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Abstract

Gypsum is a bioresorbable material that has been used in many applications such as tissue regeneration. Mechanical properties of gypsum have

limited its applications to non-load bearing sites. The current study aimed at studying the compressive strength and behaviour of gypsum–polymer

composites in protein-free simulated body fluids (SBF). Polymers studied were poly(vinyl alcohol) (PVA) and its copolymers with vinyl acetate

and itaconic acid in addition to vinyl acetate and vinyl chloride. Composites with the highest compressive strength results were chosen for the

preliminary in vitro evaluation in protein-free SBF solutions. Changes in the concentrations of Ca2+ and PO4
3� ions, weight loss and morphology of

the solid samples were monitored after soaking them in SBF and 1.5 SBF solutions. Results showed resorption of gypsum, concurrently with

deposition of apatite in all composites, including polymer-free gypsum. Mechanical integrities of all samples were maintained, suggesting their

stabilities when used as bone cements.
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1. Introduction

Gypsum is considered a highly biocompatible material that

is one of the simplest synthetic bone graft materials with the

longest clinical history, spanning more than 100 years [1]. It is

classified as a bioresorbable material, whose resorption

products integrate with the different cycles in the human body.

It has been successfully used to treat periodontal disease,

endodontic lesions, alveolar bone loss, and maxillary sinus

augmentation [1]. It has been used as a binder to facilitate

healing and prevent loss of grafting materials, which is also

attributed to its tissue compatibility [2]. Gypsum-containing

biomaterials have also exhibited promise as grafts in a

preclinical repair model of interabony periodontal defects, as

well as in clinical reports for sinus augmentation and treatments
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of femoral shaft nonunions [3,4]. Plaster of Paris, which is

considered a gypsum precursor, was previously shown to

improve the setting reactions of a biodegradable calcium

phosphate cement [5]. Due to their chemical composition and

porous structure, these gypsum-containing cements combined

both the resorbability and osteoconductivity [6]. Sato et al.

further indicated the promising characteristics of gypsum after

mixing it with apatite particles, based on the relatively fast

absorption of gypsum without interfering with the process of

bone healing [7]. In an attempt to use gypsum as a bone graft

substitute for lumbar spinal fusion, however, gypsum showed

unsuccessful results because of its rapid resorption [8]. Plaster

of Paris was also added to a calcium phosphate cement,

producing a biodegradable bone cement that was used for bone

reconstruction [9]. The advantage of bioresorption of gypsum

was utilized in a composite involving plaster of Paris and a

nanocrystalline hydroxyapatite, that was successfully used for

the delivery of antibiotics in bone infections [10].

Despite the advantage of bioresorption of gypsum that

makes it an attractive candidate for certain applications, its

relatively low mechanical properties have limited its scope of

application as a bone replacement implant or even as a bone
d.
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cement. Different classes of materials were mixed with

gypsum in order to improve its mechanical properties.

Blending gypsum with polymers has been considered one of

the successful approaches to modulate the mechanical

properties of gypsum [11–13]. The presence of certain

functional groups on these polymers, such as hydroxyl and

carboxyl groups, is mostly favoured. These were found to bind

with the calcium sites along the set gypsum products. Polymers

that do not have these groups are usually passive throughout the

setting reaction of gypsum. However, the mechanical inter-

locking of these polymers with the set gypsum crystals

improves the overall mechanical performance of the produced

composites. For biomedical applications, polymers used with

gypsum should be biocompatible to avoid rejection by the

human immune system. Different polymers could be used in

this regard, ranging from bioactive to bioinert, depending on

the type and site of application. The current study investigated

the formation of gypsum composites with poly(vinyl alcohol)

(PVA) and its copolymers with different vinyl moieties. The

bioactivity of PVA and its different copolymers was previously

investigated and was attributed to the presence of certain

functional groups along the neat polymer as well as its

copolymers [14–17]. Both hydroxyl (–OH) and carboxylic (–

COOH) groups were showed to help in the mineralization of

polymers containing these groups, a process that is similar to

the mineralization of collagen in nature [18]. Studies on the

mineralization of polymers bearing these groups were carried

out in solutions containing ions with type and concentrations

similar to those existing in the human body, called simulated

body fluids; SBF. The ability to induce formation of apatite

coatings on composites containing these polymers indicates

the strong potential of these composites to bind with natural

bone if used as an implant or cement [19]. Although a

conclusion of the suitability of a new biomaterial cannot be

solely based on using these protein-free SBF solutions, it is still

considered a valid approach to preliminary evaluate new

biomaterials [19]. This has to be followed by detailed in vitro

and in vivo studies. [20]. The bioactivity of the starting

materials used in the current study has been previously

established, both in vitro and in vivo. Gypsum was found to

grow an apatite layer on its surface in SBF as well as in vivo

[21]. In a recent study, PVA substrates coated with apatite

showed enhanced an enhanced fibroblast cells adhesion and

proliferation compared to uncoated PVA substrates [22]. The

current study, therefore, investigates the performance of their

combinations in SBF solutions. Composites containing

optimum concentrations of the three investigated polymers

were subjected to the SBF evaluation experiments. Selection of

these optimum composites was made based on the mechanical

properties of composites containing different proportions of

each of the three polymers. Changes in the solution chemistry

of these solutions as a result of the immersion of gypsum and its

composites in SBF for up to 2 weeks were followed

concurrently with the investigation of changes in the weights

of the studied samples. Moreover, morphologies and phase

composition of the immersed samples after different periods in

the SBF solutions were monitored.
2. Materials and methods

Starting materials used in the current study included plaster

of Paris (CaSO4�1/2H2O) (BPB Formula Gmbh, Germany),

poly(vinyl alcohol) (Aldrich); PI, poly(vinyl alcohol-co-vinyl

acetate-co-itaconic acid) (Aldrich); PII, and poly(vinyl

chloride-co-vinyl acetate-co-vinyl alcohol) (Aldrich); PIII.

Analysis of the plaster starting material revealed a purity of

96% [23]. Composites were made by blending a powder

mixture of the plaster of Paris and the solid powder with water.

Powder-to-liquid ratio was decided based on a previously

determined normal consistency of 46% of neat plaster [23].

Based on preliminary experiments, the following powder

mixtures containing plaster of Paris and all polymers were

investigated for their mechanical properties:

(a) Plaster of Paris + PI at percentages of 0.25, 0.5, 1.0, 2.0, 3.0,

and 4.0 by weight.

(b) Plaster of Paris + PII at percentages of 0.2, 0.4, 0.6, 0.8, 1.0,

1.2, 1.4, 1.6, and 2.0 by weight.

(c) Plaster of Paris + PIII at percentages of 1, 2, 3, 4, 6, and 8 by

weight.

Compressive strength measurements were carried out on

cubic samples of both neat gypsum and gypsum–polymer

composites with dimensions 2.5 cm � 2.5 cm � 2.5 cm. Sam-

ples cured at ambient conditions for 7 days were investigated

for their compressive strength using a universal testing machine

(FPZ100/1, HECKERT/THURINGER INDÜSTRIEWERKE,

Germany) at a crosshead speed of 0.56 � 10�4 m/s. The mean

value of five measurements for each sample was recorded.

Composites with optimum compressive strengths were chosen

for the SBF evaluation studies.

For the preliminary in vitro evaluation, two types of protein-

free simulated body fluids (SBF and 1.5 SBF) were prepared as

was previously described [24]. The composition of these

solutions is given in Table 1. Two types of treatments were

carried out for both neat gypsum and gypsum–polymer com-

posites. In the first set of experiments, pre-weighed rectangular

samples with dimensions 2.0 cm � 2.0 cm � 2.0 cm were

immersed in 100 cm3 SBF solution and kept at 37 8C for 2

weeks. Aliquot of 1.5 cm3 was collected from each solution every

day to be analyzed for Ca2+, and PO4
3� ions. Measurements of

these ions were carried out in triplicates (n = 3), and the average

was recorded. In the second set of experiments, the pre-weighed

samples were soaked in SBF solution for a week, followed by

soaking in 1.5 SBF for another week. At the end of each of the

treatments, solid samples were collected, flushed with acetone,

completely dried then weighed to determine weight change, if

any, and to investigate its morphology changes as a result of

immersion in SBF. Microstructural features of Au–Pd alloy-

coated samples were investigated by scanning electron micro-

scopy (SEM) (Hitachi, S-4700) equipped with an energy-

dispersive X-ray (EDX) unit. Determinations of variations in the

Ca2+, and PO4
3� ions were carried out on the collected aliquots by

spectrophotometry and atomic absorption spectroscopy (AAS),

respectively. Analysis of Ca2+ ions concentration was performed



Table 1

Ion concentrations of SBF and 1.5 SBF solutions compared with those of human blood plasma.

Concentration (mM)

Na+ K+ Ca2+ Mg2+ HCO3
� Cl� HPO4

2� SO4
2�

Blood Plasma 142.0 5.0 2.5 1.5 27.0 103.0 1.0 0.5

SBF 142.0 5.0 2.5 1.0 5.0 131.0 1.0 1.0

1.5 SBF 213.0 7.5 3.75 1.5 7.5 196.5 1.5 1.5
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at l = 442 nm by AAS using VARIAN-Spectr AA 300 using

acetylene with N2O gases. The KCl releasing buffer with

concentration of 4000 ppm was added to each sample.

Reproducibility of results was relatively 5–10%. On the other

hand, analysis of PO4
3� ions was performed using a SHIMADZU

UV-1201 spectrophotometer at a wavelength of 830 nm. Error

bars in time dependences represent maximum difference for 2

independent measurements. Changes in the pH of SBF solutions,

in which samples were soaked for 2 weeks, were followed by

measuring it on the sample surface by a pH-meter.

Phase composition of both neat gypsum and gypsum–

polymer composites were also studied by X-ray powder

diffraction (XRD) using an automated diffractometer (X’Pert

PRO u–u), with a step size of 0.028, counting time of 0.3 s/step

and a scan range from 58 to 658 2u. A Cu Ka tube operated at

40 kV and 20 mA was used for X-rays generation. XRD

patterns were manipulated and interpreted using the ‘‘High

Score Plus’’ software package.

3. Results and discussion

Compressive strength results of all tested composites

compared to polymer-free samples, after curing at ambient

conditions for seven days, are shown in Fig. 1. Previous findings

showed a progressive increase in the compressive strength of all

samples with curing, achieving maximum values after seven

days [23]. This was attributed to the completion of hydration of

plaster of Paris and its conversion into gypsum as well as the

full evaporation of the extra water that was added to improve
Fig. 1. Compressive strength of gypsum–polymer composites as a function of

[polymer] in wt%.
the workability of the paste. In presence of polymers, all

composites showed an overall improvement in their compres-

sive strengths. Comparing composites to each other, the

improvement followed the order: Gypsum–PI > Gypsum–

PII > Gypsum–PIII. These differences may be explained in

terms of the solubility of the original polymers, where PI is

totally soluble, PII is slightly soluble, while PIII is insoluble in

water. The presence of polymer in solution is thought to

facilitate the reaction with the Ca2+ ions that are present in the

medium during the process of dissolution of plaster and its re-

precipitation as gypsum. The formation of calcium salt

polymers containing –OH, –COOH, and –COOR groups is

known to improve the mechanical properties of composites

containing them [25]. On the other hand, the presence of –OH

and –COOR groups along the completely insoluble PIII is still

thought to be involved in the formation of salts with Ca2+ ions

in solution through direct reaction with the –OH groups and the

hydrolysis of the –COOR groups and the consequent formation

of Ca-salts [26]. Due to the insolubility of PIII, the impact of

these reactions on the compressive strengths of the obtained

composites was not pronounced. Fig. 2 shows SEM micro-

graphs of fractured surfaces of gypsum and its composites after

curing for 7 days at ambient conditions. Gypsum is

characterized by its high crystallinity and appears as long

needles with an average aspect ratio of 7. Strength of polymer-

free gypsum samples arises from the mechanical interlocking

among the gypsum fibers within the sample, as shown in

Fig. 2a. Adding a polymer to these fibers, as shown in Fig. 2b–d,

seems to augment them through adsorption on their surfaces.

This adsorption, as discussed above, takes place through

chemical interaction between each of the polymers and the

gypsum fibers. The overall augmented structure, therefore,

explains the improvement in the mechanical properties of the

composites compared to polymer-free gypsum samples. A

closer look at the compressive strength results indicates the

progressive enhancement of compressive strength of compo-

sites with increasing the polymer in all composites. However, it

appears that the presence of excessive amounts of each of the

polymers is not recommended as a decrease in the compressive

strength values was noticed. Based on these findings,

composites containing the optimum concentrations of these

polymers were chosen for the preliminary in vitro evaluation in

protein-free SBF solutions. Those compositions together with a

summary of their optimum final setting times and compressive

strength values are given in Table 3. An average setting time of

30 � 2 min was found of all composites.

Fig. 3a shows the variations in the concentrations of Ca2+

and PO4
3� ions in SBF, as a result of soaking gypsum and its



Fig. 2. Scanning electron micrographs of the fractured surfaces of (a) neat gypsum, (b) gypsum–PI, (c) gypsum–PII, and (d) gypsum–PIII composites after curing at

ambient conditions for 7 days.

Fig. 3. (a) Total concentrations of Ca and P in SBF solutions after immersing

gypsum and gypsum–polymer composites for different time periods. (b)

Variations in the pH of SBF solutions as a result of immersing gypsum and

gypsum–polymer composites for different time periods.
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composites for up to 2 weeks. Concentrations were expressed as

total Ca and P in these solutions. A pronounced increase in the

concentration of calcium, and a concurrent decrease in the

concentration of phosphate, was observed. Deposition of

apatite on substrates containing certain functional groups, such

as silicates and carboxylates, was previously observed [27].

This process mimics a similar process that takes place in nature,

where mineralization of collagen takes place via attracting

calcium and phosphate ions from the surrounding body fluids

[28–29]. Formation of apatite nuclei is usually followed by

growth of these nuclei into apatitic nanocrystals [29].

Mineralization of collagen is attributed to the presence of

carboxylic and amino groups along their chains [28]. The

currently investigated polymers contain (–COOH) groups

along its structures as well as (–OH) and (–COOR) groups. The

presence of these groups in the investigated composites are thus

considered the sites on which apatite was deposited. Deposition

of apatite takes place by consuming Ca2+ and PO4
3� ions from

solutions, which are known to be supersaturated with respect to

apatite. Apatite deposition was thus expected to lead to a

decrease in the concentrations of both ions from their solutions
Table 2

Weight loss (%) of gypsum and gypsum–polymer composites after immersion

in SBF and 1.5 SBF solutions.

Gypsum Gypsum/PI Gypsum/PII Gypsum/PIII

SBF 2.9 4.2 4.3 2.4

1.5 SBF 22.9 15.7 15.8 14.3



Fig. 4. Scanning electron micrographs of (a) neat gypsum, (b) gyspum after treatment in SBF followed by 1.5 SBF solutions for a week in each, (c) same as in (b) at a

higher maginification. (d) Energy-dispersive X-ray analysis of the spot marked by (X) in micrograph (c).
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[27]. On the contrary, an increase in the Ca2+ concentration in

the tested solutions was observed. This is, therefore, attributed

to the resorption of gypsum from the investigated composite

samples. This trend indicates that the rate of gypsum resorption

is higher than the rate of apatite deposition on all surfaces. This

was also confirmed by measuring changes in the weight of these

samples as a result of the SBF treatment for 2 weeks. Table 2

shows the weight loss observed in all samples, confirming the

previous finding that the weight loss due to resorption of

gypsum is more pronounced than the weight gain due to

deposition of apatite. The rate of resorption, however, is shown

to decrease after 4 days, and continued in the same fashion until

the end of experiments. These findings were also confirmed by

pH measurements where an increase in the solution pH was

observed over time, as shown in Fig. 3b. The slow rate of

gypsum resorption after 4 days was also reflected in a less

pronounced change in the pH of the solutions, achieving a

plateau of pH 7.7 � 0.05 after 4 days in all samples. Despite the

absence of polymers in the neat gypsum samples, similar trends

were observed and were confirmed by SEM analysis. Fig. 4a–c

shows SEM micrographs of a blank untreated polymer-free

gypsum sample as well as polymer-free gypsum samples aged

in SBF then 1.5 SBF for a week in each. Fig. 4b shows the

formation of a coating on gypsum crystals causing them to

agglomerate. Fig. 4c shows a higher magnification of the

coating appearing as apatitic spherolites. An elemental analysis

of these spherolites was carried out by EDX. The presence of
Table 3

Setting time, and compressive strength values for gypsum and gypsum–polymer c

Type of composite [Polymer] (%)

Neat gypsum 0.0

Gypsum/PI 1.0

Gypsum/PII 1.2

Gypsum/PIII 4.0

a Measurement taken after curing for 7 days at 37 8C.
Ca and P in these spherolites is evident, indicating the chemical

composition of the coating. The presence of S in the EDX

pattern may be attributed to the underlying highly crystalline

gypsum crystals. The agglomeration of gypsum crystals as a

result of soaking it in SBF and 1.5 SBF solutions may be

attributed to the fusion of the gypsum crystals as they undergo

degradation. The concurrent precipitation of apatite, therefore,

enhanced the gelling of gypsum crystals together. Deposition of

apatite on gypsum crystals may be attributed to the increase of

[Ca2+] ions in SBF as a result of the resorption of gypsum. As

mentioned before, this increase in a solution that is readily

supersaturated with respect to apatite should lead to its

deposition on the existing surfaces. The SEM/EDX results are

thus in accord with those given in Fig. 3a and b for polymer-free

gypsum samples. Among the functional groups, that were

shown to help in the nucleation of apatite from SBF solutions, is

the sulfonate (–SO3
�) group [30]. Previous work by Chan et al.

[21] also indicated the formation of apatite from SBF solutions

on neat gypsum samples, which is, therefore, in accordance

with our current findings, and indicates that sulphate (–SO4
�)

groups could also act as nucleating sites for apatite deposition.

Development of phase composition of all samples was

followed by X-ray diffraction. Fig. 5 shows XRD patterns of

polymer-free gypsum and gypsum composites containing the

studied polymers. All patterns showed a complete conversion of

plaster of Paris to gypsum, since no peaks of the former phase

were detected. Due to the high crystallinity of the gypsum
omposites.

Setting time (min s) Compressive strengtha (MPa)

30 00 18.2 � 1.2

33 15 28.5 � 0.1

33 00 23.2 � 0.3

27 15 21.0 � 0.2



Fig. 5. Phase compositions of gypsum and gypsum–polymer composite solids

after immersion I SBF and 1.5 SBF solutions for a week in each.
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crystals, its characteristic peaks dominated all patterns, making

it difficult to find an evidence for the formation of apatite

deposits. However, a closer look at the patterns shows the

presence of traces of the 2 1 1 peak of HAp at 2u value of 31.88.
This peak was found in all samples, with relatively different

intensities after treatment in SBF and 1.5 SBF solutions.

The extent of deposition of apatite on polymer-containing

composites was variable, depending on the type and structure of

the polymer as well as the immersion periods in SBF and 1.5

SBF. Fig. 6a–c shows SEM micrographs of gypsum composites

containing the three polymers after 2 weeks of soaking in SBF

solutions. The well-known spherolitic morphology of the

apatite grown from SBF [31] can be observed in the three

Micrographs in Fig. 6a–c and marked by X1, X2, and X3. The

elemental composition of these spherolites was also confirmed

by EDX analysis, as shown in Fig. 6d for those grown on

gypsum–PII composite. It is evident from the micrographs that
Fig. 6. Scanning electron micrographs of gypsum composites containing (a) polym

weeks, (d) energy-dispersive X-ray analysis of the spot marked by (X) in microgr
the extent of apatite deposition was more pronounced in

gypsum/PII composites compared to gypsum/PI composites.

The presence of –OH groups, as those found along PI chains,

are known to bind Ca2+ ions from solutions [22]. Therefore, it

was expected to see more apatite deposition in gypsum/PI

composites than what was actually shown in Fig. 6a. This could

be attributed to the high solubility of PI (PVA) in water. The

presence of PVA in solution is thought to result in less polymer

surfaces that can grow apatite from solution on them. Despite

these facts, apatite deposition took place, and was confirmed by

EDX. This could be attributed to the deposition of apatite on the

PVA thin films immobilized on the formed gypsum crystals,

which takes place via bonding to the Ca2+ ions in solution that

result from the conversion of plaster of Paris into gypsum. On

the other hand, the presence of two (–COOH) groups and one (–

COOCH3) group in addition to the (–OH) group per monomer

of PII rendered the polymer slightly soluble, thus increased the

extent of apatite deposition on these active sites. In addition,

those groups collectively participated and favoured a higher

extent of apatite deposition than composites containing PVA

(PI). The presence of apatite deposition on the gypsum

composite containing PIII, which is insoluble in water, supports

the assumption that both OH and ester groups along the

polymer chains participated in the formation of apatite deposits.

Additionally, the presence of a highly electronegative atom

such as Cl in the polymer structure may also be considered a

point of attraction to the positively charged Ca2+ ions from

solution. Deposition of apatite on the ester (–COOCH3) sites

could be related to the local basic hydrolysis of these groups

during the conversion of plaster of Paris into gypsum. Similar

findings were observed during the treatment of a polypho-

sphazene, that contains ester groups along its chains, in SBF

[26]. Apatite deposition on composites containing PIII,

therefore, took place in a slightly different fashion where it
er I, (b) polymer II, and (c) polymer III after immersion in SBF solutions for 2

aph (b).



Fig. 7. Scanning electron micrographs of gypsum composites containing (a) polymer I, (b) polymer II, and (c) polymer III after immersion in SBF for 1 week,

followed by 1.5 SBF for another week. (d) Energy-dispersive X-ray analysis of the spot marked by (X) in micrograph (b).

Fig. 8. Scanning electron micrographs of (a) apatite spherolites grown on a gypsum/polymer III composite, and (b) detailed ultrastructure of a spherolite grown on

gypsum/polymer III composite.
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appeared as continuous layers. Its composition was also

confimed by EDX analysis to be apatitic in nature.

Biomimetically deposited apatite spherolites, on solid

surfaces, are known to grow if soaked in a highly concentrated

SBF solution, in this case called 1.5 SBF [27]. Fig. 7a–c shows

SEM micrographs of gypsum–polymer composites after the

second treatment in 1.5 SBF solutions for 1 week. Formation of

more apatite deposites is evident in all composites compared to

those treated in SBF solutions only. Comparing the three

composites with each other, the least extent of apatite

deposition was found in gypsum–PI composites, while

gypsum–PIII composites were found to develop a continuous

layer of apatite on their surfaces. Fig. 7d shows an EDX pattern

of those spherolites grown on gypsum–PII composites, as an

example, confirming the chemical composition of those

spherolites to be apatitic in nature. Although apatite deposition

on gypsum–PII composites did not take place in the form of

layers, the extensive presence of apatite spherolites was

reflected in higher intensity Ca and P EDX peaks with lower S

peak. Detailed ultrastructure of apatite spherolites grown on

gypsum–PIII composites is shown in Fig. 8. The average

spherolite size is 2 mm, and each spherolite is made of
nanoapatite crystallites with an average dimension of 200 nm.

The presence of bridges between the apatite spherolites, shown

in Fig. 8a, explains the formation of a continuous apatitic layer

on gypsum–PIII composites where apatite spherolites are

grown side-by-side on the polymer-coated gypsum crystals.

Taken together, these results clearly indicate the possibility

of growing apatite with bone-like morphology on gypsum and

its composites, suggesting their potential application as bone

cements after being subjected to thorough in vitro and in vivo

evaluations. Moreover, the presence of a bioresorbable gypsum

phase in these composites is further expected to result in the

formation of pores in a manner that can be synchronized with

tissue integration within the set cement after implantation to

facilitate the integration of these cements with the surrounding

bone tissues after.

4. Summary

Compressive strength was measured for gypsum and its

composites with PVA and its copolymers after curing at

ambient conditions for 7 days. All Composites showed

improved mechanical properties compared to polymer-free
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gypsum samples. Composites with highest compressive

strengths were further subjected to preliminary in vitro

evaluation in protein-free SBF solutions. Deposition of apatite

spherolites on gypsum–polymer composites was observed with

the three different types of polymers used. Moreover, an

evidence of the deposition of apatite on polymer-free gypsum

samples was also given. Deposition of apatite was concurrent to

the normal resorption of gypsum in all samples. Confirmation

of the deposition of apatite on all samples was carried out using

SEM and EDX techniques. Deposition of apatite on gypsum–

polymer composites was attributed to the presence of functional

groups along the polymer chains that are known to act as

nucleating sites for apatite. Our previous studies showed the

formation of chemical bonds between each of the used

polymers and gypsum during the process of conversion of

plaster of Paris into gypsum. Immobilization of the polymeric

chains on gypsum, as a result of their chemical interaction,

formed surfaces with nucleating sites for apatite deposition. A

water-insoluble copolymer, was, therefore, found to have the

greatest extent of apatite coating. On the other hand, the

unprecedented deposition of apatite on polymer-free gypsum

samples was related to the resorption of gypsum, that resulted in

an increase of total [Ca2+] ions in solution exceeding the

supersaturating limit of apatite in these solutions. This was

consequently followed by precipitation of gel-like apatitic layer

on the gypsum crystals, leading to their augmentation, as was

observed by the SEM micrographs of these samples and was

also supported by their analysis by EDX. Deposition of apatite

on the investigated samples indicates their high tendency to

bond with bone if used as a bone cement for bone construction.

Moreover, the presence of a resorbable fibrous ingredient;

gypsum, will provide channels for tissue integration and a

consequent enhanced bonding with the surrounding bone.

Further in vitro and in vivo studies are, however, required to

fully characterize these composites.
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