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Abstract
New Zealand rabbits are widely used as experimental models and represent an important casuistic in 
veterinary practices. The musculoskeletal conformation of rabbits frequently leads to the occurrence 
of lumbosacral lesions with neural involvement. In order to contribute to the comparative anatomy 
and the understanding of these lesions, the origin and distribution of the obturator nerves of 30 New 
Zealand rabbits (15 males and 15 females) previously fixed in 10% formaldehyde were studied by 
dissection. The obturator nerves were originated from the ventral spinal branches of L6 and L7 in 
63.3% of the cases, L5 and L6 in 13.4%, only L7 in 13.4%, L7 and S1 in 6.6 % and of L6, L7 and 
S1 in 3.3%. The spinal segment that most contributed to the formation of the nerve was L7 (86.6% 
of the nerves). The obturator nerves emitted in all the specimens, a variable number of branches for 
the internal obturator, external obturator, pectineum, adductor and gracilis muscles. No significant 
differences were observed between the frequencies of the origin and muscular branches of the 
obturator nerves when comparing sex and antimers.
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Resumo
Coelhos da raça Nova Zelândia são amplamente usados como modelos experimentais e representam 
uma parcela importante dos atendimentos em consultórios veterinários. A conformação músculo-
esquelética dos coelhos torna frequente a ocorrência de lesões lombossacrais com comprometimento 
neural. Visando contribuir para a anatomia comparada e no entendimento destas lesões, foram 
estudadas por dissecção a origem e a distribuição dos nervos obturatórios de 30 cadáveres de coelhos 
da raça Nova Zelândia (15 machos e 15 fêmeas) fixados previamente em formaldeído a 10%. O nervo 
obturatório formou-se a partir dos ramos ventrais de L6 e L7 em 63,3% dos casos, de L5 e L6 em 
13,4%, apenas de L7 em 13,4%, de L7 e S1 em 6,6% e de L6, L7 e S1 em 3,3%. O segmento espinhal 
que mais contribuiu para a formação do nervo foi L7 (86,6% dos nervos). Os nervos obturatórios 
emitiram em todos os animais, número variável de ramos para os músculos obturador interno, 
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obturador externo, pectíneo, adutor e grácil. Não foram observadas diferenças significativas entre 
as frequências da origem e de ramos musculares dos nervos obturatórios quando comparados sexo e 
antímeros. 

Palavras-chave: anatomia animal, lagomorfos, Oryctolagus cuniculus, plexo lombossacral, sistema 
nervoso.
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Introduction

The nerves supply the hind limb, the caudal and lateral abdomen, and partly the sublombar muscles 
originate in the lumbosacral plexus. The lumbosacral plexus is formed from the ventral branches 
of the last three lumbar and the first two or three sacral nerves, depending on the species. It can be 
divided into the lumbar plexus and the sacral plexus(1).

In domestic mammals, the obturator nerve is usually formed from the junction of the ventral spinal 
branches of the 4th, 5th, and 6th lumbar nerves (L4, L5, and L6), and is responsible for the innervation 
of the internal and external obturator, pectineus, adductor, and gracilis muscles(2).

The rabbit’s lumbosacral region is prone to injury due to its fragile skeleton and powerful, well-
developed hindquarter muscles(3). Rabbits have several advantages as laboratory species. White New 
Zealand rabbits are recently being used in a variety of experiments, including neuronal anesthetic 
block(4), vascularized nerve grafts(5), orthopedic surgery(6), and neuronal lesions(7). Concomitantly, 
their popularity as pets is also increasing(8). Therefore, the detailed information about the lumbosacral 
region and its vertebrae, spinal cord, and nerve roots are assumed to improve the quality of veterinary 
services; however, few data are available, in particular, regarding these aspects(9).

In mammals, the innervation of pelvic and perineal regions occurs from the lumbosacral spinal cord, 
and the nerve fibers reach their target by the pelvic and pudendal nerves(10). The obturator nerve may 
be damaged during the pelvic surgeries and parturition, adversely affecting both pelvic and hind limb 
functions(2).

Female rabbits have been used to investigate the contribution of pelvic and perineal muscles on 
the control of micturition, as well as in the understanding of the multiparity impact on the pelvic 
musculature(11,12); however, knowledge regarding the innervations of the pelvic and perineal regions 
remains unclear.

This study aimed to characterize the origin and the number of branches of the obturator nerve in the 
New Zealand rabbits.

Material and methods

In total 30 rabbits, 15 males and 15 females, aged approximately 1 year, were used. All animals 
were used in the practical surgery classes and were then donated to the animal anatomy section 
after being euthanized, according to the protocol 23083.002379/2007-08 approved by the research 
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ethics committee of Rio de Janeiro Federal Rural University (UFRRJ). The cadavers were washed 
and identified by a numbered plastic label attached to the common calcaneal tendon. With the aid of 
a metal tape, the rostrum-sacral length of each animal was measured from the tip of the nose to the 
base of the tail. The cadavers were then placed in the lateral recumbent position in order to access 
the thoracic portion of the aorta, through an incision made between the sixth to the tenth intercostal 
spaces. Aorta was cannulated with the urethral catheter (number 8G or 10G) and tied with a string 
to prevent the overflow and to maintain the intravascular pressure. The fixation was obtained by 
injecting a 10% formaldehyde solution. Thereafter, the cadavers were immersed in a low-density 
polyethylene box, comprising the same solution in order to conclude the fixation process.

For inspecting the origins of both the right and left obturator nerves, a longitudinal incision was made 
at the ventral midline, from the xiphoid process of the sternum to the caudal border of the pelvic 
symphysis, and, from this, two other vertical incisions were made: one on each antimere until it 
reached the dorsal midline. Thereafter, the pelvic symphysis was dislocated through the longitudinal 
section, thus reaching the pelvic cavity and removing its viscera. After removing the adipose tissue 
and dissecting the psoas muscles, the ventral spinal branches of the lumbar and sacral nerves of both 
antimeres were observed, for the origin and muscle branches of both the right and left obturator 
nerves.

To analyze the distributions of the muscular branches of the obturator nerves that emerge in each 
antimere, we performed a circular incision in the skin of the middle third of the leg and a vertical 
incision in the skin of the medial side of the thigh, extending from the level of the acetabulum to 
the first incision in the leg. In sequence, we circumvented the skin of the root of the tail, anus, and 
external genitalia, and then folded it dorsally the entire segment of the skin and subcutaneous fascia in 
the gluteal regions, of the thigh and leg. Schematic drawings and photographic documentation were 
carried out.

Simple absolute and percentage frequencies of the branches that led to the obturator nerve in both 
sexes and antimeres as well as the frequency of branches of the obturator nerve that were directed to 
the muscles of the right and left antimeres in both sexes, were calculated. The data for the muscular 
branches of the obturator nerve were presented as mean ± standard error. The Kolmorogov–Smirnov 
(KS) test was used to evaluate the normality of each variable’s distribution. Statistical analysis was 
performed using the Mann–Whitney test with significance of p < 0.05.

To check whether the distribution of the observed frequencies for the 30 animals examined agreed 
with the theory, we applied the chi-square test, at a significance level of 5%, to test the null hypotheses 
stating that the origins of the nerves do not depend on the gender or antimere.

Results

The most common origin to the obturator nerve was from the ventral branches of L6 and L7 (63.3%); 
however, it also originated from L5 and L6 (13.4%), L7 (13.4%), L7 and S1 (6.6%), and L6, L7, and 
S1 (3.3%) (Figs. 1 and 2). The origins of the obturator nerves did not significantly differ between the 
genders. No cases of antimeric asymmetries were observed regarding the nerve origin. Considering 
all the 60 nerves dissected, an average of 1.9 ventral branches formed each obturator nerve. The 
ventral branch of L7 contributed to the obturator nerve formation in 86.6% of the cases; L6 was 
present in 80.0%, L5 in 13.4%, whereas S1 contributed to only three male nerves (10.0%) (Fig. 3).
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On originating, the obturator nerve ventrally crossed the psoas minor muscle through the pelvic cavity 
and obturator foramen to provide numerous muscular branches to the internal obturator, external 
obturator, pectineus, adductor, and gracilis muscles (Table 1 and Figure 5). In the lumbosacral plexus, 
the obturator nerve was caudal to the femoral nerve and cranial to the ischiatic nerve (Fig. 4). No 
significant differences were observed between the frequencies of origin of the obturator nerves in 
relation to sex and antimeres (Fig. 6).
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Discussion

The obturator nerve of the New Zealand rabbits majorly comprised two ventral spinal branches, L6 
and L7. This finding is also in accordance to the rabbit description by Greenaway et al.(9); however, it 
differs from that of Harkness and Wagner(13), who reported that the obturator nerves are formed from 
L5 and L6. In our sample, the origin from L5 and L6 occurred only in 13.4% of the rabbits (three 
males and one female). According to Greenaway et al.(9), the formation from L5 and L6 was restricted 
to few rabbits that revealed only six lumbar vertebrae (an axial skeletal variation). This was not the 
case of our sample because all the rabbits had seven lumbar vertebrae and the origin in both L5 and 
L6 can be regarded as a neural variation. No reports are available regarding the sex or antimeric 
differences in the origin of the obturator nerves in rabbits or in any other mammal species.

The ventral spinal branch of L7 was the most common contributor to the obturator nerve in our 
sample of New Zealand rabbits. The lumbosacral region of rabbits is more susceptible to trauma at 
the seventh lumbar vertebra (L7), usually caused by a sudden unsupported movement of the powerful 
musculature of the hind limbs(9). This might result in a severe injury to the spinal cord and nerve roots. 
Based on the anatomical origin, this type of trauma almost invariably will affect the obturator nerve. 
This data may be applicable, for example, during the physical examination of rabbits maintained as 
pets.

Anatomical studies about the lumbosacral plexus of Lagomorpha order are still scarce; however, 
descriptive reports of the obturator nerve origins in Rodentia, a closer phylogenetical order, are 
available for several species. Lacerda et al.(14) observed that in Kerodon rupestris, the lumbar vertebrae 
ranged from six to seven. Therefore, the obturator nerves arose from the ventral spinal branches of 
L4, L5, and L6 in the animals with six lumbar vertebrae and from L5, L6, and L7 in those with seven 
lumbar vertebrae. These results are partially in accordance with the present investigation, where the 
highest frequencies were observed from the ventral spinal branches of L6 and L7 in both sexes, 
although the number of lumbar vertebrae remained the same.

In Cuniculus paca, Tonini et al.(15) observed that the obturator nerve originated from the ventral spinal 
branches from L5 and L6 in 12.5% of the animals, only L6 in 62.5%, and L6 and L7 in 25% of the 
animals studied. In contrast to our findings in the rabbits, where most of the obturator nerves were 
formed at least by two ventral spinal branches, in C. paca, most of the obturator nerves were formed 
from a single branch (L6).

In laboratory rats, the obturator nerve was formed from L2, L3, and L4(16), which was partially similar 
to another muridae, Meriones unguiculatus, since its major origin was from L3 and L4(17). In Galea 
spixii, the origin was from ventral spinal branches of L5 and L6 for the majority of the specimens(18). 
In Chinchilla lanigera, the obturator nerve originated from L4 and L5(19). In Hystrix cristata, the 
obturator nerve obligatorily originated from the ventral spinal branches of L2 and L3, mostly with 
contributions from T15 and L1(20). In Sciurus vulgaris, the same author observed that the obturator 
nerves originated variably from the ventral spinal branches of L4, L5, and L6(21). In Dasyprocta 
leporine, the major origin was from L5, L6, and L7; however, they also originated from L5 and L6 or 
L6 and L7 in few specimens(22).

The contribution of the ventral spinal branch of L7 to the origin of the obturator nerve, which was 
the most common (83.3%) in the New Zealand rabbits of the present study, was rarely described 
in rodents. The exception include 25% of the C. paca analyzed by Tonini et al.(15) and 83.3% of the 
D. leporina dissected by Oliveira et al.(22). Notably, the contribution of the ventral spinal branch of 
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S1, which occurred in only 10% of the obturator nerves in this study, was not previously reported 
for lagomorph’s or rodent’s species. Presumably, the rabbits may have a more caudal origin for the 
obturator nerves than some other phylogenetically closer species.

In the Carnivora order, in species that possess seven lumbar vertebrae, the obturator nerve is originated 
from L6 and L7 in the domestic cat(23); solely from L5 in the Leopardus pardalis(24); mainly from L4, 
L5, and L6 in domestic dogs(25); and from L5, L6, and S1 in both Cerdocyon thous and Lycalopex 
gymnocercus(26).

In its path, the obturator nerve left the pelvic cavity through the obturator foramen to symmetrically 
supply the adductor, pectineus, gracillis, and the internal and external obturator muscles, as well as 
it was observed in rodents such as C. lanigera(19), H. cristata(20), S. vulgaris(21), and C. paca(15). These 
innervated muscles are similar in certain carnivores(23-25). Each of these muscles received one branch, 
in average, from the obturator nerve, with a slight tendency for the adductor and gracillis muscles to 
get more than one branch. Perhaps, these two muscles reveal a greater motor relevance to the pelvic 
limbs than the obturator muscles, which indicate a more constitutive position in the pelvic cavity.

Conclusions

Comparatively, we concluded that most of the New Zealand rabbits tend to exhibit a slightly caudal 
origin of the obturator nerve when compared with the other mammals. Even the species phylogenetically 
close to the rabbits or those with seven lumbar vertebrae tend to exhibit a more cranial origin for the 
obturator nerve, which rarely includes L7 as the main segment. The contribution of the ventral spinal 
branch of L7 in nearly all rabbits makes the obturator nerves particularly predisposed to injuries due 
to the high incidence of trauma in L7 vertebra in this species. The motor innervation is directed to the 
muscles that act as adductors, similar to a majority of species. These data may be important both for 
research and veterinary care of rabbits.
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