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ABSTRACT

Hoof pathologies in dairy cows have a major effect
on both production and animal welfare. Trimming of
excess or diseased hoof tissue is essential for the treat-
ment of many of these conditions. Trimming hoof
lesions can cause severe pain, resulting in adverse
behavioral responses with risk for animal and human
safety. Interventions are usually carried out by nonvet-
erinary technicians in the absence of pain management
training. Pain control during trimming is not only an
ethical obligation but also allows for better manipula-
tion and more meticulous treatment. The aim of this
study was to test the efficacy of Tri-Solfen (Bayer Aus-
tralia Ltd., Pymble, NSW, Australia), a combination
of local anesthetics in a topical gel form, containing
lidocaine, bupivacaine, adrenaline, and cetrimide, for
the treatment of pain associated with trimming of hoof
lesions. Sixty-two Holstein-Frisian cows were selected
for trimming at the drying-off period and were visually
scored for lameness before entering the chute. After
diagnosis of the hoof lesion but before deep trimming
was initiated, each animal was randomly distributed
to 2 groups: C, usual trimming with no pain control,
and T, trimming with a local anesthetic formulation
being applied immediately after live corium was ex-
posed. During curative trimming, behavior observation
was conducted by 2 observers blind to treatment. In 27
cows, algometry measurements were performed before
and after the procedure to assess animal reaction to
pressure. Lameness scoring was again performed as the
cow left the chute. Nonparametric tests and ANOVA
were performed. Results showed that use of the topical
anesthetic formulation significantly reduced reaction
to trimming and lameness score after trimming when
compared with nontreated animals. Algometry values
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showed increased pressure threshold after application of
topical anesthetics. This study suggests that the use of
topical local anesthesia with lidocaine and bupivacaine
helps reduce pain associated with corrective trimming
of severe hoof lesions, enhancing animal welfare and
potentially ensuring safety of trimmers.
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INTRODUCTION

Lameness is considered to be the single most im-
portant welfare problem in dairy cows due to its high
prevalence and being a source of prolonged suffering
(Whay and Shearer, 2017). Lame dairy cows experience
some or all of the following signs: pain and discomfort;
disturbed resting, feeding, and social patterns; reduced
fertility; lowered milk yields; and an increased likeli-
hood of being culled (Garcia et al., 2011; Alawneh et
al., 2012; Bruijnis et al., 2012; Huxley, 2013). Acute but
especially chronic pain are the main factors account-
able for these effects. Even brief intervals of acute pain
can induce long-term neuronal remodeling and sensiti-
zation, chronic pain, and lasting psychological distress
(Anderson and Muir, 2005). Lame cows have reduced
nociceptive thresholds consistent with the hyperalgesia
that is associated with tissue lesion and concurrent
inflammation (Coetzee et al., 2017). In cows with hoof
horn lesions, pain at the site and surrounding areas
(primary and secondary peripheral hyperalgesia) was
shown to be present up to 28 d after treatment (Whay
et al., 1998).

In dairy cows, gait alterations are usually the main
clinical manifestation of discomfort or pain caused by
hoof lesions (Van Nuffel et al., 2015). Methods to score
lameness usually include changes in gait, back arch,
head bob, posture, and other behavior changes (Spre-
cher et al., 1997; Flower and Weary, 2009; Shearer et
al., 2013; Van Nuffel et al., 2015).

For most hoof horn lesions (e.g., sole ulcer, toe ulcer,
and white line disease), trimming is the most impor-
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tant component of treatment. However, trimming that
extends to the pododerm usually causes or exacerbates
pain, as well as triggering local bleeding. Cows will
sometimes react intensely to these procedures, includ-
ing debris and necrotic tissue removal, which can be a
safety issue for trimmers (Becker et al., 2014). Likewise,
pain arising from pressure of the skeleton through the
third phalanx on a damaged or destroyed sole is likely
to persist after trimming (Stoddard and Cramer, 2017).

In some countries it is required that a veterinarian
provide analgesia for painful procedures. However, the
reality is that most hoof trimmers or farmers treat hoof
lesions without consulting a veterinarian and without
any pain management (Horseman et al., 2013). Even
when a veterinarian is involved, local anesthetics are
very seldom used (Becker et al., 2013).

The reasons for trimmers not to use analgesia include
time and technical competence required for effective
nerve block or for regional intravenous anesthesia, stoic
temperament of cows that may not show signs of pain,
human unwillingness to value the level of pain, cost of
analgesic drugs, and withdrawal times for milk (Becker
et al., 2014).

Our study aimed to determine, through lameness
scoring, behavior assessment during trimming and re-
action to pressure with a digital algometer, if topical
application of local anesthetics during curative hoof
trimming could combine practicability with efficacy
in reducing pain while increasing human and animal
safety.

Tri-Solfen (Bayer Australia Ltd., Pymble, NSW,
Australia) is a “spray and stay” topical anesthetic
formulation containing lidocaine for rapid onset
wound anesthesia, bupivacaine as a long-acting local
anesthetic to provide a prolonged duration of effect,
adrenalin to concentrate the anesthetic effect at the
wound site and reduce hemorrhage, and cetrimide to
provide wound antisepsis, formulated in a viscous gel
base. Nonspecialized personnel can easily apply it as a
once-only application. Efficacy and welfare studies in
mulesing, castration, and tail docking in lambs and cas-
tration in calves have shown that Tri-Solfen assists in
the immediate alleviation of pain with prolonged effect,
reducing both pain-related behavior, and wound pain
responses from within 1 min up to and including 24 h
after the procedures (Lomax et al., 2008; Paull et al.,
2009; Espinoza et al., 2013; Lomax and Windsor, 2013).

MATERIALS AND METHODS

All procedures were approved under the Direcgao
Geral de Alimentacao e Veterinaria (Lisbon, Portugal)
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Permission no. 49/ECVPT/2017 and the Ethics and
Animal Welfare Committee of the Faculty of Veteri-
nary Medicine, Lisbon University, reference 003/2018.

The studies were performed in 2 stages: the begin-
ning of 2017 and then from September 2017 to Febru-
ary 2018.

Study Design

Animals included in this study belonged to 3 dairy
herds kept in freestall stables with no access to pasture.
Herd sizes were 1,000, 800, and 500 cows in milk. Feed-
ing (TMR based on corn silage), breed (Holstein-Frie-
sian), and general management were similar. Regular
footbathing was carried out and functional trimming
was done to all cows being dried off.

The inclusion criteria for the study were clinically
lame cows at the end of lactation presenting sole ulcers,
toe ulcers, or white line disease, needing curative trim-
ming. Cows with chronic lameness, previously treated
lesions, or presenting deep infected lesions or digital
skin diseases were not included.

Treatment was undertaken with Tri-Solfen, a com-
mercially available topical anesthetic, hemostatic, and
antiseptic formulation for the alleviation of pain in
production animals. It consists of lidocaine hydrochlo-
ride (40.6 g/L), bupivacaine hydrochloride (4.5 g/L),
adrenaline acid tartrate (24.8 mg/L), and cetrimide
(5.0 g/L) in a gel base. An innocuous gel based on
monopropylene glycol used for ultrasound examinations
was applied to control animals. No animals destined to
produce milk for human consumption in the following
60 d were treated, as this was a condition presented by
the Direccao Geral de Alimentacao e Veterinéria.

Two different working teams were formed: one with
2 behavior assessors blind to treatment and the other
with 2 operators that randomly selected lame cows
for inclusion in treatment groups (see below) and
performed the trimming and algometry. Trimming
was performed by an experienced veterinarian using a
modified Dutch 5-step trimming technique (Al Man-
ning and Bell, 2016).

Dairy farmers were asked to select cows needing
trimming at the end of lactation. Only cows showing
lameness were selected for the study, and the level of
lameness was scored by both teams independently from
1 to 5 [adapted from the Sprecher et al. (1997) lame-
ness scoring system; Table 1] when taken to a fixed
steel walk-through chute with an electric motor to lift
the limbs and a band going under the chest. The hind
legs were lifted by means of a strap placed above the
hock, and the front limb was tied by the metacarpus to
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Table 1. Lameness score (adapted from Sprecher et al., 1997, with permission from Elsevier) and pain-related behaviors scored during trimming

Behavior Grade Description
Lameness score 1-2 (1) The cow stands and walks with a level-back posture. Gait is normal. (2) Cow stands with
a level-back posture but develops a light arched-back posture while walking. Gait remains
normal.
3 An arched-back posture is evident both while standing and walking. Her gait is affected and is
best described as short-striding with one or more limbs.
4 An arched-back posture is always evident and gait is best described as one deliberate step at a
time. The cow favors support in one or more limbs.
5 The cow additionally demonstrates an inability or extreme reluctance to bear weight on one or
more limbs.
Withdrawing limb/kicking 1 No or mild reaction when trimming. Animal tries to pull leg once.
2 Moderate reaction with animal pulling the leg repeatedly.
3 Violent reaction with continuous pulling of the leg. Tries to kick off the operator.
Falling 1 No risk of falling.
2 Cow slips and almost falls while trying to pull leg being trimmed.
3 Cow falls and leg has to be untied.

a wooden base at the side of the chute. In both cases
movement of the leg was still possible, although limited.
Cleaning and superficial trimming were performed until
a lesion was clearly identified. Trimming continued un-
til there was exposure of pododerm, granulation tissue,
bleeding, or signs of pain.

When there was exposure of the pododerm and the
lesion was considered suitable for the study (see inclu-
sion criteria), cows were randomly distributed to 1 of 2
groups [Tri-Solfen group (T) or control group (C)] by
taking a code paper from a bag. The affected limb and
hoof were noted and the lesion was described, photo-
graphed, and measured using a caliper. Tri-Solfen or
the innocuous gel was then applied until the wound and
the exposed corium were completely covered. The ap-
plication of Tri-Solfen was repeated if trimming had to
go very deep, if more invasive procedures were needed,
such as removal of necrotic, hemorrhagic, or granula-
tion tissue; if a new lesion was found; or if bleeding had
to be controlled by using gauze swabs. Care was taken
to ensure that the lesion was covered by the gel for a
least 1 min before the trimming continued. The total
quantity of Tri-Solfen used was registered in milliliters.

An ethogram was completed during trimming, grad-
ing the following pain-related behaviors from 1 to 3
(Table 1): trying to withdraw limb or kicking, falling
on one or more limbs, and vocalization. Because no cow
vocalized, this behavior was later withdrawn from the
analysis.

In very severe cases with exposure of significant areas
of sensitive corium, a wooden block on the opposite
hoof, an antibiotic/antiseptic spray, and a systemic
nonsteroidal anti-inflammatory drug were used (flu-
nixin-meglumine, carprofen, or tolfenamic acid, at the
licensed dosages). Lameness was again scored (Table 1)
as the cow was led to a nearby pen.

Algometry

For the second stage of the study, a digital algom-
eter (Force Ten FPX, Wagner Instruments, Greenwich,
CT) was purchased. Once a lesion was identified, the
algometer was pressed against the center and a read-
ing was obtained when the cow moved to withdraw
the limb. Two readings were done for each lesion at
each moment, and the average was used for analysis.
Pressure was measured in kilogram-force. Algometry
was done at 3 moments: before, when the lesion was
exposed; after, 1 min after applying Tri-Solfen or the
innocuous gel; and end, after trimming and before
lowering the leg. Values at “after” and “end” moments
were subtracted from “before” values (considered base-
line) to evaluate the variance due to trimming and
treatment.

Study Population

Sixty-two dairy cows were included and submitted to
the full protocol. Twenty-nine lame cows were included
in the C group, presenting the following hoof lesions: 2
cases of white line disease, 23 cases of sole ulcer, and 4
cases of toe ulcer. Thirty-three lame cows were selected
for the T group, with the following hoof lesions: 3 cases
of white line disease, 24 cases of sole ulcer, 5 cases of
toe ulcer, and 1 case of white line disease concomitant
with a sole ulcer. Differences in the number of animals
in each group are the result of aleatory drawing as no
animal selected was later excluded from the study.

Algometry testing was performed only in 27 cows (8
from C group and 19 from T group). Several logistic
reasons led to a very large difference in number of cows
in the algometry groups: random selection, problems
with the instrument, and baseline data loss in a set
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of cows that had to be removed from the statistical
analysis.

Statistical Analysis

Data collection was performed using Microsoft Excel
(version 2010; Microsoft Corp., Redmond, WA). Sta-
tistical analysis was performed with the SAS System
(version 9.4; SAS Institute Inc., Cary, NC), using
parametric and nonparametric tests. The variables
submitted to statistical analysis were lameness score
before and after trimming, reaction during trimming
(withdrawing/kicking and falling), pressure thresholds,
and variance across time. Lameness score, pain-related
behaviors, and pressure thresholds were compared be-
tween groups and across time within each group.

Analysis of variance of lameness score was achieved
through the SAS general linear model procedure
(PROC GLM) with a model including groups and time
effects. Algometry data were combined for all different
podal pathologies assessed during the study. Analysis
of variance was performed to C and T groups at before,
after, and end moments, and also for differences be-
tween moments: after-before, end-after, and end-before.
The GLM procedure of SAS and a model with group
and moment effects were used for statistical analysis
to compare groups and moments within each group.
Means were estimated using the LSMEANS procedure

BC Group
BT Group
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Before After
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Figure 1. Average lameness score (5 point scale) in cows from
C group (not treated) and T group (treated with Tri-Solfen, Bayer
Australia Ltd., Pymble, NSW, Australia), before entering the chute
for hoof trimming and when exiting after trimming. Different letters
indicate significance at P < 0.05.
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of SAS, and P-values less than 0.05 were considered
significant for a confidence level of 95%.

RESULTS

No significant inter-observer differences were found
when assessing lameness or pain-related behaviors dur-
ing trimming. Also, no differences in lesion dimension
were found between groups: 6.07 £+ 2.97 cm® and 5.75
+ 2.91 cm? for T and C groups, respectively. Variables
such as limb (front or hind), hoof (lateral or medial),
or type of lesion (sole ulcer, toe ulcer, or white line
disease) did not affect behavior or lameness score in
any of the groups.

The total volume of Tri-Solfen applied varied be-
tween 4 and 14 mL with an average of 6.5 mL. A cor-
relation between lesion size and volume of product was
not found because quantity applied considered not only
the size but also the type of lesion and the occurrence
of bleeding.

Lameness Assessment

Lameness score before trimming and lameness score
after trimming were compared within both groups and
between groups. For the C group, no significant differ-
ences (P = 0.692) were found between the 2 moments
of assessment, with means 3.28 4+ 0.12 before trimming
and 3.35 £ 0.12 after trimming. For the T group, lame-
ness score when leaving the chute (2.91 £ 0.12) was
significantly lower (P < 0.01) than before trimming
(3.42 £+ 0.12) and significantly lower than both scores
in the C group (P < 0.01; Figure 1).

The effect of the wooden blocks placed on the con-
tralateral healthy hoof (2 in the T group and 3 in the C
group) was negligible as removal from the analysis did
not change the results.

Pain-Related Behaviors

For the analysis of the variables withdrawing /kicking
and falling, all animals were included. When compar-
ing groups, significant differences were found, with the
T group animals showing fewer withdrawing/kicking
scores (P < 0.01) and fewer falling scores (P < 0.05;
Figure 2).

Algometry

A total of 27 animals were included in the analysis
of the algometry values during the second stage of this
study when the digital algometer was purchased: 8
cows in the C group and 19 in the T group. Random lo-
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Figure 2. Number of animals showing different grades of with-
drawing/kicking behavior in control and Tri-Solfen (Bayer Australia
Ltd., Pymble, NSW, Australia) groups.

gistical problems and also loss of some baseline records
explain the difference in numbers between groups, as
explained above. Data for all type of lesions were com-
bined to determine the differences in algometry values
with or without Tri-Solfen application. From the 27
cows included in this part of the study, 10 cows from T
group at moment “after” and 2 cows from T group at
moment “end” did not get an algometer reading due to
logistical difficulties (e.g., need to speed up the trim-
ming or to quickly release the animals from the chute)
or loss of data.

No differences were found between the algometer
values of the 2 groups before trimming and at the end.
However, significant differences were found in algome-
try values between C and T groups at the “after” period
(P < 0.05). The pressure threshold variation between
“before” and “end” was also different between treat-
ments, with the T group showing a significant increase
in pressure threshold (P < 0.05; Table 2). No variation
in values across time was observed in the C group, but
the T group showed a significant increase in pressure
threshold after applying Tri-Solfen (after) compared
with baseline (before).

DISCUSSION

Curative trimming of hoof lesions in dairy cows can
inflict severe pain (Chapinal et al., 2010; Stoddard and
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Cramer, 2017), and this is acknowledged by farmers,
trimmers, and practitioners (Becker et al., 2013). How-
ever, these routine painful procedures are frequently
performed without anesthesia (Becker et al., 2014),
causing immediate pain and exacerbating a hyperalgesic
state that is often associated with hoof lesions (Whay et
al., 1998). Pain control may be difficult or neglected in
farm animal practice, especially in countries with large
livestock populations and where veterinary services are
unavailable to treat individual animals (Windsor et al.,
2016). In a survey undertaken in Switzerland, Becker et
al. (2014) reported that no veterinary consultation or
local anesthesia occurred when common painful inter-
ventions on the feet of cattle were performed, in more
than half of the herds (52%). This number is probably
much larger in other countries where legislation is omis-
sive or more permissive.

Anesthesia of the feet for painful trimming proce-
dures or surgery is usually achieved through a ring
block in which a local anesthetic is injected at multiple
sites around the limb or by an intravenous regional
anesthesia under a tourniquet (Edmondson, 2008; Coe-
tzee et al., 2017). Both of these procedures have to be
performed by a veterinarian and are time consuming.

The development of effective and practical pain man-
agement tools must be given high priority to effectively
decrease animal suffering in dairy farms. Yet, com-
mercially available pain-alleviating options that meet
the practical and economic constraints of production
animal husbandry are currently lacking (Lomax et al.,
2008). In Australia, an affordable and practical solution
for pain alleviation during painful procedures has been
proposed for incorporation into routine farm manage-
ment practices (Lomax and Windsor, 2013; Windsor et
al., 2016).

Topical anesthesia, applied during and immediately
after the procedure, has previously been found to be
practical and effective for reducing postoperative pain
associated with surgical husbandry procedures, such as
mulesing in sheep (Lomax et al., 2008; Paull et al.,
2009) and dehorning and castration in calves (Espinoza
et al., 2013; Lomax and Windsor, 2013). These findings
have a major welfare effect for livestock undergoing
painful procedures and suggest that the application
on hoof lesions after pododerm exposure could be a
practical solution for pain management during curative
trimming of lame dairy cows.

Our results show that lameness after trimming is
significantly lower than before trimming in animals
treated with the topical product Tri-Solfen, suggesting
that by blocking nociceptive fibers around the lesion
the animal will allow some weight on the affected limb.
Although lameness is not abolished because full anes-
thesia is not likely, some numbing of the area probably
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occurs. This improvement on lameness score did not
occur for the C group, suggesting that trimming alone
does not relieve pain or can even inflict and exacerbate
pain. This last idea could not be statistically demon-
strated in our study, although the numerical reduction
in pressure threshold in C group does suggest some
hyperalgesia.

A positive long-term effect of reducing pain during
trimming is probable. Local anesthetic agents act by
reversibly blocking conduction of signals responsible for
the sensation of pain, not only effecting wound anesthe-
sia, but also preventing or reducing the subsequent pain
escalation response that leads to central hyperalgesia
(Whay et al., 1998; Lomax et al., 2008; Coetzee et al.,
2017). This means that chronic pain may be reduced by
reducing a wind-up effect caused by very painful trim-
ming (Hellyer et al., 2007). However, further studies on
the extended effects of painful trimming are required.

Observation of behavior responses to an acute pain-
ful stimulus is an objective, repeatable, and readily
measurable form of assessing pain, commonly used
for grading pain in many trials, allowing the assessor
to distinguish between various analgesic interventions
(Lomax et al., 2008; Stilwell et al., 2008; Stilwell et
al., 2014; Stoddard and Cramer, 2017). To assess pain-
related responses, kicking or withdrawing the limb and
falling down were evaluated by a group of 2 observers
blind to treatment, increasing repeatability. Both kick-
ing/withdrawing and falling were significantly lower for
the T group compared with the C group. A less intense
exhibition of pain-related behaviors during curative
trimming after the application of Tri-Solfen suggests
that the local anesthetics are effective in reducing pain
sensation (Lomax et al., 2008). A significant treatment
effect on pain related-behaviors has previously been
proven following castration, with Tri-Solfen-treated
calves expressing significantly less pain than untreated
calves (Lomax and Windsor, 2013).

Mechanical nociceptive threshold tests, such as al-
gometry, are objective measures of the responsiveness
of animals or humans to a noxious stimulus (Whay
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et al., 1998; Raundal et al., 2014; Pelfort et al., 2015;
Lane and Hill, 2016). These techniques may be used to
record changes in the nociceptive threshold associated
with physical injury or surgical trauma. The decrease
in pressure threshold is referred to as a demonstration
of an exaggerated sensitivity to pain or hyperalgesia. In
our study, algometry values increased in the cows sub-
mitted to corrective trimming after topical anesthetic
application (T group) when compared with animals
summited to the same procedure without any pain
management (C group), which maintained algometry
values on the same range. This demonstrates a higher
nociceptive threshold in the treated group because
tolerance to pressure was higher. Such conclusions
are reinforced by the rise in algometry values between
the “before” and “end” of treatment in the T group,
suggesting a hypoalgesic state. In the C group, an ap-
parent reduction in pressure threshold occurred after
the first trimming and the application of the innocuous
gel, suggestive of postprocedural hyperalgesia (Table
2). However, this did not reach statistical significance,
which may have been due to the low number of animals
remaining for analysis in this group. No evidence was
observed of improvement in the nociceptive threshold
status due to removing pressure by trimming. Previous
studies using nociceptive threshold testing to evaluate
wound sensitivity after application of topical anesthet-
ics corroborate these findings. Espinoza et al. (2013)
stated that calves treated with topical anesthesia were
more likely to show no response to stimulation than
calves without topical anesthesia, up to 90 min after
dehorning. Also in calves, treatment with topical anes-
thesia had a significant effect on pain threshold after
castration, with response being significantly lower than
in untreated calves, indicating that a significant wound
anesthesia was achieved (Lomax and Windsor, 2013).
Because algometry assessment was only implemented
in a second stage of this trial, the number of animals
tested was smaller. Additionally, chance and the loss
of some baseline values, resulting in the removal of
animals from the analysis, especially from the C group,

Table 2. Least squares means (£ SE) from algometry evaluation on 3 separate moments and the subtraction between values at these moments

(e.g., period 1-2 corresponds to “before” minus “after” values)'

Group Before (1) After (2) End (3) Period 1-2 Period 1-3 Period 2-3
C group n=23y n=2_, n=23y

1.738% £+ 0.389 1.314™* + 0.637 1.280* + 0.576 —0.424 £ 0.791 —0.458" + 0.563 —0.034 £ 0.514
T group n=19 n=9 n =17

1.383% + 0.253 3.532"% + 0.600 254848 + 0.395 1.726 + 0.746 1.15" 4+ 0.386 0.027 + 0.550

**Different lowercase superscript letters in the same column indicate significance at P < 0.05.

ABDifferent uppercase superscript letters in the same row indicate significant differences between periods at P < 0.05.
"Pressure in kilogram-force. C = control group, not treated; T = treated with Tri-Solfen (Bayer Australia Ltd., Pymble, NSW, Australia).
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reduces the robustness of these findings. However, they
still indicate that an increase in pressure threshold
occurs in animals treated with the local anesthetics.
We recommend that an algometry study with a larger
control group should be performed to confirm these
results.

Application of this product was shown to be easy
and the effect almost immediate. Because it is an inex-
pensive and quick method of achieving some analgesia
in the areas being severed, the product will probably
be well accepted by farmers, trimmers, and veterinar-
ians concerned about the pain caused when performing
curative trimming in hooves of dairy cows (Becker et
al., 2014). Other potential applications for this product
could be pain management when treating foot lesions
in beef cattle (e.g., feedlot) and also small ruminants.

CONCLUSIONS

Results from this study indicate that significant al-
leviation of pain can be achieved in dairy cows during
and immediately after curative hoof trimming, using a
commercially available spray-on gel with lidocaine and
bupivacaine. Hence, the use of topical local anesthesia,
such as Tri-Solfen, may be well-suited and accepted
in production animal farming because of its low cost,
practicality, and easy application. Not only animal
welfare will be enhanced, but also potentially greater
safety for the hoof trimmer will be accomplished due to
less aggressive behavior reaction of the animal.
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