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Background: Leopardus geoffroyi is a Neotropical wild felid with wide distribution
in the south of the South American continent. The objective was to investigate
the skeletopy of the intumescentia lumbalis (IL) and conus medullaris (CM) from
11 specimens of L. geoffroyi collected dead on highways.

Materials and methods: The cadavers were fixed in formaldehyde solution and
dissected to allow the dorsal exposure of IL and CM. The cranial and caudal limits
were marked with radiopaque pins and radiographic projections were used to de-
termine the skeletopy. The lengths of IL and CM were measured with a pachymeter.
Results: In most specimens, the IL was located at the level of L4 and L5 vertebrae,
although in 4 (1 male and 3 females) individuals its cranial limit was L3 and in
3 specimens (2 male and 1 female) the caudal limit was L6. The length of IL was
35.6 = 6.7 mm. The CM had its base predominantly at the level of the L5 vertebra,
although in some specimens the base was in L4 and in others in L6. The apex of
the CM can be found since the lumbosacral junction until the level of the Cd2
vertebra. The CM measured 74.4 = 14.3 mm.

Conclusions: Based on the skeletopy, it can be suggested that epidural anaesthesia
procedures in L. geoffroyi are safer with the introduction of the catheter through
the sacrocaudal interarcual space, as recommended by some anaesthetists for the
domestic cat. (Folia Morphol 2020; 79, 1: 65-70)
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INTRODUCTION

The Leopardus geoffroyi (d'Orbigny and Gervais,
1844), also known as Geoffroy's cat [19, 21], is a wild
felid that inhabits several regions of South America,
such as Uruguay, Bolivia, Chile, Argentina, Paraguay
and Brazil [3, 18, 21]. It is an animal with body structure
similar to the domestic cat, weighing on average 4 kg. It
has a mammal and small rodents-based diet which may
include marsupials, birds and other vertebrates [33].

Neuroanatomy studies can facilitate the under-
standing of free-living species habits [11], subsidise
phylogenetic inferences and support veterinary pro-
cedures in wild species [12, 32].

The skeletopy of the intumescentia lumbalis (IL)
and conus medullaris (CM) are distinct between spe-
cies and their knowledge is essential for epidural
anaesthesia, cerebrospinal fluid collection and per-
forming contrast-enhanced radiographic studies
of the vertebral canal [5, 10, 11]. Epidural blockade
can be performed in a wide variety of surgical pro-
cedures, with the advantages of minimising cardio-
vascular and respiratory alterations, improve trans
and postoperative analgesia and reduce the need of
general anaesthetics [20]. These benefits are even
more crucial in wildlife medicine due to the com-
plexity of drug administration in the postoperative,
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Figure 1. Radiographic image in lateral projection, right lateral decubitus, of the lumbar and sacral region of an adult female specimen of
Leopardus geoffroyi after removal of the epaxial muscles, spinal processes and vertebral arches to evidence the skeletopy of intumescentia
lumbalis (IL) between L3 to L5 and conus medullaris (CM) between L5 to Cd1.

high frequency of injuries by polytrauma in the pelvic
limbs, and patients commonly debilitated at the time
of surgery [22].

Although the skeletopy of the CM has already
been documented and points out significant differ-
ences between domestic and wild species of the Car-
nivora order, there is still no knowledge when it comes
to L. geoffroyi [2, 4, 8, 13-15, 23, 26, 27, 30, 31].

The aim of this study is to report the skeletopy
and the dimensions of IL and CM of L. geoffroyi, in
order to increase the knowledge in the neuroanatomy
of wild carnivores, as well as to support locoregional
anaesthetic procedures in this species.

MATERIALS AND METHODS

Eleven adult cadavers of L. geoffroyi were used,
8 females and 3 males, collected dead on highways in the
southwestern mesoregion of Rio Grande do Sul (IBAMA
authorisation/SISBIO number 33667). Only cadavers that
provided good visualisation of the spinal cord in both
thoracolumbar and sacral regions were selected for this
study. After collection, the cadavers were identified and
fixed with aqueous 50% formaldehyde solution through
intramuscular and intracavitary injections and, then, im-
mersed in vats containing 10% formaldehyde solution for
at least 3 weeks before being dissected. To this end, the
skin, subcutaneous tissue, epaxial musculature, spinous
processes, vertebral arches and ligaments were removed
in thoracic caudal regions, lumbar, sacral and proximal of
the tail, which allowed the dorsal exposure of IL, CM and
terminal filament of the spinal cord. In only 2 specimens,
1 maleand 1 female, it was not possible to determine the
end of the CM. With the aid of a digital calliper (capacity
0-150 mm, resolution 0.01 mm, accuracy + 0.02 mm,
ZAAS Precision, Amatools®) the following measure-
ments can be obtained:
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length of intumescentia lumbalis (ILL), established
as the distance between the cranial and caudal
boundaries of intumescence;

conus medullaris length (CML), established as the
distance between the base and apex of the conus;
intumescentia lumbalis circumference (ILC), es-
tablished by removing a layer of the dura-mater
at the most enlarged point of the intumescentia;
conus medullaris circumference (CMC), estab-
lished by removing a layer of the dura-mater at
the base of the conus.

The thoracolumbar length (TL), established as the
distance between the caudal angle of the scapula
to the cranial border of the wing of the ilium, was
measured with a flexible tape.

The demarcations of the cranial and caudal limits
for the determination of ILL and CML were performed
with fine-tipped metal pins and the radiographed ca-
davers in the lateral-side projection with the Phillips®
apparatus, model Aquilla Plus 300. Radiographs were
taken in a Kodak® Direct View Computerised cassette
system, exposure of 40 KV, 200 mAin 0.1 s and saved
in DICOM® format. The visualisation was done using
Radiant Dicom Viewer® software version 1.6.8.

The BioEstat 5.3® software was used to obtain
the descriptive statistics data (standard deviation and
arithmetic mean), to perform the Student’s t test to
compare the means of the measures between sexes
and determination of the coefficient r by Pearson’s
linear correlation between measurements.

RESULTS

Invariably, the number of lumbar vertebrae was
seven and the number of sacral was three. The skel-
etopy of IL and CM were determined according to
radiographic images in the lateral projection (Fig. 1).
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Figure 2. Schematic representation of skeletopy of intumescentia
lumbalis and conus medullaris of the 11 specimens of Leopardus
geoffroyi. The 2 coni medullaris represented in dotted lines (1 male
and 1 female) did not have the apex determined.

In most specimens (36%), IL was located in the verte-
bral canal between the L4 and L5 vertebrae (Fig. 2).
It was also located between L3 and L5 in 28% of the
animals, between L5 and L6 in 18%, between L3 and
L4 in 9% and between L4 and L6 in 9%. Therefore, the
CM had its base always at the level of the L5 vertebra
or caudal to this in 91% of the individuals, except
for 1 female in which it started at the height of L4.
The point where the apex of the CM originated the
terminal filament was located from the level of the
vertebrae L7-S1 (22% of cases) to as caudal as the
body of the Cd2 vertebra (11%).

The IL had a mean length of 35.6 + 6.7 mm
and the CM 74.4 = 14.3 mm (Fig. 3, Table 1), with
no significant difference between the averages of
the measurements between males and females
(p > 0.05). The Pearson’s linear correlation was highly
positive and significant (p < 0.05) between ILL and
TL (r = 0.83) and moderately positive between CML
and TL (r = 0.60) and moderately negative between
ILCand TL (r = -0.61). The linear correlation between
ILL and CML was poorly negative (r = —0.230).

DISCUSSION

The existence of seven lumbar vertebrae and
3 sacrals in L. geoffroyi is described for felids [7]. Even
though they have small numerical differences in the
number of vertebrae of the thoracic and lumbar seg-
ments between different species of the same family
of the Carnivora order, in the Felidae family this does
not occur at all. In the domestic feline population, the
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Figure 3. Dorsal view macrophotography of the intumescentia
lumbalis (IL) and conus medullaris (CM) of a female Leapardus
geoffroyi specimen, after removal of the epaxial muscles, spinal
processes and vertebral arches from midlumbar, sacral and caudal
regions. Bar: 20 mm.
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Table 1. Arithmetic means and standard deviations of intumescentia lumbalis length (ILL), conus medullaris length (CML), intume-
scentia lumbalis circumference (ILC), conus medullaris circumference (CMC) and thoracolumbar length (TL) distributed by sex

ILL [mm] CML [mm] ILC [mm] CMC [mm] TL [cm]
General 356 =6.7(n=11) 744 +143(n=19) 219=17(h=1) 15.7+24(n=10) 259 = 2.6 (n = 10)
Males 345+85(n=3) 84.6 +283(n=2) 2052 +19(n=3) 177190 =3) 280+44(n=3)
Females 359+66(n=28) 7M4=96(=7) 226 +18(n=28) 147+£20(n=17) 250+14(n=7)

lumbar, sacral and caudal segments of the spine may
exhibit numerical congenital variations with occurrence
between 10% and 20% [17], which did not appear
in the specimens of L. geoffroyi of the present study.

The skeletopy of IL predominated at the level
of the L4 and L5 vertebrae in 36% of the cadavers,
although it could start as cranial as L3 (36%) and
end as caudal as L6 (27%). In the Carnivora order, IL
extends through the vertebral canal at the level of
L4 to L6 in 70% of the domestic cats [28], between
L4 to L7 in domestic dogs [6], T12, L1 and L2 in
3 specimens of Pteronura brasiliensis [15] and L3 to
L6 in a cadaver of Atelocynus microtis [26]. Thus,
the limits restricted to 2 vertebrae may suggest that
IL is somewhat smaller in L. geoffroyi than in other
carnivorous species. IL occupied the extension of
2 vertebrae in 3 specimens of Eira barbara (L3-L4) [1],
in 2 Procyon cancrivorus (L3-L4) [30] and in
5 specimens of Lycalopex gymnocercus (L4-L5) [31].
Some of these differences may reflect methodological
differences in the determination of skeletopy and
subjectivity in the visualisation of the swollen area
of the spinal cord.

Measurements of IL length of carnivores were
only found for P cancrivorus (18 mm) [30], L. gym-
nocercus (31.4 = 5.1 mm) [31] and domestic felines
(35 to 40 mm) [29]. The average obtained in speci-
mens of L. geoffroyi was 35.6 + 6.6 mm, relatively
similar to what is described for domestic cats, who
have similar body mass.

The skeletopy of CM predominated with the base
positioned at the level of the L5 vertebra or caudal
to it. In only 1 female specimen the base of the co-
nus emerged from L4. The apex was as cranial as
the lumbosacral junction and as caudal as Cd2. The
distribution of the CM with its base on the lumbar
vertebrae and the apex on the sacrals was described
in different carnivores: in felids, between L6 and S2 in
a Harpailurus yagouaroundi [4] and in domestic fe-
lines [29] and between L4 and S3 in a Leopardus pard-
alis [2]; in canids, between L6 and S3 in a Cerdocyon
thous [23], L7 and S3 and in a A. microtis [26] and
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L5 and S3in 5 L. gymnocercus [31]; in the procionid
Nasua nasua was reported between L5 and S3 in
3 individuals [8]. In some species of the Caniformia
suborder, the CM limited to lumbar vertebrae, such as
L3 to L7 in domestic dogs [27], L3 to L6 in 5 Chrysocy-
on brachiurus [13], in 3 P brasiliensis [15], L4 to L6 in
3 Eira barbara [1] and L4 to L7 in 2 P cancrivorus [31].

Therefore, the skeletopy of the conus medullaris
of L. geoffroyi follows an elongated pattern caudally,
as extensively documented in felids. The apex of CM
reached even the first caudal vertebrae in at least
3 (27%) specimens, which is not mentioned in other
carnivorous species studied.

In addition to the constancy in the number of
7 lumbar vertebrae, in felids the apex of the CM ex-
tends to the last sacral vertebrae, as in the case of do-
mestic felines [29], H. yagouaroundi [4], L. pardalis [2]
and confirmed in the present study with L. geoffroyi.
It is possible that a longer spinal cord caudally is ad-
vantageous to group peripheral neural tissue close
to the pelvic and tail limbs, regions of recognised
versatility in felids.

The average CML in L. geoffroyi (74.4 mm) was only
inferior than what is described in C. thous (101.3 mm)
[23] and L. pardalis [2] and higher than the A. aus-
tralis (43 mm) [14], P brasiliensis (55 mm) [15],
H. yagouaroundi (50 mm) [4], in N. nasua (52 to
55 mm) [8], A. microtis (39 mm) [26], E. barbara
(43.1 mm) [1], P cancrivorus (53.5 mm) [30] and
L. gymnocercus (68.8 mm) [31]. The CML average was
50.8 mm in 30 domestic felines [29], Although some
individuals present conus up to 80 mm in length.
However, it would be desirable to establish indexes
for comparison purposes proportional to the size [31].

The linear correlation between ILL and CML was
poorly negative (r = -0.230), as in L. gymnocercus
(r = -0.227), suggesting that the CML is greater to
compensate for a relatively shorter ILL when com-
pared to other species. In fact, CML correlated better
with TL than ILL.

From the applied standpoint, there are few reports
of the use of epidural anaesthesia in wild felids. Some
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authors affirm that the technique may be identical to
the one used in domestic felines, positioning the nee-
dle in the space between the L7 and S1 vertebrae [9].
The lumbosacral space was also chosen to perform
epidural anaesthesia in 6 wild cats, of different species,
as adjuvant to general anaesthesia for ovariohysterec-
tomy due to pyometra [16]. However, the dissection
of L. geoffroyi specimens allowed inferring that, the
epidural anaesthesia procedure tends to be safer if the
catheter is inserted into the sacrocaudal interarcual
space (S3-Cd1), although it can also be introduced into
the interarcual space between L6-L7 or lumbosacral
(L7-S1). Since the apex is the thinner part of CM, its
position inside the sacral canal turns the sacrocaudal
space safer to puncture. This finding is similar to what
is recommended in domestic felines [29].

Due to the anatomical similarity of IL and CM, the
techniques of contrast-enhanced myelography and
CSF collection in the lumbar region of L. geoffroyi can
be performed with the introduction of the catheter
into the interarcual space between L5-L6 or L6-L7,
as recommended for domestic felines [11, 19, 24].

CONCLUSIONS

The result of the dissections suggests that epidural
anaesthesia in L. geoffroyi can be performed both
through the sacrocaudal or lumbosacral interarcual
spaces, but the former might be a safer choice, since
the apex of CM may extend caudally to the level of the
second caudal vertebrae in some individuals.
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