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Random copolymers of poly(d,l-lactide-co-glycolide-co-𝜀-caprolactone) (PLGC) were synthesized by the ring-opening polymer-
ization of d,l-lactide (DLLA), glycolide (GA), and 𝜀-caprolactone (CL). The effects of CL on the copolymers were evaluated to
prepare suitable copolymers with controlled properties. Our results showed that the CL content significantly influenced the thermal
and mechanical properties of the copolymers and that the CL content in compositions could be altered to control properties of
random copolymers. The in vitro hydrolytic degradation of the resulting implants showed that the degradation rate of PLGC was
lower than that of PLGA, which could markedly reduce acidic degradation products. Finally, we demonstrated that higher CL
contents in compositions slowed degradation rates.

1. Introduction

Osteomyelitis is a common inflammatory bone disease
caused by pyogenic bacteria. Today, localized drug therapy is
a widely accepted strategy for treating osteomyelitis. Nonbio-
degradable polymethylmethacrylate (PMMA) bone cement
containing antibiotics has been extensively used as a pro-
phylaxis and for the treatment of bone infections since 1973
[1]. However, previous studies revealed several disadvantages
with these treatments. These studies showed that the in vitro
release of antibiotics from PMMA is incomplete and poorly
controlled [2] and that between 90% and 95%of the antibiotic
remains trapped in the beads [3]. A second surgery is required
for removal of the carriers after treatment because of the
nonbiodegradability of PMMA. Moreover, the device creates
a physical barrier that prevents the new bone from growing
into the defect.

To overcome these disadvantages, significant research
was devoted to biodegradable polymeric carriers that used
several biodegradable materials for osteomyelitis treatment
[4–9]. Most research focused on poly(lactide-co-glycolide)
(PLGA). The in vitro and in vivo results of the related

research showed that the antibiotic-PLGAmicrospheres were
effective for the treatment of chronic osteomyelitis in ani-
mal experimental models [10–12]. In addition, Naraharisetti
found that about 60% of gentamicin can be released from
PLGA in approximately 5 to 6 days while the remaining
drug is completely released in approximately 30 days [13].
These results demonstrated that PLGA could be a promising
material for localized therapy of surgically treated bone
infections. However, PLGA degrades relatively fast over a few
months and poor cell adhesion and growth were observed on
unmodified PLGA structures. Several studies demonstrated
that the local pH at the site of PLGA implantation decreased
as the acidic degradation products were produced, which
is detrimental to cells, drugs, or proteins and can lead to
inflammatory reactions [14–16]. Meanwhile, the PLGA are
in a glassy state during most of the degradation period
due to their relatively higher glass transition temperature
(𝑇𝑔) of about 50∘C that renders the materials stiff and
inflexible. Therefore, the properties of PLGA require urgent
modification.

Copolymerization is a successful method of modifying
polymer physical properties. Poly(𝜀-caprolactone) (PCL) is
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a semicrystalline polymer with high permeability, biocom-
patibility, and goodmechanical propertieswhich biodegrades
and is absorbed in vivo [17, 18]. PCL degrades very slowly.
It takes 1∼2 years to degrade in vivo because of its relatively
hydrophobic character and high crystallinity [19, 20]. The
random incorporation of 𝜀-caprolactonemonomer units into
the backbone of PLGA decreases the 𝑇𝑔 of PLGA and
causes degradation as well as an increased use of PLGA in
biomedical fields.

In this study, we found that the synthesis and charac-
terization of biodegradable copolymers of CL with DLLA
and GA (PLGC) produced elastic biodegradable polymers
with controllable degradation rates. The structure of the
resulting copolymers was verified by proton nuclear mag-
netic resonance (1H-NMR), and the molecular weight and
molecular weight distribution were tested by gel permeation
chromatography (GPC). Copolymer thermal properties were
determined by a differential scanning calorimeter (DSC) and
a thermogravimetric analyzer (TGA). The cylindrical PLGC
implant was prepared with a hot extrusion and incubated in
pH 7.4 PBS to investigate its degradation behavior. The effect
of CL content on the mechanical and thermal properties and
on the in vitro hydrolytic degradation was evaluated as well.

2. Experimental Materials

Monomer d,l-lactide (DLLA) and glycolide (GA) (Daigang
Biomaterial Co., Ltd., China) were recrystallized from acetic
ether and dried at 37∘C under reduced pressure before poly-
merization. Also, 𝜀-caprolactone (CL) was purchased from
Sigma-Aldrich, freshly distilled over CaH2 under reduced
pressure prior to use. Finally, Sn(Oct)2 (95%) was purchased
from and used in its original state from Sigma-Aldrich. All
other solvents and reagents usedwere of analytical grades and
were purified by standard methods.

2.1. Measurements. The composition and structure of the
polymers were determined by an 1H NMR analysis spec-
trometer (Bruker ARX 600, Switzerland) using CDCl3 solu-
tions with tetramethylsilane as an internal reference. The
molecular weights and their distributions (Mn, Mw, and
polydispersity) were determined by GPC (Waters, USA)
with a Waters Model 1515 isocratic high-performance liquid
chromatography (HPLC) pump, a Waters Model 2414 dif-
ferential refractive index detector, and three Waters Styragel
chromatographic columns (HT2, HT3, and HT4). THF was
used as the solvent and eluent for copolymers at a flow rate of
1mL/min at 35∘C.The phase behaviors were determined with
a DSC (TA Q2000, USA) under a nitrogen atmosphere. The
samples were run at a heating rate of 10∘C/min from 100∘C
to 200∘C to eliminate the thermal history. Next, a second
scan was recorded and the glass transition temperatures (𝑇𝑔)
were measured from the second heating cycle. The thermal
stability of the polymers under the nitrogen atmosphere was
determined by a TGA (TA Q500, USA) and the samples
were heated from room temperature to 600∘C at a heating
rate of 10∘C/min. The mechanical properties of copolymers
were measured using a universal testing machine (Instron

5965, USA). Tests were performed on triplicate samples and
the results were averaged. The scanning electron microscopy
(SEM) micrographs of the specimens before and after degra-
dation were determined with a microscope (FEI inspect F50,
USA). The pH of the degradation products was monitored
by inserting a combination microelectrode (InLabMicro�,
Toledo-Mettler) into the medium. Changes in the medium
were monitored with a digital pHmeter (FiveEasy�, Toledo-
Mettler).

2.2. Preparation of PLGC. PLGC was synthesized by bulk
ring-opening copolymerization in glass ampoules andpurged
with dry nitrogen. The mixture of DLLA, GA, and CL were
added to glass ampoules under a nitrogen atmosphere, and
Sn(Oct)2 was added to the solution in anhydrous toluene
(2 × 10−4mol of Sn(Oct)2 per mol of monomer). The toluene
was removed by evacuation.The ampoules were purged three
times with dry nitrogen and heat-sealed using a vacuum.
The ampoules were placed an oil bath and reacted at 130∘C
for 24 hours while being vigorously shaken to obtain a
homogeneous mixture of the monomers and the catalyst.
After the copolymerization, the polymers were discharged
and then dissolved inCHCl3, precipitated in excessmethanol,
washed with methanol, and dried under reduced pressure
at 37∘C until they achieved a constant weight for further
analysis. For the mechanical properties study and the in vitro
degradation study, cylindrical PLGC implants were prepared
by hot extrusion using a twin-screw microcompounder
(Haake Minilab II, Germany).

2.3. In Vitro Hydrolytic Degradation. Cylindrical specimens
with a length of 20mm were weighed and conditioned in
pH 7.4 PBS solutions, which were refreshed once a week.
The degradation experiments were performed in triplicate
at 37∘C with gentle shaking. At regular time intervals, the
polymer specimens were taken from the degradation media
and washed with distilled water. After blotting with a tissue,
the specimens were weighed and vacuum-dried at 37∘C to a
constant weight.The pHof themedia containing degradation
products wasmeasured.Themass loss was calculated accord-
ing to the following equation:

Mass loss (%) =
𝑤𝑖 − 𝑤𝑑

𝑤𝑖

× 100, (1)

where 𝑤𝑖 is the initial weight and 𝑤𝑑 is the dry weight of the
samples.

3. Results and Discussion

3.1. Synthesis and Characterization. The PLGC was synthe-
sized by a bulk ring-opening polymerization of DLLA, GA,
and CL (Scheme 1). Sn(Oct)2 is preferred for biomedical
applications because of its low toxicity [21]. The polymer-
ization reaction was carried out under different conditions
by changing the monomers ratio and the results of the
copolymerization are given in Table 1.

Under the conditions mentioned in Table 1, all copoly-
merization reached high yields (>90%).Themolecularweight
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Scheme 1: Synthetic route of PLGC in the presence of Sn(Oct)
2
.

Table 1: Ring-opening copolymerization of DLLA, GA, and CL in the bulk with Sn(Oct)
2
.

Number [DLLA]/[GA]/[CL] Mwb Mnb
PDIb 𝑇

𝑔

d
𝑇
𝑔

e
𝑇
𝑑

f

Feeding Polymera ×104 ×104 ∘C ∘C ∘C
1 50 : 50 : 0 —c —c —c —c 44.3 —c 246.3
2 40 : 40 : 20 42.07 : 38.57 : 19.36 18.5 14.3 1.29 21.8 20.30 268.6
3 30 : 30 : 40 31.62 : 28.18 : 40.20 16.1 12.4 1.30 −6.2 −5.17 278.7
aDetermined by 1H-NMR.
bCalculated from GPC analysis.
cNo data for the undissolvable samples.
dDetermined from DSC analysis.
eCalculated from FOX equation.
f
𝑇𝑑 is the 5% weight loss temperature of thermal degradation.

characterizations were determined by GPC. As displayed in
Table 1, all of the prepared copolymers had high molecular
weights with narrowmolecular weight distributions. As such,
it is necessary to accurately regulate the degradation speed
rates of the polymers in biomedical applications. Moreover,
we demonstrated that the feeding dose significantly influ-
enced themolecular weight of PLGC. As shown in Table 1, the
PLGC copolymer containing 0mol% CL was not dissolved
in organic solvents because of its high molecular weight. The
molecular weights of the PLGC copolymers with 20mol%
and 40mol% CL content were 1.43 × 105 g/mol and 1.24 ×
105 g/mol. Therefore, molecular weight decreased as the CL
content increased.

The structure of the PLGC copolymer was elucidated
from the 1H NMR spectra. The 1H-NMR spectra of PLGA
50/50 (Mn = 50000), PCL, and PLGC with 20mol% CL
content (number 2 in Table 1) are presented in Figure 1.There
were three peaks in the PLGA spectrum at 𝛿 = 5.20 (H, Ha),
4.77 (2H, Hc), and 1.52 (3H, Hb), respectively [22]. Figure 1
also shows four peaks of proton signals in the PCL spectrum
at 𝛿 = 4.06 (2H, Hd), 2.31 (2H, Hg), 1.60∼1.70 (2H, He),
and 1.35∼1.43 (2H, Hf) [23]. In the spectrum of PLGC, these
signals appeared at 𝛿= 5.16∼5.26 (H,Ha), 4.66∼4.89 (2H,Hc),
4.05∼4.17 (2H, Hd), 2.30∼2.45 (2H, Hg), 1.62∼1.66 (4H, He),
1.48∼1.59 (3H, Hb), and 1.26∼1.42 (2H, Hf). As the chemical
environment varied in the copolymer, the peak shape was
varied, and all the peaks were split into multipeaks [24]. The
results of 1HNMRdemonstrated that itmatched the expected
values and indicates the successful synthesis of PLGC.

The [DLLA]/[GA]/[CL] ratios of the copolymer were
calculated from the peak areas corresponding to the methine
protons of DLLA at 𝛿 = 5.16∼5.26 ppm, methylene protons
of GA at 𝛿 = 4.66∼4.89 ppm, and 𝜀-methylene protons of
CL at 𝛿 = 4.05∼4.17 ppm. Under the applied polymerization
conditions, the [DLLA]/[GA]/[CL] ratios of the obtained
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Figure 1:The 1HNMRspectra of PLGA50/50, PCL, and PLGCwith
20mol% CL content.

copolymers were very close to those in the feeding dose. This
indicated a good conversion of monomers and determined
that Sn(Oct)2 is effective for the copolymerization of CL and
DLLA.

3.2. Thermal Properties. The glass transition temperature is
an important parameter of molecular structure and motion.
The phase behaviors of the PLGC copolymers were deter-
mined by DSC. The samples were run at a heating rate of
10∘C/min from −100∘C to 200∘C to eliminate the thermal
history. A second scan was recorded and the glass transition
temperature (𝑇𝑔) was measured from the second heating
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Figure 2: The DSC thermograms of PLGC copolymers.

cycle. The data of the thermal properties are also listed in
Table 1, and the typical curves are given in Figure 2.

The 𝑇𝑔 of PLGC was significantly dependent on the
copolymers composition. The higher the CL content in
composition, the lower the 𝑇𝑔 of the PLGC copolymers
(Table 1). This was attributed to the low 𝑇𝑔 about −64

∘C for
PCL homopolymers [23, 25]. The copolymer structure can
be further verified by DSC analysis. According to the DSC
results as shown in Figure 2, all of the copolymers showed
a single glass transition temperature, which confirmed the
random nature of the PLGC copolymers as the block copoly-
mer has two 𝑇𝑔s [26]. As opposed to the homopolymers of
PCL and PGA that are semicrystalline, the copolymers were
amorphous and the 𝑇𝑔 values were below body temperature.
This allows these flexible elastomeric materials to be rubbery
in implant applications for osteomyelitis treatments.

Copolymerization could mean that the copolymers with
distinct performances result from the respective homopoly-
mers. For random copolymers, Fox derived the following
equation that finds the glass transition temperature of a
copolymer based on the glass transition temperatures of the
respective homopolymers [27]:

1

𝑇𝑔

=

𝑊1

𝑇𝑔1

+

𝑊2

𝑇𝑔2

+

𝑊3

𝑇𝑔3

, (2)

where W1, W2, and W3 are the weight fractions of the
DLLA, GA, and CL monomer units in the copolymer, while
𝑇𝑔1

, 𝑇𝑔2, and 𝑇𝑔3 are the 𝑇𝑔 (K)s of PDLLA, PGA, and
PCL homopolymers. For example, the weight fractions for
the copolymer ([DLLA]/[GA]/[CL] = 40 : 40 : 20) are 𝑊1 =
0.4755,𝑊2 = 0.35212, and𝑊3 = 0.1733. Substituting these
and the 𝑇𝑔 of 𝑇𝑔1 = 57

∘C (330.1 K) [28], 𝑇𝑔2 = 35
∘C (308.1 K)

[28], and 𝑇𝑔3 = −63.8
∘C (209K) into Fox equation yields a

predicted 𝑇𝑔 of 20.30
∘C. It was interesting to compare the 𝑇𝑔

values determined byDSCwith those calculated from the Fox
equation. The experimental results compared to the model
matchedwere as expected, which also indicated that the range
of compositions of the copolymers matched the monomers
feed ratio.
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Figure 3: The TGA thermograms of PLGC copolymers.

The thermal stability of the resulting PLGC copolymers
was characterized in terms of the 5% weight loss temperature
of thermal degradation (𝑇𝑑). The representative TGA curves
of the PLGC copolymers were determined by thermogravi-
metric analysis in nitrogen (Figure 3). As shown inTable 1, the
thermal decomposition temperature of the PLGCcopolymers
with different compositions was above 200∘C, ranging from
246.3∘C to 278.8∘C, indicating that all the polymers had good
thermal stabilities. The 𝑇𝑑 of the PLGC increased gradually
with increasing CL content in composition, because PCL
chains have thermal decomposition temperature higher than
340∘C [25]. Therefore, the higher the CL content, the higher
the thermal stability of the PLGC copolymers.

Our analysis showed that the feeding dose or compo-
sition had a great influence on the thermal properties of
the copolymers. The synthesized PLGC copolymer with CL
content ranging within 20∼40mol% had 𝑇𝑔 between −6.2

∘C
and 218∘C with no crystallinity observed. These copoly-
mers became more flexible and elastic at the temperature
above those values (such as at 37∘C of the body tempera-
ture) because of their amorphous structures and low glass
transition temperatures. The elevated thermal stability with
increasing CL content is necessary for producing implants
in marrow cavities that are stable with no observation of
thermal degradation at the physiological temperature. The
stable thermal polymers must be sterilized by traditional
techniques such as steam or dry heat, in an efficient and
economical manner, without destruction of their structures
or changes in their material characteristics.

3.3. Mechanical Properties. We studied the mechanical prop-
erties of the cylindrical specimens of the prepared PLGC
copolymers. The results are listed in Table 2 with repre-
sentative stress-strain curves at room temperature shown in
Figure 4.

As shown in Table 2, we demonstrated that the CL
content in the composition had significant effects on the
mechanical properties of the copolymers. The modulus and
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Table 2: Mechanical properties of the PLGC copolymers.

Number CL 𝐸
a

𝜎
𝑚

b
𝜀
𝑚

c
𝜎
𝑏

d
𝜀
𝑏

e

mol% MPa MPa % MPa %
1 0 3136 ± 200 51.63 ± 7.23 3.13 ± 0.72 24.83 ± 4.50 37.86 ± 5.72

2 20 9.19 ± 1.1 7.41 ± 0.81 392.5 ± 52.5 7.17 ± 1.17 392.5 ± 52.5

3 40 3.70 ± 1.16 1.38 ± 0.09 97.33 ± 4.62 0.52 ± 0.17 520 ± 45.8

a
𝐸 = Young’s modulus.

b
𝜎𝑚 = tensile stress.

c
𝜀𝑚 = tensile strain.

d
𝜎𝑏 = tensile stress at break.

e
𝜀𝑏 = tensile strain at break.
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Figure 4: The stress-strain curves of the PLGC copolymers.

tensile strength decreased as CL content was introduced in
the polymer chain. For example, the modulus and tensile
stress decreased from 3136 to 3.7MPa and from 51.63 to
1.38MPa, while the CL content increased from 0 to 40mol%,
and the polymers varied from stiff materials to rubber.

3.4. In Vitro Hydrolytic Degradation. To determine the effect
of CL content on the degradation behavior of the PLGC,
the copolymers containing 20mol% and 40mol% CL were
immersed in pH 7.4 phosphate buffer solutions. As a con-
trol, the degradation of PLGA (50/50mol%) was similarly
buffered. The in vitro hydrolytic degradation of PLGC was
then determined as a function of the degradation time and
monitored by weight loss, changes in molecular weight, and
SEM observation. The changes in copolymer composition
during hydrolysis were determined as well via 1H NMR
analyses.

Figure 5 showed the weight loss of PLGC copolymers
incubated in the PBS buffer medium at 37∘C. In Figure 5,
all polymers lost weight gradually and all the copolymers
degraded rapidly. The PLGC copolymers containing a CL
unit degraded slower than the PLGA (50/50). For example,
the PLGC copolymers containing 20mol% and 40mol%
CL content lost their masses of 89.08% and 76.74% after
7 weeks’ in vitro hydrolytic degradation, while the PLGA
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Figure 5:Theweight loss of PLGC copolymers in vitro as a function
of degradation time.

(50/50) degraded in its entirety at the same time point.
This was attributed to the fact that the PCL segments con-
tained in the PLGC copolymers are known to degrade very
slowly compared with the PLGA chains [29], which results
in preferential cleavage along the backbone of the PLGA
chains. We concluded that the monomer composition ratio
of PLGC affected its hydrolysis and the degradation rate of
the PLGC copolymers decreased with elevated CL content in
compositions. The results indicated that the introduction of
CL content in PLGA chains would delay its degradation, and
the degradation rate of PLGC copolymers could be tailored
with the CL content to meet the diverse requirements of the
different clinical applications.

The composition of the PLGC copolymers changed sig-
nificantly with degradation (Figure 6).This changewas calcu-
lated by 1HNMR spectra. The content of [DLLA+GA] in the
sample decreased with degradation while the content of CL
increased. After 6 weeks of in vitro hydrolytic degradation,
the [DLLA+GA] content in the PLGC copolymer (20mol%
CL) decreased to 67.36% of its initial value, while the CL
content simultaneously increased to 235.95% of the initial
value at the same point in time.The results provide direct evi-
dence that the glycolidyl and lactidyl units were preferentially
lost with degradation for all the PLGC copolymers. Further,
the variation in the composition of the PLGC copolymer
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containing 40mol% CL was smaller than that of the PLGC
copolymer containing 20mol% CL because of its slower rate
of weight loss.

With the elevated loss in mass and changes in composi-
tion, the molecular weights (Mn) of the PLGC copolymers
decreased sharply with degradation time (Figure 7). The Mn
of the PLGC (20mol% CL) samples decreased faster than
the copolymers because of greater weight loss. The results
showed that PLGC copolymers can be degraded to products
with low molecular weights and could eliminate the removal
of the materials implanted in vivo when used as a drug
matrix. We note that the PLGA 50/50 samples prepared in
our study did not dissolve in CHCl3 because of their high
molecular weights, and similar observations were found for
the PLGA 50/50 samples in primary stages of degradation.
Therefore, changes in molecular weights of PLGA 50/50
during hydrolytic degradation were not provided.

We compared the loss of mass with the changes in molec-
ular weight and concluded that the hydrolysis degradation

behaviors of PLGC in PBS could be divided into two stages.
In the first stage, the molecular weight of PLGC decreased
continuously with degradation time, yet little weight loss
occurred at this stage. But in the second stage, the molecular
weight of PLGC decreased to a low value and remained rel-
atively constant with further degradation while the samples
experienced significant weight loss. This was consistent with
the common hydrolysis rule of aliphatic polyester that the
weight loss would not take place until the molecular weight
of samples had decreased to a critical value able to dissolve in
water [30].

The morphology change of the PLGC copolymer with
degradation was observed by SEM. Figure 8 shows the SEM
photographs of the surface of PLGC (20mol%CL) before and
after in vitro hydrolytic degradation. Before degradation, the
surface of the specimens appears rather smooth with some
stripes due to the surface morphology of the mold. After 2
weeks, small cracks as well as surface irregularities appeared,
indicating the degradation occurred on the surface. As the
degradation progressed, the erosion became remarkable and
the roughness of the surface increased as it presented a vigor-
ous up-and-down fluctuation profile as shown in Figure 8(c).
Figure 8(d) showed the cross section of PLGC (20mol%
CL) after 5 weeks’ degradation, which indicates that the
degradation occurred not only on the surface, but also inside
the polymer. This may have been caused by the autocatalytic
effect from the accumulation of acidic degradation product
inside the polymer matrix, as was found by previous studies
[31–33].

Previous studies determined that acidic degradation
products would be produced upon the degradation of PLGA
and are detrimental to cells, drugs, or proteins and can
lead to inflammatory reactions [14–16]. Many efforts have
been devoted to the elimination of the acidic products of
the PLGA-based carrier used for osteomyelitis treatment.
In this study, the introduction of CL units into the PLGA
backbone was demonstrated as an effective strategy to over-
come these problems, as shown in Figure 9. The median
pH values decreased as copolymer degradation occurred.
This decrease in pH indicated the continuous release of
carboxylic groups into the surrounding media during the
hydrolytic degradation process. However, the pH of the
solutions affected by the accumulated degradation products
decreased to varying degrees depending on the composition
of the PLGC copolymers. For instance, the fastest decrease
in pH was observed for the PLGA with no introduction of
CL units, which resulted in a sudden decrease in the pH of
the solutions to 6.46 after 21 days of the in vitro hydrolytic
degradation. Faster degradation rates (Figure 5) resulted in
more acidic products being released. Compared to PLGA,
the PLGC copolymers caused a slower decrease in pH as
the CL content increased because of the slower degradation
rate, especially for the PLGC (40mol% CL) that caused a
decrease in the pH of the solutions to 7.11 after 21 days.
The results once again confirmed that the CL content in the
composition had significant effects on PLGC degradation,
and the introduction of CL unit into the PLGA backbone was
beneficial to diminish the adverse effects of the degradation
product on the clinical applications of PLGA.
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Figure 8:Themorphology change of PLGC (20mol% CL) with in vitro hydrolytic degradation observed under SEM; (a)–(c) surface and (d)
cross section; (a) 0 weeks; (b) 2 weeks; (c) and (d) 6 weeks.
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Figure 9: The changes in the pH of PBS solutions during the
degradation process of the PLGC copolymers.

4. Conclusion

A series of PLGC copolymers with different properties were
synthesized by a ring-opening polymerization of DLLA, GA,

and CL, using a stannous octoate as catalyst. The CL content
had a significant effect on the end properties of PLGC.
Depending on the CL content, the properties of the copoly-
mer ranged from stiff materials to elastic polymers, and the
thermal properties (𝑇𝑔 and 𝑇𝑑) and mechanical properties
of the copolymer were tailored to meet the requirements for
clinical applications.The hydrolytic degradation of the PLGC
was performed in pH 7.4 PBS as compared to PLGA. The
degradation rate of the PLGC copolymers was a function
of the CL content in composition. Slower degradation rates
were detected for copolymers with higher CL contents.
The pH data showed that the PLGC copolymers produced
fewer acidic degradation products with increasedCL content,
which would decrease the inflammation caused by the acidic
degradation products released into the surrounding tissues.
The in vivo degradation behavior and biocompatibility of the
PLGC will be reported later, and further studies will focus on
the release behavior and the antibacterial effect of the PLGC
implants compounded with Ciprofloxacin.
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