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Statement of Purpose: Research direction initiated in our 
laboratory in 2001 led to the development of tissue 
engineered materials incorporating fibers with noncircular 
cross-sections [1]. These unique fibers are channeled 
substrates that allow wicking of fluid along their length 
through capillary action; traditional applications for such 
fibers include athletic wear, filters, and numerous other 
absorbent products [2].  We first applied these fibers to 
tissue engineering to demonstrate increased cellular 
adhesion, directed cellular growth, and enhanced fluid 
transport. The purpose of this study was to investigate the 
behavior of channeled fiber bundles, with and without 
bundle coatings.  
Methods: Channeled Tecoflex® fibers were extruded 
from polymer pellets (Lubrizol Corp) using a melt indexer 
(Goettfert) at 170°C. Fiber bundles were prepared with 1, 
4, and 16 fibers.  Alginic acid (2wt/vol%, sodium salt 
from brown algae, Sigma) and hydroxyapatite (HA, 
10wt/vol%) (Federal Laboratories Corporation) were 
combined to prepare a coating solution. A volume of 
7.5mL of PureColTM collagen stock solution (Inamed 
Biomaterials), 0.85mL of Dulbecco’s Phosphate Buffered 
Saline (DPBS) (Invitrogen), 1.12mL of Fetal Bovine 
Serum (FBS) (Mediatech, Inc.), 1.8mL of Dulbecco’s 
Modified Eagle’s Medium (Invitrogen), and 0.1mL of 1N 
NaOH solution (J.T. Baker) were mixed to form a 
collagen coating solution [3]. A concentration of 
10wt/vol% of HA was added to a collagen solution to 
form a third coating solution. Fiber bundles were dipped 
in the three solutions; bundles submerged in the 
collagen/collagen-HA solution were placed in an 
incubator at 37°C and 5% CO2 for 12 hours to gel. 
Bundles submerged in the alginate-HA solution were 
dipped in a 0.5M CaCl2 (Fisher Scientific) solution to 
crosslink the coating [4]. All coated fiber bundles were 
air-dried in the hood for 12 hours, then placed vertically 
into a shallow pool of water with one end of each bundle 
contacting the water. Red or blue food coloring 
(McCormick) was used in order to easily monitor 
capillary action.  
Results: The time and rate for liquid to reach the top of 
each fiber bundle were varied for the different samples 
(Table 1). All fiber bundles eventually showed complete 
wicking (i.e. liquid reaching the top of the bundle, across 
the entire bundle cross section). As shown in Figure 1, the 
wicking process depends on the fiber arrangements as 
well as the structure of micro-channels formed from the 
bundling process. The red color from the dye made it 
possible to track the flow path. Although single and 4 
fiber bundles showed consistent, even flow distribution 
across the bundle cross sections (Figure 1), irregular flow 
distributions were evident in 16 fiber bundles. The 
wicking process was almost instantaneous for some single 
channeled fibers. Compared to the alginate-HA coated  
 

 
fiber bundle, the collagen/collagen-HA coated bundles 
showed fast, even, and complete wicking within an hour, 
likely due to the hydrophilic nature of collagen. Collagen 
coatings caused significant increases in wicking rates, 
while the alginate-HA coating had no significant effect on 
wicking rates.   
 
Table 1. Fiber bundle wicking test results:  time required 
for liquid to reach the single and 4 and 16 fiber bundle 
tops with complete distribution across the cross section 

1.5 17.5 0.9 0.4 0.75 0.5Avg. Time of w icking (hr)

Bundle

Avg. length (cm) 3.2 3.2 3.3 3.5 3.3 3.4

Coat ing Alginate-HA Collagen Collagen-HA

Fiber/ Bundle Single Bundle Single Bundle Single

 
 

Figure 1. Cross 
section of 4 fiber 
bundle coated 
with alginate-
HA after 32 hour 
wicking test; red 
color indicates 
even distribution 
of liquid across 
the bundle 

 
Conclusions: The results suggest that wicking times 
(rates) are varied and dependant on the micro-channel 
structure and therefore the bundle organization. Cross 
sectional images of alginate-HA coated fibers and fiber 
bundles showed enclosed micro channels, amenable for 
fluid flow.  Irregular flow distribution in 16 fiber bundles 
caused variable wicking rates, which is of concern for 
applications requiring a precise flow rate.  Alginate-HA 
coating yielded rigid and stable bundle structures, but 
showed slow wicking, similar to that of the uncoated fiber 
bundles. Collagen and collagen-HA coated single fibers 
and fiber bundles showed rapid, almost instantaneous 
wicking, suggesting a coating-induced change in surface 
characteristics of individual fibers in the bundle. 
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