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Abstract: Peritendinous adhesions are serious complications after surgical repair of tendons and can lead to
poor functional outcome. In the present study, the tensile strength of repaired tendons was measured
biomechanically in two groups using a rabbit Achilles tendon model, and the effects of Adcon gel on peritendinous
adhesions and tendon healing were examined by means of histological and mechanical analyses. In the treatment
group, the Achilles tendon was transected, followed by a primary repair using a modified Kessler technique,
and Adcon gel was injected between the tendon and skin of the right leg. The same operation was done for the
control group, and 1 mL of normal saline solution was applied locally in a similar fashion. The experimental
protocols were approved by the local animal ethics committee. Microscopic evidence of the formation of
adhesions and of inflammation was less in the treatment group than in the control group. There was no significant
difference in the tensile load necessary to rupture the repaired tendons between the two groups. Adcon gel
reduced the peritendinous adhesions histologically without impairing tendon healing, as determined with
mechanical analyses. The use of Adcon gel may provide a simple means of preventing of postoperative
peritendinous adhesions, thereby offering a beneficial effect on tendon repair.

Key words: Adcon gel, Tendon injury, Peritendinous adhesion

Correspondence to: Dr. Raif Ozden, Department of Orthopaedics and
Traumatology, Mustafa Kemal University Faculty of Medicine, Antakya,
Hatay, Turkey; Tel: 905065366496; E-mail: raifozden@gmail.com

Introduction
Tendons and ligaments have poor regenerative capability. The

techniques for the repair of tendon injury include surgical
treatment, physical therapy, biomaterials of adjuvant therapy,
biological treatment and so on1). The most frequent complication
after tendon repair is the loss of motion as a result of restrictive
adhesions between the tendon and the surrounding tissues despite
improvements in surgical techniques and postoperative
rehabilitation programs2-4). It is well known that tendon healing
ideally should occur in the absence of peritendinous adhesions
and through the intrinsic process by the activity of tenocytes in
the tendon sheath with adequate supplies of cytokines and growth
factors from the outside5,6). Numerous materials and agents have
been used as a mechanical barrier to envelop sutured tendons in
attempts to minimize the adhesion formation after primary tendon
repair. Currently, the modalities used for preventing adhesions
without affecting the healing process include; human amniotic
fluid, hyaluronic acid, alginate solution, mannose-6-phosphate,
5-fluorouracil, injection of growth factors or platelet concentrate,

local application of extracorporeal shock wave therapy or
ultrasound therapy, local injection of bone-marrow-derived
mesenchymal stem cells, systemic administration of anti-
inflammatory drugs7-16). The use of a barrier during surgery to
protect raw tissue surfaces has been shown to be one of the most
effective methods of preventing tendon adhesions. The barrier
should not impede with tendon healing. Maintaining the tendon’s
mechanical properties and movement are essential. Adcon gel
provides a physical barrier and inhibits fibroblast migration thus
protects tendon from postoperative adhesions and is fully absorbed
within 4–6 weeks17). It has been shown to be effective and safe in
inhibiting adhesions in clinical and experimental studies18,19). It is
composed of gelatin and polyglycan ester in phosphate buffered
saline and it is applied before wound closure.

In this study, we explored the application of Adcon gel in the
rabbit Achilles tendon injury model for the prevention or
alleviation of peritendinous adhesion.

Materials and Methods
Animals

Experiment were accomplished on New Zealand white male
rabbits weighing 2-3 kg were selected. The rabbits were randomly
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assigned to control and treatment groups of fifteen animals each.
Right Achilles tendon of rabbits were used in each group. The
experimental protocols were approved by the local animal ethical
committee. The rabbits were housed in a room at 24 ± 1 °C.

Surgical Procedure
All surgical procedures were performed under aseptic

conditions. Animals were anesthetized intramuscularly with 5 mg/
kg xylazine hydrochloride (Rompun, Bayer, Turkey), 1 mg/kg
atropine sulfate (Atropan, Vetas, Turkey), and 50 mg/kg ketamine
hydrochloride (Alfamine, Egevet, Turkey). The hind leg were
shaved, scrubbed and disinfected with povidone-iodine solution.
Single longitudinal midline skin incisions were made on the
Achilles tendon and carefully dissected to uncover the synovial
sheath. To access the Achilles tendon, the sheath was incised
longitudinally. A standard division of the Achilles tendon was
accomplished. In the treatment group Adcon gel was applied
locally around the injured tendon between the tendon and skin. In
the control group, 1 mL of normal saline was administered to the
sheath and tendon The tendon was repaired with 4-0 polypropylene
using modified Kessler stitch and sheath incision were not repaired.
Skin closure was done with 5-0 nylon interrupted sutures. The
operated hind limbs were immobilized above the knee with a
plaster cast with the ankle in 30 degree flexion position. After 4
weeks the rabbits were sacrified with high doses of Ketamin
hydrochloride 200 mg/kg (Alfamine, Egevet, Turkey) given
intravenously. All tendons were removed through previous surgical
incisions. After the skin incision, the tissue plane around the
synovial sheath was dissected and the tendon/sheath complex was
divided distal to the ankle joint and proximally at the level of the
3 cm above the tendon insertion respectively. The tendons used
for biomechanical testing were wrapped in saline-soaked gauze
and biomechanical testing was done on the same day.

Biomechanical Tests
Five of the tendons were selected to test the ultimate load of

the injured tendon. Tendons were vertically held in the nonslipping
jaws of soft tissue clamps, which were mounted onto a material

testing machine (Zwick Roell AG, Ulm, Germany). All specimens
were consequently loaded to failure point at a static rate of 20
mm/min and force versus displacement data was recorded.
Biomechanical data were studied using the Mann-Whitney- U test.

Histologic Evaluation
Ten of the tendons for each group were used for

histopathologic evaluations. The tendon/sheath complexes went
through a standard method of fixation using 10 % neutral formalin
and decalcification solution for a period of 48 hours, which
permitted the excision of the specimens. The tendons were cut
longitudinally and embedded in paraffin after usual processing.
Serial sections were prepared and stained with hematoxylin and
eosin. The grading scale of Tang et al.20) was used to assess severity
of the formation of adhesions in the peritendinous area. In this
grading system the adhesions were evaluated both quantitatively
and qualitatively. The extents of the adhesions were classified into
4 grades: no adhesions, minimal adhesions, moderate adhesions,
and severe adhesions. An experienced histopathologist performed
histologic evaluation the review as a blind observer without having
any information about the tendons. The chi-square test was used
to evaluate the histologic results. A P value of less than 0.05 was
considered statistically significant for histologic and mechanical
results.

Results
Biomechanical Results

Ultimate load of the tendons was (45.23±1.23 N) for the
treatment group, and (44.17±1.34 N) for the control group. No
significant difference was found in ultimate load between two
groups (P>0.05). From these biomechanical results it was seen
that a single application of Adcon gel did not change the ultimate
load of the tendons, and therefore the tensile strength of the tendons
were not affected adversely (Fig. 1).

Histopathologic Results
Four weeks after operation, the Adcon gel was degraded.

Figure 1. Ultimate load (N) of tendons after four weeks. There is
no significant difference between the control and treatment group.

Figure 2 . Schematic presentation of the adhesion grades in the
control and treated tendons.
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Histopathologically, less inflammation, and no granuloma was
found between the tendon and the surrounding tissue in the Adcon
gel treated group. Adcon gel treated group displayed significantly
less adhesion compared with the control group (Fig 2). The tendon,
incision site, and the skin healed completely in both groups and
no infection was seen in either group. There was no adhesions in
1 (10 %), minimal adhesions in 7 (70 %) (Fig 3), moderate in 1
(10 %), and severe in 1 tendon (10 %) in group I (treated tendons);
while in group II (untreated tendons), it was absent in 1 tendon
(10 %), minimal in 1 tendon (10 %), moderate in 2 (20 %) (Fig
4), and severe in 6 (60 %) (Fig 5). There was significantly less

adhesions in the treatment group compared with control group (P
<0.05).

Discussion
In order to prevent peritendinous adhesions while allowing

tendon regeneration, we used Adcon gel to investigate if it could
prevent adhesions between the injured tendon and the surrounding
tissues and provide mechanical strength to the incised Achilles
tendon in rabbits.

Surgery is the main treatment for injured tendons.21)

Peritendinous adhesion, the most frequent complication following
tendon surgery, is still a challenging subject for orthopaedic
surgeons4). Tendon healing is a complicated process through
extrinsic and intrinsic mechanisms.22) Biomaterials function as the
sheath that block passage of the fibroblasts but allow the passage
of cytokines and growth factors23). However, some failures were
encountered in such usage because of induced serious
inflammatory reaction, or prevention of diffusion of nutrients into
the healing tendon that at last leads to tendon necrosis.24) Also
many synthetic materials for adhesion resistance have failed
because of excessive calcification, reject reaction, inadequate
biocompatibility and ingrowth of adhesions around the
materials.8,25-29) Ding et al. used a commercially available anti-
adhesion polylactide film to prevent adhesion of the cecum and
peritoneal wall in rabbits. They noticed that a number of animals
still suffered from tissue adhesion 30 days post-surgery.30)

Therefore, it is critical to alleviate inflammation during the process
of material degradation and tissue repair31,32). Thus, ideal
mechanical barriers should be biocompatible, easy to use, properly
flexible and absorbable such as hydrogel and autogenous vein
graft.33) Injectable hydrogels are good candidates of barrier

Figure 4. Moderate adhesions. Longitudinal section from the
control group, more irregular, mixed, shortened, filamentous
structures and increased cellularity (hematoxylin-eosin staining,
200-fold magnification,cross sections, scale bar: 30μm).

Figure 3. Minimal adhesions. A longitudinal section from the adcon
gel treated tendon, showing almost no adhesion and a less cellular
synovial sheath. The synovial space is well-preserved (hematoxylin-
eosin staining, 200-fold magnification,cross sections, scale bar:
30μm).

Figure 5. Severe adhesions. Longitudinal section from the control
group,showing increased cellularity of the sheath, obliteration of the
synovial space and dense ingrowth of adhesion from the synovial
sheath into the tendon substance. Severe vascular hyperemia (200-
fold magnification,cross sections, scale bar: 30μm).
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materials, because they exhibit better coverage on the surface of a
complex geometry and are appropriate to handle. Numerous
pharmacologic agents have been tested to reduce the restrictive
adhesion and improve the functional result after flexor tendon
injuries. The decrease in synovial reaction and adhesion formation
by using of antiproliferative and antimetabolite agents has been
proved in previous experimental studies. The effects of treating
the synovial sheath with 5-flurouracil for a period of 5 minutes
had been examined in a rabbit model of flexor tendon injury.
Restrictive adhesion and local inflammation can be modulated by
using this simple technique.11,12,34) In a rabbit flexor tendon injury
model, Bates et al.9) observed that a single intraoperative dose of
mannose-6-phosphate, a natural inhibitor of transforming growth
factor-beta, enhanced the postoperative range of motion. Adcon
gel provides a physical barrier to inter-tissue adhesions and inhibits
fibroblast migration on and around neural and tendinous structures
and prevents adhesion formation.19,35) In a study tendon rupture
rates were comparable between the control and Adcon gel treated
patients. At six months follow-up, the Adcon gel treated group
had better proximal interphalangeal motion.36) It has also been
used in treatment and prevention of adhesions at strabismus surgery
in rabbits.37) It is a cost effective treatment38). In an experimental
study using a murine model  intraabdominal administration of
Adcon gel reduced postoperative adhesions.39) It seems to be both
safe and effective in reducing extraneural scar formation after
peripheral nerve surgery.18) The results of the present study
demonstrate that Adcon gel does not affect the healing of flexor
tendons. The purpose of the ultimate load assessment was to
evaluate the effects of the applied Adcon gel on the biomechanical
properties of the healing tendons. Data suggested that the Adcon
gel we used had good biocompatibility and could attenuate tendon
adhesion after tendon injury.

In conclusion, methods of primary tendon repair keep
evolving, tendon adhesions compromising the surgical repair,
unfortunately, can not be totally prevented. This study suggests
that Adcon gel, may be used to inhibit the formation of
peritendinous adhesions.

References
1.     Maquirriain J. Achilles tendon rupture: avoiding tendon

lengthening during surgical repair and rehabilitation. Yale J
Biol Med 84: 289-300, 2011

2.       Lister G. Pitfalls and complications of flexor tendon surgery.
Hand Clin 1: 133-146, 1985

3.     Taras JS, Gray RM and Culp RW. Complications of flexor
tendon injuries. Hand Clin 10: 93-109, 1994

4.       Zobitz ME, Zhao C, Amadio PC and An KN. Comparison
of mechanical properties of various suture repair techniques
in a partially lacerated tendon. J Biomech Eng 122: 604-
607, 2000

5.       Gelberman RH, Manske PR, Akeson WH, Woo SL, Lundborg
G and Amiel D. Flexor tendon repair. J Orthop Res 4:
119-128, 1986

6.     Ingraham JM, Hauck RM and Ehrlich HP. Is the tendon
embryogenesis process resurrected during tendon healing?
Plast Reconstr Surg 112: 844-854, 2003

7.       Ozgenel Y, Samli B and Ozcan M. Effects of human amniotic
fluid on peritendinous adhesion formation and tendon
healing after flexor tendon surgery in rabbits. J Hand Surg
Am 26: 332-339, 2001

8.      Ozgenel GY. The effects of a combination of hyaluronic and
amniotic membrane on the formation of peritendinous
adhesions after flexor tendon surgery in chickens. J Bone
Joint Surg Br 86: 301-307, 2004

9.       Bates SJ, Morrow E, Zhang AY, Pham H, Longaker MT and
Chang J. Mannose-6-phosphate, an inhibitor of transforming
growth factor-beta, improves range of motion after flexor
tendon repair. J Bone Joint Surg Am 88: 2465-2472, 2006

10.   Namba J, Shimada K, Saito M, Murase T, Yamada H and
Yoshikawa H. Modulation of peritendinous adhesion
formation by alginate solution in a rabbit flexor tendon
model. J Biomed Mater Res B Appl Biomater 80: 273-279,
2007

11.     Akali A, Khan U, Khaw P and McGrouther AD. Decrease in
adhesion formation by a single application of 5 fluorouracil
after flexor tendon injury. Plast Reconstr Surg 103: 151-158,
1999

12.    Khan U, Sakar S, Akali A, Bentley G and McGrouther DA.
Modulation of the formation of adhesions during the healing
of injured tendons. J Bone Joint Surg Br 82: 1054-1058,
2000

13.   Bava ED and Barber FA. Platelet-rich plasma products in
sports medicine. Phys Sportsmed 39: 94-99, 2011

14.    Rasmussen S, Christensen M, Mathiesen I and Simonson O.
Shockwave therapy for chronic Achilles tendinopathy: a
double-blind, randomized clinical trial of efficacy. Acta
Orthop 79: 249-256, 2008

15.   Chong AK, Ang AD, Goh JC, Hui JH, Lim AY, Lee EH and
Lim BH. Bone marrow-derived mesenchymal stem cells
influence early tendon-healing in a rabbit achilles tendon
model. J Bone Joint Surg Am 89: 74-81, 2007

16.   Tan V, Nourbakhsh A, Capo J, Cottrell JA, Meyenhofer M
and O’Connor JP. Effects of nonsteroidal anti-inflammatory
drugs on flexor tendon adhesion. J Hand Surg Am 35:941-
947, 2010

17.   Frederickson RC. Adcon-L: A review of its development,
mechanism of action, and preclinical data. Eur Spine J 5:
7-9, 1996

18.   Petersen J, Russell L, Andrus K,  MacKinnon M, Silver J
and Kliot M. Reduction of extraneural scarring by Adcon-

202



Raif Ozden et al.: Effects of of Adcon Gel on Peritendinous Adhesion
T/N after surgical intervention. Neurosurgery 38: 976-83,
1996

19.    Palatinsky EA, Maier KH, Touhalisky DK, Mock JL, Hingson
MT and Coker GT. Adcon-T/N reduces in vivo perineural
adhesions in a rat sciatic nerve reoperation model. J Hand
Surg Br 22: 331-335, 1997

20.   Tang JB, Shi D and Zhag QG. Biochemical and histologic
evaluation of tendon sheath management. J Hand Surg Am
21: 900-908, 1996

21.   Zhao HM, Yu GR, Yang YF, Zhou JQ and Aubeeluck A.
Outcomes and complications of operative versus non-
operative treatment of acute Achilles tendon rupture: a meta-
analysis. Chin Med J 124: 4050-4055, 2011

22.    Gott M, Ast M, Lane LB, Schwartz JA, Catanzano A, Razzano
P and Grande DA. Tendon phenotype should dictate tissue
engineering modality in tendon repair: a review. Discov Med
12: 75-84, 2011

23.    Temiz A, Ozturk C, Bakunov A, Kara K and Kaleli T. A new
material for prevention of peritendinous fibrotic adhesions
after tendon repair: oxidised regenerated cellulose
(Interceed), an absorbable adhesion barrier. Int Orthop 32:
389-394, 2008

24.   Mentzel M, Hoss H, Keppler P, Ebinger T, Kinzl L and
Wachter NJ. The effectiveness of Adcon-T/N, a new anti-
adhesion barrier gel, in fresh divisions of the flexor tendons
in Zone II. J Hand Surg Br 25: 590-592, 2000

25.    Stark HH, Boyes JH, Johnson L and Ashworth CR. The use
of paratenon, polyethylene film, or silastic sheeting to prevent
restricting adhesions to tendons in the hand. J Bone Joint
Surg Am 59: 908-913, 1977

26.    Wheeldon T. The use of cellophane as a permanent tendon
sheath. J Bone Joint Surg Am 21: 393-396, 1939

27.   Potenza AD. Critical evaluation of flexor-tendon healing
and adhesion formation within artificial digital sheaths: an
experimental study. J Bone Joint Surg Am 45: 1217-1233,
1963

28.    Hunter JM, Salisbury RE. Flexor-tendon reconstruction in
severely damaged hands. A two-stage procedure using a
silicone–Dacron reinforced gliding prosthesis prior to tendon
grafting. J Bone Joint Surg Am 53: 829-858, 1971

29.    Peterson WW, Manske PR, Dunlap J, Horwitz DS and Kahn B.
Effect of various methods of restoring flexor sheath integrity

on the formation of adhesions after tendon injury. J Hand
Surg Am 15: 48-56. 1990

30.     Zhang Z, Ni J, Chen L, Yu L, Xu J and Ding J. Biodegradable
and thermoreversible Pcla–Peg–Pcla hydrogel as a barrier
for prevention of post-operative adhesion. Biomaterials 32:
4725-4736, 2011

31.    Hu C and Cui W Hierarical structure of electrospun composite
fibers for long-term controlled drug release carriers. Adv
Healthcare Mater 1: 809-814, 2012

32.   Yang DJ, Chen F, Xiong ZC, Xiong CD and Wang YZ.
Tissue anti-adhesion potential of biodegradable Pela
electrospun membranes Acta Biomaterialia 5: 52467-52474,
2009

33.     Ishiyama N, Moro T, Ohe T, Miura T, Ishihara K, Konno T,
Ohyama T, Kimura M, Kyomoto M, Saito T, Nakamura K
and Kawaguchi H. Reduction of Peritendinous adhesions
by hydrogel containing biocompatible phospholipid polymer
MPC for tendon repair. J Bone Joint Surg Am 93: 142-149,
2011

34.     Komurcu M, Akkus O, Basbozkurt M, Gur E and Akkas N.
Reduction of restrictive adhesions by local aprotinin
application and primary sheath repair in surgically
traumatized flexor tendons of the rabbit. J Hand Surg Am
22: 826–832, 1997

35.   Robertson JT, Maier K, Anderson RW, Mulé JL and
Palatinsky EA. Prevention of epidural fibrosis with Adcon-
L in presence  of a durotomy during lumbar disc surgery:
experiences with a pre-clinical model.Neurol Res 21 Suppl:
61-6, 1999

36.   Liew SH, Potokar T, Bantick GL, Morgan I, Ford C and
Murison MS. The use of Adcon-T/N after repair of zone II
flexor tendons. Chir Main 20: 384-387, 2001

37.    Choi MY, Auh SJ, Choi DG and Chang BL. Effect of Adcon-
L on adjustable strabismus surgery in rabbits. Br J
Ophthalmol 85: 80-84, 2001

38.     McKinley DS and Shaffer LM. Cost effectiveness evaluation
of Adcon-L adhesion control gel in lumbar surgery. Neurol
Res 21 Suppl: 67-71, 1999

39.   Oncel M, Remzi FH, Senagore AJ, Connor JT and Fazio
VW. Application of Adcon-P or Seprafilm in consecutive
laparotomies using a murine model. Am J Surg 187: 304-
308, 2004

203



J.Hard Tissue Biology Vol. 23(2):199-204, 2014

204


