcium compound pellet. The
peliet was heat treated at 1200°C;

FIG. 16 depicts the cell viability for the strontium-caleium compound pellet after 1

day, 3 days and 5 days. The strontium-calcium compound pellets were heat treated at
1200°C.

DETAILED DESCRIPTION OF THE INVENTION
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The present invention will be apparent from the following detailed description,
which proceeds with reference to the accompanying drawing, wherein the same

references relate to the same elements.

Hereinafter, the present invention will be described more clearly as follows.

EXAMPLE 1

The surface area within each pellet plays the most important role to its
degradation behavior within liquid. FIG. 2 shows a pellet composing of calcium
sulfate hemihydrate (CaS0O40.5H,0) particles. The calcium sulfate hemihydrate
particles are placed into a steel mode, and then an external load was applied uniaixally.
A pellet composing of many calcium sulfate hemihydrate particles is prepared. The
pellet collapses immediately after soaking into the Hank’s sotution. The composition
of Hank’s solution as reported by the manufacturer is shown in TABLE 1. The
composition of Hank’s solution is close to the composition of body fluid. It
demonstrates that the pellet composing of calcium sulfate hemihydrate particles is not
strong enough to resist the attack by the body fluid. The pellet thus collapses after
attacking by the liquid.

TABLE 1
Additives g/L Additives g/L
CaCly*2H0 0.185 | NaCl 8.000
MgSO4 0.098 NaHPO,4 0.048
KCi 0.400 D-Glucose 1.000
KH;PO4 0.060 Phenol red sodium salt 0.011
NaHCO; 0.350
EXAMPLE 2

The problem associated to low resistance to body fluid can be improved by
applying treatment at elevated temperatures. FIG 3 shows a calcium sulfate pellet
after heat-treating at 1100°C for 1 hour. The calcium sulfate pellet was prepared using
the same procedures as the one shown in EXAMPLE 1, except a heat treatment was
applied. During the heat treatment at 1100°C, the calcium sulfate hemihydrate
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changes to calcium sulfate anhydrite. The calcium sulfate anhydrite can dissolve into
the body fluid slowly. However, the relative density of the calcium sulfate pellet
increases to 93%. In other words, only 7% porosity remains within the pellet. With
little surface area available, the pellet can survive after soaking in Hank’s solution for
3 days, FIG. 3. The cell viability of the calcium sulfate pellet after heat treatment is
also evaluated.

The cell viability was evaluated using preosteoblastic MC3T3-E1 cells. The cells
were fed with o-minimum essential medium (a-MEM, Gibco, Life Technologies,
USA), supplemented with 10% fetal bovine serum (FBS; Gibco), 100 pg/mL
penicillin, 100 U/mL streptomycin, 250 ng/ml fungizone and 50 pg/ml gentamycin
(Gibeo). The MC3T3-E1 cells were incubated in a humidified atmosphere of 95% air
and 5% CO; at 37°C. Extracts from calcium sulfate peliets were used in cell cultures.
The pellets were dissolved in -MEM medium at a ratio of 200 mg/ml. After 3 days,
the solution was centrifuged and filtered through a 0.22 um filter. The MC3T3-El
cells were seeded at a density of 2 x 10* cells/well in 96-well flat-bottomed
polystyrene plates (Costar 3599; Corning; USA). After 1, 3, 5 and 7 days for cell
attachment, a mixture of material extracts and o-MEM was substituted for the pure
cell culture medium. The volume ratio of material extract to fresh o-MEM was 1:1.
Then the cells were cultured at 37°C in 5% CO, for three days. The test was
conducted three times, each in triplicate. Cell counting Kit-8 (CCK-8; Enzo Life
Sciences, USA) was used to evaluate the mitochondrial activity of the MC3T3-E1
cells; 10 ul of Kit-8 solution was added to each well. After incubation for 1 h, a
microplate reader (Infinite 200 PRO, Tecan Co., Switzerland) was used to measure
optical absorbance at wavelength of 450 nm: FIG. 4 shows the cell viability after 1
day, 3 days, 5 days and 7 days. The figure demonstrates that the cell viability from the
extract of the heated calcium sulfate pellet is close to 100%.

The cells are also allowed to contact directly to the calcium sulfate pellet. The
cell morphology after attaching to the surface of calcium sulfate pellet for 1 day and 3
days is shown in FIG. 5. The number of cell on the surface of calcium sulfate pellet
after attachment for 3 days is higher than that for 1 day. It further confirms that the
heat treatment improves the integrity of the pellet in body fluid, FIG. 3. The
cytotoxicity of the calcium sulfate is low to cells, FIG. 4 and FIG. 5.
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EXAMPLE 3

Strontium sulfate is used to demonstrate that the ability of strontium compound
can survive from the treatment at elevated temperature. FIG. 6 shows the density of
the strontium sulfate pellet as a function of sintering temperature. The density of
strontium sulfate pellet increases with the increase of temperature for the heat
treatment. At the same time, the amount of pores and the surface area for each petlet
decrease with the increase of heat treatment temperature. FIG. 7 shows the X-ray
diffraction patterns for the strontium sulfate pellets after heating to 500°C and 600°C
for 1 hour. The strontium sulfate remains as strontium sulfate, indicating that the
strontium sulfate is stable at these two temperatures. FIG. 8 shows the X-ray
diffraction patterns for the strontium sulfate pellets after heating to 700°C and 800°C
for 1 hour. The strontium suifate remains as strontium sulfate, indicating that the
strontium sulfate is stable at these two temperatures. FIG. 9 shows the X-ray
diffraction pattetns for the strontium sulfate pellets after heating to 900°C and 1000°C
for 1 hour. The strontium sulfate remains as strontium sulfate, indicating that the
strontium sulfate is stable at these temperatures. FIG. 7 to FIG. 9 demonstrate clearly
that strontium compound is stable after the treatment at elevated temperatures.

FIG. 10 shows the cell im‘cm#.v\ from the extract of the strontium compound after
1 day. The figure demonstrates that the cell viability from the extract of the heated
calcium sulfate pellet is close to 100%. FIG. 11 shows the morphology for the cells
that attach to surface of strontium sulfate pellets. The strontium sulfate pellets were
prepared by heating to 1200°C for 1 hour. The number of cells increases rapidly with
the increase of days, indicating the proliferation of the cells with time. FIG. 12 shows
one typical scanning electron micrograph to demonstrate the morphology of cells on
the surface of strontium sulfate pellet. The pellet was heated at 1200°C for 1 hour.
The cells are planted onto the surface of the strontium sulfate peliets for 1 day. The
scanning electron micrograph demonstrates that the attachment of cells to the

strontium sulfate pellet is a strong one.

EXAMPLE 4
Strontium compound can also mix with other compounds to form a solid solution
composing of strontium, calcium, sulfur, phosphor and oxygen. FIG. 13 shows a

flowchart to demonstrate one of the methods to prepare the bone void filler. In this
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flowchart, the calcium compound is mixed with strontium compound. The calcium
compound can be calcium-oxygen compounds, calcium-phosphorus compounds,
calcium-sulfur compounds etc. The strontium compound can be strontium-oxygen
compounds, strontium-phosphorus compounds, strontium-suifur compounds etc. The
pellets are prepared using a pelletization process, such as die-pressing process. The
pellets are then heated to elevated temperatures. After heat treatment, bond void
fillers in the form of pellet are obtained.

The density after heat treatment at elevated temperature can be found in FIG. 6.
The density increases with the increase of temperature. In other words, the porosity
remains within the pellet decreases with the increase of temperature. FIG. 14 shows
one typical scanning electron micrograph for the pellet surface after heat treatment.
For the pellet shown in the figure, the temperature for the heat treatment is 1250°C.
From the micrograph, the amount of pores is low. The surface area of the pellet is
reduced after the heat treatment.

The X-ray diffraction patterns for the strontium-calcium compound after heating
t0 500°C to 1000°C are shown in FIG. 7, FIG. 8 and FIG. 9, respectively. The X-ray
diffraction patterns for calcium sulfate pellet are also shown in the same figure. As the
amount of strontium sulfate is low, 10 wt%, the X-ray direction of the
strontium-calcium compound is close to that of calcium sulfate, indicating that
strontium-calcium compound is stable at the temperature interval from 500°C to
1000°C.

FIG. 15 shows the cell viability from the extract of the strontium-calcium
compound after 1 day. The figure demonstrates that the cell viability increases with
the increase of strontium sulfate content. FIG. 16 shows the cell viability after 1 day,
3 days and 5 days in the extracts from the strontium-calcium compound. The
strontium-calcium compound was heat treated at 1200°C for 1 hour. The figure
demonstrates that the cell viability increases with the increase of days. More
importantly, the cell viability for the strontium-calcium compound (FIG. 16) is higher
than that for the calcium sulfate pellet (FIG. 4) at the time of 5™ day, suggesting the
presence of strontium enhances the proliferation of cells.

To sum up, the inorganic elements used in the medicines to help the formation of
bones can be used to prepare bone void filler. The bone void filler can be introduced

to the locations of bone defects. Through the use of heat treatment, the bone void
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filler is stable within human body fluid for a longer time. The releases of the elements
from bone void filler shorten the time needed to heal the bone defects.

While the invention has been described by ways of examples and in terms of
preferred embodiments, it is to be understood that the invention is not limited thereto.

To the contrary, it is intended to cover various modifications.
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