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Abstract 

Photodynamic therapy (PDT) is novel increasing therapeutic method, which uses the association between a 

photosensitizing agent (PS) and a specific wavelength from a light source. This association promotes a 

reaction that induces the selective death of microorganisms through the formation of reactive oxygen 

species, preventing microbial resistance and damage to the environment, with no harmful effects to normal 

cells. This study aimed to evaluate the effect of PDT as an alternative to conventional treatment of digital 

diseases of cattle, usually performed with topical antimicrobial on the lesion. Two bovines with hoof lesions 

diagnosed as toe ulcer were treated at the Clinic of Bovines and Small Ruminants, University of Sao Paulo, 

Brazil. The proposed treatment was performed applying methylene blue (300 mM) as a PS, followed by 

irradiation with laser diode with 660nm wavelength and energy of 8J/point, as a light source, twice a week 

until the complete resolution of the lesion. The proposed therapy proved being effective for wound healing, 

with an average period of 30 days for complete recovery. To our knowledge, this is the first description of a 

successful PDT treatment in cattle hoof diseases. 

 

Keywords: Photoinactivation, lameness, cattle, laser, foot diseases. 

 

1-Introduction 

Nowadays, Brazil has the largest commercial cattle herd in the world. Despite the expressive 

numbers and out of the quantitative scenario, we have to point out that the average milk yield is 

3.8L/day/cow, and, in the State of Sao Paulo, the average decreases to 3.0L/day/cow(IBGE, 2011). 

Therefore the productivity is below the desirable indices by any efficient farm. 

Some authors indicates that, in addition of the reproduction and the mammary gland diseases, the 

locomotorapparatus diseases are one of the most common conditions that limits the milk production and 

productivity in dairy herds (Greenough, 2007), promoting economic losses by reduced milk yield, loss of 

body condition score, reduced fertility with extended calving intervals, increased risk of being culled, loss of 

milk by drug residues, treatment of sick animals and death (Bicalhoet al., 2007; Greenough, 2007). 

Lameness is the most common clinical manifestation of locomotor disorders in cattle. Found mainly 

in the hind limb, with related incidences of 87,66% (Silva et al., 2001) and 80% (Weaver and Jean; Steiner, 

2005),90% of the locomotor diseases are seen in the distal region, i.e., digits and hooves, featuring the hoof 

disorders (Murray et al., 1996). 

The toe ulcer is a failure of the suspensoryapparatusby enzymes activation, such as 

metalloproteinases (MMPs) from extracellular matrix, leading to collagen degradation and resulting in 

sinking of the third phalanx and compression of the dermis causing the toe injury(2007).This condition is 

most common in cattle kept in free stall, however, is also seen in cattle kept on concrete floor due to its 

abrasive surface and mainly in herds with unapparent laminitis(Shearer and Van Amstel, 2009; Greenough, 

2007). 

Currently is possible to certify a large number of studies performed to improve the knowledge about 

the understanding and development of efficient treatment and procedures for wound healing, such as, tissue 

reparation process. Among these, it is possible to highlight the biophotonic researches, which involves low 

level laser therapy (LLLT) (Felice et al., 2009).  

The LLLT can modulates several biological process by increasing the mitochondrial breathing and 

ATP synthesis, helping the healing and promoting angiogenesis in ischemic lesions (Mirsky et al., 

2004).Among the LLLT possibilities, stands out the treatment of neoplasias and lesions contaminated or 

infected by microorganisms, known as Photodynamic Therapy (PDT). 

PDT consists of a chemical reaction activated by light energy of known wavelength from a light 

source when it interacts with a non-toxic substance called photosensitizer (PS) and cellular oxygen. The PS 
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irradiated by a light source will absorb the photons and, by consequence, will determine the electron transfer 

to a high energetic electronic level at electro sphere. Afterwards, the PS returns to the ground state by energy 

transfer from the electrons to the extracelular molecules. The energy transfer will promote the return of the 

electrons to their inicial electronic level and, through chemical reactions with the presence of oxygen, will 

originate free radicals, such as peroxyds ions, superoxyds and hydroxyls radicals, generating a reactive 

oxygen species (ROS) cascade. The release of the ROS will promotes alterations in cellular components, 

creating a cytotoxic effectin the target cells (Aristeo et al., 2009), with no genotoxic and mutagenic effects 

and prevents antimicrobial resistance development(Lucroy et al., 2000).Factors that will lead to a host 

selective cell death or microbiological inactivation are directly related with the PS employed and the 

chemical and luminal dosimetries (Hamblin and Hasan, 2004). 

The first reports of the application of PDT in domestic animals were described at the beginning of 

the 80´s and its viability in veterinary medicine is still under investigation. Therefore, there is a great 

potential to the clinical application in different illnesses (Lucroy et al., 2000).  

Due to recent advances of phototherapy in the of contaminated injuries, we aimed to evaluate the 

application of the PDT as an alternative treatment of a contaminated lesion, with slow recovery and with 

increasing incidence, such as, toe ulcers in dairy cattle hooves. 

 

2-Case Report 

Two adult crossbred cows were referred to the Bovines and Small Ruminants Clinics, University of 

Sao Paulo, Brazil, for treatment.  

The cows were lame and alert, with poor body score condition. Clinical examination revealed lesions 

in one claw of the hind foot but with no alterations in the vital functions. 

The cows were restrained in lateral recumbence on ahydraulic chute for surgical procedure. The 

affected claws were painful during the palpation and temperature was slightly elevated. After preparation of 

the claw and the digital skin, regional intravenous anesthesia was performed using 20mL of lidocaine 

without epinephrine (Xylestesin, 2%, CristáliaLtda, SP, Brazil). After thorough cleaning and careful 

diagnostic claw trimming with a hoof knife and a grinder, the surface of the claws could be examined 

accurately. The lesions presented circumscribed horn defects with necrotic pododerm at the toe region, 

therefore, were both consistent with a diagnosis of toe ulcer a common type of sole ulcer 

(Pododermatitiscircumscripta) and toe necrosis. 

After the diagnosis, the animals were treated with PDT. First, the topical PS was applied over the 

lesion (methylene blue, 300 µM), followed by a five minutes of resting time, known as pre-exposition time. 

Then, phototherapy treatment was initiated using diode laser (660nm, DMC Ltda, SP, Brazil) at 8J/irradiated 

point. After the PDT, a protective bandage was made in order to protect the lesion and avoid contamination 

and moisture from manure. The treatment with PDT followed by a protective bandage was performed twice 

a week until complete recovery of the lesions. The results were evaluated by simple descriptive analysis 

(Figures 1 e 2).  

The total wound healing occurred after eight irradiations. Since the first irradiation, the average time 

for total recovery was 30 days. 

 

3-Discussion 

Different and similar techniques are recommended for the treatment of the toe ulcer in cattle. Kofler 

(1999) highlighted that the treatment of toe ulcer without antibiotics, using protective bandage and a wooden 

block applied to the adjoining sound claw presented mean resolution time of the lesion within 16,2 days, 

however, in the cases with distal phalanx involvement, the resolution occurred with 26,9 days of 
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average.Similarly, Ferreira et al.(2004),related 18,1days as the mean time necessary to total recovery, 

although the results weren´t conclusive. 

In addition, AcuñaandScarsi (2002) described two ways of treatment for the same condition: with a 

wooden block applied to the adjoining healthy claw or with claw trimming in order to remove the necrotic 

tissue and to expose the lesion followed by closure with protective bandage covered by resins.  

The use of resins or similar substances is pointed out by Greenough (2007), which states the initial 

treatment could be made exposing the lesion, followed by topical antibiotics application and protective 

bandage with metylmetacrilate to toe protection of the claw. Meanwhile, Shearer and Van Amstel (2009) 

pointed that topical tetracycline powder, copper sulfate and concentrated forms of iodine commonly used 

have the potential to cause excessive damage to corium that may restrict or inhibit its future ability to 

support normal claw horn growth.  

Unlike the disadvantages of the mentioned therapies, PDT could promotes the selective death of the 

microorganisms without antibiotics and helps to improve the healing process by means of premature 

biological events due to secondary effect caused by light stimulation, which crosses the injured tissue (Lima 

et al., 2004).Furthermore, the microbiological resistance induction and environmental residues are absent 

(Hamblin and Hasan, 2004), what could encourage the adoption of the PDT for the treatment of several hoof 

conditions.  

The methodology adopted in the present case report isn´t able to evaluate all involved mechanisms in 

the treatment of toe ulcer by the PDT. However, the clinical results found is this study indicates a novel, 

non-invasive therapeutical method which comes to meet the major features desired in a food production 

system, such as a dairy and feedlot cattle (Greenough, 2007; Whay et al., 2003). 

Despite some studies exhibits PDT application in the veterinary medicine (Lucroy et al, 2000), none 

of them describeda clinical application in hoofdiseases, therefore, to our knowledge, this is the first 

description of a successful clinical PDT treatment in cattle hoof conditions. 

Enhancing anterior evidences, hoof diseases are among the major causes of economic losses in dairy 

cattle activities indeed, and among all stated hoof lesions, the toe ulcer is becoming more prevalent, 

probably due to its correlation with unapparent laminitis in the herds.  

 

4-Conclusions 

PDT has the potential to be an adjuvant and successful treatment for toe ulcer in cattle, becoming an 

alternative among traditional treatments, although the development of new studies and protocols will need 

further investigation. 

 

5-References  

Acuña, R.,&Scarsi, R. (2002).Toe Ulcer: the most important disease in first calving holtein cows under 

grazing conditions. Proceedings of the 12th International Syposium on Lameness in Ruminants. Session 

3:276-279. 

 

Aristeo, A.T., Akira, A., Koji, M., Frank, S., Anton. S., & Chen-Ying, W. (2009). Application of 

antimicrobial photodynamic therapy in periodontal and peri-implant diseases. Periodontology 2000, 51(1): 

109-140. 

 

Bicalho, R.C.,Vokey, F., ERB, H.N.,&Guard, C.L. (2007).Visual locomotion scoring in the first seventy 

days in milk: Impact on pregnancy and survival. Journal Dairy Science, 90:4586-4591. 

 



European International Journal of Science and Technology            ISSN: 2304-9693            www.eijst.org.uk 

 

 

102 

Felice, T.D.,PInheiro, A.R., Menchik, E.D.S., Silva, A.C.D., Souza, L.S.,Caires, C.S.A., Abel, 

A.,Bartmeyer, C.G., Oliveira, J.G.,Assis, T.B., Silva, L.A., Lopes, T.F., Felippe, L.A., &Pinheiro, A.R. 

(2009). Utilização do laser de baixa potencia na cicatrização de feridas. Interbio, 3(2):42-52. 

 

Ferreira, P.M., Leite, R.C., Carvalho, E.J., Filho, R.C.F., Souza, R.C.,&Ferreira, M.G. (2004).Custo e 

resultados do tratamento de sequelas de laminite bovina: relato de 112 casos em vacas em lactação no 

sistema free – stall.ArquivoBrasileiroMedicinaVeterinariaZootecnia, 56(5):589-594. 

 

Greenough, P.R. (2007). Bovine Laminitis and Lameness (pp.311), 1
st 

Edition. Saunders Elsevier.  

 

Hamblin, M.E., &Hasan, T. (2004). Photodynamic therapy: a new antimicrobial approach to infectious 

disease? PhotochemistryandPhotobiology Science, 3(5):436-450. 

 

InstitutoBrasileirodeGeografiaeEstatística – IBGE.(2011).Produção da pecuária municipal, 39:1-63. 

 

Kofler, J. (1999). Clinical study of toe ulcer and necrosis of the apex of the distal phalanx in 53 cattle. The 

Veterinary Journal, 57:139-147. 

 

Lima, M.A., Theodoro, L.H., Okamoto, T.,Milanezi, L.A., & Garcia, V.G. (2004). A histologic assessment 

of the low level therapy associated with photosensitizing drug on impaired wound healing in rats. Brazilian 

Dental Journal, 15:113. 

 

Lucroy, M.D., Edwards, B.F.,&Madewell, B.R.(2000). Veterinary photodynamic therapy. Veterinary 

Medicine Today: Reference Point, 216(11):1745-1751. 

 

Mirsky, N.,Krispel, Y.,Shoshany, Y.,Maltz, L.,&Oron, U.(2002). Promotion of angiogenesis by low energy 

laser irradiation. Antioxidants Redox Signaling, 4(5):785-790. 

 

Murray, R.D.,Downham, D.Y., Clarkson, M.J., Faull, W.B., Hughes, J.W., Manson, F.J., Merritt, J.B., 

Russell, W.B.,Sutherst, J.E., &Ward, W.R.(1996).Epidemiology of lameness in dairy cattle: description and 

analysis of foot lesions. Veterinary Records, 138(24):586-91. 

 

Shearer, J.K.,&Van Amstel, S.R.(2009). Toe lesions in dairy cattle. In: Proceedings 46th Florida Dairy 

Production Conference, Gainesville.. 

 

Silva, L.A.F., Silva, C.A.,Fioravanti, M.C.S., Romani, A.F.,&RABELO, R.E.(2001).Características clínicas 

e epidemiológicos das enfermidades podais em vacas lactantes do município de Orizona – GO, Ciência 

Animal Brasileira,2:119-126. 

 

Weaver, A.D., Jean, G.S., & Steiner, A.(2005). Lameness. In:______ Bovine surgery and lameness. 2nd 

Edition, (pp.198-258) Blackwell Publishing, Oxford, UK. 

  

Whay, H.R., Main, D.C., Green, L.E,,&Webster, A.J. (2003). Assessment of the welfare of dairy cattle using 

animal-based measurements: direct observations and investigation of farm records. Veterinary Record, 

153(7):197-202. 

 



European International Journal of Science and Technology                  Vol. 2 No. 10             December, 2013 

 

 

103 

Figures 

 

 
Figure 1. Animal 1: A – Toe ulcer in the outer claw of the left hindlimb; B- Laser irradiation on the lesion 

site; C- Partial healing after 21 days; D- Complete healing of the lesion.  
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Figure 2. Animal 2: A – Toe ulcer in the inner claw of the right hindlimb; B- Laser irradiation on the lesion 

site; C- Partial healing after 21 days; D- Complete healing of the lesion. 

 


