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ABSTRACT 

Infectious hoof disorders are a serious challenge for dairy product ion since they cause pain and discomfort in  

cows and can compromise the competitiveness of dairy farming. Robot scrapers are capable of frequently 

removing liquid manure from slatted floors and can contribute to improved hygiene of walkways. The aim of 

this study was to observe the implicat ions of the robotic cleaning of walking areas for infectious hoof disorders 

in dairy cattle. A large herd ranging from 1,247 to 1,328 Holstein Friesian cows was monitored in  two six-month 

periods in 2012 and in 2013. A ll animals were housed in a cubicle housing system with slatted floors  in which 

walkways were cleaned using robot scrapers  in 2013 but not in 2012. Statistical analysis was carried out with 

either the Chi-square test or the Fisher’s exact test in R. Results indicated that the presence of infectious hoof 

disorders declined after robot scrapers were used for the cleaning of walkways. While in the first investigation 

period 648 animals suffered from infectious hoof diseases, in the second period only 340 animals were affected. 

This study stresses the significance of environmental hygiene to improve hoof health in dairy cattle.  
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I. INTRODUCTION 
Infectious hoof diseases are multifactorial 

in nature. They cause pain and discomfort in cows 

[1], and therefore, have crucial implications for 

animal welfare [2]. Reduced welfare is intrinsically  

connected to reduced production and fertility. As a 

result, the economic viab ility of affected herds is 

compromised.  

Poor environmental hygiene is an important 

predisposing factor for the origin of infectious hoof 

disorders [3,4,5]. In particular, pro longed exposure 

of the hoof skin and horn to liquid manure, and 

comparatively anaerobic conditions are decisive 

factors for the damage of the skin and horn, resulting 

in the transmission of infectious agents onto the 

bovine feet and in infection of the dig its [6,7]. 

Besides the preventive and curative 

treatment of affected animals, measures directed at 

predisposing factors in the environment are vital to 

control infectious hoof diseases [8]. The 

maintenance of the robustness and resistance of the 

feet skin and horn should be given priority to avoid 

erosions. Dry and clean walkways are crucial to 

prevent cutaneous maceration and infectious hoof 

disorders [9,10]. Environmental hygiene can be 

improved by traditional manure scrapers or by robot 

scrapers. The accumulator-operated robots 

autonomously push the manure down through the 

slats of walkways and cross-overs.  

Somers et al. [11,12] in their study 

indicated that the risk for infect ious hoof disorders in 

dairy cows decreased, when walkways were cleaned 

with mechanical manure scrapers. Several studies 

found that short cleaning intervals considerably 

reduce manure on wa lkways and improve the 

cleanliness of dairy cattle and the housing 

environment [13,14,15]. This is inconsistent with the 

observations of Cramer et al. [16] indicating that 

there was a negative relationship between the 

frequency of alley scraping and the prevalence of 

digital dermatit is. A previous study addressed hoof 

trauma caused by manure removing equipment that 

may harm skin and horn barriers of the bovine feet 

[10]. 

The majority of studies on hoof disorders in 

dairy cows focused on the identification of 

predisposing factors, but few looked upon the impact 

of technical measures to improve environmental 

hygiene and hoof health. This study examined the 

implications of robot scraper use for the cleaning of 

walkways on the incidence of infectious digital 

disorders and associations with parity and stage of 

lactation. 
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II. MATERIAL AND METHODS 
2.1 Study design, herd, and housing 

In this study data, representing the 

incidences of hoof disorders in a dairy herd 

consisting of between 1.247 and 1.328 lactating 

Holstein Friesian cows over the study periods, were 

analyzed. These data were documented during 

regular hoof trimmings from February to July in  

2012 and from February to July in 2013. In the 

second period the walkways in the barn were 

cleaned by five robot scrapers more than two times a 

day, whereas in the first period the walkways were 

cleaned using a tractor two times a day. 

All cows were housed in a cubicle 

accommodation on slatted floors that was divided 

into 16 compartments. The compartments were 

arranged on both sides of the alley to the rotary 

milking parlor. Each compartment was equipped 

with three parallel rows of cubicles, walkways with 

concrete slatted floors and the feeding fence. In the 

course of lactation the animals were moved through 

these 16 compartments based on their level of 

performance. The walking area of each compartment 

was about 230 m
2
. As a result, five robot scrapers 

cleaned the total walking area of about 3,650 m
2
. 

The cleaning time of each robot took approximately  

15 hours a day, whereas the charging time took 

approximately 9 hours a day. The scraping events 

lasting 30 to 40 min started every full hour.  

The ad libitum total mixed ration was fed  

via a belt feeder. Grazing was available for dry cows 

and heifers during the vegetation period. The cows 

calved throughout the year and were milked twice 

daily in a rotary milking parlor with 40 places. They 

produced an average of about 9,200 kg milk per 

year. Neither the herd management and feeding nor 

the housing environment was altered during the 

study.  

 

2.2 Data recording 

Professional hoof trimmers performed the 

examination of the hooves and completed the 

documentation of digital diseases in the herd 

management program (dsp agrosoft, Germany; 

HERDE) at least three times per year for each cow. 

Individual d iagnoses for digital dermatit is (DD), 

interdigital dermatitis (DID), and heel erosion (HE) 

were entered into a touchpad PC during the 

inspection of the cows in the hoof trimming chute. 

Incidences were documented but not analyzed 

separately for the different hooves and for inside and 

outside hooves. Cows suffering from hoof disorder 

were treated immediately.  

The records for each individual cow 

included the date of the first and, where appropriate, 

further diagnosis of the hoof disorder, parity, days in 

milk (DIM), and milk yield based on the monthly 

records of the control milking. The mean parity ± 

SD of animals diagnosed with DD, DID, and HE 

was 2.37±1.36, 2.61±1.54, and 2.23±1.21 in 2012 

and 2.70±1.44, 2.86±1.63, and 2.82±1.83 in 2013. 

The mean DIM ± SD of sick cows was 

186.60±132.30, 134.50±119.80, and 231.60±127.90 

in 2012 and 162.60±117.90, 146.40±124.10, and 

188.50±107.00 in 2013. 

A small number o f cows fell ill two times 

or, in very few cases, three times within one 

investigation period (Table 1). The number of 

multip le illnesses in DD was 40 and 21, in DID 31 

and 11, and in HE 2 and 0 in 2012 and 2013, 

respectively.  

 

Table 1. Number (n) and proportion (%) of multip le 

illnesses in 2012 and 2013 for dig ital dermatitis 

(DD), interdigital dermatit is (DID), and heel erosion 

(HE). 
 Year No. of multiple 

illnesses (n) 

Prop. of multiple 

illnesses (%) 

DD 2012 40 11.7 

 2013 21 11.1 

DID 2012 31 13.2 

 2013 11 9.4 

HE 2012 2 2.9 

 2013 0 0.0 

Total 2012 73 11.3 

 2013 32 9.4 

 

2.3 Data management and analysis  

All data were ext racted from the herd 

management program and transferred to R fo r data 

analysis. The incidences of infectious hoof disorders 

were analyzed for differences between the first and 

second investigation periods; a total of 988 records. 

Differences in parity and DIM of affected 

animals were analyzed between both investigation 

periods. Parity was categorized in 1, 2, 3, 4, 5, and 

≥6, DIM in 0 to 30, 31 to 60, 61 to 90, 91 to 120, 

121 to 150, 151 to 180, 181 to 210, 211 to 240, 241 

to 270, 271 to 300, 301 to 330, 331 to 360, and 

>361.  

Statistical analysis was carried out using the 

Chi-square test in R (R version 3.3.0). Whenever 

there were violated assumptions of the Chi-square 

test in individual instances, the Fisher’s exact test 

was used. The level of significance was P<0.05. 

 

III. RESULTS 
3.1 Incidences 

Data analysis showed that the use of robot 

scrapers for the cleaning of walkways resulted in 

reduced incidences of DD, DID, and HE in the 

second investigation period compared to the first 

period (Table 2). The number of animals diagnosed 

with DD declined from 343 cases in 2012 to 190 

cases in 2013 (P<0.001). 
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Table 2. Number (n) and proportion (%) of 

incidences of digital dermatit is (DD), interdigital 

dermat itis (DID), and heel erosion (HE) in 2012 and 

2013, and P-values. 
 Year No. of 

incidences 

(n) 

Prop. of 

incidences 

(%) 

P-value 

DD 2012 343 52.9  

 2013 190 55.9 P<0.0011 

DID 2012 235 36.3  

 2013 117 34.4 P=0.0031 

HE 2012 70 10.8  

 2013 33 9.7 P<0.0012 

Total 2012 648 100.0  

 2013 340 100.0  
1
 Based on Chi-square test 

2
 Based on Fisher’s exact test 

 

Incidences of HE decreased from 70 cases 

to 33 cases between both investigation periods 

(P<0.001), and incidences of DID were recorded in 

235 cows and 117 cows (P=0.003), respectively. 

Thus, DD occurred most frequently in the dairy 

herd, while the presence of DID and HE was less 

and least frequent, respectively. In total 648 an imals 

were diagnosed with at least one infectious hoof 

disease in 2012 compared to 340 animals in 2013.  

The proportion of incidences in both 

investigation periods varied only within a s mall 

range. The proportion of DD rose from 52.9% to 

55.9% in the periods considered. In contrast, the 

proportion of DID declined from 36.3% to 34.4% 

and that of HE decreased from 10.8% to 9.7% 

between the first and the second investigation 

periods. 

Table 3 demonstrates that the total number 

of incidences of all infectious hoof disorders 

investigated was fewer in all months of 2013 than of 

2012.  

 

Table 3. Monthly distribution of the number of 

lactating cows (n), and the number (n) and 

proportion (%) of incidences of infect ious hoof 

disorders in 2012 and 2013. 
Month/ 

Year 

No. of 

lact. 

cows (n) 

No. of 

incidences 

(n) 

Prop. of 

incidences 

(%) 

February    

2012 1303 61 4.7 

2013 1315 53 4.0 

March    

2012 1264 94 7.4 

2013 1328 79 6.0 

April    

2012 1250 117 9.4 

2013 1262 84 6.7 

May    

2012 1257 124 9.9 

2013 1269 59 4.7 

June    

2012 1266 121 9.6 

2013 1288 16 1.2 

July    

2012 1247 131 10.5 

2013 1271 49 3.9 

 

In 2012 the incidences of disorders 

continually increased from 61 cases in February to 

131 cases in July. In February and March the 

observed incidences were markedly fewer than the 

incidences from April onwards. In 2013 the 

incidences of infectious hoof diseases initially  

increased from 53 cases in February to 84 cases in 

April, then declined from April to June to a 

minimum of 16 cases and finally slightly rose to 49 

cases from June to July. It is further worth 

mentioning that in February 2013 more an imals 

were affected with DD than in February of the 

preceding year. Thus, the incidences of DD in dairy  

cows initially increased when cleaning the walkways 

with robot scrapers. In the following months of the 

second investigation period, the incidences declined 

when compared to the same months of the first 

period. Similarly, the number of an imals diagnosed 

with HE was higher in February and March 2013 

than in the same months of the previous year. 

 

3.2 Parity 

As illustrated in Table 4, the parity of cows 

suffering from at least one infectious hoof disease 

differed between both investigation periods 

(P<0.001). In primiparous animals the alteration was 

characterized by a sharp decline in the incidences of 

infectious hoof disorders from 221 cases in 2012 to 

77 cases in 2013. Similarly, the number of sick cows 

from the second to the fifth parity declined between 

the first and second investigation periods. In 2012 

155, 119, 89, and 51 cows were in the second, third, 

fourth and fifth parity, respectively, while in 2013 

there were 77, 102, 63, 50, and 23 cows.  

 

Table 4. Number (n) and proportion (%) of 

incidences of infectious hoof disorders according to 

parity of cows in 2012 and 2013. 
Parity Number of 

incidences (n) 

Proportion of 

incidences (%) 

P-value 

2012 2013 2012 2013  

1 221 77 34.1 22.6  

2 155 102 23.9 30.0  

3 119 63 18.4 18.5  

4 89 50 13.7 14.7  

5 51 25 7.9 7.4  

≥6 13 23 2.0 6.8  

Total 648 340 100.0 100.0 P<0.0011 
1
 Based on Chi-square test 

 

It is striking that in 2013 the number of 

incidences of infectious hoof diseases in cows in the 

second parity exceeds the number of incidences in 
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cows in the first parity. The number of cows 

suffering from infect ious hoof disorder that were in 

the sixth parity or above increased from 13 to 23 

cases between both investigation periods. Thus, in 

the oldest cows of the herd there was no 

improvement in hoof health compared to cows in  

other parities.  

Moreover, the proportion of the incidences 

of hoof disorder in  different parities varied between  

both investigation periods. In 2012 the highest 

proportion (34.1%) was in parity 1, whereas in 2013 

it was in parity 2 (30.0%). The proportion of 

incidences of hoof disorder in cows from parity 3 to 

5 was almost equal in both investigation periods, 

whereas in cows in parity ≥6 the proportion was 

higher in 2013 (6.8%) than in 2012 (2.0%). 

 

3.3 Stage of lactation 

Data further indicated differences 

(P<0.001) in the stage of lactation of affected cows 

between both investigation periods (Table 5). In  

2012 the incidences of infectious hoof disorders 

were by far the highest in cows between 0 and 30 

DIM. Other peaks occurred in cows between 121 

and 150, 151 and 180, 241 and 270, 171 and 300 

DIM, and in cows >361 DIM. In 2013 the incidences 

of infect ious hoof diseases in cows between 0 and 30 

DIM declined compared to 2012. Conversely, the 

incidences of infectious hoof diseases in cows 

between 31 and 60 DIM increased between 2012 and 

2013. A ltogether, the number of incidences over the 

entire lactation period showed an undulating 

development. This wave-like development was not 

as pronounced in 2013 as in 2012.  

Table 5 further showed that in cows 

between 31 and 60, 61 and 90, and 91 and 120 DIM 

as well as in cows between 211 and 240, 241 and 

270, 271 and 300, and 301 and 330 DIM the 

proportion of incidences of infectious hoof diseases 

in 2013 was higher compared to 2012. There was a 

marked increase from 8.0% to 18.5% in cows 

between 31 and 60 DIM. Conversely, the proportion 

of incidences of infectious hoof diseases in cows 

between 121 and 150, 151 and 180, 181 and 210, 

and >361 DIM was fewer in 2013 than in 2012. 

 

IV. DISCUSSION 
4.1 Incidences 

It is very likely that the automated cleaning 

of walkways caused the marked drop in  the number 

of incidences of infectious hoof disorders in the 

second investigation period. Numerous studies 

provided evidence that deficient hygiene through 

accumulat ion of liquid manure in the housing 

environment of animals led to macerat ion and 

damage of hooves, and made them vulnerable to 

pathogenic agents, whereas dry conditions on 

walkways maintain the robustness and intactness of 

hooves [5,6,17]. Hultgren and Bergsten [18] 

attributed the variation for heel-horn erosion 

between herds to different hygienic conditions of 

walking and lying areas. The results of this study are 

in agreement with Somers et al. [11,12] and 

Magnusson et al. [19] revealing that the cleaning of 

walkways with traditional, mechanical manure 

scrapers reduces the risk for infectious hoof 

disorders in dairy cattle. Several studies found that 

short cleaning intervals considerably reduce manure 

on walkways and improve the cleanliness of dairy 

cattle and the housing environment [13,14,15]. 

Similarly, the short cleaning intervals of the robot 

scrapers prevented the aggregation of liquid manure 

on walkways and improved environmental hygiene. 

 

Table 5. Number (n) and proportion (%) of 

incidences of infectious hoof disorders by stage of 

lactation of cows in 2012 and 2013.  
Days in 

milk 

(DIM) 

Number of 

incidences  

(n) 

Proportion of 

incidences 

(%) 

P-value 

2012 2013 2012 2013  

0-30 131 47 20.2 13.8  

31-60 52 63 8.0 18.5  

61-90 25 20 3.9 5.9  

91-120 45 26 6.9 7.6  

121-150 68 22 10.5 6.5  

151-180 60 23 9.3 6.8  

181-210 35 13 5.4 3.8  

211-240 30 22 4.6 6.5  

241-270 44 29 6.8 8.5  

271-300 47 28 7.3 8.2  

301-330 35 19 5.4 5.6  

331-360 20 15 3.1 4.4  

>361 57 14 8.8 4.1  

Total 648 340 100.0 100.0 P<0.0011 
1
 Based on Chi-square test 

 

The relationship between lameness in dairy 

cows and the decrease of milk production [20,21,22] 

and reproductive performance [23,24,25] was 

verified in several studies. Fewer incidences of 

infectious hoof disorders in the dairy herd reduce the 

adverse effects on the productive performance and 

improve the well-being of individual cows.  

 

4.2 Parity 

It is widely accepted that hoof diseases and 

lameness are more prevalent in multiparous than in 

primiparous cows [4,20,26] and the frequency of 

hoof disorders increases with growing parity 

[27,28,29]. In this study the larger number and 

proportion of sick animals in parity 6 and above in 

2013 compared to 2012 may have resulted from 

decreased culling rates. Because of the better health 

status, fewer cows were culled in each parity and 

more cows grew older in 2013 than in 2012. This 

hypothesis is supported by a previous study 
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supposing that more intense culling of ill 

primiparous cows could have changed the cows’ 

incidences of digital d isorders in parity 2 to 9 [27].  

However, previous studies also suggested 

that the huge physiological, environmental and 

social changes primiparous cows are faced with at 

first calving led to higher susceptibility to pathogens 

[27,30]. This can explain the larger number and 

proportion of affected primiparous cows in the first 

investigation period of the present study compared 

to the second investigation period.  

A possible explanation for the shift of the 

maximum incidence of infectious hoof disorders 

from the first to the second parity in the second 

investigation period is that the development of 

diseases decelerated owing to improved 

environmental hygiene and substantially reduced 

infection pressure. Moreover, it is likely that cows 

that had been fallen ill in 2012 were more 

susceptible to hoof diseases in 2013. 

 

4.3 Stage of lactation 

The highest incidences of digital disorders 

in cows between 0 and 30 DIM as found in the 

present study in 2012 are consistent with earlier 

findings [20,26,31]. Preceding reports provided 

evidence to suggest that the large number of 

incidences of infectious digital disorders in cows 

between 0 and 30 DIM was caused by the far-

reaching physiological and environmental alterations 

in the late pregnancy and early lactation [20,32]. 

Histological alterat ions in hooves that occur at 

calving time [33] may also have contributed to the 

outbreak of hoof disease.  

In 2013 under cleaner environmental 

conditions resulting from robot scraper operation, 

the highest incidences occurred not in cows between 

0 and 30 DIM but at the onset of peak lactation in 

cows between 31 and 60 DIM. Some previous 

studies also confirmed that in cows at peak lactation 

incidences of digital disorders are highest due to 

intense metabolic stress [31,34].  

 

V. CONCLUSIONS 
This study demonstrated that the incidences 

of infectious hoof disorders in cows decreased when 

walkways were cleaned by robot scrapers. Since 

infectious hoof disorders are frequently associated 

with severe pain, the improvement of hoof health 

positively affects animal welfare and production. 

The research design using two investigation periods 

at different time intervals implies the possibility of 

disregarding influencing factors and limits the 

validity of the results. Further research can 

contribute to additional knowledge in this field.  
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