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ABSTRACT

Claw horn lesions are some of the most common causes of lameness and it is accepted that
prompt diagnosis and treatment affects the likelihood of recovery; however, it is till
unknown if the type of lesion influences the likelihood of recovery. The aim of this study was
to investigate whether the type and frequency of claw horn lesions in newly lame cows at the
time of corrective foot trimming affected the probability of recovery from lameness after
treatment. The images of 119 feet from newly lame cows, which were treated with a
standardised therapeutic hoof trim, were used to measure and count the presence of claw horn
lesions (sole ulcer, sole haemorrhage, white line haemorrhage and white line separation). The
majority of cows (n=114) were classified as mildly lame at the time of treatment. The
recovery rate two weeks after therapeutic hoof trimming was 79.8% (n=95 cows). A
multilevel logistic regression model found that severely lame cows with lesions on a single
claw were less likely to recover than those that were mildly lame and had lesions on both
claws. White line haemorrhage lesion was the only lesion to decrease the likelihood of
recovery; however, cows with longer white line haemorrhage lesions were more likely to
recover. This latter finding may be associated with the severity of the lesion, as this study also
observed that mild claw horn lesions were significantly larger than severe lesions. Further
work is needed to better understand the factors that influence recovery from this painful and

costly disease.
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INTRODUCTION

The most common causes of lameness in dairy cows in the UK are the lesions of claw horn
disruption, which include sole ulcers (SU), sole haemorrhage (SH) and white line disease
(WLD) (Green et d., 2014; Leach et al., 2012). SU and WLD can cause milk losses of
approximately 570 and 370 kg respectively (Amory et al., 2008). SU and SH have been
positively associated with a reduction in longevity and earlier culling (Booth et al., 2004;
Sogstad et a., 2007a). Further, claw horn lesions are painful and can propagate hyperalgesia;
Whay et al. (1998) reported that this continued for up to 28 days. SU is considered to be the
most severe of the claw horn disruption lesions and has been associated with poor
locomotion, asymmetric steps, increased back arch and joint flexion, al indicating a pain

response (Chapinal et al., 2009; Flower and Weary, 2006; Tadich et al., 2010).

Early diagnosis and treatment may improve prognosis and recovery rates in lame cows (Leach
et a., 2012). These authors reported that earlier lameness interventions were more likely to be
carried out on less severe lesions, improving the likelihood of recovery. Early treatment of
cows with mild lameness, within 2 days of detection, reduced herd lameness preval ence when
compared with protocols, which led to a delayed time to treatment. In this early intervention
study, milder lesions (i.e. haemorrhage) were observed in early treated cows, with more ulcers

present when treatment was delayed.

As previously described, claw horn lesion type has been linked to different production traits
and survival rates. However, the effect of claw horn lesion type at the time of treatment on the
likelihood of recovery has not been studied. The primary aim of this study was to examine
whether the type and frequency of claw horn lesions in newly lame cows identified at the time

of corrective foot trimming had an effect on the probability of recovery from lameness after
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treatment. The null hypothesis stated that the type and frequency of claw horn lesion(s) did

not affect recovery from lameness after treatment.

MATERIALSAND METHODS

Study dataset

The present study used data collected during a randomised clinical trial (RCT) described by
Thomas et a. (2015). In brief, the RCT was designed to compare three treatments for claw
horn lesions against a positive control group that only received a therapeutic trim only. The
RCT protocol was reviewed and approved by the University of Nottingham’s School of

Veterinary Medicine and Science Ethical Review Committee prior to the start of the study.

Animals. Data from cows selected for the present study were a subset drawn from the study
population described in Thomas et a. (2015). In brief, cows on 5 farms were mobility scored
every two weeks and were eligible for examination and treatment if they had two non-lame
scores followed by a lame score, and only presented with one of the hind limbs lame. Cows
with claw horn lesions classified into one of three categories were included in the study (SH
or SU, WLD or ‘Other’ (other types of claw horn lesion or a combination of SH, SU and / or
WLD); those with infectious lameness conditions were not enrolled. The treatment group had
been randomly assigned and the dataset used in this study included only cows that received a
therapeutic foot trim alone (Standard Dutch 5 step therapeutic foot trim involving trimming
and balancing of both claws, investigation of lesions and removal of diseased horn
(Toussaint-Raven et al., 1985)). If study cows were still lame on the same leg at the two-week
outcome point they were kept in the dataset, cows that became lame on a different leg after
trestment were excluded.

Sample size. Sample size was caculated based on the rate of recovery published by

Groenevelt et al. (2014). Using a one-proportion score test in Stata/SE 12.0 (Stata Corp 2011,
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USA), with an expected 80% rate of recovery after 2 weeks with a confidence level of 95%

and a power of 80%, the calculation estimated a sample size of 86 cows was required.

Hoof photographs

At the time of treatment, pictures were taken of the plantar surface of the hoof of the lame leg,
after a very thin layer of claw horn had been removed. The claw’s surface was cleaned with
water and dried with paper towels. Photographs were taken using a Sony Cybershot camera
(DSC-W170 10.1 megapixels, Sony Europe Limited). A small identification board (101 x 228

mm) was held next to the hoof to mark each image.

Lesion identification and scoring

Lesions present on hoof photographs were identified, classified and located according to a
standard methodology developed at the University of Nottingham; lesion classifications are
described in Table 1, adapted from published literature (Greenough and Vermunt, 1991;
Leach et al., 1998; Sogstad et al., 2007a). A single observer identified, classified and severity
scored al the lesions by claw (Table 1). Then, the area or length of each lesion and the
identification board width were measured using the ImageJ 1.49p software (Schindelin et a.,
2012). This software calculated length and areain pixels. In order to transform the lesion size
data (length of WLD lesions and area of SH or SU lesions) to millimetres, the identification
board width was used as a reference to adjust the size data to account for small variations in
camera distance from the foot. Data were transferred to an Excel® Lesion Scoring Input Form

(developed by RN), where the location of each lesion was added (Figure 1).

Zones of the sole were identified following the map described by Greenough and Vermunt
(1991) (Figure 1-A). Information on the presence or absence of heel horn erosion (i.e.
irregular horn surface with or without deep horn grooves that may expose the corium), double

sole (i.e. horn is separated at the grooves and formed a flap at the bulb of the heel as it has
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two or more layers of under-run sole horn) and interdigital hyperplasia was recorded (ICAR,

2015).

The intra-observer reliability to measure correctly the lesions was assessed through measuring
the outline of a claw at the beginning and at the end of the picture session on three occasions
though out the study. The intra-observer reliability for the lesion identification was tested
using the same series of 25 pictures of lesions assessed at each of four testing sessions.
Images were presented in a random order at each session. These four sessions were prior to

commencing, twice during and at the end of the picture observations.

Statistical analysis

Descriptive analyses and reliability analysis were carried out using Stata/SE 12.0 (Stata Corp
2011, USA). The weighted kappa (kw) was used to calculate the intra-observer reliability for
lesion scoring and the interpretation of the ky was conducted using Landis and Koch (1977).
Area for each lesion severity category was not normally distributed, so the Kruskall Wallis
test was used to compare severity categories for each lesion type (Petrie and Watson, 2006).

A P-value of < 0.05 was considered as significant.

A multilevel logistic regression model was built using MLwiN version 2.27 (Rasbash et al.,
2009). The two level (claw within cow) model examined if claw horn lesions type area and
presence (yes or no) affected the likelihood of recovery. Fixed effects included farm, cow 1D,
limb of foot treated (right or left), claw (latera or medial), recovery at 2 weeks (a binary
outcome), mobility score before treatment, one claw affected, lesion type (Table 1) present
(yes or no), areallength measurement and frequency for each lesion type, HHE (yes or no) and
double sole (yes or no). An additional variable was included to distinguish between operators
at the time of treatment (categorised as either the primary operator or other operators). Data

for severity category for each type of lesion was not included in the final model, this data was
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consolidated to obtain a total area and frequency per claw horn lesion type to evaluate the

main aim of the study.

Results from the model are presented as odd ratios (OR) and confidence intervals [CI].
Frequency and presence of claw horn lesions by type showed high collinearity, therefore only

the presence of claw horn lesions by type variables was kept in the final model.

RESULTS

Reliability of lesion identification

The intra-observer overall average Kw agreement for lesion classification was very high Ky =
0.87 (95% CI: 0.75-0.96) with a range of 0.64 — 1.00. When measuring the same claw 6
times, the standard deviation was on average 3% of the mean of each measurement assessed

(range 1.38% - 7.18%).

Animals

Data from 143 cows were available for analysis, of which 11 became lame on a different leg
two weeks after treatment, 6 were diagnosed with DD, and pictures from 7 cows were
excluded because image quality was too poor or they were ambiguously identified. The fina

dataset consisted of images of 238 claws from 119 cow lameness events.

Prevalence and description of claw horn lesions

One hundred and twelve cows were diagnosed with claw horn lesions (seven cows had no
visible lesions). Lesion prevalence varied according to claw: three cows had SH lesions on
both claws, three cows had WLD on both claws (haemorrhage and separation), 51 cows had
both claws affected by different combinations of lesions, and the remaining 55 cows had
different combinations of lesions by claw (e.g. one claw with SH and the other claw with a

su).
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SH was the most frequently observed lesion; 216 lesions were observed, predominantly on
the lateral claw (Table 2). WLH was the second most frequently observed, followed by WLS
(Table 2). SU were the least frequent claw horn lesion observed, with a total of 47

observations most of them located on the lateral claw.

Claw horn lesions and recovery 2 weeks after treatment

The recovery rate from lameness 2 weeks after therapeutic hoof trimming was 79.8% (n=95
cows). Results from the final model showed that only WLH lesions had a significant impact
on the likelihood of recovery from lameness. Recovery of cows with WLH was positively
associated with the length of the leson (OR: 0.11 [0.03-0.42], Table 3). Cows assigned a
mobility score of 3 at the time of treatment were significantly less likely to recover compared
to cows with mobility score 2 (OR: 0.06 [0.01-0.54], Table 3), and cows with a single claw
affected were significantly less likely to recover than those with both claws affected (OR:0.37
[0.15-0.93]). Hoof trimming operator had a significant effect on the likelihood of recovery,
animals treated by the primary operator were more likely to recover. There was no significant

effect of other type of lesions on the likelihood of recovery.

Association between size of lesions and categorical descriptors of severity

The mean measured SU area categorised as mild was significantly greater than the area
categorised as severe (H=4.6, 1d.f.; P= 0.0001) (Figure 2). The mean measured SH area
categorised as mild was significantly greater than the areas categorised as both moderate and
severe (H=91.02, 2d.f.; P= 0.0001) (Figure 2). Similarly, the mean WLH and WLS lengths
categorised as mild were significantly longer than the lengths categorised as moderate and

severe (WLH: H=40.2, 2d.f.; P= 0.0001; WLS: H=7.6, 2d.f.; P=0.0001) (Figure 2).

DISCUSSION
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The presence of WLH at the time of treatment decreased the likelihood of recovery from
lameness following a therapeutic trim. White line lesions have been linked to both milk loss
and lameness (Amory et a., 2008; Barker et al., 2007). Interestingly, the length of WLH was
positively correlated with the likelihood of recovery i.e. cows with longer lesions were more
likely to recover from lameness 2 weeks after treatment. It is possible that the haemorrhage
observed at the white line was caused severa weeks before and the lesions observed were the
vestiges of more severe damage (Flower and Weary, 2006). Alternatively, mild white line
haemorrhage lesions were significantly larger than the other severity categories of WLH;
longer lesions were more likely to be mild, which could be more likely to recover. It is hard to
compare these results with previous studies, which often have not discerned between white
line haemorrhage and white line separation (Blackie et a., 2013; Chapinal et a., 2009). To
the author’s knowledge, thisisthe first study to report associations between lesion type at the
time of treatment and the likelihood of recovery. The results can provide useful prognostic

information for clinicians and foot trimmerstreating lesionsin the field.

Sole haemorrhage has commonly been reported as the most prevalent lesion in similar work
(Groenevelt et a., 2014; Leach et a., 2012); the current study agrees with these findings. Sole
haemorrhage lesions were the largest of al lesions identified in this study. In a previous
study, sole haemorrhages was not associated with poor locomotion score (Flower and Weary,
2006), on the other hand SU have been strongly associated with poor locomotion score even 4
weeks before diagnosis (Chapinal et al., 2009). In this study 47, of the 286 claws observed,
were diagnosed with SU; though, most claws/ feet in this study displayed a combination of
lesions. Therefore, it is difficult to make comparisons between studies as some combine all
the lesions observed per foot or have only considered moderate to severe lesions in their

results (Chapinal et al., 2009; Tadich et ., 2010).
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Most of the lesions observed were classified as mild and were also the largest lesions,
regardiess of the type. As suggested by Groenevelt et al. (2014), it is possible that these
lesions may have been previously undereported. Cows in the present study became lame
within the previous 2 weeks before treatment. The fact that animals were lame suggests that
there could have been trauma at the level of the corium manifested through the presence of
haemorrhages, which may predispose to more serious lesions if left untreated or allowed to
pregress (Groenevelt et al., 2014; Sogstad et al., 2007b). Most of the claw horn lesions were
observed in the lateral claw, in concurrence with previous work (e.g. Ahrens et a., 2011) and
has been explained by the anatomical and loading differences between digits (Van der Tol et

al., 2002).

It is interesting to observe that severity of alesion was inversely proportional to size, which
was true for every claw horn lesion type observed. This might be caused by how the pressure
forces in the corium are distributed. When forces are distributed over a large area, the
pressure at an specific site is lower than when the forces are distributed over a small area,
causing less pressure therefore less lameness (Van der Tol et a., 2002). On the other hand, the
descriptors used in the present study were developed by the authors, based on descriptors
reported previously (Leach et al., 1998; Sogstad et al., 2005). Descriptors reported previously
have not included size; they have been based solely on the appearance of lesions. The work
reported here suggests that lesion size may well be an important aspect of lesion
pathogenicity. Future studies investigating lesion type and severity should include the area of
the lesion as part of the anaysis as this may be of biological importance. Further work is
needed to investigate how the combination of area and severity and lesion type and severity
impact on recovery (the analysis employed in this study did not alow both lesion type and

lesion severity to beincluded in the final mode!).
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Lame cows that were lameness score 3 (severly lame) before treatment were less likely to
recover than those that were score 2 (mildly lame). Score 3 cows did not have a particular
lesion, al animals had different combinations of lesions per claw. Whay et a. (1997)
observed that lameness severity was positively associated with an increase in sensitivity to
mechanical noxious stimuli. This hyperalgesia persisted for at least 28 days after the lameness
was treated (Whay et al., 1998). Then, it is possible that these animals may have been in a
higher hyperalgesic state making them less likely to recover sooner in comparison to cows
that were score 2. This finding must be taken into consideration by the industry as additional
care should be taken when treating cows which are severly lame. Specifically, operators
treating lame cows should consider the administration of NSAIDs not to only more severely

lame cows, but to all lame cows when they are treated (Thomas et al., 2015).

Cows with one claw affected were less likely to recover. There were 28 cows with a single
claw affected, from these only 8 cows had a single type of lesions, the remaining 20 cows had
different combinations of claw horn lesions. In addition, 24 cows had lesions on the latera
claw and 4 on the media claw. Van der Tol et a. (2002) observed that the lateral claw of the
hindlimbs bears more weight than the medial claws when cows are standing even after
trimming. Consequently it may be more difficult to remove pressure from the latera claw

using corrective trimming aone, which could explain the delayed recovery in these animals.

The recovery rate two weeks after treatment was 79%, which is similar to that observed by
Leach et a. (2012): in their study approximately 75% of the newly lame cows recovered 2
weeks after treatment. A prompt intervention is more likely to encounter mild lesions that are
less complicated to treat, increasing the chances of a rapid recovery and consequently less

lameness in the following lactations (Groenevelt et a., 2014). It is possible that the type of

11
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lesion and its severity, measured by area or frequency, might not be as important as the early

diagnosis and treatment of these lesions.

Animals in the present study were treated using the 5 step Dutch Foot Trimming technique
(Toussaint-Raven et al., 1985). Previous research has suggested that foot trimming may cause
pain and discomfort (Chapinal et al., 2010; Van Hertem et a., 2014). None of these previous
studies specified which hoof trimming technique was used. Findings from the present study
suggest that following a standard technique, a good recovery rate can be achieved in newly
and predominantly mildly lame cows. There is little research on hoof trimming techniques
and their impact on recovery rates; further work is urgently required to understand how
different hoof trimming techniques influence recovery. In this study, case selection was
limited to cases of newly lame cows with only one hind limb affected with a claw horn lesion.
This enabled our case definition to be precise, but means that care should be taken when

generalizing our findings to the wider population.

CONCLUSION

Cows that were severely lame at the time of treatment, with one claw affected and with white
line haemorrhage were less likely to have recovered from lameness 2 weeks after treatment.
In addition, cows with longer white line haemorrhage are more likely to recover; this may be
linked to the severity of the lesion, because larger lesions tended to be less severe. Further
work is needed to better understand the factors that influence recovery from lameness
following treatment, to maximize recovery and limit the welfare impacts of this painful and

self-perpetuating disease.

CONFLICT OF INTEREST STATEMENT

None of the authors has any financial or persona relationship that could inappropriately

influence or bias the content of the paper.

12



273

274

275

276

277

278

279

280
281
282

283
284
285
286

287
288
289

290
291
292

293
294

295
296
297

298
299
300

301
302

ACKNOWLEDGMENT

This study was support, in part, by University of Nottingham International Excellence
Scholarship and by the Agriculture and Horticulture Development Board (AHDB) Dairy
Division, alevy board, not for profit organisation working on behalf of British Dairy Farmers.
The authors wish to thank the collaborating farmers and Nikki Bollard for her technical

assi stance.

REFERENCES

Ahrens, F., Platz, S, Link, C., Mahling, M., Meyer, H.H.D., Erhard, M.H., 2011. Changesin
hoof health and animal hygiene in a dairy herd after covering concrete datted floor with
datted rubber mats: A case study. Journal of Dairy Science 94, 2341-2350.

Amory, JR., Barker, Z.E., Wright, J.L., Mason, S.A., Blowey, RW., Green, L.E., 2008.
Associ ations between sole ulcer, white line disease and digital dermatitis and the milk yield of
1824 dairy cows on 30 dary cow farms in England and Waes from February 2003-
November 2004. Preventive Veterinary Medicine 83, 381-391.

Barker, Z.E., Amory, JR., Wright, J.L., Blowey, RW., Green, L.E., 2007. Management
factors associated with impaired locomotion in dairy cows in England and Wales. Journal of
Dairy Science 90, 3270-3277.

Blackie, N., Bleach, E.C.L., Amory, JR., Scafe, JR., 2013. Associations between
locomotion score and kinematic measures in dairy cows with varying hoof lesion types.
Journal of Dairy Science 96, 3564-3572.

Booth, C.J., Warnick, L.D., Grohn, Y.T., Maizon, D.O., Guard, C.L., Janssen, D., 2004.
Effect of lameness on culling in dairy cows. Journal of Dairy Science 87, 4115-4122.

Chapinal, N., de Passille, A.M., Rushen, J., Wagner, SA., 2010. Effect of analgesia during
hoof trimming on gait, weight distribution, and activity of dairy cattle. Journal of Dairy
Science 93, 3039-3046.

Chapinal, N., de Passillé, A.M., Weary, D.M., Von Keyserlingk, M.A.G., Rushen, J., 20009.
Using gait score, walking speed, and lying behaviour to detect hoof lesions in diary cows.
Journal of Dairy Science 92, 4365-4374.

Flower, F.C., Weary, D.M., 2006. Effect of hoof pathologies on subjective assessments of
dairy cow gait. Journal of Dairy Science 89, 139-146.

13



303
304
305

306
307
308

309
310
311

312
313

314
315

316
317

318
319
320

321
322

323
324

325
326
327
328

329
330
331

332
333

334
335

Green, L.E., Huxley, J.N., Banks, C., Green, M.J., 2014. Temporal associations between low
body condition, lameness and milk yield in a UK dairy herd. Preventive Veterinary Medicine
113, 63-71.

Greenough, P.R., Vermunt, J.J., 1991. Evaluation of subclinical laminitisin a dairy herd and
observations on associated nutritional and management factors. Veterinary Record 128, 11-
17.

Groenevelt, M., Main, D.C.J,, Tisdal, D., Knowles, T.G., Bell, N.J., 2014. Measuring the
response to therapeutic foot trimming in dairy cows with fortnightly lameness scoring.
Veterinary Journal 201, 283-288.

ICAR, 2015. ICAR Claw Hedth Atlas. Internationa Committee for Anima Recording,
Rome, Italy.

Landis, J.R., Koch, G.G., 1977. The measurement of observer agreement for categorical data.
Biometrics 33, 159-174.

Leach, K.A., Logue, D.N., Randall, JM., Kempson, S.A., 1998. Claw lesions in dairy cattle:
methods for assessment of sole and white line lesions. Veterinary Journal 155, 91-102.

Leach, K.A., Tisddll, D.A., Bell, N.J,, Main, D.C.J,, Green, L.E., 2012. The effects of early
treatment for hindlimb lameness in dairy cows on four commercial UK farms. Veterinary
Journal 193, 626-632.

Petrie, A., Watson, P., 2006. Statistics for Veterinary and Animal Science, 2nd ed. Wiley-
Blackwell, Cornwall, UK.

Rasbash, J., Charlton, C., Browne, W.J., Healy, M., Cameron, B., 2009. MLwiN Version 2.1.
Centre for Multilevel Modelling, University of Bristol.

Schinddlin, J., Arganda-Carreras, 1., Frise, E., Kaynig, V., Longair, M., Pietzsch, T.,
Preibisch, S., Rueden, C., Sadlfeld, S., Schmid, B., Tinevez, J.-Y., White, D.J., Hartenstein,
V., Eliceiri, K., Tomancak, P., Cardona, A., 2012. Fiji: an open-source platform for
biological-image analysis. Nat Meth 9, 676-682.

Sogstad, A.M., Fjeldaas, T., Osteras, O., Forshell, K.P., 2005. Prevalence of claw lesionsin
Norwegian dairy cattle housed in tie stalls and free stalls. Preventive Veterinary Medicine 70,
191-209.

Sogstad, A.M., Osteras, O., Fjeldaas, T., Nafstad, O., 2007a. Bovine claw and limb disorders
related to culling and carcass characteristics. Livest Sci 106, 87-95.

Sogstad, A.M., Osteras, O., Fjeldaas, T., Refsdal, A.O., 2007b. Bovine claw and limb
disorders at claw trimming related to milk yield. Journal of Dairy Science 90, 749-759.

14



336
337

338
339
340
341

342
343

344
345
346

347
348
349
350

351
352
353

354
355
356

357

Tadich, N., Flor, E., Green, L., 2010. Associations between hoof |esions and locomotion score
in 1098 unsound dairy cows. Veterinary Journal 184, 60-65.

Thomas, H.J., Miguel-Pacheco, G.G., Bollard, N.J., Archer, S.C., Bell, N.J., Mason, C.,
Maxwell, O.J., Remnant, J.G., Sleeman, P., Whay, H.R., Huxley, J.N., 2015. Evaluation of
treatments for claw horn lesions in dairy cows in a randomized controlled trial. J Dairy Sci
98, 4477-4486.

Toussaint-Raven, E., Halstra, R.T., Peterse, D.J., 1985. Cattle Foot Care and Claw Trimming.
Farming Press, Ipswich, UK.

Van der Tol, P.P.J., Metz, J.H.M., Noordhuizen-Stassen, E.N., Back, W., Braam, C.R., Weijs,
W.A., 2002. The Pressure Distribution Under the Bovine Claw During Square Standing on a
Flat Substrate. Journal of Dairy Science 85, 1476-1481.

Van Hertem, T., Parmet, Y., Steensels, M., Madltz, E., Antler, A., Schlageter-Tello, A.A.,
Lokhorst, C., Romanini, C.E.B., Viazzi, S., Bahr, C., Berckmans, D., Halachmi, |., 2014. The
effect of routine hoof trimming on locomotion score, ruminating time, activity, and milk yield
of dairy cows. Journal of Dairy Science 97, 4852-4363.

Whay, H.R., Waterman, A.E., Webster, A.J.F., 1997. Associations between locomotion, claw
lesions and nociceptive threshold in dairy heifers during the peri-partum period. Veterinary
Journal 154, 155-161.

Whay, H.R., Waterman, A.E., Webster, A.J.F., O'Brien, JK., 1998. The influence of lesion
type on the duration of hyperalgesia associated with hindlimb lameness in dairy cattle.
Veterinary Journal 156, 23-29.

15



358

359

360

Table 1 Classification and description of claw horn lesions used in a study to investigate the

effect of claw horn lesion type at the time of treatment on recovery.

Type of lesion Classification Description
No Lesion No claw horn lesion or any other lesion identified
on the foot.
Sole Ulcer Mild Small penetration of sole surface, corium not
expose or granulation tissue not observed.
Severe Penetration of sole surface with exposure of
corium and/or granulation tissue present.
Sole Mild Presence of diffuse light pink and/or yellow
Haemorrhage coloration at any location on the sole.
Moderate Presence of dark pink coloration at any location
on the sole.
Severe Presence of very dark red or purple coloration at
any location on the sole.
White Line Mild Presence of diffuse light pink and/or yellow
Haemorrhage coloration at any location on the white line.
Moderate Presence of dark pink coloration at any location
on the white line.
Severe Presence of very dark red or purple coloration at
any locations on the white line.
White Line Mild Dark coloured marks in the white line at any
Separation location.
Moderate Deep fissures and/or impacted areas in the white
line at any location.
Severe Very deep or profound fissure, with the corium

involved and/or purulent exudate, necrosis,
granulation tissue and /or separation of wall and
sole at any location.
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Table 2 Distribution of claw horn lesion type by severity across 112 cows in a study
investigating lesion type at the time of treatment on recovery. Percentages of lesions by

severity and by type are in parentheses.

Lesion Type CIaSS|f!cat|on Lateral Claw Medial Claw Total .by Tota'l by
(Severity) severity Lesion
Sole Ulcer
Mild 25 (67.6) 12 (32.4) 37(78.7) 47 (100.0)
Severe 8 (80.0) 2 (20.0) 10(21.3)
Haemorrhage
Mild 87 (68.5) 40 (31.5) 127 (60.5) 210
(100.0)
Moderate 36 (63.2) 21 (36.8) 57 (27.1)
Severe 18 (69.2) 8 (30.8) 26 (12.4)
White Line Haemorrhage
Mild 47 (54.7) 39(453) 86 (64.6) 133
(100.0)
Moderate 22 (64.7) 12 (35.3) 34 (25.6)
Severe 10 (76.9) 3(23.1) 13 (9.8)
White Line Separation
Mild 18 (47.4) 20 (52.6) 38(65.5) 58 (100.0)
Moderate 9(52.9) 8(47.1) 17 (29.3)
Severe 3(100.0) 0 3(5.2)
Heel horn erosion 32 (46.4) 37 (53.6) 69 (100.0)
Under run 10 (40.0) 15 (60.0) 25 (100.0)
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Table 3 Multilevel logistic regression analysis of the likelihood of recovery from lameness

caused by claw horn lesions 2 weeks after therapeutic trimming

Model term Freg Coef? SE OR Confidence Interval P-
2.5% 9750  Vvalue
Intercept 2.13
Farm
Farm 1 48 Reference
Farm 2 38 0.29 0.65 1.33 0.19 0.37 4,78 0.66
Farm 3 6 -0.47 1.15 0.62 0.17 0.07 5.91 0.68
Farm 4 58 0.73 0.61 2.08 1.45 0.63 6.89 0.23
Farm 5 88 0.38 0.59 1.46 0.41 0.46 461 0.52
Mobility score at treatment
MS 2 228 Reference
MS3 10 -1.93 0.91 0.15 4.49 0.02 0.9 0.03
Cow with one claw affected
No 182 Reference
Yes 56 -1.00 0.47 0.37 450 0.15 0.93 0.03
Operator
Operator 1 216  Reference
Operator 2 22 -1.68 0.61 0.19 7.57 0.06 0.62 0.01
Sole Ulcer
Area(mm2) 238 -0.006 0.004 0.99 2.25 0.99 1.00 0.13
Presence
No 194 Reference
Yes 44 0.96 0.85 2.61 1.28 0.50 13.70 0.26
Sole Haemorrhage
Area (mm2) 238 0.001 0.001 1.00 1.00 1.00 1.00 0.32
Presence
No 92 Reference
Yes 146 -0.09 0.46 0.92 0.04 0.37 2.26 0.85
White line haemorrhage
Length (mm) 238 0.05 0.02 1.05 4.80 1.00 1.09 0.03
Presence
No 137 Reference
Yes 101 -2.20 0.68 0.11 10.45 0.03 0.42 0.001
White line separation
Length (mm) 238 -0.03 0.03 0.98 0.69 0.92 1.03 0.40
Presence
No 188 Reference
Yes 50 0.54 0.89 1.71 0.36 0.30 9.84 0.55
Heel horn erosion
No 169 Reference
Yes 69 -0.44 0.56 0.65 0.62 0.22 1.93 0.43
Double sole
No 213 Reference
Yes 25 -0.04 0.68 0.96 0.00 0.25 3.61 0.95

Frequency of observations; 2Coefficient
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Figure 1 Zones of the distal surface of the claw used to describe location of claw horn lesions
observed in a study investigating the effect of lesion type at the time of treatment on recovery.
Figure 1-A shows zones for sole ulcers and haemorrhage 4= sole, 5= toe, 6= heel.Figure 1-B
shows zones for white line lesions abl= abaxia wall zone 1, ab2= abaxial wall zone 2, and
ax= axia wall (Modified from Leach et al., 1998). White line zones were defined using
anatomical features as follows: an ellipse was drawn on the sole area of each picture, the
limits of the main long ellipse axis where the outer edge of the white line at the corner of the
toe and the caudal extremity of the white line at the heel. Then, the abaxial border of the
ellipse was extended to meet the abaxial white line. This gave three areas. abaxial 1, abaxial 2
and axial that allowed for consistency between pictures.
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Figure 2 Distribution of area/length and standard error of each claw horn lesion type

measured on pictures by severity scored on a categorical scalein a study investigating lesion

type at the time of treatment on recovery.
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