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What’s going on with 
lameness these days?

Nigel B. Cook
School of Veterinary Medicine

University of Wisconsin-Madison
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Healthspan vs Lifespan

• LLiiffeessppaann = the total duration a cow lives, which should be 
driven by profitability and depends on breeding strategy

• HHeeaalltthhssppaann = the period of a cow’s lifespan when she is 
in free of illness or chronic conditions (which helps drive 
profitability!), but depends on health!

• Aim for healthspan = lifespan!
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Lameness Impacts Healthspan!

USA

UK

Canada

Rest of the World

…but there do seem 
to be improvements 
regionally

Worldwide average ~ 22%

43 surveys published in peer-review since 2003
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A significant problem in AMS Herds!
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Median Lesion Incidence Rate
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Digital Dermatit is White Line Sole Ulcer/Hemorrhage Thin Sole/Toe Ulcer Foot Rot

% Cows

207 US dairy herds, mean herd size 2,517 cows (range 173 to 20,175) 2018-2021
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Digital Dermatitis Stages

Active DDInactive DD
M2P

M1M4.1

M4H

M3

M4
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• Hygiene (Rodriguez-Lainz et al. PVM 28:117, 1996)

• Infectious agents – Treponeme spp (Gomez et al. JDS 95:1821, 2012)

• Genetics (Schopke et al., JDS 98:1-11, 2015)

• Skin integrity – trace minerals (Gomez et al. JDS 97:6211, 2014)

• Inflammation/immune modulation (Anklam et al., 2025)

Multifactorial, polymicrobial 
disease with an essential 
bacterial component 
(Treponemes), creating 
lesions that are characterized 
by destructive inflammation 
with neutrophil infiltration 
and release of chemotactic 
and antimicrobial factors that 
perpetuate lesion growth 
and expansion 
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Treponema Phylogenetic Tree
Treponema vincentii
Treponema medium

Treponema phagedenis

Treponema denticola
Treponema putidium
Treponema pallidum

Treponema maltophilum, 
Treponema brennaborense

Nordhoff et al, 2008,
Schrank et al., 1999:
DDKL-13, 4, 3, 
T. brennaborense

Read et al., 1999, Walker 
et al., 1998, 1995:
T. vincentii/medium
T. phagedenis
T. denticola

Zinicola et al,, 2015
T.denticola
T.maltophilum
T.medium
T.putidum
T.phagenis
T. paraluisuniculi

Evans et al., 2008, 2009
Demirkan et al., 2006:
T. pedis sp. nov.
T. vincentii/T.medium
T. phagedenis
T. denticola/T.putidium

Yano et al., 2009,
Pringle et al., 2009, 
Trott et al., 2003
T. phagedenis-like

T. Pedis
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Close contact with infected animal is the 
key risk factor!

Treponeme species responsible for DD are 
infrequently found in the gut, feces, urine and 
the environment – they are found in lesions!

Döpfer has demonstrated natural spread within 
the environment after experimental infection

From Dörte Döpfer
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Hydropic 
Maceration 
Required!
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Active stage (M2) Proliferative stage (M4)

Treponemes hide 
away in chronic lesions, 

encysted - undetectable by 
the immune system.

From Dörte Döpfer
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# legs =    214  180   246   366    424     524   502    530   448    540   282    412     258  178    92   227  

% Heifers Diagnosed with an M2 lesion

% M2 DD with Filamentous Proliferation

Percent of M2 Lesions with 
Filamentous Proliferation  

Gomez, et al., JDS 98:4487, 2015

Proliferation 
is a bad (and 
chronic) sign!
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Hoof Conformation Changes (Gomez et al. JDS 98:927, 2015)

Heel 
Height 

Heel Horn 
Erosion

Cleft 
Depth

Interdigital 
Hygiene
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DD occurrence during the first lactation by 
DD experience during the rearing period

DD during the rearing period 

No DD 

(Type I)

1 DD case 

(Type II)

>1 DD case 

(Type III)
% First Lactation 
Heifers Suffering 

a DD event
13.7 45.6* 67.6*

Gomez, et al., JDS 98:4487, 2015

Preventive strategies have to start in the heifer pen!
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So, what can we do?

• Surveillance and topical treatment to cure active lesions before they 
become chronic

• Footbath to maintain chronic lesions in an inactive state

• Feed supplements to enhance skin integrity and immune response 

• Breeding to enhance resistance to infection and chronicity

• Vaccination to enhance immunity?

15

It starts in the heifer pen!
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Treatment Steps

1. Identify the affected animal
2. Sort her out of the pen
3. Move her to a chute
4. Lift the foot and treat it
5. Return her to the pen of origin

17

Artificial Intelligence helps with early and 
systematic detection of DD

From Dr. Dörte Döpfer Computer Vision for DD prediction cow-side
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A centrally located chute
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Footbath Best Management Practice

• Use a well-designed footbath with adjacent mixing facility
• Footbath 4 milkings per week and adapt based on outcome to achieve a 

minimum frequency to maintain control
• Use an antibacterial with evidence of efficacy against DD and footrot

• No higher than 5% CuSO4 (aim ~2%) and monitor soil copper levels
• No higher than 4% formalin (aim 1.5-2%) and avoid in very cold weather
• Use of acidifier to pH no lower than 3.0

• Use the bath as long as it is effective ~ 150-300+ cow passes
• Don’t forget to include all life stages of the cow (at reduced frequency)

20
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The Ideal Footbath – 2-3 immersions per foot

Cook et al., Vet.J. 193, 669-673, 2012

• 10-12’ (3-3.7 m) 
long

• 24” (0.6 m) wide 
sloped to 3’ (1 m) 
at 3’ (1 m) high

• 10” (25 cm) high 
step
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Standardized Footbath Management 
(Solano et al., 2017)

• 9 farms over 22 weeks using 
5% copper sulfate

• Standardized footbath design – 
10’ (3.0m) long

• Standardized footbath 
frequency to 4 milkings per 
week and replaced the solution 
every 200 cow passes

• Significant decrease in active 
lesions from 22% to 14%

• Percent healthy feet increased 
from 39% to 48%

Change in active (M2, M4.1) DD lesions and healthy 
feet (M0) in high prevalence farms (6 farms with 

DD>15%) after footbath intervention

22
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The AMS Footbath Challenge
L-ShapeSideCross-way

The most common AMS layouts recommended create 
significant challenges for footbath location and use!
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This is not the solution!

Only 27% of AMS 
herds footbath >3X 
week!

Footbaths and 

AMS Herds

24
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Footbath
Footbath

Fetch Fetch
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Organic Trace Minerals and DD Results
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P-value = 0.1
Gomez et al. JDS 97:6211, 2014
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• Fermentation product fed on 
commercial robot dairy in PMR for 5 
months vs control without additive

• 968 total lactating cows enrolled

• Relative risk for control cows 
developing an active ulcerated 
DD lesion rather than no lesion or 
an inactive lesion was 1.8 times 
that of test cows, and the 
transition was more rapid

27

Outcome Control Group Treatment Group
M2 incidence (steer level) 92% (22/24) 60% (15/25)

Relative Risk for Treatment steers 0.65 (0.46 to 0.92 95% CI) vs Control

Experimental DD infection trial: 2 groups of 25 steers grouped into treatment vs control (1 control lost from trial due to foot rot)

28
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Evidence of immune 
modulation decreasing pro-
inflammatory state prior to 
infection and then triggering 
a more rapid response post-
infection

29

SSoollee  UUllcceerrss  
  

SSttaannddiinngg  UUpp  
DDiisseeaassee

30
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Parturition Effect

Activation of Matrix Metalloproteinases (MMPs) in the 
suspensory apparatus connective tissue  of the claw

Loosening of the connection 
between the pedal bone and 
the horn capsule of the claw

Sub-Acute Ruminal 
Acidosis

Streptococcus 
bovis exotoxin

Histamine

Lamellar 
hypoxia

Thin Cow Effect 

( <2.5 BCS)

Contusion and trauma to 
corium and horn epithelium 

below the pedal bone 

Changes to 
digital fat 

pad

Lack of cushion and support 
below pedal bone

Inflammatory Effect

Tarlton et al., 2002; Knott et al., 2007

Newsome et al., 2016 

Nocek, 1997
Lean et al., 2013

Bicalho et al., 2009; Lim et al., 2015; Randall et al., 2015 

Mungall et al., 2001

31

Sole hemorrhage and ulcer formation

32
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Normal Prior ‘Lameness’

33

Loss of body condition score 
reducing integrity of the 

digital fat pad

PRESSURE

Calving time changes in 
connective tissue suspending 

the pedal bone

Inflammation and bony 
exostoses of the pedal bone

Horn overgrowth, loss of claw 
angle and increased loading

Increased standing time 
on hard surfaces 

The ‘Pressure Theory’

From Cook, Jelinski and Erickson Vet Clin Food Anim 41:395, 2025
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It is now becoming increasingly probable that standing up 
could be a primary significant cause of claw horn disruption 
pathogenesis … not just a secondary factor

Increased load = inflammation!

35

Measured relative abundance of 
proinflammatory cytokine mRNA (TNF, IL1B, 
IL6) from leukocytes before and after 24 h 
Lying Deprivation and 24 h Human 
Disturbance = Allowed to Lie Down but 
Deprived of Sleep

Lying deprivation, but not sleep deprivation 
alone, increased TNF and IL1B and cows 
entered a proinflammatory state

36
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Lying Deprivation, Inflammatory 
Markers and Hoof Health

• Lying deprivation promotes a proinflammatory state (elevated TNF, IL1B) (Proudfoot et 
al., 2021)

• Elevated blood IL6 and TNF (trend) in lame vs non-lame post-partum cows housed in 
tiestalls -8 to +4 weeks (Zhang et al., 2015)

• Compared with healthy cows, elevated levels of plasma IL6, TNF in ‘laminitic’ cows 
(Zhang et al., 2020)

• Trace mineral (Zn, Mn, Cu, Co) amino acid complexes fed during the transition period (-30d 
to +30d) decreased heel horn erosion and decreased expression of TNF and IL1B in the 
corium compared to inorganic trace minerals (Osorio et al., 2016)

• Proinflammatory cytokines (TNF, IL1B, IL6) upregulate matrix metalloproteases (MMPs) 
that impair the integrity of the suspensory apparatus through collagenase activity (Dufour, 
2015)

37

Restore a more upright 
claw angle (~52o)

Balance weight between 
the inner and outer claw

Effect lasts 4-6 months

Don’t over trim!

Hoof Trimming

38
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BIG LITTLE

39

Herd Level Factors Reducing Lameness Risk
Literature Review Since 2003

• Less time standing on concrete (Bell et al., 2009)
• Deep bedded comfortable stalls rather than mats or mattresses (Bran et al., 2019; Chapinal et al., 2013; Cook, 

2003; Dippel et al., 2009; Espejo et al., 2006; Rouha-Mulleder, et al., 2009; Solano et al., 2015; Matson et al., 
2022),

• Less restrictive neck rail locations, low rear curb heights, lower brisket locators, and absence of lunge 
obstructions, wider stalls (Espejo and Endres, 2006; Chapinal et al., 2013; Dippel et al., 2009; Rouha-Mulleder, et 
al., 2009; Westin et al., 2016),

• Lower stocking density (Sadiq et al., 2020) and <3h/d waiting to be milked (Jewell et al., 2019)
• Use of manure removal systems other than automatic scrapers (Barker at al., 2010),
• Use of non-slippery, non-traumatic flooring rather than slats (Barker et al., 2010; Bran et al., 2019; Sarjokari et al., 

2013; Solano et al., 2015a),
• Access to pasture or an outside exercise lot (Chapinal et al., 2013; Hernandez-Mendo et al., 2007; Oehm, et al., 

2022; Popescu et al., 2013; Rouha-Mulleder, et al., 2009)
• Use of a divided feed barrier (rather than a post and rail system) (Sarjokari et al., 2013),
• Wider feed alleys (Sarjokari et al., 2013; Westin et al., 2016) and increased feed space per cow (Matson et al., 

2022)
• Access to a trim-chute for treatment and use of an effective footbath program (Pérez-Cabal and Alenda. 2014)
• Prompt recognition and treatment of lameness (Barker at al., 2010)

40
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Get Lame – Stay Lame: 
The Dual Roles of Cow Comfort 

Modified from Cook and Nordlund, 2009

Healthy Get 
Lame

Stay 
Lame

Decreased 
lying time

+
Hoof 

overload

Abnormal 
resting 

behavior
+

Poor 
treatment

1 2

41

Increased 
standing 

time
Hoof horn 

lesions

Get Lame: Standing and hoof lesion development

Transition 
period

~2 h/d increase in daily standing time 
increases risk for sole ulcer/hemorrhage

Chapinal et al., 2009; Proudfoot et al., 2010; Sepúlveda-Varas et al., 2014; Omontese et al., 2020; Eriksson et al., 2021

© Vermeer Dairy

© G. Cramer
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Non-Lame Lame

Lame cows that lie down 
and can’t stand

Lame cows that stand and 
can’t lie down

Effect of Lameness on Lying Time - Bidirectional

Gomez and Cook, JDS 93:5722, 2010
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Mattress or Mat

Deep Sand

Cushion, traction and 
support to facilitate rising 
and lying movements

44
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Stay Lame: Prior lameness increases risk of future lameness

~80% of lameness cases are attributable to a previous lameness event
               A case of lameness lasts 2-5 wks longer in older cows versus 1st parity cows

Newsome et al., 2016; Randall et al., 2018; Sahar et al., 2022
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Incidence of Foot Lesions by Parity and 
Lesion History

Lesion Parity Lesion 
Status

Lactation Adjusted Incidence P-value

2 3 ≥4

WLD

1
0 6 11 15

<0.01
1 20 21 24

2
0 9 13

<0.01
1 20 18

3
0 10

<0.001
1 21

SU

1
0 12 20 26

<0.001
1 44 32 23

2
0 15 24

<0.001
1 40 30

3
0 18

<0.001
1 41

Oikonomou, Cook and Bicalho JDS 96:3712, 2013
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Poor flooring + Poor handling = White  Line Lesion

47

Fix the 
handling 
issues 
first!

48
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Signs of Poor Flooring

• Traumatic – rough and uneven
• Abrasive – rough but even
• Slippery – smooth, infrequent grooving

Traumatic Abrasive Slippery

49

¾” (1.9cm) wide
½” (1.3cm) deep
3 1/4” (8.25cm) OC

Better Concrete

50
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Cut grooves into preformed 
concrete

http://www.trakriteglobal.com/

Leave concrete 5 days before 
cutting grooves and 30 days before 

cows walk on it

$31K, 40,0000 sq ft

.60-.80 cents per sq ft

51

Planned 
Pasture 
Access 

(Chapinal et al., 2013; 
Hernandez-Mendo et al., 2007; 
Popescu et al., 2013; Rouha-

Mulleder, et al., 2009)

Some of the 
cows, some of 

the time

52
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Rubber transfer 
lanes will reduce 
hoof wear to and 
from the parlor

53

Peer reviewed studies documenting effect of 
rubber flooring in the freestall pen on lameness

2 5 2
• Vanegas et al., JDS 

89:4251, 2006
• Ouweltjes et al., JDS 

94:705, 2011

• Vokey et al., JDS 84:2686, 2001
• Boyle et al., Appli Anim Behav Sci 

106:1, 2007
• O’Driscoll et al., JDS 92:4249, 

2009
• Fjeldaas et al., JDS 94:1243, 2011
• Eicher et al., JDS 96:3639, 2013

• Kremer et al., JDS 
90:4603, 2007

• Ahrens et al., JDS 
94:2341, 2011

Rubber flooring is expensive, it wears out, and the evidence for lameness improvement is uncompelling!
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If you are going to use 
rubber flooring in the 
freestall pens, make sure 
that the stalls are well 
designed and comfortable! 

55

The best flooring surface is one that 
the cow isn’t standing on for more 

than 12 h/d!

56
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Cows need to rest 
when they want to, 
for as long as they 

need to …..

• A comfortable resting place of 
appropriate dimensions with 
soft deep bedding

• Ensure sufficient time for rest
– Minimize time milking <3.5 h/d
– Minimize competition <1.2 cows 

per stall

• Provide adequate heat 
exchange and target MCAS

57

Sand
Manure solids
Sawdust
Straw/Lime

Surface is #1!

58
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Impact of Stall Base on Lameness in AMS Units
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Salfer et al., JDS 101:8586-8594, 2018 from 54 AMS units in Upper Midwest
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From Tucker et al., JDS 104:20, 2021

Overstocking 
and 
Reduction in 
Lying Time

Increasing cows per stall 
from 1 to 1.5 reduces 

mean lying time by ~15%

60
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The Impact of Milking Time on Lying Time
(Gomez and Cook, 2010 J Dairy Sci 93:5772)
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Longer waiting time was associated with 
shorter lying time

Mean daily lying 
time

10:48 ±± 2:24 
hrs/d

(5:00 to 16:00 
hrs/d)

Cows with long waiting time (≥2 hrs/d) spent ~1:40 less lying down 
compared to cows with shorter waiting time

Solano et al. 2022. JDSC. 3:426-430
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Time Series of Temperature Humidity Index 
and Claw Lesion Rate

2-month lag time

Cook et al., Proc. 14th Int. Lame. Symp. 2006
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Rate of Temperature Change by Position
2 farms
20 cows for 6 days
6 lying bouts per day
3 standing bouts per day (stall)
3 standing bouts per day (parlor)

+1 oF

-0.5 oF-0.0 oF

Cows cool while 
standing in the pen 
at half the rate that 
they accumulate heat 
while lying down

Nordlund et al. J. Dairy Sci. 102:6495, 2019
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Cooling Strategies for Cows
• Use ventilation and air movement

– Exhaust the heat and humidity
– Create air movement to maintain a favorable heat loss gradient

• Use water:
– To soak the cow 
– To cool the air

§ Misting
§ Evaporative Cooling Pads

• Use conduction:
– Conductive cooling mattress

65

Does increasing air 
speed help cows rest?

§ Manipulate airspeeds at cow height using 2 x 51”(1.3m) 
diameter Munters Aerotech VFD fans 

§ 8 groups of 16 cows (128 total)

§ 2 pens concurrently running one of 3 treatments (control (80, 
0.4), low (335, 1.7) and high (472 ft/min, 2.4 m/s) fan speed) 

§ 3-day acclimation period + 4 full 24-hour periods of data 
collection per treatment (in a balanced order)

airspeeds 
measured 
at 0.5 m 
(18”) high

66
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13.2 h/d
C

13.9 h/d
B

14.3 h/d
A

Fans protected lying time
Lying time (hours/day)

Daily Max THI 
Reuscher et al., JDS 106:9552, 2023

Also decreased core body temperature 
and increased milk production!

67

Defined as a minimum of 200 ft/min 
measured at resting height of 1.5 ft.

Aim for >90% stalls

Minimum Cooling Airspeed (MCAS)

68
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Growing interest in 
mechanically 
ventilated, climate-
controlled barns

69

Fan Spacing and Angle
(Typical 48-55” (122–140 cm) diameter panel fans)

Target one fan per stall platform spaced 24-30’ (7-9 m) apart 
activated at ~68oF (20oC) 

70
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The air needs to be directed DOWN!

71

As within-facility variability in air speeds 
increased, the variability in daily lying time 
increased.

As the average air speeds increased, the 
variability in lying time decreased.

72
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An Achievable Target for Rest - Actual

• 12 high producing 3 x 
milking sand bedded 
freestall housed 
Wisconsin dairy herds 

• Visited summer 2021
• 6 cross-vent, 6 nat vent
• Data from 24-30 cows 

per herd for 3 days
• Mean lying time all herds 

12.1 h/d (SD 2.0)

• Aim for a mean of 11.5-
12.5 h/d

Cross-vent Nat-vent

73

…and just when we thought we had it 
all worked out …

74
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Corkscrew Claw Syndrome
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Permanent skeletal 
changes already 
present in heifers 
in early lactation – 
an inflammatory 
condition resulting 
from thin soles and 
abnormal forces 
on the claw during 
development

From Karl Burgi
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Commonly associated risk factors

Back Transformed Least Squares Means SE
Effect Group Estimate SE

Bedding type breeding pen

none 4.26% 0.24%
other 6.18% 0.16%
rsand 45.36% 0.82%
sand 21.50% 0.17%

Differences between recycled sand and sand, recycled sand and none, recycled sand and other, sand and none and sand and other all significant at P<0.05
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Heifer Housing Recommendations 
(Different from Cows!)

1. Bedded pack housing preferred where possible up til pregnant
2. Deep bed freestalls with organic bedding vs sand (avoid recycled 

sand!). Move to sand bedding in prefresh
3. Use post and rail or slant bar bunks where possible rather than 

headlocks – use a race and chute!
4. Use rubber flooring at the feed bunk (high compressibility for grip)
5. Provide outdoor access – feeding/pasture

78
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QUESTIONS?
80


