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ABSTRACT: The aim of the study was to investigate the
mechanical properties and biodegradability of poly(tri-
methylenecarbonate-�-caprolactone)-block-poly(p-dioxanone)
[P(TMC-�-CL)-block-PDO] in comparison with poly(p-diox-
anone) and poly(glycolide-�-caprolactone) (Monocryl�) mono-
filaments in vivo and in vitro. P(TMC-�-CL)-block-PDO copoly-
mer and poly(p-dioxanone) were prepared by using ring-
opening polymerization reaction. The monofilament fibers
were obtained using conventional melt spun methods. The
physicochemical and mechanical properties, such as viscosity,
molecular weight, crystallinity, and knot security, were stud-
ied. Tensile strength, breaking strength retention, and surface
morphology of P(TMC-�-CL)-block-PDO, poly(p-dioxanone),
and Monocryl monofilament fibers were studied by immersion

in phosphate-buffered distilled water (pH 7.2) at 37°C and in
vivo. The implantation studies of absorbable suture strands
were performed in gluteal muscle of rats. The polymers,
P(TMC-�-CL)-block-PDO, poly(p-dioxanone), and Monocryl,
were semicrystalline and showed 27, 32, and 34% crystallinity,
respectively. Those mechanical properties of P(TMC-�-CL)-
block-PDO were comparatively lower than other polymers. The
biodegradability of poly(dioxanone) homopolymer is much
slower compared with that of two copolymers. © 2006 Wiley
Periodicals, Inc. J Appl Polym Sci 102: 737–743, 2006
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INTRODUCTION

Recently, it is known that the monofilament fiber
evokes less contamination problem in suturing site
than that of multifilament fibers due to its physical
configuration. The degradation rate of monofilament
fibers are studied extensively because their degrada-
tion rates could be controlled by using various
comonomer or comonomer ratio. There are many kind
of monofilament suture in suture market with differ-
ent raw material to control degradation rate. Sutures
used in operations on tiny body parts, such as blood
vessels, require good flexibility to handle easily dur-
ing surgical operations.1–4 Although homopolyester
monofilaments are limited by its inherent brittleness,
their properties can be significantly enhanced and
broadened by modification via copolymerization. In
particular, block copolymerization may offer a
broader spectrum of mechanical and degradation

properties to meet demands of various applications.
Copolymers of glycolide, lactide, and caprolactone
can be obtained by modulation of their ratio in the
polymers, such as poly(lactide-co-glycolide), poly(lac-
tide-co-caprolactone), poly(glycolide-co-caprolactone),
and poly(lactide-co-glycolide-co-caprolactone).5–7 Co-
polymers of poly(trimethylenecarbonate), poly(�-cap-
rolactone), and poly(p-dioxanone) began to attract
considerable interest only in recent years.8–11 Al-
though the copolymers based on trimethylenecarbon-
ate (TMC), caprolactones, and p-dioxanone (PDO)
have been disclosed, they have not been studied be-
cause of either poor flexibility or low knot-security. In
previous publication, we have reported on the synthe-
sis of poly(trimethylenecarbonate)(�-caprolactone)/
poly(p-dioxanone) [P(TMC-�-CL)-block-PDO] copoly-
mers and their physical and mechanical properties.12

It was demonstrated that poly(p-dioxanone) was used
as a main block because it has good flexibility and
tensile strength useful for the monofilament,11,13 and
the other block was designed by the random copoly-
mer of �-caprolactone (CL) and TMC. The CL has low
stiffness and provides excellent handling characteris-
tics, and TMC shows rubbery state at room tempera-
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ture and acts as a soft segment.11,13 In the results, it
appeared that P(TMC-�-CL)-block-PDO (5/5/90) co-
polymer has excellent properties to be used in suture.

In the present study, we describe recent efforts to
extend this work to investigate the mechanical prop-
erties and biodegradability of P(TMC-�-CL)-block-
PDO (5/5/90) monofilament fiber in comparison with
commonly used absorbable poly(p-dioxanone) and
Monocryl� monofilament fibers in vitro and in vivo.

EXPERIMENTAL

Materials

Poly(glycolide-�-caprolactone) (Monocryl) were ob-
tained from Ethicon (Someville, NJ). Trimethylenecar-
bonate (TMC) was supplied from Sam Yang (Taejeon,
Korea). �-Caprolactone (CL) was purchased from Ac-
ros (Geel, Belgium), dried over calcium hydride at
room temperature for 24 h and purified by vacuum
distillation in a nitrogen atmosphere. p-Dioxanone
(PDO), stanneous ethylhexanoate, lauryl alcohol,
hexafluoroisopropanol, ethylene oxide, phosphate-
buffered saline (pH 7.4), ketamine hydrochloride, and
xylazine hydrochloride were purchased from Aldrich
Chemical. Common reagents, such as chloroform, hex-
ane, and methanol, were used without further purifi-
cation.

Measurements

Molecular weights of polymers were determined rel-
ative to polystyrene standards by gel permeation chro-
matography in CH2Cl2 as the eluent on a Waters 510
HPLC equipped with a set of four �styragel columns
(500, 104, 105, and 100 Å) in series and a UV detector.
The degree of crystallinity was measured with X-ray
diffraction Rigaku Tenki RAD/B. The inherent viscos-
ity of the polymers was 2.3 dL/g as measured in a 0.1
g/dL solution of hexafluoroisopropanol at 25°C. The
diameter of monofilaments was measured by Digital
Thickness Gauge Mitutoyo DP-1 HS.

Monofilament preparation

Melt spin was through a centered single orifice spin-
neret of 1.8 mm capillary hole diameter (L/D 6), and
maximum melt pressure should not exceed about 8000
psi with monofilament spinning machine FET. While
extrusion temperatures depended both on the poly-
mer Tm and on the melt viscosity of the polymer at a
given temperature, extrusion of these block copoly-
mers at temperatures of about 10–40°C above their
melting point was often found satisfactory. The pre-
pared block copolymers were extruded at a tempera-
ture of about 160°C. The extrudates were generally
taken up through an ice water bath at 5 m/min, al-

though other bath temperatures and take-up speeds
were occasionally used. The extrudate filaments were
subsequently drawn about �5 to �6 in multistage
drawing processes to achieve molecular orientation
and improved tensile properties. The fibers were then
wound, put into folders, and placed in aluminum
foil-laminated packages. The fibers were sterilized
with ethylene oxide, thoroughly degassed, and sealed
in a dry atmosphere.

Knot-pull strength test

Knot-pull strength was determined with Universal
Tensile Tester Instron 4465. Using a suitable tesilome-
ter, the breaking load over a simple knot in the strand
formed by passing one end, held in the right hand,
over that in the left hand and drawing the free end
through the loop so formed and pulling the knot tight
was determined. The apparatus had two clamps for
holding the strand, one of which was mobile, and was
driven at a constant speed of 25–30 cm/min. The
clamps were designed so that the strand being tested
can be attached without any possibility of slipping. At
the beginning of the test, the length of strand between
the clamps was 12.5–20 cm and the knot was midway
between the clamps. While the mobile clamp was set
in motion, the load was recorded at which the strand
was broken. If the strand broke in or within 1 cm of a
clamp, the test on another strand was repeated.

Knot security test method

Knot security was measured in terms of the knot
slippage ratio. A surgeon’s knot (2 � 1 � 1) was
selected for the knot tying method.1,14 The length of
sample was prepared 5 mm and tested 500 mm/min
measuring rate. The knotted sutures were placed on a
tensile strength tester and pulled apart until knot
breakage occurred or the knot slipped. After the mea-
surements for ten times, the ratio of the number of
knots slipped to the total number of knots tied indi-
cates the knot slippage ratio.

In vitro breaking strength retention test

Breaking strength retention (BSR) was performed by
using a universal tensile testing instrument, Instron
4465 as recommended in standard ASTM D 337. Sam-
ple length was 20 mm and the crosshead speed was 20
mm/min. The displacement of the sample and the
load was recorded until the load passed through a
peak and then declined again, indicating failure of the
sample. All the reported tensile strength represented
average values of at least five tests. The original
straight pull tensile strength was measured at room
temperature before immersion, and the five monofil-
ament fibers were immersed in each vials filled with
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pH 7.4 phosphate-buffered solution in a shaking water
bath, maintained at 37°C for 1, 2, 3, and 4 weeks. The
monofilament fibers were removed from the vials,
washed with deionized water, and dried in a vacuum
oven at 40°C for 24 h.

BSR (%) �
tensile strength after immersion

original tensile strength � 100

In vivo BSR test

The test articles were implanted through the dorsal
subcutis of rats and specimens of each type of sutures
were retrieved at 1, 2, 3, 4, 5, and 6 weeks after
implantation. The recovered samples were used as
tensile testing samples at each time period. Tensile
strength tests of sutures were carried out using a
universal tensile testing instrument, Instron 4465. In
the suture tensile strength test, sample length was 20
mm and the crosshead speed was 20 mm/min.

Absorbable test of monofilament suture in rats

Implantation studies of absorbable suture strands,
poly(trimethylenecarbonate-�-caprolactone)-block-
poly(p-dioxanone) [P(TMC-�-CL)-block-PDO], Monoc-
ryl, and poly(dioxanone) monofilament fibers were
performed in gluteal muscle of rats. Male Sprague–
Dawley rats weighing between 160 and 170 g were
utilized to evaluate the in vivo degradation of block
copolymer suture. Optical Microscope BX-51 (Olym-
pus Optical, Japan), Embedding Center Leica
EG1140H (Leica, Germany), and Microtome Leica RM
2155 (Leica, Germany) were used. Rats were acclima-
tized for a few days before the study anesthetized with
an intramuscular injection of a mixture of ketamine
hydrochloride (60 mg/kg) and xylazine hydrochloride
(10 mg/kg) and prepared for surgery by clipping the
hair of the dorsal sacral area. A midline incision was
made on the skin over the sacral spine parallel to the
vertebral column. Following retraction of the skin lat-
erally, sterile suture strands were drawn into the right
and left gluteal muscles. Two suture segments, each
�3 cm long, were implanted per both sides of muscle.
For preventing secession of suture strand, both ends of
suture were tied a knot with a little space. The skin
incisions were then closed and the rats were retained.
At the predetermined periods of in vivo residence,
predesignated rats were killed by carbon dioxide as-
phyxiation. Gluteal muscles containing the implanted
suture samples were excised and preserved in 10%
neutral formalin fixative. A transverse section of each
formalin-fixed sample was trimmed and processed for
paraffin embedding, sectioning, and staining with he-
matoxylin and eosin. Histological examination of the
implant sites was conducted using cross sections of 6

�m in thickness. The behaviors of suture strands were
obtained at 3–240 days after implantation. Test was
carried out in accordance with the requirements of the
international organization for standardization 10,993:
biological evaluation of Medical Devices. Part 6: Tests
for Local Effect after Implantation.14–18

RESULTS AND DISCUSSION

Polymer properties

Three different polymers, P(TMC-�-CL)-block-PDO,
poly(p-dioxanone), and Monocryl, are shown in Fig-
ure 1. P(TMC-�-CL)-block-PDO (5/5/90 mol %) and
poly(p-dioxanone) polymers were prepared by using
ring-opening polymerization reactions as follows our
literature.12 In our previous article, we described that
a higher molar ratio of trimethylene carbonate in the
segmented copolymer correlates to higher flexibility,
while a higher molar ratio of CL in the segmented
copolymer correlates to a longer period of strength
retention. Therefore, the molar ratio of CL/trimethyl-
ene carbonate can be controlled to provide various
degrees of flexibility, strength retention, or absorption
rate. Preferably, the content of PDO in the copolymers
is to 90 mol %. Monocryl is block copolymer of gly-
colide 75 mol % and CL 25 mol %. The general prop-
erties of polymers are shown in Table I. The viscosities
of polymers shown are within the range of 1.7–2.3
dL/g. The molecular characteristics of the polymers
were in the range of Mn of 31,000–56,000 g/mol, and
Mw of 110,000–152,000 g/mol, respectively, in given
reactions that is useful for commercial applications.
The polydispersities of polymers were about 2.71–
3.51, indicating relatively broad distribution of the
molecular weight. The polymers were semicrystalline
and showed 27, 32, and 34% crystallinity, respectively.

The polymers were melting spun into monofilament
using conventional methods of melt extruding,
quenching, drawing, and relaxing continuous thermo-
plastic monofilaments with monofilament spinning
machine FET. The properties of monofilament fibers
are listed in Table II. The knot-pull strengths and
tensile strengths of the monofilament fibers showed

Figure 1 Chemical structures of three synthetic absorbable
sutures.
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3.06–5.30 kg f and 4.41–8.80 kg, respectively. The elon-
gation of polymers decreased as the crystallinity in-
creased. Those mechanical properties of the prepared
P(TMC-�-CL)-block-PDO were comparatively lower
than other polymers because the total crystalline do-
mains were reduced, which thereby provide for low
degree of crystallinity. In other words, the increased
noncrystalline domains of block copolymers had a low
tensile strength in comparison to the tensile strength
of Monocryl and poly(dioxanone) polymers. Knot se-
curity (%) was measured in terms of the knot slippage
ratio, which is (sliding knotted sample no./10 knotted
samples) � 100. Thus, the less the ratio, the better is
the knot security of the suture. P(TMC-�-CL)-block-
PDO and Monocryl block copolymers showed better
knot-security (3–4 out of 10 knots failed) than the
comparative homopolymer. The low tensile strength
of the block copolymers correlates with higher flexi-
bility and more stable knot-security. We assumed that
the stable knot-security of Monocryl is affected by
chemical structure and physical crosslinking between
noncrystalline domains formed by copolymerization
of glycolide and CL. It has been reported that the
mechanical properties of polymer are enhanced by a
microphase-separated morphology in which soft seg-
ment gives flexibility, whereas the rigid phase pro-
vides mechanical strength.19–21 The relationship of
tensile strength and weight loss has reported that the
loss of monofilaments mass is mainly due to the de-
struction of crystalline domains, while the loss of ten-
sile strength is chiefly due to the scission of tie-chain
segments strength.22

Biodegradation

Figures 2 and 3 presented the tensile strength and in
vitro BSRs (%) of [P(TMC-�-CL)-block-PDO], poly-

(dioxanone), and Monocryl during hydrolysis with
phosphate-buffered saline (pH 7.4) for 6 weeks. Mono-
filament fibers were used here to examine the relative
biodegradation of polymers. Panayiotou et al. have
studied this system because it is strongest enzymatic
activity in copolymers.23 Measurements were only
taken up to 6 weeks of hydrolysis, because samples
degraded longer were too fragile to handle to be
tested. The degradation of polymer is highly depen-
dent, not only on the chemical structure but also mor-
phology of the polymer, such as degree of crystallinity
and microstructure.20 The relationship of biodegrad-
ability and tensile strength of homopolymer from
PDO and copolymer from PDO and morpholine-2,5-
dione has been studied by Shalaby.21 This ability to
break the inherent fiber structure–property relation-
ship through copolymerization is a major improve-
ment in the biodegradation properties of absorbable
sutures. It is interesting to recognize that a small per-
cent of morpholine-2,5-dione (3%) in the copolymer is
sufficient to result in a faster mass loss profile without
detriment to its tensile strength loss profile. The ability
to achieve this ideal biodegradation property might be
attributed to both an increasing hydrophilicity of the
copolymer and the disruption of crystalline domain
due to the morpholine-2,5-dione moiety. The degree of
crystallinity influences the rate of hydrolytic degrada-
tion as the crystal segments slow down the water
permeation in the matrix. Hydrophilic and amor-
phous regions of the polymers allow better access to
water molecules than the crystalline regions because
of the higher rate of water uptake.24–26 In this work,
the tensile strength of the polymers as a function of the
hydrolysis time has been performed to classify how
changes in degradation rate can be related to mono-
mers. The biodegradability of poly(dioxanone) ho-
mopolymer is much slower compared with that of two

TABLE I
Results of Physical Properties of [P(TMC-�-CL)-block-PDO], Poly(dioxanone), and

Monocryl

Inherent viscosity
(g/dL) Mn Mw Mw/Mn

Crystallinity
(%)

[P(TMC-�-CL)-block-PDO] 2.3 56,000 152,000 2.71 27
Poly(dioxanone) 2.2 54,000 150,000 2.78 32
Monocryl 1.7 31,000 110,000 3.55 34

TABLE II
Results of Mechanical Properties of [P(TMC-�-CL)-block-PDO], Poly(dioxanone), and

Monocryl

Diameter
(mm)

Knot-pull
strength

(kg f)
Knot

security (%)

Tensile
strength

(kg)
Elongation

(%)

[P(TMC-�-CL)-block-PDO] 0.383 3.06 30 4.41 64
Poly(dioxanone) 0.358 3.31 80 5.72 62
Monocryl 0.378 5.30 30 8.80 55
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copolymers. Monocryl showed faster absorption rate
than polymers based on high contents of PDO even
though it had little high crystallinity. The main expla-
nation for this behavior can be attributed to chemical
structure of polymers and crystallinity. The terms of
biodegradability could be classified by two meanings
as the strength loss of polymer and absorption. Gen-
erally, the rate of strength loss is affected by the chem-
ical structure of polymer and the rate of absorption is
mainly affected by the crystallinity of polymer. The
strength loss of polymer occurred at earlier stage of

biodegradation and absorption occurred after com-
plete strength loss. Therefore, biodegradation process
is affected by both the factors.27,28 In vivo BSRs (%)
monitored the degradation process of monofilament
(Fig. 4). It showed that in vitro condition promoted
faster hydrolytic degradation than in vivo because of
more severe and constant environmental conditions.
The rate of BSRs (%) of P(TMC-�-CL)-block-PDO in
vivo was improved rather than in vitro condition com-
pared with poly(dioxanone) and Monocryl.

We studied surface morphology of monofilament
fibers in vitro. Figure 5 displayed the SEM photo-
graphs of three polymers hydrolyzed with phosphate-
buffered saline (pH 7.4) for 8 and 12 weeks. The sur-
face erosion appeared perpendicular to the drawing
direction. Sabino et al. have reported that parallel

Figure 2 Tensile strength (kg) as a function of hydrolysis
time [P(TMC-�-CL)-block-PDO], �; poly(dioxanone), f; and
Monocryl, Œ.

Figure 3 In vitro BSR (%) as a function of hydrolysis time
for [P(TMC-�-CL)-block-PDO], �; poly(dioxanone), f; and
Monocryl, Œ.

Figure 4 In vivo breaking strength retension (%) as a func-
tion of hydrolysis time for [P(TMC-�-CL)-block-PDO], �;
poly(dioxanone), f; and Monocryl, Œ.

Figure 5 SEM microphotographs of [P(TMC-�-CL)-block-
PDO], poly(dioxanone), and Monocryl monofilament fibers
after 8 and 12 weeks of enzymatic degradation in vitro.
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grooves or cracks are arranged perpendicular to the
machine direction.26 Monocryl showed a considerably
eroded surface that contained a number of stripe
cracks at 8 weeks and broke at 12 weeks. Poly(diox-
anone) maintained the initial surface morphology af-
ter 8 and 12 weeks, and P(TMC-�-CL)-block-PDO
showed minute perpendicular cracks after 12 weeks.
This behavior can be attributed to differences in crys-
tallinity, chemical structure, and concentration of ester
of the polymers. The long chain alkyl groups and
degree of crystallinity of the polymer dictate hydro-
phobicity and influence the rate of hydrolysis by af-
fecting the diffusion of water into the materials. Hy-
dophilic and amorphous regions of the polymers al-
low better access to water molecules.26

Absorbable test

Microscopic observation on tissue reaction was per-
formed on all slides of the implant site. Macrophages
and fibroblasts have been seen throughout all study
periods as shown in Figures 6–8. All of the three
suture strands were surrounded by an irregular zone
of acute inflammatory cells, consisting primarily of
macrophages, fibroblasts, and leukocytes at initial
stage of 3-days postimplantation. At 60 days, leuko-
cytes disappeared and macrophages and fibroblasts
prevailed. P(TMC-�-CL)-block-PDO suture strand was
fragmented at 180 while it was intact at 120 days (Fig.
6). Then, P(TMC-�-CL)-block-PDO suture strand was
almost degraded with only a few small detectable
fragments at 210 days and has undergone absorption
at 240 days, indicating that P(TMC-�-CL)-block-PDO
suture strand was completely absorbed between 210
and 240 days. The tissue reactions to P(TMC-�-CL)-
block-PDO suture strand were marked by the irregular
zone of acute inflammatory cells, primarily macro-

phages and fibroblasts, surrounding the suture at
early phase. After 60 days, narrow tissue reaction zone
encircled the suture strand, and the numbers of sur-
rounding macrophages and fibroblasts in the reaction
zone were gradually diminished during the 240 days.
Figure 7 showed absorbable behaviors of suture
strands after postimplantation in gluteal muscles of
rats. Poly(dioxanone) suture strand retained an intact
form at implant site, and was surrounded by irregular
zone of inflammatory cells at 3 days. At 60 days, the
suture strand was surrounded by well-organized col-
lagenous capsule. The suture strand was surrounded
by thick collagenous capsule, with fibroblasts and
macrophages at 120 days. At 180 days, the suture
strand kept its original shape, yet extensive fissures
were observed. The suture strand showed a substan-
tial amount of absorption and a small portion of poly-
(dioxanone) suture strand still remained at 210 and

Figure 6 Microscopic observation of [P(TMC-�-CL)-block-
PDO] suture strands on rat tissue after 3, 60, 120, 180, 210,
and 240 days. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]

Figure 7 Microscopic observation of Poly(dioxanone) su-
ture strands on rat tissue after 3, 60, 120, 180, 210, and 240
days. [Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com.]

Figure 8 Microscopic observation of Monocryl suture
strands on rat tissue after 3, 30, 60, 90, and 110 days. [Color
figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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240 days. Figure 8 showed Monocryl suture absorp-
tion behaviors. Suture strands have fragmented at
30-days postimplantation in gluteal muscles of rats,
indicating that degradation is undergoing with mini-
mal tissue reaction. The suture strand is surrounded
by band of collagen containing macrophages and fi-
broblasts and outer zone of collagen band was sur-
rounded by a large mass of macrophages. At 60 days,
the suture strand was surrounded by fibroblasts, mac-
rophages, and scattering lymphocytes. Extensive fis-
suring of the suture has occurred and a substantial
amount of the strands has absorbed. At 90 days,
Monocryl suture strand has been completely ab-
sorbed. No fragment of suture strands was observed.
The inflammatory reaction zone was composed of
large macrophages, fibroblasts, and lymphocytes. At
110 days, the implant site was replaced with collagen
and there were a few inflammatory cells.

On the basis of the results of this study, P(TMC-�-
CL)-block-PDO, Monocryl, and poly(dioxanone) were
absorbed with different time postimplantation. There
were significant differences in absorption rate be-
tween P(TMC-�-CL)-block-PDO and Monocryl sutures
during the whole test period in vivo system. P(TMC-
�-CL)-block-PDO suture had much slower absorption
than Monocryl, and poly(dioxanone) suture showed
latest absorption rate as can be expected. The macro-
scopic tissue scores of both P(TMC-�-CL)-block-PDO
and Monocryl were zero throughout the study peri-
ods, indicating that there was no capsule formation or
sign of tissue contact irritation. Therefore, P(TMC-�-
CL)-block-PDO does not cause significant contact irri-
tation. The tissue reactions to the P(TMC-�-CL)-block-
PDO were minimal and comparable with that of
Monocryl throughout the same study period. P(TMC-
�-CL)-block-PDO is considered to have comparable
biocompatibility to Monocryl in terms of absorption
rate and local irritant response.

CONCLUSIONS

P(TMC-�-CL)-block-PDO copolymer was synthesized
by using two step polymerization reactions. P(TMC-
�-CL)-block-PDO monofilament fiber was studied in
comparison with poly(dioxanone) and Monocryl
monofilament fibers in vivo and in vitro. The hydrolytic
degradation of polymers was studied in a phosphate
buffer solution, pH � 7.2, at 37°C and biological ab-
sorbable test was performed in rats. It appeared that in
vitro condition promoted a faster hydrolytic degrada-
tion than the in vivo because of more severe and con-
stant environmental conditions. Monocryl containing
ester group degraded faster than other polymers
based on high contents of PDO. The main explana-
tions for this behavior can be attributed not only to the
chemical structure but also to the morphology of the
polymer, such as degree of crystallinity and micro-

structure. P(TMC-�-CL)-block-PDO suture strand was
almost degraded with only a few small detectable
fragments at 210 days and has undergone complete
absorption at 240 days. From these results, P(TMC-�-
CL)-block-PDO has excellent properties to be used in
suture.

The authors gratefully acknowledge Samyang Co. for pro-
viding all the materials for the experiments.
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