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Surveillance of hoof disorders in Korean dairy =
cattle and the correlation of farm condition
risk factors to their prevalence

Hector M. Espiritu'", Seok-won Kwon?!, Sang-suk Lee' and Yong-il Cho'"

Abstract

Background This study investigated the prevalence of hoof disorders (HDs) in intensive dairy farms in Korea and
their association with farm conditions. A total of 877 cattle from 15 farms were examined for infectious, noninfectious,
and non-lesion HDs at the animal, foot, and farm levels. Risk factors such as bedding depth, floor wetness, floor
elevation transitions, and aggressive hoof treatment were evaluated. Correlation and clustering analyses were used
to assess the relationship between HDs and farm conditions and classify farms based on disease prevalence and
management conditions.

Results Hoof disorders were identified in 31.5% of cattle, with hoof overgrowth (OG) (24.1%) being the most
common. Infectious and noninfectious HDs were observed in 6.2% and 4.6% of cattle, respectively, with bovine
digital dermatitis (BDD) (3.2%) and laminitis/corium damage (LCD) (3.1%) as the most prevalent. OG was more
frequent in the front feet, while lesion HDs were more common in the rear feet. Correlation analysis showed that
poor farm conditions, particularly aggressive hoof treatment and sharp floor elevation transitions, were linked to
higher prevalence of BDD, LCD, and coronet swelling (CS). Hierarchical clustering classified farms into two main
groups, distinguishing those with higher disease prevalence and poor conditions from those with lower prevalence
and better management. This highlights differences in disease control across farms and the need for targeted
interventions.

Conclusion This study provides an updated assessment of HD prevalence in intensive dairy farms in Korea, the first
in nearly two decades. The reported prevalence of OG, BDD, LCD, and CS underscores the need for improved hoof
care and farm management. Farms with better conditions had lower disease prevalence, serving as benchmarks for
improvement, while farms with poor conditions require targeted interventions. Enhancing hoof care practices and
farm management strategies could reduce HD incidence and improve dairy cattle welfare.
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Background

The increasing worldwide demand for milk and other
dairy products has prompted the intensification of dairy
operations across the globe, resulting in a substantial
increase in dairy yields and global economic benefits [1].
Despite the recognized profits of the expanding dairy
industry, there has been a concurrent increase in doubts
regarding the detrimental effects of dairy intensification
on the environment, rural development, human well-
being, and animal welfare [1]. Across numerous high-
income nations, the trend toward intensifying indoor
operations on dairy farms has had notable repercus-
sions on animal well-being. This intensification aims to
enhance productivity, yet often comes at the cost of com-
promising the welfare of the animals [2].

Cattle lameness poses a major welfare concern for the
dairy farming sector, resulting in economic losses from
reduced milk production, weight gain, reproductive per-
formance, and the necessity to cull affected animals [3,
4]. Lameness is characterized by the irregularity of an
animal’s posture and gait, which is usually associated
with underlying pathologies that cause pain in affected
animals [5]. In a review about cattle welfare, approxi-
mately 90% of lameness cases in dairy cows stem from
hoof disorders or diseases (HD) [6]. Lameness-related
HDs in dairy cows can result from infectious diseases
like foot rot (FR) and bovine digital dermatitis (BDD), as
well as lesions caused by claw horn disruptions, such as
sole ulcers (SU) and white line disease (WLD) [6]. There-
fore, it is crucial to promptly identify and address impair-
ments in animals at an early stage to prevent severe
harm to their health and welfare [7]. Among the signifi-
cant contributing factors to the increased occurrence of
HDs on intensive dairy farms are management elements,
including inadequate foot hygiene, utilization of con-
crete floors, limited grazing, and uncomfortable stalls
[8]. Notably, restricted grazing emerges as a primary fac-
tor influencing HD development, leading to an elevated
lameness incidence, particularly in intensively managed
dairy farms, as indicated by a series of studies conducted
over recent years [9].

In Korea, most dairy farms adopt intensive farm man-
agement practices, allowing them to efficiently utilize
the limited land resources of the country [10]. Although
indoor management boosts milk productivity and quality
[11, 12], such intensive practices predispose the animals
to welfare challenges, potentially leading to the develop-
ment of lameness-causing HDs, consequently causing
additional economic losses. Based on data from 1994 to
1999, the prevalence of HDs in Korea is estimated to be
11-21% [13]. Despite the ongoing intensification of dairy
farms in Korea, a substantial concern has arisen from
the absence of published data over the past two decades
concerning the evaluation of lameness-causing HDs in
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cattle [14]. Given the widely recognized fact that HDs are
the primary contributors to cattle lameness, this study
conducted a surveillance of HD in intensive dairy cattle
farms in Korea. This study also assessed specific risk fac-
tors associated with farm conditions to establish correla-
tions between these conditions and the prevalence of HD.

Methods

Ethical statement

This study on HDs in Korean dairy cattle farms pri-
oritized the welfare of the animals. All procedures and
examinations were conducted with utmost care to mini-
mize any potential discomfort or harm. Qualified vet-
erinarians and handlers ensured cattle well-being. Farm
owners were informed and consented to the objectives of
the study. Measures were taken to minimize harm during
examinations, with data treated confidentially and results
presented transparently for the advancement of cattle
welfare.

Farm selection and information, and clinical inspection of
hooves

Data on HD prevalence and farm condition scores were
collected from various dairy farms. The selection pro-
cess was through the requests from farm owners for the
expertise of a specialized veterinarian for hoof care. The
clinic regularly trims around 80 dairy farms annually. In
this study, fifteen intensively managed dairy farms were
randomly selected, with a total of 877 dairy cattle utilized
for this study. The examination process and hoof trim-
ming took place during single visit to each of the selected
dairy farms only during the spring (March to June) and
autumn (September to November) seasons from 2017 to
2019. The assessment of HDs in cattle and the scoring of
farm condition risk factors were conducted based on the
consensus by two expert veterinarians specialized in hoof
care.

The prevalence of each HD was recorded, along with
farm condition scores, for a comprehensive analysis. The
dataset included information on infectious lesion HDs
including BDD, FR, and coronet swelling (CS); nonin-
fectious lesion HDs including laminitis/corium damage
(LCD), SU, and WLD; and non-lesion HDs including
hoof arthritis (HA) and Overgrowth (OG), detailed in
Table 1. The veterinarians utilized a hydraulic lifting
crush (depicted in Fig. 1A) to conduct the evaluation
of all four feet, including the left front (LF), right front
(ER), left rear (RL), and right rear (RR) hooves and per-
form the hoof trimming process. This stage allowed for
the inspection of other HDs and underlying pathologies,
which could be identified more clearly after the trimming
of hooves (as shown in Fig. 1B). The clinical and patho-
logical description of the HDs is presented in Table 1.
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Table 1 List and description of surveyed hoof disorders

Categories Name Acronym Description of clinical
of foot observation
disorder
Infectious hoof Bovine BDD Observed red, wart-like le-
disorder digital sions around the heel area
dermatitis and between the digits.
Lesions varied in size, with
some showing hairy projec-
tions. The affected areas
emitted a foul smell
Foot rot FR Lesion of the coronary band
with spreading of the toes
and/or necrosis of tissue
between the toes.
Coronet SC Swelling on the tissue of
swelling the coronary band at the

junction of the claw
Laminitis/ LCD
Corium
damage

Noninfectious
hoof disorder

Damage in the laminar
corium leading to inflamed
solar corium. Discoloration
of the sole from yellow to
red. Damage in corium
characterized by defective
horn growth were observed
during hoof trimming.
Circumscribed lesion lo-
cated in the sole horn, char-
acterized by deteriorated
sole tissue. Solar corium not
affected. Hoof tester test
was applied to assess the
pain reaction of animals

Sole ulcer SU

White line
diseases

WLD Collective term to lesions
affecting the white line

of the claw. This includes
hemorrhage, fissure, and
abscessation. Observed
separation along the white
line where the sole and wall
meet. The space created by
the separation contained
debris.

Non-lesion Hoof HA Arthritis caused by trauma,
deformities arthritis sprain, or ligament injury in
(NL) the foot, marked by swell-
ing of the proximal or distal
interphalangeal joint and a
pain response to pressure.
Noted significant over-
growth of the hoof, leading
to an abnormal hoof shape
and angle. The overgrown
hoof showed uneven wear
and negatively impacted
the animal’s gait and
posture.

Overgrowth  OG
deformity

Farm condition scoring

All farms included in this study were equipped with con-
crete flooring and used rice hulls or sawdust as the bed-
ding material. Farm conditions were evaluated based on
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the following specific criteria: bedding depth, wetness
level, number of floor elevation transition/threshold, and
aggressive treatment (Supplementary file 1). These crite-
ria were used to gauge the potential impact and initiation
of HDs. The farm condition score is the average scores of
multiple site observations within the farm including the
feeding, drinking, milking, and laying area, where it is
applicable. Total farm score ranged from 3 (minimum) to
12 (maximum). Farms in better condition received higher
scores, indicating a lower likelihood of HD development.
Information about each of the 15 selected farms is pre-
sented in Table 2 which included location (province) of
each farm and relevant farm conditions score. The crite-
ria were defined as follows:

Bedding depth

Scored based on depth of bedding with the following
pointing measurement range: shallow (1 point; < 3 cm),
moderate (2 points; 3—7 cm), and deep (3 points, > 7 cm).

Wetness level

Percentage moisture content of the floor bedding mea-
sured by oven dry method: very wet (1 point; 265%),
moderate (2 points; 36—64%), and dry (3 points; <35%).

Floor elevation transition/threshold

Number of floor elevation transitions or thresholds with
at least 15 cm height (sharp angle transition between
floors of different heights) found along the common
pathways in the farm where animals usually pass through
to access the mentioned areas in the farm. Excessive (1
point; >3 transitions), rare (2 points; 1-2 transitions),
and none (3 points: no transitions).

Aggressive treatment

Scored based on the proportion of cattle which received
aggressive hoof trimming within each herd. Hoof trim-
ming aggressiveness was evaluated based on the length
of the hoof horn post-trimming from the soft tissues of
the coronet to the claw horn tip, where <84 mm was con-
sidered aggressive. The classification was determined as
follows: high aggressiveness (1 point; 211% of the herd),
moderate aggressiveness (2 points; 6—10% of the herd),
and least aggressive treatment (3 points; <5% of the herd).

Statistical analysis
The prevalence and frequency of HD per farm and
affected foot were analyzed using cross-tabulations. To
establish initial prevalence ranking and farm condition
categories, the data from each farm was scaled based on
the min and max observed prevalence and farm score.
Correlation analysis using Spearman’s rank correlation
was used to associate disease and farm conditions. To
avoid producing disproportionate correlation calculation
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Fig. 1 Cattle hoof assessment: (A) Cattle were guided through a hydraulic lifting chute for a comprehensive examination of all four feet; and (B) hoof
trimming to enable a more thorough evaluation of potential underlying damage

due to small sample representation or presence of outli-
ers, a proportional cut-off for HDs that has less than 5
cases was set. This excluded FR and SU in the correlation
analysis. Correlation coefficients were visualized using a
heatmap matrix and the variables with significant corre-
lations (p<0.05, p<0.001) were depicted with an asterisk
(*, **). Correlation analysis was done using IBM SPSS Sta-
tistics v.26.

Hierarchical clustering was performed to classify farms
based on HD prevalence and farm condition scores.
Since the dataset included both numerical (HD preva-
lence percentages) and ordinal (farm condition scores)
variables, Gower’s distance was used as the similarity
measure to handle mixed data types. Numerical variables
were normalized based on absolute differences, while
ordinal variables were ranked to maintain their relative
order. Clustering was performed using Ward’s linkage
method, which minimizes variance within clusters for
well-separated groups. A dendrogram was generated to
visualize the clustering structure, and a cut-off threshold
of 0.5 was applied to define the final clusters. The clusters
were then analyzed to compare HD prevalence and farm
conditions, with data visualization techniques ensuring
clarity and consistency. All analyses were conducted in R
4.3.2 using the cluster and factoextra packages.

Results

Prevalence and farm condition

Of the 877 dairy cattle examined, 310 HD cases were
identified in 276 cattle with at least one HD case (31.5%).
Non-lesion HDs were the most common (24.6%) mainly
due to OG, followed by infectious HDs affecting 6.2% of
the cattle, and noninfectious HD affecting 4.6% of the ani-
mals (Table 2). OG was the highly prevalent non-lesion
HD (24.1%) while BDD was the most prevalent lesion HD
affecting 3.2% of the animals, followed by LCD, CS, and

WLD affecting 3.1%, 2.9%, and 1.4%, respectively. More-
over, some animals exhibited more than a one HD on the
same or different feet (4.7%). On farms, BDD was pres-
ent in 66.7% of farms, followed by WLD, SU and LCD
(Table 2). Notably, the highest HD prevalence occurred in
farms J (62.5%), A (55.1%), and G (48.8%), whereas farms
H, D, E, B, K, F, and L had the lower prevalence (Table 2).
Based on these, farm prevalence data were scaled and
farms were categorized as high (46-62.5%), moderate
(30-45%), or low prevalence (14—30%) (Table 3).

Regarding the distribution of HD among feet, 58.5%
of HD affected the front feet, whereas 41.5% affected the
rear feet (Fig. 2). OG constituted 93.6% and 63.6% of dis-
orders in the front and rear feet, respectively. However,
most HDs were generally more prevalent on the rear feet.
Among the specific disorders, BDD, LCD, and CS dem-
onstrated the same pattern of higher prevalence on the
rear feet.

Based on the pattern of farm condition scores, we cat-
egorized the farms into groups (Table 3); Farms A, C, G
and N were categorized as poor condition farms for hav-
ing lower scores across most conditions; Farms B, H, I, J,
K, L, and M were categorized as fair condition farms due
to a mix of condition scores, possibly with higher scores
in some conditions and lower in others; and Farms D, E,
F, and O which were categorized as good condition farms
with generally higher scores in most conditions.

Correlation analysis

The correlation analysis between HDs as shown in Fig. 3A
indicated that majority of the HDs are negatively cor-
related with certain farm conditions. This is specifically
substantial for BDD, CS, and LCD as these HDs have
shown significantly strong negative correlation (p <0.001)
with the total farm score. BDD, SC, and LCD showed
a strong negative correlation with the floor transition
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Table 3 Information and scoring of the condition of the farm
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Farm Province Beddinglevel Floor Wetness Floor Transition Trimming Aggressiveness Farm Score Farm Cond’n Prev.Rank Cluster

IN 3 3 3 3
N
CN
CN
CN
GG
GB
CN
CN
GG
JJ

CN
IN
CN
CN 2 1 2

—O0N»zzx- A - OIM®mMOQ
N = = = NN N = W N W w w
NN N — NN = NN W NN W
— N = W WD W W W W

w NN = = W W wwwww ww w

12 Good Low TA
12 Good Low TA
11 Good Low TA
M Good Low 1A
11 Good Low TA
11 Good Moderate 1A
9 Fair Moderate 1B
9 Fair Low 1B
9 Fair Low 1B
10 Fair Moderate 1B
8 Fair Moderate 1B
5 Poor High 2

6 Poor Moderate 2

7 Poor High 2

8 Fair High 2

CN: Chungnam; JN: Jeonnam; GB: Gyeongbuk; GG: Gyeonggi; JJ: Jeju
Farm condition: Poor: < 7; Fair: 8-10, Good: > 11
Prevalence (%): Low: 14.0-30.02; Moderate: 30.2-46.4; High: 46.4-62.5

—
|
|

Rear Feet
SC mWLD mHA mFR mSU

100%
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Fig. 2 Precentage distribution of hoof disorders between front and rear
hooves

score, indicating that a higher number of floor transitions
(lower score) was associated with an increased preva-
lence of these diseases. BDD and LCD showed a strong
negative correlation with the aggressive treatment score
(p<0.001), indicating that a higher proportion of animals
undergoing aggressive hoof trimming (lower score) was
associated with an increased prevalence of these diseases.
LCD showed a significant negative correlation with bed-
ding depth (p<0.05), indicating that shallower bedding
was associated with a higher prevalence of these dis-
eases. OG showed a significant negative correlation with
floor wetness, indicating that wetter floors were associ-
ated with a higher prevalence of OG. WLD and HA did
not show any significant correlations among the farm
conditions. We observed significant correlations among
HDs, with a strong positive correlation between BDD
and LCD, while BDD and CS showed significant negative
correlations.

Farm clustering analysis

The hierarchical clustering analysis based on HD preva-
lence and farm condition scores grouped the farms into
two main clusters, with Cluster 1 further divided into
two subgroups, as shown in Fig. 3B. Cluster 1 included
farms O, B, FE H, D, E, I, L, M, K, and N, with higher farm
scores and lower disease prevalence compared to Cluster
2. Within this cluster, Subgroup 1 A (O, B, F, H, D, E) had
an average disease prevalence of 27.4% and a farm score
of 10.8, while Subgroup 1B (I, L, M, K, N) had an aver-
age disease prevalence of 22.1% and a farm score of 9.5.
Cluster 2, which included farms A, C, G, and J, had the
highest disease prevalence (48.0%) and the lowest farm
scores (6.6). Farms in this cluster exhibited poorer farm
conditions and higher HD prevalence compared to those
in Cluster 1. These results highlight distinct groupings
of farms based on HD prevalence and farm conditions,
reflecting variations in disease occurrence across differ-
ent farm environments.

Discussion

This study examined the prevalence and distribution
of HD in intensively managed dairy cattle and assessed
their correlation with farm management conditions in
Korea. The results indicate that infectious HD prevalence
(6.2%) in this study is comparable to the 7.8% reported by
Lee et al. (2001) [14], suggesting that infectious disease
rates have remained stable over the past two decades.
In contrast, a 2007 report summarizing data from the
1990s estimated HD prevalence at 11-21%, including
overgrowth, ulcers, laminitis, and infections. While the
current study found an overall HD prevalence of 31.5%,
differences in classification methods and sampling may
account for variations across studies. However, the high
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prevalence of OG in both studies suggests that the over-
all HD prevalence is largely driven by OG rather than an
increase in other HDs. In this 2007 report, OG was the
most frequently observed condition, with 49.3% preva-
lence in 1994-1996 and 27.5% in1997-1999 [13] while
this study found a 24.1% prevalence. These findings rein-
force the continued significance of OG as a management
challenge, emphasizing the need for improved hoof care
practices among intensive cattle farms in the country.

OG accounted for 76.5% of non-lesion HD cases, mak-
ing it the primary contributor to overall HD prevalence.
Neglecting OG can lead to severe health issues in cattle,
as it primarily results from inadequate hoof wear and
trimming practices in intensive farming setups [15, 16].
Poor hoof wear affects animal welfare, increasing the
likelihood of mechanical injuries and raising the risk of
secondary infections [17]. OG causes imbalanced digits
and altered weight distribution, which can result in sole
and heel ulcers [18]. Additionally, OG can lead to medial
toe rotation, predisposing cattle to lameness and other
infectious hoof conditions [19]. Addressing OG through
routine trimming and improved hoof care remains cru-
cial to reducing its long-term impact on dairy cattle.

Among infectious HDs, BDD was the most prevalent
(3.2%), followed by CS (2.9%) and a solitary case of FR
(0.1%). This diverges from the report from 2001 which
described a higher FR prevalence than BDD [14]. Con-
trarywise, more recent Canadian and Brazilian studies
have shown an elevated prevalence of BDD compared
with FR [20, 21]. BDD persists in the UK as a leading
cause of lameness in British dairy cattle [22]. This could
indicate that the trend of HD prevalence in Korea have
shifted over the years, which may have followed the
global trend due to dairy farm intensification. On the
other hand, CS remains relatively underexplored. In a
previous study in Malaysia, a similar disorder termed as
swelling of the coronet was found to be highly prevalent
[16]. CS is an indicative marker for the onset of BDD and
ER, offering a clinical sign for initial diagnostic purposes
[23, 24]. The CS cases in this study may indicate early-
stage infections that could progress into other HDs, given
their significant positive correlations with BDD. The sin-
gle FR case was identified on a farm with poor conditions
and moderate prevalence; however, this does not estab-
lish a direct causal link. Its occurrence may be influenced
by multiple factors, including individual animal suscepti-
bility, environmental conditions, and bacterial exposure.
Additionally, some CS cases may have been early-stage
FR, emphasizing the need for further investigation to
clarify potential diagnostic overlap.

Noninfectious HDs such as LCD and WLD have also
been notably observed. While laminitis primarily impacts
the laminar corium, severe cases can lead to contusion
of the sole corium, potentially giving rise to secondary
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lesions in the sole region [25, 26]. One of the initial sur-
veys in Korea on laminitis in cattle reported that 1.6% of
the animals were affected, accounting for 21% of all HD
cases [14]. In comparison, this study found LCD in 3.1%
of cattle with HD, indicating a higher occurrence than
previously reported. On the other hand, reports on the
prevalence of WLD in cattle varies from country to coun-
try. In this study, a low percentage of cattle has WLD,
affecting 4.4% among animals with HD. Compared to
the study conducted in 1995 which reported that WLD
affected 2.4% of cattle with HD in Korea [27], the current
data was higher, indicating that the prevalence of WLD
in the country have increased. Laminitis and corium
damage in cattle are closely related conditions that affect
the feet, specifically the structures supporting the hoof.
Therefore, precise techniques must be implemented for
the diagnosis of these HDs.

SU and HA presented lower prevalence compared to
other HDs which is most likely due to optimal flooring of
farms in this study. Additionally, cases of animals with no
reaction to pain during the hoof tester examination were
excluded. Since studies suggest that like most other HDs,
SU is linked to many other risk including the presence of
other HDs [28, 29], further studies such as longitudinal
surveillance of HDs on dairy farms are warranted.

Hoof deformity due to OG of the claws was observed to
be generally more prevalent in front hooves. Front claws
grow much slower than the claws of the rear hooves;
however, the wear and tear rates of the front hooves were
noted to be lower [30]. On the other hand, rear feet are
more predisposed to lesion HDs as 80% of cases of lesion
HDs occurred on the rear feet. This is consistent with
reports from other countries, ranging from 73.4 to 90%
of the cases [16, 20, 31]. The potential overloading of the
lateral claw is a major contributing factor to the elevated
occurrence of lesion HD in the rear feet. This overload
may result from mechanical conditions linked to OG,
resulting in an imbalance in claw shape that disrupts the
weight distribution between the claws. This imbalance is
particularly pronounced in the lateral claws of the rear
feet, where pressure is mainly concentrated at the heel-
sole junction [32]. As previously noted, the rear claws
have a faster growth rate, potentially leading to more fre-
quent claw trimming than the front claws. This contrib-
utes to the elevated OG levels observed in the front feet
in this study. Another plausible reason for the increased
prevalence of HDs in the rear foot could be attributed to
the fact that, during lactation, a significant portion of the
milk’s weight is primarily supported by the hind legs [33].

This study also established the relationship between
specific HDs and farm conditions using Spearman’s rank
correlation. The assessed conditions represent farm-
level risk factors linked to HD development. The results
highlight the negative correlation between certain HDs
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and farm conditions indicating farms in better condi-
tion could experience a lower incidence of HD. The nega-
tive correlation between floor elevation transition score
and HD prevalence suggests that farms with more floor
transitions (lower score) had a higher occurrence of HD,
specifically BDD and LCD. Although this factor has not
yet been investigated previously, cattle may sustain inju-
ries from uneven floor level, particularly if they are lame
or have other mobility problems. Cattle may suffer from
falls or injuries that strain their muscles, ligaments, ten-
dons, or both when they must climb steps that are exces-
sively high or steep. Furthermore, persistent strain from
frequently navigating challenging floor elevation transi-
tions might aggravate pre-existing diseases or disabilities.
Additionally, these elevations or thresholds have been
observed to have sharp edges which may attribute to
increase the chance of causing open wounds and traumas
on cattle hooves once they pass through these. Prevent-
ing injuries and enhancing the welfare of cattle can be
achieved by avoiding steep steps and installing suitable
and even flooring. Farms with a higher proportion of
cattle undergoing aggressive hoof trimming had a higher
prevalence of BDD and LCD, as shown by the negative
correlation with the aggressive treatment score. This con-
firms that farms with higher proportion of aggressive
trimming (lower aggressive treatment scores), had more
cases of BDD and LCD. Routine hoof trimming is impor-
tant in enhancing the locomotion of animals, hence help
prevent lameness, as it keeps the balance of weight distri-
bution on hooves [34—36]. However, some hoof trimmers
tend to aggressively trim the claws to treat deep lesions,
resulting to permanent damage to the corium leading to
poor hoof conformation. There is a recommended claw
trimming protocol in dairy cows; however, over trim-
ming even without drawing blood, could cut through
sensitive tissues, or even worse, could lead to thin soles
which could result to open wounds, imbalanced load
bearing, compression of the corium that would hence
induce sole hemorrhage and other claw horn lesions
[37-39]. Another possible reason for the observed corre-
lation, particularly with BDD, is that over-trimming not
only creates microabrasions but also increases the risk of
infection when combined with contaminated trimming
tools [40]. These open wounds and abrasions serve as
direct entry points for pathogens associated with BDD.
Additionally, improper trimming can cause imbalanced
weight distribution and increased mechanical stress, fur-
ther predisposing cattle to lesions and infection.

Bedding depth score showed negative correlations
with LCD. Recent research has demonstrated that ample
bedding enhances animal condition, fosters growth and
behavioral improvements, and reduces serum biomark-
ers associated with subclinical joint damage includ-
ing cross linked C-peptide of type II collagen (CTX-II),
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procollagen ITA N-terminal peptide and cartilage oligo-
meric matrix protein [41, 42]. This is because flooring
with ample bedding, as opposed to bare concrete, offers
greater welfare and comfort, reducing hoof injuries [42].
Hoof injuries frequently stem from sharp objects or abra-
sive surfaces, particularly from bare floors and shallow
beds. Injuries in the hoof could serve as entry point for
the diverse microorganisms on the bedding and floor,
leading to diseases like BDD and FR [36]. These HDs are
driven by shifts in the microbial community or dysbiosis
on the hoof skin [37, 38]. In a previous study, applying
BDD lesion materials and bacteria to unabraded feet in
BDD induction experiments did not cause lesions, indi-
cating that open wounds are required for invasive bacte-
ria to penetrate tissues [43].

Only OG showed a negative correlation with the wet-
ness score, indicating that as wetness scores decreased
(indicating higher moisture levels), OG prevalence
increased, confirming a positive association between
excessive moisture and OG occurrence. Although the
direct mechanism remains unclear, prolonged expo-
sure to moisture around the hooves may contribute to
increased hoof growth or structural changes, potentially
influencing OG development. Overall, the negative cor-
relation with the total farm score suggests that farms
with higher scores, likely reflecting better overall con-
ditions and management practices, tend to have lower
occurrences of these disorders.

The clustering analysis grouped farms based on HD
prevalence and farm conditions, highlighting key differ-
ences in disease management. Cluster 1 generally had
lower disease prevalence, but variations within its sub-
groups suggest that good farm conditions alone do not
fully explain disease control. While some farms main-
tained consistently low disease levels, others showed
more variation, suggesting that factors beyond farm
conditions, such as biosecurity measures, herd manage-
ment, and environmental influences, may contribute to
disease occurrence. Cluster 2, with lower farm scores,
had the highest disease prevalence, reinforcing the link
between suboptimal farm conditions and increased dis-
ease risk. Farms in this group had higher floor wetness,
shallow bedding, and reduced treatment interventions,
which may have contributed to disease persistence. These
results suggest that certain environmental and manage-
ment factors act as risk enhancers, making disease con-
trol more challenging in poorly managed farms. While
improving farm conditions is critical for reducing HD,
additional targeted disease control strategies are needed
to achieve consistent and effective management. Identi-
fying farms based on their disease risk profiles allows for
more precise interventions, ensuring that control mea-
sures are tailored to specific farm needs rather than rely-
ing on general management improvements.
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This study provides valuable insights into HD preva-
lence and farm conditions, though some factors should
be considered when comparing results with other stud-
ies. Differences in farm management practices, biosecu-
rity measures, and classification methods may influence
prevalence comparisons, as variations in scoring criteria
and data collection approaches could lead to inconsisten-
cies across studies. Environmental variability, including
humidity, temperature, and seasonal changes, along with
management differences across years, may also affect dis-
ease occurrence. Since data collection was conducted in
spring and autumn, which are transitional seasons, the
effects of extreme conditions in summer and winter were
not captured. Including these seasons in future studies
would provide a more comprehensive understanding of
how temperature extremes, humidity fluctuations, and
seasonal management adjustments influence HD preva-
lence. While the findings clearly differentiate farm groups
based on disease prevalence and management conditions,
variability within groups suggests that localized environ-
mental conditions, stocking density, or genetic resistance
may also contribute to disease patterns. To improve com-
parability and strengthen disease risk assessments, future
research should incorporate longitudinal data, multi-sea-
sonal observations, and standardized classification crite-
ria across different farm systems.

Conclusion

This study provides key insights into HD prevalence
in intensively managed dairy cattle and its relationship
with farm conditions. Overgrown hooves (OG) were the
most prevalent HD, highlighting the need for better hoof
care. While infectious HD rates remained stable, BDD
emerged as the most prevalent infectious HD. Farm con-
ditions played a significant role in HD occurrence, with
factors like floor elevation transitions, aggressive trim-
ming, shallow bedding, and wet flooring being strongly
linked to higher disease prevalence. Farms with better
management practices had lower HD incidence, reinforc-
ing the importance of proper environmental and hoof
care strategies. Clustering analysis revealed that farms
with poorer conditions had higher HD prevalence, but
variability within farm groups suggests that other fac-
tors, like herd management and biosecurity, also contrib-
ute to disease risks. These findings emphasize the need
for targeted interventions, improved farm management,
and standardized hoof care protocols to minimize HD
risks. Future research should incorporate multi-seasonal
and long-term studies to better understand disease pat-
terns and develop effective, farm-specific management
strategies.
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RR right rear

0G Hoof overgrowth

LCD laminitis/corium damage
cs Coronet swelling

HA Hoof arthritis

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512917-025-04628-9.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Author contributions

HE, SKK carried out the experiment. HE wrote the manuscript with support
SSL, and YIC. YIC helped supervise the project. YIC and SKK conceived the
original idea.

Funding
This work was supported by the National Research Foundation of Korea
(NRF-2021R111A3043691).

Data availability

The datasets supporting the conclusions of this article are included within the
article. Any further inquiry about the dataset can be directly answered by the
corresponding author upon request.

Declarations

Ethics approval and consent to participate

The authors confirm that the conduct of this research was carried out in
compliance with the Animal Research Reporting In Vivo Experiments (ARRIVE)
guidelines and complied with institutional, national, and international
regulations for the ethical handling of animals. All experimental protocols
conducted in this study were reviewed and approved by the Sunchon
National University ethics committee.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 October 2023 / Accepted: 25 February 2025
Published online: 15 March 2025

References

1. Clay N, Garnett T, Lorimer J. Dairy intensification: drivers, impacts and alterna-
tives. Ambio. 2020;49:35-48. https://doi.org/10.1007/513280-019-01177-Y/TA
BLES/1.

2. Haskell MJ, Rennie LJ, Bowell VA, Bell MJ, Lawrence AB. Housing system, milk
production, and Zero-Grazing effects on lameness and leg injury in dairy
cows. J Dairy Sci. 2006;89:4259-66.

3. Garvey M. Lameness in dairy cow herds: disease aetiology, prevention and
management. Dairy. 2022;3:199-210. https://doi.org/10.3390/dairy3010016.

4. Bruijnis MRN, Hogeveen H, Stassen EN. Assessing economic consequences of
foot disorders in dairy cattle using a dynamic stochastic simulation model. J
Dairy Sci. 2010,93:2419-32.


https://doi.org/10.1186/s12917-025-04628-9
https://doi.org/10.1186/s12917-025-04628-9
https://doi.org/10.1007/S13280-019-01177-Y/TABLES/1
https://doi.org/10.1007/S13280-019-01177-Y/TABLES/1
https://doi.org/10.3390/dairy3010016

Espiritu et al. BMC Veterinary Research

22.

23.

24.

(2025) 21:169

Oehm AW, Merle R, Tautenhahn A, Jensen KC, Mueller KE, Feist M, et al.
Identifying cow- level factors and farm characteristics associated with loco-
motion scores in dairy cows using cumulative link mixed models. PLoS ONE.
2022;17:0263294. https://doi.org/10.1371/JOURNAL.PONE.0263294.

von Keyserlingk MAG, Rushen J, de Passillé AM, Weary DM. Invited review:
the welfare of dairy cattle—Key concepts and the role of science. J Dairy Sci.
2009;92:4101-11.

Groenevelt M, Main DCJ, Tisdall D, Knowles TG, Bell NJ. Measuring the
response to therapeutic foot trimming in dairy cows with fortnightly lame-
ness scoring. Vet J. 2014,201:283-8.

Cook NB, Nordlund KV.The influence of the environment on dairy cow
behavior, claw health and herd lameness dynamics. Vet J. 2009;179:360-9.
Algers B, Bertoni G, Broom D, Hartung J, Lidfors L, Metz J, et al. Scientific
report on the effects of farming systems on dairy cow welfare and disease.
EFSA J. 2009;7:1143r. https://doi.org/10.2903/J.EFSA.2009.1143R.

ChoiKS, Yu DH, Chae JS, Park BK, Yoo JG, Park J. Seasonal changes in hemo-
grams and theileria orientalis infection rates among Holstein cattle pastured
in the mountains in the Republic of Korea. Prev Vet Med. 2016;127:77-83. htt
ps;//doi.org/10.1016/j.prevetmed.2016.03.018.

Lim D-H, Ki K-S, Park S-M, Kim S-B, Park J-H, Jung JS, et al. Effect of barn or
grazing on biochemical indices in prepartum, and milk composition in
postpartum of dairy cows. J Korean Soc Grass| Forage Sci. 2019;39:272-80.
Kim T-1, Mayakrishnan V. Effect of feeding strategies on milk production of
Holstein dairy cows managed by Small-Farmers alpine grassland in Korea. J
Korean Soc Grassl Forage Sci. 2018;38:165-9. https://doi.org/10.5333/KGFS.20
18.38.3.165.

Gwon S. Understanding cow hoof disease. 2007. https://scienceon kisti.re.kr/
commons/util/originalView.do?cn=JAKO200742871914441%26,0Cn=JAKO20
07428719144419%26,dbt=JAKO%26;journal=NJOU00294954. Accessed 30 Jun
2022.

Lee C-S, Ryu D-Y, Kwak H-K, Hyun G-Y, Park K-J, Cho W-Y et al. A survey on the
incidence rate of foot diseases in dairy cattle -Korean Journal of Veterinary
Service. 2001. https://koreascience kr/article/JAKO200111921518142 kr%26;s
a=U. Accessed 12 Jul 2022.

Glicken A, Kendrick JW. Hoof overgrowth in Holstein - Friesian dairy cattle. J
Hered. 1977,68:386-90. https://doi.org/10.1093/OXFORDJOURNALS.JHERED.A
108865/2/68-6-386.PDF.GIF.

Sadig MB, Ramanoon SZ, Mossadeq WMS, Mansor R, Syed-Hussain SS. Preva-
lence and risk factors for hoof lesions in dairy cows in Peninsular Malaysia.
Livest Sci. 2021;245.

Murphy VS, Lowe DE, Lively FO, Gordon AW. The impact of floor type on
lameness and hoof health of dairy origin bulls. Animal. 2018;12:2382-90.
Mohamadnia A, Khaghani A. Evaluation of hooves' morphometric parameters
in different hoof trimming times in dairy cows. Vet Res Forum Int Q J.
2013;4:245. http//www.pmc/articles/PMC4279619/. Accessed 12 Jul 2022.
Mohamadnia A, Fateme Naderi D. Evaluation the effects of hoof trimming on
bovine leg score improvement and its distribution. Iran J Vet Surg IJVS. 2011.
Solano L, Barkema HW, Mason S, Pajor EA, LeBlanc SJ, Orsel K. Prevalence

and distribution of foot lesions in dairy cattle in Alberta, Canada. J Dairy Sci.
2016;99:6828-41.

Moreira TF, Nicolino RR, Meneses RM, Fonseca GV, Rodrigues LM, Facury Filho
EJ, et al. Risk factors associated with lameness and hoof lesions in pasture-
based dairy cattle systems in Southeast Brazil. J Dairy Sci. 2019;102:10369-78.
Afonso JS, Oikonomou G, Carter S, Clough HE, Griffiths BE, Rushton J. Diag-
nosis of bovine digital dermatitis: exploring the usefulness of indirect ELISA.
Front Vet Sci. 2021;8:1250.

Underwood WJ, Blauwiekel R, Delano ML, Gillesby R, Mischler SA, Schoell A.
Biology and diseases of ruminants (Sheep, goats, and Cattle). Lab Anim Med.
2015;623. https://doi.org/10.1016/B978-0-12-409527-4.00015-8.

Sullivan LE, Clegg SR, Angell JW, Newbrook K, Blowey RW, Carter SD, et al.
High-level association of bovine digital dermatitis Treponema spp. With
contagious ovine digital dermatitis lesions and presence of Fusobacterium
necrophorum and Dichelobacter nodosus. J Clin Microbiol. 2015;53:1628-38.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 11 of 11

Ossent P, Lischer C. Bovine lamninitis: the lesions and their pathogenesis.
Pract. 1998,20:415-27. https://doi.org/10.1136/INPRACT.20.8.415.

Bergsten C. Causes, risk factors, and prevention of laminitis and related claw
lesions. Acta Vet Scand Suppl. 2003;44:157-66. https://doi.org/10.1186/175
1-0147-44-S1-5157/METRICS.

Jeong SW. Influence of free stall with concrete floor on profile of blood
chemistry and clinico-morphopathogenesis of foot disease in cows -Korean
Journal of Veterinary Research| Korea Science. Korean J Vet Res. 1995;35:625-
30. https://koreascience kr/article/JAKO199524457071219.page. Accessed 13
Jul 2022.

Van Amstel SR, Shearer JK. Review of pododermatitis circumscripta (ulcer-
ation of the sole) in dairy cows. J Vet Intern Med. 2006;20:805-11.

Holzhauer M, Hardenberg C, Bartels CJM. Herd and cow-level prevalence

of sole ulcers in the Netherlands and associated-risk factors. Prev Vet Med.
2008;85:125-35.

Hahn MV, McDaniel BT, Wilk JC. Rates of hoof growth and wear in Holstein
cattle. J Dairy Sci. 1986,69:2148-56.

Somers J, O'Grady L. Foot lesions in lame cows on 10 dairy farms in Ireland. Ir
Vet J. 2015;68:1-7. https://doi.org/10.1186/S13620-015-0039-0/TABLES/8.
Shearer JK, Plummer PJ, Schleining JA. Perspectives on the treatment of claw
lesions in cattle. Vet Med Res Rep. 2015;6:273. https://doi.org/10.2147/VMRR.S
62071.

Chapinal N, De Passillé AM, Rushen J. Weight distribution and gait in dairy
cattle are affected by milking and late pregnancy. J Dairy Sci. 2009,92:581-8.
Manske T, Hultgren J, Bergsten C. The effect of claw trimming on the hoof
health of Swedish dairy cattle. Prev Vet Med. 2002;54:113-29.

Alsaaod M, Syring C, Luternauer M, Doherr MG, Steiner A. Effect of routine
claw trimming on claw temperature in dairy cows measured by infrared
thermography. J Dairy Sci. 2015;98:2381-8.

Van Hertem T, Parmet Y, Steensels M, Maltz E, Antler A, Schlageter-Tello AA, et
al. The effect of routine hoof trimming on locomotion score, ruminating time,
activity, and milk yield of dairy cows. J Dairy Sci. 2014,97:4852-63.

Archer SC, Newsome R, Dibble H, Sturrock CJ, Chagunda MGG, Mason CS, et
al. Paper: claw length recommendations for dairy cow foot trimming. Vet Rec.
2015;177:222. https://doi.org/10.1136/VR.103197.

Sanders AH, Shearer JK, de Vries A. Seasonal incidence of lameness and risk
factors associated with thin soles, white line disease, ulcers, and sole punc-
tures in dairy cattle. J Dairy Sci. 2009;92:3165-74. https://doi.org/10.3168/JDS.
2008-1799.

Tsuka T, Murahata Y, Azuma K, Osaki T, Ito N, Okamoto Y, et al. Quantitative
evaluation of the relationship between dorsal wall length, sole thickness, and
rotation of the distal phalanx in the bovine claw using computed tomogra-
phy. J Dairy Sci. 2014,97:6271-85.

Ahlén L, Holmay IH, Sogstad AM, JensenTK, Frosth S, Rosander A, et al.
Bovine digital dermatitis: Treponema spp. On trimming equipment and
chutes- effect of washing and disinfection. BMC Vet Res. 2024;20:1-15. https:
//doi.org/10.1186/512917-024-03941-Z/TABLES/5.

Niu K, Zhang X, Chen C, Yang L. Effects of Fermented Manure Bedding
Thickness on Bulls'Growth, Behavior, and Welfare as Well as Barn Gases Con-
centration in the Barn. Anim 2022, Vol 12, Page 925. 2022;12:925. doi:10.3390/
ANI12070925.

Li H,Wang X, WuY, Zhang D, Xu H, Xu H, et al. Relationships among bedding
materials, bedding bacterial composition and lameness in dairy cows. Anim
Biosci. 2021;34:1559. https://doi.org/10.5713/AJAS.20.0565.

Krull AC, Cooper VL, Coatney JW, Shearer JK, Gorden PJ, Plummer PJ. A highly
effective protocol for the rapid and consistent induction of digital dermatitis
in Holstein calves. 2016; Dd:1-21.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1371/JOURNAL.PONE.0263294
https://doi.org/10.2903/J.EFSA.2009.1143R
https://doi.org/10.1016/j.prevetmed.2016.03.018
https://doi.org/10.1016/j.prevetmed.2016.03.018
https://doi.org/10.5333/KGFS.2018.38.3.165
https://doi.org/10.5333/KGFS.2018.38.3.165
https://scienceon.kisti.re.kr/commons/util/originalView.do?cn=JAKO200742871914441%26;oCn=JAKO200742871914441%26;dbt=JAKO%26;journal=NJOU00294954
https://scienceon.kisti.re.kr/commons/util/originalView.do?cn=JAKO200742871914441%26;oCn=JAKO200742871914441%26;dbt=JAKO%26;journal=NJOU00294954
https://scienceon.kisti.re.kr/commons/util/originalView.do?cn=JAKO200742871914441%26;oCn=JAKO200742871914441%26;dbt=JAKO%26;journal=NJOU00294954
https://koreascience.kr/article/JAKO200111921518142.kr%26;sa=U
https://koreascience.kr/article/JAKO200111921518142.kr%26;sa=U
https://doi.org/10.1093/OXFORDJOURNALS.JHERED.A108865/2/68-6-386.PDF.GIF
https://doi.org/10.1093/OXFORDJOURNALS.JHERED.A108865/2/68-6-386.PDF.GIF
http://www.pmc/articles/PMC4279619/
https://doi.org/10.1016/B978-0-12-409527-4.00015-8
https://doi.org/10.1136/INPRACT.20.8.415
https://doi.org/10.1186/1751-0147-44-S1-S157/METRICS
https://doi.org/10.1186/1751-0147-44-S1-S157/METRICS
https://koreascience.kr/article/JAKO199524457071219.page
https://doi.org/10.1186/S13620-015-0039-0/TABLES/8
https://doi.org/10.2147/VMRR.S62071
https://doi.org/10.2147/VMRR.S62071
https://doi.org/10.1136/VR.103197
https://doi.org/10.3168/JDS.2008-1799
https://doi.org/10.3168/JDS.2008-1799
https://doi.org/10.1186/S12917-024-03941-Z/TABLES/5
https://doi.org/10.1186/S12917-024-03941-Z/TABLES/5
https://doi.org/10.5713/AJAS.20.0565

	﻿Surveillance of hoof disorders in Korean dairy cattle and the correlation of farm condition risk factors to their prevalence
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Ethical statement
	﻿Farm selection and information, and clinical inspection of hooves
	﻿Farm condition scoring
	﻿Bedding depth
	﻿Wetness level
	﻿Floor elevation transition/threshold
	﻿Aggressive treatment
	﻿Statistical analysis


	﻿Results
	﻿Prevalence and farm condition
	﻿Correlation analysis
	﻿Farm clustering analysis

	﻿Discussion
	﻿Conclusion
	﻿References


