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ABSTRACT

Digital dermatitis (DD) is the leading infectious 
cause of lameness in dairy cattle, and it affects their 
welfare and productivity worldwide. At the herd level, 
DD is often assessed while cows are standing in a milk-
ing parlor, and lesions are most commonly evaluated 
using the M-score. The objective of this study was to 
examine the interobserver agreement for M-scores of 
the feet of standing cattle, based on digital color pho-
tographs of dairy cattle hind feet. A total of 88 photo-
graphs and written descriptors of the M-score were sent 
to 11 scorers working at 10 different institutions in 5 
countries. The scorers received no formal training im-
mediately before scoring the photographs; however, all 
regularly used the M-score to score DD. The answers 
for 36 photographs were excluded from the analysis be-
cause the photograph either had more than 1 M-stage 
as mode or not all scorers assigned an M-score to it. 
The M-scores of the 11 scorers from 52 photographs 
were available for analysis. Interobserver agreement 
was tested using Gwet’s agreement coefficient (AC1) 
and the mode was assumed correct. Overall, moder-
ate agreement emerged for the M-score (AC1 = 0.48). 
For the individual M-stages, almost perfect agreement 
existed for M0 (AC1 = 0.99), M1 (AC1 = 0.92), and 
M3 (AC1 = 0.82), and substantial agreement for M2 
(AC1 = 0.61), M4 (AC1 = 0.65), and M4.1 (AC1 = 
0.71). This outcome indicates the degree of individual 
variation in M-scoring in this context by unstandard-
ized, experienced European observers, particularly for 
the M2, M4, and M4.1 stages. Standardized training is 

likely to improve the consistency of M-scoring and thus 
the generalizability of future DD research results on 
this important endemic disease.
Key words: dairy cow, digital dermatitis, lameness, 
M-score, interobserver agreement

INTRODUCTION

Bovine digital dermatitis (DD) is an endemic infec-
tious disease among farmed cattle. The characteristic 
active lesion of DD is a painful, large, red to gray ulcer-
ation of the skin between the heel bulbs, with the hind 
feet most often affected. The chronic stage of DD is 
a dyskeratotic or irregular proliferative hyperkeratotic 
dermatitis. Despite treatment and control measures, 
chronic stages often recrudesce into active stages, con-
tributing to further infectious spread of DD and result-
ing in lameness that compromises animal welfare and 
productivity (Willshire and Bell, 2009; Bruijnis et al., 
2010, 2012).

Several classification systems have been proposed to 
recognize and grade the visual characteristics of DD le-
sions. Briefly, Döpfer et al. (1997) classified DD lesions 
according to morphological observations (M-score, 
which was later adapted by Berry et al., 2012); Laven 
and Proven (2000) classified DD lesions according 
to lesion color among other clinical signs; Manske et 
al. (2002) classified DD lesions according to severity 
and stage of development; Vink et al. (2009) classified 
DD lesion according to size, clinical presentation, and 
location; and Krull et al. (2014) classified DD lesions 
according to morphological appearance (Iowa-score). 
Following classification using the M-score, DD lesions 
were grouped according to disease status as early, infec-
tious, or healing by Döpfer et al. (2012) and as active 
or inactive by Zinicola et al. (2015) and Biemans et al. 
(2018).

Interobserver agreement of digital dermatitis M-scores for photographs  
of the hind feet of standing dairy cattle
A. Vanhoudt,1* D. A. Yang,2 T. Armstrong,3 J. N. Huxley,2 R. A. Laven,2 A. D. Manning,4 R. F. Newsome,5  
M. Nielen,1 T. van Werven,1,6 and N. J. Bell7
1Department of Farm Animal Health, Faculty of Veterinary Medicine, Utrecht University, 3584 CL, Utrecht, the Netherlands
2School of Veterinary Science, Massey University, Palmerston North 4474, New Zealand
3Provita Eurotech Limited, Omagh, County Tyrone, BT79 0EU, Northern Ireland
4School of Veterinary Medicine, University of Surrey, Guildford GU2 7AL, United Kingdom
5Cattle Lameness Academy, Synergy Farm Health Ltd., Evershot, Dorset, DT2 0LD, United Kingdom
6University Farm Animal Practice, 3481 LZ, Harmelen, the Netherlands
7School of Veterinary Medicine and Science, University of Nottingham, Sutton Bonington Campus, Sutton Bonington, Leicestershire, LE12 5RD, 
United Kingdom

 

Received September 4, 2018.
Accepted February 12, 2019.
*Corresponding author: a.vanhoudt@ uu .nl



Journal of Dairy Science Vol. 102 No. 6, 2019

PHOTOGRAPH M-SCORE INTEROBSERVER AGREEMENT 5467

Recognition and grading of DD lesions serves 3 pur-
poses: (1) to study the pathophysiology of DD (Ras-
mussen et al., 2012; Zinicola et al., 2015; Nielsen et 
al., 2016), (2) to identify animals that need treatment 
(Schultz and Capion, 2013; Dotinga et al., 2017), and 
(3) to study the infection dynamics of DD at a popula-
tion level (Döpfer et al., 2012; Tremblay et al., 2016; 
Biemans et al., 2018). Currently, the M-score remains 
the most widely used, researched, and cited method. 
Although M-scoring cattle in the trimming chute is 
considered best practice, regular and repeated screen-
ing of herds for DD commonly occurs during a pen 
walk or milking. Several studies have looked at the 
diagnostic test characteristics of scoring DD lesions in 
the milking parlor using various DD lesion classifica-
tion systems and observations in the trimming chute as 
the gold standard. For DD lesion classification systems 
other than the M-score, sensitivity (Se) ranges from 
65% to 72% and specificity (Sp) from 84% to 99% 
(Rodriguez-Lainz et al., 1998; Thomsen et al., 2008). 
Yang et al. (2017a) estimated a Se of around 63% and 
Sp of nearly 100% for visual inspection of the rear feet 
for presence or absence of lesions of DD during milking. 
M-scoring in the milking parlor, whether assisted by a 
telescopic mirror or not, appears to be both sensitive 
(90–100%) and specific (80–99%) in identifying cattle 
with DD (Relun et al., 2011; Stokes et al., 2012; Solano 
et al., 2017), although some misclassification has been 
reported when compared with M-scoring in the trim-
ming chute, especially for M3 (Relun et al., 2011) and 
M4.1 (Solano et al., 2017). More recently, Cramer et al. 
(2018) reported a Se of around 58% and Sp of around 
95% after dichotomizing the M-score.

Although the M-score is used by researchers, foot 
trimmers, farmers, and veterinarians, the methods by 
which scorers are trained are rarely mentioned in the 
published literature. In some publications, “an experi-
enced or trained scorer” produces M-scores (Logue et 
al., 2012; Higginson Cutler et al., 2013; Kulow et al., 
2017), whereas elsewhere scorers undergo a detailed 
training program consisting of recognizing M-stages 
from color photographs, sometimes followed by scoring 
live animals (Alsaaod et al., 2014; Solano et al., 2017; 
Yang et al., 2017b). In the absence of standardized 
training programs, the reliability and repeatability of 
DD scoring depends heavily on accurate and consistent 
interpretation of detailed lesion descriptors written 
in English. Yet to date, as far as we are aware, the 
interobserver agreement on M-scoring among scorers 
working in different institutions has not been studied.

The aim of this study was to assess interobserver 
agreement of the M-score based on photographs of 
standing animals. Using several agreement analyses, 
we calculated the interobserver agreement of the M-

score (Döpfer et al., 1997; Berry et al., 2012) among 
unstandardized, experienced scorers working in differ-
ent institutions, using single digital color photographs 
of the hind feet of standing dairy cattle.

MATERIALS AND METHODS

Scorers and Photographs

A convenience sample of 88 digital color photographs 
of the hind feet (plantar view) of standing dairy cattle 
was compiled from the personal libraries of 4 scorers 
(all from the United Kingdom), who respectively con-
tributed 60, 17, 8, and 3 photographs. The photogra-
phers were asked to provide photographs from their 
libraries with high image quality (in focus and taken 
in a well-lit environment) and absence of lesions other 
than DD and to include photographs of feet without 
DD. All but one photograph were marked with owner-
ship. Four photographs were assisted with a telescopic 
mirror. Nine photographs were annotated with “raised” 
and 1 with “raised/thickened” features important for 
scoring that could be seen in real life, but might not 
be apparent on a photograph. The light source in the 
photographs varied between natural and artificial light 
sources including a headlamp. Photographs were taken 
at varying angles to and distances from the hind feet 
(estimated range 10–50 cm). The photographed feet 
were of varying cleanliness. A survey containing the 
photographs was created in Google forms (Google LLC, 
Mountain View, CA). The resolution of the original 
photographs ranged from 1,600 × 1,200 to 3,264 × 
1,836 pixels. For compatibility with the Google forms 
survey, the photographs had to be compressed to reso-
lutions ranging from 269 × 293 to 740 × 991 pixels. 
An email with the modified M-score descriptors (Table 
1; Döpfer et al., 1997; Berry et al., 2012) and a URL 
(http: / / bit .ly/ M -score _survey) to the survey was sent 
to 11 scorers, all of whom had scored DD regularly in 
the past using the M-score. The scorers were asked to 
complete the survey as they would normally M-score 
cattle when out on farms. The survey needed to be 
completed before a certain date, but the time spent on 
it was not otherwise restricted. The 11 scorers were a 
convenience sample, without sample size calculation, 
from within the personal network of the principal in-
vestigator. The principal investigator selected the scor-
ers based on them having at least met the proficiency 
level of the 5-stage model of adult skill acquisition of 
clinical skills (Dreyfus, 2004). The scorers received no 
formal training or standardization immediately before 
the exercise. Scorers could also choose “Don’t know” or 
write a comment for each photograph. Scorers provided 
the M-scores without interobserver consultation. Upon 

http://bit.ly/M-score_survey
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completion of the survey, scorers gave permission to 
use their data for this research. All 11 scorers answered 
the survey.

Statistical Analysis

Data were collected by means of Google forms and 
collated into a spreadsheet (MS Excel, Microsoft 
Corporation, Redmond, WA). Although M-scores 
were reported for all photographs, statistical analysis 
excluded photographs with more than 1 M-stage as 
mode and photographs not M-scored by all scorers. For 
each photograph, the mode was assumed the correct 
M-score. First, the overall mean percentage raw agree-
ments with the mode (PAo; number of exact agree-
ments/total number of observations × 100,) with 95% 
confidence interval (CI) and mean PAo with 95% CI 
for each M-stage were calculated. Because the PAo did 
not consider the interobserver agreement to be due to 
chance, we calculated overall Fleiss’s kappa (κ) with 
95% CI (Fleiss, 1971), as well as κ with 95% CI for 
each M-stage individually. By comparing the PAo and κ 
for the individual M-stages, we found a paradox: some 
M-stages had a high PAo with a low κ. Therefore, a 
baseline-category logit model using M-stage as the out-
come variable and scorer as a predictor was fitted and 
the predicted probabilities of reporting each M-stage 
(category) by each scorer were calculated as follows. 
Let Y be a nominal outcome with J categories (J = 1, 
2, 3, …, j) with the probability πj(X) = P(Y = j|X) 
at a fixed X (the predictor); therefore, Σjπj(X) = 1. 
Each category J for the outcome Y had probabilities 
{π1(X), π2(X), …, πj(X)}. The model relating the prob-
ability of category j to that of a baseline category (for 
example, J = 1) could then be formulated as

 ln ,
π

π
j j jX
X

X
( )
( )












= +( ) ( )

1
0 1β β  

where β0 is the intercept and β1 measures the effect 
of scorers for each of the J categories. The predicted 
probability for any scorer reporting any category was

 πj
X

X
j
J

X e

e

j j

j j( ) =
+

( ) ( )

( ) ( )

+

+
=∑

β β

β β

0 1

0 11
1

. 

The variances (σ2) of the predicted probabilities for 
each M-stage were used as indicators to describe the 
variability across scorers for each M-stage. This ap-
proach revealed that the high PAo together with a low 
κ for some M-stages was due to unequal prevalence 
(based on the mode) of the M-stages in our data set. 
Finally, for more robust and relevant measurement of 
interobserver agreement, Gwet’s agreement coefficient 
(AC1; Gwet, 2008) was used as it is less sensitive to ei-
ther marginal homogeneity or trait prevalence. Gwet’s 
AC1 with 95% CI was calculated for overall agreement 
and each M-stage separately. We recalculated Gwet’s 
AC1 with 95% CI for overall agreement after condens-
ing several M-stages into different groups (Table 2). 
The analysis of the baseline-category logit model was 
done using Stata 13.1 (StataCorp LLC, College Sta-
tion, TX), and all other statistical analyses were done 
using R (R Core Team, 2014).

For all measures of agreement, the guidance provided 
by Landis and Koch (1977) for the interpretation of κ 
was used: <0.00, poor; 0.00 to 0.20, slight; 0.21 to 0.40, 
fair; 0.41 to 0.60, moderate; 0.61 to 0.80, substantial; 
and 0.81 to 1.00, almost perfect.

RESULTS

Scorers and Photographs

The 11 scorers were geographically distributed over 
England (7), the Netherlands (1), Northern Ireland (1), 

Table 1. M-score: M-stage and descriptors, as provided to the scorers

M-stage  Descriptor1

M0 or M52  No sign of preexisting lesion. Normal skin.
M1  Small (<2 cm across) focal active state. Circumscribed lesion. Surface is moist, ragged, mottled red–gray with scattered 

small (~1 mm diameter) red foci.
M2  Larger (>2 cm across) ulcerative active stage. Extensively mottled red–gray. Can be painful upon manipulation.
M3  Healing stage. Typically seen within a few days after antibiotic treatment. The ulcerated surface is now transformed to a 

dry brown, firm rubbery scab. No pain on manipulation.
M4  Chronic stage. Surface is raised by tan, brown, black, rubbery, irregular, proliferative hyperkeratotic growths that vary from 

papilliform to mass-like projections.
M4.1  Chronic stage with small active painful M1 focus.
1As described by Döpfer et al. (1997) and adapted by Berry et al. (2012).
2The M0 stage is more commonly used than the M5 stage described by Berry et al. (2012).
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the Republic of Ireland (1), and Spain (1). Six scorers 
were employed by 5 different universities, 2 by differ-
ent agricultural companies, and 3 were self-employed 
veterinary consultants. Ten scorers held a degree in 
veterinary medicine and 1 scorer in agri-food and busi-
ness studies. Most of the scorers (9) also held at least 1 
postgraduate degree. At the moment of answering the 
survey, 2 scorers were senior researchers in the field of 
bovine lameness; 2 scorers had recently obtained a PhD 
in a relevant field; 2 scorers were PhD candidates in a 
relevant field; 2 scorers were residents of the European 
College of Bovine Health Management; 2 scorers were 
in a commercial role, with one having obtained a PhD 
on digital dermatitis; and 1 scorer was a farm animal 
veterinary consultant. Between the scorers, experience 
in using the M-score varied, with 6 scorers having 1 to 
5 years of experience, 4 scorers having 6 to 10 years 
of experience, and 1 scorer having 16 to 20 years of 
experience.

All but 1 scorer assessed all the photographs. One 
scorer could not assess 3 photographs due to an error 
in opening them and 1 photograph received a blank 
response from this scorer. Another scorer gave the gen-
eral comment “The diagnosis of M1 and M3 is limited 
from pictures as M1 is difficult to spot and M3s by 
definition occur as a transitory state after treatment.” 

That scorer did not assign any photograph with the 
M1 or M3 stage. The number of photographs assigned 
an M-stage by each scorer ranged from 76 to 88, with 
4 scorers assigning an M-stage to all 88 photographs. 
Table 3 summarizes the assigned M-scores and the 
modes for the 88 photographs. The answers for 6 (7%) 
photographs were excluded because they had more than 
1 M-stage as mode (e.g., photograph 30 was scored 
as M3 by 5 scorers, M4 by 5 scorers, and M4.1 by 1 
scorer) and the answers for 30 (34%) photographs were 
excluded because they did not receive an M-stage from 
all scorers (21 photographs were not given an M-stage 
by 1 scorer, 3 by 2 scorers, 3 by 3 scorers, and 3 by 4 
scorers). The M-scores for 52 (59%) photographs were 
used for analysis. The resolution after compression for 
the survey was 740 × 555 pixels for the 6 photographs 
excluded for having more than 1 M-stage as mode, 
ranged from 269 × 293 to 740 × 991 pixels for the 
30 photographs excluded for not receiving an M-stage 
from all scorers, and ranged from 505 × 367 to 740 × 
991 pixels for the 52 photographs used for analysis.

Agreement Analyses

At the level of the scorer, mean PAo (95% CI) was 
72% (64–79%) and mean PAo at the level of the photo-

Table 2. Overview of the groups of M-stages used for Gwet’s agreement coefficient (AC1) calculation

Grouping criterion  

M-stage1

M02  M1  M2  M3  M4  M4.1

Lesion color (Laven and Proven, 2000)  No lesion  Red  Red  Black  Gray  Gray
Infectious disease modeling by Döpfer et al. (2012)  No lesion  Early  Infectious  Healing  Infectious  Infectious
Infectious disease modeling by Biemans et al. (2018)  No lesion  Active  Active  Inactive  Inactive  Active
Absence or presence of digital dermatitis  No lesion  Lesion  Lesion  Lesion  Lesion  Lesion
1As described by Döpfer et al. (1997) and adapted by Berry et al. (2012).
2The M0 stage is more commonly used than the M5 stage described by Berry et al. (2012).

Table 3. Descriptive data showing the M-scores1 assigned to 88 digital color photographs of the hind feet of 
standing dairy cattle by 11 experienced but unstandardized scorers; the frequencies of “correct” (mode2; bold) 
and other classifications are shown, both for the number of M-scores assigned and the number of photographs 
that the scores were assigned to

Item

Actual classification, count of scores given (count of photographs)

M03 M1 M2 M3 M4 M4.1

M0 93 (10) 3 (3) 1 (1) 1 (1) 5 (4) 0 (0)
M1 1 (1) 18 (4) 2 (2) 4 (3) 7 (3) 3 (2)
M2 0 (0) 14 (8) 158 (22) 13 (6) 11 (6) 42 (19)
M3 2 (1) 18 (9) 8 (6) 57 (14) 52 (14) 3 (3)
M4 6 (3) 28 (15) 25 (13) 100 (42) 277 (45) 27 (17)
M4.1 0 (0) 1 (1) 20 (7) 7 (4) 11 (5) 48 (8)
1As described by Döpfer et al. (1997) and adapted by Berry et al. (2012).
2The mode (bold type) was taken to be the correct classification. For 11 photographs, there were 2 modes, and 
for 2 photographs, there were 3 modes.
3The M0 stage is more commonly used than the M5 stage described by Berry et al. (2012).



5470 VANHOUDT ET AL.

Journal of Dairy Science Vol. 102 No. 6, 2019

graph was also 72% (67–76%). We found 100% agree-
ment for only 5 (10%) photographs (4 M0 and 1 M4) 
and at least 60% agreement for 40 (77%) photographs. 
For each M-stage and overall for the M-score, the re-
sults of the statistical agreement analyses (i.e., PAo, κ, 
σ2, and AC1) are given in Table 4. After grouping the 
M-stages, the overall AC1 (95% CI) for the M-score 
was 0.56 (0.49 to 0.64, P < 0.001) for lesion color as 
used by Laven and Proven (2000), 0.74 (0.67 to 0.81, P 
< 0.001) for infectious disease modeling classification 
as used by Döpfer et al. (2012), 0.78 (0.71 to 0.86, P < 
0.001) for infectious disease modeling classification as 
used by Biemans et al. (2018), and 0.99 (0.98 to 1.00, P 
< 0.001) for absence or presence of a DD lesion.

DISCUSSION

This study demonstrates the variation in agreement 
between users when M-scoring digital color photographs 
of the hind feet of standing dairy cattle. Overall, mean 
PAo was around 70% at the level of the photograph. The 
PAo between observers for the individual M-stages was 
moderate (M3), substantial (M1, M2, M4, and M4.1), 
or almost perfect (M0). Fleiss’s κ analysis highlights 
that agreement is poorer when adjusted for agreement 
due to chance (slight for M3, fair for M1 and M4.1, 
moderate for M2 and M4, and almost perfect for M0). 
Using Gwet’s AC1, which accounts for marginal homo-
geneity and trait prevalence, we found an improvement 
in the interobserver agreement for all M-stages when 
compared with κ agreement (substantial for M2, M4, 
and M4.1, and almost perfect for M0, M1, and M3). 
The overall AC1 agreement for the M-score improved 
in comparison with overall κ agreement (κ = 0.44) but 
remained only moderate (AC1 = 0.48).

Few studies have looked at interobserver agreement 
of the M-score (Relun et al., 2011; Biemans et al., 2018; 
Solano et al., 2017) and of these, only 1 describes the 
interobserver agreement of the M-score when applied 
to digital color photographs of hind feet (Solano et al., 
2017) (Table 5). In these studies, Cohen’s κ is used 
to measure interobserver agreement (Cohen, 1960). 
This study is the first using Fleiss’s κ and Gwet’s AC1 
to investigate interobserver agreement of the M-score 
when applied to digital color photographs of hind feet, 
thereby accounting for having more than 2 observers, 
marginal homogeneity, trait prevalence, and agreement 
due to chance with a more reasonable assumption. It is 
impossible to know what the interobserver agreement 
would have been in the other studies had they used 
Fleiss’s κ, Gwet’s AC1, or both, which impedes inter-
preting the results from this study in light of those from 
previous studies.

Care should be taken in comparing the interobserver 
agreement of the M-score from digital color photo-
graphs of cattle feet with those from studies using live 
animals. Digital color photographs show the feet in a 
set 2-dimensional view (versus a changeable 3-dimen-
sional view in real life), which makes estimating the 
dimensions of the lesion difficult and thereby limits 
the observer’s ability to interpret the presented foot. 
Also, certain aspects of the M-score descriptors can-
not be considered when scoring from photographs (i.e., 
reaction on manipulation and treatment history). How-
ever, these difficulties apply equally to the screening of 
standing animals during pen walks or in the milking 
parlor. Further, treatment history is not clearly stated 
as an essential criterion in the M-score descriptors, and 
only 1 scorer commented that treatment history was 
unknown; this scorer consequently did not assign the 

Table 4. Statistical analyses for agreement with the mode with 95% CI for each M-stage1 and overall for the M-score1 from 52 digital color 
photographs of the hind feet of standing dairy cattle assessed by 11 experienced but unstandardized scorers

Variable Overall M02 M1 M2 M3 M4 M4.1

N3 52 6 1 19 1 19 6
Percent raw agreement 
 (95% CI)

72 97 734 68 554 71 61
(67–76) (94–100) (61–75) (64–77) (51–71)

Fleiss’s κ 
 (95% CI)

0.44*** 0.96*** 0.23* 0.45*** 0.10** 0.51*** 0.23***
(0.36–0.53) (0.92–1.00) (0.00–0.48) (0.35–0.56) (0.02–0.18) (0.40–0.61) (0.12–0.34)

Variance5 — 0.000 0.003 0.013 0.005 0.007 0.014
Gwet’s agreement 
 coefficient, AC1 
 (95% CI)

0.48*** 0.99*** 0.92*** 0.61*** 0.82*** 0.65*** 0.71***
(0.41–0.56) (0.98–1.00) (0.88–0.97) (0.46–0.75) (0.74–0.89) (0.51–0.79) (0.61–0.82)

1As described by Döpfer et al. (1997) and adapted by Berry et al. (2012).
2The M0 stage is more commonly used than the M5 stage described by Berry et al. (2012).
3Number of photographs (with this M-stage as the mode).
4No 95% CI for the mean percentage raw agreement with the mode for single observations.
5Variances of the predicted probabilities of reporting each M-stage by each scorer following baseline-category logit model analysis.
*P = 0.08, **P = 0.01, ***P < 0.001 (within rows).
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M3 stage (or with the M1 stage) to any photograph. 
This scorer also did not assign an M-stage to 4 photo-
graphs. The mode for these 4 photographs was neither 
M1 nor M3. Because scorers did not explain why they 
did not to assign an M-score to a photograph, the true 
reason for not assigning an M-score to any photograph 
is unknown. Future DD research using photographs of 
cattle feet should alleviate the limitations of M-scoring 
photographs as much as possible by using novel im-
age capture techniques to resemble human vision (e.g., 
stereo-vision capture systems) or including a ruler in 
the photograph and using photographs taken under 
standard conditions, that is, using the same camera 
under the same lighting conditions, and taken by the 
same photographer at the same distance and angle to 
the foot.

The advantages of M-scoring from photographs are 
that the animals do not move and there is no time 
pressure, unlike when M-scoring live animals during 
milking. It also allows more effective blinding of ob-
servers, thereby accounting for observer drift. Using 
photographs of cattle feet for DD research offers the 
opportunity to amass scorers from a large population 
of researchers for international standardization, with 

guidance on interpretation from the most experienced 
and competent scorers or a remotely located expert 
scorer.

The level of interobserver agreement in our study is 
lower than that reported by others regardless of wheth-
er they scored digital color photographs or live animals. 
One possible reason for the lower interobserver agree-
ment in this study is the lack of the prestudy training, 
which was provided in some other studies (Relun et al., 
2011; Solano et al., 2017; Biemans et al., 2018). As far 
as we are aware, this study is the first to assess the M-
score interobserver agreement with observers from (10) 
different institutions. This factor may have contributed 
to the lower interobserver agreement in this study com-
pared with previous studies using observers working in 
the same institution (Relun et al., 2011; Solano et al., 
2017; Biemans et al., 2018). Future research is needed 
to confirm this possibility. Because the diversity of the 
scorers in our study may have contributed to the differ-
ence in interobserver agreement, it may also cast doubt 
over the comparability of international DD research. It 
is possible that scorer characteristics, such as sex, age, 
type of qualification, years of experience in applying 
the M-score, and the method of training in DD scoring, 

Table 5. Overview of interobserver agreement statistics with 95% CI for the M-score1 from this study and those found in the published literature

Study object  
and study

N  
scorers  

M- 
score1  Experimental units

Interobserver agreement statistic (95% CI)

Percent  
raw  

agreement2 Kappa

Gwet’s  
agreement  
coefficient3 

Photographs
 This study 11 6 Stage 52 digital color photographs of 

hind feet taken from standing 
dairy cattle (plantar view)

72 (67–76) Fleiss4: 0.41 
(0.33–0.49)

0.48 (0.41–0.56)

 Solano et al., 2017 3 6 Stage 40 digital color photographs of 
hind feet (start study)

83 (70–94) Cohen5: 0.77 
(0.67–0.86)

—

  40 digital color photographs of 
hind feet (midway study)

88 (76–98) Cohen: 0.83 
(0.74–0.90)

—

Live animals
 Relun et al., 2011 5 5 Stage Hind feet from 242 cows in the 

milking parlor
66 (62–70) Cohen: 0.51 

(0.45–0.56)
—

 Solano et al., 2017 3 6 Stage Hind feet from 110 cows in the 
milking parlor

82 (73–90) Cohen: 0.74 
(0.69–0.78)

—

 Biemans et al., 2018 2 6 Stage 204 hind feet in the milking 
parlor (start study)

— Cohen: 0.75 
(0.66–0.84)

—

 164 hind feet in the milking 
parlor (during study)

— Cohen: 0.85 
(0.78–0.93)

—

 52 hind feet in the milking parlor 
(during study)

— Cohen: 0.76 
(0.61–0.90)

—

1As described by Döpfer et al. (1997) and adapted by Berry et al. (2012); the M0 stage is more commonly used than the M5 stage described by 
Berry et al. (2012); 5-stage classification (M0, M1, M2, M3, and M4) or 6-stage classification (M0, M1, M2, M3, M4, and M4.1).
2Percent raw agreement is the number of exact agreements divided by the total number of observations multiplied by 100.
3Gwet’s agreement coefficient is suitable for multiclass, multi-observer interobserver agreement analysis. It corrects for agreement due to chance 
with a more reasonable assumption and thus is less sensitive to either marginal homogeneity or trait prevalence (Gwet, 2008).
4Fleiss’s kappa is suitable for multiclass, multi-observer interobserver agreement analysis and corrects for agreement due to chance (Fleiss, 1971).
5Cohen’s kappa is suitable for multiclass interobserver agreement analysis of 2 observers and corrects for agreement due to chance (Cohen, 1960).
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could influence interobserver agreement. Unfortunately, 
these influences could not be investigated in our study.

We did find that grouping the M-stages resulted in 
higher AC1 agreements. Grouping certain M-stages, 
as both Relun et al. (2011) and Solano et al. (2017) 
found, yields higher interobserver agreement. In this 
study, dichotomizing the M-score as absent or present 
resulted in the highest overall AC1 interobserver agree-
ment (0.99). This is also reflected in the almost perfect 
agreement between the scorers for the photographs with 
M0 as the mode in this study, regardless of the type of 
statistical agreement analysis. We interpret this finding 
as implying that all scorers are generally well able to 
identify cattle with and without DD on digital color 
photographs of the hind feet of standing dairy cattle. 
Further research is needed to identify which M-stages 
should be grouped for each type of use (pathophysi-
ology, treatment, or infection dynamics of DD) and 
scorer (researcher, foot trimmer, farmer, or veterinar-
ian) to enable highest interobserver agreement, while 
maintaining sufficient diagnostic test characteristics 
such as sensitivity and specificity.

In our data set, 30 photographs were not assigned an 
M-stage by every scorer, meaning that at least 1 scorer 
was unsure which M-stage the photograph represented. 
This was likely to be a consequence of lesion descrip-
tor interpretation, photograph limitations (versus real 
life), lesion complexity, the standing position of the leg 
(versus inspecting raised feet in the trimming chute), 
or a combination of these factors. Unfortunately, dur-
ing data collection scorers were not asked to give their 
reason for not assigning an M-stage to a photograph. 
Excluding these 30 photographs and the 6 photographs 
with more than 1 M-stage as the mode likely caused a 
bias toward the best quality photographs because all 
scorers were presumably confident about their M-scores 
for the remaining 52 photographs that were used for 
agreement analysis.

Achieving high interobserver agreement for the rec-
ognition and classification of DD lesions is crucial for 
international generalizability and applicability of the 
results from DD research. The development of an inter-
nationally available DD training program would likely 
help in achieving high interobserver agreement for the 
recognition and classification of DD lesions, although 
this outcome should be confirmed in future research. 
Any future DD training program should take into 
account the intended use of the classification system 
(pathophysiology, treatment, or infection dynamics of 
DD) and user type (researcher, foot trimmer, farmer, or 
veterinarian). In addition, the application of automated 
DD lesion recognition and classification using novel 
image capturing techniques and artificial intelligence 

should be researched and developed. This approach 
would enable early cow-side diagnosis of cattle eligible 
for treatment and disease status monitoring, both on 
farms with automated milking systems and on farms 
with conventional milking systems.

CONCLUSIONS

The aim of this study was to investigate the interob-
server agreement of the M-score applied to digital color 
photographs of the hind feet of standing dairy cattle 
when scored by observers working in different institu-
tions. We studied the external validity of the M-score, 
which reflects the generalizability of the results from 
DD research using the M-score. The results from this 
study indicate that the external validity of the M-score 
is almost perfect when dichotomized as the absence or 
presence of a DD lesion but lower for the M2, M4, 
and M4.1 stages, the 3 stages that are assigned im-
portant roles in the clinical aspect or epidemiology of 
DD. Achieving high interobserver agreement for all the 
M-stages between scorers globally would greatly benefit 
the investigation of DD because it will contribute to 
the comparability of future DD research results. We 
propose that standardized training of scorers would 
likely improve the consistency between scorers, and this 
possibility should be the focus of future research.
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