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l. Introduction

Lameness in horses remains one of the most common medical problems causing serious
consequences for both owners and animals including financial loss and shortened working
career of the animal (Keegan et al. 2011, Keegan et al. 2012, Marshall et al. 2012, McCracken
et al. 2012, Keegan et al. 2013). The early and correct evaluation of the lameness is essential
to provide prompt and effective treatment in order to increase the chances of healing.
Evaluating lameness generally consists of seeing the horse move at the walk and trot
(Keegan,et al. 2011, Marshall et al. 2012). Vertical head and pelvic movement asymmetry are
common and accepted parameters in fore- and hind-limb lameness evaluation for observing
and measuring lameness in horses (Wyn-Jones 1988, Barr 1997, Stashak 2002, Bassage
2011, Dyson 2011, Lopez-Sanroman et al. 2012). Visual lameness evaluation in horses is
considered to be a subjective assessment method. It is well recognized that the inter —
observer agreement during subjective lameness evaluation performed by equine clinicians are
not always reliable especially in low grade lame horses (Keegan et al. 1998, Arkell et al. 2006,
Fuller et al. 2006, Keegan et al. 2010) and bias can adversely affect the correct evaluation of
lameness (Arkell et al. 2006, McCracken et al. 2012). Furthermore the agreement is
significantly lower in unexperienced equine practitioners compared to experienced
veterinarians (Keegan et al. 2010, Hammarberg et al. 2014). Objective methods of lameness
evaluation have the potential for increased sensitivity of measurement, with more precise
differentiation of low grade lameness and without potential bias of the observer. Therefore
objective measurement systems are warranted and various systems have been introduced in
the past 20 years. Kinematic gait analysis is one of the oldest methods of evaluating
movement, dating back to the late 19" century. This aspect of gait analysis describes the
motion of objects, quantifies the positions, velocities, accelerations and angles of anatomical
points, segments and joints in space. It is performed using a series of cameras and non-
reflective or reflective markers placed on the subject’s skin over specific anatomic landmarks
used for reference points, approximating centers of joint motion, indicating bony prominences
or points measured a specified distance from a specified landmark. Stationary force plates are
the most commonly reported method of objective lameness evaluation. These force plates are
highly sensitive and reliable (Marshall et al. 2012), but mobile and easy to use, body mounted
inertial sensor systems have been used more often in recent years (Keegan et al. 2012).
Inertial sensors that are mainly used in aerospace and the automotive industry for stabilization
and navigation are small devices, which measure acceleration (accelerometers) or angular

velocity (gyroscopes) (Keegan et al. 2013).




The body-mounted inertial sensor system used in this study provides an objective evaluation
of fore- and hind-limb lameness by measuring head and pelvic vertical movement asymmetry
(Keegan et al. 1998, Kelmer et al. 2005, Keegan 2007, Keegan 2010, Keegan et al. 2010,
Keegan et al. 2011, Keegan et al. 2012, Marshall et al. 2012, McCracken et al. 2012, Keegan
et al. 2013).

Vertical head movement asymmetry has been reported as the vector sum (VS) of maximum
(Hmax) and minimum (Hmin) head height difference in millimeters (mm) between left and right
halves of each forelimb stride, which represents an overall measurement of head movement

asymmetry in both the downward and upward directions:

(VS = \/(Hmax)z + (Hmin)z)

Side of lameness is determined by sign of Hmin, or minimum head height during right forelimb
stance minus minimum head height during left forelimb stance, with positive values indicating
right forelimb, and negative values indicating left forelimb lameness. In this 2-component
model of head movement evaluation Hmax and Hmin are conceptually related and not
separately evaluated. Thus for forelimb lameness, VS is a single dependent variable for

forelimb lameness.

Vertical pelvic movement asymmetry is reported as the maximum (Pmax) and minimum (Pmin)
pelvis height difference in millimeters (mm) between left and right halves of each stride, with
Pmin associated with decreased downward movement in the first half of stance of the hind
limbs and Pmax associated with decreased upward movement during the second half of
stance of the hind limbs. Positive values of Pmax and Pmin indicate asymmetric pelvic
movement due to right hind limb lameness and negative values indicate asymmetric pelvic
movement due to left hind limb lameness. In this 1-component model of pelvic movement
evaluation Pmax and Pmin are conceptually unrelated and therefore separately evaluated as

dependent variables for hind limb lameness.

The Lameness Locator™ includes a tablet computer for data analysis and 3 inertial sensors,
attached to the head, right forelimb pastern and pelvis (Keegan 2010). Using this tool provides
an easy to use technology to objectively evaluate the gait pattern of horses under different
conditions. For this thesis the Lameness Locator was used to examine the feasibility of a body
mounted inertial sensor system in two different clinically relevant settings using a group of

horses and comparing the data under different conditions.




Evaluation of the inertial sensor system used in these studies was evaluated previously and it
was found that reliability and detection rate of lameness in horses trotting in a straight line was
acceptable for clinical use and for research purposes (Keegan et al. 2011). Furthermore the
Lameness Locator has been validated in previous studies, to be more sensitive in the detection
of induced lameness when compared to experienced equine clinicians (McCracken et al.
2012). Using precise measurements for detection of head and pelvic asymmetry, the lameness
locator has become a useful tool over the past year for detecting low grade lameness in horses

as well as to objectively validate statements in equine lameness examination.

Sedative agents administered to horses can be necessary during a lameness examination to
facilitate the diagnostic analgesia in certain patients (Buchner et al. 1999, Stashak 2002,
Bassage 2011, Wyn-Jones 1988, Barr 1997). However, these drugs may provide analgesia,
induce ataxia (Bassage 2011, Alitalo et al, 1986, Garcia-Villar et al. 1981, Daunt et al 2002,
Lopez-Sanroman et al. 2012, Seo et al. 2011, Cruz et al. 2011) or other proprioceptive deficits
(Buchner et al. 1999, Ricketts 1986), which subsequently may interfere with the observation
of lameness amplitude (Wyn-Jones 1988, Barr 1997). This is especially worrisome for horses
with mild lameness, where detecting small changes in the locomotion pattern is necessary
(Bassage 2011).

The aim of the first study was to evaluate the effect of a low-dose alpha-2 agonist on the
measurement of forelimb and hind limb lameness by measuring asymmetry of vertical head

and pelvic movement with body mounted inertial sensors.

Extreme forces of impact or loading to the horse’s hoof can be experienced when riding on
concrete and asphalt or simply when stepping on a rock while moving at high speed. These
conditions may adversely affect the sensitive hoof tissue in domesticated horses and as a
result many of these horses are shod (Back et al 2013, Clayton et al. 2011, Curtis 2006,
Hertsch et al 1997, Humphrey 1995, Leisering et al 1982, Leslie 1977, Mdller 1915,
Schwendimann 1937). An alternative approach to a regular hoof shoe would be to protect the
hoof when necessary and to expose it when not. Several brands of tie-on hoof shoes have

commercially been marketed (Hertsch et al. 1997)

The aim of the second study was to assess the head and pelvic asymmetry in healthy riding
horses using such a hoof clog compared to their normal shoeing and barefoot. A particular
interest was to evaluate whether the hoof clog could prevent any lameness that might develop

in horses being trotted barefoot on a hard surface immediately after trimming.
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V. Discussion

The lameness locator, a body-mounted-inertial sensor system was designed for equine
practitioners as a tool for the detection and evaluation of low grade lameness in the horse
(Keegan 2010). The horses are instrumented with three inertial sensors: one uni-axial
accelerometer is attached to the head collar between the ears of the horse. A second
accelerometer is placed on the midline between the tuber sacrale of the most dorsal aspect of
the pelvic region. These measure the vertical accelerations of the pelvis and head during
motion. A uni-axial gyroscopic sensor is attached to the dorsal aspect of the pastern on the
right forelimb to measure angular velocity of this specific limb. Data measured is transmitted
to a hand-held tablet computer in real time, where a custom-designed algorithm is used for
detection and quantification of forelimb and hindlimb lameness (Keegan 2010). Thresholds for
head- and pelvic asymmetry have been estimated and validated in multiple studies. This
threshold for hind limb lameness between normal and lameness have been estimated to be
+/- 3mm and for forelimb lameness +/- 6mm respectively. In the first study (sedation study) a
few horses in each group had evidence of both, vertical head and pelvic movement asymmetry.
In these cases the determination of the primary lame limb was based on the amplitude of
asymmetry (% above the threshold) and if the amplitudes of asymmetry were similar, on the
distribution (ipsilateral or contralateral) of the asymmetries. Horses with contralateral
distribution of asymmetry (apparent forelimb and hind limb lameness on opposite sides) were
assigned as having primary forelimb lameness and horses with ipsilateral distribution of
asymmetry (apparent fore- and hindlimb lameness on the same side) were assigned as having
primary hind limb lameness. This method of determining the limb with primary lameness is
based on known compensatory movements in the opposite half of the body appearing as false
‘lameness’ and is known as ‘The law of Sides’ (Keegan 2007, Kelmer et al. 2005, Weishaupt
et al. 2004, Weishaupt et al. 2006). By using these values as expected ranges for random
change, numbers of horses staying the same, worsening (increased asymmetry) and

improving (decreased asymmetry) were computed.

Horses in both studies were selected from a riding school herd and most animals showed a
mild asymmetry measureable using the body mounted inertial sensor system. It has to be
questioned if a slight asymmetry above threshold detectable with body mounted inertial
sensors in horses has to be considered as normal, since it is commonly measured in horses
without a subjective detectable lameness and if every asymmetry measured above threshold

is equivalent with a lameness of the animal. The high number of horses in this study with
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asymmetry in one or more limbs above threshold, which were chosen for the study as ‘normal’

riding school horses without any lameness noticed by the owner is somewhat worrisome.

Following the suggestions of the lameness locator software, the majority of horses working in
this riding school every day would be lame. One possible explanation could be the mean age
of these horses which was higher than the average population of horses presented for
lameness examination during routine veterinary work. It is possible, that lameness due to
arthritic changes is more likely to occur in an older population of horses. However, a detailed
investigation including local analgesia and imaging would be necessary to investigate the

underlying cause of the lameness or the asymmetry above threshold.

Asymmetry in fore- and hind-limbs could also be the result of tension in the horses back and/or
neck due as reaction to the unknown environment. This tense musculature might be
responsible for a certain degree of asymmetry in the locomotion pattern detectable by the
sensors. Further studies could evaluate more ‘normal’ riding horses during their routine work
using body mounted inertial sensors, to get a better understanding on the reliability of the pre-
determined asymmetry — threshold as well as what the normal asymmetry in a riding horse

population would be.

The threshold of the inertial sensor system was determined before in multiple studies as
mentioned previously (Keegan 2007, Keegan 2010), but looking into the results of this study it
could be an explanation, that this threshold was set too low for the average horse or the horses
used in the study had a lameness. All horses were evaluated subjectively before they were
included into the study and only horses with a lameness degree not higher than 2 out of 5
(AAEP-Scale) were included into the study. It was not further investigated, if the subjective
assessment was corresponding to the results of the lameness locator in the individual horse.
This would be another interesting analysis to perform. Overall the first author, who performed
the subjective examination on arrival for including horses into the first study classified 34 out

of 44 (77%) horses as lame in at least one limb.

Another possible explanation of the high number of horses above asymmetry — threshold in
this study could be the untrained eye of most horse owners in the detection of lameness. Many
horse owners and riders, if not experienced struggle to recognize a lameness in horses,
especially in the hind limb and in low grade lame horses. It could be shown, that more horses
in the study showed a hind limb asymmetry compared to a front limb asymmetry. It is well
recognized, that hind limb lameness in horses is far more difficult to recognize even for

experienced veterinarians (Keegan 2007, Keegan 2010) why it could be an explanation, that
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it is even more difficult for owners and riders. Evaluating these horses subjectively by an
experienced veterinarian could provide further understanding of the detection rate of lameness

by an unexperienced owner or rider.

Sedating difficult horses during a lameness evaluation to facilitate diagnostic analgesia is
sometimes necessary, when horses do not respond to physical restrain (Bassage 2011). The
purpose of the first study was to objectively measure the effect of low-dose (0,3mg/kg) sedation
on the gait of horses in trot using common indicators of forelimb and hind-limb lameness as
measurement, such as vertical movement of the head and pelvis (Wyn-Jones 1988, Barr 1997,
Stashak 2002, Bassage 2011). The absence of significant change in amplitude of forelimb and
hind limb lameness in the xylazine treatment group at both 20 and 60 minutes post treatment
for either all horses or for horses with pre-existing lameness is supportive evidence that this
amount of sedation does not interfere or mask the exhibition lameness, and thus can be

effectively used if needed in the clinical situation.

It is interesting to note that in this study some of the horses in the saline group had a greater
vertical head movement asymmetry at times 20 and 60 than at time 0. This could be interpreted
as an increase in forelimb lameness. When horses in the saline group were interpreted
individually most stayed the same but 4 horses (between time 0 and time 20) and 5 horses
(between time 0 and 60) had greater vertical head movement asymmetry that could be
interpreted as either becoming lame (when previously not) or worsening in forelimb lameness.
However, in the xylazine group, fewer (1 between time 0 and time 20 and 2 between time 0
and time 60) had increased asymmetric head movement. This increase in lameness in some
horses in the saline group is concerning since the horses had head movement asymmetry
consistent with developing or increased forelimb lameness without apparent provocation. This
could have interfered with the correct evaluation of lameness should a block indeed have been
performed. This apparent increase in forelimb lameness after time 0 could have been caused
by masking of lameness at time 0, perhaps by initial excitement of the horse at the initial
examination, or the act of lameness evaluation itself (trotting the horse up and down on an
asphalt surface) generated or increased forelimb lameness. Results of this study support a
contention that it is important to first determine that the lameness being evaluated is not
changing, perhaps by performing repeated examinations a few minutes apart or, if appropriate
in the particular case, by exercising the horse for a few minutes before evaluation. Certainly,
some attempt to create “stable” forelimb lameness should be made before launching into local

anesthesia procedures.
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In the first study there were fewer horses with pre-existing forelimb than hind limb lameness,
which may have affected our ability to detect small differences in forelimb lameness between
groups and times. No difference in head movement asymmetry associated with lameness
could be detected in the xylazine group. However, 4 out of 9 horses with existing forelimb
lameness in the xylazine group had decreased head movement asymmetry (less forelimb
lameness) at 60 minutes post treatment. The mean decrease in VS in these 4 horses was 14.1
mm, well above the 95% confidence interval for repeatability and what would be considered
random change. By contrast, in the saline group, only 2 horses out of 7 with existing forelimb
lameness were improved 60 minutes post treatment. Although the numbers of horses
improving in forelimb lameness were not statistically significant different between saline and
xylazine treatment groups, the fact that almost 50% of horses treated with low dose xylazine
would have been considered improved at 60 minutes without blocking is troublesome. The
decreased head movement asymmetry in these 4 horses after xylazine treatment is likely not
only due to sedation, but also caused by these horses being more relaxed and used to the
study protocol. Signs of sedation were strongest 20 minutes after treatment, when the
decrease in head height asymmetry in the xylazine treatment group was less than at 60
minutes after treatment. Itis possible that residual analgesic effects of xylazine may be present
at 60 minutes in these 4 horses, after clinical signs of sedation have disappeared. The systemic
half-life of xylazine after intravenous administration is approximately 50 minutes with peak
effect, as measured by response to nociceptive stimuli, of 5 to 20 minutes after administration
(Garcia-Villar et al. 1981, Ringer et al. 2013). Duration of sedation and analgesia generally
coincide and last for around 50 minutes, however, assessment of true analgesic effects in
animals (compared to humans) is difficult, approximate and analgesia sufficient to ameliorate

lameness may persist longer.

Head and pelvic movement asymmetry has been shown to be influenced by speed of
movement, which was estimated in this study by measuring stride rate. Stride rate, along with
stride length, is a component and estimate of speed. Stride rate increases non-linearly over a
wide range of speed, but at the low stride rates of this study, the relationship is nearly linear
(Leach et al. 1986). In another study in which stride rate and speed of movement were
simultaneously measured, 15 minutes after a higher dose of xylazine, a decrease in stride rate
by 22% occurred with a simultaneous decrease in speed of movement of 24% (Lopez-
Sanroman et al. 2012). In this study mean stride rate decreased in the xylazine group 20
minutes after treatment by 3%, which was significantly more than the saline group. However,
this small decrease in stride rate (3%), though statistically significant, and likely equivalent to

a decrease in speed of movement of < 5%, was probably not clinically significant. Our finding
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that all horses with forelimb lameness in the xylazine group at 20 minutes were unchanged in
forelimb lameness, when stride rate was significantly different, but 5 out 9 at 60 minutes had
change in amplitude of forelimb lameness, when stride rate was not significantly different,

supports this contention.

In conclusion, the results of this first study generally support the use of low-dose xylazine
sedation without reversal in recalcitrant horses to facilitate blocking without masking of
lameness 20 and 60 minutes post sedation, especially for evaluation of hind limb lameness.
However, low-dose sedation may strongly affect the evaluation of vertical head movement
asymmetry in individual horses up to 60 minutes post sedation and care should be taken
especially when evaluating mild forelimb lameness. Further investigations with other sedative
agents, dosages, and regimens, should be performed before extrapolating the results of this

study too broadly.

The purpose of the second study was to objectively evaluate whether applying hoof clogs to
horses freshly trimmed feet would prevent (or even cause) forelimb or hind limb lameness.
Although the mean level of lameness as measured by head and pelvic movement asymmetry
was not significantly different between any of the treatments (with shoes, barefoot after
trimming, and with clogs) in any group, we did find some interesting trends when clogs were
applied to the freshly trimmed foot and evaluated before allowing the horse to trot on a hard
surface. More horses were either unchanged in lameness or improved when evaluated
wearing the clogs. More horses either developed lameness or had worsening in existing

lameness if they were allowed to trot barefoot after trimming.

The hoof clogs were easy to fit and apply for an experienced farrier, and once fitted they were
easy to apply and remove. After some brief training, students without any experience in hoof
shoe application, could quickly and correctly apply the clogs. All horses fitted with the clogs
were trotted for 50 meters before they were re-evaluated objectively. Subjectively, a few horses
seemed to have mild increased movement of the limbs for about 5-10 strides, but then all

seemed to tolerate the clogs and trot normally within a few meters.

Although not statistically significant there was a trend for Pmin to be higher in group 2 horses
(first re-evaluated after trimming and on the third trial evaluated with hoof clogs applied) when
evaluated barefoot after trimming, and more horses either developed lameness or had a
worsening in lameness when evaluated barefoot after trimming. Pmin is a measure of the
impact component of hind limb lameness (Keegan et al. 2011) and pain or sensitivity on impact

of the hind limbs may be caused or exacerbated by allowing exercise on hard ground while
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barefoot immediately after trimming. The application of the hoof clogs may ameliorate this by

protecting the bottom of the foot.

Though not statistically significant there was also a small trend for higher Pmax in the horses
before removing the shoes. Pmax is a measure of asymmetry hind limb pushoff. Hind limb
pushoff effectiveness likely is improved with good hind limb traction and the steel shoes on the

asphalt surface may cause slight slippage during pushoff of the hind limbs.

In this study only 10 horses per group were evaluated and no statistically significant effects of

the hoof clogs were found.

Results of this study support the contention that applications of these hoof clogs do not cause
forelimb or hind limb lameness, are well tolerated, and may decrease concussion when trotting
on hard ground. Additional studies with larger numbers of horses, particularly with groups of
either completely sound horses or horses with consistent lameness in either the forelimb or
hind limb, especially if the lameness focus is within the foot or distal limb joints. Also, other
studies in which the horses are fitted and wearing the clogs, and are subjected to exercise and

ridden on different surfaces, while traveling in a circle should be conducted.

For both studies the Lameness Locator, a body-mounted-inertial-sensor system was used to
objectively evaluate the head and pelvis asymmetry in horses under different conditions. The
Lameness Locator, mostly used by equine practitioners around the world for the detection and
evaluation of difficult lameness in horses was found to be an easy tool for the purpose of these
studies. It was tolerated well by all horses and the data collected between the different trials
during the study were easy to analyze and to compare. The Lameness Locator can be used
during routine lameness examination where the opportunity to save the data and compare it
to previously measured trials is a well-established method of objectively assessing the success
of a recommended treatment plan. It is furthermore a great tool for educational purposes and
in the future more objectively performed studies will surely be performed. Overall, the
Lameness Locator was found to be very useful for an objective comparison of horses examined

under different conditions focusing on lameness.
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VI. Summary

Lameness remains one of the most common medical problems in working horses. Vertical
movement asymmetry of head and pelvis are common and accepted parameters in fore- and
hind limb lameness evaluation, but it has been shown before that the subjective evaluation of
lameness performed by equine practitioners are not reliable especially in low grade lame
horses and that bias can adversely affect the correct evaluation of lameness. The body-
mounted inertial sensor system used in this study provides objective measures of forelimb and
hind limb lameness by measuring the head and pelvic vertical movement asymmetry. It has
been evaluated before for reliability and detection rate of lameness and was found to be

sufficiently repeatable to investigate for clinical use.

Diagnostic analgesia is an integral part during an equine lameness examination, but it can be
challenging to perform in uncooperative horses. Using sedation in these horses might,
because of analgesic and ataxia-inducing effects, interfere with lameness evaluation.
Therefore the objective of the first study was to evaluate whether sedation with low-dose
xylazine would alter lameness amplitude as measured by body mounted inertial sensors.
Therefore 44 horses were randomly split into 2 groups and lameness was measured before
and after injection of either xylazine (0,3mg/kg) or saline. Numbers of horses staying the same,

improving or worsening were compared between groups at each time interval.

There was no significant difference in head or pelvic movement asymmetry between the
xylazine and saline treatment group. However, a few horses with forelimb lameness in the
xylazine treatment group showed a large decrease in head movement asymmetry which is
equivalent to a decrease in forelimb lameness at 60min post sedation, concluding that a low-
dose sedation with xylazine may be used without any concern of potential lameness-masking
effects for hind limb lameness evaluation, but caution should be used in horses with forelimb

lameness, especially in those of mild severity.

Extreme forces of impact or loading to the horse’s foot on completely inelastic surfaces may
adversely affect sensitive hoof tissue, resulting in most domesticated horses being shod. The
aim of the second study was to assess one method of temporary hoof covering, a hoof clog,
to determine objectively if application of a Dallmer Hoof Clog in horses trotting over hard
ground would affect the vertical head and pelvic movement asymmetry compared to the normal
shod and unshod condition. The particular interest was to determine whether the hoof clog
would prevent any lameness that might develop in horses trotting barefoot on a hard surface

immediately after trimming. Twenty horses were randomly obtained from a riding school herd
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and evaluated objectively using body mounted inertial sensors first with their regular shoeing,
barefoot and with a hoof clog applied. Overall there were no significant differences in either
group between treatments (regular shoeing, trimmed and unshod, clogs). Even though not
statistically significant, there was a trend that horses trotted barefoot developed a slight
lameness, which could be ameliorated when applying hoof clogs. Results of this study support
the contention that applications of these hoof clogs do not cause forelimb or hind limb

lameness, are well tolerated, and may decrease concussion when trotting on hard ground.

The body mounted inertial sensor system ‘Lameness Locator’ was found to be a very useful
tool for an objective comparison of horses examined under different conditions focusing on

lameness.

37



VII. Zusammenfassung

Objektive Untersuchung der Kopf- und Becken-Asymmetrie bei Pferden unter

verschiedenen Bedingungen mit Hilfe eines Sensorsystems (Lameness Locator)

Lahmheit ist eines der am haufigsten, medizinischen Probleme bei Pferden. Bei der
Beurteilung von Lahmheiten ist die vertikale Bewegung von Kopf und Kruppe ein sehr haufig
genutzter und akzeptierter Anhaltspunkt. Studien haben gezeigt, dass die subjektive
Evaluierung von lahmen Pferden durch Tierarzte, insbesondere bei leichtgradigen Lahmheiten
haufig nicht zuverlassig ist und sich eine vorgefertigte Meinung negativ auf eine korrekte
Beurteilung auswirken kann. Das Sensor System, welches in dieser Studie genutzt wurde
erkennt Vorderhand- und Hinterhand-Lahmheiten, indem es objektiv die Asymmetrie der
vertikalen Kopf- und Kruppen-Bewegung misst. Es konnte gezeigt werden, dass diese Art der

Messung verlasslich im Erkennen von Lahmheiten ist.

Leitungsanasthesien sind ein entscheidender Teil innerhalb der Lahmheitsuntersuchung von
Pferden, kdnnen jedoch bei schwierigen Patienten oft problematisch in der Durchfilihrung sein.
Das Sedieren solcher Pferde kdnnte allerdings, aufgrund der analgetischen sowie ataxie-
auslésenden Wirkung den weiteren Verlauf der Lahmheitsuntersuchung beeinflussen. Daher
war das Ziel der ersten Studie, zu untersuchen, ob eine Sedierung mit einer geringen Menge
Xylazin die Lahmheit, welche mit einem Sensor System gemessen wurde beeinflusst. Hierzu
wurden 44 Pferde zufallig in zwei Gruppen eingeteilt und die vertikale Bewegung von Kopf und
Kruppe gemessen, nachdem der Halfte der Pferde Xylazin (0,3mg/kg) und der anderen Halfte
physiologische Kochsalzldsung injiziert wurde. Die Anzahl der Pferde, welche unverandert,
verschlechtert oder verbessert waren wurde analysiert und zwischen den beiden Gruppen zu

den unterschiedlichen Zeitpunkten verglichen.

Es bestand kein signifikanter Unterschied innerhalb der Kopf- und Kruppen-Asymmetrie
zwischen der Xylazin- und der Kontrollgruppe, jedoch zeigten einige Pferde mit einer
Vorderhand-Lahmheit in der Xylazin-Gruppe eine deutliche Verringerung der vertikalen Kopf-
Bewegung 60min nach Sedation, was mit einer Verringerung der Lahmheit gleichzusetzen ist.
Dies lasst die Schlussfolgerung zu, dass eine geringe Menge Xylazin problemlos in der
Lahmheitsuntersuchung von Pferden mit einer Hinterhand-Lahmheit genutzt werden kann. Bei
Pferden, insbesondere solchen mit einer leichtgradigen Vorderhand-Lahmheit muss die

Sedierung mittels einer geringen Dosis Xylazin jedoch kritisch abgewogen werden.

38



Extreme Kréafte wirken auf die Hufe von Pferden beim Landen und Belasten, insbesondere auf
festen, unelastischen Bdden, was sich negativ auf das sensible Gewebe im Bereich des Hufes
auswirken kann. Aus diesem Grund sind die meisten domestizierten Pferde heutzutage
beschlagen. Ziel der zweiten Studie war es eine Alternative zum klassischen Beschlag zu
untersuchen. Hierbei wurde untersucht wie ein ,Dallmer Hufschuh® als ein temporarer
Hufschutz die vertikale Bewegung von Kopf und Kruppe im Vergleich zu normalem Beschlag
und barful beeinflussen wirde. Das besondere Interesse lag darauf zu erkennen, ob ein
Hufschuh eine Lahmheit verhindern kénnte, welche moglicherweise bei Pferden auftritt, die
unmittelbar nach dem Abnehmen der Eisen barfuld vorgetrabt wurden. Zwanzig Pferde wurden
zufallig aus einer Herde an Reitpferden ausgewahlt und objektiv mittels Sensoren System
evaluiert. Alle Pferde wurden mit ihrem gewdhnlichen Beschlag, sowie barful® und mittels

aufgeschnalltem Hufschuh untersucht.

Es konnte kein signifikanter Unterschied in der Bewegungs-Asymmetrie zwischen den
verschiedenen Huf-Beschaffenheiten nachgewiesen werden (gewodhnlicher Beschlag, barfuf3,
Hufschuh). Wenngleich nicht signifikant, so konnte jedoch ein leichter Trend erkannt werden,
dass Pferde, welche barful getrabt wurden eine leichte Lahmheit entwickelten, was sich durch
das Aufbringen von Hufschuhen wieder verbesserte. Die Ergebnisse dieser Studie
unterstitzen die Vermutung, dass diese Art von Hufschuhen keinen Einfluss auf Vorderhand-
und Hinterhand-Lahmheit bei Pferden haben, sie gut toleriert werden und in einem gewissen

Mal} die Erschitterung beim Traben auf hartem Boden verringern kénnen.

Das in diesen Studien genutzte Sensor — System ,Lameness Locator’ wurde als ein sehr
natzliches Hilfsmittel angesehen um objektiv einen Vergleich herstellen zu kénnen zwischen
Pferden, die unter unterschiedlichen Bedingungen im Hinblick auf Lahmheit vorgetrabt

wurden.
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Lameness in horses remains one of the most common medical problems causing serious consequences for both owners and animals including financial loss and shortened working career of the animal (Keegan et al. 2011, Keegan et al. 2012, Marshall et al. 2012, McCracken et al. 2012, Keegan et al. 2013). The early and correct evaluation of the lameness is essential to provide prompt and effective treatment in order to increase the chances of healing. Evaluating lameness generally consists of seeing the horse move at the walk and trot (Keegan,et al. 2011, Marshall et al. 2012). Vertical head and pelvic movement asymmetry are common and accepted parameters in fore- and hind-limb lameness evaluation for observing and measuring lameness in horses (Wyn-Jones 1988, Barr 1997, Stashak 2002, Bassage 2011, Dyson 2011, Lopez-Sanroman et al. 2012). Visual lameness evaluation in horses is considered to be a subjective assessment method. It is well recognized that the inter – observer agreement during subjective lameness evaluation performed by equine clinicians are not always reliable especially in low grade lame horses (Keegan et al. 1998, Arkell  et al. 2006, Fuller et al. 2006, Keegan et al. 2010) and bias can adversely affect the correct evaluation of lameness (Arkell et al. 2006, McCracken et al. 2012). Furthermore the agreement is significantly lower in unexperienced equine practitioners compared to experienced veterinarians (Keegan et al. 2010, Hammarberg et al. 2014). Objective methods of lameness evaluation have the potential for increased sensitivity of measurement, with more precise differentiation of low grade lameness and without potential bias of the observer. Therefore objective measurement systems are warranted and various systems have been introduced in the past 20 years. Kinematic gait analysis is one of the oldest methods of evaluating movement, dating back to the late 19th century. This aspect of gait analysis describes the motion of objects, quantifies the positions, velocities, accelerations and angles of anatomical points, segments and joints in space. It is performed using a series of cameras and non-reflective or reflective markers placed on the subject’s skin over specific anatomic landmarks used for reference points, approximating centers of joint motion, indicating bony prominences or points measured a specified distance from a specified landmark. Stationary force plates are the most commonly reported method of objective lameness evaluation. These force plates are highly sensitive and reliable (Marshall et al. 2012), but mobile and easy to use, body mounted inertial sensor systems have been used more often in recent years (Keegan et al. 2012). Inertial sensors that are mainly used in aerospace and the automotive industry for stabilization and navigation are small devices, which measure acceleration (accelerometers) or angular velocity (gyroscopes) (Keegan et al. 2013).

The body-mounted inertial sensor system used in this study provides an objective evaluation of fore- and hind-limb lameness by measuring head and pelvic vertical movement asymmetry (Keegan et al. 1998, Kelmer et al. 2005, Keegan 2007, Keegan 2010, Keegan et al. 2010, Keegan et al. 2011, Keegan et al. 2012, Marshall et al. 2012, McCracken et al. 2012, Keegan et al. 2013).

Vertical head movement asymmetry has been reported as the vector sum (VS) of maximum (Hmax) and minimum (Hmin) head height difference in millimeters (mm) between left and right halves of each forelimb stride, which represents an overall measurement of head movement asymmetry in both the downward and upward directions:  

()

Side of lameness is determined by sign of Hmin, or minimum head height during right forelimb stance minus minimum head height during left forelimb stance, with positive values indicating right forelimb, and negative values indicating left forelimb lameness. In this 2-component model of head movement evaluation Hmax and Hmin are conceptually related and not separately evaluated. Thus for forelimb lameness, VS is a single dependent variable for forelimb lameness.   

Vertical pelvic movement asymmetry is reported as the maximum (Pmax) and minimum (Pmin) pelvis height difference in millimeters (mm) between left and right halves of each stride, with Pmin associated with decreased downward movement in the first half of stance of the hind limbs and Pmax associated with decreased upward movement during the second half of stance of the hind limbs. Positive values of Pmax and Pmin indicate asymmetric pelvic movement due to right hind limb lameness and negative values indicate asymmetric pelvic movement due to left hind limb lameness. In this 1-component model of pelvic movement evaluation Pmax and Pmin are conceptually unrelated and therefore separately evaluated as dependent variables for hind limb lameness. 

The Lameness LocatorTM includes a tablet computer for data analysis and 3 inertial sensors, attached to the head, right forelimb pastern and pelvis (Keegan 2010). Using this tool provides an easy to use technology to objectively evaluate the gait pattern of horses under different conditions. For this thesis the Lameness Locator was used to examine the feasibility of a body mounted inertial sensor system in two different clinically relevant settings using a group of horses and comparing the data under different conditions.

Evaluation of the inertial sensor system used in these studies was evaluated previously and it was found that reliability and detection rate of lameness in horses trotting in a straight line was acceptable for clinical use and for research purposes (Keegan et al. 2011). Furthermore the Lameness Locator has been validated in previous studies, to be more sensitive in the detection of induced lameness when compared to experienced equine clinicians (McCracken et al. 2012). Using precise measurements for detection of head and pelvic asymmetry, the lameness locator has become a useful tool over the past year for detecting low grade lameness in horses as well as to objectively validate statements in equine lameness examination.



Sedative agents administered to horses can be necessary during a lameness examination to facilitate the diagnostic analgesia in certain patients (Buchner et al. 1999, Stashak 2002, Bassage 2011, Wyn-Jones 1988, Barr 1997). However, these drugs may provide analgesia, induce ataxia (Bassage 2011, Alitalo et al, 1986, Garcia-Villar et al. 1981, Daunt et al 2002, Lopez-Sanroman et al. 2012, Seo et al. 2011, Cruz et al. 2011) or other proprioceptive deficits (Buchner et al. 1999, Ricketts 1986), which subsequently may interfere with the observation of lameness amplitude (Wyn-Jones 1988, Barr 1997). This is especially worrisome for horses with mild lameness, where detecting small changes in the locomotion pattern is necessary (Bassage 2011).

The aim of the first study was to evaluate the effect of a low-dose alpha-2 agonist on the measurement of forelimb and hind limb lameness by measuring asymmetry of vertical head and pelvic movement with body mounted inertial sensors. 

Extreme forces of impact or loading to the horse’s hoof can be experienced when riding on concrete and asphalt or simply when stepping on a rock while moving at high speed. These conditions may adversely affect the sensitive hoof tissue in domesticated horses and as a result many of these horses are shod (Back et al 2013, Clayton et al. 2011, Curtis 2006, Hertsch et al 1997, Humphrey 1995, Leisering et al 1982, Leslie 1977, Möller 1915, Schwendimann 1937). An alternative approach to a regular hoof shoe would be to protect the hoof when necessary and to expose it when not. Several brands of tie-on hoof shoes have commercially been marketed (Hertsch et al. 1997)

The aim of the second study was to assess the head and pelvic asymmetry in healthy riding horses using such a hoof clog compared to their normal shoeing and barefoot. A particular interest was to evaluate whether the hoof clog could prevent any lameness that might develop in horses being trotted barefoot on a hard surface immediately after trimming.
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The lameness locator, a body-mounted-inertial sensor system was designed for equine practitioners as a tool for the detection and evaluation of low grade lameness in the horse (Keegan 2010). The horses are instrumented with three inertial sensors: one uni-axial accelerometer is attached to the head collar between the ears of the horse. A second accelerometer is placed on the midline between the tuber sacrale of the most dorsal aspect of the pelvic region. These measure the vertical accelerations of the pelvis and head during motion. A uni-axial gyroscopic sensor is attached to the dorsal aspect of the pastern on the right forelimb to measure angular velocity of this specific limb. Data measured is transmitted to a hand-held tablet computer in real time, where a custom-designed algorithm is used for detection and quantification of forelimb and hindlimb lameness (Keegan 2010). Thresholds for head- and pelvic asymmetry have been estimated and validated in multiple studies. This threshold for hind limb lameness between normal and lameness have been estimated to be +/- 3mm and for forelimb lameness +/- 6mm respectively. In the first study (sedation study) a few horses in each group had evidence of both, vertical head and pelvic movement asymmetry. In these cases the determination of the primary lame limb was based on the amplitude of asymmetry (% above the threshold) and if the amplitudes of asymmetry were similar, on the distribution (ipsilateral or contralateral) of the asymmetries. Horses with contralateral distribution of asymmetry (apparent forelimb and hind limb lameness on opposite sides) were assigned as having primary forelimb lameness and horses with ipsilateral distribution of asymmetry (apparent fore- and hindlimb lameness on the same side) were assigned as having primary hind limb lameness. This method of determining the limb with primary lameness is based on known compensatory movements in the opposite half of the body appearing as false ‘lameness’ and is known as ‘The law of Sides’ (Keegan 2007, Kelmer et al. 2005, Weishaupt et al. 2004, Weishaupt et al. 2006). By using these values as expected ranges for random change, numbers of horses staying the same, worsening (increased asymmetry) and improving (decreased asymmetry) were computed.

Horses in both studies were selected from a riding school herd and most animals showed a mild asymmetry measureable using the body mounted inertial sensor system. It has to be questioned if a slight asymmetry above threshold detectable with body mounted inertial sensors in horses has to be considered as normal, since it is commonly measured in horses without a subjective detectable lameness and if every asymmetry measured above threshold is equivalent with a lameness of the animal. The high number of horses in this study with asymmetry in one or more limbs above threshold, which were chosen for the study as ‘normal’ riding school horses without any lameness noticed by the owner is somewhat worrisome.

Following the suggestions of the lameness locator software, the majority of horses working in this riding school every day would be lame. One possible explanation could be the mean age of these horses which was higher than the average population of horses presented for lameness examination during routine veterinary work. It is possible, that lameness due to arthritic changes is more likely to occur in an older population of horses. However, a detailed investigation including local analgesia and imaging would be necessary to investigate the underlying cause of the lameness or the asymmetry above threshold. 

Asymmetry in fore- and hind-limbs could also be the result of tension in the horses back and/or neck due as reaction to the unknown environment. This tense musculature might be responsible for a certain degree of asymmetry in the locomotion pattern detectable by the sensors. Further studies could evaluate more ‘normal’ riding horses during their routine work using body mounted inertial sensors, to get a better understanding on the reliability of the pre-determined asymmetry – threshold as well as what the normal asymmetry in a riding horse population would be.

The threshold of the inertial sensor system was determined before in multiple studies as mentioned previously (Keegan 2007, Keegan 2010), but looking into the results of this study it could be an explanation, that this threshold was set too low for the average horse or the horses used in the study had a lameness. All horses were evaluated subjectively before they were included into the study and only horses with a lameness degree not higher than 2 out of 5 (AAEP-Scale) were included into the study. It was not further investigated, if the subjective assessment was corresponding to the results of the lameness locator in the individual horse. This would be another interesting analysis to perform. Overall the first author, who performed the subjective examination on arrival for including horses into the first study classified 34 out of 44 (77%) horses as lame in at least one limb.

Another possible explanation of the high number of horses above asymmetry – threshold in this study could be the untrained eye of most horse owners in the detection of lameness. Many horse owners and riders, if not experienced struggle to recognize a lameness in horses, especially in the hind limb and in low grade lame horses. It could be shown, that more horses in the study showed a hind limb asymmetry compared to a front limb asymmetry. It is well recognized, that hind limb lameness in horses is far more difficult to recognize even for experienced veterinarians (Keegan 2007, Keegan 2010) why it could be an explanation, that it is even more difficult for owners and riders. Evaluating these horses subjectively by an experienced veterinarian could provide further understanding of the detection rate of lameness by an unexperienced owner or rider.

Sedating difficult horses during a lameness evaluation to facilitate diagnostic analgesia is sometimes necessary, when horses do not respond to physical restrain (Bassage 2011). The purpose of the first study was to objectively measure the effect of low-dose (0,3mg/kg) sedation on the gait of horses in trot using common indicators of forelimb and hind-limb lameness as measurement, such as vertical movement of the head and pelvis (Wyn-Jones 1988, Barr 1997, Stashak 2002, Bassage 2011). The absence of significant change in amplitude of forelimb and hind limb lameness in the xylazine treatment group at both 20 and 60 minutes post treatment for either all horses or for horses with pre-existing lameness is supportive evidence that this amount of sedation does not interfere or mask the exhibition lameness, and thus can be effectively used if needed in the clinical situation.

It is interesting to note that in this study some of the horses in the saline group had a greater vertical head movement asymmetry at times 20 and 60 than at time 0. This could be interpreted as an increase in forelimb lameness. When horses in the saline group were interpreted individually most stayed the same but 4 horses (between time 0 and time 20) and 5 horses (between time 0 and 60) had greater vertical head movement asymmetry that could be interpreted as either becoming lame (when previously not) or worsening in forelimb lameness. However, in the xylazine group, fewer (1 between time 0 and time 20 and 2 between time 0 and time 60) had increased asymmetric head movement. This increase in lameness in some horses in the saline group is concerning since the horses had head movement asymmetry consistent with developing or increased forelimb lameness without apparent provocation.  This could have interfered with the correct evaluation of lameness should a block indeed have been performed. This apparent increase in forelimb lameness after time 0 could have been caused by masking of lameness at time 0, perhaps by initial excitement of the horse at the initial examination, or the act of lameness evaluation itself (trotting the horse up and down on an asphalt surface) generated or increased forelimb lameness. Results of this study support a contention that it is important to first determine that the lameness being evaluated is not changing, perhaps by performing repeated examinations a few minutes apart or, if appropriate in the particular case, by exercising the horse for a few minutes before evaluation. Certainly, some attempt to create “stable” forelimb lameness should be made before launching into local anesthesia procedures. 

In the first study there were fewer horses with pre-existing forelimb than hind limb lameness, which may have affected our ability to detect small differences in forelimb lameness between groups and times.  No difference in head movement asymmetry associated with lameness could be detected in the xylazine group.  However, 4 out of 9 horses with existing forelimb lameness in the xylazine group had decreased head movement asymmetry (less forelimb lameness) at 60 minutes post treatment. The mean decrease in VS in these 4 horses was 14.1 mm, well above the 95% confidence interval for repeatability and what would be considered random change. By contrast, in the saline group, only 2 horses out of 7 with existing forelimb lameness were improved 60 minutes post treatment. Although the numbers of horses improving in forelimb lameness were not statistically significant different between saline and xylazine treatment groups, the fact that almost 50% of horses treated with low dose xylazine would have been considered improved at 60 minutes without blocking is troublesome. The decreased head movement asymmetry in these 4 horses after xylazine treatment is likely not only due to sedation, but also caused by these horses being more relaxed and used to the study protocol. Signs of sedation were strongest 20 minutes after treatment, when the decrease in head height asymmetry in the xylazine treatment group was less than at 60 minutes after treatment.  It is possible that residual analgesic effects of xylazine may be present at 60 minutes in these 4 horses, after clinical signs of sedation have disappeared. The systemic half-life of xylazine after intravenous administration is approximately 50 minutes with peak effect, as measured by response to nociceptive stimuli, of 5 to 20 minutes after administration (Garcia-Villar et al. 1981, Ringer et al. 2013). Duration of sedation and analgesia generally coincide and last for around 50 minutes, however, assessment of true analgesic effects in animals (compared to humans) is difficult, approximate and analgesia sufficient to ameliorate lameness may persist longer.

Head and pelvic movement asymmetry has been shown to be influenced by speed of movement, which was estimated in this study by measuring stride rate. Stride rate, along with stride length, is a component and estimate of speed.  Stride rate increases non-linearly over a wide range of speed, but at the low stride rates of this study, the relationship is nearly linear (Leach et al. 1986). In another study in which stride rate and speed of movement were simultaneously measured, 15 minutes after a higher dose of xylazine, a decrease in stride rate by 22% occurred with a simultaneous decrease in speed of movement of 24% (Lopez-Sanroman et al. 2012).    In this study mean stride rate decreased in the xylazine group 20 minutes after treatment by 3%, which was significantly more than the saline group. However, this small decrease in stride rate (3%), though statistically significant, and likely equivalent to a decrease in speed of movement of < 5%, was probably not clinically significant. Our finding that all horses with forelimb lameness in the xylazine group at 20 minutes were unchanged in forelimb lameness, when stride rate was significantly different, but 5 out 9 at 60 minutes had change in amplitude of forelimb lameness, when stride rate was not significantly different, supports this contention.  

In conclusion, the results of this first study generally support the use of low-dose xylazine sedation without reversal in recalcitrant horses to facilitate blocking without masking of lameness 20 and 60 minutes post sedation, especially for evaluation of hind limb lameness. However, low-dose sedation may strongly affect the evaluation of vertical head movement asymmetry in individual horses up to 60 minutes post sedation and care should be taken especially when evaluating mild forelimb lameness. Further investigations with other sedative agents, dosages, and regimens, should be performed before extrapolating the results of this study too broadly.

The purpose of the second study was to objectively evaluate whether applying hoof clogs to horses freshly trimmed feet would prevent (or even cause) forelimb or hind limb lameness.  Although the mean level of lameness as measured by head and pelvic movement asymmetry was not significantly different between any of the treatments (with shoes, barefoot after trimming, and with clogs) in any group, we did find some interesting trends when clogs were applied to the freshly trimmed foot and evaluated before allowing the horse to trot on a hard surface.  More horses were either unchanged in lameness or improved when evaluated wearing the clogs.  More horses either developed lameness or had worsening in existing lameness if they were allowed to trot barefoot after trimming.

The hoof clogs were easy to fit and apply for an experienced farrier, and once fitted they were easy to apply and remove.  After some brief training, students without any experience in hoof shoe application, could quickly and correctly apply the clogs.  All horses fitted with the clogs were trotted for 50 meters before they were re-evaluated objectively. Subjectively, a few horses seemed to have mild increased movement of the limbs for about 5-10 strides, but then all seemed to tolerate the clogs and trot normally within a few meters.  

Although not statistically significant there was a trend for Pmin to be higher in group 2 horses (first re-evaluated after trimming and on the third trial evaluated with hoof clogs applied) when evaluated barefoot after trimming, and more horses either developed lameness or had a worsening in lameness when evaluated barefoot after trimming.  Pmin is a measure of the impact component of hind limb lameness (Keegan et al. 2011) and pain or sensitivity on impact of the hind limbs may be caused or exacerbated by allowing exercise on hard ground while barefoot immediately after trimming.  The application of the hoof clogs may ameliorate this by protecting the bottom of the foot.

Though not statistically significant there was also a small trend for higher Pmax in the horses before removing the shoes.  Pmax is a measure of asymmetry hind limb pushoff.  Hind limb pushoff effectiveness likely is improved with good hind limb traction and the steel shoes on the asphalt surface may cause slight slippage during pushoff of the hind limbs.

In this study only 10 horses per group were evaluated and no statistically significant effects of the hoof clogs were found. 

Results of this study support the contention that applications of these hoof clogs do not cause forelimb or hind limb lameness, are well tolerated, and may decrease concussion when trotting on hard ground. Additional studies with larger numbers of horses, particularly with groups of either completely sound horses or horses with consistent lameness in either the forelimb or hind limb, especially if the lameness focus is within the foot or distal limb joints. Also, other studies in which the horses are fitted and wearing the clogs, and are subjected to exercise and ridden on different surfaces, while traveling in a circle should be conducted.  

For both studies the Lameness Locator, a body-mounted-inertial-sensor system was used to objectively evaluate the head and pelvis asymmetry in horses under different conditions. The Lameness Locator, mostly used by equine practitioners around the world for the detection and evaluation of difficult lameness in horses was found to be an easy tool for the purpose of these studies. It was tolerated well by all horses and the data collected between the different trials during the study were easy to analyze and to compare. The Lameness Locator can be used during routine lameness examination where the opportunity to save the data and compare it to previously measured trials is a well-established method of objectively assessing the success of a recommended treatment plan. It is furthermore a great tool for educational purposes and in the future more objectively performed studies will surely be performed. Overall, the Lameness Locator was found to be very useful for an objective comparison of horses examined under different conditions focusing on lameness.
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Lameness remains one of the most common medical problems in working horses. Vertical movement asymmetry of head and pelvis are common and accepted parameters in fore- and hind limb lameness evaluation, but it has been shown before that the subjective evaluation of lameness performed by equine practitioners are not reliable especially in low grade lame horses and that bias can adversely affect the correct evaluation of lameness. The body-mounted inertial sensor system used in this study provides objective measures of forelimb and hind limb lameness by measuring the head and pelvic vertical movement asymmetry. It has been evaluated before for reliability and detection rate of lameness and was found to be sufficiently repeatable to investigate for clinical use.

Diagnostic analgesia is an integral part during an equine lameness examination, but it can be challenging to perform in uncooperative horses. Using sedation in these horses might, because of analgesic and ataxia-inducing effects, interfere with lameness evaluation. Therefore the objective of the first study was to evaluate whether sedation with low-dose xylazine would alter lameness amplitude as measured by body mounted inertial sensors. Therefore 44 horses were randomly split into 2 groups and lameness was measured before and after injection of either xylazine (0,3mg/kg) or saline. Numbers of horses staying the same, improving or worsening were compared between groups at each time interval.

There was no significant difference in head or pelvic movement asymmetry between the xylazine and saline treatment group. However, a few horses with forelimb lameness in the xylazine treatment group showed a large decrease in head movement asymmetry which is equivalent to a decrease in forelimb lameness at 60min post sedation, concluding that a low-dose sedation with xylazine may be used without any concern of potential lameness-masking effects for hind limb lameness evaluation, but caution should be used in horses with forelimb lameness, especially in those of mild severity.

Extreme forces of impact or loading to the horse’s foot on completely inelastic surfaces may adversely affect sensitive hoof tissue, resulting in most domesticated horses being shod. The aim of the second study was to assess one method of temporary hoof covering, a hoof clog, to determine objectively if application of a Dallmer Hoof Clog in horses trotting over hard ground would affect the vertical head and pelvic movement asymmetry compared to the normal shod and unshod condition. The particular interest was to determine whether the hoof clog would prevent any lameness that might develop in horses trotting barefoot on a hard surface immediately after trimming. Twenty horses were randomly obtained from a riding school herd and evaluated objectively using body mounted inertial sensors first with their regular shoeing, barefoot and with a hoof clog applied. Overall there were no significant differences in either group between treatments (regular shoeing, trimmed and unshod, clogs). Even though not statistically significant, there was a trend that horses trotted barefoot developed a slight lameness, which could be ameliorated when applying hoof clogs. Results of this study support the contention that applications of these hoof clogs do not cause forelimb or hind limb lameness, are well tolerated, and may decrease concussion when trotting on hard ground.

The body mounted inertial sensor system ‘Lameness Locator’ was found to be a very useful tool for an objective comparison of horses examined under different conditions focusing on lameness.






[bookmark: _Toc449538328][bookmark: _Toc456176255]Zusammenfassung



Objektive Untersuchung der Kopf- und Becken Asymmetrie bei Pferden unter verschiedenen Bedingungen mit Hilfe eines Sensorsystems (Lameness Locator) 

Lahmheit ist eines der am häufigsten, medizinischen Probleme bei Pferden. Bei der Beurteilung von Lahmheiten ist die vertikale Bewegung von Kopf und Kruppe ein sehr häufig genutzter und akzeptierter Anhaltspunkt. Studien haben gezeigt, dass die subjektive Evaluierung von lahmen Pferden durch Tierärzte, insbesondere bei leichtgradigen Lahmheiten häufig nicht zuverlässig ist und sich eine vorgefertigte Meinung negativ auf eine korrekte Beurteilung auswirken kann. Das Sensor System, welches in dieser Studie genutzt wurde erkennt Vorderhand- und Hinterhand-Lahmheiten, indem es objektiv die Asymmetrie der vertikalen Kopf- und Kruppen-Bewegung misst. Es konnte gezeigt werden, dass diese Art der Messung verlässlich im Erkennen von Lahmheiten ist.

Leitungsanästhesien sind ein entscheidender Teil innerhalb der Lahmheitsuntersuchung von Pferden, können jedoch bei schwierigen Patienten oft problematisch in der Durchführung sein. Das Sedieren solcher Pferde könnte allerdings, aufgrund der analgetischen sowie ataxie-auslösenden Wirkung den weiteren Verlauf der Lahmheitsuntersuchung beeinflussen. Daher war das Ziel der ersten Studie, zu untersuchen, ob eine Sedierung mit einer geringen Menge Xylazin die Lahmheit, welche mit einem Sensor System gemessen wurde beeinflusst. Hierzu wurden 44 Pferde zufällig in zwei Gruppen eingeteilt und die vertikale Bewegung von Kopf und Kruppe gemessen, nachdem der Hälfte der Pferde Xylazin (0,3mg/kg) und der anderen Hälfte physiologische Kochsalzlösung injiziert wurde. Die Anzahl der Pferde, welche unverändert, verschlechtert oder verbessert waren wurde analysiert und zwischen den beiden Gruppen zu den unterschiedlichen Zeitpunkten verglichen.

Es bestand kein signifikanter Unterschied innerhalb der Kopf- und Kruppen-Asymmetrie zwischen der Xylazin- und der Kontrollgruppe, jedoch zeigten einige Pferde mit einer Vorderhand-Lahmheit in der Xylazin-Gruppe eine deutliche Verringerung der vertikalen Kopf-Bewegung 60min nach Sedation, was mit einer Verringerung der Lahmheit gleichzusetzen ist. Dies lässt die Schlussfolgerung zu, dass eine geringe Menge Xylazin problemlos in der Lahmheitsuntersuchung von Pferden mit einer Hinterhand-Lahmheit genutzt werden kann. Bei Pferden, insbesondere solchen mit einer leichtgradigen Vorderhand-Lahmheit muss die Sedierung mittels einer geringen Dosis Xylazin jedoch kritisch abgewogen werden.

Extreme Kräfte wirken auf die Hufe von Pferden beim Landen und Belasten, insbesondere auf festen, unelastischen Böden, was sich negativ auf das sensible Gewebe im Bereich des Hufes auswirken kann. Aus diesem Grund sind die meisten domestizierten Pferde heutzutage beschlagen. Ziel der zweiten Studie war es eine Alternative zum klassischen Beschlag zu untersuchen. Hierbei wurde untersucht wie ein ‚Dallmer Hufschuh‘ als ein temporärer Hufschutz die vertikale Bewegung von Kopf und Kruppe im Vergleich zu normalem Beschlag und barfuß beeinflussen würde. Das besondere Interesse lag darauf zu erkennen, ob ein Hufschuh eine Lahmheit verhindern könnte, welche möglicherweise bei Pferden auftritt, die unmittelbar nach dem Abnehmen der Eisen barfuß vorgetrabt wurden. Zwanzig Pferde wurden zufällig aus einer Herde an Reitpferden ausgewählt und objektiv mittels Sensoren System evaluiert. Alle Pferde wurden mit ihrem gewöhnlichen Beschlag, sowie barfuß und mittels aufgeschnalltem Hufschuh untersucht.

Es konnte kein signifikanter Unterschied in der Bewegungs-Asymmetrie zwischen den verschiedenen Huf-Beschaffenheiten nachgewiesen werden (gewöhnlicher Beschlag, barfuß, Hufschuh). Wenngleich nicht signifikant, so konnte jedoch ein leichter Trend erkannt werden, dass Pferde, welche barfuß getrabt wurden eine leichte Lahmheit entwickelten, was sich durch das Aufbringen von Hufschuhen wieder verbesserte. Die Ergebnisse dieser Studie unterstützen die Vermutung, dass diese Art von Hufschuhen keinen Einfluss auf Vorderhand- und Hinterhand-Lahmheit bei Pferden haben, sie gut toleriert werden und in einem gewissen Maß die Erschütterung beim Traben auf hartem Boden verringern können.

Das in diesen Studien genutzte Sensor – System ‚Lameness Locator‘ wurde als ein sehr nützliches Hilfsmittel angesehen um objektiv einen Vergleich herstellen zu können zwischen Pferden, die unter unterschiedlichen Bedingungen im Hinblick auf Lahmheit vorgetrabt wurden.
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Summary

Reasons for performing study: Diagnostic ana gesia is an integral part of equine lameness examinations, but is chalenging to peform in
uncooperative horses. Using sedation to facilitate this might, because of analgesic and ataxia-inducing effects, interfere with lameness evaluation
Objectives: To evaluale whelher sedalion wilh low-dose xylazine would aller lameness amplilude as measured by body-mounled inerlial sensors.
Study design: Conlrol ed experiment

Methods: Forly-four horses were randomly spiil inlo 2 groups. Lameness was measured using body-mounted inerlial sensors before and ailer injection
of xylazine (0.3 mgikg bwt) or saline. Sedation was measuved at 5, 20 and 60 min following treatment, and lameness evaluations were performed
before (Time 0} and at 20 and 60 min after treatment. Foreimb ameness was determined by measuring the vector sum of mean head height maximum
and minimum differences between all right and eit forelimb strides (n>25] collected with the horse trolling in a straight line. Hindiimb ameness
amplitude was determined by measuring mean pelvic height maximum and minimum differences belween right and 'eil hindlimb strides. Numbers of
horses staying the same, improving or worsening were compared between groups at each lime interva

Results: There were no significant differences in head or pelvic movement asymmetry between xylazine and saline t-eatment groups. However, a few
horses with foreiimb lameness in the xy/azine treatment group showed a arge decrease in head movement asymmetry (decrease in forelimb lameness)
at 60 min fol owing sedation

Conclusions: Low-dose sedation with xylazine may be used without the concermn of potential ‘ameness-masking effects for hindlimb ameness

eva uation, but caution should be used in some horses with forelimb lameness of mild severity.

The Summary is available in German — see Supporting information.

Keywords: horse; lameness examination; xylazine; inertial sensor system; sedation

Introduction

Diagnostic ana/gesia s important in equine lameness evaluations [1-5] but
can be challenging and dangerous for the clinician in certain patients.
Physical restaint [twitch) is often sufficient [3], but additional chemica
restraint (sedation) may be necessary [5]. However, sedal've agenls may
provide analges'a or induce ataxia [3,6-11] or other proprioceptive deficits
[1,12], and modify o- interfere with subsequent observation of lameness
amp itude [4,5]. This is especially worrisome for horses with mild ameness,
when delectng small changes in locomolion may be necessary [3]
Sedation wilh -2 agonists prior Lo diagnoslic analgesia and Lhen chemica
“eversal has been shown Lo be effeclive [1], bul requires an extra slep and is
not devold of potential side effects. Administering o2 agonists, sometimes
at lower than recommended dosages, has been discussed and is used
commonly in clinical practice, but remans controversial [1,3-6,89,12-16]
Vertica head and pelvic movement asymmelry, for ‘orelimb and
hind imb lameness eva ualion, are common and accepled paramelers ‘or
observing and measuring lameness in horses [2 5,9,13]. The am of this
study was to evaluate the e“ect of a low-dose 32 agonist on the
measurement o fore’'mb and hindimb lameness by measuring asymmetry
o vertical head and pelvic movement w'th body-mounted inertial sensors.

Materials and methods

The sample cons'sled of 44 horses, unremarkable on general physica
examination, were obtaned from a teaching herd and evaluated ‘or
ameness subjectively by an experienced veterinarian. The degree of
ameness was used to statfy horses 'nto subgroups o° sound, midy ame
and markedly lame. Horses in each subgroup were then andomly split into
treatment and contro’ groups, so approximately equal numbers of sound,
mildly ame and markedy ame horses were in each group. Al horses were
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stabled for at east 20 min before the examinatons. Body we'ght was
estimated us'ng a weight tape.

Horses were evaluated objectivey ‘or lameness using body-mounted
Inertial sensors (Lameness Locator)”. kach hovse was nst-umented with 3
inertial sensoss as described 'n other studies [1/-22): one uni-axial
accelerometer between the ears attached to a head bumper or the crown
plece of a head halter; a second uni-axia accelerometer placed between
the tubera sacrale on the midline o° the most dorsal aspect of the pevis
wih Lape; and a uni-axial gyroscope wrapped Lo Lhe dorsal aspect of the
right fore'mb paslem. Dala were oblained wirelessly from the inertial
sensors before (Time 0} and 20 and 60 min after t-eatment with e'ther low
low-dose xylazne {Xylariem 20 mg®; 0.3 mgkg bwt diuted to 10 ml total
volume wilh saling} or equa volume of stevile salne. Horses Lrolled in &
straight line on hard g-ound for approximalely 50 m, sampling belween 25
and 50 slrides dependng on size o’ horse and lenglh of siride. The horse
was handed by the same person at each evauaton time. Between
evaluations, horses were muzzied and returned to stals

Horses were also evaluated objectively at 5, 20 and 60 mn ‘ollowng
treatment for degree of sedation by measu-ng head height above ground
(HHAG) with & tape measure, and subjectvely for ataxia by experenced
clin'cians cicling the horse in both directions 'n a 2 m circle at a walk, and
backing the horse “or at least 5 m.

Objective lameness measures

1he bady-mounted ne-tial sensors provide objective measures o forelimb
and hind imb lameness by measung head and pelvic vertical movement
asymmetry. Vertical head movement asymmetry is reported as the vector
sum (VS) of maximum (Hmed and minimum (Hy.) head height dierence

(Fig 1) i mm (VS = /(Hea)” = (Hon)* between right and left
components of each forelimb stride, which represents an overal
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Vertical head (pelvic) movement signal

Fmax Prmad =

Fin Proid)

Right forelimb (right hindlimb) stance
Left forelimb (left hindlimb) stance

Fig 1: Body-mounted inertial sensor parameters used to measure forelimb and
hindlimb lameness. Hpae is vertical head height maximum preceding right
forelimb stance minus the same preceding left forelimb stance and Py is
vertical pelvic height maximum preceding right hindlimb stance minus the same
preceding left hind limb stance. Hmi, is vertical head height minimum during right
forelimb stance minus the same during left forelimb stance. Vector sum (VS)

= 1/ (Hma)® + (Hiin)? [the effect of Ha cannot be separate from that of Hua)

Pmin is vertical pelvic height minimum during right hindlimb stance minus the
same during left hindlimb stance. VS measure the combined asymmetric upward
and downward, respectively, vertical head movement that is associated with
forelimb lameness. Ppin and Pma, measure separately the asymmetric upward
and downward vertical pelvic movement that is associated with hindlimb
lameness

measurement of head movement asymmetry in both the downward and
upward directions. Side of lameness is determined by sign of Huy,, or
minimum head height during right forelimb stance minus minimum head
height during left forelimb stance, with positive values indicating right
forelimb, and negative values indicating left forelimb lameness. In this
2-component model of head movement evaluation, Hya, and Hey, are
conceptually related and not separately evaluated. Thus for forelimb
lameness, VS was the single dependent variable for forelimb lameness.

Vertical pelvic movement asymmetry is reported as the maximum (P
and minimum (Pmin) pelvis height difference in mm between right and left
halves of the stride (Fig 1), with Py associated with decreased downward
movement in the first half of stance of the hindlimbs and P, associated
with decreased upward movement during the second half of stance of the
hindlimbs. Positive values of Pra and P, indicate asymmetric pelvic
movement due to right hindlimb lameness and negative values indicate
asymmetric pelvic movement due to left hindlimb lameness. In this one-
component model of pelvic movement evaluation P, and P, are
conceptually unrelated and therefore separately evaluated as dependent
variables for hindlimb lameness.

Approximate ranges for clinically important change and thresholds
hetween sound and lame are based on the 95% confidence intervals (Cls)
for repeatability for these asymmetry measures, which have been
previously determined by comparing with expert subjective evaluation in a
large number of horses with varying degrees of forelimb and hindlimb
lameness, and are 8.5 mm for VS and £3 mm for Pmax and Pin [20].

The 95% Cl for repeatability of Hmayx and Hpin in this study were 6.28 and
6.50 mm, respectively. Thus the 95% Cl for VS is calculated as

(Hrnax)® + (Hran)? , or V62 + 62 = /72 = 8.5 mm.

In each group, a few horses had evidence of both vertical head and
pelvic movement asymmetry. In these cases determination of the
primary lame limb was based on the amplitude of the asymmetries (%
above threshold) and, if the amplitudes of asymmetry were similar, on
the distribution (ipsilateral or contralateral) of the asymmetries. Cases
with ipsilateral distribution of asymmetry (apparent forelimb and
hindlimb lameness on the same side) were assigned as having primary
hindlimb lameness. Cases with contralateral distribution of asymmetry
(apparent forelimb and hindlimb lameness on opposite sides) were
assigned as having primary forelimb lameness. This method of
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determining limb  with primary lameness is based on known
compensatory movements in the opposite half of the body appearing as
false ‘lameness’ and is known as ‘The Law of Sides’ [23-27]. Using these
values as expected ranges for random change, numbers of horses
staying the same, improving (decreased asymmetry) and worsening
(increased asymmetry) were computed. Mean stride rate over all
collected strides was calculated using a peak detection algorithm on the
right forelimb gyroscopic signal and reported for each trial as an
estimation of speed of movement.

Data analysis

Because negative values of pelvic movement asymmetry indicate left-
sided hindlimb lameness and positive values indicate right-sided
hindlimb lameness group mean values of Pyn and Pmac in samples of
horses with both left- and right-sided hindlimb lameness will be near
zero. Thus for data analysis all leftsided pelvic asymmetry values were
first standardised by multiplying by —1 to convert to right-sided values.
Standardisation was not necessary for head movement asymmetry since
calculation of VS renders an unsigned value. Head and pelvic
movement results at some time points deviated substantially from
normality, so nonparametric median tests were used for group and
time comparisons. The HHAG, head (v5) and pelvic (Pmin, Prad
asymmetry measures were compared between time points for both
groups using a nonparametric equivalent of a paired t test (Wilcoxon-
signed-rank test), and group differences at each time point were
compared with the nonparametric equivalent of a Student t test (Mann—
Whitney U test). Accepted P values were adjusted for multiple
comparisons by dividing by the number of comparisons (Bonferroni
correction). Numbers of horses staying the same, improving and
worsening in head or pelvic movement asymmetry were compared
between groups at each time point (0 vs. 20 and O vs. 60) with a
generalised Fisher exact test for nominal independence. Since stride
rate did not deviate from normality, differences in stride rate between
times for each group were evaluated with a one-way analysis of
variance. All statistical analyses were carried out with an o-value =0.05
considered  significant {after correction for multiple comparisons).
Statistical analyses and plotting were performed with StatsDirect Medical
Statistic softwareS and the Analyze-it Excel plugin®.

Results

The 44 horses had a mean age of 15 years (4-25 years) and included 16
Warmbloods, 14 Ponies, 5 Arahians, 3 Trotters, 2 Friesians, one Icelandic,
one Thoroughbred, one Haflinger and one Fjord. Mean weight was 456 kg
(280-620 kg). In the saline group 12 of 22 horses had vertical head
movemnent asymmetry (V5>8.5 mm) and 14 horses had vertical pelvic
movement asymmetry (1Pl or P [>3.0 mm), with 7 horses showing
both vertical head and pelvis movement asymmetry when first trotted at
Time 0. Of these 7 horses, 2 had primary forelimb lameness and 5 had
primary hindlimb lameness. Thus in the saline control group there were 7
with primary forelimb lameness and 12 with primary hindlimb lameness.
Three of 22 horses in the control group had measurements of VS, Pray and
Pmin all below threshold and thus defined as sound.

In the xylazine group, 12 of 22 horses had asymmetric head movement
and 17 had asymmetric vertical pelvic movement, with 8 showing both
asymmetric vertical head and pelvic movement. Of these 8 horses, five had
primary forelimb lameness and 3 had primary hindlimb lameness. Thus in
the xylazine group there were 9 horses with primary forelimb lameness
and 12 with primarily hindlimb lameness. One horse in the xylazine group
was sound.

Initial values from all horses in both groups of V5 for vertical head
movement asymmetry (forelimb lameness) and of Py, and P, for vertical
pelvic movement asymmetry {hindlimb lameness) are shown in Table 1.

Degree of sedation

No horses in the study showed signs of ataxia when circled or reversed at
any time points, but all 22 horses receiving low-dose xylazine showed signs
of sedation after 5 min when evaluated subjectively, 18 horses were
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TABLE 1: Effect of xylazine (or saline) on median (range) group values at Times 0, 20 and 60 for lameness measures. VS = vector sum, P,
and P, are, respectively, differences in pelvic minimum and maximum pelvic between right and left strides. VS measures head movement
asymmetry consistent with forelimb lameness. P, and P, measure pelvic movement asymmetry consistent with hindlimb lameness.
Thresholds between lame and sound are estimated to be +8.5 mm for VS, and £3.0 mm for P, and P, Refer to Figure 1 legend for

further definition

Parametersall or only lame horses  Saline Time O Xylazine Time O Saline Time 20 Xylazine Time 20 Saline Time 60 Xylazine Time 60
VS all horses 9.0 (1.8 131.3} 9.8 (2.7 35.5) 1.1 (1.9 177.2) 9.4 (2.9 355) 10.0 (1.2 182.6} 85 (3.1 31.5}
VS only forelimb lame 10.6 (9.0 131.3}  12.9 (9.3 35.5) 13.9 (6.5 177.2) 11.1 (8.2 35.5) 103 (4.8 182.6) 9.7 (3.1 22.9}
Pmin  all horses 35 (0.2 35.0 23 (0.3 7.6} 4.1 (0.3 27.0) 2.2 (0.1 8.0} 3.4 (03 13.8 22 (0.2 89}
Prin  ohly hindlimb lame 5.9 (1.6 35.0 4.9 (0.5 7.6} 6.2 (1.1 27.0} 4.9 (0.1 8.0} 4.8 (0.8 13.8 3.6 (0.2 89)
Prax  all 23 (0.1 12.4) 37 0.6 11.7} 2.1 (0.0 13.6} 33(0.0 9.2 3003 12.7) 3.0 (0.6 12.2}
Pmax  Ohly hindlimb lame 83 (3.3 12.4} 4.2 (3.1 11.7} 7.5 (2.3 13.6) 4.2 {05 9.2} 7.6 (3.1 12.7) 38 (1.5 12.2}

classified as sedated by the blinded observer at 20 min post injection, and
one at 60 min post treatment. The HHAG was significantly less at 5, 20 and
60 min following xylazine treatment {P<0.0001 for all comparisons), and
significantly less for the xylazine group compared with the saline group at
20 and 60 min post treatment (P<0.0001 for both comparisons,
Supplementary Item 1). The HHAG was significantly less in the saline group
at 60 min post treatment compared with Time 0 (P = 0.02), but there was
no difference in HHAG between treatment groups 60 min after treatment
(P=06).

Mean stride rate decreased between Time O and 20 in the xylazine
group by 0.04 (£0.01) strides per second (an approximate 3% decrease,
P = 0.002), but stride rate was not significantly different at any other time
point within or between groups at any time point.

Head movement asymmetry (VS for forelimb
lameness)

For all horses, and for only those horses with pre-existing forelimb
lameness, in both the saline and xylazine treatment groups, there were no
significant changes in V5 between Time 0 and 20 or between Time 0 and
60 (Table 1). Using the approximate 95% Cl for change in VS as the
determination for nonrandom change in vertical head movement
asymmetry (VS = £85 mm) [17] numbers of horses staying the same,
worsening or improving are shown in Table 2. From Time O to Time 20 in
the saline and xylazine groups most horses stayed the same, but a few
improved or worsened. One horse in the saline group went from mild right
forelimb lameness at Time O to a mild left forelimb lameness at Time 20
(Table 2; Supplementary item 2).

TABLE 2: Effect of xylazine (or saline) on forelimb lameness. A
greater proportion of horses with pre-existing forelimb lameness
became worse at 20 min following saline treatment (2 of 7) than
post xylazine treatment (0 out of 9; P =0.019), but no other
comparisons were significant

20 min 60 min

Number of Saline  Xylazine Number of Saline  Xylazine
horses horses

Staying the 15 (3} 20 (9} Staying the 14 (3} 15 (4}
same; all {only same: all (only
fore lame} fore lame}

Improving; all 2 (1} 1 {0} Improving; all 32 5 (4}
(only fore {only fore
lame} lame}

Worsening; all 4 (2} 1 {0} Worsening; all 52} 2 (1}
{only fore {only fore
lame} lame}

Switching sides; 1 (1} 0 {0} Switching sides; O (0} 0 (0}
all {only fore all fonly fore
lame} lame}
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Numbers of horses staying the same, improving, or worsening in head
movement asymmetry between saline and xylazine groups between Time
0 and 20 were not statistically significant when considering all horses,
however, when considering only horses with pre-existing forelimb
lameness, fewer horses in the saline group (3 of 7) stayed the same
compared with the xylazine group (9 of 9; P = 0.02; Table 2).

Similarly, when considering all horses in the saline and xylazine groups
between 0 and 60 min, most horses stayed the same, a few improved and
a few worsened. Considering only those horses with primary forelimb
lameness in the saline group, 3 out of 7 horses stayed the same, while in
the xylazine group 4 out of 9 stayed the same. However, in the xylazine
group, 4 of the horses that had forelimb lameness at Time O and were
unchanged at Time 20, had improvement at Time 60, one of which went
below the threshold consistent with soundness. Two horses in the xylazine
treatment group that were considered improved decreased head
movement asymmetry just above the 95% Cl of repeatability (8.6, 8.7 mmy},
but the other 3 decreased head movement asymmetry well above this
amount (by 12.9, 16.8 and 22.4 mm).

Considering all horses and only those with preexisting forelimb
lameness, numbers of horses staying the same, improving or worsening in
head movement asymmetry between saline and xylazine groups were not
statistically significant.

Pelvis movement asymmetry (Pmax and Puin for
hindlimb lameness)

There were no significant differences in Py OF Py between time points
for either saline or xylazine treatment groups, both when comparing all
horses and when comparing only those horses with asymmetric pelvic
movement consistent with primary hindlimb lameness at Time 0 (Table 1).
Using the 95% CI for a change in Pmac and Prin (£3 mm), numbers of
horses staying the same, improving or worsening are shown in Table 3
(Supplementary Item 3). Between Time 0 and 20 and between Time 0 and
60, in both the saline and xylazine treatment groups, most of the horses
stayed the same, but a few improved or worsened.

Numbers of horses staying the same, improving or worsening between
0 and 20 min and between 0 and 60 min, for all horses and for horses with
pre-existing hindlimb lameness, were not significantly different between
saline and xylazine groups (Table 3).

Discussion

Sedating horses during a lameness examination is sometimes necessary to
facilitate diagnostic analgesia in difficult horses that do not respond to
physical means of restraint [3]. The purpose of this study was to measure
objectively the effect of low-dose sedation on lameness evaluation using
measurement of common indicators of forelimb and hindlimb lameness,
vertical movement of the head and pelvis, which have been shown to be
accurate for detection of lameness in horses [2 5]. The time intervals, 5, 20
and 60 min post injection for level of sedation, and 20 and 60 min post
injection for evaluation of lameness, were chosen to reflect the tme
necessary to perform the block and usual re-evaluation times after
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TABLE 3: Effect of xylazine (or saline) on hindlimb lameness. There
were no significant differences between groups

20 min 60 min

Number of Saline  Xylazine Number of Saline  Xylazine
horses horses

Staying the 18 (9 17 (8} Staying the 20 (10} 18 (9}
same; all {only same: all {only
hind lame} hind lame}

Improving; all 1 (1} 3% Improving; all 1 (1} 2 (2
{only hind {only hind
lame} lame}

Worsening; all 32 0 (0} Worsening; all 1 {1} 2 {1}
{only hind {only hind
lame} lame}

Switching 0 {0} 2 (2 Switching 0 {0} 0 (0}
sides; all {only sides; all {only
hind lame} hind lame}

diagnostic analgesia in the clinical situation. The significant drop of the
head height and the subjective recognition of sedation in the xylazine
treatment group indicated that the horses responded well to the low dose
(0.3 mgrkg bwt), which would probably have provided adequate restraint
for completion of the block. The absence of significant change in amplitude
of forelimb and hindlimb lameness in the xylazine treatment group at both
20 and 60 min post treatment for either all horses or for horses with pre-
existing lameness is supportive evidence that this amount of sedation does
not interfere or mask the exhibition lameness, and thus can be effectively
used if needed in the clinical situation.

It is interesting to note that in this study some of the horses in the saline
group had greater vertical head movement asymmetry at Times 20 and 60
than at Time O. This could be interpreted as an increase in forelimb
lameness. When horses in the saline group were interpreted individually
most stayed the same but 4 (between Time 0 and Time 20} and 5 (between
Time 0 and 60) had greater vertical head movement asymmetry that could
be interpreted as either becoming lame (when previously not} or
worsening in forelimb lameness. However, in the xylazine group, fewer
{one between Time 0 and 20, and 2 between Time 0 and 60) had increased
asymmetric head movement.

This increase in lameness in some horses in the saline group is
concerning since the horses had head movement asymmetry consistent
with developing or increased forelimb lameness without apparent
provocation. This could have interfered with the correct evaluation of
lameness should a block have been performed. This apparent increase in
forelimb lameness after Time 0 could have been caused by masking of
lameness at Time O, perhaps by initial excitement of the horse at the initial
examination, or the act of lameness evaluation itself {trotting the horse up
and down on an asphalt surface) generated or increased forelimb
lameness. Results of this study support the contention that it is important
to first determine that the lameness being evaluated is not changing,
perhaps by performing repeated examinations a few minutes apart or, if
appropriate in the particular case, by exercising the horse for a few
minutes before evaluation. Certainly, some attempt to create ‘stable’
forelimb lameness should be made before launching into local anaesthesia
procedures.

In this study, there were fewer horses with pre-existing forelimb than
hindlimb lameness, which may have affected our ability to detect small
differences in forelimb lameness between groups and times. No difference
in head movement asymmetry associated with lameness could be
detected in the xylazine group. However, 4 out of 9 horses with existing
forelimb lameness in the xylazine group had decreased head movement
asymmetry (less forelimb lameness) at 60 min post treatment. The mean
decrease in VS in these 4 horses was 14.1 mm, well above the 95% Cl for
repeatability and what would be considered random change. By contrast,
in the saline group, only 2 horses out of 7 with existing forelimb lameness
were improved 60 min post treatment. Although the numbers of horses
improving in forelimb lameness were not statistically significant different
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between saline and xylazine treatment groups, the fact that almost 50% of
horses treated with low-dose xylazine would have been considered
improved at 60 min without having had diagnostic analgesia is
troublesome. The decreased head movement asymmetry in these 4 horses
after xylazine treatment is unlikely to be only due to sedation. Signs of
sedation were strongest 20 min after treatment, when the decrease in
head height asymmetry in the xylazine treatment group was less than at
60 min after treatment. It is possible that residual analgesic effects of
xylazine may be present at 60 min in these 4 horses, after clinical signs of
sedation have disappeared. The systemic half-life of xylazine after iv.
administration is approximately 50 min with peak effect, as measured by
response to nociceptive stimuli, of 5 20 min after administration (7,28].
Duration of sedation and analgesia generally coincide and last for around
50 min, however, assessment of true analgesic effects in animals
(compared with man) is difficult and approximate and analgesia sufficient
to ameliorate lameness may persist longer.

Head and pelvic movement asymmetry has been shown to be influenced
by speed of movement, which was estimated in this study by measuring
stride rate. Stride rate, along with stride length, is a component and estimate
of speed. Stride rate increases nonlinearly over a wide range of speed, but at
the low stride rates of this study, the relationship is nearly linear [29]. In
another study in which stride rate and speed of movement were
simultaneously measured, 15 min after a higher dose of xylazine, a decrease
in stride rate by 22% occurred with a simultanecus decrease in speed of
movement of 24% [9]. In this study mean stride rate decreased in the xylazine
group 20 min after treatment by 3%, which was significantly more than the
saline group. However, this small decrease in stride rate (3%), although
statistically significant, and likely to be equivalent to a decrease in speed of
movement of <5%, was probably not clinically significant. Our finding that all
horses with forelimb lameness in the xylazine group at 20 min were
unchanged in forelimb lameness, when stride rate was significantly different,
but 5 out of 9 at 60 min had change in amplitude of forelimb lameness, when
stride rate was not significantly different, supports this contention.

In conclusion, the results of this study generally support the use of
low-dose xylazine sedation without reversal in recalcitrant horses to
facilitate diagnostic analgesia without masking of lameness 20 and 60 min
following sedation, especially for evaluation of hindlimb lameness.
However, low-dose sedation may strongly effect the evaluation of vertical
head movement asymmetry in individual horses up to 60 min post
sedation and care should be taken especially when evaluating mild
forelimb lameness. Further investigations with other sedative agents,
dosages and regimens, should be performed before extrapolating the
results of this study too broadly.

Authors’ declaration of interests

No conflicts of interest have been declared.

Ethical animal research

This study was approved by the Ethics Committee of the Freie Universitat
Berlin.

Source of funding

No funding was received for this study.

Acknowledgements

We would like to thank Mrs Leelamankong and Mrs Rungsri for their
support during data collection.

Authorship

M.J. Rettig was the principal author and contributed to study design, data
collection and analysis and prepared the manuscript. P. Leelamankong and
P. Rungsri contributed to data collection. C.J. Lischer was the senior author

Equine Veterinary Journal 0 (2015) 1-5 © 2015 EVI Ltd






image6.jpeg

M. J. Rettig et af.

of the study and contributed to study design, and gave final approval of
the manuscript.

Manufacturers’ addresses

2Equinosis, Columbia, Missouri, USA.

hEcuphar GmbH, Greifswald, Germany.

“StatsDirect Ltd, Altrincham, Cheshire, UK.
"Ana\yser\t Saftware Ltd, Leeds, West Yorkshire, UK

References

1. Buchner, HH., Kiibber, P, Zohmann, E. and Peham, C. (1999] Sedation
and antisedation as tools in equine lameness examination. Eguine Vet. J.
31, Suppl. 30, 227230

2. Stashak, T.S. (2002) Examination for lameness. In: Adoms’ Lameness in
Horses, 5th edn, Ed: TS. Stashak, Lippincott Wiliams & Wwilkins,
Philadelphia, Pennsylvania. pp 113-183

3. Bassage, LH. Il (2011) Diagnostic analgesia. In: tameness in the Horse,
2nd edn., Ed: MW. Ross and SJ. Dyson, W.B Saunders, Philadelphia,
Pennsylvania. pp 100-135

4. Wyn-Jones, G. (1988] Equine Lameness, Blackwell Scientific Publications,
Oxford

5. Barr, ARS. (1997) Musculoskeletal diseases. In: Diagnostic Technigues in
Equine Medicine, 2nd edn., Ed: F.G.R. Taylor, T.). Brazil and M.H. Hillyer,
W.B Saunders, Philadelphia, Pennsylvania. pp 250-288

6. Alitalo, |, Vainia, O, Kaartinen, L. and Raekallio, M. (1986) Cardiac effects
of atropine premedication in horses sedated with detomidine. Acta Vet.
Scand., Suppl. 82, 131-136

7. Garcia-Villar, R., Toutain, P.L, Alvinerie, M. and Ruckebusch, Y. (1981) The
phamacokinetics of xylazine hydrochloride: an interspecific study. J. Vet.
Pharmacol. Ther. 4, 87-92

8. Daunt, DA. and Steffey, EP. (2002) Alpha-2 adrenergic agonists as
analgesics in horses. Vet. Clin. N. Am.: Equine Pract. 18: 39-46 vi

9. Lopez-Sanroman, FJ, Holmbak-Petersen, R, Santiago, |, Gémez de
Segura, |.A. and Barrey, E. (2012) Gait analysis using 3D accelerometry in
harses sedated with xylazine. Vet. J. 193, 212-216

10. Seo, )P, Son, W.G., Gang, S. and Lee, |. (2011) Sedative and analgesic
effects of intravenous xylazine and tramadol on horses. J. Vet Sci. 12,
281-286

11. Cruz, FS., Carregaro, AB, Machado, M. and Antonow, RR. (2011)
Sedative and cardiopulmonary effects of buprenorphine and xylazine in
haorses. Can. J. Vet. Res. 75, 35-41

12. Ricketts, SW. (1986] Clinical experience with Domosedan in equine
practice in Newmarket. Acta Vet. Scand., Suppl. 82, 197-201

13. Dysaon, S.J. (2011) Unexplained Lameness. In: Diggnosis and Management
of Lameness in the Horse, 2nd edn., Ed: MW, Ross and S.). Dyson, W.B
Saunders, Philadelphia, Pennsylvania. pp 145-159.

14. Dyson, SJ. and Kidd, L. (1993) A comparison of responses to analgesia of
the navicular bursa and Intra-articular analgesia of the distal
interphalangeal joint in 59 horses. Equine Vet. J. 25, 9398

15. England, G.C, Clarke, KW. and Goossens, L. (1992] A comparison of the
sedative effects of three alpha 2-adrenoceptor agonists (romifidine,
detomidine and xylazine) in the horse. J. Vet Pharmacol. Ther. 15, 194-
201

16. England, G.C. and Clarke, KW. (1996] Alpha 2 adrenoceptor agonists in
the harse — a review. 8r. Vet. J. 152, 641-657

17. Keegan, K.G. (2010] The Lameness Locator (wireless inertial sensors for
detection of lameness in horses]. WvOC 2010, Bologna (Italy)

Equine Veterinary Journal 0 (2015) 1-5 @ 2015 EVJ Ltd

Effect of sedation on lameness evaluation

18. Keegan, K.G, Kramer, ), Yonezawa, Y., Maki, H., Pai, P.F, Dent, EV,
Kellerman, TE., Wilson, DA and Reed, SK (2011) Assessment of
repeatability of a wireless, inertial sensorbased lameness evaluation
system for horses. Am. J. Vet. Res. 72, 1156-1163

19. Keegan, KG., MacAllister, C.G., Wilson, D.A, Gedon, CA, Kramer, J,
Yonezawa, Y., Maki, H. and Pai, P.F. (2012) Comparison of an inertial
sensor system with a stationary force plate for evaluation of horses with
bilateral forelimb lameness. Am. J. Vet. Res. 73, 368-374.

20. Keegan, K.G., Wilson, D.A,, Kramer, )., Reed, 5K, Yonezawa, Y., Maki, H.,
Pai, P.F. and Lopes, M.A. (2013) Comparison of a body-mounted inertial
sensor system-based method with subjective evaluation for detection of
lameness in harses. Am. J. Vet. Res. 74, 17-24

21. Marshall, JF, Lund, D.G. and Voute, LC. (2012] Use of a wireless, inertial
sensor-based system to objectively evaluate flexion tests in the horse
Equine Vet. J. 44, Suppl. 43, 8-11

22. McCracken, M.J, Kramer, J, Keegan, K.G., Lopes, M., Wilson, D.A,, Reed,
SK., LaCarrubba, A. and Rasch, M. (2012) Comparison of an inertial
sensor system of lameness quantification with subjective lameness
evaluation. Equine Vet. J. 44, 652-656

23. Keegan, K.G. (2007) Evidence-based lameness detection and quantification
Vet. Clin. N. Am.: Equine Pract. 23: 403-423

24. Kelmer, G, Keegan, K.G., Kramer, J., Wilson, D.A,, Pai, F.P. and Singh, P.
(2005] Computer-assisted kinematic evaluation of induced compensatory
movements resembling lameness in horses trotting on a treadmill. Am. J.
Vet Res. 66, 646-655

25. Weishaupt, M.A. (2008) Adaptation strategies of horses with lameness
Vet Clin. N. Am.: Equine Pract. 24: 79-100.

26. Weishaupt, M.A, Wiestner, T., Hogg, H.P., Jordan, P. and Auer, J.A. (2004)
Compensatory load redistribution of horses with induced weightbearing
hindlimb lameness trotting on a treadmill. Equine Vet. J. 36, 727-733

27. Weishaupt, M.A, Wiestner, T., Hogg, H.P., Jordan, P. and Auer, J.A. (2006)
Compensatory load redistribution of horses with induced weight-bearing
forelimb lameness trotting on a treadmill. Vet. J. 171, 135-146

28. Ringer, SK., Portier, K, Torgerson, P.R, Castagno, R. and Bettschart-
Wolfensherger, R. (2013] The effects of a loading dose followed by
constant rate infusion of xylazine compared with romifidine on sedation,
ataxia and response to stimuli in horses. Vet Anaesth. Analg. 40, 157-165

29. Leach, D. and Cymbaluk, N.F. (1986 Relationships between stride length, stride
frequency, velocity, and marphometrics of foals. Am. J. Vet Res. 47, 2090-2097.

Supporting Information

Additional Supporting Information may be found in the online version
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each group (sal = saline, xyl = xylazine} and time (O [before treatment], 5,
20 and 60 min after treatment. HHAG is an estimate of degree of
sedation.

Supplementary ltem 2: Individual and summed disposition of apparent
forelimb lameness based on VS (head vertical movement asymmetry} for
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asymmetry} for all horses and only for horses with hindlimb lameness at
Time O for saline and xylazine groups at Time 20 and 60..
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Supplementary Item 2: Individual and summed disposition of apparent forelimb lameness based on
VS (head vertical movement asymmetry) for all horses and only for horse with forelimb lameness at
time O for saline and xylazine groups at time 20 and 60. NO CHANGES indicates change in VS less
than the 95% ClI for repeatability (8 mm). *indicates horse with primary forelimb lameness at time 0.
BT = Below threshold of 8 mm at time 0. AT = Above threshold at time 0.

Vs
Saline Xylazine
0 20 60 0 20 60
RF* NO CHANGE | NO CHANGE BT(RH) NO CHANGE | NO CHANGE
LF* MUCH MUCH RF* NO CHANGE | NO CHANGE
WORSE WORSE
BT (RH) NO CHANGE | NO CHANGE BT(LH) NO CHANGE | NO CHANGE
S WORSE WORSE LF* NO CHANGE IMPROVED
(NOW LAME (NOW LAME
IN LF) IN LF)
AT (LH) IMPROVED IMPROVED LF* NO CHANGE WORSE
(NOW (NOW
SOUND) SOUND)

S NO CHANGE | NO CHANGE RF* NO CHANGE IMPROVED
BT(LH) NO CHANGE | NO CHANGE BT(RH) NO CHANGE | NO CHANGE
BT(RH) NO CHANGE | NO CHANGE AT(LH) IMPROVED IMPROVED

L™ NO CHANGE | NO CHANGE AT(LH) NO CHANGE | NO CHANGE
RF* IMPROVED IMPROVED S NO CHANGE | NO CHANGE
AT(LH) NO CHANGE | NO CHANGE RF* NO CHANGE IMPROVED
(NOW
SOUND)
LF* WORSE WORSE BT(LH) NO CHANGE | NO CHANGE
LF* NO CHANGE | NO CHANGE BT(LH) NO CHANGE | NO CHANGE
AT(LH) NO CHANGE | NO CHANGE LF* NO CHANGE | NO CHANGE
BT(RH) NO CHANGE | NO CHANGE BT(RH) NO CHANGE | NO CHANGE
AT(RH) NO CHANGE WORSE BT(LH) WORSE WORSE
(NOW LAME (NOW LAME
IN RF) IN RF)
BT(LH) NO CHANGE | NO CHANGE RF* NO CHANGE IMPROVED
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BT(RH) NO CHANGE | NO CHANGE BT(RH) NO CHANGE | NO CHANGE
S MUCH MUCH BT(LH) NO CHANGE | NO CHANGE
WORSE WORSE
(NOW LAME (NOW LAME
IN RF) IN RF)
RF* SWITCHED IMPROVED BT(LH) NO CHANGE | NO CHANGE
TO LF (NOW
SOUND)
AT(RH) NO CHANGE | NO CHANGE LF* NO CHANGE | NO CHANGE
BT(RH) NO CHANGE | NO CHANGE RF* NO CHANGE | NO CHANGE
No. staying No. staying
the same; all the same: all
(only fore 1563) M@ (only fore 2009 15(4)
lame) lame)
No. improving; No. improving;
all (only fore 2(1) 3(2) all (only fore 1(0) 5(4)
lame) lame)
No. No.
worsening; all worsening; all
(only fore e ) (only fore 40 2
lame) lame)
No. switching No. switching
sides; all (only 1M 0(0) sides; all (only 0(0) 0(0)

fore lame)
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Supplementary Item 3: Individual and summed disposition of apparent hind limb lameness based on
Puin and Ppa (pelvic vertical movement asymmetry) for all horses and only for horse with hind limb
lameness at time O for saline and xylazine groups at time 20 and 60. NO CHANGES indicates change
in Prin or Py less than the 95% CI for repeatability (3 mm). *indicates horse with primary hind limb
lameness at time 0. BT = Below threshold of 3 mm at time 0. AT = Above threshold at time 0.

Prin @and P
Saline Xylazine
0 20 60 0 20 60
BT(RF) NO CHANGE | NO CHANGE RH* NO CHANGE IMPROVED
AT(LF) NO CHANGE | NO CHANGE BT(RF) NO CHANGE | NO CHANGE
RH* NO CHANGE | NO CHANGE LH* NO CHANGE | NO CHANGE
S WORSE NO CHANGE AT(LF) NO CHANGE | NO CHANGE
(NOW LAME
IN RH)
LH* WORSE IMPROVED AT(LF) NO CHANGE | NO CHANGE
S NO CHANGE | NO CHANGE AT(RF) NO CHANGE | NO CHANGE
LH* NO CHANGE SWITCHED RH* NO CHANGE | NO CHANGE
SIDES
RH* NO CHANGE IMPROVED LH* IMPROVED IMPROVED
(NOwW (NOwW
SOUND) SOUND)
BT(LF) NO CHANGE | NO CHANGE LH* WORSE WORSE
AT(RF) NO CHANGE | NO CHANGE S NO CHANGE | NO CHANGE
LH* NO CHANGE | NO CHANGE AT(RF) NO CHANGE | NO CHANGE
BT(LF) NO CHANGE | NO CHANGE LH* NO CHANGE | NO CHANGE
BT(LF) WORSE NO CHANGE LH* NO CHANGE | NO CHANGE
(NOW LAME
IN THE LH)
LH* IMPROVED IMPROVED BT(LF) NO CHANGE WORSE
(NOW LAME
IN LH)
RH* NO CHANGE | NO CHANGE RH* NO CHANGE | NO CHANGE
RH* NO CHANGE | NO CHANGE LH* NO CHANGE | NO CHANGE
LH* NO CHANGE | NO CHANGE BT(RF) NO CHANGE | NO CHANGE
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shod and unshod (barefoot and just trimmed) condition. We were particularly interested in determining whether the hoof clog prevented
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Introduction

In feral horses in their natural environments there is balance
between hoof growth and wear.  Nutritional, climatic, and
surface abrasion conditions keep the hooves flexible but
hard, and in a shape that is biomechanically optimal (Hamp-
son et. al. 2010, Jackson 1997, Strasser 2000). However,
domesticated horses are frequently kept in artificial environ-
ments, and are potentially exposed to extreme biomechanical
conditions (Dyhre-Poulsen 1994). Also, wet environments
common fo many parts of the world weaken hoof wall struc-
ture and integrity (Back 2013, Friedrich 1931, Leisering et al.
1982, Ruthe 1988, Schwendimann 1937). In some breeds
selective reproduction has resulted in larger bodies on smal-
ler hooves. Extreme forces of impact or loading, even on a
well-formed and healthy hoof wall, can be experienced in the
domesticated horse, for example, riding on completely inela-
stic surfaces like concrete and asphalt, or simply stepping on
a rock when moving at high speed. These conditions even at
momentary or for intermittent periods of time may adversely
affect sensitive hoof tissues. As a result many domesticated
horses are shod, usually by nailing on a piece of metal to the
bottom of the hoof wall, or in some cases, fixing it to the bot-
tom of the hoof with glue (Back 2013, Clayton 2011, Curtis
2006, Herisch et al. 1997, Humphrey 1995, Leisering et al.
1982, leslie 1977, Méller 1915, Schwendimann 1937).

Fixing a protective layer to the bottom of the horse’s hoof wall
in a manner that prevents easy frequent removal has obvious
drawbacks. Imagine never taking your shoes off. The bottom
of the foot is always protected. However, exposure of the bot-
tom of the hoof wall to normal physiologic conditions and
loads, which are beneficial, is also prevented (Hinterhofer
2006). A better approach, if reasonably convenient and inex-
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pensive, would be fo profect the bottom of the foot when
necessary and fo expose it when not. Several commercial
brands of slip or tie-on hoof protection have been marketed
(Hertsch et al 1997).

The aim of this study was to assess one such method of tem-
porary hoof covering, a hoof clog (Figure 1), fo determine if
application in horses trofting over hard ground affected verti-
cal head and pelvic movement asymmetry measures of fore-
limb and hind limb lameness, compared to the normal shod
and unshod (barefoot and just trimmed) condition. We were
particularly interested in determining whether the hoof clog
prevented any lameness that might develop in horses trotting
barefoot on hard surface immediately after trimming.

Materials and Methods

Twenty-three horses (5 Warmbloods, 4 Arabians, 10 Ponies
(German Riding Pony), 2 Trotters, 1 Haflinger and 1 Norwe-
gian), with a mean weight of 415 kg (220-600kg) and age
of 18 years (4-29 years) were randomly obtained from a
riding school herd of around eighty horses and ponies. Three
Warmbloods had to be removed from the study because their
foot size exceeded the available sizes of hoof clogs being
tested. None of the horses selected had worn the hoof clogs
before. The horse’s weight was recorded using a weight tape.
The size of the horse and their routine shoeing were unknown
prior to arrival but all horses were examined clinically to ensu-
re that only clinically healthy horses (standard physical exami-
nation for clinical health) were included. All horses were furt-
her evaluated for lameness in a brief orthopedic examination
{walk and trof) by an experienced veterinarian twenty minutes
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post arrival at the clinic. The presence of lameness was not a
prerequisite for inclusion or exclusion, but degree of lame-
ness was used fo exclude obviously lame horses (>2/5 on the
AAEP scale). Horses fulfilling the inclusion criteria were then
randomly split into two groups by throwing a dice.

Fig.1 Right forelimb with a Dallmer-Hoof Clog applied

After group assignment all horses were evaluated objectively
on a first trial {trial 1) with their existing shoeing method,
which included either shoes on all 4 feet (n=10), shoes on
the front but not hind feet {(n=46), and unshod on all feet
(n = 4). Evaluation was with an objective method using body-
mounted inertial sensors that has been described previously.
Briefly, each horse was instrumented with a uni-axial acceler-
ometer sensor attached to the head at the poll, a uni-axial
accelerometer sensor attached to the dorsum of the pelvis
between the tubera sacralia, and a uni-axial gyroscope atta-
ched to the dorsal surface of the right forelimb pastern (Kee-
gan 2010, Keegan et al. 2011, Keegan et al. 2012, Keegan
et al. 2013, Marshall et al. 2012, McCracken et al 2012).
The movement of the horse was assessed while trotting in a
straight line on a hard ground for approximately 50 meters,
which sampled between 25 and 50 strides depending on the
size of the horse. The horse was lead and restrained by the
same person at each evaluation time.

Assess gait asymmetry

Objective measurements of forelimb and hind limb move-
ment were provided by the body-mounted inertial sensor
system. For forelimb lameness, the head movement asymme-
try has previously been reported as the vector sum (VS) of
maximum (H__} and minimum (H_. ) head height difference
between the right and left halves of each forelimb stride in
millimeters (mm) (Figure 2). This represents an overall mea-
surement of the head movement asymmetry in both upward
and downward direction. The side of lameness is defermined
by the sign of minimum head height difference, with a nega-
tive value indicating left forelimb lameness and a positive
value indicating right forelimb lameness. In this 2-component
model of head movement evaluation H_ and H__ are con-
ceptually related and cannot be evaluated separately. There-
fore VS was the single dependent variable of head movement
asymmetry for evaluation of forelimb lameness.

(V) = VAD,_ZFFD, 2

m min
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For hind limb lameness, pelvic movement asymmeiry has been
reported as the minimum (P} and maximum (P} pelvis
height differences in millimefers (mm) between the left and right
halves of the stride. P is associated with a decreased down-
ward movement in the first half of stance of the hind limbs and
P . with a decreased upward movement during the second
half of stance of the hind limbs. Negative values of P and
P .. are defined as asymmeric pelvic movement due fo left
hind limb lameness and positive values indicate asymmetric
pelvic movement due to right hind limb lameness. In this 1-
component model of pelvic movement evaluation of P, and

P_.. are conceptually un-related and therefore evaluated sepa-

rately as dependent variables for hind limb lameness.

The approximate values (8.5mm for VS and +3mm for P
and P} for clinically important difference and thresholds
between sound and lame conditions are based on the 95%
confidence intervals for repeatability for these asymmetry
measures, which have been determined previously by compa-
ring to expert subjective evaluation in a large number of hor-
ses with varying degrees of forelimb and hind limb lameness
(Keegan et al. 2013).

After the first trial the shoes were taken of if present and all
four feet trimmed by an experienced farrier. Each hoof was
measured at its widest point in a horizontal plane. Using a
chart supplied by the manufacturer the farrier fitted and app-
lied the hoof clogs (for group 2 horses) to all 4 feet before
evaluation. In group 1 horses, before the 3rd trial.

Horses assigned to group 1 were re-evaluated barefoot {trial
2, treatment 2) and then again after application of the correct
size hoof clog to all 4 feet {trial 3, treatment 3). Horses in
group 2 were re-evaluated first after trimming, wearing the
hoof clog on all 4 feet firial 2, freatment 3), and then again
barefoot {trial 3, freatment 2).

Vertical head (pelvis) movement

HDmax)/ PDimax) =3

HD(min)/PDimin)

Right fore-/hind limb stance  Left fore-/hind limb stance

Fig. 2 Forelimb and hind limb lameness measured using body-
mounted inerfial sensars. HD, s the vertical head height maximum
preceding right forelimb stance minus the same preceding left fore-
limb stance. HD, | is vertical head height minimum during right fore-
limb stance minus the same during left forelimb stance. VS measure
the combined asymmatric upward and downward, respectively, verii-
cal head movement that is associated with forelimb lameness. PD__
is vertical pelvic height maximum preceding right hind limb stance
minus the same preceding left hind limb stance. PD_, is vertical pel-
vic height minimum during right hind limb stance minus the same
during left hindlimb stance. PD,,, and PD,,_, measure separately the
asymmetric upward and downward vertical pelvic movement that is
associated with hind limb lameness. {Reffig et al. 2015, with permis-
sion of Equine Vet. 1)
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Before collecting data in each trial, horses were trotted in
hand about 50 meters to adapt to the new foot treatment.
Each shoe was removed, the hoof was trimmed, and the hoof
clog applied by the same experienced farrier. The measure-
ments for the correctly fitted clog were taken by an experien-
ced veterinarian and farrier and the boot size was chosen
using the supplier’s provided scale (Table 1).

Data Analysis

Distribution of measured results (VS, Pm, P™™) in each group
and treatment were evaluated for normality using the Shapi-
ro-Wilk Test. Differences between times for each group and
for both groups were evaluated with either Friedman's fest or
a one-way, repeated measures ANOVA depending on the
shape of the distributions. Differences between times for each
group were considered significant at a=0.05. Statistical ana-
lyses and plotting were performed with StatsDirect Medical
Statistics Software.

Results

Starting out in group 1 there were 2 horses that head and pel-
vic asymmetry measures indicative of no lameness, 1 had
head movement asymmetry indicative of right forelimb lame-
ness, and 7 has pelvic asymmetry measures indicative of hind
limb lameness (3 RH, 4 LH). Starting out in group 2 there were
2 horses that had head and pelvic asymmetry measures indi-
cative of no lameness, 2 had head movement asymmetry of
forelimb lameness (1 RF, 1 LF}, and 6 that had pelvic asymme-
try measures indicative of hind limb lameness {1 RH, 5 LH).

Using the threshold values of VS, P, and P__to signal sig-
nificant change in lameness, barefoot frotting on hard ground
after trimming (freatment 2) resulted in no change in lameness
in 6 horses for both groups 1 (barefoot and frimmed evalua-
ted first first) and group 2 {clog application evaluated first) hor-
ses. Four horses in group 1 and 2 horses in group 2 either
developed or had o worsening in lameness when evaluated
barefoot after trimming. Two horses in group 2 improved com-
pared to before removal of shoes when evaluated barefoot
after trimming, one in a forelimb lameness and one in a hind
limb lameness, and both of these horses had shoes on all 4
feet when evaluated at the beginning of the experiment.

Evaluation with the hoof clogs in resulted in either no change
or an improvement in lameness in 5 horses in group 1 (bare-
foot and frimmed evaluated first) and in 9 horses in group 2
{clog application evaluated first). Five horses in group 1, but

Table T Size of hoof shoe regarding to widih of horses foot in
mm for fore and hindlimb
Size - Scale
Width of hoof in mm
Size
Forequarters Hindquarters

1 100-109

2 110-124 100-109

3 125-134 110-120

4 135-145 121-130
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only 1 horse in group 2, either developed lameness or had a
worsening in lameness when evaluated with the clogs.

Measures for VS assessing forelimb lameness at most times
were not normally distributed, so evaluation of differences
between times were assessed with the non-parametric Fried-
man's test. Measures of P and P__ for all fimes for both
groups were normally distributed, so evaluation of differences
between fimes were assessed with the parametric one-way,
repeated measure ANOVA,

Overall horses there were no significant differences in VS,
Pmax, or Pmin for either group between treatments (regular
shoeing, trimmed and unshod, clogs) or for both groups con-
sidered together. There was trend {p = 0.06) in group 1 (bare-
foot and trimmed evaluated first) for P to be higher when
horses were evaluated barefoot after trimming (figure 3). The
same was not found in group 2 horses (figure 4). There was
also a slight frend (p=0.10) in group 2 horses for P__ to be
higher before removal of shoes at the beginning of the expe-
riment, but the same was not seen in group 1 horses.

Discussion

The purpose of this study was to objectively evaluate whether
applying hoof clogs to the freshly trimmed foot prevented (or

s 1 -
B ——
[
2 L
o
f—— Je—— Jip——

Fig. 3  Pmin of horses in group 1, first being with their normal
soeing (ix1), followed by barefoot {2} and protective hoof shoe
(3).

Fig. 4  Pmin of horses in group 2, first being with their normal
soeing (1), followed by protective hoof shoe (1x2) and barefoot k3)
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caused) forelimb or hind limb lameness. Although mean level
of lameness as measured by head and pelvic movement
asymmetry was not significantly different between any of the
treatment (with shoes, barefoot after trimming, and with
clogs) in any group, we did find some interesting trends when
clogs were applied to the freshly timmed foot and evaluated
before allowing the horse to trot on a hard surface. More hor-
ses were either unchanged in lameness or improved when
evaluated wearing the clogs. More horses either developed
lameness or had worsening in existing lameness if they were
allowed to trot barefoot after trimming.

The hoof clogs were easy to fit and apply for an experienced
farrier, and once fitted they were easy to apply and remove.
After some brief training, students without any experience in
hoof shoe application, could quickly and correctly apply the
clogs. All horses fitted with the clogs were trotted for 50
meters before they were re-evaluated objectively. Subjectively,
a few horses seemed to have mild increased movement of the
limbs for about 5-10 strides, but then all seemed to tolerate
the clogs and trot normally within a few meters.

Although not statistically significant there was a trend for P
to be higher in group 2 horses when evaluated barefoot after
trimming, and more horses either developed lameness or had
a worsening in lameness when evaluated barefoot after trim-
ming. P is a measure of the impact component of hind limb
lameness and pain or sensitivity on impact of the hind limbs
may be caused or exacerbated by allowing exercise on hard
ground while barefoot immediately after trimming. The appli-
cation of the hoof clogs may ameliorate this by protecting the
bottom of the foot.

Though not statistically significant there was also a small
trend for higher P__ in the horses before removing the shoes.
P o is @ measure of asymmetry hind limb pushoff. Hind limb
pushoff effectiveness likely is improved with good hind limb
traction and the steel shoes on the asphalt surface may cause
slight slippage during pushoff of the hind limbs.

In this study only 10 horses per group were evaluated and no
statistically significant effects of the hoof clogs were found.

Conclusion

Results of this study support the contention that applications
of these hoof clogs do not cause forelimb or hind limb lame-
ness, are well tolerated, and may decrease concussion when
trotting on hard ground. Additional studies with larger num-
bers of horses, particularly with groups of either completely
sound horses or horses with consistent lameness in either the
forelimb or hind limb, especially if the lameness focus is wit-
hin the foot or distal limb joints.  Also, other studies in which
the horses are fitted and wearing the clogs, and are subjected
to exercise and ridden on different surfaces, while traveling in
a circle should be conducted.

Animal welfare statement

This study was approved by the Ethics Committee of the Free
University of Berlin. Az L0294/13
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Erweiterte Zusarmnmenfassung

Objektive Evaluierung des unmittelbaren Effekts eines
Hufschuhs auf den Bewegungsablauf von Pferden
mittels eines Sensor-Systems

Bei freilebenden Pferden in ihrer natirlichen Umgebung
besteht eine Balance zwischen der Abnutzung und dem Horn-
wachstum. Die Nahrung, das Klima, sowie der Untergrund
fohren bei ihnen zu einem flexiblen aber harten Huf, welcher
biomechanisch optimal angepasst ist. Die Haltung domesti-
zierter Pferde auf unnatirlichem Unfergrund verlangt nicht
selten extreme biomechanische Voraussetzungen. In einigen
Rassen hat die selektive Zucht zu relativ groBen Kérpern und
im Verhdlis hierzu kleinen Hufen gefuhrt. Extreme Belastun-
gen konnen selbst bei gesunde Hufen beobachtet werden,
wenn Pferde auf vollstéindig unelastischen Béden, wie zum
Beispiel Asphalt bewegt werden. Selbst eine zeitlich begrenzte
Belastung unter diesen Umsténden kann sich auf die sensi-
blen Strukturen des Hufes auswirken, was dazu fohrt, dass die
meisten domestizierten Pferde in unseren Breitengraden
beschlagen sind. Um den Huf tempordr schitzen zu kénnen,
wenn die Gegebenheiten es erfordern und selbigen nicht mit
einen permanenten Hufbeschlag zu versehen sind seit einigen
Jahren mehrere Hufschuhe-Systeme auf dem Markt verfig-
bar. Der Grund fur diese Studie war es, ein solches tempord-
res Hufschuh-System zu testen und objektiv zu evaluieren, ob
selbiges die messharen Parametfer im Bereich Kopf- und
Kruppenasymmetrie (Lahmheit) beeinflussen wiirde, wenn
man es mit dem ,géngigen’ Beschlag des jeweiligen Pferdes
sowie ,barfuB’ vergleichen wiirde, wenn das entsprechende
Hufschuh-System unmittelbar nach dem Abnehmen der Eisen
und dem Ausschneiden des Hufes aufgebracht wird.

Zwanzig Pferde wurden zuféllig aus seiner Herde ausgewdhlt
und klinisch auf ihren Gesundheitszustand Oberpriift um aus-
schlieBlich klinisch gesunde Pferde innerhalb der Studie zu
haben. Alle Pferde wurden zudem von einem erfahrenen Tier-
arzt orthopddisch untersucht. Das Vorliegen einer Lahmheit
war dabei kein Ein- bzw. Ausschlusskriterium jedoch wurde
sichergestellt, dass kein Pferd mit einer Lahmheit >2/5 (AAEP
Richtlinie) in die Studie aufgenommen wurde. Keines der Pfer-
de hatte jemals zuvor Hufschuhe angepasst bzw. getragen.
Pferde, welche die Kriterien erfillten wurden nach einem
Zufallsprinzip in zwei Gruppen eingeteilt und in einer ersten
Messung mit ihrem normalen ,Beschlag” evaluiert. Unter nor-
malem Beschlag wurde die Beschaffenheit des Hufes im nor-
malen Alltag des Pferdes gesehen, wobei es sich entweder um
Hufeisen an allen 4 Hufen, um Hufeisen nur an den Vorder-
gliedmaBen oder um unbeschlagene Hufe handelte. Die
Messung wurde mittels einem erprobten Sensor-System

M. 1. Rettig and C. Lischer

durchgefihrt. Die Pferde wurden zur Evaluierung auf einer
graden Linie for ca. 50m getrabt, hierbei wurde darauf Wert
gelegt, dass die Pferde zu jedem Zeitpunkt der Untersuchung
von derselben Person vorgetrabt wurden. Nach der ersten
Messung wurden die Eisen (wenn vorhanden) abgenommen,
die Hufe ausgeschnitten und hergerichtet. Jeder Huf wurde
nach Herstellerangaben vermessen und der entsprechende
Huf-Schuh fir Vorder- wie auch HintergliedmaBe ausgewdhlt.
Pferde in Gruppe 1 wurden nach dem Abnehmen der Hufei-
sen zundchst barfuB vorgetrabt und mittels Sensor System
gemessen. AnschlieBend wurden die entsprechenden Huf-
Schuhe an allen vier Hufen angebracht. In einer dritten Mes-
sung wurde das Pferd emeut evaluiert.Pferden in Gruppe 2
wurde nach der initialen Messung das Eisen abgenommen,
die Hufe ausgeschnitten und entsprechende Hufschuhe ange-
passt. Die Pferde wurden zundichst mit Hufschuhen und im
Anschluss barfuB vorgetrabt und gemessen. Vor jeder Mes-
sung wurde das Pferd mit der vercinderten ,Hufbeschaffen-
heit’ for 50 Meter getrabt um eine kurze Gewdhnung an die
verdnderten Verhélinisse zu erméglichen. Jeder Huf wurde
vom selben erfahrenen Hufschmied bearbeitet und die Huf-
Schuhe entsprechend der Vorgaben angebracht.

Die Evaluierung der HintergliedmaBe zeigte keinen signifi-
kanten Unterschied zwischen Pferden mit ihrem normalen
Beschlag und Pferden, welche barfuBb oder mit Huf-Schuhen
getrabt wurden. Auch die Messung der VordergliedmaBe
ergab keinen signifikanten Unterschied befreffend der mess-
baren Parameter {(Lahmheit) der Pferde mit ihrem ,normalen’
Hufbeschlag im Vergleich zu barfuB oder mit Huf-Schuhen.
Wenngleich keine signifikanten Unterschiede festgemacht
werden konnten, so war doch ein leichter Trend feststellbar.
Pferde, die nach dem Ausschneiden mittels Huf-Schuh getrabt
wurden, zeigten entweder keine Verdinderung oder eine leich-
te Verbesserung der messbaren Parametern (Lahmheit), wo-
hingegen Pferde, die unmittelbar nach dem Ausschneiden
getrabt wurden eine leichte Verschlechterung der messbaren
Parameter zeigten.

Die Huf-Schuhe waren fir einen erfahrenen Schmied leicht
anzupassen und wenn sie korrekt eingestellt waren leicht
anzubringen und abzunehmen. Subjektiv zeigten einige Pler-
de unmittelbar nach dem Anbringen der Hufschuhe fiir weni-
ge Schritte ein vermehrtes Anheben der Beine, jedoch tole-
rierten alle Probanden die Hufschuhe nach wenigen Metern
problemlos.

Die Ergebnisse dieser Studie bekréftigen die Annahme, dass
Hufschuhe keine Lahmheit im Bereich der Vorder- oder
HintergliedmaBe verursachen, gut toleriert werden und even-
tuell die Erschitterung im Trab auf hartem Boden reduzieren.
Weitere Studien mit einer gréBeren Anzahl an Probanden,
insbesondere mit ausschlieBlich lahmfreien oder lahmen Pfer-
den wéren sinnvoll, vor allem wenn es sich um diagnostizierte
Lahmheiten aus dem Bereich des Hufes handeln wiirde.
Weiterhin wére eine Untersuchung von Pferden mit Hufschu-
hen unter dem Reiter sowie auf verschiedenen Béden und auf
dem Zirkel als ein weiterer Schritt méglich.

Schlusselwérter: Plerd / Sensor System / Huf-Schuh / barfuB,
/Lahmheits-Untersuchung.
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