
 Self-Rollable Type I Collagen Membrane for Reducing Adhesion in Tendon Surgery 
Feng Zhang*, Shushan Jacob*, James Jenssen, Peggy Hansen, Debbie Yuen, William Lineaweaver* and Shu-Tung Li 

Collagen Matrix, Inc., Franklin Lakes, New Jersey 07417 
*University of Mississippi Medical Center, Jackson, MS 39216 

Statement of Purpose: Adhesion formation associated 
with tendon surgery is a well recognized postoperative 
problem in which the healing tendon becomes adherent to 
surrounding tissue, restricting the gliding function and 
range of motion of the healed tendon.  In this report, using 
rabbit flexor tendon as a model, we present preliminary 
results of using a self-rollable type I collagen membrane 
as a wound healing guidance for the reduction of adhesion 
in post tendon surgery.  
Materials and Methods:  
Self-Rollable Type I Collagen Membrane (TenoMend™):  
TenoMend was prepared as follows. Purified type I 
collagen fibers (bovine source) were dispersed in 0.07 M 
lactic acid solution, coacervated by adjusting the pH of 
the solution to the isoelectric point of the collagen (pH 5) 
using 3% NH4OH, wound onto a mandrel, partially 
dehydrated, freeze dried, crosslinked in the form of 
layered rolled membrane, packaged and sterilized.   
In Vitro Characterization of TenoMend: Hydrothermal 
shrinkage temperature (Ts) was determined from a DSC 
(Mettler).  Method of permeability to carbonic anhydrase 
(CA) (MW=29,000) has been described previously (1).  
Suture retention strength was determined using a 
Chatillon mechanical tester.  Self-rolling time was 
determined by hydrating the membrane in water, 
manually unrolling the membrane, and recording the time 
from the unrolled membrane to self-rolling to its original 
configuration.     
In Vivo Study:  A total of 7 adult male NZ White rabbits 
weighing 4.0–4.5 kg were used.  Twenty (20) digits from 
forepaws underwent tendon repair surgery.   Following 
standard preparation, flexor surfaces of the second and 
fourth digits of the forepaws were incised over the basal 
and middle phalanges.  With sharp dissection, the flexor 
tendon sheaths of the digits were identified and opened by 
an anterolateral incision.  The flexor digitorum profundus 
tendons were identified between the first and second 
annular pulleys and divided transversely with a scalpel.  
The tendon was then repaired by 7-0 non-absorbable 
monofilament suture. 
 

Animals were divided into three groups.  Group 1 (n=7) 
the repaired tendon was wrapped around with a 1 cm 
TenoMend and the ends of the TenoMend were sutured to 
each other with 8-0 nylon.  Group 2 (n=6), no TenoMend 
was applied and used as controls.  Group 3 (n=7), the 
tendon was not divided or repaired, as the normal group.  
After tendon repair, the wound was closed with 3-0 Vicryl 
suture.  The paws were not immobilized or dressed.  The 
rabbits were returned to individual cages for recovery and 
allowed unrestricted motion of the digits. 
 

At 3 weeks post surgery, rabbits were sacrificed.  The 
forepaws were transected and dissected.  The tendon was 
isolated in the palm proximal to the area of the original 
tendon repair.  The forepaw was mounted on a range of 

motion apparatus for measurements.  Joint flexion was 
induced by weight (115 g).  After measurements the entire 
region of repair were harvested for gross examination of 
adhesions and ruptures, and then placed in 10% formalin 
and sectioned with H&E staining for histological analysis. 

Results:  
Characterization of TenoMend:  The Ts was 55±1oC 
which is correlated with a total in vivo resorption time to 
be about 6 months (2).  The membrane was permeable to 
CA, allowing nutrient to diffuse across the membrane.  
The suture retention strength, 0.303±0.09kg, is sufficient 
for suturing. The hydrated membrane was instantaneously 
re-rolled into the tubular layered configuration.  
Range of Motion (ROM) Assessment:   Results are 
summarized below (degree, mean ± SD). 
 

 Control TenoMend  Normal 
PIP joint 6.5 ±1.64 o 12  ± 2.52 o 11.2 ± 4.40 o 
MP joint 11.0  ± 1.94 o 18.2 ± 4.96 o 23.5 ± 11.1 o 

PIP: Proximal interphalangeal; MP: Metacarpophalangeal 
 

The ROM of TenoMend group and the normal group is 
significantly different from the control group (p<0.05).  
There is no statistical significant difference between the 
TenoMend group and the normal group (p>0.05).  
Histological Assessment:   The control group showed the 
adhesion of scar tissue of the repair tendon.  There was no 
adhesion between the TenoMend and tendon tissue. Some 
inflammatory infiltration was observed at the edge 
between the tendon and the TenoMend, but there was no 
inflammatory reaction observed in the TenoMend. 
Conclusions:  
The physical barrier used to protect the wound site and to 
prevent the scar tissue invasion is one of the effective 
modalities in post tendon surgery.  The characteristics of 
TenoMend are suitable for guiding post operative tendon 
healing.  The TenoMend group had favorable ROM 
compared with the control group and not statistically 
different from the normal group at week 3.  
 

Histologically, there is scar adhesion of tendon in the 
control group. TenoMend acts as an effective barrier to 
prevent the adhesion between granulation tissue and 
tendon.  There are no inflammatory cells at the edge of 
tendon in the TenoMend group.  In addition, there is no 
obvious evidence that the TenoMend would affect the 
healing process of tendon.  
 

Although good results have been shown from the use of 
TenoMend for reduction of post-operative adhesion, the 
long-term results are still unknown. Further investigation 
is needed to find out the long-term effect of TenoMend in 
post tendon surgery. 
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