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A B S T R A C T   

Pharmacodynamic understanding of the different local anesthetic concentrations allows adapting their use to 
diverse clinical/surgical procedures, such as intraoperative and/or postoperative analgesia. A crossover study 
was performed, where 6 calves (5 male and 1 female), weighing 120 ± 28 Kg, were subjected to combined sciatic 
and femoral nerve block using three ropivacaine concentrations. The treatments were: R0.75, using 0.75% 
ropivacaine; R0.2, 0.2% ropivacaine; and R0.12%, 0.12% ropivacaine. All treatments were performed with ul-
trasound and neurostimulation assistance, and a volume of 0.1 mL/kg of the respective local anesthetic solution 
was administered in each block point. The sites of mechanical nociceptive threshold (MNT) evaluation were 
based on the calf pelvic limb dermatomes. The proportion between desensitized areas, MNT elevation time and 
level of ataxia were registered. Elevation of MNT occurred in 100% of the tested areas in the R0.75 and R0.2 
treatments, and in 82% of the R0.12 treatment. Mean MNT elevation times were 9.5 ± 0.7 h for R0.75, 6 ± 0.8 
for R.02, and 2.4 ± 2.3 for R0.12, differing significantly between all treatments. No difference was observed 
between MNT elevation time and ataxia duration time, in each treatment. It is concluded that the duration of 
sensory-motor effects is dose-dependent, but there was not possible to detect block selectivity as the concen-
trations was reduced. More desensitized areas and extension were obtained with the use of higher 
concentrations.   

Introduction 

Success and safety during the execution of locoregional anesthesia 
techniques depend on the proper relationship of anatomical topography 
knowledge, expertise in the execution of these techniques with the help 
of tools such as ultrasound and neurostimulation, and also the phar-
macological aspects of the drugs used based on their latency time and 
duration characteristics, and its selective motor or sensory blocks 
(Campoy & Schoroeder, 2013). 

Ideally, the choice of local anesthetic should result in adequate 
intraoperative desensitization, adequate long-lasting postoperative 
analgesia, and minimal motor impairment during recovery. The effects 
mentioned above depend on the selected drug and the volume and 
concentration of the administered solution (Casati et al., 2004). 

Ropivacaine is a long-acting local anesthetic from the amino-amide 
group, with intermediate vasoconstrictive proprieties. It is three to 
four times more potent than lidocaine and with a longer lasting effect. In 
low concentrations (e.g., ropivacaine 0,12%), it produces sensory 
analgesia without deep motor block (Kuthiala e Chaudhary, 2011). It is 
indicated for neuraxial and perineural blocks, for intraoperative man-
agement of nociception with single shots administration, as well to 
provide an adequate postoperative analgesia with continuous infusion 
via catheters (Kuthiala & Chaudhary, 2011). 

Managing the volume and concentration of local anesthetics used 
during anesthesia are key factors to consistent and effective block, being 
determinants of sensory and motor effects (Taha & Abd-Elmaksoud, 
2014). Besides that, the risk of systemic intoxication or nervous lesion 
are also reduced, since they are concentration dependent (Kuthiala & 
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Chaudhary, 2011; Yang et al., 2011; Hogan, 2008). In specific situations, 
such as in patients with peripheral neuropathies, as seen in diabetics, the 
use of lower concentrations is recommended, due to higher sensitivity 
and potential toxic effect (Kuthiala & Chaudhary, 2011). 

The possibility of efficiently using a long-acting drug with analgesic 
effects and minimal motor implication is interesting in large animals, 
since it can allow the performance of procedures in the limbs with 
minimal propensity to ataxia, as well as facilitate the management 
during anesthesia recovery. Therefore, the purpose of this study was to 
assess the effects of the use of 0.75%, 0.2% and 0.12% ropivacaine so-
lution for a combined sciatic and femoral nerve block, through the 
parasacral approach and a ventral to the ilium approach, respectively, 
on the mechanical nociceptive threshold, proprioception and ataxia of 
calves. We hypothesized that the sensory and motor effects are con-
centration dependent and that with reduced concentrations, such as 
0.125% ropivacaine, the motor effects, ataxia and their duration are 
shorter compared to the elevated concentrations. 

Material and methods 

This study was approved by the Committee of Ethics in Animal Use 
(CEUA) of the Federal University of Minas Gerais (UFMG), protocol no. 
116/2017. 

Six healthy mixed-breed bovine calves (five males, one female), aged 
5–8 months, weighing 120 ± 28 kg were used. Inclusion/exclusion 
criteria used consisted that all animals used were considered healthy 
(with the help of laboratory and physical exams). They had no scars or 
lesions in the pelvic limbs and none of them had history of lameness. 
Fifteen days before the study, the animals were kept in grazing areas or 
stables for acclimation, were they received corn silage, hay, and water 
ad libitum. 

An experimental crossover design was used, in which each animal 
underwent all three proposed treatments. To avoid eventual residual 
effects between treatments, a period of 7 days was stablished from one 
treatment to the other. All animals were subjected to combined sciatic 
and femoral nerve block. 

The proposed treatments consisted of the use of different ropivacaine 
concentrations (Ropi, Cristália, Brazil), administered in volumes of 0.1 
mL/kg in each block point. Treatment R0.75 used 0.75% ropivacaine, 
while treatment R0.2% used 0.2% ropivacaine, and treatment R0.12 
0.12% ropivacaine (solution prepared from 0.2% ropivacaine diluted 
with water for injection before injection). Perineural injections were 
performed over 1 min, in all treatments. 

Before each experimental stage, the animals were subjected to food 
and water fasting during 24 and 12 h, respectively. They were sedated 
with 0.07 mg/kg of 2% xylazine (Xylasin, syntec, Brazil), intravenously 
(IV). After sedation was established, the animals were placed in right 
lateral recumbency on a padded surface. Hair was shaved from the areas 
of interest for the locoregional anesthesia techniques execution, fol-
lowed by 2% chlorhexidine gluconate and 0.5% alcoholic chlorhexidine 
antisepsis. Perineural block was performed with the use of US and 
neurostimulation. The sciatic nerve block was performed with a para-
sacral approach described for sheeps (Waag, Stoffel, & Spadavecchia, 
2014), and combined with the femoral nerve block with a ventral do the 
ilium approach, previously described for calves (DeVlamynck et al., 
2013).  

• 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. 

Ultrasound imaging were performed with of a linear 7.5 – 10 MHz 
(Gen 3 ultrasound Wi-fii, Beijing Konted Medical Technology, China) 
probe, always in the animals’ left pelvic limb. After visualization of the 
nerve, 21 gauges, 100 mm neurostimulation needle (Locoplex, Vygon) 
was connected to the neurostimulation device (Plexygon, Vygon, 
France), and used for needling and posterior local anesthetic injection. 
The neurostimulator was set at 1 Hz and 0.1 ms. The correct position of 
the needle was confirmed by US visualization and muscular contraction 
at 0.5 mA at the neurostimulator, and no contraction at 0.2 mA. For the 
femoral nerve, there was search of contraction of the quadriceps femoris 
muscle and consequent extension of the stifle joint and, for the sciatic 
nerve, responses such as dorsal extension or plantar flexion of the tarsus 
and/or digits were sought. Treatments was always performed by the 
same researcher. After treatments, the animals received 0.01 mg/kg of 
atipamezole (Antisedan, Zoetis, Brazil) IV. 

For assessment of the MNT on the block areas, a pressure algometry 
model was used, with the use of a portable dynamometer (Instrutemp 
20 kgf ITFG – 5020, Brazil). The device has a stem with 12 cm of length, 
a conic tip with a 1 mm diameter, and readings made in kilograms. 
Pressure was applied in a 90◦ angle with the evaluated surface with 
maximal applied value of 3 kg, to avoid tissue injury. The stimulus was 
ceased when the animal showed any aversive movements, such as 
removing the limb or looking at the manipulated region. The points 
tested were based on the following calf’s pelvic limb dermatomes, 
similar as proposed by Re et al. (2014): gluteal region; cranial, caudal 
and medial regions of the thigh; cranial, lateral and medial regions of the 
knee; medial and lateral regions of the leg; dorsal and plantar regions of 
the foot. 

The degree of ataxia was characterized by the scale proposed by 
Bigham et al. (2010), where: 0 – No ataxia or proprioceptive deficit; 1 – 
Mild ataxia, mild proprioceptive deficit, able to walk; 2 – Moderate 
ataxia, marked proprioceptive deficit, evident difficulty to move, but 
can still stay in a standing position and walk; 3 – Severe ataxia, falling, 
isn’t able to stay in a standing position or walk. 

These evaluations were made always by the same researcher, blind to 
the treatments. The MNT was measured at the baseline (before sedating 
the animals), 30 min after atipamezole reversal, and every hour after 
atipamezole reversal, until total recovery of motor function and sensi-
tivity in the pelvic limb (absence of motor and proprioceptive deficits; 
MNT values proximal to the baseline). 

Statistical analysis 

The Shapiro–Wilk test was performed to assess the occurrence of 
normal distribution of the data collected. The data with normal distri-
bution were submitted to ANOVA with multiple repetitions, followed by 
Tukey test to evaluate the differences between times in the same treat-
ment. To compare the means of the different treatments, the paired t-test 
was used. Data with non-normal distribution were submitted to Fried-
man analysis, followed by Dunn test, and Wilcoxon Rank test for com-
parison between treatments. Statistical difference was considered when 
p < 0,05. All analysis were performed using SigmaPlot 12.0 and graphics 
made with GraphPad Prism 7.0. 

Results 

In the R0.75 and R0.2 treatments, there was significant increase of 
the MNT in 100% (11/11) of the tested areas, while in the R0.12 
treatment, significant increase, in at least one moment, occurred in 9/11 
tested areas. The mean times of MNT increase, in all tested areas, were 
significantly different between all treatments (p = 0.001). Treatment 
R0.75 had mean time of MNT of 9.5 ± 0.7 h, while treatments R0.2 and 
R.012 had 6 ± 0.8 h and 2.4 ± 2.3 h, respectively. The mean values of 
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MNT increase, in each respective area, are shown in Figs. 1 and 2. 
In at least one of the evaluations, severe ataxia was seen in 100% (6/ 

6), 66.7% (4/6) and 16.7% (1/6) of the animals of group R0.75, R0.2, 
and R0.12, respectively. Ataxia scores of the R0.75 treatment were 
significantly higher from 0.5 to 7 h compared to R0.12, and only in the 
9- and 10- h moments when compared to R.02 (Fig. 3). Significant dif-
ferences between R0.2 and R0.12 were only seen in the 4 to 6 h moments 
(Table 1). 

The mean values of MNT elevation times in comparison to the mean 
ataxia duration time were not significantly different for R0.75 (p =
0.287), R0.2 (p = 0.520) or R0.12 (p = 0.697) (Table 1). 

Discussion 

Pressure algometry is one of the methods used for testing and 
quantifying the MNT, considered a robust and practical tool to be used in 
calves (Millman, 2013). Higginson et al. (2010) showed significant 
reduction of the nociceptive thresholds with pressure algometry, applied 
to the surgical area of calves subjected to dehorning, when compared to 
the preoperative period, indicating lower animal tolerance when there is 
injury and peripheral sensitizing. When evaluating a similar situation 

where bovine calves were dehorned, the post-operative nociceptive 
thresholds were significantly higher in the animals that received anal-
gesia with anti-inflammatory drugs in comparison to the placebo 
treatment (Tapper, 2011). The use of pressure algometry for evaluating 
the mechanical nociceptive threshold after perineural block has already 
been tested in equines (Paz et al., 2016), but there is no description of its 
use for this purpose in the bovine species. Its use can be promising in the 
assessment of the extension and duration time of local blocks, since 
currently the methodology applied to evaluate the response to noxious 
stimulus in dogs (Trein et al., 2017; Portela et al., 2010) uses techniques 
such as clamping or cutaneous puncture, which evaluate subjective re-
sponses to the generated stimulus. 

Human medicine data shows post-operative analgesia, with 0.75% 
ropivacaine, of 11.9 ± 1.5 h (Erlacher et al., 2000) and of 13 ± 2 h 
(Greengrass et al., 1998) in brachial plexus block, close to the 9.5 ± 0.7 
h found in the present study. However, this disagrees with the findings of 
Trein et al. (2017), where with the use of 0.75% ropivacaine for sciatic 
and femoral nerve block in dogs, the mean time of desensitizing, 
assessed by clamping dermatomes, was 3.36 h. 

A study by Erlacher et al. (2000), using 0.75% ropivacaine for 
brachial plexus block, had a mean period of 11.9 ± 1.5 h until the first 

Fig. 1. – Mean and standard deviation values of the me-
chanical nociceptive threshold (MNT), expressed in kg, of 
the gluteal region, cranial, caudal and medial thigh region, 
and cranial and lateral knee region in bovines subjected to 
combined sciatic and femoral nerve block by a parasacral 
approach and a ventral to the ilium approach, with 0.75%, 
0.2% and 0.12% ropivacaine. 
*significant difference in the 0 h moment, for treatment 
R0.75 
†significant difference in the 0 h moment, for treatment 
R0.2 
Ф significant difference in the 0 h moment, for treatment 
R0.12.   
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sign of pain and analgesic requirement by the patient, after undergoing 
wrist and forearm surgery. These same authors did not report significant 
differences between analgesia and motor block times. On the other 
hand, in a study performed with dogs subjected to brachial plexus block 
with 0.75% ropivacaine, also guided by neurostimulation, the mean 
duration time of desensitizing the thoracic limb dermatomes was 7.6 ±
1.4 h (Sakonju et al., 2009), although the authors used clamping of the 
dermatomes for the evaluation. It was also noted, in a second experi-
mental group, that the desensitizing times with the use of 0.5% ropi-
vacaine did not differ significantly from the ones that used 0.75%, which 
suggests that there is no benefit in using a higher concentration 
(Sakonju et al., 2009). 

It is observed that the search for the minimal effective concentration 
is investigated in human medicine, as well as the benefits from sufficient 
doses, such as motor block, anesthesia and analgesia during surgery 
(Simpson et al., 2005). Bertini et al. (1999) obtained, as a result of 0.5% 
ropivacaine use on brachial plexus block by neurostimulation in patients 
that underwent surgical procedures in the hand region, an analgesic 
period of up to 11 h, with motor block lasting for 8 h, besides the high 
satisfaction reported by the patients. Another study conducted in 
humans that underwent total knee arthroplasty and received 0.5% 
ropivacaine for sciatic and femoral nerve block, showed that the thermal 

sensitivity time reduction of the patients was maintained for up to 24 h, 
and the time for motor recovery of the limb was close to 12 h. Simpson 
et al. (2005) observed that as the anesthetic concentration is lowered, its 
motor block times decreases in a correlate manner. The minimal effec-
tive concentration, for analgesic effect, of ropivacaine seems to be close 
to 0.1%, as shown by Paauwe et al. (2008) while assessing the analgesic 
comfort and degree of motor impairment of patients in the postoperative 
period of total knee arthroplasty. They found no benefits from the use of 
0.025% and 0.05% ropivacaine, when compared to a concentration of 
0.1% that promoted better quality analgesia and higher patient satis-
faction, allowing the beginning of physiotherapy treatment on the first 
day after surgery. 

Pharmacodynamic knowledge of the different concentrations used in 
locoregional anesthesia affects directly in its application in distinct 
scenarios of anesthetic and analgesic management of patients. For ideal 
conditions during the surgical act, adequate level of muscle relaxation 
and analgesia should be obtained, which demands higher concentrations 
of the local anesthetics used. These concentrations allow faster and 
facilitated penetration into the nervous fibers and promote greater effect 
homogeneity and block consistency (Kuthiala & Chaudhary, 2011). 
However, due to differences in block sensitivity between the different 
nervous fibers, it is known that sensory fibers are more easily 

Fig. 2. - Mean and standard deviation values of the mechani-
cal nociceptive threshold (MNT), expressed in kg, of the medial 
knee region, lateral and medial leg region, and dorsal and 
plantar foot region in bovines subjected to combined sciatic 
and femoral nerve block, by a parasacral approach and a 
ventral to the ilium approach, with 0.75%, 0.2% and 0.12% 
ropivacaine. 
* significant difference in the 0 h moment, for treatment R0.75 
†significant difference in the 0 h moment, for treatment R0.2 
Ф significant difference in the 0 h moment, for treatment 
R0.12.   
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penetrated, allowing the use of anesthetic solutions with a lower con-
centration while guaranteeing analgesia and minimal motor impairment 
(Simpson et al., 2005; Casati et al., 2004; Zaric et al., 1996). Such claims 
are evidenced by the indication of different ropivacaine concentrations 
in human literature. Consistent nerve blocks, with adequate levels of 
muscle relaxation and satisfaction from the surgeon and patient during 
surgery, are obtained 0.5% and 0.75% concentrations (Simpson et al., 
2005). On the other hand, 0.2% and 0.15% concentrations are indicated 
for neuroaxis anesthesia (epidural or subarachnoid), or for post-
operative continuous analgesia (Kuthiala & Chaudhary, 2011). 

It is worth mentioning that different methods of local anesthetic 
perineural administration and volumes used can influence the sensory 
motor effects. Techniques of single administration (single shot), even 
with lower concentrations of local anesthetics, due to the large initial 
volume used, can result in more intense sensory motor changes than the 
techniques that use continuous infusion via perineural catheter (Simp-
son et al., 2005). Studies evaluating different volumes and administra-
tion methods of lower ropivacaine concentrations should be performed 
to address the possible gaps mentioned here, and to indicate the best 
combination of volume, concentration, and administration method. 

Conclusion 

Based on the proposed methodology, it was concluded that sensory 
and motor block duration is concentration-dependent, but the use of 
higher concentrations promoted more homogeneous effects in the 

unsensitized areas. The use of lower ropivacaine concentrations did not 
allow the differentiation of sensory and motor block. 
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Table 1 
– Mean values of MNT elevation time and ataxia duration in calves subjected to 
combined sciatic and femoral nerve block by a parasacral approach and a ventral 
do the ilium approach, with 0.75%, 0.2% and 0.12% ropivacaine.   

Treatments  

R0.75 R0.2 R.012 
MNT elevation time ( h) 9.5 ± 0.7a 6 ± 0.9b 2.9 ± 2.1c 
Ataxia time ( h) 10.5 ± 3.1a 6.5 ± 2.2b 2.8 ± 1.7b 

Different lower-case letters, shown in the same line, indicate significant differ-
ences between treatments. 
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