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1. Introduction

Lameness is a clinical sign presented as an alteration of gait or “limping”, most commonly
due to pain (Baxter, 2011). The essential elements of lameness diagnosis are to assess
whether the horse is lame (1), to identify the affected limb(s) (2) and to localise the site of

pain (3).

Hindlimb lameness is more challenging to be recognised compared to forelimb lameness
(Ross, 2011). The traditional way of assessing hindlimb lameness is to observe the
movement of specific anatomical structures of the hindlimb and the pelvis. These include the
stride length, fetlock extension while weight bearing, limb abduction and adduction, and
vertical movement of hip or pelvis (Buchner et al., 1996; Seeherman, 1999; Kramer et al.,
2000; Kaneps, 2004; Baxter, 2011). Among these parameters, asymmetrical movement of
tuber coxae and tuber sacrale have been described as the principal points of observation.
Several terms have been used to explain the asymmetrical movement such as “hip hike”,
“pelvic hike” or “hip drop” depending on the anatomical point and phase of stride being
observed. As there is no universal agreement of which term or which description should best
represent hindlimb lameness, two clinicians might observe the same thing but refer it
differently (Baxter, 2011). Nevertheless, subjective lameness examination performed by
equine clinicians are prone to inaccuracy. For hindlimb lameness, the agreement even
among experience clinicians was limited in acceptable range (Keegan et al., 2010).
Moreover, when a diagnostic analgesia has been performed clinicians would have the

tendency of being biased towards the positive result (Arkell et al., 2006).

Numeral objective methods have been developed in the past decades in order to aid
lameness evaluations. Kinetic method measuring ground reaction forces is known to be gold
standard for objective lameness evaluation (Dow et al., 1991; Schambardt et al., 1993;
McLaughlin et al., 1996; Bertone, 2003; Baxter, 2011). In attempt to measure ground
reaction forces, tools such as stationary force plate, treadmill integrated force plate or force
measuring horse boot have been used (Weishaupt et al., 2002, Clayton et al., 2000; Dow et
al., 1991; Barrey, 1990). However, the disadvantage of force plates, both the stationary and
the treadmill instrumented ones, are the fact that they require dedicated setting and are
expensive. Force measuring horse boot also put extra, unnatural weight to the horse’s limb.
Moreover, kinetic measure outputs are difficult for general practitioners to understand.
Alternatively, kinematic methods measuring movement such as high speed camera-based
gait analysis or body-mounted inertial sensor system have been widely used (Peloso et al.,
1993; Degueurce et al., 1996; Kramer et al., 2000; Keegan et al., 2004). The results from



kinematic measures are in general more intuitive and easier to understand. The advantages
of the body-mounted inertial sensor systems over the camera-based gait analysis are their

less requirement of equipment, the applicability to clinical setting, and more affordable price.

The body-mounted inertial sensor system (BMISS) used in this thesis has been tested to
have adequate accuracy, sufficient repeatability and is capable of quantifying lameness in
horses (Keegan et al., 2011; Keegan et al., 2012; McCracken et al., 2012; Maliye et al.,
2013; Bell et al., 2016). This system comprises of 3 inertial sensors; one uni-axial
accelerometer attached to the poll region, another uni-axial accelerometer placed at pelvis
between tubera sacrale, and one gyroscope attached to the dorsal aspect of the right
forelimb pastern. The data collected from a trotting horse by 3 inertial sensors is transmitted
wirelessly to a portable computer and converted through sophisticated proprietary algorithms
into head and pelvic height differences (in millimetres) between right and left halves of stride
(Keegan et al., 2004).

This thesis is about the objective evaluation of hindlimb lameness and to measure the

effect of different diagnostic analgesia techniques in the lower hock using the BMISS.

The first project investigates the “Agreement among equine veterinarians and between
equine veterinarians and inertial sensor system during clinical examination of hindlimb
lameness in horses ”. There have been several studies comparing lameness quantified by
the BMISS and equine veterinarians in the past years. These studies investigated different
lameness assessment situations such as flexion test, improvement of lameness after
diagnostic analgesia of equine foot or lameness identification in experimental situation
(Marshall et al., 2012; McCracken et al., 2012; Maliye et al., 2013; Keegan et al., 2013;
Rungsri et al.2014a). However, the agreement between the BMISS and equine clinicians
from different experience background in identifying hindlimb lameness has not been
estimated, nor the agreement between the BMISS and equine clinicians in assessing
improvement of hindlimb lameness after diagnostic analgesia. This BMISS is becoming more
popular and is supposed to be used as an aid for clinicians in lameness evaluation both in
clinical and research situation. Therefore, this project attempted to add the knowledge to the
aforementioned gaps. The aims of this first project are 1) to investigate the agreement
between equine veterinarians from different experience background and the BMISS in
assessing hindlimb lameness, and 2) to estimate the agreement between the BMISS and
experienced veterinarians on the change in lameness after a diagnostic analgesia in
hindlimbs.

The second project is about “Objective evaluation of the response to perineural

analgesia of the deep branch of the lateral plantar nerve and intra-articular analgesia of the



tarsometatarsal joint in horses with suspected proximal metatarsal pain using body-mounted

inertial sensors”.

Hindlimb lameness originating from the distal tarsal and the proximal metatarsal areas
are common in horses. Historically osteoarthritis (OA) of the distal tarsal joints has been
believed to be the source of pain in most of the hindlimb lame horses (Jackman, 2006; Ross,
2011; Sullins, 2011). Tarsometatarsal joint (TMT) and distal intertarsal joint (DIT) can be
affected either individually or together (Dyson and Ross, 2011). In the past decades,
proximal suspensory desmopathy (PSD) has also gained recognition as a common cause of
hindlimb lameness and can affect sport horses of all disciplines and ages ( Dyson, 1994;
Brokken et al., 2007; Dyson, 2007). The causes of pain could be the lesion of the suspensory
itself, the osseous injury to the third metatarsal bone at the origin of the suspensory ligament,
or adhesions between the suspensory ligament and the second, third or fourth metatarsal
bones ( Labens et al., 2010; Dyson et al., 2017).

Diagnostic analgesia is usually performed in order to locate the site of pain. Perineural
analgesia would be conducted starting from distal and working the way up proximal. In this
fashion, the site of pain could be determined as the region proximal to where the last
negative analgesia and distal to where the positive analgesia have been performed. Intra-

articular analgesia is used to rule out localized pain originating from a joint.

To localize lameness caused by PSD the use of the analgesia of the deep branch of
lateral plantar nerve (DBLPN block) has been described (Hughes et al., 2007). The DBLPN
block is performed after the negative result of the low 6-point block. Whereas the pain
caused by OA of TMT and DIT joints could be localized by the use of the intra-articular
analgesia. The injection techniques for both joints have been well described (Bassage and
Ross, 2011; Baxter, 2011). The precision of the DIT joint injection has been reported to be
much lower than the TMT joint (Seabaugh et al., 2017). The intra-articular analgesia of the
TMT joint alone is more often performed in clinical practice as; 1) the communication
between these 2 joints is believed to be around 30% (Jackman, 2006) and, 2) the diffusion of
the anesthetics between these 2 joints occurs nearly in 90% of the cases (Gough et al.,
2002).

Nevertheless, the challenge of diagnostic analgesia is that the adjacent structures to the
injecting sites could also be anesthetised. This could due to the diffusion of the anaesthetic
agent or the inadvertent placement of the needle. The results from previous studies show
that anaesthetic agent and contrast media could be found in the tarsal sheath and the TMT
joint after being deposited around the deep branch of lateral plantar nerve (Hughes et al.,
2007; Claunch et al., 2014; Contino et al., 2015,). Similarly, in the study where contrast



media was injected in the TMT joint the potential distribution of contrast media out of the
plantar outpouching was described (Dyson and Romero, 1993). This result suggested the
ability of the TMT block to desensitize structures at the proximal plantar metatarsal region

including proximal suspensory ligament.

After all, the effects of these 2 local analgesia techniques in terms of the lameness
improvement has never been compared objectively. This project aims to utilize the BMISS as
a bias-free, objective method to measure the lameness improvement after the deep branch

of lateral plantar nerve analgesia and the tarsometatarsal joint analgesia in clinical cases.
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3. Discussion

This dissertation aimed to assess hindlimb lameness evaluation especially improvement
of lameness after diagnostic analgesia using an objective method. The body-mounted inertial
sensor system (BMISS) used in this dissertation has been tested to be capable of quantifying
lameness (Keegan et al., 2004; McCracken et al., 2012) in horses with sufficient repeatability
(Keegan et al., 2011) as well as identifying change of lameness after manipulation such as

flexion test and diagnostic analgesia (Marshall et al., 2012; Maliye et al., 2013).

In the first study, agreement was higher between the live clinicians than for those who
evaluated videos for both interobserver agreement and the agreement between veterinarians
and the BMISS. The agreement was calculated using Fleiss’ Kappa statistics and the
strength of agreement was estimated using the benchmark scale ranges from poor, slight,
fair, moderate, substantial to almost perfect (Landis and Koch, 1977). For the veterinarians
who evaluated the videos, the interobserver agreement were all just in “fair” strength for high
experience, moderate experience, and inexperience group. For the agreement between the
veterinarians and the BMISS, the agreement was highest in the high experience group and
lowest in the inexperience group. Nevertheless, when looking at the agreement between the
BMISS and each individual veterinarian, some experience veterinarians had lower
agreement with the BMISS than the those with less experience. These results emphasised

the challenge of lameness examination even for experienced equine veterinarians.

Assessing lameness from video records should be done carefully, since the study
showed that the agreement from the clinicians in live situation were higher than those who
viewed videos. Controversially, when evaluating the improvement of lameness after
diagnostic analgesia also from video records, the experienced veterinarians had strong
agreement with the BMISS. The similar findings were also yielded in the forelimb lameness
study from Rungsri et al. (2014b) which had the same study protocol and condition. It could
be said that the lameness evaluation from video record is not as reliable as in live situation.
However, series of video records should be useful for assessing change of lameness over a

period of time.

The advantages of the BMISS over human are the bias free assessment and the higher
sampling frequency. In the first study, the agreement between the BMISS and the high
experience group for determining hindlimb lameness was higher than those with lower
experience. This result supports the statement about the reliability of the BMISS. Despite the
potential difficulty of the video assessment, the agreement between high experience
veterinarians and the BMISS in evaluating improvement of lameness after analgesia was

strong. This also emphasises the ability of the BMISS in identifying change of lameness after
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diagnostic analgesia. In the same time, these results should encourage the use of video in

order to record the change of lameness in the same patient over a period of time.

Nevertheless, the use of BMISS also has some limitations. First, horses with bilateral
lameness would be identified as sound when lameness of both limbs are in the same
severity. Second, interpretation of clinical importance of hindlimb lameness improvement is
not straight forward. This is due to the separate calculation of 2 lameness parameters. Third,

the interpretation of lameness improvement in lunging trials is not fully understood.

In the second study, the response of hindlimb lameness to the DBLPN block and the
TMT block in horses with suspected lower hock pain were compared. It was hypothesized
that the improvement of lameness parameters after the DBLPN block would be significantly
different than after the TMT block in the selected horses. From the results, 63% of the horses
showed the significant difference between improvement of lameness after the DBLPN block
and the TMT block. In this group of horses, lameness had improved only after the DBLPN
block, but not after the TMT block. These results suggest that in this horse population, the
source of pain arose from the proximal metatarsal area rather than distal tarsal joints and
that the anesthetic agent injected after the DBLPN block apparently did not diffuse to the
TMT joint. The precision of the DBLPN block to anaesthetize the DBLPN is a controversial
topic. Even though Hughes et al. (2007) reported a high accuracy in a cadaveric study, other
studies suggest that the local diffusion might anesthetize other nerves like the lateral plantar
nerve and other structures like the distal tarsal joint and the tarsal sheath (Claunch et al.,
2014; Contino et al., 2015). Even though this block is not as specific as expected, it seems to
be able to localize pain in the subtarsal region. Theoretically, the effect of the DBLPN block
in anaesthetizing pain from the more distal part of the limb could be ruled out by having
previously performed the low 6-point block. Based on our results, blocking the TMT on a
separate day from the DBLPN might also help to differentiate the origin of the pain. In this
context, the clinician should also take into account that a blocking pattern presenting a
positive DBLPN and a negative TMT is not specific for suspensory ligament pathologies and

might also involve other soft tissue structures in the subtarsal region.

Contrastingly, in the other 37% of the horses, lameness had improved after both the
DBLPN block and the TMT block. Several reasons could explain the aforementioned
response, the distal tarsal joints could be penetrated while performing the DBLPN block (
Claunch et al., 2014; Contino et al., 2015). Another possible cause could be the improvement
of lameness resulted from the proximal diffusion of the anesthetic agent after the DBLPN
block and the inadvertent desensitization of other structures. The study from Claunch et al.
(2014) demonstrated that a greater volume of contrast medium could diffuse significantly

further in both proximal and distal direction compare to a smaller volume (Claunch et al.,
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2014). The volume of 5 ml mepivacaine ( Baxter, 2011; Meehan, 2016) is more than the
volume recommended by the others (Bassage and Ross, 2011, Dyson, 2007). This is likely
to lead to less specificity of the DBLPN block in our study. Labens et al. (2010) reported that
anesthesia of the DBLPN is not specific either for lesions of the origin of the suspensory
ligament (as other pathologies were diagnosed), or for conditions in the proximal metatarsal
region since pathologies were diagnosed outside of this region. Diffusion of the anesthetic
agent out of the distal outpouching of the TMT joint could be another possible explanation for
what was observed in the second group. Proximal diffusion has been previously suggested
by a study in which the distribution of contrast media was observed around the proximal
plantar metatarsal area as soon as 5 minutes after injecting the TMT (Dyson and Romero,
1993). Lastly, concurrent pathologies of the proximal suspensory ligament and the distal

tarsal joints including osteoarthritis are as previously reported (Labens et al., 2007).

The first limitation of the second study was the fact that the true distribution of the
anesthetics could not be documented. In order to study the distribution, the anesthetics could
have been mixed with contrast media and radiograph could have been performed. Since the
horses had to be trotted, at the certain minutes after the analgesia, sedation was not the
choice and radiography would therefore not be possible in every horse. The second limitation
is the lack of the definitive diagnosis. The imaging modalities used in this study were
restricted to sonography and radiography. The results form diagnostic imaging were
inconsistent with the results from diagnostic analgesia as presented in Appendix, table1. This
is not unexpected since both aforementioned modalities are not as sensitive as advanced
medical imaging in diagnosing proximal metatarsal and tarsal lesions. The third limitation
was the fact that lunging trials on the soft ground could not be used. As previously
mentioned, the interpretation of the lameness parameters for soft ground trials especially the
change to these parameters in response to improvement of lameness is to-date not fully
validated. It is possible that cases presenting subtle lameness, only observed during lunging,

might have been excluded.

After all, the results from both studies emphasis that the BMISS is an excellent tool to aid
lameness examination but this system cannot substitute the opinion of an experienced

equine veterinarian.
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5. Summary

The ability to recognize movement pattern of lame horses accurately, requires practice
and experience from equine clinicians. Hindlimb lameness evaluation is known to be more
difficult than the forelimb counterpart. Even among experienced veterinarians agreement in
hind limb lameness evaluation was only reported to be in acceptable range. This leads to the
potential inaccuracy of subjective assessment of diagnostic analgesia. Moreover,
veterinarians as subjective individuals are prone to bias. Therefore, numeral objective
lameness measuring methods have been developed in the past decades in order to aid
veterinarians. The objective system used in this study is a body-mounted inertial sensor
system (BMISS) which has been proved to have adequate accuracy and sufficient

repeatability.

In the first study, the agreement among veterinarians (interobserver agreement) and the
agreement between veterinarians and the BMISS have been investigated. The results
emphasised that hindlimb lameness examination is challenging even for experienced equine
veterinarians. The BMISS showed to have high agreement with clinicians in clinical live
situation when evaluating hindlimb lameness, and with a group of highly experienced
veterinarians when assessing the changes after diagnostic analgesia. These results should

encourage the use of the BMISS as an aid in lameness examination.

The second study has taken the benefits of the BMISS as a bias-free objective method
to evaluate improvement of lameness after the analgesia of the deep branch of lateral plantar
nerve (DBPLN) and the analgesia of the tarsometatarsal joint (TMT)-in horses with
suspected pain in the lower hock area. In 63% of the horses with suspected lower hock pain
an improvement of lameness was observed after the analgesia of the DBLPN, but not after
the analgesia of the TMT. Based on this result, the analgesia of the DBLPN did desensitise a
different source of pain than the TMT analgesia. However, in the other 37% of the horses
lameness improved after both analgesia. Therefore, it was not possible to differentiate
source of lameness in this second group of horses. There are several possible explanations
for the different pattern of lameness improvement in the 2 groups such as diffusion of
anesthetic agent, inadvertent placement of the needle or concurrent pathologies.
Nevertheless, since sonography and radiography were only the imaging modalities used in
this study, it is still an open question what the exact cause of lameness was. In order to gain
more understanding about the pathologies and improvement of lameness after these
analgesia, similar studies using more advanced imaging modalities such as MRI or

scintigraphy should be performed.
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6. Zusammenfassung
Anwendung eines mittels Tragheitssensoren arbeitenden
Lahmheitsuntersuchungssystems zur Evaluierung von Hinterhandlahmheit und zur
Beurteilung der Ergebnisse der diagnostischen Anasthesie bei Pferden mit

Schmerzen im Bereich des distalen Sprunggelenkes

Bewegungsmuster lahmer Pferde genau zu erkennen, erfordert viel Ubung und
Erfahrung. Die Untersuchung von Lahmheiten der Hinterhand ist bekanntermafien deutlich
schwieriger als die von Lahmheiten der Vorderhand. Die Ubereinstimmung der
Untersuchung war bisher auch zwischen erfahrenen Tierarzten bestenfalls akzeptabel. Dies
fuhrt potentiell zu Ungenauigkeiten bei der Beurteilung von Effekten einer diagnostischen
Analgesie. Tierarzte als subjektive Individuen neigen dartber hinaus zu
Voreingenommenheit bei der Erkennung von Lahmheiten. Zur Unterstitzung der
Lahmheitsbeurteilung von Pferden wurden in den letzten Jahren numerische, objektive
Messmethoden entwickelt. In dieser Studie wurde ein sensorgestitztes
Untersuchungssystem (BMISS, body-mounted inertial sensor system) verwendet, bei
welchem die Validierung eine ausreichende Genauigkeit und Wiederholbarkeit der

Messungen ergab.

Die erste Studie untersuchte vergleichend die Ubereinstimmung zwischen Tierarzten
(interobserver agreement) sowie die Ubereinstimmung zwischen Tierarzten und den Daten,
die mittels BMISS erhoben wurden. Die Ergebnisse haben die Schwierigkeit einer
Lahmheitsuntersuchung der Hinterhand selbst fur Spezialisten erneut hervorgehoben. Das
BMISS zeigte eine hohe Ubereinstimmung sowohl mit Tierarzten bei der klinischen
Lahmheitsuntersuchung als auch mit erfahrenen Spezialisten bei der Beurteilung von
Videoaufnahmen die das Pferd vor und nach einer diagnostischen Anaesthesie zeigen. Die
Resultate unterstitzen die Anwendung des BMISS bei der Lahmheitsuntersuchung von
Pferden.

In der zweiten Studie wurde die objektiven Messmethode (BMISS) verwendet, um zwei
verschiedene diagnostische Anaesthesien zu vergleichen, die haufig bei Pferden mit

Verdacht auf Schmerzen im Bereich des distalen Sprunggelenkes angewendet werden.

Bei 63 % der Pferde wurde eine Verbesserung der Lahmheit nach der Anasthesie des
tiefen Astes des Nervus plantaris lateralis, jedoch nicht nach der Analgesie des
Tarsometatarsalgelenkes festgestellt. Diese Resultate suggerieren, dass die Anaesthesie
des tiefen Astes des Nervus plantaris lateralis und die Anaesthesie des
Tarsometatarsalgelenks unterschiedliche Gewebe im Bereich des distalen Sprunggelenkes

anaesthesieren. Bei 37 % der Pferde verbesserte sich die Lahmheit gleichermassen nach
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beiden diagnostischen Anaesthesien. In dieser zweiten Gruppe war daher keine klare
Differenzierung des Schmerzursprungs mdéglich. Ursachen flr die unterschiedlichen
Auspragungen der Verbesserung der Lahmheit sind beispielsweise die Diffusion des
Anasthetikums, eine fehlerhafte Platzierung der InjektionskanUle oder gleichzeitiges
Auftreten verschiedener Pathologien. Da im Rahmen dieser Studie ausschliel3lich
Sonographie und Radiologie zur bildgebenden Diagnostik genutzt wurden, blieb die exakte
Ursache der Lahmheit offen. Fir ein genaueres Verstandnis der Pathologien und
Verbesserungen der Lahmheit waren ahnliche Studien mit praziseren bildgebenden

Verfahren, wie MRT oder Szintigraphie, erforderlich.
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American Association of Equine Practitioners

Body-Mounted Inertial Sensor System
Distal intertarsal joint

Deep branch of lateral plantar nerve

et alii (Latin for ,and others®)

high experience

inexperience

Kappa

moderate experience

millilitre

not available

osteoarthritis

proximal suspensory desmopathy
mean maximum pelvic height difference
mean minimum pelvic height difference
suspensory ligament

Tarsometatarsal joint
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9. Appendices

Appendix 1
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Figure 1: A horse instrumented with the 3 inertial sensors consisting of 1) accelerometer at
the poll, 2) accelerometer at the pelvis and 3) gyroscope at the right fore pastern.
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Appendix 2

Figure 2: an output of the BMISS hindlimb parameters at baseline (a), and after a DBLPN
analgesia (b).
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USE OF BODY-MOUNTED INERTIAL SENSORS TO OBJECTIVELY EVALUATE THE
RESPONSE TO PERINEURAL ANALGESIA OF THE DEEP BRANCH OF LATERAL
PLANTAR NERVE AND INTRA-ARTICULAR ANALGESIA OF THE
TARSOMETATARSAL JOINT IN HORSES WITH LOWER HOCK PAIN
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Department of Companion Animal and Wildlife, Faculty of Veterinary Medicine, Chiang Mai
University, Thailand?; Large Animal Hospital, School of Veterinary Medicine, National

University, Heredia, Costa Rica®

Abstract

Diagnostic analgesia of the deep branch of lateral plantar nerve (DBLPN) and the
tarsometatarsal joint (TMT) are commonly used for differentiating pain originating from lower
hock in horses. However, recent studies suggest DBLPN block can cause inadvertent
injection of the tarsometatarsal joint and tarsal sheath, where potential diffusion of anesthetic
agent from TMT block might anesthetise proximal metatarsal region. The aim of the study
was to objectively assess the effect of both diagnostic analgesia techniques on naturally
occuring hindlimb lameness using a body-mounted inertial sensor system.

Two pelvic parameters indicating hindlimb lameness (mean pelvic height maximum and
minimum differences between right and left hindlimb strides) were used for objective
analysis. Horses which had improvement of hindlimb lameness after DBLPN were selected
for the study to undergo TMT on the following day.

Thirty-six horses were included in the study. Eighteen (18/36) horses had improvement after
DBLPN block but not after TMT block. The other 18 horses had improvement of lameness
after both DBLPN and TMT block. In this second group, lameness in 7 horses was abolished

after DBLPN and was either improved or abolished after TMT block. In 3 horses the Low 6 —
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point and DBLPN abolished lameness, while TMT also almost abolished lameness in 2, and
partially alleviated lameness in 1 horse.

DBLPN and TMT desensitized different structures in at least half of the horses in our study.
However, possibility of both analgesia in desensitizing same structures due to either diffusion

of anesthetic agent or inadvertent injection still remains.
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