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A B S T R A C T   

To evaluate the sensory and motor effects promoted by a combined sciatic and femoral nerve block in calves 
using two approaches. Six calves were used, in a crossover study. Ultrasound combined with neurostimulation, 
was used to perform the following block combinations: the proximal approach (PA), which consisted of the 
association of the parasacral approach (sciatic nerve block) and ventral to the ilium approach (femoral nerve 
block); distal approach (DA) consisted of the association of a lateral approach to the pelvic limb approach (sciatic 
nerve block), and an inguinal approach, underneath the femoral trigone (femoral nerve block). Pressure algo-
metry and motor function of the limb where evaluated. Mechanical nociceptive threshold (MNT) increase, and 
ataxia duration means were 9.5 ± 0.7 kg and 10.4 ± 3.9 hr for PA and 10.4 ± 3.9 kg and 12.7 ± 1.9 hr for DA, 
respectively with no significant difference. There was no significant difference between MNT elevation time and 
the duration of ataxia using the same approach. The DA treatment showed significant MNT elevation in 72% of 
the tested regions, while the PA treatment showed an elevation in 100% regions tested. Topographic approaches 
closer to where the spinal nerves emerge produced a larger desensitised area.   

1. Introduction 

The growing advances in locoregional anaesthesia in the last few 
years in veterinary medicine are evident since there are numerous recent 
publications on this topic (Campoy, 2019; Portela et al., 2018). Peri-
neural blocks in the pelvic limb, guided by ultrasound and/or neuro-
stimulation, show similar analgesic qualities to those promoted by 
neuraxial techniques (Horasanli et al., 2010), shorter hospitalisation 
times, fewer complications such as haemodynamic changes, and absence 
of intestinal or bladder atony (Hajibandeh et al., 2018; Roberts, 2006; 
Zhang et al., 2015). Its advantages are also evidenced by the selectivity 
promoted by these techniques, which allow an individualized block of 
the limb and its segment that is going to be operated on (Campoy, 2019). 

The extensive use of these new peripheral nerve block techniques, 
guided by ultrasound imaging and neurostimulation, has been well 
outlined, with promising results for dogs and cats (Campoy et al., 2012; 

Caniglia et al., 2012; Haro et al., 2012; Mosing et al., 2010; Vettorato 
et al., 2012). However, only a few studies regarding refinements of 
guided peripheral nerve blocks were developed in calves (Devlamynck 
et al., 2013; Re et al., 2016), and remains with restricted techniques to 
be applied in clinical surgical scenarios, demanding higher sedative, 
analgesic, and general anaesthetic consumption, with its inherent 
adverse effects (Valverde & Sinclair, 2015). 

This study aimed to evaluate the sensory effects on the mechanical 
nociceptive threshold (MNT), and the motor effects promoted by two 
distinct approaches of a combined block of the sciatic and femoral 
nerves, guided by ultrasound and neurostimulation. 

2. Material and methods 

This study was approved by the Ethical Use of Animals Committee of 
Federal University of Minas Gerais protocol no. 116/2017. 
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Six healthy mixed-breed calves (five males and one female) aged 5–8 
months, weighing 120 ± 28 kg, were enroled in this study. They had no 
scars or lesions in the pelvic limbs, and none of them had a history of 
lameness. They were kept in grazing areas or stables for 15 days for 
acclimation and received corn silage, hay, and water ad libitum. 

A crossover experimental design was used, in which each animal was 
subjected to both proposed treatments. To avoid eventual residual ef-
fects between treatments, a 7-day interval was established. Treatments 
consisted of a proximal (PA) or distal (DA) approach. The PA consisted 
of a sciatic and femoral nerve block performed by a parasacral (Waag 
et al., 2014) and a ventral to the ilium (Devlamynck et al., 2013) 
approach, respectively. The DA consisted of a sciatic and femoral nerve 
block performed lateral to the pelvic limb (Re et al., 2014) and an 
inguinal approach (Viscasillas et al., 2015), respectively:  

• Parasacral approach (sciatic nerve): through the dorsal aspect of the 
gluteal area, tracing a line between the dorso-cranial portion of the 
iliac crest and ischiatic tuberosity, the ultrasound probe is positioned 
in its medium portion and, through the superficial and middle gluteal 
muscles, the sciatic nerve is identified medially to the body of the 
ilium and close to the cranial gluteal artery and vein.  

• Ventral to the ilium approach (femoral nerve): ventrally to the body 
of the ilium, the ultrasound probe is placed through the lateral aspect 
of the pelvic limb, approximately 3 to 4 cm caudal to the iliac wing, 
and in between the psoas major and minor muscles, near the external 
iliac artery and vein, the femoral nerve is located. 

Before each treatment, food and water were withheld for 24 h and 
12 h, respectively. Xylazine (0.07 mg/kg, Xylasin, Syntec, Brazil 2%) 
was administered intravenously (IV). After sedation was achieved, the 
calf was positioned in right lateral recumbency on a padded surface with 
the limb to be blocked uppermost. Hair was clipped from the region for 
locoregional anaesthesia, followed by antisepsis with chlorhexidine 
gluconate and alcoholic chlorhexidine. A perineural block was admin-
istered under ultrasound guidance. In all cases, the manoeuvre was 
assisted by a nerve stimulator and ultrasonography was performed with 
a linear 7.5–10 MHz probe (Gen 3 Ultrasound Wi-fi, Beijing Konted 
Medical Technology), always on the animals’ left pelvic limb. After 
visualising the target nerve, a 21-gauge, 100 mm neurostimulation 
needle (Locoplex, Vygon, Ecouen, France), with the extension line filled 
with the local anaesthetic and connected to the neurve stimulator 
(Plexygon, Vygon, Ecouen, France), was used for needle advancement 
and local anaesthetic injection. The neurostimulator setting was stand-
ardised at 1 Hz and 0.1 ms, and needle positioning was confirmed by 
direct visualisation of the needle-to-nerve proximity with the ultra-
sound, as well as obtaining an adequate motor response at 0.5 mA. For 
the femoral nerve, contraction of the quadriceps femoris muscle and 
consequent extension of the stifle joint was searched, while for the 
sciatic nerve, responses such as a dorsal extension or plantar flexion of 
the tarsus and/or digits were sought out. The blocks were always per-
formed by the same researcher, using an “in-plane” technique. In both 
treatments, 0.75% ropivacaine (Ropi, Cristália, Brazil) was administered 
at a volume of 0.1 ml/kg per nerve, administered over 1 min. After the 
blocks were performed, 0.01 mg/kg IV of atipamezole was administered 
(Antisedan, Zoetis). 

During the execution of the perineural block techniques, ultrasound 
image quality was assessed and categorised into scores as proposed by 
Devlamynck et al. (2013): score 1: excellent (clear visualisation of the 
anatomical references, innervation, and needle position); score 2: 
acceptable (visualisation of anatomical references, innervation, and/or 
position of the needle); score 3: poor (difficult visualisation of the 
anatomical references, innervation, or position of the needle). 

Each block performance time, starting from the nerve localisation, 
until the local anaesthetic injection was registered. 

The effects of the perineural block on sensitivity within various re-
gions of the hind limb were evaluated using a portable dynamometer 

(Instrutemp 20 kgf ITFG-5020, **), as described in previous studies in 
horses (Paz et al., 2016) and dogs (Harris et al., 2015). The device had a 
12 cm long stem with a 1 mm diameter conic tip, with readings made in 
kilogrammes (kg). The stem was applied at a 90◦ angle to various re-
gions of the hindlimb with continuously increasing force, with a 
maximum applied value of 3 kg to avoid tissue injury in the animals. The 
stimulus was discontinued when the animal generated adverse move-
ments due to the stimulus, removing the limb, or looking at the stimu-
lated area. The points tested were based on the bovine pelvic limb 
dermatomes: gluteal region; cranial, caudal, and medial thigh regions; 
cranial, lateral, and medial knee region; medial and lateral tibial region; 
dorsal and plantar metatarsal region. 

The ataxia score was characterised according to the scale proposed 
by Bigham et al. (2010): 0 – no ataxia or proprioceptive deficits; 1 – mild 
ataxia, mild proprioceptive deficit, the animal can move; 2 – moderate 
ataxia, marked proprioceptive deficit, marked difficulty to move; how-
ever, can remain in standing position and walk; 3 – severe ataxia, falling, 
cannot remain in standing position or move. 

The evaluations were always performed by the same researcher, at 
baseline (before sedation), 30 min after reversal with atipamezole, and 
every 1 h after reversal with atipamezole, until full recovery of motor 
function and sensibility. 

3. Statistics 

The Shapiro-Wilk test was used to assess the occurrence of normal 
distribution of the collected data. The data that had a normal distribu-
tion were then subjected to analysis of variance with multiple repeti-
tions followed by Tukey’s test to evaluate differences between times in 
the same treatment. To compare the means of the different treatments, a 
paired t-test was used. Data with non-normal distribution were sub-
jected to Friedman analysis followed by Dunn test to evaluate differ-
ences between times in the same treatment, and Wilcoxon test to 
evaluate differences between treatments. Statistical significance was set 
at p < 0.05. 

4. Results 

No differences in the ultrasonographic scores of the femoral and 
sciatic nerves were observed when comparing the different approaches 
(p > 0.05). Better ultrasonographic scores were observed for the sciatic 
nerve in comparison to the femoral nerve in the DA (p = 0.009) as well 
as in the PA (p = 0.0065) (Table 1). 

The time for the combined sciatic and femoral nerve block was 
higher when the PA was used in comparison to the mean DA time (p =
0.042) (Table 1). 

DA treatment promoted a significant increase in the MNT in 8/11 of 
the tested regions (72.7%), while PA promoted a significant increase in 
11/11 of the tested regions (100%). The mean elevation values of the 

Table 1 
Median (range) values of ultrasonographic scores (US score) of sciatic and 
femoral nerves; mean (standard deviation) values of time to perform sciatic and 
femoral nerve blocks under different topographic approaches, proximal (PA) or 
distal approaches (DA), with ropivacaine 0.75%.   

Treatments  

Distal Approach Proximal Approach 

Variables Femoral Sciatic Femoral Sciatic 

US Score 2 (2–3)† 1 (1–2)† 2 (2–2)† 1 (1–2)†

Time (min) 8.2 ± 4,1† 3.5 ± 1.22*,† 12 ± 8.1 7.5 ± 3.27* 
Total time (min) 11.67 ± 4.76* 20.33 ± 7.42*  

* significantly different compared between approaches, for the same nerve (p 
< 0.05). 

† significantly different compared between nerves, for the same approach (p <
0.05). 
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MNT for each tested region and the approach used are shown in Figs. 1 
and 2. 

The MNT mean elevation time in all tested regions where 9.5 ± 0.7 
kg and 10.4 ± 3.9 h for PA and DA, respectively, with no difference (p =
0.472). Ataxia durations mean times were 10.5 ± 3 h and 12.7 ± 1.9 h 
for PA and DA, respectively, with no difference (p = 0.177). While 
comparing the MNT elevation time and the ataxia duration time in each 
treatment, no differences were observed (p > 0.05). Ataxia scores 
observed throughout the experiment and between treatments, were 
different, with higher values in the PA treatment than that of the DA 
treatment. All animals in the PA had severe ataxia scores, while those in 
the DA had an evident sign of proprioceptive deficit and plantar flexion 
of the metatarsophalangeal joint. 

5. Discussion 

Visualization of the sciatic and femoral nerves was possible in all 
approaches during the execution of perineural nerve block (PNB) tech-
niques. However, while evaluating the ultrasound scores for the 
execution of the PNB techniques, considering not only the target nerve 
visualization; however, also the simultaneous visualization of the needle 
position and its proximity to the nerves, both approaches for femoral 
nerve block were worse when compared to the sciatic nerve block ap-
proaches. This difficulty corroborates the findings of Re et al. (2014) and 
Devlamynck et al. (2013), wherein their studies with calf cadavers, 
performing ventral access to the ilium for femoral nerve block (the same 
approach used in the present study), reported the difficulty in 

Fig. 1. Mean and standard deviation of MNT, in kg, under different anatomical regions of pelvic limb of calves: gluteal region; cranial, caudal, and medial thigh 
regions; cranial and lateral knee region. Calves submitted to a combined sciatic and femoral nerve blocks under Proximal (PA) or Distal (DA) approaches, with 
ropivacaine 0.75%. 
*significantly different to baseline (0 hour), for PA (p < 0.05). 
†significantly different to baseline (0 hour), for DA (p < 0.05). 
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visualizing these nerves and staining using methylene blue, with a 
success rate of 6/10 and 8/20 attempts, respectively. 

The parassacral approach for sciatic nerve block has already been 
described in dogs (Shilo et al., 2010) and sheep (Waag et al., 2014); 
however, it has not been performed and described in cattle. Its execu-
tion, target nerve, and anatomical reference visualization were possible 
in all animals in this study, corroborating the findings of Waag et al. 
(2014), who described that in a cadaveric ovine study, sciatic nerve 
visualization was medial to the body of the ilium and lateral to the 
cranial gluteal vein and artery, deep to the superficial and middle gluteal 
muscles. In this study, the authors achieved a success rate of 24/26 
visualisations and staining of the sciatic nerve in sheep. 

The femoral nerve can be blocked in its more distal portion using an 
inguinal approach under the femoral triangle (Portela et al., 2018); 
however, in dogs, several studies reported difficulty in visualising the 
nerve during its execution (Echeverry et al., 2010; Shilo et al., 2010). 
The visualisation was possible and practical in the present study, 
probably due to the size of the animals used, corroborating with the 

findings by Viscasillas et al. (2015), who reported a calf that underwent 
distal correction of a metatarsus fracture and received, as a component 
in the balanced analgesia, femoral nerve block by inguinal approach, 
under the femoral triangle, the same approach used in this study. 

Through the lateral approach in the pelvic limb, for sciatic nerve 
block, technique execution and target innervation were obtained, 
corroborating previous findings in cattle (Re et al., 2014; Viscasillas 
et al., 2015). Re et al. (2014) reported sciatic nerve visualization with 
this approach in all animals tested and determined a success rate of 9/10 
for methylene blue staining when ultrasound was used for its 
localization. 

The volumes used for perineural block vary, in the canine species, 
according to the approach, from 0.05 to 0.4 ml/kg in each block point 
(Campoy, 2019; Portela et al., 2018), as well as in cattle, with variations 
from 0.05 to 0.2 ml/kg in each administration point (Devlamynck et al., 
2013, 2013; Re et al., 2016). It is important to establish an adequate 
volume for each specific block, as perineural block efficiency correlates 
with its extension that is soaked by the local anaesthetic, which should 

Fig. 2. Mean and standard deviation of MNT, in kg, under different anatomical regions of pelvic limb of calves: medial knee region; medial and lateral tibial region; 
dorsal and plantar metatarsal region. Calves submitted to a combined sciatic and femoral nerve blocks under Proximal (PA) or Distal (DA) approaches, with 
ropivacaine 0.75%. 
*significantly different to baseline (0 hour), for PA (p < 0.05). 
†significantly different to baseline (0 hour), for DA (p < 0.05). 
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be more than 25 mm (Raymond et al., 1989). A volume of 0.2 ml/kg per 
nerve was indicated for sciatic and femoral nerve block in cattle that in a 
cadaveric study had methylene blue staining of 6.8 ± 3.3 cm for the 
sciatic nerve and 7.8 ± 2.4 cm for the femoral nerve (Re et al., 2014). In 
a surgical condition, the combined sciatic and femoral nerve block, with 
distal approaches, applied a volume of 0.05 ml/kg per point to obtain a 
block that was considered sufficient for metatarsus fracture reduction 
and stabilization in a calf, with no need for analgesic rescue during the 
procedure (Viscasillas et al., 2015). Therefore, the volume of 0.1 ml/kg 
per block point applied in this study’s methodology is as per the limits 
described in the literature. 

According to the topographic level in which a nerve is blocked, its 
anaesthetic effects over different desensitised areas will occur according 
to the approximation or increased distance to its intervertebral origin 
Portela et al. (2018), since each of its posterior neural ramifications 
innervates specific areas (Dellmann et al., 1986; Nickel et al., 1981). The 
greater coverage of desensitised areas with PA than with DA agrees with 
this statement. Using the PA, at the parassacral level, there is access to 
the lumbosacral plexus, where the following nerves are unsensitised: 
dorsal branches of the L6-S3 nerves, responsible for the cutaneous 
innervation of the gluteal area; caudal cutaneous femoral nerve, 
responsible for the cutaneous innervation of the lateral-caudal aspect of 
the thigh; lateral sural cutaneous nerve, responsible for innervating the 
lateral aspect of the leg; and the sciatic nerve, which gives rise to the 
fibular nerve, responsible for emitting cutaneous branches to the dorsal 
aspect of the metatarsus, and finally the tibial nerve, responsible for 
emitting cutaneous branches to the metatarsus plantar aspect (Dell-
mann et al., 1986; Nickel et al., 1981). In both human (Helayel et al., 
2009) and canine (Shilo et al., 2010) studies, the effectiveness in tested 
areas in conscious patients submitted to the parasacral approach was 
based on the painful response of the tibial and fibular dermatomes, distal 
to the limb, without reporting broader methodologies such as the one 
used in the present study; therefore, a better comparison of the in vivo 
results could be established. However, while evaluating the distal 
approach for sciatic nerve block, through the lateral aspect of the pelvic 
limb, similar results based on the unsensitised areas were described in 
cattle while using 2% lidocaine (Re et al., 2014), corroborating with the 
present study’s findings. 

Re et al. (2014), while using 2% lidocaine for femoral nerve block by 
an approach ventral to the ilium, observed unsensitised cutaneous areas 
cranial and laterally to the thigh, and cranial and lateral to the stifle 
joint, corroborating the results of the present study, which showed a 
significant increase in the MNT at these same sites. The interesting part 
of these results is that, the cranial and lateral aspect of the thigh receives 
sensitive cutaneous innervation from the lateral cutaneous nerve of the 
thigh, which also contributes to the medial portion of this segment, and 
that the lateral and cranial portion of the stifle joint also receives a 
mixed innervation of the ilioinguinal and iliohypogastric nerves, in 
variable contribution; however, with greater importance of the lateral 
cutaneous nerve of the thigh (Dellmann et al., 1986; Nickel et al., 1981). 
The medial region of the thigh, in the cattle, unlike the canine and 
human, does not receive cutaneous innervation from the genitofemoral 
nerve (Larson et al., 1956), which then seems to have a greater de-
pendency in this region to the lateral cutaneous nerve of the thigh, and 
possibly contributes to the femoral nerve. Considering that there are 
species-specific variations (Dellmann et al., 1986; Larson et al., 1956; 
Nickel et al., 1981), caution should be used when comparing 
inter-species results. A possible explanation for the observation of these 
unsensitised areas that do not correspond to the dermatomes that are 
supplied exclusively by the femoral nerve, with the proximal approach, 
can be that the local anaesthetic applied to owe to the use of an approach 
ventral to the ilium, spread between the psoas compartment and then 
unsensitised other neural components of the lumbar branches. By 
comparatively analysing the femoral nerve block technique using the 
approach ventral to the ilium approach (Re et al., 2014), performed in 
this experiment, with the lateral pre-iliac approach performed in dogs 

(Portela et al., 2013), and the “3-in-1″ approach in humans (Geier, 2004; 
Winnie et al., 1973), we can conclude that the needle’s perineural 
positioning would be similar and that all these techniques can give ac-
cess to the psoas compartment and/or to the iliac fascia, amplifying the 
obtained block. Portela et al. (2018) in a cadaveric study with dogs, 
administering 0.1 ml/kg of the lidocaine-methylene blue solution, 
realised that in all approaches there was staining of the femoral inner-
vation, and the cranial dispersion of the solution in the psoas compart-
ment reached the topographic level of up to L5, with the obturator nerve 
dyed in three out of four approaches performed. In humans, the “3-in-1″ 
block, also known as the iliac fascia block, is a technique that shows 
potential for femoral, obturator, and lateral cutaneous nerve of the thigh 
block (Geier, 2004; Winnie et al., 1973), and the efficiency to block all 
three nerves is dependant on the volume applied (Geier, 2004). 

Dellmann and McLure (1986) and Nickel et al. (1981) described that 
the cutaneous region medial to the stifle joint and tibia receives a 
contribution from the saphenous nerve, originating from the femoral 
nerve, corroborating the findings of this study, where the MNT was 
significantly elevated in these regions, in both approaches, showing the 
efficiency of the treatments in desensitising their respective derma-
tomes. Studies in dogs evaluating whether these dermatomes are com-
mon to both species (König et al., 2011) have also shown to be related to 
the efficiency of the femoral/saphenous nerve block (Trein et al., 2017). 

Ropivacaine’s lower selectivity to motor block is the main charac-
teristic during its choice (Casati & Putzu, 2005), which would bring 
great advantages when incorporated into PNB techniques in large ani-
mals as it could promote quicker motor function return and fewer 
complications while lifting the animal after limb orthopaedic proced-
ures (Nuss, 2016). In the present study, the duration of the sensory block 
evaluated using the elevation time of the MNT in comparison to the 
motor block time was similar, and this highly preferred feature was not 
observed. This was probably due to the high local anaesthetic concen-
tration used since the evidence of greater differentiation of sensory and 
motor block time is concentration-dependant (Casati & Putzu, 2005). 
Similar sensitive block times with the use of ropivacaine were described, 
and in sheep that received ropivacaine for distal thoracolumbar block, it 
was 590 min Oliveira et al. (2016)]. 

The greater propensity to fall in the PA treatment was probably due 
to the ascendant block through the psoas compartment or the iliac fascia 
(Geier, 2004; Portela et al., 2013; Winnie et al., 1973), as discussed 
previously, blocking not only the femoral nerve but also the obturator 
nerve. In a study using the ventral to the ilium approach for femoral 
nerve block in cattle, 40% of the animals presented with intense ataxia, 
promoting recumbency, and inability to stay in a quadrupedal position 
(Re et al., 2014). This higher propensity to intense ataxia and motor 
inability in the PA treatment was probably due to relaxation and block of 
the quadriceps femoris, pectineus, gracilis, thigh adductor, and obtu-
rator muscles, which were together responsible for the muscular sus-
taining function in the pelvic limb. In the DA, the plantar flexion of the 
metatarsophalangeal joint with some degree of abduction of the pelvic 
limb became more evident due to the restricted influence of the femoral 
nerve on the motor function of the pelvic limb, showing the motor ef-
fects of the sciatic nerve. 

Pressure algometry used to assess the MNT after perineural block in 
equines was previously tested (Paz et al., 2016); however, its use for that 
purpose has not been reported in cattle, and maybe it was a limitation of 
this study when compared with other data in the literature. 

Due to literature divergence regarding the dermatomes in the bovine 
pelvic limb, and with the results obtained in this study referring to the 
unsensitised areas, additional anatomical studies are important to 
determine the influence of the PA for the femoral nerve block to promote 
combined block of the lateral cutaneous nerve of the thigh and the 
obturator nerve. 
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6. Conclusion 

In conclusion, the combined use of ultrasound imaging and neuro-
stimulation permitted both approaches to perform efficiently, with the 
PA producing a greater unsensitised area than the DA. The use of 0.75% 
ropivacaine resulted in prolonged elevation time of the MNT and ataxia 
duration, with no difference between motor and sensory blocks. 
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