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RESEARCH ARTICLE

Lameness recovery rates following treatment of dairy cattle with claw horn
lameness in the Waikato region of New Zealand
W Masona,b, LJ Lavenb, M Cooperc and RA Laven b

aEpiVets, Raglan, New Zealand; bTāwharau Ora – School of Veterinary Science, Massey University, Palmerston North, New Zealand;
cVeterinary Enterprises Group, Otorohanga, New Zealand

ABSTRACT
Aims: To describe the time in days for lame dairy cows to recover after diagnosis and treatment
of claw horn lameness, and to investigate whether cure rates differed between farms.
Methods: Five dairy farms in the Waikato region were conveniently enrolled into a descriptive
epidemiological study. Three of these farms had dairy cattle enrolled over two consecutive
seasons, while two farms enrolled for one year. Lame cattle diagnosed by the farmers were
enrolled into the study if they had a lameness score (LS≥ 2 on a 0–3 scale) and claw horn
lesions. All enrolled animals were treated by a single veterinarian following a consistent
methodology, and subsequently assessed for LS at a median frequency of 4 days from
enrolment until they were sound (LS = 0). The times (days) taken for animals to become
sound and non-lame (LS < 2) were reported for all animals, and Kaplan–Meier survival curves
used to present the results. A Cox-proportional hazard model was used to assess if the
hazard of soundness was associated with farm, age, breed, lesion, number of limbs involved,
and LS at enrolment.
Results: A total of 241 lame cattle with claw horn lesions were enrolled across the five farms.
White line disease was the predominant pain-causing lesion in 225 (93%) animals, and blocks
were applied to 205 (85%) of enrolled animals. The overall median days from enrolment to
becoming sound was 18 (95% CI = 14–21) days, and 7 (95% CI = 7–8) days to become non-
lame. A difference in the hazards of lameness cure between farms was identified (p = 0.007),
with median days to lameness cure between farms ranging from 11 to 21 days. No
associations were identified between age, breed, limb, or LS at enrolment on the lameness
cure rates.
Conclusions: Treatment of claw horn lameness following industry-standard guidelines in dairy
cattle on five New Zealand dairy farms resulted in rapid cure, although cure rates differed
between farms.
Clinical relevance: Following industry best-practice lameness treatment guidelines, including
frequent use of blocks, can result in rapid lameness cure rates in New Zealand dairy cows. This
study also suggests that management of lame cattle on pasture can positively benefit their
welfare and recovery times. The reported cure rates provide veterinarians with benchmarks
on the length of time after which a lame animal should be re-examined, and in the
investigation of poor treatment response rates at the herd level.

Abbreviations: CHL: Claw horn lameness; HRR: Hazard rate ratio; KM: Kaplan–Meier; LS:
Lameness score
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Introduction

Lameness in dairy cattle remains one of the big welfare
concerns of dairy farming, with prevalence estimates >
30% at any given time in many dairy systems (Dippel
et al. 2009; Griffiths et al. 2018). However, prevalence
is not the only epidemiological measure of lameness
impact; incidence and duration of lameness are both
important. Duration of lameness has a huge effect on
the impact of lameness on the welfare and pro-
ductivity of dairy cattle (Archer et al. 2010; Ekanayake
et al. 2022). Thus, to understand the true impact of

lameness on a farm, knowledge of the expected
duration of lameness is essential. Furthermore, under-
standing variations in lameness duration between
farms or systems may also identify treatment and
control strategies that are more effective than others,
bypassing the need for randomised clinical trials,
which are notoriously difficult and expensive to
conduct for lameness (Thomas et al. 2015). The most
clinically relevant causes of lameness in New Zealand
are non-infectious lesions that involve damage to the
corium with subsequent haemorrhage, collectively
known as claw horn disruption lesions. These lesions
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include white line, sole, and axial groove lesions, all of
which can lead to claw horn lameness (CHL). Under-
standing the incidence of lameness is also important,
however measuring this requires continued ongoing
observation or retrospective analysis of potentially
flawed data such as farmer records (e.g. Chawala
et al. 2013). However, as incidence is dependent on
both the prevalence and the duration of disease
(Freeman and Hutchison 1980), incidence can be esti-
mated directly from these parameters.

Duration is particularly important for lameness
because, among painful diseases of dairy cattle, lame-
ness is unique in its prolonged duration of effect. It has
been demonstrated in New Zealand that dairy cows
start to lose liveweight 3 weeks prior to being diag-
nosed and treated for lameness (Alawneh et al.
2012b). Following treatment for CHL there is a period
of at least 28 days where animals have an exaggerated
response to painful stimuli (Laven et al. 2008).
However, there is very little information on expected
clinical recovery rates, with the majority of previous
research focused on time to cure describing lameness
scoring at fixed time periods (Whay et al. 2005; Laven
et al. 2008; Thomas et al. 2015). While these fixed
time periods facilitate communication of results and
comparisons between studies and systems, they do
not give accurate information on the time taken for
cattle to become sound. Fixed time points of 35 days
(Thomas et al. 2015) and 42 days (Thomas et al. 2016)
have been used in the UK to assess recovery risk. The
use of these fixed time points means that a cow
enrolled in the Thomas et al. (2016) study that
became sound 3 days after treatment would have
the same weighting as one that became sound at 41
days. Clearly, these different durations of lameness
would have resulted in profound differences in the
welfare and productivity of the lame animals. A more
powerful method of analysis of duration data is time-
to-event (survival) analysis, which identifies the time
to cure for x% of animals (usually 50%, i.e. median).
This analysis can take account of both when cows
become sound during the study period, and cows
that are lost to follow-up. In addition to time to cure,
this analysis also calculates the hazard rate of sound-
ness (i.e. the frequency at which cows become sound
per unit of time). Cure rates can be converted
without difficulty to cure risks when descriptive time-
to-event data are provided, but converting cure risks
to cure rates is usually not possible. Thus, comparisons
between the studies reporting cure risks are challen-
ging. However, the use of time-to-event analysis for
CHL cure is rare, and often incomplete. For example,
Klawitter et al. (2019) reported the hazard ratio of
cure in cows with sole ulcers treated with and
without bandages, but their measure of duration was
the proportion healed on day 28 (rather than time to
cure for x%). With respect to New Zealand data,

Tranter and Morris (1991) analysed time to recovery
of lame cows at pasture (principally white line
disease, sole bruising and footrot), but did not use
time-to-event analysis, and their outcome measure
was mean time to recovery. Thus, there is still a gap
in the literature on the recovery rate of dairy cattle,
especially for claw horn lesions.

Knowledge on lameness recovery times is important
both to judge the welfare impact of lameness, and to
gauge whether a treatment is successful. More detailed
knowledge around expected recovery times will
empower animal health advisors and farmers to assess
farm performance of lameness treatment, and to give
more scientifically backed advice around when re-
examination of an animal is required. With the increas-
ing use of precision livestock farming, this may enable
advisors to track the recovery rates of lame animals
across various farms. The aims of this study were there-
fore to describe the clinical lameness recovery rate in
pasture-based dairy cattle diagnosed with CHL and
treated with best-practice treatment protocols, and to
assess whether the recovery rate varied between farms.

Materials and methods

This was a descriptive observational epidemiological
study. All manipulations of animals were approved
by AgResearch (Ruakura) Animal Ethics Committee
application number 15097.

Five dairy farms from the Waipā and Otorohanga
districts (Waikato region) of New Zealand were
enrolled, based on a convenience sample, in the
spring of 2020, and three of those farms were enrolled
again in the spring of 2021. The farms were enrolled
based on a proven track record of involvement in
research trials, with a location within 50 km of the
veterinary clinic that author WM was affiliated with,
and with the necessary willingness and lame cow treat-
ment facilities to conduct and participate in the study.
The start and end dates were dependent on the farm
enrolled and were based on the historical time frame
at which peak lameness incidence typically occurred
(either pre-mating or during mating). Across both
years, the median enrolment time period on the
farms was 70 (min 45, max 141) days.

The target population for this study was cows with
CHL. The eligible population consisted of all non-lame
lactating dairy animals present on enrolled farms at the
initial enrolment date. From the start date until the end
date for enrolment on each farm, animals that were
identified as lame by the farmer, and then examined
by the study veterinarian (MC), were eligible to be
enrolled in the study. Lame cattle were identified as
per normal on-farm practices, with no formal training
given to the farmers.

Following the identification of a lame animal by the
farmer, the animal was examined within 24–48 hours

NEW ZEALAND VETERINARY JOURNAL 227



by the primary veterinarian. As a first step, all animals
had a lameness score (LS) event recorded by a tech-
nician while the cows were on a concrete collecting
yard. Scoring was based on the DairyNZ 0–3 grading
system (DairyNZ 2023) (Table 1), a method adapted
from the Agriculture and Horticulture Development
Board in the UK. Cows that were given a LS ≥ 2 by
the technician were eligible for inclusion in the study.

For the trial, all cows were scored by the same tech-
nician who was trained to LS by author WM, and who
was re-assessed four times within the first month of the
study by the same author. Formal training consisted of
LS theory and watching pre-recorded videos, which the
technician was quizzed on until 100% agreement was
reached with author WM. A practical session was then
conducted with > 200 animals scored while walking
back to grazing following milking. Assessment of drift
was not carried out during the observation period, and
reliability measures were not assessed. For all LS events,
both the score and the limb were recorded; however,
the animal was the unit of interest for the study.

After scoring, eligible cows were placed into a
purpose-built lame cow crush on the farm. Non-lame
animals were not examined in the crush. Examination
and treatment of the lame foot followed the guidelines
set out in the DairyNZ Lameness Field Guide (DairyNZ
2017), with the primary pain-inducing claw and lesion
identified using hoof testers. After therapeutic trim-
ming, wooden blocks (Demotec blocks with Hoof-Tite
adhesive; Veehof, Ashburton, NZ) were applied to the
non-lame claw provided there was an absence of
marked pain detectable by hoof testers. The presence
of visible lesions on that claw, the LS, and lesion sever-
ity did not affect the decision making for block appli-
cation. The application of wooden blocks was

ultimately done at the veterinarian’s discretion;
however, the use of blocks was actively encouraged,
and a reason recorded if one was not applied.
Farmers were incentivised to participate in the study
by having their lame cattle treated without charge.
The same veterinarian carried out all examinations
and therapeutic hoof trimming on the five farms
across both study years to ensure consistency.

In addition to exclusion from the study if they had a
LS of ≤ 1 at the time of the veterinary visit, cows pre-
sented by the farmer to the veterinarian as lame
were excluded if they had non-CHL (e.g. footrot,
digital dermatitis, upper limb injury); lameness that
required claw amputation; bilateral LS = 3 lameness;
marked pain response on medial and lateral claw of
the same limb upon hoof-testing; or non-compliance
(i.e. difficult to handle/treat). After exclusions, the
CHL identified as causing lameness were defined as
either primarily white line lesions, sole lesions, or
axial wall lesions. An animal could only be enrolled
once; any subsequent or repeat case of lameness was
not eligible for inclusion in the study.

After enrolment, an animal was removed from
further involvement in the study in the event of any
health or welfare reason(s) that might bias the study
or cause unnecessary suffering of the animal. Specifi-
cally, they were re-examined if they had a LS = 3 on
more than one occasion after enrolment, or if they
became lame (LS≥ 2) on another limb and were then
removed from any further participation in the study.
Animals were also excluded if they were treated for
lameness by the farmer at any stage during the
study period. Animals were included within the analy-
sis up to the date of any subsequent exclusion, so that
LS data prior to exclusion was still analysed; all animals
that had at least one LS following initial lameness
examination were included in the analysis.

Once enrolled, animals had a LS event recorded a
median of 2 (min 1, max 3) times per week; the greatest
length of time between scoring events on a farm was 8
days, with a median of 4 days. All enrolled animals
were managed in a separate lame herd close to the
milking parlour and milked once per day, with the
dietary allocation decided and managed by the
farmer. Lame animals remained in this herd until the
study technician had defined them as sound (LS = 0),
at which point the study concluded for that animal.
Blocks were assessed for retention up to 14 days; if
they fell off, the animal was bought back into the
crush and a block re-applied. No data were collected
on block retention after 14 days, and no attempt was
made to remove blocks from sound animals.

Statistical analysis

Descriptive statistics were tabulated and presented for
the number of animals examined and enrolled into the

Table 1. Lameness scoring descriptors used in a study of
lameness recovery rates following treatment of dairy cattle
with claw horn lesions on 5 farms from the Waikato region
of New Zealand (adapted from DairyNZ lameness scoring
system; DairyNZ 2023).
Lameness
score Descriptor

0 Walks with even weight bearing on all four limbs at a
similar walking speed to a person, with regular stride
length and rhythm. Straight back line at all times and
head held in line or slightly below the backline and
steady when walking

1 Walks unevenly but reduced weight-bearing on affected
limb not easily obvious. May have uneven stride length
and/or rhythm. Backline straight when standing but
may be mildly arched when walking

2 Lame, with decreased stride length on affected limb.
Weight-bearing reduced on affected limb, which can
easily be identified. Walking speed slower than normal.
Backline often arched when standing and walking and
head bobs up and down when walking

3 Severely lame, with minimal or no weight-bearing on
affected limb. Reluctant to move and cannot keep up
with the healthy herd. Backline arched when standing
and walking and often large head movements up and
down when walking
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study based on farm, age, breed, year, LS at enrolment
and lesion. Age was categorised into 2, 3, 4–8 and > 8
years of age. Breed was defined as one specific type if
an animal had > 12/16 of one breed as defined by Live-
stock Improvement Corporation (Hamilton, NZ); all
others were defined as cross-bred. All analyses were
carried out at the cow level and were undertaken
using R Version 4.2.0 (R Core Team, 2022; R Foundation
for Statistical Computing, Vienna, Austria).

Survival analysis techniques were used to analyse
the days from enrolment to being diagnosed as
sound. Kaplan–Meier (KM) survival curves, with risk
tables, were produced for each farm, and overall.
Animals were right-censored at the time they were
removed from the study due to post-inclusion
removal, or at the last LS event if they did not have a
LS = 0. The time-to-event for 10%, 25%, 50%, 75%
and 90% of enrolled lame cows to become sound
was reported, and the probability of lameness cure,
with 95% CI of the KM estimate using the log–log
method, at 7, 14, 21, 28 and 35 days presented.

To assess statistical associations between potential
risk factors and the hazard rate of soundness, Cox pro-
portional-hazard models were generated. Potential
risk factor variables and confounders included farm,
age, breed, block application, loss of block, lesion,
year of enrolment, LS at enrolment, and multiple limb
involvement. Each of these potential risk factors were
initially screened with respective unconditional Cox
proportional-hazards models and any that had a likeli-
hood ratio test p < 0.20were included in an initialmulti-
variable Cox proportional-hazards model; no
interactions were assessed due to the low power to
assess interactions and lack of biological plausibility.
Backwards elimination of variables was carried out
until the likelihood ratio test between two nested Cox
proportional-hazard models had a p < 0.05. Those vari-
ables that were removed from the model were then
placed back in one by one, in order of the smallest p-
value from the likelihood ratio test to the greatest to
assess for confounding. If the variable altered the coeffi-
cients or standard errors of the included risk factors by >
20%, then it was considered a confounder and retained
in the model. Results from the model were reported as
hazard rate ratios (HRR) with associated 95% CI and p-
values. The HRR and 95% CI for all unconditional associ-
ations were also reported. The proportional hazards
assumption was assessed using a global statistic
based on Schoenfeld residuals. Deviance residuals and
Cook’s distanceswere investigated to assess for outliers
and influential observations, respectively.

The KM descriptive statistics as described above
were then replicated for the number of days taken for
an animal to becomenon-lame (LS≤ 1) as the outcome.

Results

A total of 284 animals were examined for lameness
from five farms, with 241 animals enrolled. Those not
enrolled were excluded due to either footrot (n = 26),
upper-limb lameness (n = 5), or no identifiable lesion
despite a LS≥ 2 (n = 12). The majority of lameness
identified in the enrolled cows on the five farms was
diagnosed as being due to white line disease (225/
241; 93%), with only 16/241 (7%) of animals diagnosed
with a primary sole-based lameness-causing lesion
(Table 2). There were no animals diagnosed and
enrolled with axial wall lesions. In total, 16/241 (7%)
enrolled animals had lameness in the front claws.
Fifteen animals (6%) had clinical lesions on two
limbs; all of these were in hind feet. In total, 207/241
(86%) enrolled animals received a wooden block on
the sound claw. Eleven of the 207 (5.3%) blocks fell
off within 14 days of treatment and were replaced.
Monthly CHL incidence rates on the farms during the
study periods ranged from 2.0 to 9.2 cases per 100
cow months, with a median of 3.5 cases per 100 cow
months (Supplementary Table 1).

Table 2. Descriptive statistics (number (n) and percentage) of
the population of enrolled dairy cattle with claw horn
lameness across two dairy seasons (n = 241) recorded as
part of a study of lameness recovery rates following
treatment on 5 farms from the Waikato region of New
Zealand.

Year

Variable
Overall
(n = 241)

2020
(n = 151)

2021
(n = 90)

Farm
Farm 1 33 (14%) 33 (22%) 0 (0%)
Farm 2 78 (32%) 31 (21%) 47 (52%)
Farm 3 33 (14%) 21 (14%) 12 (13%)
Farm 4 60 (25%) 29 (19%) 31 (34%)
Farm 5 37 (15%) 37 (25%) 0 (0%)

Claw-horn lesion
Sole 16 (6.6%) 10 (6.6%) 6 (6.7%)
White line 225 (93%) 141 (93%) 84 (93%)

Two limbs involved
No 226 (94%) 140 (93%) 86 (96%)
Yes 15 (6.2%) 11 (7.3%) 4 (4.4%)

Age (years)
2 18 (7.5%) 12 (7.9%) 6 (6.7%)
3 22 (9.1%) 14 (9.3%) 8 (8.9%)
4–8 161 (67%) 99 (66%) 62 (69%)
> 8 40 (17%) 26 (17%) 14 (16%)

Breed
Friesian 61 (25%) 41 (27%) 20 (22%)
Jersey 47 (20%) 24 (16%) 23 (26%)
Cross-breed 133 (55%) 86 (57%) 47 (52%)

Block applied
No 34 (14%) 25 (17%) 9 (10%)
Yes 207 (86%) 126 (83%) 81 (90%)

LSa at enrolment
2 218 (90%) 138 (91%) 80 (89%)
3 23 (9.5%) 13 (8.6%) 10 (11%)

Limb
Back left 124 (51%) 82 (54%) 42 (47%)
Back right 99 (41%) 61 (40%) 38 (42%)
Front left 10 (4.1%) 5 (3.3%) 5 (5.6%)
Front right 8 (3.3%) 3 (2.0%) 5 (5.6%)

Claw
Lateral 189 (78%) 131 (87%) 58 (64%)
Medial 52 (22%) 20 (13%) 32 (36%)

aLameness score (LS) system adapted from DairyNZ (2023).
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Time to soundness (LS = 0)

The overall median days taken from enrolment to
becoming sound was 18 days, i.e. 50% of lame cows
were sound and back with the main milking herds
within 18 (95% CI = 14–21) days of treatment (Figure
1 and Table 3). The cumulative unadjusted KM survival
curve, and associated risk table, highlights a relatively
consistent pattern in the time taken for animals to
become sound up to approximately 35 days following
enrolment. It took 7 days for at least 10% of animals to
become sound, 11 days for 25%, 28 days for 75% and
35 days for 90%.

There were 25/241 (10.4%) animals right censored
(median 14 (min 3, max 47) days) that never achieved
a recorded LS = 0 event after treatment. Six of those
became lame on a different limb, 13 were re-treated
because lameness did not improve or became worse,
three were treated by the farmer after enrolment,
and three were the result of unrelated death or
culling. If it was assumed that all 25 censored
animals would have been LS > 0 at 60 days following
treatment, then the only major difference noted
would have been an overall cure rate of 90%, com-
pared to 99%. The time for 50% and 75% of animals
to become sound would have increased by 1 day, to

19 and 29 days, respectively, while there would have
been no difference in the time taken for 10% and
25% of animals to cure.

The only variable that was included in the final Cox
proportional-hazard model was farm, with differences
noted between farms in the hazard rates of becoming
sound following lameness treatment (Figure 2, Table
4). The predicted median survival times by the KM
analysis ranged from 11 days to 21 days, and HRR
from the Cox proportional-hazard model were signifi-
cantly different between farms (p = 0.007). From the
unconditional Cox proportional-hazard models, no
associations were identified between any of the other
potential risk factor variables and time to soundness
(Table 5). No deviation from the proportional hazards
assumption was identified, and no influential obser-
vations or outliers were identified. There was also no
association between application of a block compared
to no application of a block (HRR = 1.26; 95% CI = 0.8–
1.9), although the proportional hazard assumption
was violated, so this inference may be invalid.

With non-lame as the outcome (number of days to
first LS≤ 1), the median number of days predicted by
the KM analysis to become non-lame was 7 (95% CI
= 7–8) days (Figure 3 and Table 3). It took 4 days for
at least 10% of animals to become non-lame, 7 days
for 25%, 14 days for 75% and 21 days for 90%. The
median number of days to non-lame event per farm
ranged from 7 to 9 days, but there was a greater
range between farms for when 75% of the animals
became non-lame (11–21 days).

Discussion

This observational study reports the cure rates of lac-
tating dairy cattle with LS≥ 2 diagnosed with CHL on
five New Zealand dairy farms undergoing best-practice
hoof trimming treatment. Median cure rates to sound-
ness of 18 days and to non-lame in 7 days were
reported, highlighting that excellent recovery rates

Figure 1. Kaplan–Meier estimate of cumulative survival curve
and risk table for the days to become sound (lameness score =
0, adapted from DairyNZ 2023) following treatment for dairy
cattle (n = 241) with claw horn lesions on five farms in the
Waikato region of New Zealand. The shaded area represents
95% log-log CI, and the + are right-censored animals.

Table 3. Kaplan–Meier non-parametric cumulative survival
probability (with 95% CI) for probability of soundness
(lameness scorea (LS) = 0) and probability of non-lame (LS≤
1) at 7, 14, 21, 28 and 35 days after enrolment in a study of
lameness recovery rates following treatment of dairy cattle
with claw horn lesions on 5 farms from the Waikato region
of New Zealand.

Days since enrolment

Probability of lameness cure

LS = 0 LS≤ 1

7 0.19 (0.25–0.15) 0.54 (0.61–0.48)
14 0.46 (0.53–0.4) 0.81 (0.86–0.76)
21 0.62 (0.69–0.56) 0.94 (0.97–0.9)
28 0.8 (0.85–0.74) 0.97 (0.99–0.94)
35 0.91 (0.94–0.86) 1.00
aLS adapted from DairyNZ (2023).

Figure 2. Cumulative survival curve from a Cox proportional-
hazard model for the days to become sound (lameness score
= 0, adapted from DairyNZ 2023) following treatment for dairy
cattle (n = 241) with claw horn lesions on each of five farms in
the Waikato region of New Zealand.
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can be achieved in lame New Zealand dairy cattle,
even when the animals are identified as lame by
farm staff without routine measurement of LS. Differ-
ences in cure rates between farms were also identified.

A range of values for risk of cure of CHL have been
previously reported, with the majority of these con-
siderably poorer than those reported in the current
study. Studies from the UK had non-lame cure risks
ranging from 78.6% 2 weeks after treatment (Miguel-
Pacheco et al. 2017) to 15% at 42 days (Thomas et al.
2016). At 35 days after treatment in a randomised clini-
cal trial on acutely lame animals in the UK, soundness
cure risks of 24–55% were reported (Thomas et al.
2015); for comparison purposes, 90% of lame animals
had returned to sound in the current study by 35
days. The cure risk has also varied in studies conducted
on cattle managed at pasture. An early New Zealand
study of pasture-based cattle reported mean recovery
times of 27 days from 73 animals with white line
lesions and 30 days from 78 animals with bruising
(Tranter and Morris 1991). More recently, Laven et al.
(2008) reported between 54% and 79% cure risk 28
days after treatment for soundness (LS = 1/5), or 62–
91% 28 days after treatment with non-lame as the

outcome (LS < 3/5). The cure rates reported for the
current study are most similar to the recovery rates
reported by Australian farmers from a study three
decades ago (Pyman 1997). Almost 50% of animals
treated with a wooden block had an improved LS by
3 days and 65.8% by 7 days; however, these cure
rates were reported by the farmer and a more subjec-
tive and unvalidated LSmethod was used in that study,
thus the quality of the information is uncertain. To the
authors’ knowledge, the cure rates reported in the
current study are both the most sensitive ever
reported for CHL due to the frequent nature of the
LS events and are among the shortest time-to-sound-
ness estimates reported.

In order to assess the true lameness cure risks/rates,
it is important to consider animals that were either
removed from the study after enrolment (Thomas
et al. 2015, 2016), or those that were re-treated but
remained in the study (Laven et al. 2008). In some
studies, this is no trivial matter. For example, 33 out
of the initial 189 enrolled lame cattle (17.5%) in the
study by Thomas et al. (2016) were lost to follow up
and not analysed, with 13/33 of these due to re-treat-
ment of lameness. From a total of 3,967 individually
treated lame animals in Taranaki, New Zealand, 521
had a re-treatment event recorded, although no
further data were provided on the time frame from
first to second case of lameness (Chesterton et al.
2008). In all studies reporting cure risk, an a priori
decision has to be made on whether those animals
are included or removed from the analysis. Regardless
of the decision, this biases the cure risks such that the
true cure risks are likely poorer than reported. One of
the major advantages of using survival analysis tech-
niques is that all enrolled animals can make up part
of the denominator at some stage prior to censoring.
The current study had 25 censored animals, 19 of
which were either re-treated for lameness in the

Table 4. Results of final Cox proportional-hazards semi-
parametric regression model predicting hazard rate ratio
(HRR) for return to soundness following treatment of dairy
cattle (n = 241) with claw horn lesions on five farms in the
Waikato region of New Zealand.
Variable/category Coefficient SE HRR (95% CI) P-value

Farm 0.007
1 Reference
2 0.43 0.22 1.54 (1.00–2.39)
3 0.26 0.27 1.29 (0.76–2.21)
4 0.26 0.23 1.30 (0.82–2.06)
5 0.92 0.26 2.51 (1.50–4.18)

Table 5. Results of univariable Cox proportional-hazards semi-
parametric regression models predicting hazard rate ratio
(HRR) for return to soundness following treatment of dairy
cattle (n = 241) with claw horn lesions on five farms in the
Waikato region of New Zealand.
Variables HRR (95% CI) P-value

Age (years)
>8 Ref 0.48
2 0.89 (0.49–1.63)
3 0.69 (0.40–1.20)
>3–8 0.77 (0.54–1.11)

Lame limbs
1 Ref 0.72
2 0.91 (0.53–1.56)

Lameness score at enrolment (0–3 scalea)
2 0.50
3 0.85 (0.52–1.38)

Breed
Friesian Ref 0.72
Jersey 1.1 (0.74–1.65)
Cross-breed 0.95 (0.69–1.32)

Year
2020 Ref 0.11
2021 0.8 (0.60–1.06)

aAdapted from DairyNZ (2023)
Ref = the reference category for each categorical variable.

Figure 3. Kaplan–Meier estimate of cumulative survival curve
and risk table for the days to become non-lame (lameness
score ≤ 1, adapted from DairyNZ 2023) following treatment
for dairy cattle (n = 241) with claw horn lesions on five
farms in the Waikato region of New Zealand. The shaded
area represents 95% log-log CI, and the + are right-censored
animals.
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same limb or became lame in a different limb. Using
sensitivity analysis, we could confirm that these cen-
sored observations did not influence the median
time to cure, and only made a 9% difference to the
final cure risk at 60 days if it were assumed that none
of these would have cured.

Another challenge of lameness research measuring
cure risk/rate as the outcome is that of recurrent lame-
ness vs. a new case of lameness. If only single LS time
points are reported, it may be near-impossible to
differentiate an ongoing case of lameness from an
animal becoming sound and then lame again,
especially in systems with high prevalence of lame-
ness. Animals in the study by Groenevelt et al. (2014)
had a more than 30% lower cure risk at 18 weeks
post-treatment compared to 2 weeks post-treatment,
highlighting how substantial this issue can be. The
current study focused on time to first soundness
event with frequent assessments and, as such, the
issue of recurrent vs. new cases was not an issue.
However, the animals were not followed beyond the
point at which they became sound, so no information
was available on whether those animals then became
lame again. Cure rates also depend on whether the
analysis is at the limb level or cow level. Despite the
very poor cure rates at the cow level reported in
Thomas et al. (2016), when the apparent leg-cure was
used as the outcome, rather than the whole animal,
cure rates between 52% and 58% for each of the treat-
ment groups were reported. Although cure rates were
assessed at the cow level in the current study, there
was a low incidence of contra-lateral limb lameness
reported, so we do not believe this to be a large issue.

There is a consensus that time to lameness diagno-
sis and lameness treatment protocols are strongly
associated with lameness cure risk (Groenevelt et al.
2014; Thomas et al. 2015; Pedersen and Wilson 2021).
Although it is hypothesised that the adherence to
best-practice treatment protocols and prompt identifi-
cation of the lame cattle were at least partly respon-
sible for the rapid cure times noted in this study, no
control group was present to assess this. Farmers
were incentivised by having the lame animals treated
and managed for them at no cost and this undoubt-
edly increased their motivation to identify lame
animals early. However, this was similar to the study
protocol of Laven et al. (2008). Alawneh et al. (2012b)
also offered to treat lame animals at no cost, yet
there was still a median period of 3 weeks of weight
loss before lameness was identified. Furthermore,
although all cows identified with LS > 3 (1–5 scale)
were eventually presented for lameness treatment by
the farmer in the study by Alawneh et al. (2012a), >
40% of these were treated > 3 weeks after being ident-
ified as lame. Therefore, it is unlikely that a large pro-
portion of the cure rates in the current study can be
attributed to rapid identification of lameness.

The use of blocks on the sound claws was encour-
aged in all animals, regardless of size and severity of
lesions. Whilst the study design did not enable direct
inferences to be assessed, the authors propose that
the high frequency of blocks may be at least partially
responsible for the rapid cure rates identified. Blocks
were applied to 85% of all enrolled cattle, with 50%
of animals non-lame within 1 week of treatment.
Laven et al. (2008) reported that 45% of all lame
animals enrolled required a plastic shoe based on
lesion severity and size, and that usage below this pro-
portion likely indicates underuse of this treatment. The
present authors would go one step further and state
that, based on the results from the current study,
there should be a good reason provided not to apply
a block, rather than requiring reasons to administer a
block, and we should aim for targets close to 100%
of animals with CHL receiving some form of block.

The authors speculate that the other likely reason
for the relatively rapid cure rates reported in this
study is the post-treatment management of the lame
animals, an area that has received little attention in
the lameness literature compared to rapid detection
and prompt treatment. There has been concern for
the welfare of lame cattle post-treatment in pasture-
based dairy cattle due to the perceived distances
that they need to walk (Pinheiro Machado Filho and
Gregorini 2022). In this study, as is common practice
in New Zealand, to minimise the impact of walking
on lameness recovery, all of the lame cows were
managed in a separate herd close to the milking
parlour and milked once per day until they recovered.
This management approach probably reduced time to
soundness by maximising time spent on pasture and
minimising the contact with hard-wearing surfaces
such as tracks and collecting yards (an approach that
has been shown to have benefits in lame cows that
are normally housed; Hernandez-Mendo et al. (2007);
Black et al. (2017)). The differences in cure risk apparent
when the lameness studies are collapsed into housed
or pasture-based systems support this suggestion,
with the poorest cure risk/rates associated with
housed cows (Thomas et al. 2015, 2016; McLellan
et al. 2022), and all of the best cure risk/rates reported
on pasture-managed cattle (Pyman 1997; Laven et al.
2008). The comparisons between these studies
strongly suggest that management system has the
biggest impact on the cure risk of CHL (even greater
than the speed of recognition of lameness), and that
post-treatment management must always be con-
sidered as part of the optimal treatment strategy for
lame cows. Nevertheless, it is important to identify
that there is an absence of evidence that the strategy
of managing lame cows in close proximity to the
milking parlour does improve lameness cure risk,
and, if it does, what the optimal regime is, particularly
in regard to how long cows should be kept in the lame
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group. Having a separate group of lame cows is not
without costs or potential welfare impact (grass avail-
ability is often lower and re-introduction to the main
herd may result in increased experience of agonistic
behaviour).

Appropriate post-treatment management also
includes defining when an animal should be re-exam-
ined and re-treated in the face of poor treatment
response. NZ dairy industry advice is that animals
should be re-examined if lameness worsens or does
not improve within 7 days (DairyNZ 2017), although
this was based on expert opinion rather than pub-
lished evidence. This study does provide some evi-
dence to corroborate the advice that lame animals
that have not improved within 7 days should be re-
examined. Farmers and veterinarians should have
systems in place to monitor and manage the re-treat-
ment of lame animals.

Differences were identified in lameness cure rates
between farms, despite the animals undergoing the
same treatment protocols by the same veterinarian
and similar management post-treatment (within
200 m of milking parlour, regular monitoring for treat-
ment failure and milked once per day). Thus, much of
the variation in the treatment itself was removed. We
do not know why the differences between farms
occurred, but HRR on the farm with the most rapid
lameness cure rates was two times higher than on
the farm with the slowest cure rates. Further investi-
gation into the reasons between farm differences
may provide some insight into lameness risk factors
and possible improvements in lameness treatment,
particularly with respect to after care. Validating and
using continuous precision livestock farming systems
for LS in the future may highlight these farms, allowing
benchmarking and investigations into why cure rates
were different between farms.

It is important to note that the current findings may
not be extended to all New Zealand dairy farms. All five
farms were located within the Waikato region and
carried out at a similar time of year (late spring, early
summer). There have been reported differences in
month of peak lameness incidence between North
and South Islands (Chesterton et al. 2008; Gibbs
2010), and it is not known whether cure rates of lame-
ness identified later in lactation would be different to
those identified earlier in lactation. Furthermore,
these farms were conveniently selected due to histori-
cal study compliance of the farm owners and man-
agers, and these farmer behavioural traits may also
flow on to how they handle stock. Finally, the lesion
type was predominantly white line, with little primary
sole lesions and no axial wall lesions. While the pro-
portion of lameness attributable to white line disease
is increasing in New Zealand (Gibbs 2010; Lawrence
et al. 2011), the proportion noted in this report is
greater than those previous reports.

There were some limitations with the internal val-
idity of the data. One potential source of bias with
this study design was the farmer-reporting of lameness
cases, as described previously in this discussion. Whilst
the specificity and positive predictive value of included
lameness cases was increased in this study as both
farmers and trained technicians had to record the
animal as lame, the low sensitivity of lameness detec-
tion in New Zealand (Fabian et al. 2014) suggests
that there would have been unidentified lame cows
present within the enrolled herds. Cows identified
lame by New Zealand farmers have both a greater LS
at diagnosis, and a greater duration of lameness com-
pared to those identified by trained dedicated obser-
vers (Alawneh et al. 2012a). Therefore, while the lame
animals identified in this current study represent
lame animals typically identified and treated by NZ
farmers, they likely represent lame animals on the
more severe and chronic spectrum of the disease.
Chronicity of lameness is an important predictor of
cure risk (Thomas et al. 2015, 2016) with shorter time
to lameness identification being associated with
improved cure risks (Groenevelt et al. 2014). There
was also a potential bias with the non-parametric KM
estimate used to report time to cure. As is common
with most medical time-to-event data, the data were
interval-censored with LS occurring at a median of
every 4 days. The KM estimate assumes that the
moment of the event (in this case lameness cure)
occurs at the time of observation. In reality, the
animal may have become sound at any stage
between two LS events. Other estimates, such as the
Turnbull estimate, provide methods to account for
interval-censoring. The KM estimate was used here
despite this limitation for several reasons. Firstly, the
interval length between LS events was biologically
small (median of 4 days). Thus, the impact of this
bias is likely to be very small and not biologically rel-
evant. Secondly, and consequently, the communi-
cation of KM methods is well used and understood in
the veterinary profession. The methods defining KM
estimates and their variance are more straightforward
than those for interval censored data, and reporting of
KM outcomes enables more ready comparisons
between studies, including for different disease pro-
cesses if desired. The implication of both farmer diag-
nosis and interval-censored data is that the estimates
presented may be conservative, and that the true
lameness cure rates on these farms may be even
more rapid. Finally, as the technician and veterinarian
were both employed by the same company, it was
possible that unconscious bias was occurring from
the technician with LS. While this is highly unlikely
from a trained research technician, this bias cannot
be completely ignored.

Despite these limitations, this descriptive study pro-
vides evidence that rapid times to non-lameness and
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soundness are possible on New Zealand dairy farms,
and that cure rates can differ between farms. Knowl-
edge on expected recovery rates can be used at the
farm level, by identifying animals that should be re-
examined if still lame after x days, and also at the
industry level, by identifying and investigating why
certain farms have more rapid lameness cure rates
than other farms. Importantly, these data provide
further evidence that the management of lame cattle
on pasture can positively benefit their welfare and
recovery times.
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