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Key Points: 
 The formation of granulation tissue in horses is excessively fast in comparison with other 

species. 
 An unrelenting inflammatory response and the persistent expression of specific growth 

factors such as TGF-β1 clearly contribute to the formation of exuberant granulation 
tissue. 

 Exuberant granulation tissue develops almost exclusively in wounds located on the lower 
limbs.  

 Both endogenous (e.g. wound hypoperfusion) and exogenous (e.g. bacterial load) factors 
most probably contribute to the formation of exuberant granulation tissue 

 
 Traumatic full thickness skin wounds occur commonly in horses. Many of these wounds, 
especially those located on the lower limbs, are not amenable to primary closure because of 
(1) massive tissue loss; (2) severe contamination; or (3) excessive skin tension and hence heal by 
second-intention.1 Granulation tissue (GT) progressively develops and fills the wound bed 
followed by epithelialization. Briefly, GT consists of a new vascular connective tissue stroma 
populated of three main cell populations: (1) leukocytes cleanse the wound from necrotic debris 
and bacteria and produce cytokines and growth factors, which stimulate fibroplasia and 
angiogenesis; (2) fibroblasts proliferate and synthesize new extracellular matrix (ECM), which 
provides structural support to angiogenesis and epithelialization; and (3) endothelial cells 
proliferate, migrate and sprout new blood microvessels, which carry oxygen and nutrients for the 
metabolism and growth of cells involved in the wound repair process. In summary, GT provides 
a physical barrier to infection, and, most importantly, a surface across or on the top of which cells 
like mesenchymal but also inflammatory cells can migrate. 
 
 Dysregulation of the second-intention wound healing process sometimes occurs, primarily on 
the lower limbs, with formation of exuberant granulation tissue (EGT) (Figures 1 & 2) and 
hypertrophic scarring, most commonly.  
 
 Wounds in which EGT develops usually demonstrate specific and characteristic features, of 
which: 
(1) an overproduction of ECM by fibroblasts forming remarkable amount of GT, as shown in 
Figures 1 and 2, which quickly “mushrooms” over the wound edges (Figure 3);  
(2) a delayed, slowed and often unefficient epithelialization coupled with considerable 
keratinocyte hyperplasia at the wound edge (Figure 3);  
(3) an exacerbation of angiogenesis with, paradoxically, a greater occlusion of blood 
microvessels populating the GT 2 as a result of endothelial cell hypertrophy, 3 and a reduced 
wound blood perfusion; 4  
(4) a delayed protracted and less effective inflammatory response with suboptimal leukocytes’ 
long term presence and persistence of fibrin deposits; 5,6  
(5) a defective wound contractile activity in close correlation with the chaotic unorganized 
arrangement of  myofibroblasts; 5 
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(6) the non-elimination in a timely fashion of cells contributing to granulation tissue formation by 
apoptosis. 2 
 
 EGT develops almost exclusively in wounds located on the lower limbs of domesticated 
horses, possibly in relation to both specific endogenous and exogenous factors. Ponies and wild 
horses, although closely related to domesticated horses, rarely develop EGT, regardless of the 
wound location. Anatomic differences such as (1) relative deficiency of soft tissue coverage and 
consequently a scant vascular bed and tissue perfusion; (2) numerous highly mobile joints with 
resulting increased stress and shear forces on wounds; or (3) the absence of a panniculus 
carnosus, at limb level, to name but a few, most probably play an important role in abnormal 
healing and EGT development. 1 Differences in blood flow 4 and tissue oxygenation 7 during the 
normal repair process of body and limbs wounds have been recently shown in horses. Oxygen 
plays a vital role in the life of cells whether they are inflammatory or skin cells. Leukocyte 
bactericidal efficiency, as well as fibroblast synthetic capacity, are highly dependant on the 
oxygen concentration. While hypoxia prevents leukocytes being effective in cleansing the wound 
bed from bacteria and favours wound chronic infection, it stimulates fibroblast proliferation, 8  
ECM synthesis 8 and deposition, as well as angiogenesis. This suggests that chronic suboptimal 
inflammation and upregulation of granulation tissue synthesis as seen in EGT development may 
be triggered by wound hypoxia. Differences in intrinsic properties of similar cells originating 
from different anatomical locations have been raised in an effort to explain the discrepancy in the 
wound healing process between various anatomical sites. 9,10 Such a discrepancy is more likely 
due to exogenous factors, rather than endogenous ones. If circulating leukocytes or dermal 
fibroblasts / myofibroblasts do not express the same properties in body and limb wounds, this 
appears most probably related to the local environment in which wound repair occurs rather than 
intrinsic properties of cells. 8, 11 
 
 A wide variety of exogenous/environmental factors may impact the wound healing process. 
Two of them may have a key influence in EGT development: (1) the proximity to the ground that 
favours wound contamination and infection, potential bacterial biofilms and subsequent chronic 
inflammation; and (2) the wound management practices that influence, probably more than we 
can even imagine today, the wound parameters such as humidity, temperature, pH, gaseous 
exchanges etc. Ground in general, and horse environment in particular, contain an astonishingly 
high bacterial number and diversity, which may promote wound (re) contamination and infection 
hence chronic inflammation. It is not uncommon to find foreign bodies in traumatic full thickness 
skin wounds in horses that act as irritants and nidus. It has been recently proposed that both 
chronic 12 and hypertrophic wounds 13 may be a result of bacteria inhabiting the wounds and 
forming an antimicrobial barrier known as bacterial biofilm. Briefly, bacterial biofilms can be 
defined as a group of aerobic and anaerobic microorganisms that live in a self-synthesised matrix, 
communicate with each other and manipulate the host response to infection. Some bacterial 
biofilms are advantageous as on hair follicles or in the digestive tract. In skin wounds, however, 
biofilms at present are considered unwanted with their presence considered to cause a delay or an 
abnormal repair process through the release of proteolytic, cytotoxic and proinflammatory 
mediators. Disturbances in the wound environmental parameters may favour the development of 
bacterial biofilms.  
 
 Wound management practices significantly differ according to the anatomic location of the 
wound in horses. The use of bandages on body wounds is often difficult, frustrating and 
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expensive, hence usually quickly abandoned. Conversely, maintaining a dressing on a distal limb 
wound is easy. Consequently, wounds on the lower limbs are often covered with dressings and 
topical drugs throughout the entire wound repair. The choice of treatment should depend on, 
among other factors including the specie, the phase of wound healing (hemostasis, inflammatory, 
proliferative, and remodelling). Therefore, the same wound dressing or topical agent should not 
be used throughout the entire repair process; it should be adapted according to the specie and the 
phase of repair, which is still rarely done. Research has proven that the use of semi-occlusive 
dressings, which is advocated in other species because it promotes a moist wound healing 
environment, favours the development of EGT in horses. 
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Figure 1: Wound, located on the latero-plantar aspect of the fetlock area, caused 3 months earlier 
by a wire laceration, left to heal by second intention. EGT, also clinically known as “proud 
flesh”, has developed. 
 
 

 
Figure 2: Wound, located on the dorsal surface of the tarso-metatarsal area, caused, 7 months 
earlier, by a barbed wire laceration, left to heal by second intention. EGT has developed.  
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Figure 3 
The histologic appearance of EGT is characterized by considerable epithelial hyperplasia and 
remarkable amount of granulation tissue, which “mushrooms” over the wound edge 
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