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WOUNDS AND HEALING >

CONTRACTION VS. CONTRACTURE

Wound contraction is part of the normal physiologic healing response of a tissue,
varying in intensity, and functioning to reduce the size of the defect and the amount
of repair. Contraction involves myofibroblasts (from fibroblasts under the influence of
TGB-3) which function to pull collagen into the damaged tissue. Proteins within the
myofibroblast interact with the newly formed collagen to make the extracellular
matrix and ultimately the base for wound contraction. (1,2)

Leukotrienes are one of several molecules involved in the inflammatory phase of
wound healing and contraction. These pro-inflammatory substances are associated
with granulocytes and the chemotaxis of inflammatory cells. (3,4,5)

Too often, wound contraction accelerates into a pathophysiologic response.
Accelerated contraction (involving leukotrienes, collagen, myofibroblasts,
granulocytes) and scar formation can lead to hypertrophy, disorganized collagen
formation and deposition, adhesions, and wound contracture. (1,2,3)

FOREIGN BODY RESPONSE

The human body naturally elicits a response to foreign objects. Upon implantation of
a foreign body, an inflammatory cascade begins. This process involves cells
(granulocytes, lymphocytes, monocytes, macrophages) and inflammatory molecules
(TGF-[B. PDGF, interleukins, leukotrienes). Once macrophages are recruited, the process
is again accelerated via TNF-a and interleukins. (6,7,8)

Wound contracture occurs spontaneously and cannot be predicted with current
methods. The inflammatory response to implanted foreign bodies also cannot be
predicted. The foreign body response while typically classified as allergic or non-
allergic, can lead to capsule formation around the foreign body. This capsule can then
further undergo contracture, noted as capsular contracture, similar to accelerated,
inflammatory wound contracture. (3,8,9)

BREAST IMPLANTS >

CAPSULAR CONTRACTURE

Capsular contracture is a commmon problem after silicone implant surgery (i.e., breast,
testicle, calf). This inflammatory reaction of fibrotic tissue can cause hardening,
distortion, compression, and deformation of tissue leading to compromised
aesthetics, pain, deformity, and subsequent surgery. (4,13)

Fibrous capsule formation is an inflammatory host reaction following the implantation
of biomaterials. Capsule formation involves many processes including but not limited
to the foreign body reaction, inflammation cascades, coagulation cascades,
granulation tissue formation, complement cascade, and protein adsorption and
deposition. TGF-B in particular is a potent fibrotic, angiogenic, and inflammatory
mediator involved. Cell layers form (monocytes, macrophages, foreign body giant
cells), separating the granulation tissue from the implant or biomaterial. Again,
capsule formation involves several cell lineages and inflammatory molecules (TGF-3,
TNF-a, leukotrienes, PDGF). (6, 9,10,14)

The fibrous capsule can interfere with the implant or biomaterial function and
ultimately its medical or prosthesis indication. The degree of fibrosis, if severe, may
impede or inhibit function and aesthetics. The capsule does not grow indefinitely but
eventually reaches a steady state, remaining a living tissue. The time needed to reach
this state varies greatly but ultimately can interfere with medical device functioning
(i.e., electrical signal transduction in heuroprosthetics and pacemakers, aesthetics of
silicone implants). It is important to note the capsule is also capable of regrowth if
damaged and/or removed. (6,10)
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 EUKOTRIENE RECEPTOR ANTAGONISTS (LTRA)

Leukotrienes are synthesized by many inflammmatory cellsLeukotrienes are potent
mediators of inflammation leading to increased vascular permeability,
inflammatory cell chemotaxis (eosinophils in particular), mucous hypersecretion,
and neuronal stimulation. Leukotrienes are involved in myofibroblast
differentiation and also specifically regulate TGF-3 and collagen production.
Eosinophils are further associated with angiogenesis, coagulation, and TGF-[B. It is
reasonable to imply leukotrienes play a role in wound contracture, capsule
formation, and therefore capsular contracture. (3,4,5,6,9,10,11,12,14,15,17)

LTRA (montelukast, zafirlukast) are FDA approved for the treatment and
management of allergic rhinitis and asthma. Interestingly, LTRA were noted in 1996
to improve pigmented, hypertrophied cutaneous scarring. In 2002 zafirlukast was
also noted to improve capsular contracture of silicone breast implants, softening
the fibrous capsule and avoiding the need for surgical correction. Because wound
contracture occurs spontaneously, LTRA may not play a preventive role. However,
in capsular contracture in the setting of a foreign body, there may be a significant
and progressive inhibitory effect. (4)

Montelukast in particular was shown to inhibit collagen maturation in accelerated
excisional wound contraction. Zafirlukast was shown to reduce the occurrence of
factors directly and indirectly connected with capsular contracture including
decreased angiogenesis and vessel formation, thinner capsules, lower capsule
collagen density, decreased leukotriene-producing mastocytes, and decreased
eosinophil counts. It has been described that increased vascularization occurs
surrounding implants, contributing to capsule formation. LTRA decreases
vascularization, zafirlukast in particular inhibits the eosinophilic influx and
contractile activity thereby inhibiting the formation of a severe capsule and
preventing capsular contracture. (3,4,13,14,15,16)

CONSIDERATIONS >

TOTAL KNEE ARTHROPLASTY
POSTOPERATIVE ARTHROFIBROSIS

Arthrofibrosis, or joint stiffness, is a complication following TKA reported in
up to 19.8% of TKA surgeries. This complication presents clinically as
restricted knee range of motion, knee stiffness, edema, warmth, and
tenderness. It may lead to significant functional deficits and an inability to
perform activities of daily living. In severe cases, patients are permanently
left with limited mobility and decreased quality of life. (19,22)

Contributing postoperative factors include patient compliance and pain,
but arthrofibrosis is thought to be due to an exaggerated local
inflammatory response leading to hypertrophic, noncompliant fibrosis and
scar formation. Mechanisms of pathogenesis of postoperative fibrosis
include inflammatory and immune cell activation and recruitment, as well
as cytokine and inflammatory mediator cascades including TGF-[3, IL6, and
leukotrienes, and finally the differentiation of myofibroblasts and collagen
production. (22,23,24)

Patients with a history of hypertrophic scars and keloid formation are at an
increased risk of arthrofibrosis, evidence supporting excessive fibrosis,
scarring, and collagen deposition as a major etiology of arthrofibrosis.
These etiologies have also been associated with TGF-[3. (19,20,21,22)

DUE TO SIMILARITIES IN THE ETIOLOGIES AND PATHOPHYSIOLOGIES OF ARTHROFIBROSIS AND CAPSULAR CONTRACTURE,
THE AUTHORS PROPOSE LTRA BE FURTHER EVALUATED IN TKA ARTHROFIBROSIS. EVIDENCE SUPPORTING LTRA USE IN
CAPSULAR CONTRACTURE HINTS AT THE POSSIBILITY FOR USE IN TREATMENT OF, AND PREVENTING PROGRESSION OF

JOINT STIFFNESS AND TKA POSTOPERATIVE ARTHROFIBROSIS.

| TRA SHOULD ALSO BE COMPARED WITH OTHER IMMUNOSUPPRESSANT AND ANTIINFLAMMATORY DRUGS (MTOR
INHIBITORS, GLUCOCORTICOIDS, NSAIDS, TAXANES) IN BOTH CAPSULAR CONTRACTURE AND ARTHROFIBROSIS WHILE
MEASURING INFLAMMATORY CELL INHIBITION, COLLAGEN DEPOSITION, CAPSULE FORMATION, RANGE OF MOTION, AND

JOINT STIFFNESS.

CONCLUSION >

LTRA are inexpensive (montelukast $0.25/day; zafirlukast $1/day), oral medications with low adverse reaction risk that have been shown to be effective in preventing and
treating breast implant capsular contracture in several studies and in a meta-analysis of 1710 patients. (18)

The authors postulate the involvement of leukotrienes, granulocytes (i.e., eosinophils), protein and coagulation cascades, macrophages, and collagen in capsule formation
and capsule contracture is what underlies the mechanism by which LTRA help prevent, treat, and resolve capsular contracture of silicone implants. Stemming from a
common pathophysiology, LTRA may also be beneficial in reducing fibrosis, scarring, and joint stiffness in TKA patients experiencing decreased range of motion, pain, and
limited mobility. LTRA use in this setting is off-label and the risks, benefits, and alternatives should always be discussed between physician and patient.

1. Lesperance M. Postsurgical Soft Tissue Healing. Postsurgical Orthopedic Sports Rehabilitation. Published online 2001:3-18. doi:10.1016/b978-032302702-1.50004-1; 2. Sharpe IR, Martin Y. Strategies Demonstrating Efficacy in Reducing Wound Contractionin Vivo. Advances in Wound Care. 2013;2(4):167-175. doi:10.1089/wound.2012.0378; 3. Tolazzi ARD, Tolazzi KD, Garcia M, et al. Influence of Leukotriene Inhibitor Montelukast on Wound Contraction and Cutaneous Healing Process in Rats. Aesthetic Plastic
Surgery. 2008;33(1):84-89. doi:10.1007/s00266-008-9241-8; 4. Schlesinger S. Zafirlukast (Accolate): A new treatment for capsular contracture. Aesthetic Surgery Journal. 2002;22(4):329-336. doi:10.1067/maj.2002.126753; 5. O'Donnell SR. Experimental and Clinical Pharmacology: Leukotrienes - biosynthesis and mechanisms of action. Australian Prescriber. 1999;22(3):55-57. doi:10.18773/austprescr.1999.053; 6. Anderson IJM, Rodriguez A, Chang DT. Foreign body reaction to biomaterials. Seminars in Immunology.
2008;20(2):86-100. doi:10.1016/j.smim.2007.11.004; 7. Luttikhuizen DT, Harmsen MC, Luyn MJAV. Cellular and Molecular Dynamics in the Foreign Body Reaction. Tissue Engineering. 2006;12(7):1955-1970. doi:10.1089/ten.2006.12.1955; 8. Harlim A, Kanoko M, Aisah S. Classification of Foreign Body Reactions due to Industrial Silicone Injection. Dermatologic Surgery. 2018;44(9):1174-1182. doi:10.1097/dss.0000000000001531; 9. Lim HJ, Lee ES, Park HY, Park K, Choung YH. Foreign body reaction after cochlear
implantation. International Journal of Pediatric Otorhinolaryngology. 2011;75(11):1455-1458. doi:10.1016/].ijporl.2011.08.004; 10. Carnicer-Lombarte A, Chen ST, Malliaras GG, Barone DC. Foreignh Body Reaction to Implanted Biomaterials and Its Impact in Nerve Neuroprosthetics. Frontiers in Bioengineering and Biotechnology. 2021;9. doi:10.3389/fbioe.2021.622524; 11. Lipworth BJ. Leukotriene-receptor antagonists. The Lancet. 1999;353(9146):57-62. doi:10.1016/s0140-6736(98)09019-9; 12. Todd R, Donoff BR, Chiang T,
Chou MY, Elovic A, Gallagher GT, Wong DT. The eosinophil as a cellular source of transforming growth factor alpha in healing cutaneous wounds. Am J Pathol. 1991 Jun;138(6):1307-13; 13. Bastos EM, Neto MS, Alves MTS, et al. Histologic Analysis of Zafirlukast's Effect on Capsule Formation Around Silicone Implants. Aesthetic Plastic Surgery. 2007;31(5):559-565. doi:10.1007/s00266-006-0257-7; 14. Mazzocchi M, Dessy LA, Alfano C, Scuderi N. Effects and Zafirlukast on Capsular Contracture: Long-Term Results.
International Journal of Immunopathology and Pharmacology. 2012;25(4):935-944. doi:10.1177/039463201202500411; 15. Eap R, Jacques E, Semlali A, Plante S, Chakir J. Cysteinyl leukotrienes regulate TGF-B1 and collagen production by bronchial fibroblasts obtained from asthmatic subjects. Prostaglandins, Leukotrienes and Essential Fatty Acids. 2012:86(3):127-133. doi:10.1016/j.plefa.2011.11.001; 16. Bucky LP, Ehrlich HP, Sohoni S, May JW. The Capsule Quality of Saline-Filled Smooth Silicone, Textured Silicone, and
Polyurethane Implants in Rabbits. Plastic and Reconstructive Surgery. 1994;93(6):1123-1131. doi:10.1097/00006534-199405000-00002; 17. Choi J, Chaudhary Ehtsham Azmat. Leukotriene Receptor Antagonists. Nih.gov. Published November 11, 2021. Accessed June 5, 2022. https://www.ncbi.nlm.nih.gov/books/NBK554445: 18. Wang Y, Tian J, Liu J. Suppressive Effect of Leukotriene Antagonists on Capsular Contracture in Patients Who Underwent Breast Surgery with Prosthesis. Plastic and Reconstructive Surgery.
2020:;145(4):901-911. doi:10.1097/prs.0000000000006629; 19. Archunan M, Swamy G, Ramasamy A. Stiffness After Total Knee Arthroplasty: Prevalence and Treatment Outcome. Cureus. Published online September 25, 2021. doi:10.7759/cureus.18271; 20. Haffar A, Goh GS, Fillingham YA, Torchia MT, Lonner JH. Treatment of arthrofibrosis and stiffness after total knee arthroplasty: an updated review of the literature. International Orthopaedics. 2022:46(6):1253-1279. doi:10.1007/s00264-022-05344-x; 21. Flick TR,
Wang CX, Patel AH, Hodo TW, Sherman WF, Sanchez FL. Arthrofibrosis after total knee arthroplasty: patients with keloids at risk. Journal of Orthopaedics and Traumatology. 2021;22(1). doi:10.1186/s10195-020-00563-7; 22. Premkumar A, Anatone A, lllescas A, et al. Perioperative Use of Antifibrotic Medications Associated With Lower Rate of Manipulation After Primary TKA: An Analysis of 101,366 Patients. The Journal of Arthroplasty. 2022;0(0). doi:10.1016/j.arth.2022.03.026; 23. Kendall RT, Feghali-Bostwick CA.
Fibroblasts in fibrosis: novel roles and mediators. Frontiers in Pharmacology. 2014;5(123). doi:10.3389/fphar.2014.00123; 24. Border WA, Noble NA. Transforming growth factor beta in tissue fibrosis. The New England journal of medicine. 1994;331(19):1286-1292. doi:10.1056/NEIM199411103311907



https://www.ncbi.nlm.nih.gov/books/NBK554445/

