
Pharmacological Methods 
to decrease adhesions 

after tendon repair  



Adhesion 

Pathological process consisting of the 
union of the opposing surfaces of a 

wound 
 

Pathological process consisting of the 
union of new surfaces of a wound 



Why do adhesions form? 



•  Collagen formation is an active 
process. Tendons continuously produce 
and remodel collagen 

 
•  Rate increases after injury 
 
•  Adhesions form when there is massive 

influx of fibroblasts, collagen, and 
inflammatory cells (Lindsay and Birch 1964) 

Pathogenesis of Adhesions 



•  Paratendinous fibroblasts are more 
reactive to growth factors and 
inflammatory stimulators than 
endotendinous fibroblasts (Khan)  

 
•   Major cause of adhesions  

Pathogenesis of Adhesions 



•  Ischemia to segments of small bowel 
formed adhesions (Ellis 1962) 

Pathogenesis of Adhesions 



– Ischemia stimulates inflammatory 
response and  fibrovascular ingrowth 
from surrounding tissues 

 

– Restriction of blood supply is 
secondary to sutures and tension at 
the tendon repair site (Ketchum 1977) 

Pathogenesis of Adhesions 



•  Blood supply to the tendon 
– Proximally in the palm 
– Vinculae longus at PIPJ 
– Vinculae brevis of the FDP and bony 

insertion 
 

Lundborg. The vascularization of human flexor tendons within the 
digital synovial sheath region-structural and functional aspects, JHS, 
Nov, 1977. 

Pathogenesis of Adhesions 
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•  Tight sutures can constrict this fine 
network of blood supply and delay 
intrinsic repair 



•  Synovial fluid 

Other influencing factors 



•  Adhesions do not form in an 80% zone II 
tendon laceration when: 

 
– Unsutured, sheath intact, immobilized 
– Unsutured, sheath intact, mobilized 
– Sutured, Sheath removed, and mobilized 

(Mathews and Richards, 1976) 



•  Adhesions formed when: 
 

– Tendon was sutured 
– Sheath removed, and 
– Tendon immobilized 



•  Intact synovial sheath prevented adhesions 
 
•  Sutures and tension can cause tendon 

ischemia and paratendinous ingrowth of 
fibrovascular tissues (Ketchum 1977) 



Pharmacological 
interventions 



•  Ideal Drug 
– No systemic side effects 
– Single application 
– Target extrinsic healing and 

inflammatory response (Moran 2000)  



Pharmacological 
Prevention of Adhesions 

•  Several Drugs have been studied and affect 
the various stages of tendon healing 
– Hylauronic Acid 
–  5 Flourouracil 
– NSAIDs 
– Steroids 
– Adcon-T 
– Other 



Hyaluronan 



Hyaluronic acid 

•  High molecular weight polysacharide 
 
•  Extracellular matrix of soft connective 

tissues and synovial fluids 



•  Limits cell proliferation 
 
•  Cell-to-cell and cell-to-matrix inhibition occurs 

early in the stages of healing (between days 2-7 
when early cell proliferation takes place) (Wiig)  

Wiig M. Effects of Hyaluronan on Cell Proliferation and Collagen 
Synthesis: A Study of Rabbit Flexor Tendons In Vitro, JHS 
1996:21A. 



•  There is controversy as to whether HA 
limits tendon adhesion  



•  Molecular weight and concentration 
may be an important factor (Wiig) 



•  Rabbit flexor tendons  
 
•  Effect of concentration and molecular 

weight of HA on tendon cell proliferation 
and matrix formation investigated 

Materials and Methods 



– Radioactive H3-thymidine uptake measured 
cell proliferation 

 
– S3-sulfate (proteoglycan) , H3-hydroxyproline 

(collagen), and proline (non-collagen protein) 
uptake measured matrix synthesis 



•  HA inhibited cell proliferation 
significantly 

 
•  No effect on matrix components  

Conclusion 



•  Molecular weight (0.5-3.6 x 
106) had no significant 
difference 

 
•  Concentrations within 

0.1-2.0 mg/ml all inhibited 
cell proliferation 

Concentration 

Cell 
Proliferation 



•  HA causes cell inhibition rather than a 
barrier effect to prevent adhesions 



•  HA has a beneficial effect on the repair site 
and synovial sheath 

–  Amiel D. Hyaluronan in Flexor Tendon Repair, JHS, 1989. 



•  8 tendons in 4 dogs were cut over the 
MP and immobilized for 5 weeks 

 
– HA was used in 4 tendons compared to 4 

controls 

Materials and Methods 



•  Gross and microscopic differences 
noted in the adhesions and healing of 
the tendons 



•  HA may block the extrinsic healing 
mechanism by inhibiting neutrophil 
migration and phagocytosis 

 
•  High concentration and MW inhibits 

granulocyte migration and phagocytosis 
 
•  Low concentrations and MWs may 

stimulate 



•  The ideal concentration, MW, or 
mechanism of action of HA remains 
unkown 



Abrahamsson (1989) and Hagberg 
(1992) 

•  Tendon healing not effected 
– Tensile strength and rupture rates 

comparable to controls 



Pharmacological 
Prevention of Adhesions 

•  Several have been studied and affect the 
various stages of tendon healing 
– Hylauronic Acid 
– 5 Flourouracil 
– NSAIDs 
– Steroids 
– Adcon-T 
– Other 



5-Fluorouracil 

•  Mechanism of Action 
– Antimetabolite  
– Inhibits fibroblast proliferation by 

inhibiting DNA synthesis 
– Inhibits specifically fibro-osseous 

(paratendinous) fibroblasts up to 48 days 



5-FU Moran 



•  White leghorn chicken flexor tendons 

•  5, 25 and 50 mg/ml of 5-FU were 
applied to flexor tendons 

 
•  Compared to non-operated and 

operated controls 



Material and Methods 

•  16 chickens and 32 tendons were operated 
on 
– 16 treated with 5FU and 16 control 
– Different concentrations of 5FU applied 5 

minutes to the tendons 
– Cast immobilization for 3 weeks 
– Tested tendons with an Instron device 



•  Values tested included 
– Average work of flexion  

• Work required to overcome resistence in 
tendon 

– Average terminal force 
• Force required for full flexion 

– Average adhesion and inflammatory scores 



Average work of flexion 



Average terminal force 



Average adhesion scores 

(Examined under light microscopy) 

Tang et al 



Inflammatory Grading scale 



Average adhesion and 
inflammatory scores 

(no significant difference in inflammation) 



•  HA group had: 
 

– Fewer ruptures than control group 
– 3 compared to 1 in the 50 mg/ml group 



Conclusions  

•  25 mg/ml reduced work of flexion and 
prevented adhesion formation 

•  Inexpensive and simple means of preventing 
post-op adhesions 

•  Only 6% absorbed systemically 
•  Extrinsic mechanism targeted 
•  No intrinsic influence 



•  Akali (1999) also showed a significant 
reduction in synovial thickening, cell 
count, and adhesions with 5FU  



Material and Methods 

•  30 rabbit tendons  
•  50 mg/ml of 5-FU soaked for 5 minutes 
•  50% tendon lacerations 



Conclusion 
•  5-FU targets fibro-osseous fibroblasts 

and prevents adhesions in rabbit 
tendons 

 
•  No effect on intrinsic healing noted by 

no ruptures of the 60 tendons 



Pharmacological 
Prevention of Adhesions 

•  Several have been studied and affect the 
various stages of tendon healing 
– Hylauronic Acid 
–  5 Flourouracil 
– NSAIDs 
– Steroids 
– Adcon-T 
– Other 



Oral Ibuprofen 

•  Kulick (1986) studied 21 primates 
treated with oral ibuprofen showing a 
significant reduction in gliding force 
following zone II tendon repairs 



•  Four doses of Ibuprofen were tested 
– 25, 35, 45, 75 mg/kg/day 
 

•  Started 1 day preoperatively until 14 
days post-surgery 

 
•  Breaking force was measured 



•  No difference noted in the amount of 
ibuprofen and breaking strength 



•  Kulick then took 16 monkeys and 25 mg/kg/
day ibuprofen and evaluated the force 
required to withdraw a repaired vs non-
repaired tendon from the foot at 4 and 6 
weeks 



Conclusion 
•  Affects intrinsic and extrinsic 

mechanisms 
 
•  Reduces adhesions in tendon 
 
•  May be beneficial following palmar 

fasciectomy or in wounds prone to 
adhesions without tendon rupture 



Pharmacological 
Prevention of Adhesions 

•  Several have been studied and affect the 
various stages of tendon healing 
– Hylauronic Acid 
–  5 Flourouracil 
– NSAIDs 
– Steroids 
– Adcon-T 
– Other 



Steroids 

•  Triamcinolone (kenalog) decreases 
alpha 2 macroglobulin that inhibits 
collagenase during the early 
inflammation phase 



•  Ketchum (1971) used Triamcinolone in 208 
tendons in dogs to study the effect on:  
– Gliding 
– Adhesion formation 
– Tensile strength 



•  3 mg/kg of Triamcinolone IM or 1 mg/
kg injected around the tendon is the 
optimal dose 

 
•  Tendon adhesions were limited but 

tensile strength was decreased 

Conclusions 



Pharmacological 
Prevention of Adhesions 

•  Several have been studied and affect the 
various stages of tendon healing 
– Hylauronic Acid 
–  5 Flourouracil 
– NSAIDs 
– Steroids 
– Adcon-T 
– Other 





Adcon-T 

•  Porcine gelatin and polyglycan ester in 
phosphate buffered saline 

– Mechanism of action 
•  Absorbable injectable barrier to scar formation 



Material and methods 
•  Prolene sutures in Modified Kessler 
 
•  Epitendinous repair 
 
•  Injected Adcon-T proximal and distal and 

took digit through ROM 

•  Therapist was blinded 



Adcon-T 
•  Golash 2003 



Adcon-T 
•  Total Active ROM not significantly 

different (P = 0.763) 
 
•  Mean time to final Total Active ROM 

significantly better in Adcon-T group 
– 10 weeks compared to 14 weeks in control 
– P = 0.02 



•  Increased ruptures noted in Adcon-T group  
– 10/30 compared to 4/20 in control 
– P = not significant (number not noted) 



Conclusions 

•  Adcon-T limits adhesions in early stages of 
healing  
– In the inflammatory stage of tendon 

healing < 4 weeks 
– Intrinsic and extrinsic healing affected 

due to increased rupturing 



Pharmacological 
Prevention of Adhesions 

•  Several have been studied and affect the 
various stages of tendon healing 
– Hylauronic Acid 
– 5 Flourouracil 
– NSAIDs 
– Steroids 
– Adcon-T 
– Other 



Anti-TGF-β1 

•  TGF-B1 is implicated in excessive scar 
formation 

 
•  TGF-B1 implicated in both intrinsic and 

extrinsic mechanisms of repair 
 
Chang J et al. Studies in Flexor Tendon Wound Healing: Neutralizing Antibody to 

TGF-B1 Increases Postoperative Range of Motion, PRS, January 2000. 



Materials and Methods 

•  Chang (2000) used 22 rabbits’ tendons that 
received 
– Saline 
– Anti-TGF-β1, or 
– Anti-TGF-β1 and TGF-β2 

•  Cast immobilization 8 weeks 



Conclusion 
•  TGF-β1 antibody may help reduce tendon 

adhesions 
 
•  Further studies needed in to assess different 

isoforms of TGF-B 
 
•  Likely works in the early stage of 

inflammation (<1 wk) 



β-aminoproprionitrile 
(Peacock 1966) 

•  Interferes with cross linking of collagen 
 

• Disadvantage  
– Affects intrinsic and extrinsic system 
 

• Advantage 
– Decreased pull through strength of tendon 



….the key to a good tendon 
healing 

•  Good surgical technique 
– Strong core suture 
– Tendon sheath repair 

•  Early controlled motion and…. 

….mother nature will do the rest! 


