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‘PER EXCLUSIONEM’
Main question: how to discriminate between a lameness
case (painful limbs) and a case with primary pathology of
the axial skeleton (painful neck and/or back)?

‘PER EXCLUSIONEM’
Main question: how to discriminate between a lameness
case (painful limbs) and a case with primary pathology of
the axial skeleton (painful neck and/or back)?
̶ Imaging often unrewarding because of equivocal findings

such as:
• Neck radiography: enlarged facet joint
• Neck ultrasound: ‘synovitis’ facet joint
• Back radiography: kissing spines
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Summary: A retrospective study of 220 horses was performed to investigate the association between the clinical signs and the radiological
findings of impinging dorsal spinous processes (DSPs) in warmblood sporthorses. For this purpose radiographic records were assessed to
identify all horses that had undergone radiographic examination of the back as part of a pre-purchase examination between January 2009
and December 2012. The dorsal spinous processes of 239 horses were assessed and each dorsal spinous process was individually graded
(0–3) using a modified 4-group grading system appropriate for routine grading of dorsal spinous processes as part of a pre-purchase exa-
mination.  Fifty-five percent (n=121) had no radiological abnormalities of the DSPs (grade 0). However, 26,4% had at least one DSP with
grade 1 impingement, 11,8% had at least one DSP with grade 2 and 6,8% had at least one DSP with grade 3. Follow-up information was
obtained by telephone responses from owners or trainers. The horses were assessed at a mean follow up time after pre-purchase exami-
nation of 25,19±12,52 months. Based on the clinical signs included in the questionnaire answers horses were divided into two groups;
i) thoracolumbar back pain and ii) no thoracolumbar back pain. Only 11,5% (N=23) of the 220 horses had shown thoracolumbar back
pain. There was no significant association between gender, age or discipline and clinical signs of thoracolumbar back pain. High maximum
DSP grade is associated with an increased risk of clinical signs. The specificity of a grade 3 DSP on radiographic screening at pre purchase
examinations is high, however the sensitivity is low.  This suggests that there is a high risk of clinical signs in horses with grade 3 DSPs and
no warranty can be offered for absence of clinical signs for grade 0,1,2.
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Introduction

Back-pain is a common reported cause of reduced athletic
performance in horses; impingement of the thoracolumbar
dorsal spinous processes (DSPs) is the most common identi-
fied cause of back pain in the thoracolumbar region with
most pathology being found between the 14th thoracic and
2nd lumbar vertebrae (Crowhurst 1975, Jeffcott 1975, Jeff-
cott 1979, Jeffcott 1980, Marks 1985, Zimmerman 2012).
For these reasons radiographic examination of the dorsal spi-
nous processes is increasingly being included in pre-purchase
examination protocols (Gerhards 2007, Mitchell 2009, Jacklin
2014). However, the clinical relevance of the radiographic
changes is difficult to interpret as a result of a poor correla-
tion between radiological findings and clinical signs (Jeffcott
1979, Holmer 2007). Impingement of dorsal spinous proces-
ses is commonly identified radiologically in horses showing
no clinical evidence of pathology (Crowhurst 1975, Jeffcott
1979, Geiger 2015); 37% of 110 horses had radiographic
evidence of overriding spinous processes without clinical
signs of back pain. Impinging or overriding dorsal spinous
processes were found post mortem in between 83% (of 23
horses) and 96% (of 36 horses) showing no clinical evidence
of disease or pain (Townsend 1986, Haussler 1999). Impin-
gement of spinous processes has also been recognized in
man as Baastrup disease or kissing spines syndrome. In man
the clinical significance remains unresolved (Maes 2008,
Kwong 2010). Clinical signs of back-pain include reduced

performance, ill-defined lameness (particularly in the pelvic
limbs), bucking, resistance to saddling and sacro-iliac pain
(Jeffcott 1980, Walmsley 2002, Dyson 2003, Landman
2004, Zimmerman 2012). To our knowledge no large-scale
study has been performed evaluating the association between
performance and radiographically abnormal spinous proces-
ses.

The aim of this study was to investigate association between
clinical signs and radiological findings of impinging dorsal
spinous processes in warmblood sporthorses. It was hypothe-
sized that the incidence of radiographic abnormalities of dor-
sal spinous processes would be relatively high, but its morbi-
dity would be low. Additionally we suggested that poor per-
formance due to back pain will be almost exclusively limited
to impingement and overlapping of DSPs when combined
with prominent remodeling, fusion and/or radiolucency’s at
the dorsal aspect of the DSPs. 

Materials and methods

Case selection

Radiographic records from the equine clinic of Veterinair
Centrum Someren, the Netherlands, were assessed to identify
all horses that had undergone radiographic examination of
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‘PER EXCLUSIONEM’
Main question: how to discriminate between a lameness
case (painful limbs) and a case with primary pathology of
the axial skeleton (painful neck and/or back)?
̶ Imaging often unrewarding because of equivocal findings

such as:
• Neck radiography: enlarged facet joint
• Neck ultrasound: ‘synovitis’ facet joint
• Back radiography: kissing spines

̶ Clinical exam (!): first step is to rule out (complex
presentations of) routine locomotor pathology, mimicing
back or neck pain
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BACK PAIN AND LAMENESS
In itself, primary thoracolumbar pain does not
cause lameness but is mainly associated with poor
performance and behavior change
However, relationships exist between (perceived)
back pain and lameness since:
̶ lameness alters back kinematics
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Summary 

Reasons for performing study: There are no detailed studies
describing a relationship between hindlimb lameness and
altered motion of the back. 

Objectives: To quantify the effect of induced subtle hindlimb
lameness on thoracolumbar kinematics in the horse. 

Methods: Kinematics of 6 riding horses were measured during
walk and trot on a treadmill before and during application of
pressure on the sole of the left hindlimb using a well-
established sole pressure model. Reflective markers were
located at anatomical landmarks on the limbs, back, head
and neck for kinematic recordings. Ground reaction forces
(GRF) in individual limbs were calculated from kinematics
to detect changes in loading of the limbs. 

Results: When pressure on the sole of the hindlimb was
present, horses were judged as lame (grade 2 on the AAEP
scale 1–5) by an experienced clinician. No significant
unloading of this limb was found in the group of horses
(unloading was observed in 4 animals, but was not detectable
in the other 2), but statistically significant effects on back
kinematics were detected. The overall flexion-extension (FE)
range of motion (ROM) of the vertebral column was
increased at walk, especially in the thoracic segments. Axial
rotation (AR) ROM of the pelvis was also increased. At trot,
the FE ROM was decreased only in the segment L3-L5-S3.
During the stance phase of the lame limb, the segment T6-
T10-T13 was more flexed and the neck was lowered at both
gaits; the thoracolumbar segments were more extended at
walk and trot. There were no significant changes in the stride
length or protraction-retraction angles in any of the limbs.

Conclusions: Subtle hindlimb lameness provoked slight but
detectable changes in thoracolumbar kinematics. The subtle
lameness induced in this study resulted in hyperextension
and increased ROM of the thoracolumbar back, but also in
decreased ROM of the lumbosacral segment and rotational
motion changes of the pelvis.

Potential relevance: Even subtle lameness can result in
changes in back kinematics, which emphasises the intricate
link between limb function and thoracolumbar motion. It
may be surmised that, when chronically present, subtle
lameness induces back dysfunction. 

Introduction

Horses modify their gait mechanics to compensate for any injury or
source of pain. Lameness is one of the most common signs of a
locomotory disorder affecting mechanics of the entire body. Horses
try to cope with lameness by several mechanisms, all aiming to
unload the painful limb. Compensatory mechanisms in limb loading
have been described by Weishaupt et al. (2004), who showed a
reduction of the total vertical impulse per stride, a reduction of the
impulse in the lame diagonal stance phase, shifting of the impulse
within the lame diagonal to the forelimb and in the nonlame
diagonal to the hindlimb, and a decrease of the loading rate by the
increase of the stance duration. In order to allow for these changes
in limb loading, the motion of other parts of the body need to be
changed and these changes can, to a certain extent, become
detectable during clinical examinations. Kinematic studies have
shown that in hindlimb lameness at trot the croup is elevated at first
contact of the lame limb, and is lowered during weightbearing to
descend further during the stance phase of the nonlame limb (Cadiot
and Almy 1924; Buchner et al. 1996a). The head and neck are
lowered during the stance phase of the lame hindlimb (Cadiot and
Almy 1924; Uhlir et al. 1997; Denoix and Audigie 2001), and this
motion pattern changes from the normal biphasic sinusoidal pattern
to a curve with only a single elevation at the beginning of the
nonlame diagonal (Denoix and Audigie 2001), likewise the trunk
motion pattern (Buchner et al. 1996a). Adaptations in head and
trunk movements occur in both fore- and hindlimb lameness
(Buchner et al. 1996a; Uhlir et al. 1997), together with changes in
the angular motion patterns of the limbs and spatial and temporal
stride parameters (Buchner et al. 1995, 1996b). 

Given the central position of the thoracolumbar spine in the
body, lameness forcibly affects the motion pattern of the vertebral
spine, which may be manifested as a reduction in the horse’s
performance. Although there is no doubt that a close relationship
exists between back problems and lameness, there is great need in
equine practice to improve the understanding of this relationship.
Landman et al. (2004) reported that the prevalence of lameness in
horses with back problems was 74%, while the prevalence of back
problems in horses with lameness was 32%. Data on lameness-
induced changes in thoracolumbar motion are scarce. Pourcelot et al.
(1998) reported a descriptive study of a single horse in which the
thoracolumbar back showed less extension during the lame diagonal
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Summary

Reasons for performing study: Lameness has often been

suggested to result in altered movement of the back, but

there are no detailed studies describing such a relationship in

quantitative terms. 

Objectives: To quantify the effect of induced subtle forelimb

lameness on thoracolumbar kinematics in the horse. 

Methods: Kinematics of 6 riding horses was measured at walk

and at trot on a treadmill before and after the induction of

reversible forelimb lameness grade 2 (AAEP scale 1–5).

Ground reaction forces (GRF) for individual limbs were

calculated from kinematics. 

Results: The horses significantly unloaded the painful limb by

11.5% at trot, while unloading at walk was not significant.

The overall flexion-extension range of back motion

decreased on average by 0.2° at walk and increased by 3.3°

at trot (P<0.05). Changes in angular motion patterns of

vertebral joints were noted only at trot, with an increase in

flexion of 0.9° at T10 (i.e. angle between T6, T10 and T13)

during the stance phase of the sound diagonal and an

increase in extension of the thoracolumbar area during

stance of the lame diagonal (0.7° at T13, 0.8° at T17, 0.5° at

L1, 0.4° at L3 and 0.3° at L5) (P<0.05). Lameness further

caused a lateral bending of the cranial thoracic vertebral

column towards the lame side (1.3° at T10 and 0.9° at T13)

(P<0.05) during stance of the lame diagonal.  

Conclusions: Both range of motion and vertebral angular

motion patterns are affected by subtle forelimb lameness. At

walk, the effect is minimal, at trot the horses increased the

vertebral range of motion and changed the pattern of

thoracolumbar motion in the sagittal and horizontal planes,

presumably in an attempt to move the centre of gravity away

from the lame side and reduce the force on the affected limb. 

Potential relevance: Subtle forelimb lameness affects

thoracolumbar kinematics. Future studies should aim at

elucidating whether the altered movement patterns lead to

back and/or neck dysfunction in the case of chronic lameness. 

Introduction

The present-day equine practitioner is confronted with
increasing numbers of cases presented for poor performance,
subtle gait irregularities or alleged back problems. Although it is
obvious that the axial skeleton is the link between the
extremities, there is controversy as to the relationship between
back problems and lameness. In a population of horses presented
for orthopaedic problems, 26% had concurrent lameness and
back pain upon palpation (Landman et al. 2004). Dyson (2005)
reported that, in the majority of horses with primary
thoracolumbar or sacroiliac pain, overt lameness was not a
feature, but many horses showed restricted hindlimb propulsion,
poor hindlimb engagement and a low-grade toe drag. These are,
however, qualitative studies in cases based on clinical judgement
and with dissimilar criteria. Besides, thoracolumbar
abnormalities secondary to lameness have not been fully
described. Experimental, quantitative lameness-studies on whole
body dynamics have been conducted (Buchner et al. 1995,
1996a,b; Vorstenbosch et al. 1997; Keegan et al. 2000), but these
focused more on head and trunk movements than on specific
thoracolumbar kinematics. Pourcelot et al. (1998) demonstrated
a small influence of induced lameness on dorsoventral mobility,
but relatively little detail was provided because only 4 markers
were used to analyse back mobility.

Recent developments in analysing 3D thoracolumbar
kinematics based on the work by Faber et al. (1999, 2000) and
Johnston et al. (2002) have created the possibility of accurately
analysing the effect of specific conditions or interventions on
equine back kinematics. So far, this analysis has been used
successfully to study the influence of physiological factors
(Johnston et al. 2004), of the presence of clinical back pain
(Wennerstrand et al. 2004) and of specific head and/or neck
positions (Rhodin et al. 2005; Gómez Álvarez et al. 2006) on
thoracolumbar kinematics. The present study aims to elucidate
the effect of subtle forelimb lameness on back kinematics using
the same analysis. The study was conducted as a first assessment
of the relation between subclinical lameness and back and neck
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LAMENESS ALTERS BACK KINEMATICS
1. May lead to back dysfunction / pain:

• i.e. primary lameness and secondary back pain
• Significance secondary back pain ⌁ level
• Asymptomatic thoracolumbar lesions may

become symptomatic (e.g. kissing spines)
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LAMENESS ALTERS BACK KINEMATICS
1. May lead to back dysfunction / pain:

• i.e. primary lameness and secondary back pain
• Significance secondary back pain ⌁ level
• Asymptomatic thoracolumbar lesions may

become symptomatic
2. Lameness cases are often perceived as back 

pain cases by the rider, especially in horses that
have developed a ‘coping strategy’ (e.g. reluctant
to work on the bit, hollow back, stiff gait)
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BILATERAL & QUADRUPEDAL LAMENESS
Often vague signs without clear lameness:
§ Stiff, short-strided horse
§ Not voluntary to trot
§ Reluctant to work and / or compete
§ Falsely diagnosed with back problems

§ Ridden exam !!!

BACK PAIN AND LAMENESS
In itself, primary thoracolumbar pain does not
cause lameness but is mainly associated with poor
performance and behavior change
However, relationships exist between (perceived)
back pain and lameness since:
̶ lameness alters back kinematics
̶ (back pain leads to altered balance which may

predispose to lameness)
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NECK PATHOLOGY AND LAMENESS
Neck pathology is associated with variable clinical
signs:
̶ Incoördination & weakness when the spinal cord

is involved (cf. Dr. J. Rijckaert)
̶ Osteo-articular and/or neurogenic pain from facet 

joint OA: front limb lameness can be seen with
caudal pathology (cf. Dr. F. Vandenberghe)!
• Exclude ‘painful limb’ by analgesic techniques
• (Confirm facet joint pain by local analgesia)

CONCLUSION
̶ Cases with perceived back or neck pain always

need an in-depth locomotor exam (also ridden)
̶ Front limb lameness may be seen with caudal neck

facet joint OA: first exclude other lameness causes
̶ Primary thoracolumbar pathology does not cause

lameness (but may theoretically predispose to it)
̶ Lameness alters back kinematics: 

• Lameness is often perceived as back pain!!!
• Lameness may activate asymptomatic lesions
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