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Key Points: 

 Objective evaluation of neurologic dysfunction is in its infancy 
 Kinematic studies  of ataxia  have concentrated on measurement of movement variability 
 Kinetic (force plate) evaluations can differentiate normal, lame, and ataxic gaits 
 Body-mounted inertial sensors can provide portable yet objective evaluation of ataxic 

gait 
 

Neurological diseases in the horse cause significant economic loss and other hardship to 
horse owners throughout the world.  Recognition of the onset and progression of neurologic 
disease based on simple observation of clinical signs may be difficult in early or mild cases and 
supportive diagnostic tests can be equivocal.  Compared to lameness, which can also be difficult 
to detect in its early stages and has low inter-evaluator agreement for subjective evaluation, the 
effectiveness of subjective neurological examination has not been intensively studied.  
Nevertheless, a few studies attempting more objective detection and evaluation of neurological 
disease, primarily detection of the specific neurological clinical sign of ataxia, have been 
reported.  A summary of the findings in these studies provides insight into potential methods or 
approaches for developing more objective and precise neurological detection and evaluation 
techniques, and possibly for sharpening the acquired skill of subjective neurological evaluation. 

Most measurement techniques have concentrated on an hypothesis that horses with 
neurological disease will ambulate with less predictable gait compared to normal horses.  This is 
assuming that the most common feature of neurologic dysfunction is ataxia with disruption of the 
brain’s function as a central pattern generator disturbing controlled, purposeful movement of the 
limbs.  If this be the actual case then differentiation between neurologic gait and lame gait would 
be straight forward, since low “predictableness” is not a common feature of the lame horse gait.  
Instead, the most common feature of the lame horse gait is asymmetry in movement, with 
increasing predictableness of asymmetric movement as the amplitude of lameness increases.  
However, it has been empirically suggested that horses with neurologic dysfunction may move 
similarly to the lame horse, which would compound proper identification.   Perhaps in some 
cases muscle weakness, rather than ataxia, is the predominant dysfunction, and muscle weakness, 
if asymmetric on one side of body compared to the other, may mimic the asymmetric gait 
characteristic of lameness.  Only more controlled studies of horses with specific and confirmed 
neurologic disease can sort this out. 

In one kinematic study of 24 horses walking on a treadmill, 12 normal horses and 12 horses 
with spinal ataxia of different etiologies, there was 100% correct classification into groups 
(normal or ataxic) using only measurement of vertical and horizontal (right to left) torso and 
vertical distal limb movement entropy (a measure of movement predictableness or regularity).1  
Measurement of movement variability in the x-direction, which includes more familiar measures 
of stride length, amount of limb protraction and retraction, and stride timing parameters, were 
less successful at differentiation between normal and ataxic.  None of the objective movement 
parameters that successfully differentiated normal from ataxic, however, correlated very well 
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with subjective grading of severity of neurologic dysfunction.  Several features of this study 
prevent making far-reaching conclusions based on its results.  The horses were made to walk at 
constant speed, a control that potentially reduced variability in stride length parameters between 
groups.  Also, a technique that requires moving horses on a treadmill, attaching markers to body 
parts, and filming in a dedicated environment can never be made to be practical enough for every 
use by the equine practitioner.  In an attempt to adapt this approach to use in the field using 
body-mounted inertial sensors (accelerometers), double differentiation of the raw position data 
collected in this study destroyed the ability to separate normal from ataxic gait (unpublished 
data). 

In a force plate study of 36 horses (12 normal horses, 12 with lameness, and 12 with 
neurologic dysfunction) a subset of kinetic variables were characteristically altered in ataxic and 
lame gaits.2  Ataxic horses had increased lateral force peaks and higher variation in vertical force 
peaks in both hind limbs when trotting over the force plate compared to normal and lame horses.  
Lame horses had decreased vertical force peaks and increased variation in vertical force peaks 
but only in the lame limb.  Significant correlations were found between these kinetic variables 
and subjective scoring of lameness and neurologic grade.  The authors concluded that excellent 
differentiation between all three categories (normal, lame, ataxic) could be made by 
measurement of kinetic variables.  No studies to date have confirmed whether body-mounted 
inertial sensors, which can be used in the field as part a routine lameness or neurologic exam, can 
capture these differences with equivalent accuracy.  Postural sway (measurement of the location 
of center of pressure) in normal horses standing on a force plate has been shown to be repeatable 
and perhaps this rather simple technique can also provide diagnostic value in a neurologic 
evaluation.3 

The most promising candidate for the development of an objective yet portable system for 
assessment of ataxia in horses are the use of torso and limb-mounted inertial sensors.  Body-
mounted inertial sensors can accurately measure spatiotemporal gait parameters in horses 
without expensive stationary equipment and in conjunction with standard subjective neurologic 
evaluation and scoring.4  Preliminary results after assessment of 12 normal horses and 12 horses 
with confirmed mild to moderate neurologic dysfunction, each instrumented with head and 
pelvic bi-axial accelerometers and uni-axial accelerometers attached to each distal limb, suggest 
that accurate differentiation between normal and ataxic gait at the walk is possible.  Vertical limb 
movement variability was not significantly different between normal and ataxic groups, however 
the relative timing of limb movements in ataxic horses was either smaller or larger than that 
measured in normal horses.  High correct classification into normal and ataxic groups was 
achieved but correlation of measures with subjective neurologic grading was poor. 
 
1. Keegan KG, Arafat S, Skubic M, et al.  (2004)  Detection of spinal ataxia in horses using 
fuzzy clustering of body position uncertainty.  Equine Vet J  36, 712-717. 
2. Ishihara A, Reed SM, Päivi J, et al.  (2009)  Use of kinetic gait analysis for detection, 
quantification, and differentiation of hind limb lameness and spinal ataxia in horses.  J Am Vet 
Med Assoc  234, 644-651. 
3. Clayton HM, Bialski DE, Lanovaz JL, Mullineaux DR.  (2003).  Assessment of the 
reliability of a technique to measure postural sway in horses.  Am J Vet Res  64, 1354-1359. 
4.   Olsen E, Andersen PH, Pfau T.  (2012).  Accuracy and precision of equine gait event 
detection during walking with limb and trunk mounted inertial sensors.  Sensors  12, 8145-8156. 

173


