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ABSTRACT: Risedronate-anchored hydroxyapatite (HA-RIS) nano-

crystals were prepared with 4.1 wt % RIS and used for controlled

surface-initiated ring-opening polymerization (ROP) of L-lactide

(L-LA). The strong adsorption of RIS to HA surface not only led to

enhanced dispersion of HA nanocrystals in water as well as in

organic solvents but also provided alkanol groups as active ini-

tiating species for ROP of L-LA. HA-RIS was characterized by

thermogravimetric analysis, dynamic light scattering, 1H NMR,

Fourier transform infrared spectrometer, and X-ray diffraction.

The graft polymerization of L-LA onto HA-RIS took place

smoothly in the presence of stannous octoate in toluene at 120
�C, resulting in HA/poly(L-LA) nanocomposites with high yields

of 85–90% and high poly(L-LA) contents of up to 97.5 wt %. Nota-

bly, differential scanning calorimetry measurements revealed

that the poly(L-LA) in HA/poly(L-LA) nanocomposites exhibited

considerably higher melting temperatures (Tm ¼ 173.3�178.1
�C) and higher degrees of crystallinity (Xc ¼ 41.0�43.1%) as com-

pared to poly(L-LA) homopolymer (Tm ¼ 168.5 �C, Xc ¼25.7%). In

addition, our initial results showed that these HA/poly(L-LA)

nanocomposites could readily be electrospun into porous matri-

ces. This study presented a novel and controlled synthetic strat-

egy to HA/RIS/poly(L-LA) nanocomposites that are promising for

orthopedic applications as well as for bone tissue engineering.
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INTRODUCTION In the past decade, biodegradable nanocom-
posites of hydroxyapatite (HA) and biodegradable polymers
such as poly(e-caprolactone), poly(L-lactide) (PLLA), and
poly(lactide-co-glycolide) have received a tremendous
amount of interest as orthopedic implants, bone filling
materials, and scaffolding materials for bone tissue engi-
neering.1–6 HA, with great chemical and structural similarity
to native bone minerals, exhibits superior mechanical prop-
erty and unique osteoconductive function.7,8 The application
of HA is, nevertheless, limited by its brittleness, difficulty in
shaping, and slow biodegradation. Biodegradable polymers
due to their excellent biocompatibility, biodegradability,
processability, and approved use in medical devices by the
US Food and Drug Administration are among the most
used biomaterials for tissue engineering.9,10 However, syn-
thetic biodegradable materials usually suffer from inad-
equate mechanical strength and poor osteoconductivity. The
biodegradable polymer/HA nanocomposites have shown to
combine features of HA and biodegradable polymers includ-

ing favorable mechanical strength, in vivo osteoconductivity,
processability, and biodegradability.11–13

The physical mixing of HA and biodegradable polymers most
likely results in inhomogeneous composites with formation
of large HA aggregates and insufficient mechanical strength
due to strong phase separation.14 To obtain improved biode-
gradable polymer/HA composites, HA crystals covalently
grafted with biodegradable polymers are desired. Chen and
coworkers15 reported synthesis of PLLA-grafted HA via
direct ring-opening polymerization (ROP) of L-LA from HA in
the presence of stannous octoate. The amount of grafted
PLLA was low (6 wt %) likely due to low reactivity of
hydroxyl groups of HA. The condensation reaction between
L-lactic acid oligomers and HA in the absence of catalyst was
reported to afford higher grafting ratio of 13.3 wt % L-lactic
acid oligomers.16 The surface modification of HA by surface
grafting of L-lactic acid followed by ROP of L-LA could yield
grafting weight ratios of up to 33 and 22 wt % for L-lactic
acid and PLLA, respectively.17
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Risedronate (RIS) belongs to the family of bisphosphonates
that can be strongly adsorbed onto the surface of bone and
HA.18 Bisphosphonates are commonly used as drugs in the
clinic for the treatment of osteoporosis caused by bone
resorption because bisphosphonates selectively inhibit
growth of osteoclasts.19 Bisphosphonates are also being
investigated as therapeutics for bone tumors.20

In this article, we report on controlled surface-initiated ROP
of L-LA from RIS-anchored HA (HA-RIS) nanocrystals
(Scheme 1). We assumed that the strong adsorption of RIS
onto HA surface would on one hand lead to enhanced dis-
persion of HA nanocrystals in water as well as in organic
solvents and on the other hand provide alkanol groups as
active initiating species for ROP of L-LA. Alkanols are the
most used initiators for controlled ROP of lactides and
lactones.21–23 Several different groups reported efficient sur-
face-initiated ROP of lactides or lactones from alkanol-immo-
bilized inorganic (e.g., Au, carbon nanotubes) surfaces and
nanoparticles.24–29 Notably, RIS has multifunctions including
using as a strong anchor to HA, enhancing dispersibility of
HA in organic solvents (e.g. toluene), and acting as an initia-
tor for ROP of L-LA. In this way, high grafting ratios of up to
97.5 wt % PLLA could be readily obtained. It should further
be noted that RIS may offer an additional advantage by pro-
moting new bone formation via inactivation of osteoclasts.19

Here, the modification of HA with RIS and subsequent ROP
of L-LA from HA-RIS were investigated. This study has
opened a new avenue to the synthesis of biodegradable poly-
mer/HA nanocomposites that have great potentials in ortho-
pedic applications and bone tissue engineering.

EXPERIMENTAL

Materials
HA nanocrystals (HA, 20 nm in width and 150 nm in length)
and RIS (99%) were purchased from Nanjing Emperor Nano
Material Co. and Beijing JHYB Pharmaceutical Technology
Co., respectively. Toluene was dried by refluxing over sodium
wire and distilled prior to use. L-LA (Purac) was recrystal-
lized from dry toluene. Stannous octoate (95%) was pur-
chased from Sigma.

Synthesis of HA-RIS
HA-RIS was prepared at varying pH values (i.e., pH 7.4, 8.0,
10, and 11) and HA/RIS ratios (i.e., 1/0.1, 1/0.2, and 1/0.3).
Typically, 1.0 g of HA was dispersed with sonication in 150
mL of aqueous NaOH (5 mM). RIS (0.2 g) was dissolved in
50 mL of aqueous NaOH (5 mM). The RIS solution after
adjusting its pH to 10 with 20 mM NaOH was added to dis-
persion of HA. The mixture was stirred for 3 days at 37 �C.
HA-RIS adducts were isolated through extensive dialysis
(molecular weight cut-off 12,000–14,000) against water for
24 h at rt to remove free RIS followed by lyophilization.
Yield: 1.05 g. RIS weight ratio: 4.1 wt % (thermogravimetric
analysis; TGA).

1H NMR (D2O, 400 MHz): d 3.2 (t, ACH2A), 7.3 (s,
ACH¼¼CHACH¼¼), 7.9 (t, ACACH¼¼CHA), 8.2 (d,
¼¼CHACH¼¼NA), 8.4 (d, AC¼¼CHAN¼¼). Fourier transform
infrared spectrometer (FTIR; cm�1: 3090, 1560 (pyridine),
2876 (ACH2A), 1645, 1458 (HA).

Synthesis of HA-RIS/PLLA Composites and PLLA
Homopolymer
HA-RIS/PLLA composites were prepared by ROP of L-LA
from HA-RIS using Sn(Oct.)2 as a catalyst in toluene at 120 �C.
The feeding weight ratios of HA-RIS were set at 2.5, 3.5, and
4.5 wt %. In a typical example, under an argon atmosphere, a
reaction vessel equipped with a magnetic stirrer was charged
with HA-RIS nanocrystals (125 mg), L-LA (4.88 g, 33.9 mmol),
toluene (42 mL), and Sn(Oct.)2 (20 mg). The vessel was sealed
and immersed in an oil bath thermostated at 120 �C. The reac-
tion was allowed to proceed with stirring for 3 days. The prod-
uct was isolated by precipitating twice in diethyl ether. Yield:
88%. HA weight ratio: 2.5 wt % (TGA).

1H NMR (CDCl3, 400 MHz): d 1.58 (d, ACH3), 4.35 (q,
ACHAOH), 5.16(q, ACHAOOCA). FTIR (cm�1): 2990, 2941,
1375 (ACH3), 1756 (AC¼¼O), 1580 (AP¼¼O).

PLLA homopolymer was prepared in a similar way using
ethylene glycol as an intiator. Under an argon atmosphere, a
reaction vessel equipped with a magnetic stirrer was
charged with L-LA (6.23 g, 43.3 mmol), ethylene glycol (5 mg,
0.08 mmol), Sn(Oct.)2 (50 mg), and toluene (54 mL). The ves-
sel was sealed and immersed in an oil bath thermostated at

SCHEME 1 Novel synthesis of hydroxyapatite/poly(L-lactide) nanocomposites by controlled surface-initiated ring-opening polymer-

ization of L-lactide from risedronate-anchored hydroxyapatite nanocrystals. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]
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120 �C. The reaction was allowed to proceed with stirring for
3 days. The product was isolated by precipitating twice in
diethyl ether. Yield: 87.5 %. Mn ¼ 80 kg/mol (gel permeation
chromatography; GPC), polydispersity (PDI) ¼ 1.48 (GPC).

Characterization
1H NMR spectra were recorded on a Unity Inova 400 spec-
trometer operating at 400 MHz. The chemical shifts were
calibrated against residual solvent (D2O or CDCl3) signal. The
molecular weights and PDIs of PLLA homopolymer and PLLA
chains freed from HA/PLLA nanocomposites were deter-
mined by a Waters 1515 GPC instrument equipped with a
Styragel HR 5E tetrahydrofuran (THF) column (Waters
Chromatography) following an INLINE precolumn and a dif-
ferential refractive index detector. The measurements were
performed using THF as the eluent at a flow rate of 0.8 mL/
min at 30 �C and a series of narrow polystyrene standards
for the calibration of columns. To measure the molecular
weights of grafted PLLA chains, HA/PLLA nanocomposites
(0.1 g) were treated for 24 h with acetic acid (20 lL) in
CH2Cl2 (10 mL). After removing HA particles by centrifuga-
tion (12,000 rpm), the supernatant was dried and dissolved
in THF for GPC measurements directly. FTIR was performed
on Thermo Scientific NICOLET 6700 spectrophotometer. HA
or HA-RIS particles were grounded into KBr powder and
pressed into discs prior to FTIR analysis. Samples of PLLA
and HA/PLLA nanocomposites were prepared by droping
their chloroform solutions (5 w/v%) onto KBr discs forming
thin films. FTIR spectra were recorded in the range of 500–
4000 cm�1. Powder X-ray diffraction (XRD) was performed
on X’Pert-Pro MPD X-ray diffractometer with a Cu tube an-
ode. The surface topography observation of the fibers was
performed on scanning electron microscopy (SEM, FEI
Quanta 200F).

The hydrodynamic sizes of the particles were determined
using dynamic light scattering (DLS). Measurements were
carried out at 25 �C using Zetasizer Nano-ZS from Malvern
Instruments equipped with a 633 nm He–Ne laser using

backscattering detection. The crystal morphologies of PLLA
and HA/PLLA composites were observed by polarized optical
microscopy (POM, DMRX, Leica). The samples used for POM
observation were prepared by dropping 1.0 wt % dispersion
of PLLA or HA/PLLA in chloroform on a microscope cover
slide and drying at room temperature for 3 days. The sam-
ples were melted at 190 �C for 5 min and then cooled to
115 �C at a rate of 30 �C/min. The POM observation was
performed at 115 �C.

Thermal Analysis
TGA was carried out on Pyris 1 TGA (Perkin Elmer) under a
nitrogen atmosphere at a heating rate of 20 �C/min. HA and
HA-RIS nanocrystals were heated from 30 to 600 �C while
HA/PLLA composites were heated from 30 to 400 oC.

The thermal properties of HA/PLLA nanocomposites were
studied using differential scanning calorimeter (DSC, Dia-
mond DSC, Perkin Elmer). The sample was heated from 45
to 190 �C at a rate of 20 �C/min, kept at 190 �C for 5 min,
cooled to 45 �C at a rate of 100 �C/min, and then a second
heating scan at a rate of 20 �C/min was recorded. The maxi-
mum of the endothermic peak was taken as the melting
temperature.

Electrospinning
Fibers of HA/PLLA composites as well as PLLA homompoly-
mer were prepared via electrospinning as reported by Jing
and coworkers.30 The positive potential was provided by a
GAMMA high voltage source. The flow rate was controlled by
a KDS 100 syringe pump. A metal capillary was used as the
outlet with inner diameter of 0.6 mm. To obtain uniform
fibers, suitable viscosity of the solution, voltage, flow rate,
the distance between the outlet and the collecter were

FIGURE 1 TGA curves of HA and HA-RIS. [Color figure can be

viewed in the online issue, which is available at

wileyonlinelibrary.com.]

FIGURE 2 Photographs of HA (a) and HA-RIS (b) dispersions in

water over time (A) and hydrodynamic sizes of HA before and

after modification with RIS determined by dynamic light scat-

tering (DLS) (B). [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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needed. In a typical example, HA/PLLA (2.5 wt %) compo-
sites was dispersed in CHCl3 at a concentration of 15 wt %,
the dispersion was added in a 5 mL syringe, the flow rate
was set at 0.050 mL/min, the voltage was 12 kV, the dis-
tance between the outlet and the collecter was 15 cm, the
fibers were collected on aluminium foil and dried at room
temperature for 3 days.

RESULTS AND DISCUSSION

Synthesis and Characterization of HA-RIS
The modification of HA with RIS was carried out in water at
37 �C for 3 days at varying pHs from 7.4 to 11.0 and HA/RIS
weight ratios from 1/0.1 to 1/0.3. The resulting HA-RIS was
obtained by extensive dialysis to remove unanchored RIS and
lyophilization. The optimal modification condition appeared to
be pH 10.0 and HA/RIS weight ratio of 1/0.2 that gave the
highest yield as well as the best dispersibility of HA-RIS in
water. The weight ratio of anchored RIS was estimated to be
4.7 wt % based on increase of weight after modification. TGA
indicated RIS weight ratio of about 4.1 wt % (Fig. 1), which is
close to that calculated from weight increase.

The dispersibility tests showed that HA-RIS was much better
dispersed in water than the parent HA [Fig. 2(A)]. In con-
trast to rapid precipitation of HA nanocrystals, HA-RIS was
still uniformly dispersed in water after standing for 24 h.
DLS measurements revealed that HA-RIS had an average size
of about 160 nm in water [Fig. 2(B)], close to that of HA
nanoparticles (150 nm in length). This result corroborates
that HA-RIS is homogeneously dispersed in water. In com-
parison, the unmodified HA formed large aggregates of about
3600 nm in diameter [Fig. 2(B)]. HA-RIS also showed
enhanced dispersibility in toluene which is a solvent for
ensuing ROP of L-LA.

1H NMR spectrum of HA-RIS in D2O showed signals attribut-
able to RIS [Fig. 3(A)]. It should be noted that RIS itself has
low solubility in D2O and a basic condition should be used
to obtain good 1H NMR spectrum [Fig. 3(B)]. The altered
chemical shifts of RIS moieties in HA-RIS from free RIS were
mostly due to different pH conditions. FTIR spectrum of HA-

FIGURE 3 1H NMR (D2O, 400 MHz) spectra of HA-RIS (A) and

RIS (B). [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]

FIGURE 4 FTIR spectra of HA and HA-RIS nanocrystals. [Color

figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

FIGURE 5 X-ray diffraction (XRD) curves of HA and HA-RIS

nanocrystals. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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RIS detected new absorptions at 3090 and 1560 cm�1 that
are characteristic of pyridine group in RIS (Fig. 4). These
results confirmed successful modification of HA with RIS.
XRD measurements revealed that diffraction patterns of HA
were not changed by modification with RIS (Fig. 5), indicat-
ing that surface modification with RIS has no influence on
the structure of HA nanocrystals.

Surface-Initiated ROP of L-LA from HA-RIS
The graft polymerization of L-LA onto HA-RIS was performed
in the presence of stannous octoate in toluene at 120 �C.
The results of polymerization are summarized in Table 1.
HA/PLA nanocomposites were obtained with high yields of
85–90%. These composites were so well dispersed in CHCl3
that no precipitates resulted from centrifugation, indicating
that all HA nanocrystals were covalently conjugated
with PLA. DLS measurements showed that dispersions of
HA/PLLA in CHCl3 had a unimodal distribution in which
smaller size distribution (5–20 nm) attributable to PLLA
homopolymer was not discerned, indicating absence of PLLA
homopolymer in the resulting nanocomposites. The composi-
tions of resulting nanocomposites were determined by TGA
(Fig. 6). The results showed that HA/PLA composites with
2.5, 3.6, and 5.5 wt % HA were prepared at HA-RIS
feeding weight ratios of 2.5, 3.5, and 4.5 wt %, respectively

(Table 1), indicating good control over compositions. 1H
NMR spectrum of HA/PLA composites in CDCl3 showed
besides signals at d 1.58 and 5.16 assignable to the methyl
and methine protons of PLLA main chain, respectively, a
small resonance at d 4.35 attributable to the methine proton
neighboring to the hydroxyl terminal group (Fig. 7), which is
in line with the proposed polymerization pathway as shown
in Scheme 1. FTIR analyses of HA/PLLA composites showed
absorption at 1580 cm�1 due to P¼¼O bond in RIS, besides
signals characteristic of PLLA (Fig. 8). To measure the molec-
ular weights of grafted PLLA chains, HA/PLLA nanocompo-
sites were treated for 24 h with acetic acid in CH2Cl2 and
the detached PLLA was isolated by centrifugation to remove
HA particles. Notably, GPC curves revealed a unimodal distri-
bution with moderate PDIs of 1.46–1.55 (Table 1). Moreover,
the number average molecular weight (Mn) of grafted PLLA
chains decreased from 67.4 to 42.2 kg/mol with increasing
feeding weight ratios of HA-RIS from 2.5 to 4.5 wt % (Table
1), supporting that HA-RIS acted as an initiator for the ROP
of L-LA. Low-molecular weight cyclic polymers were not
detected in all three samples, indicating that the intramolec-
ular transesterification did not take place under the applied
detaching conditions. As the occurrence of intermolecular
transesterification would lead to higher PDIs (while having
no influence on the Mn), the above determined PDIs

TABLE 1 Synthesis of the HA/PLLA Nanocomposites

Entry HA/PLLA nanocomposities fHA-RIS (wt %) FHA (wt %)a Mn, PLLA (kg/mol)b PDIb Yield (%)

1 HA/PLLA (2.5 wt %) 2.5 2.5 67.4 1.46 88

2 HA/PLLA (3.6 wt %) 3.5 3.6 45.9 1.47 90

3 HA/PLLA (5.5 wt %) 4.5 5.5 42.2 1.55 85

a Weight ratio of HA in HA/PLLA nanocomposites determined by TGA

analysis.
b The grafted PLLA chains were detached from HA by treating HA/PLLA

composites with acetic acid in CH2Cl2. The Mn and PDI were determined

by GPC (THF as an eluent at a flow rate of 0.8 mL/min, polystyrene

standards).

FIGURE 6 TGA curves of HA/PLLA nanocomposites. (a) HA/

PLLA (2.5 wt %), (b) HA/PLLA (3.6 wt %), and (c) HA/PLLA (5.5

wt %). [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

FIGURE 7 1H NMR (CDCl3, 400 MHz) spectrum of HA/PLLA (3.5 wt

%) nanocomposites (Table 1, entry 2). [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]
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represented the maximum values for the grafted PLLA. The
unimodal distribution and controlled Mn further suggest that
all PLLA chains are originated from one single initiating spe-
cies (i.e., HA-RIS). Chen and coworkers15 reported that direct
ROP of L-LA from HA in the presence of stannous octoate
results in low PLLA weight ratio of 6 wt %, while the ROP of
L-LA from L-lactic acid-modified HA affords composites with
PLLA weight ratios of up to 22 wt %.17 The far more effi-
cient grafting of PLLA onto HA-RIS (with PLLA weight ratio
up to 97.5 wt %) as compared to HA is most likely due to a
significantly higher polymerization initiating efficacy of alka-
nol in HA-RIS than the hydroxyl groups on the surface of HA.
It can be concluded from above results that HA/PLLA nano-
composites could be synthesized in a controlled manner by
ROP of L-LA from HA-RIS.

Thermal and Crystallization Behaviors of
HA/PLLA Nanocomposites
The thermal properties of HA/PLLA nanocomposites were
studied by DSC. The second heating scans are presented in
Figure 9. Notably, all HA/PLLA nanocomposites displayed
markedly higher melting temperatures (Tm ¼ 173.3–178.1 �C)
and melting enthalpies (DHm ¼ 41.0–43.1 J/g) than PLLA
homopolymer (Tm ¼ 168.5 �C, DHm ¼ 25.7 J/g) (Table 2). The
degree of crystallinity (Xc) of grafted PLLA could be calculated
according to the equation:

Xcð%Þ ¼ DHm=ðDH0
m �WPLLAÞ � 100

wherein DH0
m is the melting enthalpy for 100% crystalline

PLLA (93 J/g)31 and WPLLA is the weight fraction of PLLA in
the nanocomposites. The results showed high degrees of
crystallinity of 46.7–47.5% for PLLA in HA/PLLA nanocom-
posites, which were significantly higher than that calculated
for PLLA homopolymer (Xc ¼ 27.6%; Table 2). This elevated
melting temperature and degree of crystallinity of PLLA in
HA/PLLA are most likely because PLLA chains are preorgan-
ized with certain order on HA surface and HA acts as a
nucleating agent that facilitates crystallization of PLLA. This
was supported by the occurrence of substantial cold crystal-
lization of PLLA in the HA/PLLA nanocomposites during the
second heating scan after quenching from the melt (Fig. 9).
In addition, POM studies showed clearly that all three HA/
PLLA nanocomposites had much higher nucleation and crys-
tallization speed and smaller crystals than PLLA hompolymer
(Fig. 10). Interstingly, these HA/PLLA nanocomposites dis-
played similar nucleation speed and moreover nanocompo-
sites with lower weight ratios of HA (i.e., higher molecular
weights of PLLA) demonstrated slightly faster crystallization
and smaller crystals. It should be noted that Tm of PLLA also
increased with decreasing weight ratios of HA (i.e., increasing
molecular weights of PLLA) in the nanocomposites (Table 2),
indicating that besides HA, molecular weight of grafted PLLA

FIGURE 8 FTIR spectra of HA/PLLA nanocomposites and PLLA

homopolymer.

FIGURE 9 DSC curves of pure PLLA (a), HA/PLLA (2.5 wt %) (b),

HA/PLLA (3.6 wt %) (c), and HA/PLLA (5.5 wt %) (d).

TABLE 2 Thermal Properties of HA/PLLA Nanocomposites Determined by DSC

Entry Materials Tg
a (�C) Tc (

�C) DHc (J/g) Tm (�C) DHm (J/g) Xc
a (%)

1 HA/PLLA (2.5 wt %) 62.6 114.8 37.1 178.1 43.1 47.5

2 HA/PLLA (3.6 wt %) 62.6 115.6 38.4 174.6 42.3 47.2

3 HA/PLLA (5.5 wt %) 61.8 115.7 38.7 173.3 41.0 46.7

4 PLLA 62.1 128.8 11.9 168.5 25.7 27.6

a The degree of crystallinity (Xc) of grafted PLLA was calculated accord-

ing to the equation: Xc (%) ¼ D Hm/(DH0
m � WPLLA) � 100, wherein DH0

m

is the melting enthalpy for 100% crystalline PLLA (93 J/g) and WPLLA is

the weight fraction of PLLA in the nanocomposites.
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FIGURE 10 POM micrographs of PLLA (A), HA/PLLA (2.5 wt %) (B), HA/PLLA (3.6 wt %) (C), and HA/PLLA (5.5 wt %) (D). [Color fig-

ure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

FIGURE 11 SEM images of electrospun fibers prepared from pure PLLA (A), HA/PLLA (2.5 wt %) (B), HA/PLLA (3.6 wt %) (C), and

HA/PLLA (5.5 wt %) (D).



plays also an important role in determining melting as well as
crystallization behaviors of HA/PLLA nanocomposites.

Preparation of Fibers from HA/PLLA Nanocomposites
These HA/PLLA nanocomposites could be readily electrospun
into fibers affording highly porous matrices. The SEM showed
that fibers of HA/PLLA nanocomposites had slightly rougher
surfaces as compared to those of pure PLLA (Fig. 11). Notably,
few HA particles were observed on the fiber surface, likely
due to homogeneous distribution of HA throughout the fiber.

CONCLUSIONS

We have demonstrated for the first time that biodegradable
polymer/HA nanocomposites can be readily prepared with
high yields, controlled compositions, and high polymer graft-
ing ratios by ROP of lactide from RIS-anchored HA nanocrys-
tals. The strong adsorption of RIS onto HA has not only
resulted in enhanced dispersibility of HA nanocrystals in or-
ganic solvents (e.g., toluene) but also provided active alkanol
initiating species for the controlled ROP of L-LA. It is inter-
esting to note that poly(L-LA) in the resulting HA/poly(L-LA)
composites has much higher melting temperature and degree
of crystallinity as compared to pure poly(L-LA). The presence
of HA and molecular weight of grafted PLLA both play an
important role in determining melting as well as crystalliza-
tion behaviors of HA/PLLA nanocomposites. Like high-molec-
ular weight poly(L-LA), HA/poly(L-LA) nanocomposites could
be readily electrospun into fibers affording highly porous
matrices. This article has presented a novel and controlled
synthetic approach to well-defined biodegradable polymer/
HA nanocomposites that are highly promising for orthopedic
applications as well as for bone tissue engineering.
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