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ABSTRACT 1 

 2 

Digital dermatitis (DD) is an infectious bacterial disease possibly caused by Treponema spp. The 3 

disease is a dermatitis and epidermitis characterized by ulcerative or papillomatous lesions on the 4 

feet of cattle. It is a major production and welfare problem in the dairy industry commonly 5 

treated with topical antibiotics, but with an increasing focus on limiting antibiotic use and 6 

avoiding antibiotic resistance non-antibiotic alternatives are needed. 7 

The aim of this study was to compare two non-antibiotic alternatives to an antibiotic spray 8 

commonly used in the treatment of DD. Three Danish farms were visited at routine hoof-9 

trimming over a three-month period in the fall of 2018 and 62 lesions were enrolled in the study. 10 

Eligible lesions were photographed and clinically scored before randomly enrolled to one of 11 

three treatments. Initial treatment was carried out on lifted legs in the trimming chute and all 12 

follow up treatments and evaluations were done on standing cows in the milking parlor. The 13 

cows were followed for 28 days with treatments in the first seven days after hoof-trimming and 14 

observations at d10 and d28 after hoof-trimming. The cows were treated with one of the three 15 

products: chlortetracycline spray (Cyclo spray, Dechra Veterinary Products A/S, 7171 Uldum, 16 

Denmark), salicylic acid (Salicylsyre Jørgen Kruuse A/S, 5550 Langeskov, Denmark) or a spray 17 

containing a solution of chelated copper and zinc minerals (Repiderma, Intracare BV, 18 

Netherlands). Photographs and registrations on all lesions were done on d0, d10 and d28. 19 

Products were compared regarding their ability to complete heal and clinically improve lesions 20 

appearance and reduce lesion length. All three products showed ability to improve lesions on d10 21 

and d28 with at least 76% of lesions improved d10 and at least 57% on d28. The ability to 22 

complete heal lesions were considerably lower for all products with a maximum of 39% on d28 23 

for salicylic acid. In regard to lesion length reduction salicylic acid maintained a continuous 24 

reduction beyond d10 with 60% reduced lesion length d28 whereas the two other products did 25 

not reduce lesion length beyond d10 never exceeding 39%.  26 

This indicates that both non-antibiotic products are valuable alternatives to chlortetracycline. 27 

Eight lesions were biopsied to evaluate any difference in location and amount of Treponema spp. 28 

at the start and end of the study. Unfortunately, none of these lesions changed clinical or 29 

histological appearance during the study. 30 
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INTRODUCTION 31 

Digital Dermatitis (DD) is an infectious disease of cattle occurring worldwide throughout the 32 

intensive dairy industry (Laven and Logue, 2006; Orsel et al., 2018). The disease affects the feet 33 

of cattle with up to 88% located on the plantar and palmar surface in the area from the dewclaws 34 

to the heel bulb and the interdigital space (Read and Walker, 1998). DD is a dermatitis and 35 

epidermitis with an initial active state that progresses into a mature state (Döpfer et al., 1997; 36 

Krull et al., 2016). The initial active lesion is characterized by an oval shape with reddish to grey 37 

color, a raw or moist, flat or concave surface with granulomatous or erosive ulcers. As the active 38 

lesion progresses into a mature state, it’s appearance changes to a grey color and a protruding 39 

surface covered with small filiform papillae (Read and Walker, 1998; Krull et al., 2016). The 40 

active stage of the condition causes pain that can lead to lameness (Döpfer et al., 1997; Read and 41 

Walker, 1998), ultimately resulting in decreased animal welfare and production losses due to 42 

reduced milk yield (0.5% pr. lactation), reduced conception rate (0.89 Risk Ratio), and higher 43 

risk of culling (0.14%) (Cha et al., 2010; Ettema et al., 2010). The mature stage is considered 44 

non-painful but as the DD lesion is often in its mature stage for a long period of time before 45 

transitioning back to an active or healing stage, the mature stage is assumed to be the most 46 

contagious stage with a reproduction ratio >2 compared to the active stage with a reproduction 47 

ratio <0.06 (Biemans et al., 2018). 48 

 49 

The exact pathogenesis remains uncertain but is considered a multifactorial disease with an 50 

interaction between environmental skin factors, such as moist conditions, poor hygiene (Wells et 51 

al., 1999; Relun et al., 2013) and an oxygen poor environment causing a slight maceration of the 52 

skin, in combination with pathogens (Gomez et al., 2012; Krull et al., 2014). The predominant 53 

infectious agents that are considered to cause DD are spirochetes, especially Treponema spp., as 54 

they are commonly identified in large numbers from DD lesions (Read et al., 1992; Demirkan et 55 

al., 1999) and by histological examination of tissue samples from DD lesions (Blowey et al., 56 

1994; Döpfer et al., 1997).  57 

It is assumed that the healing process of DD lesions initiates with reepithelialization from the 58 

stratum basale in the epidermis. If the lesion advances to a mature state, the epidermis thickens 59 

by hyperkeratosis and the papillated epidermal hyperplasia covers the dermal papilla. In this 60 

process, the stratum basale and basement membrane is damaged which prolongs the 61 

reepithelialization to normal skin tissue (McGavin and Zachary, 2007).  62 

 63 
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In order to control DD on herd level, identification and prompt treatment of lesions are key 64 

elements. Identification of DD lesions in cattle restrained in the trimming chute remains the 65 

gold-standard method for DD lesion scoring. Scoring in the milking parlor has shown levels of 66 

sensitivity (Se) of 0.90-1 and specificity (Sp) of 0.80-0.99 (Relun et al., 2011; Solano et al., 67 

2017) when investigating for the presence vs. absence of lesion. Se and Sp were both increased 68 

when placing a mirror under the heel to visualize lesions not visible from the observer’s point of 69 

view.  70 

 71 

Different scoring systems have been developed to describe stages and progress of DD lesions 72 

including features of macroscopic appearance, size and shape, and histological evaluation of 73 

dermis and epidermis (Döpfer et al., 1997; Read and Walker, 1998; Manske et al., 2002; Krull et 74 

al., 2016).  75 

 76 

The 4 point M-stage scale developed by Döpfer et al. (1997) and later modified into a 6 point M-77 

stage scale by Berry et al. (2012) is commonly used to describe DD lesion progression. In the 78 

early M-1 stage the DD lesion is red, granulomatous and <2 cm across, the lesion can heal to 79 

normal skin, M-5 (M-0 in some studies), but often progresses into a painful, red and ulcerative 80 

M-2 stage >2 cm across. A non-painful M-3 stage is seen when the lesion surface is covered by a 81 

dark rubbery scab as a sign of healing. If an M-2 lesion is left untreated,  it will often develop 82 

into a chronic M-4 lesion characterized by a raised surface, a grey color and papillomatous 83 

projections (Berry et al., 2012). The chronic M-4 lesion can become an M4.1 lesion if it develops 84 

a small M-1 active foci, which is prone to redevelop into a new M-2 lesion. A recent study by 85 

Krull et al. (2014) monitored 53 cows’ natural DD lesions progression every three to four weeks 86 

for a period of three years. This study compared the clinical appearance of DD lesions with 87 

microbiota isolated from those lesions using DNA sequencing. They found that the bacterial 88 

composition of DD lesions change significantly as the lesion develops through its stages, and 89 

they further subdivided the early stages of DD lesions into two different groups developing the 90 

7-point IOWA-scoring system. Overall conclusions from both studies were that advanced DD 91 

lesions are preceded by early DD lesion and that DD lesion progresses systematically (Berry et 92 

al., 2012) even after topical oxytetracycline treatment, with lesion scores highly correlating 93 

(either one stage greater or one stage less) to previous lesion scores (r=0.7913; P < 0.0001) 94 

(Krull et al., 2014).  95 

 96 
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A detailed scoring system is preferred by authors describing the gross pathology, development 97 

and progress of DD lesions, but to evaluate the effect of treatment on DD lesions with a specific 98 

product, authors often choose to simplify their scoring system. One can either dichotomize the 99 

M-stage scale in different ways, for instance categorize M-2 lesions and M-4.1 lesions as active 100 

and  M-5, M-1, M3 and M-4 as in-active (Holzhauer et al., 2011; Jacobs et al., 2018). Others 101 

quantify treatment effect as the amount of exact numeric reduction in lesion size (Nishikawa and 102 

Taguchi, 2008; Kofler et al., 2015; Christensen and Larsen, 2016) or divide lesion size into 103 

scores ex. score 1: lesion size <2.5 cm and score 2: lesion size >2.5 cm (Shearer and Hernandez, 104 

2000). It is the assumed that a reduction in lesion size after treatment is a sign of healing and a 105 

treatment success. Finally, some studies divide the clinical appearance of DD lesions into active 106 

or early, mature, healing and healed as done by Shearer and Hernandez (2000) and Cutler et al. 107 

(2013). These terms are based on observations from Read and Walker (1998) on 183 DD lesions 108 

from cows in California. The term “healed” describes lesions with normal skin features with no 109 

moist or scab surface, the term “healing” describes a dry DD lesion covered by or developing a 110 

scab with assumed normalizing skin features underneath, an “active” DD lesion is characterized 111 

by a raw, pink-red granulomatous or ulcerative appearance and “mature” DD lesions are grey in 112 

color with a raised surface covered by small filiform papillae (Read and Walker, 1998; 113 

Hernandez and Shearer, 2000; Cutler et al., 2013a).  114 

 115 

The curative effect of different treatment products varies among studies. One reason is the 116 

different criteria definition of treatment success, treatment effect and cure rate (Krull et al., 117 

2016). In some studies, the term cure rate describes lesions that appear “completely healed” and 118 

cannot be distinguished from the surrounding normal skin. Others use cure rate to describe a 119 

shift from an active lesion stage to any other lesion stage and interpret this change as an 120 

improvement.  121 

Another reason for the difference in curative effect among studies is due to the difference in 122 

treatment protocol, ex. length of study period, the concentration of the treatment product or how 123 

often treatment should be carried out (Laven and Logue, 2006). A study period of thirty days is 124 

common as it leaves enough time for the treatment to show effect (Hernandez et al., 1999; 125 

Nishikawa and Taguchi, 2008; Berry et al., 2010; Capion et al., 2018), and therefore a 28-day 126 

study period with observations on d0, d10 and d28 was chosen in our study to allow for 127 

comparison with similar studies.  128 

Macroscopic clinical appearance of DD lesions can differ from the microscopic appearance of 129 

DD lesions (Demirkan et al., 1998; Berry et al., 2010). To assess complete healing and lesion 130 
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progress after treatment there is a need for a combination of clinical and histological 131 

evaluation (Berry et al., 2010; Capion et al., 2018).  132 

Individual treatment is often topical applying either paste, sprays or bandages containing 133 

antibiotics, acids or metallic ions on the DD lesions (Laven and Logue, 2006). The curative 134 

effect of topical tetracycline on DD lesions has previously been shown to be as high as 72-73% 135 

(Van Amstel et al., 1995; Britt and McClure, 1998), but recent studies show a lower curative 136 

effect of topical tetracycline around 9-50% (Shearer and Hernandez, 2000; Cutler et al., 2013a; 137 

Krull et al., 2016). Authors often observed a good initial response the first 10 days after topical 138 

tetracycline treatment, but antibiotic resistance by Treponema spp. due to long-term exposure of 139 

low doses of tetracycline were suggested by authors (Shearer and Hernandez, 2000; Nishikawa 140 

and Taguchi, 2008) as an explanation of recent years’ minimal curative effect of tetracycline 141 

when following lesions for more than 10 days.  142 

 143 

With an increased focus on antibiotic resistance and prudent use of antibiotics in food 144 

production, a demand for alternatives in the treatment and prevention of DD is currently 145 

becoming a hot topic. Topical salicylic acid and topical mineral formulations of zinc and copper 146 

have previously shown treatment effect on DD lesions comparable to that of topical tetracycline 147 

(Holzhauer et al., 2011; Fiedler et al., 2015; Kofler et al., 2015; Jacobs et al., 2018).  148 

 149 

The aim of the recent study was to compare the effect of three commercially available topical 150 

skin products on DD lesions under Danish conditions. Two non-antibiotic products, Salicylic 151 

Acid (SA) (Salicylsyre Jørgen Kruuse A/S, 5550 Langeskov, Denmark) and a spray containing 152 

chelated copper and zinc minerals (M) (Repiderma, Intracare BV, Netherlands) were compared 153 

to chlortetracycline 2.45% (CTC) (Cyclo spray, Dechra Veterinary Products A/S, 7171 Uldum, 154 

Denmark). Comparison of treatment effect was based on a 28-day trial period with clinical 155 

evaluation of all lesions on enrolled cows d0, d10 and d28. To support clinical findings, 156 

histological evaluation of lesions was done based on tissue samples taken on d0 and d28 from a 157 

random 1/3 of cows from each treatment group.  158 

 159 

 160 

 161 

 162 

 163 

 164 
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MATERIAL AND METHODS  165 

 166 

The study was designed as a randomized multicentric, parallel group, controlled field study. All 167 

procedures were carried out in agreement with The Animal Experiments Inspectorate 168 

(Fødevarestyrelsen, Glostrup, Denmark).   169 

 170 

Population  171 

The Sample size was calculated using OpenEpi sample size calculator 172 

(http://www.openepi.com/SampleSize/SSCohort.htm visited January 6, 2018) which uses Fleiss, 173 

Statistical Methods for Rates and Proportions 2nd Ed., formulas 3.18 & 3.19 using a 95% 174 

confidence interval and a power of 80. The expected difference in effect (ability to improve a 175 

DD lesion) between the products was estimated to be 30% (Holzhauer et al., 2011; Kofler et al., 176 

2015) resulting in a minimum sample size of 39 lesions for each product group. This would 177 

require a total sample size of 117 lesions.  178 

 179 

Herds were selected by contacting hoof trimmers from Jutland, Funen and Zealand in Denmark. 180 

Based on willingness to cooperate, three farmers and two hoof trimmers were selected to 181 

participate in the study. The three herds selected, which were located on Zealand, had a known 182 

problem with DD and had not used preventive measures against DD on herd level for three 183 

weeks prior to study enrollment. The farms all had a herringbone milking parlor and the cows 184 

were milked twice a day with approximately 12 hours interval.  185 

Farm A consisted of 111 Holstein cows and approximately 60 cows were trimmed at d0. All 186 

cows were housed in a barn with mattresses in cubicles, a rubber floor and manure scraper 187 

cleaning the floor in two-hour intervals. The first two weeks of Farm A’s study period, the cows 188 

were on pasture during the day between morning and evening milking.  189 

Farm B consisted of 166 Red Danish (RDM) cows, approximately 60 cows were trimmed at d0. 190 

All cows were housed in a barn with mattresses in cubicles and had a bedding material 191 

consisting of a mixture between straw and chalk. The floor type was slatted concrete. Half the 192 

barn had a manure scraper cleaning the floor in two-hour intervals and the other half a manure 193 

scraping robot to clean the floor.  194 

Farm C consisted of 222 cross-breeds cows from a Holstein line, approximately 200 cows were 195 

trimmed on d0. These cows were also housed in a barn with mattresses in cubicles with sawdust 196 

as a bedding material. The floor consisted of slatted concrete with a manure scraper cleaning it in 197 

two-hour intervals.  198 

http://www.openepi.com/SampleSize/SSCohort.htm
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All three farmers had previously used CTC treatment for DD with good results but reported a 199 

reduced effect in recent years. All three farmers currently used SA for DD treatment during 200 

regular hoof trimming and all had an on-farm trimming chute for individual treatment of severe 201 

lame cows. 202 

 203 

Cow and Lesion selection 204 

Cows with active or mature DD lesions were included in the study, if the lesions were located on 205 

their hind feet, within an area where it was assumed that the lesion would be visible on the 206 

standing cow in the milking parlor. Lesions located to low on the heel bulb, close to, or inside 207 

the interdigital space were not included in the study. Lesions were classified by the authors as 208 

either active or mature based on observations from Read and Walker (1998) and  later modified 209 

into a scoring system by Hernandez and Shearer (2000). Active lesions were characterized by 210 

shape (round, oval, flat or concave) and appearance (raw, moist, red-yellow to gray and granular 211 

to strawberry-like surfaces). The mature lesions were greyish in color with a round or oval shape 212 

and a protruding surface covered with raised small filiform papillae or hair (Hernandez and 213 

Shearer, 2000). 214 

 215 

Randomization  216 

Cows were randomized between treatment groups using random.org’s list randomizer 217 

(https://www.random.org/lists/ visited September 18, 2018) in clusters of three. Cows with DD 218 

lesions on both hind legs were allocated the same treatment group and both lesions were 219 

included in the further analysis to maximize our sample size. One third randomly assigned cows 220 

from each farm and treatment group were biopsied from one DD lesion on d0 and d28 for later 221 

histological evaluation.   222 

 223 

Experimental procedure and Treatments  224 

Cows came to the trimming chute for routine hoof trimming. The hind legs were thoroughly 225 

washed using the hoof trimmers washing equipment (pressure hose) and if any excess dirt 226 

remained, it was wiped off using a paper towel. Lesions that met the enrollment requirements 227 

were scored and photographed while the cow was restrained in the trimming chute. Photographs 228 

were taken with an iPhone 8 (Apple Inc Cupertino, CA, USA). A ruler applied with a study no. 229 

was included in the photo of the lesion. It was attempted to line the ruler as parallel and close to 230 

the lesion as possible to avoid any measurement errors. The ruler allowed for measuring the 231 

lesion length later and the study no. allowed for a blinded score of the clinical appearance from 232 

https://www.random.org/lists/
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the photograph. The study no. was stored together with the cow’s identification tag for later 233 

analysis. Lesions were scored based on clinical appearances as shown in the scoring scheme 234 

(Table 1) and their highest lesion lengths were measured using Microsoft Paint (Microsoft Corp., 235 

Redmond, WA, USA).  236 

 237 

A central lesion biopsy was taken from every third cow enrolled in each treatment group from 238 

every herd using a 6 mm punch biopsy (Jørgen Kruuse A/S, 5550 Langeskov, Denmark). Prior to 239 

the biopsy, 3-5 mL procaine (Procamidor Vet. - Salfarm Danmark A/S, 6000 Kolding, Denmark) 240 

were administered subcutaneously proximal to the lesion. Biopsies were stored in biopsy 241 

containers that were randomly numbered in advance to ensure a blinded histological evaluation. 242 

The biopsy No. was stored together with the study no. and the cow’s identification tag for later 243 

analysis. Biopsies were finally fixated in 10% neutral buffered formalin until further processing. 244 

Assigned cows were biopsied a second time at the end of the trial on d28 using the same 245 

procedure as d0.  246 

 247 

Treatments on d0 were applied while the cows were restrained in the trimming chute and with 248 

the relevant leg fixated. Follow up treatments were undertaken while the cows were standing in 249 

the milking parlor. Lesions were washed with water from a pressure hose located in the milking 250 

parlor and wiped off using paper towels before every treatment, thereby preventing excess dirt 251 

from potentially hampering the treatment effect of the applied products or compromising the 252 

evaluation of the lesion.  253 

 254 

Products and Treatment protocol. In the recent study, CTC treatment followed the 255 

manufacturer’s recommendations for DD treatment and sprayed the lesions for three seconds 256 

twice with a 30 second interval, from a distance of 15-20 cm from the lesion. All applications of 257 

product CTC were carried out by the authors. 258 

 259 

Lesions treated with product SA were fully covered on the lesion area with a layer of 260 

approximately 0.5 cm in thickness. This corresponds roughly to 5-10 grams for each lesion. 261 

After application of SA the lesion was wrapped with a bandage. The bandage consisted of a thin 262 

layer of cotton wool in the interdigital space and a flexible bandage (Vet-flex®, Jørgen Kruuse 263 

A/S, 5550 Langeskov, Denmark) on top. Every bandage was applied by the hoof trimmer. 264 

Bandages were removed at d2, while cows were standing in the milking parlor, using a knife or a 265 



12 

long-shaft bandage knife (Viking Forbindingskniv, VIKINGDANMARK, 8200 Århus, 266 

Denmark).  267 

 268 

Treatment with product M was performed by spraying the lesion twice for three seconds with a 269 

30 sec. interval from a distance of 15-20 cm from the lesion. Following this, the lesions were 270 

wrapped with a bandage as described for product SA, bandages were removed d3. All 271 

applications of product M were carried out by the authors. 272 

Treatment schedule for all products can be seen in fig. 1 273 

 274 

 275 

 276 

 277 

 278 
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 279 

Fig. 1. Treatment (Treat) and scoring schedule for digital dermatitis in the 28 day study period conducted in 280 

the recent study. Using chlortetracycline spray (CTC) treating two times daily, twice with 30 sec. interval, for 281 

three days. Using a spray with Minerals (M) treating twice with 30 sec. interval once on d0 before applying a 282 

bandage, treating twice with 30 sec. interval again on d3 after bandage removal and twice with 30 sec. 283 

interval at d7. Using Salicylic Acid (SA) in powder form covering the DD lesion and applying a bandage at d0 284 

and removing the bandage at d2. Scoring using Clinical scores: CS-0=Healed, CS-1=Healing, CS-2= Active 285 

lesion and CS-3= Mature lesion Trim=hoof trimming. D0 observations and treatment were done on fixated 286 

cows in the trimming chute, the remainder of observations and treatments were done on standing cows in the 287 

milking parlor. 288 

 289 

 290 
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Evaluation of DD lesions. Lesions were evaluated before each treatment or after 291 

removal of bandage and all lesions were photographed d0, d10 and d28. If the lesion appeared 292 

completely healed, the previously affected area was photographed.  293 

 294 

Evaluation of treatment effects was based both on combined observations from previously 295 

described scoring systems (Table 1) (Read and Walker, 1998; Hernandez and Shearer, 2000; 296 

Manske et al., 2002; Cutler et al., 2013a) and the approximated reduction in highest length of the 297 

lesion after treatment. Analyzing the products effect on both the DD lesions clinical features and 298 

the change in their lesion length would be more adequate compared to analyzing lesion length or 299 

clinical appearance alone.  300 

 301 

Table 1. Clinical Scoring (CS) system with four levels CS-0,-1,-2,-3 for Digital Dermatitis lesions used in the recent 302 

study based on the predominant clinical appearance of the Digital Dermatitis lesion with description of the 303 

characteristics for each score modified from Read & Walker (1998), Hernandez & Shearer (2000) Manske et al., 304 

(2002), Cutler et al., (2013) and Krull et al., (2014).  305 

CS1 Predominant clinical appearance  

0 Lesion is either no longer visible, or visible but covered by dry pink skin 

1 Healing: Lesion area is visible but dry and displaying normalizing skin features or is 

covered by a dry necrotic scab with assumed normalizing skin features underneath.  

2 Active: Oval moist, raw, reddish to gray, flat or concave with an erosive, 

granulomatous or ulcerative surface  

3 Mature: Grayish in color with a protruding surface covered with small filiform 

papillae 

1CS: Clinical score 306 

 307 

The change in lesion size was calculated as the percentage of the change in lesion length 308 

between two measurements of the same lesion from the three observations (d0, d10 and d28). 309 

Examples of CS-score 1, 2 and 3 are illustrated in fig. 2.  310 
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Fig. 2. Examples of different digital dermatitis lesions stages using the CS-score (Clinical scores: CS-311 

0=Healed, CS-1=Healing, CS-2= Active lesion and CS-3= Mature lesion). (A): CS-1 with a raised necrotic 312 

scab, showing signs of loosening at the edges. (B): CS-2 with a characteristic red erosive surface, slightly 313 

under the level of the skin, Yellow line=measuring line, measured to be 4.3 cm. (C): CS-3 with a characteristic 314 

gray color and raised filiform papillae, protruding well above the surface of the skin. 315 

 316 

Evaluation of the lesions in the milking parlor was done looking at the lesion from behind as the 317 

cows stood in a herringbone system. In the cases where the lesion was located too low to allow 318 

for direct visualization, a cosmetic mirror glued to a kitchen spatula that allowed for visual 319 

inspection and photographing of the lesion, when placing the cosmetic mirror on the floor behind 320 

the hind leg so the lesion was reflected in the mirror. A powerful headlamp (Led Lenser H7.2, 321 

Ledlenser GmbH & Co. KG, Solingen, Germany) with 250 lumen and an intense focus option 322 

was used to improve visibility in the milking parlor.  323 

 324 

Histological evaluation of Tissue samples. The tissue samples from the biopsy 325 

containers were prepared and embedded in paraffin wax. The tissue samples were then sliced 326 

perpendicularly to the skin surface. From each tissue sample two slices were stained. One slice 327 

was stained with hematoxylin and eosin (H&E) and used as a reference for the orientation in the 328 

tissue sample. The second slice was stained using Levaditi’s method (Campbell and Rosahn, 329 

1950), a silver nitrate stain where the morphology of spirochetes can be seen as black stained 330 

long twisted bacteria.  The tissue samples were histologically examined to support the 331 

macroscopic findings. The presence and rough quantity estimates of Treponema spp. were 332 

assessed, and it was evaluated whether Treponema spp. was located on the surface or how deep 333 

they were located in the epidermis and dermis. After blinded evaluation of the silver stained 334 

slices, the d0 tissue samples were  335 

compared to the corresponding d28 tissue sample to assess any change after treatment. 336 
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Baseline comparison 337 

Baseline comparison of all cows and DD lesions included in the study on d0 were compared in 338 

between groups. Variables of interest included lactation stage (Days in Milk, DIM), parity, daily 339 

milk yield from the latest yield control and the distribution of lesion length. Means, standard 340 

deviation and range were calculated using PROC MEANS in SAS Studio (SAS Institute).  341 

Statistical analyses 342 

All data was entered into Microsoft Excel (Microsoft Corp., Redmond, WA, USA), the statistical 343 

analyses were performed using SAS, and P-values <0.05 were considered statistically significant 344 

in all analyses. The foot within a cow was considered the statistical unit. 345 

Before descriptive statistical analyses, interobserver agreement was calculated using a Cohens 346 

Kappa κ (Cohen, 1960). The authors scored lesions from photographs independently using the 347 

CS-score 0-3 (table 1), off farm site. The Kappa analysis was calculated in SAS using PROC 348 

FREQ with the agree option for agreement coefficients. Results were interpreted as suggested by 349 

Landis and Koch (1997) where interpretations of Kappa values are divided into five categories: 350 

κ ≤ 0.2 = Poor, 0.2 < κ ≤ 0.4 = Fair, 0.4 < κ ≤ 0.6 = Moderate, 0.6 κ ≤ 0.8 = Good and 0.8 < κ = 351 

Very good. 352 

After the Kappa calculation, disagreement between the authors were discussed and in the event 353 

of disagreement between authors, the CS-score was discussed until agreement was reached.  354 

The overall objective with the statistical analyses was to compare the effect of product CTC to 355 

that of product SA and M, in their ability to completely heal a DD lesion, to improve (reduce) a 356 

DD lesions CS-score, considering a score of CS-0 the best possible outcome, and the ability to 357 

reduce a DD lesions length during the 28-day study period. All comparisons were made between 358 

corresponding observations from d0 and d10, d10 and d28 or d0 and d28. Comparison of 359 

treatment effect was assessed on the active lesions and the mature lesions separately.  360 

Statistical analyses on DD CS-score. Using Fisher’s exact test in SAS, the three 361 

products were compared in their ability to completely heal a lesion and improve the lesions 362 

clinical appearance. Complete healing was defined as lesions transitioning from CS-1, -2 & -3 to 363 

CS-0. Improvement of the lesions’ clinical appearance was defined as a transition from CS-364 

scores 2 & 3, “No Improvement”, to CS-scores 0 & 1, “Clinical Improvement”.  365 

 366 
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Statistical analyses on DD lesion length. Comparison of the 95 % confidence 367 

interval for Mean and Standard deviation of length after each observation day by treatment group 368 

was performed to display the development in average lesion length in between treatment groups. 369 

A paired T-test was performed using PROC TTEST with the paired option in SAS, to analyze if 370 

the products could statistical significantly reduce the lesions length through the 28-day study 371 

period.  372 

RESULTS 373 

Study Population 374 

The herds collectively contributed with 55 cows, seven cows from Farm A, 11 from Farm B and 375 

37 from Farm C. Ten cows from Farm C contributed with both hind legs resulting in a total of 65 376 

lesions from the 55 cows. After blinded CS-scoring of lesions on photographs from d0, 55 377 

lesions scored CS-2. Ten lesions from Farm C scored CS-3 and three lesions from Farm C scored 378 

CS-1 and were excluded from further analyses.    379 

During the course of the 28-day study period, 15 cows with a total of 17 DD lesions were 380 

excluded from the study, these were distributed as follows:  381 

From group CTC, five cows with five lesions were excluded, all on d28. Two cows were 382 

excluded as their DD lesions were positioned too low to register and photograph, two were 383 

excluded because they were dried off and moved to a dry cow barn that did not allow for proper 384 

lesion evaluation. Finally, one cow was treated for DD with SA, as farm personnel observed 385 

what they described as severe limping from the legs previously treated.  386 

From group M, six cows with a total of seven lesion were excluded during the trial period. Two 387 

cows were excluded at d10, as their DD lesions were positioned too low to register and 388 

photograph, one of those cows was registered again at d28 as the cow was now standing in a 389 

position to allow for proper evaluation of the DD lesion. Two cows were excluded on d28, one 390 

because it was dried off and moved to a dry cow barn that did not allow for proper lesion 391 

evaluation and one because of culling. The cow was not culled because of limping, lameness or 392 

leg issues. Finally, two cows were treated for DD, one with SA and one with CTC, as farm 393 

personal observed what they described as severe limping from the legs previously treated with 394 

M. One of those cows had a history of repeatedly recurrence of DD lesions and its DD lesion 395 

was also biopsied on d0.  396 

From group SA, four cows with a total of five lesion were excluded from the study at d28. One 397 
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was dried off and moved to a dry cow barn that did not allow for proper lesion evaluation, one 398 

was culled, but not because of limping, lameness or leg issues. Two were re-treated with SA as 399 

farm personnel observed what they described as severe limping from the legs previously.  400 

In ⅕ of group CTC’s, ⅓ of group M’s and ½ of group SA’s excluded cows, exclusion happened 401 

as a consequence of necessary re-treatment of the DD lesion before the end of the study period. 402 

After the exclusion of the lesions above, we were left with 62 lesions from d0, 59 lesions from 403 

d10 and 46 lesions from d28 (Table 2).  404 

This yielded 167 registrations for further analyses. Cows excluded at d28 were included on d10 405 

analyses if they were not already excluded at that time. 406 

Eight cows were biopsied on d0 (two SA, three CTC and three M) but only six out of the eight 407 

(one SA, two CTC and three M) were available for biopsying on d28 - one was culled and one 408 

was dried off, resulting in a total of 14 biopsies, where one from the M product group was re-409 

treated with CTC. The reason we do not have biopsies from every 3rd cow at Farm C was due to 410 

the compromise with the hoof trimmer at Farm C, to only biopsy three cows to avoid slowing 411 

him down.  412 

 413 

 414 

 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 
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Table 2: Distribution of Digital dermatitis lesions by farm (A,B and C) and product (Chlortetracycline=CTC, 423 

Salicylic Acid=SA and Minerals=M), on d0, d10 and d28. Distribution of biopsies by farm and product at d0/d28 424 

Location Product No. of 

lesions 

d0 

No. of 

lesions 

d10 

No. of 

lesions 

d28 

No of 

biopsies 

d0/d28 

      

Farm A CTC 2 2 2 1/1 

 SA 2 2 1 0/0 

  M 3 3 2 1/1 

Farm B CTC 4 4 3 1/1 

 SA 4 4 4 1/1 

 M 3 3 3 1/1 

Farm C CTC 12 11 8 1/0 

 SA 10 10 8 1/0 

 M 12 11 9 1/1 

Farm C Mature lesions CTC 1 1 1 0/0 

 SA 6 6 4 0/0 

 M 3 2 1 0/0 

 425 

 426 

Baseline comparisons  427 

No statistically significant difference between cows or lesions were detected in the three product 428 

groups, in regard to parity, DIM, daily milk yield from the latest yield control or lesions length at 429 

d0, as illustrated by Means and Standard deviation (Table 3).  430 

 431 
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Table 3: Product group characteristics (Chlortetracycline=CTC, Salicylic Acid=SA and Minerals=M) with 432 

Mean ± SD for Parity, Days in Milk (DIM), Daily Milk yield from the latest yield control (Daily yield) and 433 

Lesions length in cm at d0 434 

Product No. of 

lesions  

Parity DIM Daily 

yield 

Lesion Length 

d0 

CTC 18 2.06 ± 1.11 184.67 ± 102.87 35.95 ± 6.31 2.39 ± 0.99 

SA 16 1.38 ± 0.62 176.00 ± 86.61 28.89 ± 9.82 2.39 ± 0.93 

M 18 1.66 ± 0.91 185.72 ± 96.87 31.79 ± 5.06 2.24 ± 0.79 

 435 

Interobserver agreement 436 

Agreement between authors scoring DD lesions using the scoring system from Table 1 on 437 

photographs were “Very good”, according to Landis and Kocks(1977) definition 𝛋 ≥ 0.8, with an 438 

unweighted 𝛋 =0.87 (95% CI: 0.81 - 0.93) and a weighted 𝛋w = 0.89 (95% CI: 0.83 - 0.95). 439 

 440 

Products Effect on Clinical Appearance  441 

A total of 52 CS-2 DD lesions from 49 cows were included in the analyses of the products effect 442 

on changes in clinical appearance of the DD lesions. 443 

Complete Healing. The distribution of lesions CS-scores at d10 and d28 can be 444 

seen in fig. 3. At d10, four lesions appeared completely healed (CS-0), two out of 16 (13%) from 445 

the SA product group, one out of 17 (6%) from product group M and one out of 17 (6%) from 446 

product group CTC. At d28, nine lesions appeared completely healed (CS-0), five out of 13 447 

(39%) were from the SA product group, two out of 13 (15%) from the CTC product group and 448 

two out of 14 (14%) from the M product group.  449 
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450 

Fig 3: Distribution of digital dermatitis CS-scores (Clinical scores: CS-0=Healed, CS-1=Healing, CS-2= 451 

Active lesion and CS-3= Mature lesion) by product (Chlortetracycline=CTC, Salicylic Acid=SA and 452 

Minerals=M) and day, shown as proportions, the number of Digital Dermatitis lesions is not the same in 453 

treatment groups and on different days due to exclusion of cows.  454 

When subjected to three independent Fisher’s-exact tests comparing the groups two by two, none 455 

were found to be different (P<0.05) from one another in the ability to completely heal the DD 456 

lesions at either d10 (SA vs M P=0.60, CTC vs SA P=1, CTC vs M P=1) or d28 (SA vs M 0.19, 457 

CTC vs SA P=0.39, CTC vs M P=1).  458 

Clinical Improvement. The ability of the products to “Clinical Improvement” - 459 

change the CS-score from CS-2 to CS-0 or CS-1 - was examined on d10, 86% of the lesions 460 

included at d10 (50 lesions) were improved, 14 out of 16 (88%) from the SA product group, 16 461 

out 17 (94%) from product group M and 13 out of 17 (76%) from product group CTC (Table 4). 462 

 463 

 464 

 465 

 466 

 467 

 468 

 469 

 470 



22 

Table 4: Digital Dermatitis lesions response to product (Chlortetracycline=CTC, Salicylic Acid=SA and 471 

Minerals=M) shown as “Responds/Number of observations in product group (proportion responding in 472 

percent)” at d10 and d28 for products CTC, SA and M. Clinical improvement (CS-0 or CS-1) Complete 473 

Healing(CS-0) using Clinical scores: CS-0=Healed, CS-1=Healing, CS-2= Active lesion and CS-3= Mature 474 

lesion 475 

Product Response d10 d28 

    

CTC Clinical Improvement 13/17(76%) 9/13(69%) 

CTC Complete Healing 1/17(6%) 2/13(15%) 

SA Clinical Improvement 14/16(88%) 10/13(77%) 

SA Complete Healing 2/16(13%) 5/13(39%) 

M Clinical Improvement 16/17(94%) 8/14(57%) 

M Complete Healing 1/17(6%) 2/14(14%) 

  476 

On d28, 68% of the lesions included (40 lesions) were improved compared to their d0 CS-score, 477 

10 out of 13 (77%) were from the SA product group, nine out of 13 (69%) from the CTC product 478 

group and eight out of 14 (57%) from M product group.  479 

Of the 39 DD lesions with observation on both d28 and d10, 23 DD lesions had remained 480 

“Improved”, three remained “Not Improved”, three became “Improved” and 10 changed from 481 

“Improved” to “Not Improved” between d10 and d28. 482 

 483 

Development of lesions between d10 and d28. Of the 13 DD lesions in product 484 

group SA on d28, nine lesions had remained “Improved”. One remained “Not Improved”. One 485 

became “Improved” and two changed from “Improved” to “Not Improved” between d10 and 486 

d28. 487 

Of the 14 DD lesions in product group M on d28, eight lesions had remained “Improved”. One 488 

remained “Not Improved”. Zero became “Improved” and four changed from “Improved” to “Not 489 

Improved” between d10 and d28. One did not have a d10 observation. 490 
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Of the 13 DD lesions in product group CTC on d28, seven DD lesions had remained 491 

“Improved”. One remained “Not Improved”. Two became “Improved” and three changed from 492 

“Improved” to “Not Improved” between d10 and d28. 493 

When subjected to three independent Fisher’s-exact tests comparing the groups two by two none 494 

were found to be different (P<0.05) from one another in the ability to “Improve” the DD lesions 495 

at either d10 (SA vs M P=0.60, CTC vs SA P=0.65, CTC vs M P=0.17) or d28 (SA vs M 496 

P=0.25, CTC vs SA P=0.66, CTC vs M P=0.70).  497 

Characteristics of different Progressions 498 

Average length of the healed lesions in each group were 2.39 cm, 1.03 cm and 2.50 cm for 499 

product group CTC, M and SA respectively. In general, the clinical score was reduced from CS-500 

2 to healing CS-1 or CS-0 at d10, except from one lesion in the SA group with a CS- 2 and one 501 

lesion in the CTC group with a CS-3 at d10. 502 

  503 

All healing lesions transitioned from active to healing within d10, except for one lesion in the 504 

CTC product group which transitioned from active to healing between d10 and d28. Mean 505 

percentage reduction in healing lesions length was 7%, 48% and 24% after d10 for product 506 

group CTC, M and SA respectively. Mean percentage reduction in healing lesions length 507 

between d0 and 28 was -5%, 52% and 61% for product group CTC, M and SA respectively. This 508 

indicates that the lesion length in product group CTC on average increased even though its 509 

clinical appearance seemed healed. As the healing scab would sometimes cover a larger area 510 

than the active lesion underneath, this could explain the increase in length of healing CTC 511 

lesions.  512 

 513 

All lesions active at d28 transitioned from an active stage at d0, to a healing stage at d10 and 514 

back to active stage at d28, except from one lesion from the CTC and one from the SA product 515 

group that remained active throughout the study period.  516 

 517 

Only three lesions went from an active stage at d0 to a mature stage at d28. All three lesions 518 

were in the product M group and all three were over 3 cm in lesion length.  519 

 520 

 521 
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Effect of Products on Lesions Size  522 

A total of 52 CS-2 DD lesions in 49 cows were included in the analyses of the products’ effect of 523 

the products on changing lesions size 524 

For each product group, a mean, 95% confidence limits for mean and standard deviation were 525 

calculated for both the numeric lesion length and percentage change in lesion length from d0 to 526 

d10 and from d0 to d28 (Table 5). All products were able to reduce the average length of the 527 

lesion the first 10 days after treatment. The largest reduction on lesion length in product CTC 528 

and M groups were seen after d10 with an initial reduction on lesion length of 21% and 39% for 529 

CTC and M, respectively. The percentage reduction in lesion length between d0 and d28 did not 530 

differ from that of d0 to d10 in product groups CTC and M. Product SA’s average reduction of 531 

lesion length was 30% from d0 to d10, and 60% between d0 and d28 (fig 4). There was no 532 

statistically significant difference in the numeric lesion length or percentage reduction in lesion 533 

length between the product groups on d0, d10 or d28. However, product group CTC was the only 534 

group where the lower 95% confidence limit for percentage reduction in lesion length, included 535 

negative values (-14.97-52.30) 536 

 537 

 538 

 539 

 540 

 541 

 542 

 543 

 544 

 545 

 546 

 547 

 548 

 549 

 550 

 551 

 552 

 553 

 554 

 555 

 556 
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Table 5: Mean, 95% confidence limits for mean and standard deviation for both Lesion length in cm and the 557 

percent reduction in lesion length between d0 and d10 and d0 and d28. No statistically significant difference 558 

(p<0.05) were detected between any treatment groups (Chlortetracycline=CTC, Salicylic Acid=SA and 559 

Minerals=M). 560 

Product  d0 d10 d28 

     

CTC N 18 16 12 

 Mean length in cm.± SD  

(CI-95%)  

2.4 ±1.0 

(1.9-2.9)  

1.9±1.0 

(1.4-2.4)  

1.8 ±0.9 

(1.2-2.4) 

  Mean length reduction 

in % from d0 ± SD 

(CI-95%)  

  

21.1 ±32.2 

(4.0-38.3)  

 

18.7 ±55.7 

(-15.0-52.3)  

SA N 16 15 12 

 Mean length in cm. ±SD 

(CI-95%)  

2.4 ±0.9 

(1.9-2.9)  

1.5 ± 0.9 

(1.0-1.9)  

0.9 ±1.1 

(0.2-1.6)  

 Mean length reduction 

in % from d0 ± SD 

(CI-95%)  

  

30.2 ±37.1 

(9.7-50.8)  

 

66.7 ±46.0 

(31.4-89.9)  

M N 18 16 14 

 Mean length in cm. ±SD 

(CI-95%)  

2.2 ±0.8 

(1.8-2.6)  

1.6 ±0.8 

(1.2-2.1)  

1.6 ±1.1 

(1.0-2.2)  

 Mean length reduction 

in % from d0 ± SD 

(CI-95%)  

  

38.7 ±33.9 

(21.8-55.5)  

 

39.2±41.4 

(15.3-63.1)  

 561 
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 562 

Fig 4: Boxplot generated in SAS-studio showing boxplots of the lesion length reduction in percent for 563 

treatment groups (Chlortetracycline=CTC, Salicylic Acid=SA and Minerals=M) between d0 and d28 where a 564 

negative reduction in percent means an increase in lesion length and 100% reduction (the maximum possible 565 

reduction) in lesion length means complete healing. The boxplot shows minimum observation, lower quartile, 566 

mean, median, upper quartile and maximum observation. 567 

Using a paired T-test in SAS, the products’ own ability to reduce the numeric lesion length 568 

between d0 and d10, d0 and d28 and d10 to d28 was calculated (table 6). A statistically 569 

significant difference in average numeric lesion length was detected in all product groups 570 

between d0 and d10, but only the SA and M product group had a statistically significant mean 571 

difference between d0 and d28. The mean difference in numeric lesion length between d10 and 572 

d28 were negative for the CTC and M product group, but all three product groups had negative 573 

lower confidence limits for the mean difference in numeric lesion length between d10 and d28.  574 

 575 

 576 

 577 

 578 

 579 

 580 
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Table 6: Results of using a paired T-test in SAS-studio to detect statistically significant differences (p<0.05) 581 

between means of reduction in lesion length within product groups (Chlortetracycline=CTC, Salicylic Acid=SA 582 

and Minerals=M) between d0 and d10, d0 and d28 and d10 to d28. with Mean difference (95% confidence 583 

limits) and Standard deviation (SD) 584 

Prod

uct 

 d0-d10 d0-d28 d10-d28 

     

CTC Mean difference (CI-95%) 0.58 (0.23-0.93) 0.58 (-0.22-1.38) -0.12 (-0.83-0.59) 

 SD 0.64 1.26 1.12 

  t-test (p-value) 3.61 (0.0026) 1.61 (0.13) -0.37 (0.72) 

SA Mean difference (CI-95%) 0.95 (0.34-1.56) 1.50 (0.64-2.35) 0.55 (-0.07-1.18) 

 SD 1.1 1.35 0.94 

 t-test (p-value) 3.33 (0.0049) 3.85 (0.0027) 1.95 (0.079) 

M Mean difference (CI-95%) 0.64 (0.34-0.93) 0.60 (0.35-0.85) -0.19 (-0.46-0.07) 

 SD 0.55 0.43 0.42 

 t-test (p-value) 4.60 (0.0003) 5.21 (0.0002) -1.60 (0.13) 

 585 

 586 

Progression of the Mature DD lesions  587 

At d0 10 DD lesions classified as mature were treated. These were not used for descriptive 588 

analyses but underwent subjective analyses. Of the 10 mature DD lesions, six of the lesions were 589 

from the SA product group, three were from the M product group and one was from the CTC 590 

product group. One lesion from the M product group was excluded at d10 because of 591 

inaccessible placement. 592 

By d10, four lesions were still CS-3, one from the CTC product group and three from the SA 593 

product group. One from the M product group was reduced to CS-2. Four lesions were reduced 594 

to CS-1, three from the SA product group and one from the M product group.  595 

By d28, two DD lesions from the SA product group and one DD lesion from the M product 596 

group were excluded due to treatment by the farm personnel as a consequence of lameness.  597 
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From the remaining six, two from the SA product group remained CS-3 between d10 and d28- 598 

one from the CTC product group and one from the SA product group had changed from CS-3 to 599 

CS-1. The last two remained CS-1 between d10 and d28, one from product groups M and SA 600 

respectively.  601 

All three products succeeded in changing at least one CS-3 to a CS-1 over the course of the 28-602 

day study period.  603 

 604 

Table 7.  Clinical score of 10 mature lesions on d0, d10 and d28 treated with Clinical scores: CS-0=Healed, 605 

CS-1=Healing, CS-2= Active lesion and CS-3= Mature lesion Chlortetracycline=CTC, Salicylic Acid=SA and 606 

Minerals=M  607 

Lesion d0 d10 d28 

    

M-1 CS-3 Excluded  

M-2 CS-3 CS-1 CS-1 

M-3 CS-3 CS-2 Re-treated 

CTC-1 CS-3 CS-3 CS-1 

SA-1 CS-3 CS-1 CS-1 

SA-2 CS-3 CS-3 CS-3 

SA-3 CS-3 CS-3 CS-1 

SA-4 CS-3 CS-1 Re-treated  

SA-5 CS-3 CS-1 Re-treated 

SA-6 CS-3 CS-3 CS-3 

 608 

 609 

 610 

 611 

 612 
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Histological Evaluations 613 

Due to treatment with SA bandage of one cow by farm personnel as a consequence of lameness 614 

and one cow drying off during the study period, two out of eight DD lesions were not biopsied 615 

on d28. This left us with six complete sets of biopsies distributed as three sets, two sets and one 616 

set from product groups M, CTC and SA respectively, where one cow from the M group had 617 

been re-treated with CTC by the farmer before d28.  618 

None of the biopsied DD lesions had an improved CS-score on d28, and one progressed into a 619 

CS-3. The histopathological evaluation of the tissue samples showed numbers of Treponema 620 

spp. so high that they were indistinguishable from one another at the top of the epidermis. 621 

Bacteria were found down through the epidermal layers until the dermal papillae. No apparent 622 

difference was found in samples between d0 and d28 in all but one sample. From that sample, it 623 

was not possible to confirm the presence of Treponema spp. at d0, however the corresponding 624 

d28 sample showed large quantities of Treponema spp.  625 

Initially, all eight biopsied DD lesions were CS-2. Of the remaining biopsied DD lesions, five 626 

out of six healed to CS-1 by d10. Four out of those five returned to CS-2 and one had increased 627 

to CS-3 by d28. The last DD lesion remained CS-2 throughout the study period.  628 

 629 

DISCUSSION 630 

The 28-day study period with observation days on d10 and d28 were chosen to allow a 631 

comparison to studies with a similar time frame. The d10 observation allowed us to evaluate any 632 

rapid changes to the lesions post treatment and the d28 observation allowed us to evaluate the 633 

lesions progression after the initial effect of treatment should have worn of. Another reason for 634 

choosing the 28-day study period were observations from Krull et al (2016) where DD natural 635 

lesion progression was followed for three years. These observations suggested that lesions 636 

typically did not change morphological appearance in less than 14 days, even after 637 

oxytetracycline hydrochloride treatment (Krull et al., 2016). This observation suggested that an 638 

active lesion could progress to a healing stage after 14 days and a healed state after 28 days. Any 639 

lesions not regressing at d28 could be considered a failed treatment. However, our study did not 640 

evaluate the long-term effects of treatment which could be of interest to the user of the products. 641 

The long-term success of treatment  with topical antibiotics is reported low, with Berry et al. 642 

(2012) re-treating 54% of all lesion treated with topical 10 g lincomycin on a cotton ball left in a 643 

bandage for four days, during a 341-day study period and Read and Walker (1998) using topical 644 
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tetracycline reported recurrence of 48% of all lesions 7-12 weeks after complete therapeutic 645 

response was observed. These observations, indicating that the initial response to treatment is 646 

often better than long-term response, is confirmed in our own results (table 5). It its however 647 

difficult to determine if the lesion’s long-term response is dependent on treatment only or 648 

affected by reinfection as well.  649 

It is difficult to distinguish between lesions that don’t respond to treatment and lesions with a 650 

successful treatment that suffer reinfection between two observations. This could potentially lead 651 

to underestimated cure rates. The difference between a non-successful treatment and reinfection 652 

can’t be distinguished when evaluating the appearance of the lesions only, unless it were possible 653 

to follow the amount of bacteria in the lesions and determine when a microbiological cure was 654 

complete. It was our interest to evaluate if the location, in the epidermis and dermis, and the 655 

amount of Treponema spp. would change during the study period, depending on the treatment 656 

product. Any reduction in bacteria amount could have been associated with the products ability 657 

to cure the lesion. Unfortunately, all lesions that were biopsied remained active at the end of the 658 

study period. This could lead to the assumption that biopsying active DD lesion could have a 659 

negative effect on the healing after treatment, but this observation has not been observed in other 660 

studies.  661 

We did not employ any negative control in our study. This was done from an ethical point of 662 

view as no animal should go untreated. This means that it can be argued that we can’t distinguish 663 

what is treatment effect and what is natural lesions progression. In a study where a negative 664 

control group were included no natural healing was observed after 12 days (Cutler et al., 2013a).  665 

Jacobs et al. (2018) however found the probability of clinical cure of saline to be 33% after one 666 

week and 10% after 10 weeks when lesion were treated weekly. Even though tetracycline and 667 

mineral solutions were significantly better at curing lesion during the first study weeks, no 668 

difference among saline and other treatments were reported after week 7. This might highlight 669 

the potential effect of good foot hygiene as all feet where washed once a week before scoring 670 

and re-treatment (Jacobs et al., 2018).    671 

We should be able to compare the treatment groups considering that cows were equally 672 

distributed between treatment groups independent of farm and the fact that any possible small 673 

effect of natural healing would affect the treatment groups equally.  674 
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The influence of the different housing and management conditions on the three farms could be a 675 

point of interest in terms of the three product groups comparability, however treatment and 676 

lesion scoring were easily reproducible between farms as all farms had a herringbone milking 677 

parlor and similar housing and management conditions.  678 

Cows with DD lesion on both hind legs were enrolled into the same treatment group. On d0 four 679 

cows from product group SA and M contributed with both hind legs and two cows from the CTC 680 

product group contributed with both hind legs. If any individual cow effect would affect the 681 

result of treatment, cows contributing with both hind legs would influence the results two-fold. 682 

Due to exclusion of some lesions from cows contributing with both legs in the study, only two M 683 

and one CTC cow contributed with both legs in the statistical analysis. All six of these lesions 684 

progressed to a healing state at d10 and one lesion from the M product group progressed back to 685 

an active state. If any individual cow effect would occur, it is assumed to have a minimal impact 686 

on our analysis.  687 

The use of some of the more elaborate scoring systems is a good way to describe the details of 688 

the natural lesion progression and pathogenesis of DD lesions, but the sensitivity and specificity 689 

of detecting and accurate scoring of DD lesions decreases when a detailed scoring system is used 690 

in the milking parlor. A Danish study from 2008 showed Se of 0.84 and Sp of 0.51 when scoring 691 

DD lesions on a 6-point scale in a herring bone milking parlor (Thomsen et al., 2008). However, 692 

they didn’t use a mirror to visualize smaller lower placed lesions and they only allowed 693 

approximately 15 sec. pr. evaluation. Compared to evaluating DD lesions in a trimming chute, 694 

the Se and Sp of evaluating DD lesions in the milking parlor is lower, but can increase to 0.90-1 695 

and 0.80-0.99 for Se and Sp respectively when simplifying the scoring systems into fewer 696 

categories, increasing the time spend on each evaluation and utilizing a mirror to visualize lower 697 

placed small DD lesions (Relun et al., 2011; Solano et al., 2017). As we also photographed each 698 

lesion for later evaluation, we deemed scoring in the milking parlor a good alternative to the time 699 

and work consuming scoring in the trimming chute.  700 

As we expected active lesions to heal or initiate a healing transformation after treatment, our 701 

scoring system was therefore simplified to focus on changes that implied only clear signs of 702 

improvement or deterioration.  703 

In contrast to what some authors have done, we did not interpret every lesion change from active 704 

to mature as signs of improvement, but only considered lesions that changed from an active stage 705 
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to a healing stage as signs of actual improvement. This could explain the differences between our 706 

results and Holzhauer et al. (2011) who interpreted a change from M2 stage to anything else as 707 

cured. He found a cure rate 92% for a similar M product and 58% cure rate for a similar CTC 708 

product when following a treatment protocol similar to ours. Our reason for not interpreting a 709 

change from active to mature as improvement is because a mature lesion is thought to be the 710 

most contagious lesion (Biemans et al., 2018) and it is likely to develop a new active area within 711 

the mature lesion and thereafter redevelop into new an active lesion if not responding to 712 

treatment (Berry et al., 2012). The reason for other studies to interpret the transition from active 713 

to mature lesion as a sign of improvement is that it is often considered a non-painful state 714 

(Döpfer et al., 1997; Read and Walker, 1998).  715 

As our clinical scoring didn’t account for lesion length, we decided to analyze length as an 716 

individual factor. To account for the inaccuracy associated with deciding lesions margins, we 717 

only included measurements from lesions on photographs of good quality where sharp lesion 718 

margins were clearly distinguishable from surrounding normal tissue. Lesion length were 719 

included to evaluate any correlation between healing and reduction in size. We did see a 720 

reduction in size in many lesions which could lead to the theory of a somewhat circular healing. 721 

It is theorized that the lesion could be more superficial at the borders of the lesions than at the 722 

center and thus easing the healing at the lesion borders resulting in a circular healing. Further 723 

research on DD lesions initial lesion size influence on healing would be welcomed. If any 724 

negatively correlated relation between and lesion size and healing is evident as suggested by 725 

Nishikawa and Taguchi (2008), lesion size reduction after treatment could be used as an 726 

expression of treatment success. 727 

Pain score is another way to evaluate treatment effect on DD lesions. In general, pain response of 728 

DD lesions seems to decrease after treatment with products similar to those used in this study 729 

(Read and Walker, 1998; Shearer and Hernandez, 2000; Capion et al., 2018). Pain score has been 730 

based on cows response to palpation of lesions, spraying water on lesion and estimating how 731 

long the cow raises its leg or touching lesion with a pressure algometer and recording at what 732 

pressure the cow raises its leg (Cutler et al., 2013b; Schultz and Capion, 2013; Capion et al., 733 

2018). Even though pain score seems to be an expression of treatment success, it is a very 734 

subjective assessment and we deemed it too unreliable to use as cows could react very different 735 

to pain stimuli, and it would be difficult to replicate the same amount of pain stimuli between 736 

cows and farms. One reason being that the water pressure hose available in the milking parlor 737 

had very different pressure between the farms. We did, however, observe that cows with active 738 
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lesions raised their legs quicker and for a longer period of time than those with healing lesions 739 

when being washed with a pressure hose.  740 

This study was not able to detect any difference (P<0.05) between products SA, M and CTC, in 741 

their ability to completely heal, reduce lesion length or clinically improve DD lesions. However, 742 

tendencies indicated a higher healing rate and lesion length reduction in the SA product group 743 

compared to both the M and the CTC product group.  744 

However, our small sample size makes it hard to compare the proportions of healed and healing 745 

lesions between product groups, as a small number of successful cases would affect the 746 

proportion greatly. Therefore, it could be more reliable to compare the products effect by their 747 

ability to reduce the size of DD lesions. 748 

The tendency towards SA being more efficacious on d28 is illustrated by the findings in lesion 749 

length reduction. Lesions treated with SA were the only lesions displaying a continuous steady 750 

lesion length reduction of over the 28-day study period - 30% at d10 and 61% at d28 in contrast 751 

to lesions treated with M and CTC which mainly saw reduction in the first 10 days of the period 752 

39% and 21% for M and CTC respectively (table 5). The findings of SA being consistently 753 

effective over time is supported by the findings by Capion et al. (2018) and Fiedler et al. (2016). 754 

This could indicate a good short-term effect of products M and CTC but limited long term 755 

improvement as the lesion size reduction on d28 was almost identical to those of d10 for M and 756 

CTC. Similar results of a 9-20% cure rate of topical CTC treatment have been reported in recent 757 

years (Hernandez and Shearer, 2000; Krull et al., 2016).  758 

The superior reduction for M after ten days (table 5) could be attributed to the fact that M were 759 

the only group with a treatment at d7. Our results stand in contrast to those found by Holzhauer 760 

et al. (2011) who used a product with a similar mineral composition and a similar protocol and 761 

found a more consistent ability of 92% cure rate after 28-day. However, he defined cure rate as 762 

course where any change from M-2 to another M-stage occurred. 763 

Product CTC’s confidence interval for percent reduction in lesion length on d28 holds negative 764 

values (table 5), meaning the lesions would grow and not reduce their size, indicating none to 765 

adverse effects of treatment. The previous use of CTC on the three farms could result in 766 

development of antibiotic resistance by Treponema spp., which could explain the reduced 767 

healing of CTC treated DD lesions as suggested by Shearer and Hernandez (2000). But when 768 
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comparing the effect of product CTC to SA and M it should be considered that CTC was the 769 

only product group that was not bandaged at d0. Any positive effect of a bandage would 770 

therefore not influence the CTC treated lesion.  771 

Before the study was conducted, we expected to find SA and M to be more efficacious than CTC 772 

with approximately 30% difference. The 117 lesions needed to detect this 30% difference 773 

(P<0.05) would also have allowed for a more thorough statistical analysis. The effect of any 774 

explanatory variables such as lesion size at d0 and individual cow effects and their possible 775 

interactions could have been analyzed using multivariable analysis. As we suspected, an 776 

interaction between treatment and lesion size on d0 would influence the lesions ability to heal or 777 

reduce in size, it would have been relevant to make an ANCOVA or Binary logistic regression in 778 

SAS to analyze if lesion size or any other cow or lesion factors would influence our result. 779 

However, this would require a larger sample size than the 52 lesions included in our study. One 780 

study analyzed “the risk of incomplete healing” using binary logistic regression. This study 781 

included 89 cows with DD lesions treated with 5ml 100mg/ml oxytetracycline on a cotton pad 782 

held in place using an elastic band and followed for 29 days. “Primiparous cows” (OR 4.1, 95% 783 

CI 1.375-12.313) and “Lesion size on day 0 (cm2)” (OR 1.21 95% CI 1.045-1.450) turned out to 784 

be significantly (P<0.05) related to the risk of incomplete healing (Nishikawa and Taguchi, 785 

2008). Another study with 98 cows treated with either 10 g lincomycin paste or an non-antibiotic 786 

paste, used multivariate logistic regression and found DD lesions on 3+ lactation cows to be 4-5 787 

times more likely to change from an active stage to non-active stage after 29 days (Moore et al., 788 

2001).  789 

We hoped it was easy to obtain photographs of the DD lesions of consistently good quality in the 790 

milking parlor, but the process of obtaining viable photographs turned out to be hard and at times 791 

dangerous for both equipment and authors. Evaluation in the trimming chute is a more reliable 792 

method and it is safe for the observer to clean and palpate lesions. Separating cows and fixating 793 

them in the trimming chute is a time-consuming process so to save time and for convenience for 794 

farm personnel scoring at d10 and d28 was done in the milking parlor during milking. But 795 

scoring DD lesions in the milking parlor can be affected by the awkward position cows can be 796 

standing in and if several enrolled cows enter in the milking parlor at the same time, scoring and 797 

photographing has to be done before the cows finish milking. Reflecting back on the study, we 798 

would have liked to evaluate all the DD lesions in a trimming chute as in hindsight the downside 799 

of scoring DD lesions on fixated cows in the trimming chute outweighs the benefits of scoring 800 

DD lesions on standing cows in the milking parlor. As the sample size were a lot larger on Farm 801 
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C, more cows could enter the milking parlor at the same time and therefore less time could be 802 

spend evaluating each lesion on Farm C compared to Farm A and B. 803 

When advising farmers to use a specific product in their treatment for DD, one must consider the 804 

curative effect of the products, the labor intensity of the treatment and the environmental impact 805 

of the product i.e. the risk of antibiotic resistance. When comparing the products in terms of 806 

labor intensity, product CTC and M are sprays and can be applied in the milking parlor. In this 807 

study, lesions treated with product M needed re-treatment for a longer period of time and were 808 

also bandaged and therefore we do not know its efficacy when used as spray without bandage. In 809 

this study product SA and M are more labor intensive than product CTC and can only be 810 

performed in a trimming chute. The environmental consideration regarding the three products is 811 

mainly the risk of the development of antibiotic resistance when using CTC, since none of the 812 

two other products are known to have any environmental effects.  813 

In future research it could be beneficial to agree on a single system for scoring lesions to 814 

evaluate effect of different treatments. This would make comparison between studies transparent 815 

and would increase the overall understanding of what different products’ effect is. Bearing this in 816 

mind, it would also be beneficial to agree in what time frame effect should be evaluated and 817 

when recurrence is relevant to account for. A system for scoring and evaluating lesions after 818 

treatment should be simple and easily applicable to different treatment regimes, but detailed 819 

enough to accurately describe changes expected. As the pain associated with active DD lesions is 820 

a concern of animal welfare, it would have been ideal to include pain scores in our analyses. In a 821 

previous study SA were superior to CTC in lowering pain of treated lesions after 14 days 822 

(Schultz and Capion, 2013). SA ability to lower pain score would have been interesting to 823 

compare to that of M, but we deemed pain scores to unreliable as the study was carried out on 824 

three different farms and their different management practices could have affected their response 825 

to pain stimuli.  826 

Based on the difficulties we found in this study in relation to obtaining data of good quality in 827 

the milking parlor we would argue that future studies should consider obtaining all data on legs 828 

fixated in the trimming chute. This is a time-consuming process that could influence farmers 829 

willingness to participate, but for acquiring data of good quality the difference between these two 830 

methods is considerable. Inclusion criteria for lesions in our study were that they would be 831 

located in an area that allowed us to evaluate and photograph them consistently. Unfortunately, 832 

the hoof trimmer at Farm C was working with at a very high pace and we were forced to make 833 
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quick decisions on whether to include lesion or not, only to exclude some lesions later as we 834 

discovered that they were located too low for proper evaluation in the milking parlor. As the 835 

biopsy procedure was time consuming compared to the hoof trimmers pace at Farm C, it was 836 

decided to limit the biopsy sample size to three cows. This was unfortunate for the histological 837 

aspect of the study, as the small sample size limited the comparisons between macroscopic and 838 

microscopic appearance of the lesions. If lesions were evaluated in the trimming chute, 839 

interdigital lesions could have been enrolled as well and have increased our sample size.  840 

To avoid finding insignificant results in future research, the number of products tested should be 841 

held in reference to the expected sample size available and the expected difference between 842 

products.  843 

Even though it might be appealing to be able to compare several products commonly used to 844 

new products, it might be better to compare new product to common product with similar 845 

treatment regime or to common products with a high cure rate to evaluate if new products should 846 

be implemented in the treatment strategies against DD. 847 

 848 

CONCLUSION 849 

We found the effect of SA and M to be equal or tending to superior to that of CTC in their ability 850 

to clinical heal, improve and reduce length of DD lesions, when using the treatment protocol 851 

described in this study. The results could indicate that product SA or M should be used when 852 

hoof trimming to reduce the use of antibiotics, but because CTC and M followed two different 853 

treatment protocols, it can’t be concluded that M has a tendency to be is superior to CTC if they 854 

followed the same treatment regime   855 
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