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Abstract. 

Reasons for this study: To find a treatment method that would prevent reinfection in 

areas of structural seedy toe (Type 1), thereby reducing the chance of it becoming a 

chronic destructive condition. 

Objectives: To determine whether, by debriding an area of structural seedy toe, 

applying a topical treatment and then filling the void in the hoof wall, further infection 

could be prevented. 

Sample Population: 19 feet from 11 horses, with an area of structural seedy toe 

greater than 10 square millimetres. All horses shod by the author and managed 

primarily in grass turn out. 

Methods: Affected feet were trimmed, debrided, given a topical treatment (Copper 

sulphate powder, Iodine solution or SD115) and then filled with a thermoplastic prior 

to being reshod. The feet in the control group were trimmed and debrided. The affected 

area was measured and photographed at each visit. 

Hypotheses:  

1) A previously infected area debrided of visible infection could be filled and re-

infection prevented if a topical dressing was applied under the patch. 2) Treated 

hooves would return towards a solid uninfected state, quicker than untreated hooves. 

Results:  

The frequency of reinfection in some of the treatment groups was significantly lower 

than those in the untreated control group (P< 0.05). This resulted in those feet 

returning towards a solid uninfected state faster than the feet in the control group. 

Conclusion and relevance: 

This study showed that treating Type 1 seedy toe by medication and filling was more 

effective than using the traditional method of debridement and good hygiene.  

The hoof recovery results were directly influenced by the frequency of infection, as 

reinfection required further hoof debridement, giving a longer recovery period. 

The method described provides a more efficacious approach for farriers to treat Type 

1 seedy toe. 
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Introduction. 

Seedy toe has been recognised in equine feet since the 1800’s (Miles, 1875). 

Historically treatments varied in how an area of seedy toe should be trimmed and 

cleaned, or whether it should be resected (Hunting, 1905). If the treatment suggested 

was to clean out the hollow without resection, then usually the advice was to fill the 

void with Stockholm tar, carbolic acid or wax (Holmes, 1928; Dollar, 1993). The 

general treatment advice changed when it was understood that anaerobic bacteria 

were involved. Debridement and regular cleaning with a topical application of an anti-

bacterial dressing became an accepted treatment (Moyer, 2003; Colles, 2010). Other 

literature goes on to discuss various treatments that involve debridement, treatment 

then filling - some with medicated filling (Turner, 1998; Ross & Dyson, 2011). The 

author was concerned, that these filling methods, if non-medicated, do not provide 

continual treatment and carry the risk of re-infection. The medicated antibiotic based 

fillings, whilst being effective against bacteria and noted to have been ‘beneficial in 

white line disease’, would not deal with fungal invasion (Turner, 1996). The application 

of antibiotics could not be carried out by farriers in a day-to-day situation. The most 

reliable and easy to perform treatment consists of debriding the affected portion of the 

hoof wall and applying some topical dressing to clean the area and thereafter keeping 

the feet ‘clean and dry’ to help prevent reoccurrence. Products such as Swans Anti-

bac1 and numerous other hoof disinfectants are available, which horse owners can 

buy and use to treat the feet. There is only anecdotal evidence of the effectiveness of 

this treatment method, as it is highly dependent on individual management and 

facilities. The premise for this study was that once an infected area was resected and 

cleaned it could then be filled. The application of a topical treatment between the filler 

and the foot would prevent any further infection, either from remaining pathogens or 

from dirt ingress over the shoeing cycle. If successful, this study would remove the 

reliance on variable owner management and give farriers an easy to apply solution to 

a commonly occurring hoof problem. 

 

 

                                                           
1 Swan Anti Bac hoof dressing, see manufacturers addresses. 
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Literature Review 

The subject of fungal and bacterial invasions into the stratum medium of the hoof wall 

has been covered in books and papers since the 1800’s but there was confusion 

regarding what the condition should be called (Miles, 1888). 

In 2015 this author proposed a classification of seedy toe which would cover the 

different ways the condition was presented (Table 1) (Logie. 2015). The purpose was 

to reduce the confusion regarding the name and the presentation of the condition, and 

to allow effective study into the treatment of the two types of seedy toe. 

 

TABLE 1: Seedy toe definition and classification. 

Seedy toe is an invasion of pathogens into the inner layers of the hoof wall. 

Anaerobic bacteria and keratinophilic fungi cause separation between the stratum 

medium and stratum internum. 

Type 1 – Structural seedy toe Type 2 – Systemic seedy toe 

Where an insult or weakness occurs in 

the hoof, through a fundamentally 

isolated mechanical cause. 

Environmental or systemic cause. 
Generally poor quality hooves with brittle 
outer layers of horn and/or signs of 
blackening around the nail holes or 
around the white line in general. Poor 
shoe retention, lame or ‘footie’ and/or 
chronic laminitic. 

 

Literature published prior to this classification refers to the condition by multiple 

names. The author has applied the definition of Type 1, structural seedy toe - an 

isolated mechanical occurrence and may only affect one foot - to all the relevant 

studies to avoid further confusion. 

Previous literature has been mostly focused on identifying the individual bacteria and 

fungus present in the infected feet. Some papers have concentrated on either the 

presence of bacteria or fungus depending on their study, but there is a general 

agreement that a structural weakness allows a sulphur reducing bacterial invasion and 
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then a fungal infection to occur (Kuwano, 1996; Kuwano, 1998; Kempson, 2006; 

Wildenstein, 2003). The literature also agrees that there are numerous species of 

bacteria and two main genera of keratinophilic fungi; Scedosporium and 

Pseudallescheria. One study found that although bacteria were found in all of the horn 

samples only 47% of those samples showed a presence of fungal species (Kempson, 

2006). In published literature there is an agreement that the majority of pathogens are 

anaerobic, adding to the accepted treatment of debridement and disinfection. 

Limited research was found regarding specific treatments for either types of seedy toe. 

There are methods of soaking and using chlorine dioxide gas to treat the fungal 

infection but these are not methods that could be easily implemented by the farrier on 

their usual rounds with an unexpected case (Wildenstein, 2006). Many authors share 

the concern that the hoof capsule should be returned to a solid state as soon as 

possible and supported with a shoe, but the risk of trapping bacteria or fungal spores 

within the foot contraindicates this treatment (Curtis, 2006). There are numerous 

articles and discussions suggesting different approaches but only a few have any more 

than anecdotal evidence (internet sourced information). Due to the nature of the 

infection the majority of advice still recommends debridement and leaving open for 

topical dressing. One study did look at the use of antibiotic impregnated acrylic filler 

and concluded that the ‘treatment appears promising as a therapy for white line 

disease’ although the study was not specifically aimed at treating seedy toe (Turner, 

1996). The antibiotic used in Turners study was Metronidazole2, it was incorporated in 

an acrylic and used as a hoof repair. The problem with using an antibiotic, other than 

mounting concerns for population wide resistance, is that it would involve veterinary 

assistance and most cases of Type 1 seedy toe, are only discovered by the farrier 

once they have commenced shoeing – hence a more instant treatment would be 

preferable. The other concern is that a shoeing period may be from 4 weeks to 8 weeks 

and the topical treatment used would need to be viable throughout. The American 

Farriers Journal released an ebook (Lessiter, 2015) giving advice on how to deal with 

what it calls white line disease. Although it is a confusing paper, regarding what is and 

isn’t white line disease, it touches on filling small infected cavities with copper sulphate 

and Keratex®3 hoof putty, though states that in larger areas debridement is required. 

                                                           
2 An antibiotic powder see manufacturers addresses 
3 Keratex Hoof putty see manufacturers addresses 
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This study did not use donkeys, but it is noted that the incidence of seedy toe 

(particularly type 2) in the donkey population in Britain is higher than the occurrence 

in their native arid habitats (Svendsen, 2008). The methods used in this study would 

be suitable for use on donkey feet. 
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Anatomy  

The hoof wall consists of three layers of horn: 

 The stratum externum (periople) is the outer most layer of horn. It is produced 

from papillae on the perioplic corium and is a continuation of the epidermis of 

the skin. It provides a protective layer to the most juvenile portion of the wall. 

 The stratum medium (wall) makes up the main mass of the hoof wall. It is 

produced from the basal layer and the papillae on the coronary corium and 

consists of tubular, intratubular and intertubular horn. The axial portion lacks 

pigment and is known as the zona alba. 

 The stratum internum is found on the inner surface of the stratum medium and 

consists of the primary and secondary epidermal (insensitive) lamellae. It is 

produced from the lower border of the coronary corium. This layer interdigitates 

with dermal (sensitive) lamellae that cover the parietal surface of the distal 

phalanx and the abaxial surfaces of the collateral cartilages, where they are 

contained within the hoof. 

 

When observing the hoof from the solar surface, the interdigitation of the wall and the 

sole is denoted by the white line. This portion of horn is produced by the terminal 

papillae on the distal border of the distal phalanx (Figure 1). 

The tubular horn found in the stratum medium consists of hard keratin cells. The 

tubular horn found in the stratum medium consists of hard keratin cells. These cells 

contain long chain fibrous protein molecules (desmosomes), held strongly together by 

disulphide bonds between the amino acids methionine and cysteine. Methionine and 

cysteine contain sulphur, which is required in the final stages of keratinisation allowing 

the horn to harden fully as the cells die. Areas of horn such as the frog and the white 

line have less horn tubules, and therefore less disulphide bonds. This means they are 

not as strong, but they have a higher number of lipids and sulphydryl groups (proteins 

containing sulphur) which provide elasticity to those areas (Pollitt, 1998). The horn 

tubules are found in four distinct layers of density within the depth of the hoof wall. The 

abaxial layer has the highest density of tubules and less density in each subsequent 

layer (Figure 2 & 3). This configuration of tubules means that the abaxial layer of the 

stratum medium is the hardest and most rigid and the horn gets softer and more 
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flexible as they get deeper into the hoof (Reilly, 1998).  This graduation of horn 

hardness and flexibility allows stress to be smoothly transferred across the wall, onto 

the lamellae and then the skeleton. Intertubular horn is found between the tubules, it 

is produced from basal cells on the stratum germinativum (basal layer), between the 

coronary papillae. The cells of the intertubular horn are produced at ninety degrees to 

the direction of the horn tubules, creating a matrix of continually hardening keratin 

around the tubules (Goodman, 2008). This configuration gives the horn greater 

strength in all directions and more resistance to cracks (Bertram & Gosline, 1986). 

 

Figure 1: The production of the white line from the terminal papillae on distal phalanx. 
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Figure 2: Schematic diagram of the hoof wall illustrating the varying tubule densities 

across the stratum medium of the hoof wall. 

 

Figure 3: Transverse section of the stratum medium as seen under the microscope 

(Curtis – Corrective Farriery Volume 2, with kind permission.) 
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Organisms involved 

There have been various studies into the type of bacteria and fungi that are found in 

infected hoof walls. Each study identifies a different number and type of these 

pathogens. However, most papers do agree that the main fungal species found are 

the genus Scedosporium which are a known soil fungus found worldwide, and also 

Pseudallescheria boydii (Kuwano, 1998). By contrast to the number of fungi there are 

numerous different bacteria found in affected hooves (Kempson, 2006)(Figure 4). 

A seedy toe infection is keratinolytic, disintegration of keratin, and is characterised by 

the damage and the subsequent separation of the stratum medium from the stratum 

internum. The pioneer organisms are sulphur reducing bacteria which will cause 

destruction of the sulphur bonds between the keratin molecules (Kempson, 2006). The 

horn degradation is furthered by opportunistic keratinophilic species of fungi and 

bacteria. These organisms digest the elements of keratin, leaving the wall weakened 

or absent depending on the severity of the condition (Moyer, 2003). 

The anatomy of the wall and the greater availabilty of keratin within the inner most 

layers of the stratum medium explains the location of the infection. Keratinophilic fungi 

have a reduced ability to digest and use lipids as an energy source, so they do not 

actually digest the white line itself (Kunert, 2000).  
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Figure 4. An electron microscopic image showing bacteria on horn cells (bacteria 
arrowed) (Curtis – Corrective Farriery Volume 2. with kind permission). 
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Reasons for the study 

The reason for the study was to find the most efficacious method of treating feet with 

structural seedy toe (Logie, 2015). These are feet that have persistent areas of 

infection, but do not resolve satisfactorily with traditional treatments of general 

cleanliness and a dry environment. Often the application of these treatments fails due 

to lack of consistent application and poor management. 

Aims 

The purpose of this study was: 1) to find a treatment that would prevent reinfection in 

areas of structural seedy toe, reducing the chance of it becoming a chronic and 

destructive condition; 2) to establish whether a treatment of seedy toe (Type 1) by 

medication and filling carried out ‘in the field’ can be effective (Logie, 2015); 3) to 

remove the reliance on the horse owner to manage the condition between shoeings; 

4) to improve hoof renewal times and reduce the time the horse has a compromised 

hoof capsule.  

Hypotheses 

The hypotheses were: 1) a previously infected area, free from bacteria and fungi, could 

be filled and reinfection prevented if a topical dressing was applied under the patch, 

2) treated feet would return towards a solid, uninfected state, faster than the control 

feet.  

For the statistical analysis the null hypothesis (H0) was that there is no difference 

between the groups. 

Objectives 

The objective of this study was to measure whether by effective cleaning and 

medication prior to rebuilding the wall, further infection can be prevented thus allowing 

quicker renewal of a healthy and stable hoof capsule. 
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Study design, materials and method 

This study looked at using three different topical treatments under one type of filler 

against a control of the accepted treatment of debridement and owner controlled 

management. 

The study compared a treatment group of 19 feet with visible areas of structural seedy 

toe >10mm2. All horses were in similar management, and primarily in grass turn out.  

All horses were shod by the author, at an interval suitable to their hoof growth and 

workload. At each subsequent shoeing the area was measured and treated as per 

their allotted group. All owners had agreed to the treatments, signed a consent form 

and the data was kept securely to maintain confidentiality.  

Treatment groups: The hoof was trimmed and then debrided until the visible extent of 

the disease was exposed. The area was then photographed, measured, medicated 

and filled.  Measurements were taken from the coronary hairline to the highest point 

of the debrided area (in line with the laminae), the widest point of the debrided area 

(at the base) and the height of the debrided area from the ground surface (in line with 

the laminae) (Figure 5). The area the horse was stood on was always hard and 

brushed clean. Initial treatment consisted of mechanical removal of affected horn using 

disinfected farrier tools, then the resected area was prepared for filling by creating 

‘keys’ for the thermoplastic to lock into, and then was treated with the randomly chosen 

product for that horse4. Once treated the cavity was repaired in a prescribed method 

with thermoplastic5, the shoe was nailed on, finished off, the patch was cooled6 to 

harden it then sealed with acrylic glue7 (Figure 6). The shod foot was loaded before 

the plastic was hardened, to help prevent sole pressure. To reduce the risk of infection 

or abscesses, if any sensitive tissues were present the area was not filled until the 

areas had keratinised and become unresponsive to direct pressure (Appendix A). The 

type of filler used was chosen as it was moisture tolerant, non-exothermic and easy to 

remove which was necessary at each shoeing. Exothermic materials can cause 

                                                           
4 Treatment groups: Iodine solution, Copper (II) Sulphate Pentahydate Fine Powder, Nollan silver product 
(Antimicrobial Hoof Spray SD115) 
5Imprint Hoof Repair and Shoe Extension Material 
6 Imprint Shoe Freezer 
7 Imprint Structural Adhesive 
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problems if the resected area is close to sensitive tissue, and may also react with the 

topical treatments (Curtis, 2006).  

Copper (II) Sulphate Pentahydate Fine Powder8 group: The treatment was applied by 

dipping the wet malleable thermoplastic into the powder immediately prior to moulding 

into the hoof. 

Iodine solution group: The solution was applied in excess prior to application of the 

thermoplastic. 

Nollan silver product - Antimicrobial Hoof Spray SD115 group: The gel was applied 

and allowed to dry prior to application of the thermoplastic. 

At each subsequent visit, the presence of visible infection was recorded and the size 

of the area resected was measured. 

Welfare precautions in the treatment groups: If the hoof wall in the infection area of 

any foot was noted to have deteriorated after two consecutive treatments or no 

significant progress was seen after 4 treatments then the treatment method was 

changed to prevent potential harm occurring to the horse through a further loss of hoof 

wall. 

The overall management for the treatment groups was not altered in any way during 

treatment.  

Control group: This group were identified as having hooves affected by structural 

seedy toe and were treated purely by debridement and exposure of the infected area. 

The affected areas of the feet were measured as per the treatment group and not 

medicated at the time or filled with a repair material (Figure 7). The owners of these 

horses were asked to keep the feet ‘clean and dry’ between visits and treat daily with 

whichever ‘over the counter’ topical dressing (e.g. Swans® Anti-bac) they had access 

to. The owners were not asked to use the same treatment as used in the other groups 

as the purpose was to replicate the current treatment methods which tend to be those 

available from the saddlery supplies. Such treatments were not considered to be 

effective or long lasting enough to use under the patches in the other groups. One 

owner changed the management of the horse to prolonged stabling during treatment. 

                                                           
8 For safety data sheets see Appendix I - M 
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The work was photographed at each stage. The forms used to obtain permission and 

record data are shown in Appendix B.  

 

Figure 5: Measuring the affected area and showing the ‘keys’ for the patch. 

A: Hairline to the highest point of the debrided area (in line with the laminae). 

B: The widest point of the debrided area.  

C: Highest point of the debrided area from the ground surface (in line with the laminae). 

K: Keying points for the plastic to lock into the hoof wall. 
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Figure 6: Finished iodine treatment foot 

 

Figure 7: Control group foot, resected and left open for owner to apply topical treatment 

daily. 
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Statistical Analysis 

Data was collated using Microsoft® Excel9. Results were compiled in chart form using 

Excel. 

The area reduction per day was calculated as below: 

 

 

���� ��������� ��� ��� =  
(�������� ���� − ����� ����)

���� ��������� ����
  

 

 

The probability of there being a difference in the re-infection rates between the four 

groups was tested using Chi Squared. The table was then partitioned to find where 

any difference between the groups lay. The standard statistical methods of Chi 

squared testing and its partition tests are described in Appendix C. Measurements of; 

affected area, rate of area reduction, and the change in distance between the hairline 

and the highest point of debridement, were taken. The different groups were then 

analysed with standard parametric methods (distribution, mean, 95% confidence 

limits) and the probability of there being any difference between the groups tested by 

analysis of variance (ANOVA) if the data warranted. For all analyses values of P<0.05 

were considered statistically significant. 

 

 

 

 

 

 

                                                           
9 Microsoft Excel: Microsoft UK PLC; Microsoft Campus, Reading Thames Valley Park Reading RG6 1WG 
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Study Data. 

All the individual data collected is recorded in Appendix D. The summary of the group 

data is shown in Table 2. The start and finish area of each horse is shown in Table 3. 

Table 2: Group data. 
Group Number 

of feet 

Initial Area 

infected 

(mm²) 

(range) 

Days 

treated 

(range) 

 

Number of 

feet 

returned 

to solid 

Feet moved 

from 

another 

group 

Feet 

moved 

to other 

group. 

Feet with 

on going 

treatment at 

end of 

study 

Control 5 150 - 1400  119- 282 0 0 2 5 

Iodine 

Solution 

4 96 - 434  168 - 282 3 0 0 0 (*1 sold) 

SD115 4 176 - 875  55 - 323 1 1 3 0 

CuSO4 

Powder 

6 294.5 - 1250  77 - 288 4 4 0 2 

 

Table 3: A summary of each horse, their treatment group and the start and finish 
debrided areas.  

 

Group Horse
Start Area 

(mm²)

Finish area 

(mm²)

Control 7 475 294.5

Control 12 150 370

Control 14 350 337.5

Control 15 240 240

Control 16 1400 630

CuSO₄ 4 323 0

CuSO₄ 11 1250 0

CuSO₄ 12C 391 127.5

CuSO₄ 5B 805 0

CuSO₄ 6B 350 348

CuSO₄ 7B 294.5 0

Iodine 1 434 0

Iodine 2 350 0

Iodine 3 312.5 0

Iodine 9 96 96

SD115 5 875 805

SD115 6 176 350

SD115 8 220 0

SD115 12B 370 391
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Reinfection results 

Clear differences showed between the groups (Table 4) with the control group having 

the highest rate of reinfection, followed by the SD115 gel, the Iodine solution then the 

copper sulphate powder having the lowest rate of reinfection (Figure 8).  

 

Table 4: Infection rates between groups 

  
Visit  

1 
Visit 

2 
Visit 

3 
Visit 

4 
Visit 

5 
Visit 

6 
Visit 

7 
Visit    
   8   

Days treatment 0 

27     
-     

63 

77     
-   

126 

126    
-   

189 

168    
-   

252 

232    
-   

267 

282     
-   

288 323 Sum 

Control infected 5 4 5 4 3 1 0 0 22 

Control non 
infected 0 1 0 1 0 0 1 0 3 

          

Iodine infected 4 2 1 1 1 1 0 0 10 

Iodine non 
infected 0 2 3 3 2 0 1 1 12 

          

CuSO4 infected 5 0 0 0 0 0 0 0 5 

CuSO4 non 
infected 1 6 6 4 4 2 1 0 24 

          

SD115 infected 4 3 3 2 3 1 1 0 17 

SD115 non 
infected 0 1 1 1 0 1 1 0 5 

 

The frequency of reinfection in each group was calculated by the number of 

occurances of infection, divided by the number of visits multiplied by 100 to give a 

percentage.  
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Figure 8. Clear differences showed between the treatment groups, there was far less 
reinfection found in the horses in the CuSO4 group than those in the other groups. 

 

 

The Chi squared test results 

Complete workings are shown in Appendix C. 

The results were tested to P<0.05, and were also significant with P values at 0.001 

and a Chi squared value of 32.94. 

With 3 degrees of freedom and  = 0.001, the critical value is 16.27 so Ho (i.e. there is 

no difference between the different variables) can be rejected and we conclude that 

there is a significant difference between the groups. 

The partitions showed: 

Chi squared comparing Control to SD115: Ho stands (no difference between the 

treatments and this also shows the patch does not make a difference). 

Chi squared comparing Control+SD115 vs iodine: Ho rejected (there is a difference 

between the treatments). 

Chi squared comparing Control+SD115+iodine vs CuSO4: Ho rejected. 
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Hoof recovery results 

Each horse has an individual hoof growth rate and this is their maximum possible area 

reduction rate. This growth rate can not be altered by a treatment applied to the distal 

border of the hoof wall. If visual infection is present and further debridement is required 

the area reduction rate is slowed down.  

The graphs show, the reduction in the area affected over the time they were treated. 

The presence of visible infection is denoted by a black data point. 

As the horses were all started at a separate time, and some were changed into a 

different treatment group, their data lines appear to stop mid graph, this was due to 

the study being completed before they had grown out, although their treatment 

continued. 

The results show a consistent level of improvement for the copper sulphate powder 

(Figure 9) and Iodine solution groups (Figure 10).  
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Figure 9: Copper Sulphate group. The results of the individual horses are shown here. 
Only one horse (horse 6B) had an occurrence that caused the affected area to be 
debrided back to its original size, this was due to the loss of the shoe, some hoof wall, 
and the patch whilst living in very muddy conditions. Some of the lines seem to stop 
but this is because the study was completed before the next visit, although their 
treatment continued. All the other horses had a continual decrease in the size of the 
debrided area. 
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Figure 10: Iodine solution group. Of the four horses in this group horse 1 & 2 showed 
consistent improvement but horse 3 had visible signs of infection (data points in black 
show infection was visible) present at the third visit and horse 9 had visible signs of 
infection at visit 2 and visit 4. This reinfection caused further debridement to be 
necessary, and therefore reduces the recovery rate. 
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The SD115 group showed marginal change in the feet (Figure 11).  

 

Figure 11: SD115 group. The horses in this group showed regular occurrences of 
reinfection (data point colour black to show visible sign of infection) this showed that 
even if a reduction in the size of the debrided area occurred it had still reduced less 
than the hoof had grown. 
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The control group showed a majority of the feet had either an increase in the size of 

the debrided area or minimal reduction in area. This was due to the high occurrence 

of visible infection (Figure 12).  

 

Figure 12: Control group. The horses in this group showed regular occurrences of 

reinfection (data point colour black to show visible sign of infection). The feet of two 

horses (7&16) showed some improvement. Horse 7 was placed into a treatment 

group due to only a 50% improvement over 232 days, during which time it regressed 

on two separate visits. Horse 16 had a complete change in management to very 

restricted turnout and twice daily topical application of ‘Swans Anti-bac’, this 

substantial financial and time commitment by the owner did however show that 

reinfection can be prevented with rigorous management. 
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Combined hoof recovery results 

The mean area reduction per day was calculated across the individuals in the groups 

and then as the group. The different rates were compared to see the most effective 

method of regaining a solid hoof capsule.  No further analyses was carried out on the 

area reduction, it was clear that no significant differences between the groups could 

be shown by statistical testing (Table 5)(Figure 13). 

The hairline distance was measured as it allowed a mean hairline growth rate, per day 

per group, to be analysed (Table 5)(Appendix E). The group with least re-infection 

should have the faster growth rates, even allowing for differences in individual growth 

rates and the starting area of the debridement. The mean change in hairline height 

(mm/day) is shown in Figure 14, the addition of the error bars show that the copper 

sulphate group was statistically significant different from the control and SD115 groups 

(Error bars use ±95% CI).  

 

Table 5:  Mean Area reduction rates and mean hairline distance growth rates for the 
four groups.  

  Control CuSO4 Iodine SD115 

 number 5 6 4 4 

 

     

A
re

a
 

re
d

u
c
ti

o
n

 mean  1.137 2.738 1.314 0.346 

Standard deviation 3.085 2.261 1.004 0.825 

+/
- 95% Confidence limits 2.704 1.810 0.984 0.808 

      

H
a
ir

li
n

e
 

d
is

ta
n

c
e

 

mean  0.049 0.155 0.1 0.015 

standard deviation 0.067 0.061 0.077 0.055 

+/
- 95% Confidence limits 

0.058 0.049 0.075 0.054 
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Figure 13: Comparing the mean area reduction between the groups showed that there 

was no statistically significant difference.  
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Figure 14: The group with the lowest frequency of reinfection also has the highest 

mean change in hairline distance. This graph shows the CuSO₄ group is statistically 

different from the control and SD115 groups (the error bars do not overlap). The 

individual group graphs are shown in Appendix F. 
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Horse 12 - Treatment history 

Horse 12 was used in three treatment groups as it continued to worsen in the first two 

groups. The graph below shows a comparison between the effectiveness of the 

different treatments and it should be noted the management did not change throughout 

(Figure 18). The black data dots show that infection was present at that visit. 

 

 

Figure 18. Horse 12 treatment history; Horse 12 showed a constant presence of visible 

infection and an increase in the size of the debrided area whilst in the control group. It 

was then transferred to the SD115 group where it showed improvement for one visit, 

although infection was visible. Further visits showed the debrided area increased in 

size again. The horse was then transferred to the copper sulphate group as per the 

pre-determined welfare precautions. No further sign of visual infection was noted and 

the debrided area decreased in size. The Hairline distance graph for Horse 12 is 

shown in Appendix G. 
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Summary of results 

 The results show that the frequency of reinfection was significantly different 

between the four groups (P<0.05). (It should be noted results were also still 

significant at P <0.001) 

 

 Chi squared partition testing showed that there was no difference between the 

SD115 and control groups (P>0.05) and therefore it was not the application of 

the patch that was making the difference.  

 

 Chi squared partition testing showed that the application of copper sulphate or 

iodine solution significantly reduced the frequency of reinfection; (P<0.05) 

allowing a hoof to re-grow and return to a solid structure.  

 
 

 The application of copper sulphate powder or iodine solution increased the rate 

at which the hoof could be returned to a solid state, although this was not 

statistically significant when observing the area reduction against the days of 

treatment. 

 

 The hairline distance (growth/day/group) showed a significant difference 

between the copper sulphate group and the control and SD115 groups (Anova, 

P<0.05). As already shown the horses in that group had the lowest frequency 

of re-infection so all the growth they produced could be left without further 

debridement.  
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Discussion 

The aim of this study was find the most effective method for a farrier to treat Type 1 

seedy toe in the field, at short notice. The traditional method was reliant on too many 

variables, such as environment and management, which are beyond the control of the 

farrier. Farriers are often frustrated by the worsening of a Type 1 seedy toe case 

despite clear instructions to the equine manager. Literature agrees about the 

anaerobic nature of the pathogens involved the accepted treatment of debridement 

and disinfection is logical, but only if a clean environment can be maintained. This was 

supported by the one horse in the control group which progressed with good 

management. However, if the facilities are not available it is an almost impossible 

management task to maintain the correct conditions for healthy regrowth of horn 

without further infection. This study shows that the hoof recovery rates are directly 

influenced by the occurrence of reinfection, as that requires further debridement. 

The method of hoof repair with the addition of an anti-pathogen treatment, used in this 

study, would ensure farriers are in control of the outcome. A study using the application 

of antibiotics had shown the theory worked (Turner, 1996), but it was not a treatment 

that could be carried out by the farrier. Turner’s study used the addition of an antibiotic 

powder to an acrylic filler then hoof defects were filled then left to grow out. The paper 

did not describe the living conditions of the horses used but concluded that it was a 

viable treatment within the restrictions of using acrylics (curing times were affected by 

the powder and the hoof must be dry to carry out the repair).  

As the current advice is for debridement and exposure for the affected portion of wall, 

it can be assumed that the application of a patch, without an effective treatment 

underneath, is contraindicated (Curtis, 2006). Anecdotal evidence has shown that in 

such conditions the infection can deteriorate very rapidly.  

Wildensteins’ study discussed the causes of the infection and touched on the 

confusion regarding naming the condition but didn’t go into any depth regarding 

treatment beyond debridement and sterilization. The classification of Type 1 and Type 

2 seedy toe can clear up the confusion he discussed and allowed the treatment to be 

focused on. It is clear that preventing reinfection is key to resolving Type 1 seedy toe 

(Wildenstein, 2003).  
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This study shows that the application of the copper sulphate powder under the patch 

can produce the fastest recovery in an individual case. The significant results showed 

that reinfection can be prevented between treatments, with an easy, cost effective 

patching method that is already widely used within farriery. This method allows the 

farrier to control the treatment, and the owner is no longer required to change the 

horses management. On a microscopic level it has been shown that copper sulphate 

can damage horn cells (Kempson, 1998). However its use is less damaging to the 

hoof integrity than the infection, as far more horn cells are lost during debridement. 

Although the method used in this study was successful in the shod horse, the unshod 

horse or donkey poses another challenge. In the author’s experience the unshod horse 

often suffers from a bacterial invasion that requires shoeing, to regain hoof capsule 

strength and stability. 

Donkey feet are at high risk of bacterial invasion in wet conditions due to the stratum 

medium having a different structure to a horse. The tubules are larger, less dense and 

lack the zonal layers present in a horse, which means in wet conditions (UK) they are 

more deformable than those of a horse and less able to withstand invasion from 

pathogens. If the treatment used in this study can be adapted to provide an unshod 

application, it could help maintain the integrity of donkey hooves which would 

otherwise be compromised. 

Recorded changes in the environment giving milder & wetter conditions means that 

more attention should be given to what may appear to be minor invasions on the 

bottom of the horses feet. Proactive methods, such as used in this study, that are easy 

and inexpensive to apply, and which are beneficial to overall hoof health should be 

encouraged. 

Anecdotal evidence suggests indiscriminate breeding of horses, across the breeds, 

has had an impact on the genetic quality of the hooves that farriers are dealing with. 

Combine that with a less experienced owner, the greater control the farrier has of a 

treatment, the more likely it is that they will maintain feet. 

More research is needed to ensure that the application of a different hoof repair 

material does not have a detrimental effect with a certain treatment, or a combination 

of treatment and filler be unsuitable: for example, acrylic hoof repair will not bond with 

iodine solution present. 
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There are many different hoof disinfectant products available and that means that 

various combinations should not be recommended until it can be shown that no 

detrimental chemical reaction would occur. The treatments in this study were selected 

due to their established uses; Iodine solution is used during surgical procedures to 

disinfect wounds. Copper and its derivatives is understood to be advantageous against 

infection – for example the NHS are discussing the reintroduction of copper handles 

and bed rails to limit the spread of bacterial infection. Silver is being used to prevent 

infection whilst in contact with sensitive tissue on burns dressings, but is recognised 

to have a shorter span of effectiveness. 

Further research is required into finding a treatment that is as effective as copper 

sulphate but safe to use near sensitive tissue. 

The ability to provide a reliable treatment which will regain hoof stability, reduced the 

presence of dirt and bacteria (by filling) prevent reinfection (by medicating) without the 

need for a change in environment or management has to be a preferable option. This 

study has proved that this method is a viable treatment for use every day, in the field, 

by farriers.  
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Limitations of study 

This was a relatively small study with only 19 feet involved. Increasing the number of 

feet and sampling from different geographical areas would give a better indication as 

to the efficiency of the method. There was also a reliance on visual inspection to 

confirm the presence of infection. Access to laboratory testing of horn samples to 

confirm the presence of bacteria or fungus would have been preferable, but it would 

have been impractical given the nature of the study due to it being carried out during 

routine field visits. 

The author was not convinced, during visual inspection, that all the feet in the control 

group were treated daily, but this demonstrated the difficulties of relying on owner 

management for this condition. 

The study used treatments chosen by the author for their merits as established 

medical applications. 

It should be noted that the copper sulphate treatment was limited, as a strong irritant 

it could not be applied near sensitive structures. 

The author would not advocate leaving the medicated patch on for more than one 

shoeing, as regular observation of the condition should occur to prevent a worsening 

of the condition. 

This study is limited to treating Type 1 seedy toe cases, as the farrier can remove or 

treat the cause of the invasion (imbalance, cracks, gravel runs etc.), and then treat the 

infection. Type 2 seedy toe cases will require further input from the equine manager 

to help isolate and remove the cause, (e.g. incorrect nutrition, poor environment, 

chronic laminitis etc.) Type 2 cases will not resolve through farriery alone. 
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Conclusion 

Type 1 seedy toe poses a risk to the strength and integrity of the hoof capsule. When 

it becomes extensive it can cause lameness and a challenge to the farrier.  

If treated in a proactive method, even extensive areas of compromised hoof can be 

restored. By using a topical treatment under a thermo-plastic filler, the risk of 

reinfection is greatly reduced. This speeds up the restoration time for the hoof capsule 

and removes the reliance on third party management. 

In this study, copper sulphate was the most effective topical treatment to prevent 

reinfection between shoeing visits, but there are other treatments that need to be 

trialled. 

Further research is required but this study has shown that there is a viable more 

effective alternative to present methods.  
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Manufacturers addresses 

Swans Anti-Bac hoof dressing, SWAN PORTAFORGE LTD. Units 1 & 2 Gamma 

Orchard Trading Estate Toddington Glos, GL54 5EB United Kingdom   

Metronidazole powder, Manav Drugs,Plot No.146 B/147, Sursez , Road No. 3, 

Diamond Park, Dist-Surat. Sachin-394230, Gujarat, INDIA  

Keratex Hoofcare - Penleigh Irving Ltd, Little Penleigh Farm, 25 Fairwood Road, Dilton 

Marsh, Westbury, Wiltshire. BA13 3SN 

Farrier tools – hoof cutters, half round cutters, knives, rasp, and drill with 10mm wood 

drill bit (point ground off and fitted with depth gauge at 4mm) 

Hoof Repair and Shoe Extension Material, Imprint Structural Adhesive & Imprint Shoe 

Freezer, Poynton Ltd Town Forge, High Street, Malmesbury, Wiltshire. SN16 9AT UK 

Nolla SD115, Mr. Juha-Pekka Pöyry, M. Sci. Research and Development Director, 

VIIKINKAARI 6 00790 Helsinki, Finland  

Copper Sulphate CuSO4, Stromsholm Limited, Wood Court, Chesney Wold, Bleak 

Hall, Milton Keynes. MK6 1NE 

Microsoft excel®, Microsoft Corporation, One Microsoft way, Redmond WA 98052-

6399, USA.  
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Appendix A 

Case Study: Horse 11, Copper sulphate group. 

Horse contracted structural seedy toe after an abscess in the lateral toe quarter of 
the off hind. 

Visit 1: Due to the sensitive nature of the proximal aspect of the debrided area the 
area was left accessible for daily treatment by the owner and packed with cotton 
wool (Figure 1). 

Visit 2: The cotton wool was keeping the majority of the dirt out of the area (Figure 2) 
The area was no longer sensitive so it was filled as normal (Figure 3). 

 

 

Figure 1: Area sensitive to thumb pressure left exposed. 
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Figure 2: Cotton wool keeping the majority of the mud out of the area. 

 

Figure 3: Horse no longer sensitive to thumb pressure, treated and filled as normal. 
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Appendix B 

A STUDY TO ASSESS DIFFERENT FARRIERY TREATMENTS OF NON-SENSITIVE WHITE 

LINE DISEASE. 

Study ref:  

Client 

Name. 

Address. 

 

Contact number. 

Vet. 

Consent given     Y/N   signed:  

Horse 

Name: 

Age:      Height: 

Breed:      Sex: 

Colour:  

Conformation: 

 

Any predisposing conditions:   (Laminitis cracks etc.) 

 

 
 
Diet information: 

 

Exercise regime: 

 

Management :( i.e. stabling/turnout hours and ground conditions) 
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Feet 

Colour of feet concerned.       Black     White      Mix 

 

Affected feet:  Near Fore Off fore   Near Hind Off Hind 

 

Shod/Unshod 

 

Take photos before starting. 
Description of degree of infection. (size of debrided area mm)  

Width =  

Height =  

Hairline to top of debrided area = 

Take photos 
Treatment method used. 

 

 

Take photos 
 
Filling notes 

 

 

Take photos 
 

 

Initial Treatment date: 

 
 
Next appointment: 
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Follow up treatment of case study 
 

Study ref: 

Date: 

Treatment method: 

 

Take photo 
Visual condition of the patch:  (Have the edges lifted?) 

 

 

Removal of filled area:  (Had dirt infiltrated?) 

 

Take photo 
Has there been any further visual infection? 

 

 
 

Repeat treatment method (any comments) 

 

Measure growth in mm 

Hairline to top of resected area = 

Width mm =  

Height mm =  

Take photo 
Any notes/comments: 

 

 

Fill area and take photo 
Next appointment. 
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Appendix C 

To Calculate Chi Squared (2) 

 

Treatment 
(r) 

infected 
(c) 

Non-infected (c) Totals R 

Control n 22 3 25 
              E 13.77 11.22  
Iodine    n 10 12 22 
              E 12.12 9.88  
CuSO4  n 5 24 29 
              E 15.98 13.02  
SD115   n 17 5 22 
              E 12.12 9.88  

Totals    C 54 44 98 

 

Variable 
     r 

Categories c 
        1                   2 

Combined  

Control n n11 n12 R1 
               E E11 E12  
SD115    n n21 n22 R2 
              E E21 E22  
Iodine    n n31 n32 R3 
              E E31 E32  
CuSO4  n n41 n42 R4 
              E E41 E42  

Totals     C1 C2 N 

 

i = variable (row),   j = category (column) n = observed frequency. 

If Ho is true (i.e. there is no difference between the different variables) Then the 
expected frequency (E) in each cell of the table is:   Eij = (RiCj)/N 

 

The null hypothesis (Ho) that the groups are sampled from the same population may 
be tested by:  

         r    c 

2 =         (nij
2 /Eij)- N 

        i=1 j=1 
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Where: 

 nij = observed number of cases categorized in the ith row of the jth column 

Eij  = number of cases expected in the ith row of the jth column when Ho is true. 

 

Using: Eij = (RiCj)/N then the “expected” frequencies for the table can be computed: 

 

e.g. Control, infected E11           = (R1xC1)/N = (25x54)/98 = 13.77 

       Control, non –infected E12  = (R1xC2)/N = (25x44)/98 = 11.22 

. 

. 

        SD115 non-infected E42      = (R4xC2)/N = (22x44)/98 = 9.88 

 

And: 

 

         r    c 

2 =         (nij
2 /Eij)- N 

        i=1 j=1 

 

2 = (n11
2/E11)+(n12

2/E12)+(n21
2/E21)+(n22

2/E22) + (n31
2/E31)+(n32

2/E32)  

        + (n41
2/E41) + (n42

2/E42) – N 

 

2 = (222/13.77) + (32/11.22) +(102/12.12) + (122/9.88) + (52/15.98) 

        + (242/13.02) + (172/12.12) + (52/9.88) – 98 

 

2 = 32.94 

 

Degrees of Freedom (df) = (r-1)(c-1), where r is the number of rows (variables) and c 
is the number of columns (categories). 

 

df = (4-1)(2-1) = 3 
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If an observed value of 2 is equal to, or greater than, the value given in the table 
“Critical values of the chi-square distribution” for a particular level of significance, at a 
particular df, then Ho may be rejected at that level of significance. 

With df =3 and  = 0.001, the critical value is 16.27 so Ho can be rejected and we 
conclude that there is a difference between the groups. 

 
To find where the difference lies: 
 
Partition the contingency table into independent 2x2 sub-tables and analyse each of 
them. Contingency tables may be partitioned into as many 2 x 2 sub-tables are there 
are degrees of freedom in the original table.  
 
Each of the tables has 1df. To test the independence between the two groups in 
such tables the Chi-squared test must be modified to reflect the fact that these are 
sub-tables obtained from a larger table and, hence, reflect characteristics of the 
entire sample. 
 
 
For general r x 2 tables, r-1 partitions may be formed. The general equation for the tth 
partition of an r x 2 table is: 
 
                                t                     t 
               N2 (nt + 1,2     ni1 – nt + 1,1    ni2)2 

                               i=1                 i=1 
      2

t  =                     t          t+1                      t = 1,2,……r-1 
                  C1C2Rt + 1( Ri) (      Ri) 
                                  i=1       i=1 
 
Critical values of 2 for a table with 3 partitions decided a posteriori (i.e. once the 

data has been collected) and a required probability of 0.05 would be /p which 
equals 0.05/3 = 0.0167 

 
To partition the table: 
 

Variable 
     r 

Categories c 
        1                   2 

Combined  

A n11 n12 R1 
    

B n21 n22 R2 
    

C n31 n32 R3 
    

D n41 n42 R4 
                  

Totals     C1 C2 N 
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First Partition 

 

n11 n12 R1 

n21 n22 R2 

C1 C2 N 
 

��₁ = ��(�₂₂�₁₁ − �₂₁�₁₂)�

�₁�₂�₂�₁(�₁ + �₂)
 

 

 infected non-infected  

control 22 3 25 

SD115 17 5 22 

 54 44 98 

First partition. Comparing Control to SD115 

 

��1 =
98²(5 ∗ 22 − 17 ∗ 3)²

54 ∗ 44 ∗ 22 ∗ 25(25 + 22)
 

 

��� = 0.544  

 

Chi squared control vs SD115, with 1 df and p=0.01 the critical value of chi-squared 
is 6.64, so Ho stands 

  

Second Partition 

 

n11 n12 R1 

+ + + 
n21 n22 R2 

n31 n32 R3 

C1 C2 N 
 

��₂ = ��[�₃₂(�₁₁ + �₂₁) − �₃₁(�₁₂ + �₂₁)]�

�₁�₂�₃(�₁ + �₂)(�₁ + �₂ + �₃)
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 infected non-infected  

Control 22 3 25 

 + + + 

SD115 17 5 22 

Iodine 10 12 22 

 54 44 98 

 

Second partition. Comparing Control and SD115 to Iodine 

 

 

��2 =
98�[12(22 + 17) − 10(3 + 5)]²

54 ∗ 44 ∗ 22(25 + 22)(25 + 22 + 22)
 

 

��� = �.���   

 

 

Chi squared Control+SD115 vs iodine, with 1 df and p=0.01 the critical value of chi-
squared is 6.64, so Ho rejected 

 

Third Partition 

 

n11 n12 R1 

+ + + 
n21 n22 R2 

 +  +  + 
n31 n32 R3 

n41 n42 R4 

C1 C2 N 
 

 

��₄ = ��[�₄₂(�₁₁ + �₂₁ + �₃₁) − �₄₁(�₁₂ + �₂₂ + �₃₂)]�

�₁�₂�₄(�₁ + �₂ + �₃)(�₁ + �₂ + �₃+ �₄)
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 infected non-infected  

control 22 3 25 

 + + + 

iodine 17 5 22 

  +  +  + 

SD115 10 12 22 

CuSO4 5 24 29 

 54 44 98 

 

Third partition. Comparing Control and SD115 and Iodine to CuSO4 

 

 

��3 =
98�[24(22 + 17 + 10) − 15(3 + 5 + 12)]²

54 ∗ 44 ∗ 29(25 + 22 + 22)(25 + 22 + 22 + 29)
 

 

 

���= ��.���  

 

Chi squared Control+SD115+iodine vs CuSO4, with 1 df and p=0.01 the critical 
value of chi-squared is 6.64, so Ho rejected 
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Appendix D 
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Appendix E 
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Appendix F  

Data lines for each horse, black data points show presence of visible infection. 
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Appendix H 

Permissions 

29.11.16 

Hi Sarah 

 

This email is to confirm that I give my permission; as copyright owner of Corrective 

Farriery, a textbook of remedial horseshoeing, volumes I and II, for you to use any 

illustration providing that you give the appropriate acknowledgements beneath the 

artwork used. 

 

Simon Curtis 
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