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Introduction
Tendons are anatomical structure that connects muscle to bone to allow the force to be 

transmitted from the muscle to the bone, allowing movement of fingers [1]. Tendons are composed 
of approximately 70% molecules made up of peptide chains in a triple helix configuration 
(tropocollagen). Tendon fascicles consist of mature fibroblasts (tenocytes) and type I collagen 
fibers. Individual bundles of collagen are covered by the endotenon; externally, the septa of the 
endotenon join together to form fibrous a outer layer, the epitenon that covers the surface of the 
tendon. The flexor tendon fascicles in the hand are covered by a thin visceral and parietal adventitia, 
the paratenon, which is associated with a fluid environment similar to synovial fluid [2]. Flexor 
tendon injuries are quite frequent as the tendons lie close to the skin and so are usually the result of 
either lacerations from knives or glass, from crush injuries and they can rupture from where they 
are joined at the bone during contact sports such as football, rugby and wrestling [1]. Restoration 
of the normal hand function following flexor tendon injuries requires reestablishment not only of 
the continuity of the tendon fibers, but also of the gliding mechanism between the tendon and its 
surrounding structures. Like many other tissues, tendons heal by deposition of scar tissue at the 
site of injury. While the initial formation of scar tissue between the tendon ends provide physical 
continuity at the site of the disruption, proliferation of the scar tissue between the tendon and 
surrounding tissues is undesirable because these attachments impede tendon gliding and might be 
the cause of restricted tendon movement that is of great clinical importance [3-5]. 

Adhesions between tendon and the surrounding tissues continue to be an important problem 
after primary flexor tendon repair, especially in zone II, which extends from A1 pulley to the distal 
insertion of the Flexor Digitorum Superficialis Tendon (FDS) in the finger. Zone II is known as “no 
man`s land” by Bunnell based on the belief that primary repairs should not be done in this zone 
because of the frequency of complications including adhesion formation [4,6]. 

Attempts at reducing postoperative adhesion formation have included low-friction surgical 
repair techniques, early postoperative rehabilitation, physical barriers to adhesion formation, 
tendon surface lubrication and the use of pharmacological antiadhesive reagents. The adhesiogenic 
nature of tendon healing or repair, improvements in surgical technique alone with the postoperative 
rehabilitation will help, but not prevent adhesion formation [7]. 

The most frequently applied topical substances to decrease adhesion formation after flexor 
tendon surgery are Hyaluronic Acid (HA) and its derivatives, 5-Fluorouracil (5-FU), lubricin, 
alginate solution and topical application of growth factors.
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Abstract

Tendons are anatomical structure that connects muscle to bone to allow the force to be transmitted from 
the muscle to the bone, allowing movement of fingers. The main objective of this study is to present the recent 
data from animal experimental studies where pharmacological topical agents are used after tendon repair in 
prevention of adhesion formation. Some of the most commonly used topical agents are: Hyaluronic Acid (HA) 
and its derivatives, 5-Fluorouracil (5-FU), lubricin, alginate solution and topical application of growth factors. 
These studies have shown that the above mentioned substances reduce adhesion formation through different 
mechanisms. The successes of the tendon healing after tendon repair in experimental studies using topical 
agents, can be evaluated using a variety of methods such as: biomechanical evaluation, macroscopic and 
microscopic evaluation, cell isolation and analysis of growth factors. However, most authors agree that despite 
good tendon repair and topical application of these substances, creation of adhesion formation continues to be 
a great problem for hand surgeons.
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Effects of pharmacologic agents on adhesion formation after 
flexor tendon repair

Effects of topically administered hyaluronic acid after 
flexor tendon repair

In 1934, Karl Meyer and his colleague John Palmer isolated a 
previously unknown chemical substance from the vitreous body of 
cow’s eyes. They showed that this substance contained an uronic 
acid and an aminosugar. Therefore, they proposed the name 
“hyaluronic acid”. HA is a negatively charged high-molecular-weight 
polysaccharide, which forms strikingly viscous solutions. Chemically 
is one group of connective tissue polysaccharides containing 
hexosamine, collectively called glycosaminoglycans [10]. When not 
bound to other molecules, it binds to water giving it a stiff, viscous 
quality similar to “Jell-o” [8,9]. The main biological function of 
HA is still unknown but several roles have been assigned to it. HA 
possesses a number of protective physiochemical functions that may 
provide some additional chondroprotective effects in vivo and may 
explain its longer term effects on articular cartilage. In experimental 
osteoarthritis, HA has protective effects on cartilage and exogenous 
HA is known to be incorporated into cartilage [8,10-13]. HA has also 
been successfully used in ophthalmology, cardiovascular system and 
dermatology. HA is a major component of the extracellular matrix, 
and it plays an important role in the early wound healing process 
[8,14]. Exogenous HA enhances chondrocyte HA and proteoglycan 
synthesis reduces the reproduction and activity of proinflammatory 
mediators and matrix metalloproteinases and alters the behavior 
of immune cells. These functions are manifested in the scavenging 
of reactive oxygen-derived free radical, the inhibition of immune 
complex adherence to polymorphonuclear cells. The inhibition 
of leukocyte and macrophage migration and aggregation and the 
regulation of fibroblast proliferation [15]. HA is an endogenous 
stimulator of Interleukin-1 (IL-1) production and IL-1 affects 
fibroblast proliferation and collagenase production [16]. HA is 
highly hydrophilic, it is a polymer that is well suited to applications 
requiring minimal cellular adhesion. Postoperative adhesions, which 
form between adjacent tissue layers following surgery, impede 
wound healing and often require additional surgical procedures to be 
repaired successfully. Barriers made from cross-linked HA have been 
effectively used to prevent such adhesions [17,18]. HA is a constituent 
of synovial fluid and has been shown to be present in a tendon sheath 
fluid [18]. In previous experimental studies, it was shown that HA 
reduced peritendinous adhesions and promoted tendon healing 
[19-21]. Ozgenel et al. [22] describe in own study effectiveness of a 
single application of HA in the control of peritendinous adhesions 
after flexor tendon surgery in humans. Their clinical study shows 
that repetitive injections of HA around the tenorrhaphy site after 
flexor tendon surgery reduce the formation of restrictive adhesions. 
However, large series are needed in order to support the results of this 
clinical study.

Effects of topically administered 5-Fluorouracil after flexor 
tendon repair

Antimetabolite drugs work by inhibiting essential biosynthetic 
processes, or being incorporated into macromolecules, such as DNA 
and RNA. 5-fluorouracil (5-FU) does both. Fluoropyrimidines were 
developed in the 1950s following the observation that rat hepatomas 
used the pyrimidine uracil-one of the four bases found in RNA, more 

rapidly than normal tissues, indicating that uracil metabolism was a 
potential target for antimetabolite chemotherapy [23]. 

5-FU is widely used in the treatment of a range of cancers, including 
colorectal and breast cancers, and cancers of the aerodigestive tract. 
Although 5-FU in combination with other chemotherapeutic agents 
improves response rates and survival in breast and head and neck 
cancers [24]. 

5-FU has also found application in ophthalmic surgery in attempt 
to control scarring after glaucoma surgery [25]. Refinements in the 
clinical technique have emerged from experiments based on the 
principle that a 5- minute irrigation with the 5-FU caused a long-
term, titratable, and focal inhibition of scarring. Therefore, based 
on these results achieved by ophthalmic surgeons in prevention of 
scar after glaucoma filtration surgery, 5-FU has been proposed as 
a possible antiadhesive pharmacological agent after flexor tendon 
surgery [26-30].

Several studies have been performed to evaluate the efficacy of 
5-FU on adhesion after flexor tendon surgery.

Sheng, et al. [31] assessed the effect of 5-FU applied topically 
on tendon adhesion biomechanical observation showed significant 
reduction in tendon adhesion.

Effects of topically administered lubricin after flexor 
tendon repair

The most important function of articular cartilage is to provide 
a low-friction surface that allows the bones of diarthrodial joints 
to slide smoothly against each other. Such remarkable frictional 
properties of the tissue are achieved, at least in part, by lubricin, a 
mucinous glycoprotein synthesized and secreted into synovial fluid 
both by chondrocytes in the superficial zone of the articular cartilage 
and by synoviocytes, and which is encoded by the Proteoglycan 4 
(PRG4) gene [32]. During normal joint articulation, expression of 
lubricin plays a crucial role in both preventing cell attachment to 
the articular surface as well as maintaining lubrication properties 
at the cartilage-synovial fluid interfaces. Loss of lubricin influences 
the functional properties of synovial joints and could have a role 
in the pathogenesis of cartilage degeneration [33]. Furthermore; a 
recent study by Flannery, et al. [34] demonstrated that intra-articular 
lubricin injection following an Anterior Cruciate Ligament (ACL) 
injury was beneficial in retarding the degeneration of cartilage and 
the development of post-traumatic Osteoarthritis (OA).

Recent studies also showed that lubricin is visualized on the 
surface of fibrocartilaginous regions of the tendon, ACL, in the 
knee lateral collateral ligament, in the human Temporomandibular 
Joint (TMJ), disc and the bilaminar zone of the TMJ [35]. Therefore, 
besides its benefits in the treatment of rheumatoid arthritis and OA, 
lubricin has been shown to have an effect on reducing of tendon 
adhesion formation. Furthermore, a recent study by Zhao, et al. [36] 
demonstrated that treatment with the lubricin-containing gel after 
flexor tendon injuries on canine model is effective on decreasing 
postoperative flexor tendon adhesions.

Effects of topically administered alginate solution after 
flexor tendon repair

Alginate, a polysaccharide found in brown seaweed, has been used 
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extensively in the food, pharmaceutical and medical device industries. 
It is biocompatible and, in the form of crosslinked hydrogel, has a 
structure similar to that of Extracellular Matrix (ECM) [37]. Recently, 
alginate has been used in medicine as a wound dressing material and 
tissue engineering because of its easy gelation, good biocompatibility 
and low toxicity [38]. The best results have been obtained with alginate 
microcapsules in the field of allo- and xenogenic islet transplantation 
[39]. To create alginate with adequate handling properties in tendon 
surgery from Namba, et al. [40] was developed a technique involving 
very high concentrations of sodium alginate without using the 
crosslinking method. High molecular-weight alginate chains in this 
formulation adopt much coiled configurations in solution, such a 
configuration would allow permeation of molecules such as oxygen, 
glucose, insulin, and other nutrients of small molecular size that 
are necessary for cells and organs to survive. A possible mechanism 
by which alginate solution inhibits peritendinous adhesions is by 
providing a suitable environment for intrinsic tendon healing, both 
as a selective barrier and as a cell delivery medium. According to 
Namba, et al. [40] the instilled alginate solution works by interposing 
between the lacerated tendon and the injured sheath as a selective 
barrier, thereby avoiding early scar formation.

Effects of topically administered of growth factors after 
flexor tendon repair

Despite great advances in flexor tendon healing have been 
achieved through developing suture techniques and rehabilitation 
protocols, recent studies are focused more directly on bimolecular 
level of healing process [41,42]. Growth factors represent one of the 
largest of the molecular families involved in the healing process of 
tendon and a considerable number of studies have been undertaken 
in an effort to elucidate their many functions and behaviors during 
healing progression. Whilst a large amount of data on these molecules 
have been produced in recent years, much work still needs to be 
undertaken to fully understand their varied functions and multiple 
synergies [43]. 

The five of the best studied growth factors during tendon healing 
are: Insulin-Like Growth Factor-I (IGF-I), Transforming Growth 
Factor ß (TGF-ß), Vascular Endothelial Growth Factor (VEGF), 
Platelet-Derived Growth Factor (PDGF), and Basic Fibroblast 
Growth Factor (bFGF). 

 IGF-I, PDGF and bFGF have vital functions during the early and 
intermediate stages of healing during which they aid in the migration 
and proliferation of fibroblast and stimulate the extracellular matrix 
synthesis. TGF-ß and VEGF also have some role in these processes 
and in addition play crucial role in the remodeling phase, regulating 
angiogenesis within the wound site [42].

Besides its use in the evaluation on process healing of tendon this 
molecule is employed also for therapeutic purposes. 

The influence of growth factors on the ligament and tendons was 
demonstrated by a number of animal studies. Murray, et al. [44] has 
demonstrated improved healing in the primary intraoperative repair 
of porcine ACL, after biologic augmentation with growth factors. 

High levels of TGFß-1 have been implicated in tendon adhesion 
formation, which can significantly decrease the range of motion of a 
tendon. In an effort to counter this Chang, et al. [44] has conducted in 

vivo studies on TGFß-1 and -2 within the healing rabbit zone 2 flexor 
tendon. Their work used to neutralize TGFß-1 and -2 antibodies in 
an attempt to decrease TGFß-1 and -2 activities and the associated 
loss of range motion. Twenty-two animals underwent a transaction 
of the zone 2 middle digit flexor digitorum profundus followed by 
a treatment of either phosphate-buffered saline.TGFß-1 antibody, 
or a combination of TGFß-1 and -2 antibodies. They observed that 
the animals that received antibodies to TGFß-1 had around twice the 
range of motion that those that did not

Some success has already been achieved utilizing growth factors 
as therapeutics using a variety of delivery techniques, including direct 
injection, surgical implants, collagen or gel vehicles and therapy. In 
most of these studies, the application of a single molecule has shown 
some enhancement of healing: however, in general this temporary 
boost of a single healing signal soon becomes diluted out and has only 
limited effect on the final outcome [45].

Methods Used for Evaluating the Healing Process after 
Tendon Repair in Experimental Research

There are several methods used for evaluating the healing 
process of tendons after repair: biomechanical testing, macroscopic 
evaluation, microscopic evaluation, cell isolation, and growth factor 
analysis.

Biomechanical evaluation of healing process after tendon 
repair

Biomechanical properties of tendons during their repair and 
regeneration have been studied extensively and their properties 
compared with normal tendon. These tests have shown that current 
procedures used for repair produce a tissue with biomechanical 
properties that are inferior to those of normal tendon [46]. 

Because the primary function of tendons is to transmit tensile 
forces, experimental studies of the biomechanical properties of these 
tissues are generally performed in uniaxial tension. Testing isolated 
tendon tissue is inherently difficult for several reasons (i.e., slipping 
of the specimen from the clamp, stress concentrations, shortness of 
substance of tendons). 

Testing isolated tendon tissue is inherently difficult for several 
reasons (i.e., slipping of the specimen from the clamp, stress 
concentrations, shortness of substance of tendons). As a result, tensile 
tests have been performed with the tendon insertions to bone left 
anatomically intact (e.g., the entire bone-tendon-bone complex) [47]. 
From this test, the following parameters can be obtained representing 
the structural properties of the complex; include stiffness, ultimate 
load, ultimate elongation, and energy absorbed at failure [48]. 

From the same uniaxial tensile test, a stress-strain curve of the 
tendon substance can also be obtained. This is done by normalizing 
the tensile load by the cross-sectional area (i.e., stress) and by 
normalizing the change in elongation in a defined region of the 
tissue midsubstance by the initial length (i.e., strain). By engineering 
standards, this requires an aspect ratio (ratio to length width) of 
greater than 10 to 1 [46]. The parameters obtained from this test, 
represents the mechanical properties, or quality, of the tissue 
substance include the tangent module, ultimate tensile stress (or 
tensile strength), ultimate strain, and strain energy density of tendon 
substance [48].
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Macroscopic evaluation of healing process after tendon 
repair

For macroscopic evaluation of adhesion formation the most 
commonly used method was grading system according to Tang et 
al. [49] (Table 1). According to this grading system, quantitative and 
qualitative analysis of tendon adhesions can be done. Quantitative 
analysis includes the length of tendon adhesions in relation with 
tendon sheath and surrounding structures. Qualitative analysis 
includes evaluation of density of adhesions, movement capability of 
the repaired tendon.

Microscopic evaluation

The grading scale according to Tang, et al. [49] also was used 
most commonly to evaluate the extent and severity of the formation 
of adhesions in the peritendinous region (Table 2). In this grading 
system, the adhesions were evaluated both quantitavely and 
qualitatively. The healing status of the tendons according to this 
grading scale was evaluated by the continuity of the repaired tendons, 
the condition of healing of the epitenon peritendinous adhesions and 
the arrangement of the intratendinous collagen fibers (Table 3).

Cell isolation

Human tendon cells with this method can be isolated. Tendons 
are cuted and placed into a 2% collagenase solution. The resulting 
tenocyte cell suspension is filtered, collagenase was removed and the 
tenocytes were cultured in Dulbecco`s modified Eagle`s medium 
with fetal bovine serum and penicillin/streptomycin. The tenocyte 
genotype are confirmed by quantitative real time polymerase chain 
reaction for the tenocyte markers tenascin-C, decorin, and collagen 
types I and III.

Growth Factor analysis

Growth Factors (GF), beside its use for therapeutic purposes also 
are used for evaluation of different stages of tendon healing.

Platelet-Rich Plasma (PRP) contains several growth factors, 
including PDGF, TGFß, fibroblastic growth factor, VEGF, IGF-I, and 
epidermal growth factor (EGF) [50]. 

There are currently several methods of concentrating GF. PRP 
involves extracting the portion of plasma that contains a higher 
concentration of platelets after centrifugation of autologous whole 
blood [51]. 

PRP preparations have certain steps in common. The first 
step is the withdrawal of the patients peripheral blood, followed 
by centrifugation to yield 3 layers – the red layer (containing 
erythrocytes), white layer (leukocytes and inflammatory cytokines), 
and the yellow layer (containing plasma, platelets and growth factors). 

Currently, there are many commercial systems available for PRP 
preparation, for example: ACP-NS by Arthrex, GPS by Biomet and 
Magellan by Medtronic. These systems differ in terms of speed of 
centrifugation, number of centrifugations, the use of anticoagulant, 
the presence of leukocytes in the preparation, and the use of activators 
[52]. 

Conclusion
Surgical repair of the damaged tendon is often complicated by 

scar tissue formation around the damaged tendon. Numerous data 
from the literature suggest that in order to prevent scar formation, 

Table 1: Macroscopic grading system for adhesions according to Tang et al. 44

Points Features of Adhesions

Length (quantity)

0 No adhesions

1 <5 mm

2 5 to 10 mm

3 >10 mm

Density and tolerance for mobility (quality)

0 No adhesions

1 Loose, elastic, mobile

2 Moderate mobility

3 Rigid, dense, immobile

Grading of adhesions

0 Absent

1 1 to 2 Inferior

2 3 to 4 Medium

3 5 to 6 Severe

Table 2: Microscopic evaluation of adhesions according to Tang et al. 44

Points Features of adhesions

Quantity

0 No apparent adhesions

1 A number of scattered filaments

2 A large number of filaments

3 Countless filaments

Quality

0 No apparent adhesions

1 Regular, elongated, fine, filamentous

2 Irregular, mixed, shortened, filamentous

3 Dense, not filamentous

Grading of adhesions

0 None

2 Slight

3 to 4 Moderate

5 to 6 Severe

Table 3: Microscopic grading system for tendon healing according to Tang et 
al. 44

Excellent Continuity of the tendon was re-established, and the epitenon was 
smooth

Good Regular intratendinous collagen bundles, but the epitenon was 
destroyed by  adhesions

Fair Irregular intratendinous collagen bundles, and partly interrupted by 
adhesions

Poor Disconnection of the repair site by adhesion tissues
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topical pharmacological agents at the site of peripheral tendon repair 
can be applied. These pharmacological agents prevent scar formation 
at the site of tendon repair. The mechanisms of action by which 
these substances operate in prevention of adhesions are described 
in detail. There are several methods for evaluation of tendon repair 
following topical application of different pharmacological agents, 
such us biomechanical evaluation, macroscopic and microscopic 
evaluation, cell isolation, and analysis of growth factors. These 
methods are of great value in functional assessment of the damaged 
tendon. Although most of the studies have demonstrated that these 
topical pharmacological agents have a notable effect in the prevention 
of adhesion formation their application need to withstand the test 
of adequately powered human trials before their justification for 
potential benefit in clinical practice.
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