
Study of In Vivo Degradation Profiles of the Designed Poly (L-lactic acid) (PLLA) Porous Scaffolds 
Saito, E; Liu, Y; Hollister, SJ 

Scaffold Tissue Engineering Group, Dept. of Biomedical Engineering, The University of Michigan, Ann Arbor, MI 

Statement of Purpose: Porous scaffold architecture plays 
a critical role for not only bone tissue regeneration but also 
in scaffold degradation. Many porous scaffolds previously 
reported in their degradation studies have a wide range of 
pore diameters, poorly or unconnected pores and 
insufficient mechanical properties for load bearing 
applications. To better design scaffold for desired 
degradation, it is necessary to study the relationship 
between the scaffolds mechanical and chemical properties 
with their architectures during in vivo degradation. The 
goal of this study is to determine the influence of scaffold 
architecture, namely pore size, strut size, volume fraction, 
and surface area, on scaffold degradation in vivo. Indirect 
solid free form fabrication (SFF) methods are able to 
control pore diameters and porosities of scaffolds which 
have interconnected pores and compressive moduli in the 
range of human trabecular bone. We designed and 
fabricated three different pore sizes of PLLA (poly 
(L-lactic acid)) scaffolds and PLLA cylinders, and 
implanted into mice subcutaneously. Scaffold degradation 
is characterized by changes in scaffold mass, compressive 
modulus and polymer crystallinities.
Methods:
PLLA Samples Design and Fabrication: PLLA porous 
scaffolds 5mm (diameter) and 3mm (height) with three 
different interconnecting pore diameters (820, 550, and, 
280 µm denoted as Large, Medium and Small, 
respectively) were designed using image-based techniques 
and fabricated using the indirect SFF technique1. PLLA 
cylinders with the same diameter and height were also 
fabricated.
Implantation: The samples were sterilized in 70% ethanol 
overnight and then subcutaneously implanted into 
immunocompromised mice.  The mice were sacrificed 4 
weeks after implantation.   
Micro-Computed Tomography: All fabricated PLLA 
scaffolds were scanned using a MS-130 high resolution 
Micro-CT Scanner (GE Medical Systems, Toronto, CAN) 
before and after the implantation to measure the scaffolds’ 
pore sizes, porosities, and surface areas.  
Mass Measurement, Mechanical Testing and 
Crystallinity measurment: The tissues surrounding the 
samples were removed using a type 1 collagenase solution, 
and the samples were freeze-dried using a lyophilizer 
(FreeZone 6, Labconco Corp.) and weighed using an 
analytical balance (Sartorius Extend Balance).  
Compression moduli were determined using a MTS 
Alliance RT30 Electromechanical test frame (MTS 
Systems Corp., MN) with the cross head speed of 
1mm/min. To determine crystallinity, the enthalpy of the 
polymers was measured using differential scanning 
calorimeter (Perkin-Elmer DSC-7). 
Results: Fig 1 (a) shows the pictures of the fabricated 
PLLA porous scaffolds. The measured pore diameters, 

strut sizes, volume fraction, and surface area were 
calculated by micro-CT and shown in table 1.  
Table 1: Pore Size, Strut Size, Volume Fraction, Surface Area, and Surface to Volume ratio of 
fabricated PLLA porous scaffolds and Cylinder 

Large (n = 6) Medium (n = 10) Cylinder (n = 6) 
Pore size (µm) 800 ± 44 555 ± 51 
Strut size (µm) 1094 ± 304 712 ± 171 

Volume Fraction (%) 51.9 ± 2.2 54.6 ± 1.9 93.5 ± 3.6 
Surface Area (mm2) 143.9 ± 14.8 175.3 ± 12.5 99.1 ± 3.1 

Surface/volume 4.88 ± 0.15 5.50 ± 0.19 1.55 ± 0.10 

Fig 1: Pictures of the PLLA Porous Scaffolds (From Left to Right: Large, Medium, Small) (a) and 
PLLA cylinder (After (left) and Before (right) Implantation) (b)  

4 weeks after implantation, the colors changed and turned 
white in the cylinders (Left image in Fig 1(b)), but not 
visible in Large and Medium scaffolds. Higher mass loss 
was measured with Medium scaffolds (7.11±2.3%, n=5), 
while the mass loss was similar between the Large 
scaffolds (3.68±0.1%, n=3) and the Cylinders 
(3.36±0.36%, n=3) (Fig 2 (a)). This may be explained by 
the larger surface area of the Medium scaffold that allows 
more water diffusion into the polymer with associated 
higher rates of hydrolysis. Overall compressive moduli 
decreased for all scaffolds and cylinders due to degradation 
(Fig 2 (b)). The Large scaffolds experienced a larger 
reduction in modulus than the Medium scaffolds. 
Mechanical tests showed that implanted cylinders broke 
into smaller pieces compared to non-implanted cylinders. 
In addition, crystallinity (shown as enthalpy changes) 
increased in all of scaffolds (Fig 2 (c)). These indicate the 
polymers lost their amorphous regions, increased their 
crystal regions, and became more brittle.   

Fig3: Mass Loss after 4week implantation (a), Compressive moduli (b) and Enthalpy (c) at 0 and 4 
weeks implantation. 

Conclusions: We studied the effect of the scaffold 
architectures on the scaffolds degradation in vivo. The 
results suggest that the degradation rates of the scaffolds 
are defined by their architectures. However, the trend of 
the mass loss and crystallinity changes are different than 
that of the mechanical data. Further implantation time 
points (8 and 12 weeks) will show more detailed 
degradation profiles depending on the scaffolds 
architectures.
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