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Statement of Purpose:  Results of a recent study in this 
laboratory on absorbable bone cements demonstrated the 
feasibility of integrating the attributes of absorbable 
cyanoacrylate tissue adhesives with osteoconductivity of 
absorbable, inorganic phosphates to produce absorbable, 
self-setting, composite adhesive bone cement/filler.1  
Meanwhile, there has been (1) growing interest in the 
development of high, load-bearing, absorbable, fibrous 
constructs such as sutures and meshes comprising the 
long-lasting multifilament yarn made of segmented 
lactide copolymers;2-5 (2) unmet need for conformable, 
easy-to-apply, absorbable systems for repairing maxillo-
facial and cranial bone defects where an absorbable, 
reinforcing mesh can be used as a scaffold into which an 
absorbable, bioactive, curable bone cement paste can be 
applied to form a high-strength, fracture resistant, fast-
setting, strong bone filler or substitute with contoured 
geometry; and (3) consistent interest at Poly-Med in the 
development of fiber-reinforced advanced composites.  
These factors prompted our pursuit of the study, subject 
of this communication, which deals with determining the 
feasibility of developing an absorbable, self-setting, 
composite bone filler that is reinforced with warp-knitted 
mesh made of high strength multifilament yarn of an l-
lactide copolymer which has been used successfully in the 
production of the Osteoprene® suture that is part of a 
suture anchor kit. 
 
Methods:  For reinforcing the absorbable composite 
cement, a knitted mesh was first constructed using 
multifilament yarn that has been prepared from a slow-
absorbing l-lactide/trimethylene carbonate copolymer as 
discussed in earlier reports.3,6  And the mesh construction 
was based on warp knitting a three bar marquisette pattern 
using an 18 gauge raschel knitting machine.  The warp 
mesh was annealed at 100°C for 1 hour on a tensioning 
frame.  The annealed mesh was primed with a 3% 
(wt./vol.) solution of purified polymethoxypropyl 
cyanoacrylate in 3-pentanone while on the frame.  The 
mesh was dried under reduced pressure to remove 
residual solvent then removed from the frame.  The 
composites were constructed in a Teflon compression 
mold.  The mold size was 3 in. x 3 in. and produced a 
2mm thick sheet.  Each absorbable bone cement (ABC) 
was prepared by mixing one part dibasic calcium 
phosphate and a second part methoxypropyl cyano-
acrylate in a polypropylene container.  The cements were 
mixed for 1 minute or until homogenous then added to the 
mold.   The mold was placed in a 37°C incubator for 
curing.   The fiber-reinforced absorbable composites (AC) 
were prepared following a protocol similar to that noted 
above for the preparation of the ABC, with the exception 
of placing the absorbable, warp-knitted mesh described 
above with the ABC matrix.  The mesh component was 
applied in multiple layers and two layering sequences.  

The number of layers was adjusted to produce two levels 
of reinforcement.  The sequences involved (1) the same 
pattern keeping in line with the one below (sequenced, 
AC13-L2 and -L4) and (2) each mesh at a 45° difference  
from the previous mesh (staggered, AC13-L3).  After 
constructing and curing the mesh reinforced composites, 
the resulting sheets were removed from the mold and cut 
into 1 cm x 5 cm pieces and tested to failure by three-
point bend on a MTS Synergie 200.  A total of four 
experimental samples were completed for each set. 
 
Results: The mechanical properties of fiber (or mesh)-
reinforced absorbable composite bone cements (ACs) and 
fiber-free control (ABC) are summarized in Table I.  In 
general, the peak stress decreased with the increase in the 
amount of fiber-loading while the composite toughness 
(measured in terms of the work to break using the area 
under the stress-strain curve) increased significantly.  
More specifically, it is to be noted that (1) using the 
staggered pattern led to an increase in modulus and 
toughness; and (2) increasing the fiber-loading increases, 
significantly, the modulus and toughness.  The excep-
tional effect of a fiber-loading of 13.2%, which is below 
traditional values, may be due to a unique fiber-matrix 
interface. 
 
Table I.  Mechanical Properties of Different ACs and an 

ABC Control 
 

Sample 
Name 

 
Weight Percent/  

Mesh Pattern 

Peak 
Stress  
(psi) 

 
Modulus 
(N/mm2) 

Work to 
Break* (N 
m / cm3) 

ABC-1 --- 320.0 ± 
22.0 

51.85 ± 
5.55 

42.4 ± 
11.3 

AC 13 
L4 

7.8 
sequence 

206.6 ± 
26.0 

42.0 ±  
4.4 

84.0 ± 
41.6 

AC13 
L3 

6.0 
staggered 

247.5 ± 
23.5 

56.0 ±  
2.8 

89.1 ± 
19.0 

AC13 
L2 

13.2 
sequenced 

289.7 ± 
9.7 

78.6 ±  
1.9 

156.6 ± 
1.5 

*Determined using the area under the stress-strain curve. 
 
Conclusions:  Available results demonstrate the 
feasibility of producing a self-setting, adhesive composite 
bone filler with promising properties for use in repairing 
maxillofacial bone defects. 
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