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INTRODUCTION

Prevention of lameness on dairy farms is 
important for both animal welfare and economic loss 
concerns. Digital dermatitis (DD) is one of the main 
reasons for lameness in dairy cows. Several options 
(e.g. vaccination, footbath and antibiotic application) 

have been reported for preventing and treatment of 
DD. However, these options are controversial due to 
some potential drawbacks; (1) Vaccination against 
DD has been considered as weak and inconsistent 
(PALMER & O’CONNEL, 2015). (2) Footbaths 
have commonly been used to treat DD in herds, 
but strict guidelines for treatment are necessary to 
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ABSTRACT: This study aimed to evaluate the economic efficiency of DD treatment on milk yield in lame cows suffering from DD. A total of 33 
Holstein dairy cows with DD were included in the study. The milk yields were assessed as (1st); beginning milk production (BMP), (2nd); peak 
milk production before the diagnosis (PMPBD), (3rd); diagnosis day milk production (DMP), and (4th); post-treatment milk production (TMP). 
In the first stage of analyses, using the E-views equity test of means program, cows were classified into three groups for diagnosis time of DD 
according to the day in milk (DIM) (Group 1: 0 ≤ DIM ≤ 50, Group 2: 51 ≤ DIM ≤ 100, and Group 3: 101 ≤ DIM ≤ 150). Analysis of variance 
(ANOVA F-Test) and the Welch F-Test were conducted to compare the means of TMP to BMP, PMPBD, and DMP. Differences between TMP 
and DMP were statistically significant in all three groups. In the second stage of analyses, a cost-benefit analysis was conducted to determine 
the break-even point for each group to cover treatment costs for increasing milk yield.  The DIM of DMP was considered as the gained milk 
yield per cow. Treatment cost and the mean break-even DIM for each group was then calculated. After treatment, the mean optimum break-even 
day for Groups 1, 2, and 3 was determined as 18.68, 26.43, and 27.14, respectively. Results suggested that treatment of DD may be considered 
as favorable and useful for a dairy economy.
Key words: dairy cow, digital dermatitis, treatment, dairy economics, break-even analysis.

RESUMO: Esse estudo tem o objetivo de avaliar a eficiência econômica no tratamento da DD na produção de leite em vacas tratadas com 
claudicao. Foram incluidas no total 33 vacas leiteiras Holstein com DD nesse estudo. A produção de leite foi avaliada (1°); início da produção 
de leite (BMP), 2°; pico na produção de leite antes do diagnostico (PMPBD), (3°); dia de diagnostico da produção de leite (DMP), e (4°); 
produção de leite pós-tratamento (TMP). Na primeira etapa das análises, utilizamos o programa E-views Equity Test of Mean, as vacas foram 
classificadas em três grupos para o tempo de diagnostico de DD Segundo o dia do leite (DMI) (Grupo 1: 0 ≤ DIM ≤ 50, Grupo 2 : 51 ≤ DIM ≤ 
100 e Grupo 3: 101 ≤ DIM ≤ 150).A análise de variância (ANOVA F-Test) e o Welch F-Test foram conduzidos para comparar as medias de TMP 
a BMP, PMPBD e DMP. Diferenças entre TMP e DMP foram estatisticamente significativas nos três grupos. No segundo estágio das análises, 
uma análise de custo-benefício foi realizada para determinar o ponto de equilíbrio para cada grupo para cobrir os custos de tratamento e 
aumentar a produção de leite. O DIM de DMP foi considerado como a produção de leite adquirida por vaca. O custo do tratamento e o DIM 
médio de equilíbrio para cada grupo foram então calculados. Após o tratamento, o dia de equilíbrio ideal médio para os Grupos 1, 2 e 3 foi 
determinado como 18,68; 26,43 e 27,14, respectivamente. Os resultados sugerem que o tratamento de DD pode ser considerado favorável e 
útil para uma economia leiteira.
Palavras-chave: vaca leiteira, dermatite digital, tratamento, economia leiteira, análise break-even.
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avoid environmental waste and DD contamination. 
(3) Systemic or local antibiotic applications are also 
recommended for individual DD treatment (BODIL 
et al., 2009; YANO et al., 2010; APLEY, 2015). 
However, only local applications are preferred to 
avoid residue problem in the milk. In addition, 
the local applications are high-priced and time-
consuming. Therefore, single treatment is used for 
animal welfare, decreasing culling, and elimination 
of the explicit source of DD. 

In cows with DD, decreased milk yield is 
an important economic issue (BRUIJNIS et al., 2010); 
although it does not always result in a reduction in milk 
(PALMER & O’CONNEL, 2015). Conversely, it has 
been reported that there is significant increase in the 
milk yield after dairy cows with reduced milk yield 
healed with a suitable treatment against DD (AMORY 
et al., 2008). Single individual treatment for DD tends 
to be considered as an extra economic burden in the 
dairy economy. Despite some therapeutic applications 
as discussed above, a single intervention for DD is still 
needed to compensate the treatment cost by increasing 
milk yield. In this respect, this study also aimed to 
evaluate the economic efficiency of a single treatment 
for DD in the context of increasing milk yield due to 
the treatment in lame dairy cows.

MATERIALS   AND   METHODS

Animals and housing
From September 2015 to June 2016, a total 

of 33 Holstein dairy cows (aged from 3 to 5 years old 
and up to 550kg in weight) with lameness due to DD 
were included in the study from a commercial dairy 
herd (the average number of dairy cows are 550) in 
Aydin, Turkey. The animals were housed in a free-
stall, mattress-based barn with automatically scraped 
concrete floors, and they were fed with a total mixed 
ration (TMR). Cows were milked three times a day 
with a Duovac TM milking machine (Alfa Laval Agri, 
SE). According to the owner’s information, cows 
had been subjected to footbath by applying copper 
sulfate (CuSO4) in a non-regular basis (up to twice 
during the entire winter). The owner stated that the 
farm manager and veterinarian occasionally decided 
whether footbath was necessary. The lameness score 
(LS) was calculated as previously described by 
SPRECHER et al. (1997). Only cows with LS ≥3 
were included in the study. In this study, the selected 
cows had exclusively DD. They did not have any 
other concomitant foot diseases. DD lesions were not 
scored, but all were ulcerative and active lesions with 
a mild pain during palpation.

Treatment
To treat cows with DD, individual bandages 

(modified from PIJL, 2003) were used as an acceptable 
treatment protocol. This method has previously been 
shown to be reliable as demonstrated by the fact that 
lesions were drastically healed (AKIN et al., 2013; 
AKIN et al., 2015). Until DD lesions were healed, 
the combination of amoxicillin and clavulanic acid 
was topically applied over the lesions with individual 
bandages, which were changed weekly after the 
morning milking. Until end of the treatment, cows were 
kept in the same conditions in terms of management 
(housing, feeding etc.). Lameness absence, no pain 
during palpation, and full epithelialization were 
observed in the cows with healed lesions.

Statistical and economic analyses
The analyses were performed in two 

stages. In the first stage, cows were categorized into 
three groups based on the DD diagnosis time (the day 
in milk [DIM]) according to the E-views equity test 
of means program: Group 1: 0 ≤ DIM ≤ 50, Group 2: 
51 ≤ DIM ≤100, and Group 3: 101 ≤ DIM ≤ 150). The 
data for the milk yields were collected from computer 
records and categorized as four stages: (1) beginning 
of milk production (lactation) (BMP), (2) peak milk 
production before diagnosis day (PMPBD), (3) 
milk production on the diagnosis day (DMP, at the 
beginning of the treatment), and (4) post-treatment 
milk production (TMP, at the end of the treatment). 

The treatment effect on the milk yield was 
compared using two different equity tests of means 
according to what period cows were in. One of them 
was the ANOVA F-Test (one-way ANOVA), which 
provides a single and simultaneous comparison of 
the series with an equality analysis method of the 
mean between two series. In one-way ANOVA, the 
F-Statistic is:
F = variation between sample means/variation within 
the samples (1)

We applied the other equity test of the 
means for a cross-check which was the Welch F-Test, 
a modified F-statistic, which was considered when the 
variance was not equal. Overall, the ANOVA F-Test 
and the Welch F-Test were conducted to compare 
the variations (TMP, BMP, PMPBD, and DMP) and 
to find whether the intervention (treatment) was 
significant. The null hypothesis (Ho) for the ANOVA 
F-Test and the Welch F-Test is that “there is no 
difference in the means between the series” and Ho 
was accepted if p ≥ 0.05. 

In the second stage, we also used to 
evaluate cost-benefit analyses that were conducted 
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to determine the break-even point (break-even DIM) 
for the cost of each group’s treatment in terms of 
increasing milk yield. Break-even point analysis is 
a measurement system that calculates the margin 
of safety by comparing treatment cost and daily 
milk revenues. It is a financial method to assess 
serviceable financial decisions for farms (BERRY 
1972; GALLIGAN et al., 1987; GALLIGAN et al., 
1991; CARPENTER et al., 2007). Major benefit 
of the break-even analysis is that it demonstrates 
the lowest level of business activity which would 
prevent revenue loss (GUTIERREZ and DALSTED, 
1990). During the healing period, treatment costs 
and increased milk yield revenues were compared. 
The analysis indicated that the duration of positive 
treatment for milk yield after the diagnosis day to 
subsidize the treatment cost. Treatment cost was 
obtained from farm accounting records and its details 
are shown in table 1 for one-week. The milk sales 
price per liter was taken as TL (Turkish currency) 
1.10 (about 31 cents according to CBRT USD/TL 
rates as of 12/31/2016). 

Since daily milk productivity is different 
each day, studies by GUTIERREZ and DALSTED 
(1990) were followed, and the break-even point 
formula was revised and calculated as below:

Where X shows milk production per 
cow, Y is milk production on the diagnosis will be 
day ,  shows milk price, and C shows overall cost of 
treatment. In addition, t means break-even point day 
and k connotes treatment period. The left side of the 
equation indicates more daily milk revenues until 
the break-even point day or the point at which cost 

per day and additional revenues were equal to each 
other. Rate of milk productivity growth (PGm) was 
calculated by using the formula below:
PGm = (TMP – DMP/DMP (3)

RESULTS

A total of 23 cows were scored as 3 
(LS = 3) while 10 were scored as 4 (LS = 4). At 
the end of the treatment, the lameness and pain 
disappeared completely and all lesions were 
covered with normal skin epithelia.

Descriptive statistics
The mean milk yields at the stages of 

BMP, PMPBD, DMP, and TMP, lactation number 
(LN), treatment periods (Tp), and the rate of milk 
productivity growth (PGm) of each group are 
presented in table 2. Based on this overview, cows in 
the first 50 days of lactation (Group 1) benefited the 
most by treatment (PGm = 0.69 ± 0.83). The DMP of 
groups was lower than BMP while TMP was similar 
with PMPBD in groups 2 and 3. The DIM in group 1 
was higher than that of groups 2 and 3. 

Table 3 presents the mean milk yield of 
each period and the statistical significance of increased 
milk yield after treatment. According to the degrees of 
freedom (df) stated in the table and at a 0.05 significance 
level for both test results, it reported that p ≤0.05 
for DMP and TMP which means Ho was rejected. 
Therefore, it was concluded that there was a statistically 
significant difference in the mean of milk yield before 
and after treatment. For all three groups, there was no 
difference between the mean of PMPBD and TMP (p 
˃0.05), suggesting that the milk yield obtained at TMP 
was the similar with the milk yield obtained at PMPBD.

Table 1 - Overall cost of treatment per dairy cow. 
 

Items TL Values Dollar values (dated 12/31/2016) 

Cotton 2 0.57 
Tourniquet 1.6 0.45 
Vet Flex 5 1.42 
Grey Bandage 2.7 0.77 
Bituminous Bandage 5.4 1.53 
Amoxicillin and clavulanic acid 3 0.85 
Total 19.7 5.59 
Veterinary cost per cow (Weekly)* 16.5 4.68 
Overall cost of treatment 36.2 10.27 

 
Source: All costs in this study were obtained from farm accounting records. *Veterinary cost per cow (Weekly) = Salary (according to tariff 
of fares of The Chamber of Veterinary Surgeons, Aydin/Turkey)/average number of animals treated in a working day*). 
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Break-even point analysis
Duration of treatment expenses are important 

items which were compensated to firms in order to make 
a maximum profit. At the second stage, break-even point 
analysis was performed for the all 3 groups as the results 
are seen in table 4. Treatment period [Tp (day)], total 
treatment cost [Tc (   )], and break-even point days [BEPD 
(day)] for each cow is also presented in table 4 showing 
that, except for 4 cows (cows 1, 3, 8, and 19) in Group 
1, early BEPD was better than TP; that is, 15 cows in the 
groups subsidized for treatment costs took place earlier 
than the conclusion of TP. There were 1 and 5 cows with 
the same situation in Groups 2 and 3, respectively. To 
this end, groups 1, 2, and 3 covered the treatment cost for 
an average of 18.68, 26.43, and 27.14 days, respectively.

DISCUSSION

To eradicate DD outbreaks on the farms, 
strict rules should be followed. Treatment of DD 
individually is the strategy to eliminate a DD outbreak. 
It also reduce the reservoir of DD lameness in the herd. 
As is well-accepted, lameness has a negative effect 
on animal behavior, milk production, reproductive 
performance, and weight gain in the affected herd. 

The cows with DD have lower conception rate 
because of increased number of open days and 
intervals of calving (ARGAEZ-RODRIGUEZ et al., 
1997; GOMEZ et al., 2015). Cows in this study were 
lame (LS ≥3) due to DD. Except for other negative 
effects of lameness, only milk yield during the healing 
period of DD was evaluated in this study. If negative 
effects were examined and calculated, the break-even 
point would have possibly been reported earlier in all 
groups. This may be an issue for long-term studies. 

Concurrent diseases, condition of the cattle, 
design and opportunities of the farm and experience 
of practitioner are some of influencing factors on 
reducing foot lesions in dairies. Cows used in this 
study have only DD problem, there was no concurrent 
(systemic or foot) disease/lesion. All DD lesions were 
ulcerative, active and painful. The farm was relatively 
big (550 dairy cows capacity) and modern in the 
region (Aydin, TR) and the owner, veterinarian and 
employees in the farm were collaborative during the 
study period. The lesions were treated by one of the 
author (IA) of the study. If above-mentioned factors 
were considered to be different in other dairy farms, 
the break-even points of DD lesions may be earlier or 
later depending on the conditions in the farms.

 

Table 2 - The mean milk yields (BMP, PMPBD, DMP, TMP), lactation number (LN), treatment periods (Tp), and the rate of milk 
productivity growth (PGm) of groups. 

 -----------------------------------------------------------Variables (Mean±SD)----------------------------------------------------------- 

 n BMP PMPBD DMP TMP LN Tp (day) PGm (%) 
 1 19 27.42±7.63 31.63±9.43 24.68±9.23 36.16±8.08 1.84±1.5 20.21±10.41 0.69±0.83 
Group 2 7 30.71±8.77 39.57±4.72 30.71±2.87 37.43±2.32 3.14±1.35 19.43±11.57 0.22±0.09 
 3 7 31.86±6.54 38.64±7.77 26.64±6.35 37.43±8.56 2.57±0.79 21.86±5.49 0.43±0.25 

 

n: Number of cows. 

Table 3 - The importance of the increase in milk yield after treatment. 
 

  -----------BMP and TMP----------- ---------PMPBD and TMP--------- ------------DMP and TMP------------ 

Group Methods df Value p df Value p df Value ρ 
1 ANOVA F-Test (1,36) 11.75 <0.001 (1,36) 2.52 0.12 (1,36) 16.63 <0.001 
 Welch F-Test (1,35.88) 11.75 <0.001 (1,35.16) 2.52 0.12 (1,35.38) 16.63 <0.001 
2 ANOVA F-Test (1,12) 3.84 0.07 (1,12) 1.16 0.30 (1,12) 23.19 <0.001 
 Welch F-Test (1,6.83) 3.84 0.09 (1,8.73) 1.16 0.31 (1,11.49) 23.19 <0.001 
3 ANOVA F-Test (1,12) 1.87 0.20 (1,12) 0.08 0.79 (1,12) 7.17 0.02 
 Welch F-Test (1,11.23) 1.87 0.20 (1,8.73) 0.08 0.79 (1,11.07) 7.17 0.02 

 
df: degrees of freedom; BMP: beginning day of milk production; PMPB: peak milk production before diagnosis day; DMP: diagnosis day of 
milk production; TMP: milk production at the end of the treatment.  
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Milk and dairy products are important 
contributions to the human diet as milk is a source of 
macro- and micro-nutrients and dairy cow products 
play a key role for food supply. Although, conflict 
studies on milk yield in DD have been reported 
(PALMER & O’CONNEL, 2015), positive treatment 
effects have also been reported in the literature 
(AMORY et al., 2008). Individual DD treatment 
in dairy cows is not preferred due to its higher cost 
and time-wasting. These animals predicted to play 
a significant role in the future food supply deserve 
individual care in the context of animal rights and 
welfare. The cows with DD are, conversely, valuable 
for the farm in terms of the economy as well. 
According to the results of this study, treatment costs 
were compensated with milk yield gain in 27.14 days 
from the DMP treatment day. Thus, DD treatment of 
dairy cows in the herd must be reconsidered.

Very few studies have focused on the 
treatment of lameness (POTTERTON et al., 2012) due 
to DD which is an obstinate and worldwide problem. 
Most studies have carried out to improve animal 
welfare. Although, different treatment methods (e.g. 
(i) systemic antibiotics, individual (ii) local antibiotic/
non-antibiotic applications, (iii) herd antibiotic/

non-antibiotic footbaths, and (iv) vaccinations) have 
been described (PIJL, 2003; LAVEN and LAGUE, 
2006; AKIN et al., 2015; TOHOLJ et al., 2012; 
PALMER & O’CONNEL, 2015). The best treatment 
considered for DD is to application of individual 
local medication (LAVEN and LAGUE, 2006) for 
easier healing. Similarly, it has been reported that 
the antibiotic application and bandages from among 
aforementioned five treatment options resulted in the 
most efficient treatment (86% recovery) (TOHOLJ et 
al., 2012). Antibiotic or non-antibiotic applications 
[gel (HOLZHAUER et al., 2011), cream (MOORE 
et al., 2001), paste (KOFLER et al., 2004; EL-
SHAFAEY et al., 2016), bandages (CUTLER et 
al., 2013), wraps (KOHLMAN and BJURSTROM, 
2016), and light bandages (MANSKE et al., 2002)] 
have been used topically for DD treatment. Treating 
DD lesions with maximum efficiency at minimum 
cost is a common approach of these studies. Due 
to the accepted method in Turkey, which has been 
efficiently used before (AKIN et al., 2013; AKIN et 
al., 2015), individual bandages (modified from PIJL, 
2003) were used in this study. Although, prices can 
vary, the bandages may have had the highest cost 
($10.27, Table 1) vs. topical application in the above-

Table 4 - Break-Even point analysis for 3 Groups. 
 

----------------Group 1 (DIM <51) ---------------- ------------Group 2 (51 <DIM <100)------------ ----------------Group 3 (100 <DIM)---------------- 

Cow no 𝑇𝑇𝑝𝑝  𝑇𝑇𝐶𝐶 𝐵𝐵𝐵𝐵𝐵𝐵𝐷𝐷 Cow no 𝑇𝑇𝑝𝑝  𝑇𝑇𝐶𝐶 𝐵𝐵𝐵𝐵𝐵𝐵𝐷𝐷 Cow no 𝑇𝑇𝑝𝑝  𝑇𝑇𝐶𝐶 𝐵𝐵𝐵𝐵𝐵𝐵𝐷𝐷 
1 7 36.2 15 1 14 72.4 22 1 25 129.29 23 
2 21 108.6 10 2 45 232.71 57 2 15 77.57 59 
3 7 36.2 9 3 14 72.4 26 3 15 77.57 19 
4 14 72.4 13 4 14 72.4 20 4 21 108.6 18 
5 14 72.4 9 5 21 108.6 32 5 28 144.8 23 
6 21 108.6 19 6 14 72.4 15 6 21 108.6 21 
7 21 108.6 20 7 14 72.4 13 7 28 144.8 27 
8 7 36.2 12         
9 40 206.86 40         
10 40 206.86 35         
11 30 155.14 27         
12 30 155.14 30         
13 21 108.6 18         
14 25 129.29 19         
15 30 155.14 23         
16 14 72.4 14         
17 14 72.4 14         
18 21 108.6 19         
19 7 36.2 9         
Average Break-Even Day = 18.68 Average Break-Even Day = 26.43 Average Break-Even Day = 27.14 

 
DIM: day in milk; Tp: treatment period (day); Tc: total treatment cost (₺); BEPD: break-even point days (day). 
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mentioned studies. Bandages applied in this study 
were used for a week and then replaced on a weekly 
basis. Accordingly, extended antibiotic contact on 
the lesion surface supplied by bandage led to full 
recovering in our current study. Less costly bandages 
with the same efficiency provided an earlier break-
even point than reported here. 

Break-even analysis is beneficial for 
determining “sketches” of possible outcomes vs. 
actual outcome(s) while this information is valuable 
in the decision-making process. Break-even point 
analysis is used for different aspects of the economy 
(GUTIERREZ and DALSTED, 1990) such as in 
dairies (BERRY 1972; GALLIGAN et al., 1987; 
GALLIGAN et al., 1991; CARPENTER et al., 2007). 
However, the authors have not yet conducted a study 
that analyzed the efficacy of DD treatment in dairies. 
Given a break-even analysis, this study may determine 
what will likely occur in the dairy economy in terms 
of assuming individual DD treatment. 

All cows in the present study were 
clinically lame (LS ≥3) owing to DD lesions while 
only milk yield was studied to determine break-
even points. In addition to other negative effects of 
lameness, early detection and treatment of DD with 
using lower cost bandages may decrease the break-
even point and should definitely be examined. The 
milk yield achieved with TMP is an approximate 
milk yield reported in PMPBD, yet results are 
consistent with our expectations. Taken together, 
cows with DD, especially during the first 50 DIM, 
should be treated individually.
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