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Summary

The relationship between spinal biomechanics and patho-
logical changes occurring in functionally normal equine
thoracolumbar spines was studied in 23 horses. Ventrolateral
vertebral body osteophytes occurred in 36 per cent of the
spines. The majority occurred between the 10th and 17th
thoracic vertebrae with the largest being found between the
11th and 13th thoracic vertebrae, the region of the thoracic
spine where the greatest amount of lateral bending and axial
totation occurs, Impingement of the dorsal spinous processes
was detected in 86 per cent of the spines with most lesions
occurring between the 13th and 18th thoracic vertebrae. The
severity of occurrence of impingement did not appear to be
related to regional spinal mobility. Degeneration of inter-
vertebral discs was observed in-three of four specimens that
were sectioned sagittally. It occurred in the first thoracic and
the lumbosacral intervertebral discs and appeared to be related
to the increased dorsoventral mobility and the increased disc
thickness of these joints, The characteristic distribution of
fractures of the thoracolumbar spine is discussed with respect
to the biomechanics of the spine.

Introduction

THE mobility of the equine thoracolumbar spine and the
relationship between this and some of the anatomical features
of the individual intervertebral joint complexes of the equine
back have been described (Townsend, Leach and Fretz 1983;
Townsend and Leach 1984). However, the relationship
between spinal biomechanics and the reported pathological
changes occurring in the equine vertebral column is poorly
understood.

Back related lamenesses pose difficult diagnostic problems
for the practitioner. Although back pain is frequently
diagnosed in the horse, its precise cause is usually difficult to
determine and the rationale and efficacy of treatment (Fraser
1961; Herrod-Taylor 1967; Roberts 1968; Swanstrom and
Lindy 1973; Gidean 1977; Jeffcott 1980) therefore difficult to
assess. The signs demonstrated by affected animals are
frequently non-specific and may be difficult to distinguish
from many other causes of lameness. The reported causes of
equine back pain that are believed to have mechanical origin
include muscle strain (Jeffcott and Dalin 1980), ligamentous
damage (Jeffcott 1980), vertebral fractures (Sumner 1948;
Mason 1971; Jeffcott and Whitwell 1976; Vaughan and Mason
1976), vertebral body osteophytes (Jeffcott 1975b; Geres

1978), osteoarthritis and ankylosis of the lateral joints
(Mitchell 1933; Stecher and Goss 1961; Smythe 1962),
impingement of the dorsal spinous processes (Roberts 1968;
Jeffcott and Hickman 1975; von Salis and Huskamp 1978),
chronic sacroiliac strain (Adams 1969; Rooney, Delaney and
Mayo 1969; Rooney 1977), degenerative disc disease (Hansen
1959; Rooney 1970; Taylor, Vandevelde and Firth 1977) and
subluxation of the articular facets (Herrod-Taylor 1967;
Rooney 1970; Stromberg and Norberg 1971; Stromberg 1974;
Jeffcott 1080; Purohit and McCoy 1980).

An increased understanding of the pathogenesis of these
lesions should assist clinicians in the diagnosis, treatment and
management of equine back lameness (Jeffcott 1975b, 1979a).
The. purposes of this study were to record the incidence and
location of pathological changes in functionally normal
thoracolumbar spines taken from horses during the course of
another study (Townsend et @/ 1983) and to correlate the
reported amount and type of spinal movement with the
observed and reported incidence of pathological changes of
the equine thoracolumbar spine,

Materials and methods

Twenty-three thoracolumbar spines were obtained from
routine submissions of equine cadavers to the necropsy room
of the Western College of Veterinary Medicine. The age, sex
and breed of each horse and the procedure performed with
each spine are shown in Table 1. After completion of flexion,
extension and rotational studies (Townsend er al 1983), four
thoracolumbar spines were sectioned mid-sagittally to allow
the examination of cach intervertebral disc for evidence of
degenerative changes. All specimens were then wrapped in
cheesecloth and boiled for 12 h to remove the soft tissues, Any
remaining tissue was then washed or scrubbed away with a stiff
brush. The vertebrae were then socaked in a weak solution of
hydrogen peroxide for 8 h and air dried. Following these pre-
parations, the specimens were examined for evidence of
pathological change.

The location of each vertebral body osteophyte, relative to
the end of each vertebra affected, was recorded and the size of
each osteophyte was classified (Morgan, L.junggren and Read
1967). If more than one osteophyte was present at the end of a
vertebra, only the presence of the largest one was recorded
(Morgan 1967).

The vertebral columns were also assembled and examined
for signs of impingement of the dorsal spinous processes.
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TABLE 1: Age, sex, breed, and pathological processes examined for in 23 equine thoracolumbar spines

Spine Age IV disc
number (years) Sex Breed Impingement DSP Osteophytes degeneration
1 8 MC TB E E —-
2 28 M TB E E -
3 4 MC QH E E -
4 10 MC T8 E E —
5 8 F QH E E -
6 4 F TB E E -
7 5 mC T8 E E -
8 3 M G E E -
9 5 MC QH E E -
10 5 MC TB E E -
1 8 F G E E —_
12 25 F TB E E -
13 7 F TB E E -
14 23 F G E E E
15 12 F G E E E
16 8 MC AR - — E
17 7 F TB E E E
18 4 F T8 E E -
19 10 F TB E E -
20 5 MC TB E E -
21 9 mC - TB E E -
22 1 M AR - E -
23 4 MC TB E E -
DSP Dorsal spinous process TB Thoroughbred
IV Intervertebral QH Quarterhorse
MC Male castrate or gelding G Grade or mixed breed
M Male AR Arabian
F Female E Examined

Impingement was considered to have occurred only if there
was gross evidence of change visible on the opposing surfaces
of the spinous processes. The degree of impingement was
classified as follows: ‘no impingement’; ‘slight impingement’
with shaping and eburnation of opposing surfaces; ‘moderate
impingement’ with shaping, eburnation and bony pro-
liferation; ‘severe impingement’ with marked bony pro-
liferation and cavitation of the region; and ‘fusion’ of the
dorsal spinous processes. The location of each site of impinge-
ment was recorded relative to the joint space at which it
occurred.

It was assumed that the spines used in this study were
functionally normal, based upon the fact that none of the
spines were obtained from horses reported to be experiencing
back pain.

Results

Of the 22 specimens examined for the presence of ventro-
lateral vertebral body osteophytes (Figs 1, 2 and 3), eight (36
per cent) had at least one ventrolateral osteophyte. In one
instance, a single osteophyte was identified projecting from
the fourth lumbar vertebra (L4) in a four-year-old gelding; all
the remaining lesions occurred in animals aged seven years or
older. The number, size and distribution of the osteophytes is
presented in Fig 4. Most were small, with the majority
occurring between the 10th thoracic vertebra (T10) and T17.
The largest osteophytes were found on T11, T12 and T13.
Fusion of vertebral body osteophytes projecting from adjacent
vertebrae did not occur in any of these specimens.

Twenty-one thoracolumbar spines were examined for
evidence of impingement of the dorsal spinous processes and
the results are presented in Table 2. Evidence of impingemept
was found in 86 per cent of the specimens and the lesions

occurred most commonly between T13 and T18 (Fig S). There
did not appear to be any relationship between age and severity
or frequency of occurrence of impingement of the spinous
processes.

Degeneration of the intervertebral discs was observed in
three of the four specimens that were sectioned sagittally (Fig
6). The ages of the affected animals were eight, 12 and 23 years
while the unaffected horse was aged seven years. The lesions
appeared as a disruption or cavitation of the disc material
resulting in the formation of a cleft in the centre of the disc. A
yellowish discoloration and fibrillation of the disc material was
observed around the edges of the cleft or cavitation. In one
case this lesion occurred in the intervertebral disc between T1
and T2 and in the other two cases the lesion was observed in
the lumbosacral disc.

Discussion .

Fusion of the lateral joints of the lumbar spine was a
common finding in these specimens and the frequency of the
occurrence of these fusions (59 per cent at L5-6 and 23 per cent

TABLE 2: Frequency and severity of impingement of the dorsal
spinous processes in 21 equine thoracolumbar spines

Severity Percentage affected
No impingement 14
Slight impingement 34
Moderate periosteal reaction 33
Severe reaction and misshaping of
spinous processes 14
Fusion o)
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Fig 1. Oblique right dorsolateral view of T11 demonstrating a Grade 1,
ventrolateral vertebral body osteophyte (arrow). a Cranial articular
facet; p Caudal articular facet

at L4-5) has been reported previously (Townsend and Leach
1984). This condition was observed in specimens from horses
aged three to 23 years. Stecher (1962) observed a similar
frequency of occurrence of ankylosis of the lateral joints of the
domestic horse. He stated that these fusions are not the result
of advanced age because they may be seen in immature horses
before the epiphyses have closed. Stecher (1962) concluded
that these fusions are developmental, serving to increase the
stability of the equine lumbar spine. The findings of the
present and a previous study (Townsend and Leach 1984)
support these conclusions. In view of these findings it seems
unlikely that lateral joint fusions are an important cause of
back pain.

Vertebral body osteophytes were observed with equal
frequency in males and females; the lesions were evident in 36
per cent of 21 thoracolumbar spines examined and in 58 per
cent of all those spines from animals older than six years of
age. Jeffcott (1980) found osteophytes in only 2.7 per cent of
443 horses examined radiographically following a presenting
complaint of a ‘back problem’ with the majority occurring in
females. Lesions were not seen radiographically in 110 normal
horses aged newborn to 27 years (Jeffcott 1979b). Most of the
difference in the incidence reported in the present study as
compared to those of Jeffcott is probably owed to the
differing detection methods used, the examination of boiled
and bleached vertebrae being a more sensitive means of
osteophyte detection than radiography (Nathan 1962; Morgan
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Fig 2. Left lateral aspect of T12 demonstrating a Grade 2 cranial,
}emrola:eral vertebral body osteophyte (arrow). p Caudal articular
acet

et al 1967; Read and Smith 1968). There is, however, close
agreement among the studies regarding the usual distribution
of vertebral osteophytes (middle of the thoracolumbar spine)
and the age of affected horses (seven years and older).

The term ‘ossifying spondylosis’ (Jeffcott 1975a, 1975b,
1977, 1978, 1979, 1980) has been used to describe vertebral
body osteophytes in horses, but the morphological appearance
of these lesions is the same as that described in the dog
(Morgan 1967; Morgan et al 1967), cat (Read and Smith 1968),
bull (Thomson 1969; Almquist and Thomson 1973), cetaceans
(Lagier 1977) and man (Nathan 1962) as ‘spondylosis
deformans’. The exact pathogenesis of these lesions is not fully
understood but biomechanical factors are thought to be
involved (Morgan 1967; Morgan et al 1967; Badoux 1968;
Read and Smith 1968; Thomson 1969; Gloobe and Nathan
1971, 1973; Almquist and Thomson 1973; Jeffcott 1975b; Ten
Have and Eulderink 1980). Thomson (1969) summarises the
pathogenesis of spondylosis deformans in the bull as
degeneration of the annulus fibrosis leading to impairment of
the function of the disc, probably abnormal movements
between vertebral bodies; stimulation of bone formation at the
vertebral corners and in the annulus fibrosis; and stimulation
of periosteal bone formation on the ventral surface of the
vertebral body. Although degenerative changes have not been
described in the mid-thoracolumbar discs of the horse, the fact
that vertebral body osteophytes occur most commonly in the
area of maximum lateral and rotational movement of the
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Fig 3. Left lateral aspects of T12 and TI3 demonstrating a Grade 3
ventrolateral, vertebral body osteophyte projecting from each
vertebral body (arrows). Fusion has not occurred

thoracolumbar spine (Townsend et a/ 1983) is probably
significant. Excessive strain of the outer fibres of the annulus
fibrosis, with or without grossly detectable changes in the disc,
may occur as a consequence of substantial axial rotation or
lateral bending, or a coupling of these two motions in the
thoracic spine. These lesions usually occur in older horses,
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suggesting that they are the result of repeated strain of the
intervertebral joints over a number of years. To explore
further these relationships, a gross and histological survey of
equine thoracic intervertebral joints is required.

Impingement of the dorsal spinous processes of the thora-
columbar spine has been described as a pathological change of
clinical significance in the horse by Roberts (1968) and more
recently by Jeffcott and Hickman (1975). Affected animals are
usually Thoroughbred or Hunter types and are frequently used
for competitive jumping or dressage events (Jeffcott 1979a,
1980). The lesion involves the summits of the dorsal spinous
processes from T12 to T18 (Jeffcott and Hickman 1975;
Jeffcott 1979a; 1980) but the lumbar spine has also been
reported to be affected (Roberts 1968). Some degree of
impingement or overriding may be seen in normal animals
(Jeffcott 1979b), but the likelihood of clinical signs being
present increases with the severity of the lesion. Radio-
graphically, impingement of the spinous processes may be
accompanied by local periosteal reaction, focal areas of radio-
lucency and misshaping of the tips of the spinous processes
(Jeffcott 1975b, 1980).

Eight-six per cent of the thoracolumbar spines examined in
this study showed some evidence of impingement of the dorsal
spinous processes, as compared to only 33 per cent in a radio-
graphic study (Jeffcott 1980). The difference between studies
is probably owed to the greater accuracy of detection afforded

1 2 3 -3

Fig 6. T1-2 intervertebral disc cavitation in a 12-year-old mare

m
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by the direct examination of the macerated specimens, This
would be particularly true of the most subtle effects of
impingement which are eburnation and shaping of the points
of contact between the dorsal spinous processes. There is close
agreement between the present studies as to the anatomical
location of the lesions in the affected animal, although the
reason for its characteristic distribution is not certain. A recent
study (Townsend et a/ 1983) did not show increased
dorsoventral movement in the region where impingement
occurs most commonly. Therefore, the condition appears to
be caused by the gradual development of broad, flat dorsal
spinous processes from about T12 to T18 resulting in a gradual
narrowing of the interspinous spaces in this region during the
first years of life. This is consistent with Jeffcott’s (1980)
suggestion that the underlying cause of the condition involves
the conformation of the vertebral column. It also seems
probable that back pain may result in severely affected horses
if they are required to extend the back maximally, particularly
when jumping.

Degeneration or cavitation of at least one intervertebral disc
was observed in three of four spines sectioned mid-sagitally in
this study. The lesion was observed in two locations, the first
thoracic joint complex (T1-2) and the lumbosacral joint. The
condition has been reported previously in the equine
lumbosacral disc (Rooney 1970). Its pathogenesis is unknown,
but may be associated with ageing, the relatively wide range of
dorsoventral movement in these joints and the relatively
greater thickness of the discs at these locations (Ten Have and
Eulderink 1980; Townsend and Leach 1984). In the case of the
lumbosacral disc, increased mechanical strain on this joint
caused by the fusion of joint complexes cranial to it may also
be of importance (Kirkaldy-Willis, Wedge, Yong-Hing and
Reilly 1978).

It seems unlikely that degenerative disc disease is of any
clinical significance in the equine, thoracolumbar spine. The
discs of affected joints appear completely fibrous in nature
and do not contain a nucleus pulposus that can herniate and
place pressure upon the cord or spinal nerve roots. When
cavitation of equine intervertebral discs does occur it does not
seem to be associated with significant narrowing of the disc
space with diminution in the size of the intervertebral foramen
and entrapment of the spinal nerve, part of the pathogenesis of
back pain in man (Kirkaldy-Willis 1983). Affected joint
complexes did not show evidence of pathological change of the
articular facets, a painful consequence of degenerative disc
disease in the human lumbar spine (Kirkaldy-Willis et al 1978).

No vertebral fractures were found during the course of this
study, but an interesting relationship appears to exist between
the mechanical characteristics of the equine thoracolumbar
spine (Townsend et al 1983), the anatomical features of the
intervertebral joint complexes (Townsend and Leach 1984)
and reports of thoracolumbar fractures (Mason 1971; Moyer
and Rooney 1971; Vaughan and Mason 1976; Jeffcott and
Whitwell 1976). These fractures are not normally associated
with evidence of external trauma. The most common circum-
stance under which they occur is a violent fall, particularly
when jumping at speed (Vaughan and Mason 1976). Because
of the mass of the animal and the length of its appendages, it is
likely that compressive and rotational forces of a very high
magnitude are applied to the spine under these circumstances.

Jeffcott and Whitwell (1976) have shown that fractures
involving the thoracolumbar vertebral bodies usually occur in
one of two areas: between T9 and T16 or between T18 and L6.
Fractures occurring between T9 and T16 are usually com-
pression fractures (Rooney 1969; Rooney 1971), resulting
primarily in crushing of the vertebral body and tearing of the
longitudinal ligaments and the intervertebral disc.
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Occasionally, fractures of the dorsal spinous processes and the
neural arch are found as well (Moyer and Rooney 1971;
Jeffcott and Whitwell 1976). The tendency towards com-
pression fractures between T9 and T16 appears to be owed to a
combination of the increased amount of axial and lateral
movement occurring in this region (Townsend et @/ 1983) and
the relatively small size of its vertebrae, particularly the small
surface area of the vertebral end plates (Slijper 1946) over
which compressive forces are distributed. In the spine, forces
of compression and tension are concentrated in areas of high
mobility (Weis 1975), leading to high compressive forces being
applied to the vertebrae and high tensile forces being applied
to the fibres of the intervertebral discs in these regions
(Badoux 1965). The importance of axial rotation in spinal
injuries is well recognised in man (Roaf 1960; Farfan 1969,
1973; Farfan et al 1970) and it has been stated that a com-
bination of compression and rotation can produce almost
every spinal injury (Roaf 1960). Therefore, it should not be
surprising that the highest incidence of thoracic vertebral body
fractures in the horse occurs around T12 (Jeffcott and
Whitwell 1976), the region of greatest lateral and axial
rotational movement (Townsend et a/ 1983).

Fractures of the region between T18 and L6 are almost
invariably comminuted, involving the vertebral bodies,
articular facets, neural arches and the spinous and transverse
processes (Vaughan and Mason 1976). The articular surfaces
of these vertebrae are much larger than those of the region
around T12, making them much more resistant to compression
fracture, However, the articular facets of the lumbar spine are
deeply interlocking and although these structures serve to limit
axial rotation (Townsend and Leach 1984), they also limit the
ability of this region to absorb excessive axial rotational forces
or torque without fracture of the articular facets and
associated structures. This appears to account for the com-
minuted nature of the fractures reported in this region of the
spinal column.
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