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Abstract 

 

Samaneh Yavari (2016) 

 

Comparison of intravenous regional anaesthesia and four-point nerve block anaesthesia 

at the distal limb of cows: Efficacy, onset and cardio-respiratory and hormonal-

metabolic stress responses 

 

Background and objectives: Lameness in dairy cows is mostly caused by claw lesions in pelvic 

limbs. Superficial lesions can be treated by therapeutic claw trimming while profound lesions 

require major surgeries. Both interventions require adequate pain management protocols which 

typically include local anaesthesia (LA). For desensitization of the distal limb in text books 

intravenous regional anaesthesia (IVRA) and four-point nerve block anaesthesia (NBA) are 

commonly recommended beside other NBA techniques. However, relevant published studies on 

efficacy of IVRA and NBA are missing yet. Application of a tourniquet, necessary for IVRA, leads 

to an increase in blood pressure in humans and equine probably caused by a tourniquet pain induced 

stress response. The aim of this study was to compare IVRA and NBA at the distal pelvic limb of 

cattle in terms of efficacy, time until desensitization and specific stress responses related to 

techniques of anaesthesia. 

Materials and Methods: Dissections of bovine hind limbs were performed to identify localizations 

and courses of nerves and vessels of interest for this study. Thereafter, eight non-lactating, non-

pregnant German Holstein cows were used in a cross-over study design to compare IVRA and 

chosen four-point NBA as techniques of LA at the distal limb. Desensitization was assessed by 

means of electrical, thermal and mechanical nociceptive stimulation techniques. All cows were 

equipped with indwelling jugular vein catheters for blood sampling (analysis: glucose, non-

esterified fatty acids, lactate and cortisol) and ear artery catheters for arterial blood pressure 

measurement. Heart and respiratory rates were also recorded. For LA and nociceptive stimulations 

at the right pelvic limb cows were restrained in left lateral recumbency on a hydraulic surgery 

tipping table. Nociceptive stimulations were performed before, 15, and 35 minutes after LA. Stress 

responses were assessed in pre-determined intervals before and after restraining in lateral 

recumbency, before and after LA, and before and after nociceptive stimulations. In a subsequent 

second cross-over designed study time until desensitization of the distal limb after IVRA and NBA 

was evaluated in six non-lactating, non-pregnant German Holstein cows. Desensitization was tested 
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by electrical and mechanical nociceptive stimulations before and in pre-determined, short-term 

intervals over 20 minutes after LA. Results were statistically evaluated by means of analysis of 

variance for repeated measurements and consecutive T-Tests, Wilcoxon test and Fisher’s Exact test 

for testing group differences in frequencies.  

Results: Based on observations during leg dissections the previously published technique of four-

point NBA was modified. Anaesthesia of the superficial fibular nerve was performed instead of 

distally a few centimeters proximally to the tarso-metarsal joint. Both LA techniques induced 

complete desensitization of the distal limb in cattle. However, according to results of electrical 

stimulation complete desensitization occurred significantly faster after NBA compared to IVRA. 

Already before LA a majority of studied cows showed no response to mechanical and thermal 

nociceptive stimulation indicating that both stimulations techniques are not suitable to evaluate 

desensitization of the limb in the chosen study design. Lateral recumbency on a surgical tipping 

table induced significant cardio-respiratory and hormonal-metabolic stress responses. Likely stress 

induced analgesia (SIA) caused by restraining cows contributed to the observed tolerance to thermal 

and mechanical nociceptive stimulation. Nociceptive stimulations provoked no significant cardio-

respiratory and hormonal-metabolic stress responses. In this study neither application nor removal 

of the tourniquet revealed clear effects on stress responses. However, stress responses may have 

been masked by SIA.  

Conclusion: Both IVRA and the used technique of four-point NBA induced effective desensitization 

of the distal hind limb in cattle. However, the faster onset of NBA poses an advantage over IVRA, if 

distal hind limb surgeries are performed under time constraints. 

Key words: IVRA, NBA, nociception, distal hind limb, dairy cow 
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Zusammenfassung 

Samaneh Yavari (2016) 

 

Vergleich der intravenösen Regionalanästhesie und der Leitungsanästhesie an der 

distalen Hintergliedmaße von Milchkühen: Untersuchungen zur Desensibilisierung 

sowie anästhesiebedingten Stressreaktionen  

 

Lahmheiten der Hintergliedmaßen sind bei Milchkühen in der Mehrzahl auf Erkrankungen 

der Klauen zurückzuführen. Tiefgreifende entzündliche Läsionen im Bereich der Klauen 

machen oft chirurgische Behandlungen notwendig, die eine angemessene 

Schmerzausschaltung mit einer lokalen Anästhesie als integralem Bestandteil erfordern. 

Hierfür ist die intravenöse Regionalanästhesie (IVRA) ein Standardverfahren. Alternativ wird 

auch die regionale 4-Punkt Leitungsanästhesie (NBA) neben anderen NBA Techniken 

empfohlen. Obwohl in Lehrbüchern IVRA und NBA zur lokalen Schmerzausschaltung an der 

distalen Gliedmaße des Rindes beschrieben werden, gibt es bislang keine veröffentlichten 

Untersuchungen zum Vergleich der Wirksamkeit dieser beiden Anästhesietechniken. Ziel 

dieser Studie war, die Wirksamkeit von IVRA und NBA an der distalen hinteren Gliedmaße 

von Rindern in einer experimentellen Studie mittels nozizeptiver Stimulationstechniken 

hinsichtlich der Desensibilisierung und des zeitlichen Verlaufs bis zum Wirkungseintritt zu 

untersuchen sowie die Stressreaktionen auf die Anästhesietechniken zu erfassen. 

Zunächst wurden Hintergliedmaßen von Rindern seziert, um den Verlauf von für die Studie 

relevanten Nerven und Gefäßen zu bestimmen. Danach wurden acht nicht laktierende, nicht 

tragende Deutsch-Holstein Milchkühe in einem Crossover-Studiendesign verwendet, um die 

Wirksamkeit von NBA und IVRA zu vergleichen. Alle Kühe wurden mit einem 

Verweilkatheter in einer Jugularvene zur Blutentnahme (Glucose, Nicht-veresterte Fettsäuren, 

Laktat und Cortisol-Analyse) sowie einem Katheter in der mittleren Ohrarterie zur 

Blutdruckmessung versehen. Ferner wurden Herz- und Atemfrequenzen gemessen. Zur 

Durchführung der lokalen Anästhesie sowie zur Untersuchung der Desensibilisierung wurden 

die Kühe auf einem hydraulischen Kipptisch in linker Seitenlage abgelegt und fixiert. Die 

Desensibilisierung der distalen rechten Hintergliedmaße wurde mittels elektrischer, 

thermischer sowie mechanischer nozizeptiver Stimulation vor sowie 15 und 30 Minuten nach 

der lokalen Anästhesie untersucht. Die Messungen der Stressreaktionen erfolgten in 
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festgelegten Zeitabständen vor und nach Verbringen der Kühe in Seitenlage, vor und nach der 

Lokalanästhesie sowie vor und nach nozizeptiver Stimulation. In einer weiteren Studie wurde 

ebenfalls im cross-over Design der zeitliche Verlauf bis zur vollständigen Desensibilisierung 

der Gliedmaße nach IVRA und NBA an sechs nicht-laktierenden, nicht-tragenden Deutsch 

Holstein Milchkühen untersucht. In dieser Studie wurden elektrische und mechanische 

Stimuli zur Bestimmung der nozizeptiven Schwellenwerte in kurzen, zuvor festgelegten 

Zeitabständen vor und über 20 Minuten nach der Lokalanästhesie verwendet. Statistische 

Auswertungen wurden mit Hilfe von SAS durchgeführt und beinhalteten Varianzanalysen für 

wiederholte Messungen, nicht-parametrische Tests (Wilcoxon) sowie Fisher’s Exact Test für 

den Vergleich von Häufigkeiten.  

Basierend auf den Beobachtungen während der Gliedmaßensektionen wurde die zuvor 

publizierte Technik der vier-Punkt NBA modifiziert. Die Anästhesie des N. fibularis superf. 

erfolgte nicht distal, sondern wenige Zentimeter proximal des tarsometatarsalen Gelenks. 

Beide Techniken der Lokalanästhesie führten zur vollständigen Desensibilisierung der 

distalen Gliedmaße. Allerdings trat nach Ergebnissen der elektrischen Stimulation die 

Desensibilisierung nach IVRA signifikant später als nach NBA ein. Bereits vor der 

Lokalanästhesie zeigten ein großer Teil der untersuchten Kühe keine erkennbare Reaktion auf 

die thermische und mechanische Stimulation, so dass diese beiden nozizeptiven 

Stimulationstechniken für den gewählten Untersuchungszweck unter den gewählten 

Untersuchungsbedingungen wenig geeignet erschienen. Vermutlich trug eine stressbedingte 

Analgesie (SIA), ausgelöst durch die herbeigeführte linksseitige Zwangslage auf einem 

Operationstisch, dazu bei, dass die mechanischen und thermischen Stimulationen von 

zahlreichen Kühen reaktionslos geduldet wurden. Die nozizeptiven Stimulationen lösten 

selbst keine deutlich erkennbaren cardio-respiratorischen oder hormonell-metabolischen 

Stressreaktionen aus. Auch das Anlegen und das Abnehmen eines Esmarchschlauchs am 

Metatarsus, der für IVRA erforderlich ist, induzierten keine spezifischen Stressreaktionen. 

Diese wurden jedoch möglicherweise auch durch eine stressinduzierte Analgesie maskiert.   

Sowohl IVRA als auch die gewählte NBA Technik erscheinen für eine effektive 

Schmerzausschaltung für chirurgische Eingriffe an der distalen Hintergliedmaße bei Rindern 

geeignet, wenn die Zeit bis zum vollständigen Einsetzen der Wirkung eingehalten wird. 

Allerdings würde das schnellere Einsetzen der vollständigen Desensibilisierung nach NBA für 

diese Art der Schmerzausschaltung sprechen, wenn schmerzhafte Interventionen an den 

Hintergliedmaßen bei Milchkühen unter Zeitdruck erfolgen. 
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‘‘There is nothing either good or bad but 

‘‘thinking’’ makes it so’’. 

William Shakespeare



 

 

 

INTRODUCTION 

1 

 

 

1. Introduction and objective  

 

                       With an average herd prevalence rate of about 15 to 40%, lameness is a 

frequent health disorder in high producing dairy herds (BARKER et al., 2010; MAIN et al., 

2010). In most cases lameness is caused by claw horn lesions or inflammatory alterations of 

the adjacent soft tissues (MURRAY et al., 1996). Claw horn lesions, such as sole ulcers and 

white line disease, are painful (RUSHEN et al., 2007) due to tissue damage, inflammation and 

compression of the pododerma in the affected region (VAN AMSTEL and SHEARER, 2006). 

In case of delayed or inadequate treatment of claw lesions, the pododerma may perforate and 

infection may spread into inner structures of the horn capsule leading to septic arthritis of the 

distal interphalangeal joint or even to infections of the distal and medial phalanx, the 

sesamoid bone and the flexor tendons. In such complicated cases extensive surgical 

interventions such as claw amputations or resections of the coffin joint are necessary 

(STARKE et al., 2007; HEPPELMANN et al., 2009). As long as claw lesions are detected 

early and remain superficial treatment is commonly restricted to claw- trimming, removal of 

defective and loose horn and provision of a smooth transition from the defect to healthy horn 

(TOUSSAINT-RAVEN, 2003). However, all surgical interventions at the claw inevitably 

result in pain, so that in particular radical surgical techniques but also more conservative 

interventions demand adequate pain management. Although, lameness is a significant health 

problem in cattle, treatment recommendations for claw lesions are almost exclusively based 

on “experience” and “anecdotal” reports in non-peer reviewed journals or in text books. A 

substantial lack of controlled studies in peer-reviewed journals must be stated (POTTERTON 

et al., 2012).  

                       For local anaesthesia of the claw, commonly, two different techniques are 

recommended for surgeries at the distal bovine digit which consist of intravenous regional 

anaesthesia (ANTALOVSKY, 1965; HEPPELMANN et al., 2009; RIZK et al., 2012) or 

conducting nerve blocks of the distal digital nerves(VAN AMSTEL and SHEARER, 2006). 

Even though, both techniques are long known and have been described in some text books 

(ANTALOVSKY, 1965; WESTER and BEIJERS, 1928; FIEDLER et al., 2004), surprisingly 

for both methods published evidence investigating their efficacy is missing. For surgical 

interventions of bovine hind limb, anterior epidural (HORNEY, 1966) or local infiltration/ring 

block anaesthesia are described as well. Epidural anaesthesia can be associated with mild 
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ataxia and sedation, holding the head lower than before treatment and being less reactive to 

noises (CARON and LEBLANC, 1989) or loss of hind limb motor control and occurance of 

lateral recumbency (HOLDEN, 1998; HUDSON et al., 2008), Although, ring block 

anaesthesia is described to generate sufficient analgesia for bovine hind limb claw amputation 

(HORNEY, 1966; COLLIN, 1963; GABEL, 1964), other studies emphasize that local 

infiltration anaesthesia is adequate only for minor surgeries and would be less appropriate for 

more complex operations such as digit amputations (EDWARDS, 2001). Intravenous regional 

anaesthesia is the preferred technique for foot operation in cattle in conjunction with a 

tourniquet application (EDMONDSON, 2008). Further, intravenous regional anaesthesia is 

simple and safe and seems to be ideal for digital operations as the amount of bleeding at the 

operation site is also reduced and no specific skills and anatomy knowledge of the limb is 

needed. Moreover, only one injection is required with little risk of introducing bacteria. 

Additionally, the onset of anaesthesia distal to the tourniquet is described as fast and recovery 

after tourniquet’s removal would be rapid (MUIR et al., 2007; HEPPELMANN et al. 2009).  

                       Even though, IVRA is simple to perform, there are studies which highlight 

adverse effects and disadvantages of this method. In human medicine, cardiac arrests and 

several cases of seizures, damage to the vessels in patients with atherosclerotic disease, skin 

damage, effects on patients with increased intracranial pressure, effects on body temperature 

especially in children, skin rash and bradycardia, metabolic changes and tourniquet related 

pain have been reported as some side effects and complications of this anaesthesia strategy 

(RODOLA et al., 2003; AKDOGAN and EROGLU, 2014). Occasional hematoma at the site 

of injection as well as ischemic necrosis, severe lameness and then edema, if the tourniquet is 

left in place longer than two hours are possible side effects of IVRA (MUIR et al., 2007). In 

addtion, the tourniquet can increase pain and discomfort in an injured limb and when it is not 

properly sterilized, it can increase the risk of limb infections in the presence of open wounds 

(FARBOOD and SHAHBAZI, 2008). 

 There are different techniques to apply regional nerve block anaesthesia to desensitize distal 

limbs of cattle (RAKER, 1956; HABEL, 1950; WRIGHT, 1946; WAY, 1954; HALL et al., 

2001), however, in our study 4-point nerve block anaesthesia has been chosen to perform.  

                       Pain is a multifactorial entity, therefore, cannot not be estimated by a single 

technique (STEAGALL et al., 2007). By using nociceptive threshold tests, which includes a 

quantifiable stimulus application to a body part until a behavioral or physiological response is 

observed, nociception and pain could be measurable (LOVE et al., 2011). The most often used 
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stimulation modalities consist of electrical, mechanical or thermal stimulations. To the best of 

the author’s knowledge no information is available regarding using electrical stimulation to 

evaluate distal limb anaesthesia in cattle, although there are some studies in relation to 

thermal (HERSKIN et al., 2003; PINHEIRO-MACHADO et al., 1998; VEISSIER et al., 

2000; RASMUSSEN et al., 2011) and mechanical (LAVEN et al., 2008; LEY et al., 1996) 

threshold testing in dairy cows. 

                       Hormonal and metabolic stress responses are indirect strategies to recognize 

pain in the body (HEINRICH et al., 2009; RIZK et al., 2012). The adrenal glands play a 

central role in hormonal reactions to stress (WILLIAM et al., 2004; MOBERG, 2000). 

Cortisol release from adrenal glands as well as catecholamines during stress induce metabolic 

changes as well as cardiovascular and respiratory adaptation (KHRAIM, 2011). Excessive 

cortisol formation leads to changes in metabolism, immunosuppression as well as cognitive 

abnormalities (MCEWEN, 1994; CHROUSOS and GOLD, 1992). Any abnormalities at 

different levels of the hypothalamic-pituary-adrenal (HPA) axis can cause several diseases and 

disruption of hormonal balance in such those diseases leads to increased cortisol generation 

following elevated concentrations of cortisol in blood, urine, saliva and cerebro-spinal fluid 

(CSF) (JING et al., 2003). A number of manipulations such as feed deprivation, 

transportation, therapeutic and operative manipulations can increase secretion of cortisol from 

the adrenal cortex in cattle (NAKAO et al., 1994; LOCATELLI et al., 1989; FUERLL et al., 

1993; FISHER et al., 2001; MUDRON et al., 2005). Increasing the glucocorticoid secretion 

following stress diverts glucose metabolism from muscle to the brain and other tissues. 

Nevertheless, any reports regarding possible connections between the intensity of stress 

responses and blood glucose levels in cattle has not been reported. However, surgical stress 

could increase the blood concentration of free fatty acids and L (+) - lactate (MUDRON et al., 

2005). Hyperglycaemia in response to stressors, is not a very reliable indicator of the stress 

intensity in animals becauseits level could be affected by various factors (MOBERG, 1985; 

SCHOLZ, 1990; MUDRON et al, 2005). Anaesthesia with procaine elicits a variety of 

biological effects such as inhibition of hormone-stimulated cortisol production by bovine 

adrenocortical cells in vitro (NOGUCHI et al., 1990; HADJIAN et al., 1982). Application of 

different anaesthetics may have different effects on plasma cortisol. Nerve block anaesthesia 

virtually eliminates the plasma cortisol response which is indicative of pain, for about 2 hours 

in case of lidocaine block of the corneal nerve or 4 hours in case of bupivacaine blockade of 

corneal nerve for dehorning (MARONGIU, 2012). 
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                       Therefore, the goal of this study was to evaluate and compare two different foot 

anaesthesia methods, IVRA and NBA in the distal hind limb of cattle to find the most 

appropriate anaesthesia method for distal limb surgical interventions to decrease pain during 

hind limb interventions in lateral recumbency. 

 

The hypotheses of this study were as follows: 

 

1) Efficacy of intravenous regional anaesthesia is superior to nerve block anaesthesia for 

surgical interventions at the distal limb in cattle. In other words, intravenous regional 

anaesthesia induces more efficient anaesthesia than nerve block anaesthesia. 

 

2) The onset of intravenous regional anaesthesia is faster than nerve block anaesthesia. 

 

3) Application as well as removal of a rubber tourniquet in intravenous regional anaesthesia 

makes cattle uncomfortable by inducing ischemic pain in cattle. 

 

 

 
 

 

 

  

  



 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

‘‘Even if you are a minority of one, the truth is the truth’’. 

Mahatma Gandhi 
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2.    Literature Review 

 

2.1.    The importance of lameness in cattle herds 

                  

                       Lameness is common in modern dairy populations and also has harmful impact 

on production potency as well as animal welfare (COOK, 2003; ESPEJO et al., 2006; 

CHAPINAL et al., 2010; WARNICK et al., 2001). It has a major impact on productivity of 

dairy cattle for example, effect on milk with decreasing output, decreasing production of milk 

fat and protein, cattle weight loss, reduction of fertility rate, increasing the incidence of other 

diseases such as mastitis, treatment costs, pushing to the risk of culling and eventually death 

as well as decreasing slaughter value (WHITAKER et al., 2000; GRÖHN et al., 2003; 

WEAVER, 1984; ENTING et al., 1997; SEEGERS et al., 1998; WEAVER, 1964).  

                       Animal welfare concerns include the high incidence of lameness, the duration 

of many cases, the impact of the pain associated with lameness on mobility and consequently, 

the animal’s capacity to engage in main behaviors including feeding, lying and normal social 

interactions (WALKER et al., 2011) making it likely the single most common reason of 

distress in dairy cattle (WEBSTER, 1986). Lameness has been one of the most important 

welfare issues as well as a significant economic disadvantage of high producing dairy cow 

operations in North America (VERMUNT, 2007; WARNICK et al., 2001). According to 

KOSSAIBAT and ESSLEMONT (1997), lameness is the second most costly disease in the 

dairy industry following mastitis in UK. 

                       The average prevalence of lameness of 36.8% in BARKER et al. (2010), should 

be a great concern to all associated with the dairy industry (BARKER et al., 2010). The point 

prevalence of lameness in US studies as well as mean outbreak of lameness in UK is about 8-

15 % and 20.6 %, respectively (CLARKSON et al., 1996; WARNICK et al., 1995; WELLS et 

al., 1993). The range of lameness incidence is between 4 to 55 cases per 100 cows per year 

under some conditions for instance farm, location and year of study (LEECH et al., 1960;  

PRENTICE and NEAL, 1972; EDDY and SCOTT, 1980; MCLENNAN, 1988; CLARKSON 

et al., 1996; WHITAKER et al., 2000). Especially, the weather could affect the incidence of 

lameness on farms. For example, the mean incidence of lameness on British cattle farms in 

summer and winter periods is about 22.9 % and 31.7 %, respectively, (CLARKSON et al., 

1996).  
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                       The high incidence of severe or chronic lameness is not only a welfare issue, 

but at the present time also could be one of the main causes of culling in the dairy herds 

(HEPPELMANN et al., 2009; CLARKSON et al., 1996; WHITAKER et al., 2000; BOOTH et 

al., 2004). Lame cows have reduced daily activity levels (O’CALLAGHAN et al., 2003) 

which leads to more time spent lying and less time feeding of lame cows and such these lame 

cows, less likely could start social interactions with other cows (GALINDO and BROOM, 

2002). Moreover, there is a relationship between lameness and position in milking order 

which could demonstrate the effect of lameness on milk production in dairy herds (MAIN et 

al., 2010). Moreover, cows with clinical lameness in the first 70 days in milk, 25% less likely 

can become pregnant compared to non-lame cows (BICALHO et al., 2007). In conclusion, 

lameness has a potent efficacy on both milk production and fertility. 

                       Overall, some of the potential of high yielding cows in a dairy herd might be 

lost when they have a risk of lameness (GREEN et al., 2002). Early and effective treatment 

following quick identification of lame cows could result in cost improvements at dairy farms 

(ARCHER et al., 2010).  

 

2.2.    Common diseases associated with lameness in cattle 

                       Diseases of distal parts of the limb are classified in two groups: A) disorders of 

the digital skin and subcutis which include digital and interdigital dermatitis, interdigital 

necrobacillosis, verucose dermatitis, interdigital skin hyperplasia and injuries and, B) diseases 

of horn and sensitive laminae, for instance lesions of horn wall (horn fissures), sole ulcer, 

traumatic pododermatitis, white line disease and heel erosion. Lameness occurs as a clinical 

sign of these diseases or abnormality of the musculo-skeletal system (GREENOUGH et al., 

1981). Lameness can develop as a voluntary effort to reduce pain due to injury (supporting 

limb lameness and swinging limb lameness) or as an involuntary (mechanical) impairment of 

gait due to damaged muscles, ligaments or nerves. Moreover, lameness occurs by 

inflammation or injury of the distal aspects of the limb in 90 percent of cases (WEBSTER, 

1987; O’CALLAGHAN, 2002). Various hoof and skin pathologies are knownas causes of 

lameness in dairy cattle (GREENOUGH et al., 1981). However,, lameness in dairy herds is 

most often observed due to the presence of sole ulcers, white line lesions, sole haemorrhage 

and also digital dermatitis (MURRAY et al., 1996). In addition, when horn shoe disorders 

remain untreated infection can progress into the horn shoe leading to diseases such as purulent 

arthritis of the distal interphalangeal joint (coffin joint), osteomeylitis of the navicular bone, 
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2
nd

 and 3
rd 

phalanx or purulent tendovaginitis (STARKE et al., 2007; HEPPELMANN et al., 

2009). 

                       Nutrition and poor claw conformation are major causes of claw-horn disorders 

in dairy cows. Nutrition and subclinical acidosis are the major causes in subclinical laminitis. 

Poor claw conformation (long toe) is a frequent cause of sole ulcers. In these cases, the 

biomechanics of the digits is changed with excessive pressure at a particular point of the 

sensitive tissue at the junction of the heel and the sole axially (DESROCHERS, 2013; 

FJELDAAS et al., 2011; HAUFE et al., 2012). 

                       Degenerative joint disease oralso called osteoarthritis is characterized by 

degradation of the articular cartilage leading to morphologic changes of the joint. The 

consequences of the cartilage degradation are inflammation of the synovial membrane and 

abnormal bone proliferation inside the joint. Etiology of DJD in cattle is either traumatic or 

secondary to poor conformation (DESROCHERS, 2013). Ulcers and white line disease are 

largely a results of metabolic diseases and mechanical loading that, contribute to injury of the 

solar and perioplic (corium of the heel) corium (OSSENT and LISCHER, 1998; SHEARER et 

al., 2012). Metabolic conditions which potentially lead to claw lesions consist of rumen 

acidosis and laminitis and activation of metalloproteinases while hormonal changes leading to 

claw injuries are related specifically to relaxin and estrogen in the peripartum period 

(LISCHER et al., 2002; SHEARER et al., 2012; WEBSTER, 2002; TARLETON et al., 2002; 

MULLING and LISCHER, 2002). On the other hand, the mechanical loading could happen 

from the overgrowth of claw horn that leads to unbalanced weight bearing whereby the 

damage associated with metabolic disorders is combined with inordinate weight load 

(SHEARER et al., 2012). 

2.3.    Special surgical interventions at the hind limb 

 

2.3.1. Digital amputation (DAMP) 

 

                       Digital amputation is one of treatment methods for septic arthritis in dairy 

cows. According to WALKER et al. (2011), in more intense cases, commonly associated with 

putridity of the distal interphalangeal joint, claw operation and digital amputation are 

sometimes carried out (WALKER et al., 2011). When horn shoe disease such as sole ulcer 

remains untreated, infection can progress into the inner layers and may cause purulent arthritis 

of the distal interphalangeal joint, osteomeylitis of the navicular bone, second and third 
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phalanx or purulent tendovaginitis. Therefore, to treat these severe cases , radical surgical 

interventions would be necessary. These surgical methods are amputations of the claw and 

resection of the coffin joint. These surgical techniques are very painful and an adequate pain 

management protocol would be needed (STARKE et al., 2007; HEPPELMANN et al., 2009). 

                       Lifespan after DAMP is a critical point. According to KHAGHANI-

BORUJENI et al. (2008), 53.85% of the cows on which amputation was applied were culled 

by the first 131 DIM. By sawing the claws through the inter-digital space, the survival time 

after amputations could be increased (KHAGHANI - BORUJENI et al., 2008).  

 

2.3.2. Resection of distal interphalangeal joint (JRES) 

 

                       Nowadays, despite DAMP, there is another method which is called JRES. The 

degree of lameness can be improved faster after DAMP compared to JRES. In addition, 

treating dairy cows with septic arthritis in one hind limb with digital amputation can quickly 

remove infection, but the missing claw would be considered disadvantageous (FUNK, 1976; 

KOESTLIN and NUSS, 1988; STARKE et al., 2007). Resection of distal interphalangeal joint 

is a possible way of claw treatment. According to KOFLER et al. (2007), both surgical 

methods include of resection of the distal/proximal interphalangeal joint and digital 

amputation are successful in breeding bulls while the resection of the distal interphalangeal 

joint is recommended as first option (KOFLER et al., 2007). This surgical method is 

performed to attain ankyloses by substantial removal of septic altered cartilaginous, 

subchondral and deeper osseous tissue with a thin layer of healthy bone (HEPPELMANN et 

al., 2009). 

 

2.3.3.    Resection of the distal sesamoid bone 

                        

                       Resection of the distal sesamoid bone is another method to treat the infected 

digit. This method could be considered an alternative to claw amputation in cattle with severe 

digital infections (BLIKSLAGER et al., 1992). Resection of the distal sesamoid bone is 

demonstrated for complicated claw diseases. These severe disorders can occur in the plantar 

or palmar sole area with perforation of the corium and then purulent or necrotizing tendonitis 

at the level of insertion of the deep digital flexor tendon followed by purulent podotrochlear 

bursitis and osteomyelitis of the distal sesamoid bone (HEPPELMANN et al., 2009; 

FRITSCH, 1966; LUTZ et al., 1980; WISSDORF et al., 1970; FRITSCH and HAENICHEN, 
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1974).  

  

2.3.4.    Joint lavage and arthrotomy 

 

                       Another useful claw treatment method is joint lavage and arthrotomy. This 

technique is performed to preserve the morphology as well as function of the infected joint 

(HEPPELMANN et al., 2009). Arthrotomy is applied for treatment of complicated arthritis of 

fetlock joint in adult cattle. Arthrotomy can be administered by four vertical 

dorsolateral/dorsomedial and palmolateral/palmomedial incisions 5 cm long to give access to 

the joint cavities and allow fibrin, debris and necrotic tissue to be removed (STARKE et al., 

2006). Joint lavage is applied in cases with acute closed arthritis of the distal interphalangeal 

joint. To perform this technique, a needle should be inserted dorso-proximally to the coronary 

band, axial or ab-axial to the common extensor tendon with the second needle to the ab-axial 

collateral ligament (HEPPELMANN et al., 2009).  

 

2.4.     Hind limb anaesthesia in cattle 

 

                       Regional anaesthesia of the limbs which is commonly employed in horses in 

lameness examination can also be used in cattle. According to HORNEY (1966), the foot may 

be anaesthetized by perineural injection at the junction of the proximal and middle thirds of 

the metatarsus, or by specific digital nerve block of the peroneal and tibial nerves. Here, two 

local anaesthesia techniques for the bovine foot, IVRA and NBA will be described separately.  

 

2.4.1.  IVRA 

                       Intravenous regional anaesthesia (IVRA), also known as the "Bier block" was 

first described by Bier in 1908; Holmes re-popularized the technique in humans in 1963 

(MALETIS et al., 1989). This method is especially applied in ruminant veterinary medicine to 

provide regional analgesia to extremities in cattle, small ruminants, buffalo and swine (WEBB 

et al., 1999). According to MUIR et al. (2007), this method is simple and safe and could be 

ideal for digital operations so that the amount of bleeding at the operation site is reduced and 

no specific skill and anatomy knowledge of the limb is needed. Moreover, only one injection 

is required with little risk of introducing bacteria and the onset of anaesthesia distal to the 

tourniquet is fast and recovery after tourniquet’s removal is rapid (MUIR et al., 2007). 

                        This common method would be effective for painful procedures on the foot 
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such as foot operations and treatment of severe claw horn lesions (HUDSON et al., 2008). 

According to HEPPELMANN et al. (2009), IVRA has a fast onset and is easy to perform. 

Currently IVRA is considered the method of choice for distal bovine limb operations 

(AVEMANN, 1974; PRENTICE et al., 1974; FEHLINGS, 1980; POHLMEYER, 1984; 

STEINER et al., 1990; THURMON and KO, 1997; KLAWUHN and STAUFENBIEL, 2003).  

                           There are different techniques described which can be used to perform IVRA 

but with significant overlap in the main aspects of intravenous regional anaesthesia.  

 

2.4.1.1.       Different types of Intravenous Regional Anaesthesia 

2.4.1.1.1.    IVRA in Cattle 

 

                       According to EDMONDSON (2008), intravenous regional anaesthesia is the 

preferred technique for foot operation in cattle. According to EDWARDS (1981), the 

intravenous regional anaesthesia technique in bovine foot provides analgesia adequate for 

amputation of digits, removal of interdigital hyperplastic lesions and treatment of sub-solar 

infections requiring radical operations. A commonly used strategy for IVRA is Antalovsky’s 

method (STARKE et al., 2007). IVRA under Antalovsky’s method begins by applying a 

tourniquet or esmarch bandage approximately 3 to 4 inch above the fetlock joint at metacarp 

or metatarsus depends on desensitizing of forelimb or hindlimb. The main point for this 

method is that the tourniquet should not be left in place longer than 45 minutes. Moreover, 

preparing two sites of local anaesthesia’s application would be good for example the front and 

lateral or medial aspects in some cases which a second site is needed. To apply this technique 

the needle is inserted rapidly and straight into the desired area [Tab 1.]. Then, 15 - 20 ml 

procaine 2% (in case of radical operations, 30 ml of a 2 % solution of lignocaine 

hydrochloride without adrenaline is recommended) could be applied as well either into vein 

digitalis palmaris (forelimb) or plantaris (hindlimb) communis 2 or 4 or vein digitalis dorsalis 

communis 3 (ANTALOVSKY, 1965). Fig. 1 shows the schematic injection sites under 

Antalovsky’s method (SALOMON and GEYER, 1997). Usually, lidocaine injection is 

suggested over a period of 30 to 60 seconds to avoid damage to the vein. In addition, in 

chronic cases with extreme inflammation, anaesthesia may require a higher dose of lidocaine 

(30 ml) and a little longer to complete anaesthesia (SHEARER et al., 2013). To perform 

IVRA to desensitize the forelimb in cattle a rubber tourniquet (1 cm in diameter) can be used. 

The tourniquet will be applied above the carpus before injection when the vein is maximally 
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distended and then the anaesthetic could be applied in place (EDWARDS, 1981). To 

desensitize the hind limb, the rubber tourniquet can be applied above the hock joint of the 

uppermost hind limb which is clipped and disinfected over the hock and distally to the 

pastern. It has been mentioned that in the hind limb, the efficiency of the tourniquet is 

improved by including a roll of bandage in the depression between the tibia and the achilles 

tendon (EDWARDS, 1981). Thereafter, the polypropylene catheter can be placed in a 

proximal direction into 3 superficial veins consist of proximal lateral metatarsal, medial 

metatarsal and dorsal metatarsal phalangeal regions (EDMONDSON, 2008). By this 

strategy’s application, there would not be any clinical signs of post anaesthetic toxicosis 

(BOGAN and WEAVER, 1978). To perform the local anaesthesia in pelvic limb, the lateral 

saphenous vein or lateral plantar digital vein may be used for injection as well. Approximately 

20 ml of local anaesthetic is injected intravenously as close to the operation site as possible 

using a 20 gauge 3.3 cm needle or 21 gauge butterfly catheter (ANDERSON and 

EDMONDSON, 2013). The tourniquet can be safely left in place for up to one hour to 

provide hemostasis during surgical procedures of the foot. Anaesthesia of the foot occurs 

within 5 to 10 minutes. Once the operation is complete, the tourniquet is released 

(ANDERSON and EDMONDSON, 2013; EDMONDSON, 2008).  

 

Tab.1 describes briefly differences between different IVRA applications in cattle. 
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Fig.1.  A) The plantar surface of bovine hind limb. Blue lines represent the veins at the medial 

and lateral plantar surface. The injection sites for Intravenous Regional Anaesthesia would be 

V. Digitalis Plantaris Communis II or V. Digitalis Plantaris Communis IV. B) The injection 

site for Intravenous Regional Anaesthesia at the dorsal surface would be Vena (V.) Digitalis 

Dorsalis Communis III based on the method of ANTALOVSKY (1965). These pictures have 

been selected from SALOMON and GEYER, 1997.
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Tab. 1 : Different applications of limb intravenous regional anaesthesia in cattle. NM represents some parameters which have not been mentioned     

            in the reference. 

   

 
No First 

author 

Year of 

publication 

Type of 

tourniquet 

Tourniquet placement Injected vein (s) Onset of 

IVRA 

Anaesthetic Duration of tourniquet 

placement 

Side effects 

 

1 

 

Anderson 

 

2013 

 

rubber 

 

Pelvic limb 

Lateral saphenous - 

lateral plantar 

digital vein 

 

5 – 10 min 

 

NM 

 

Up to 1 hour 

 

NM 

 

 

 

2 

 

 

 

Shearer 

 

 

 

2013 

 

 

 

rubber 

 

 

 

3 – 4 inch above 

fetlock joint 

Medial and lateral 

digital veins 

approximately 1 in 

anterior to the 

dewclaws or 

common digital 

vein 

 

 

 

3 - 5 min 

 

 

 

Lidocaine 

 

 

 

Up to 45 min 

 

 

 

NM 

 

3 

 

Starke 

 

2007 

 

rubber 

 

Metatarsus 

Digitalis dorsalis 

communis 

3/digitalis lateralis 

communis 2 or 4 

 

NM 

 

Procaine 

 

NM 

 

NM 

 

4 

 

Edwards 

 

1981 

 

rubber 

 

Above the carpus 

 

Lateral saphenous 

or lateral plantar 

veins of the hind 

leg or radial vein 

 

10 min 

 

Lidocaine 

 

NM 

 

No clinical 

signs of 

toxicity 

 

 

5 

 

 

Bogan 

 

 

1978 

 

 

rubber 

 

Above the hock joint of 

hindlimb 

 

Lateral plantar 

metatarsal vein 

proximal to the 

metatarsophalang-

eal joint 

 

 

NM 

 

 

Lidocaine 

 

 

60 min 

 

No clinical 

signs of post 

anaesthetic 

toxicosis 
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2.4.1.2.    Use of tourniquets in Intravenous Regional Anaesthesia 

 

                       Tourniquets were used for the first time by the father of surgical art and science, 

Sushrutha, in 600 B.C. (SUSHRUTHA, 2009; SAIED et al., 2015). As we know, tourniquets 

are tools to prevent blood passage in the limbs to make operations much easier. Till now, two 

types of tourniquets have been known which are consists of surgical and emergencical 

tourniquets. Surgical tourniquets are applied in orthopaedic as well as plastic operations to 

produce a bloodless area as well as having more precision and convenience for surgeons to 

perform surgery and for better safety while the emergencical types are administrated to 

control bleeding following accidents or even wars in human. Nowadays, the most tourniquets 

are from esmarch bandage or pneumatic (air use) type (SAIED et al., 2015). 

                       Local regional intravenous anaesthesia is particularly appropriate, if the 

surgical procedure calls for the use of an esmarch’s bandage or a tourniquet (PEARSON, 

2007). An example for tourniquet’s administration in local intravenous anaesthesia is RAWAL 

et al. (1993). They recommended re-exsanguination with an esmarch’s bandage following 

administration of IVRA, with a brief deflation and re-inflation of the tourniquet. They called 

this procedure re-IVRA, a technique that would result in minimal leakage of local anaesthetic 

drug (RAWAL et al., 1993). Nevertheless, according to FARBOOD and SHAHBAZI (2008), 

the esmarch bandage can increase pain and discomfort in an injured limb and when it is 

unsterilized, can increase the risk of limb infections in the presence of open wounds 

(FARBOOD and SHAHBAZI, 2008). However, as DERNER and BUCKHOLZ (1995), 

reported the administration of esmarch bandage has been criticized as being too aggressive for 

exsanguinations with an elastic bandage preferred because of its lighter compression 

(DERNER and BUCKHOLZ, 1995).   

                       Another example to apply intravenous regional anaesthesia method in human 

could be for orthopaedic surgeries of lower limb. To perform IVRA, a well-padded double 

tourniquet is applied two fingers below the neck of the fibula. Then, the upper cuff is inflated 

to a pressure of 350 mmHg and 40 ml of 0.5% Prilocaine is injected into the lower limb. The 

results of application of this method would be successful (FAGG, 1987). However, in cases of 

severe cellulitis, regional intravenous anaesthesia can be difficult to perform (ANDERSON 

and EDMONDSON, 2013). HUDSON et al. (2008), continued this point that as the impact of 

intravenous regional anaesthesia wear off once the tourniquet is released and no ongoing 

analgesia is provided, it is commonly recommended to use NSAIDs as well to provide longer 



 

LITERATURE REVIEW 

15 

 

term effective pain relief (HUDSON et al., 2008). However, there are some reported studies 

which highlighted intravenous regional anaesthesia as an anaesthesia method without 

disadvantage. For example, by administration of intravenous regional anaesthesia using 

double tourniquet in human, none of the patients would have any side effects or complications 

realted to the technique or subsequent used drugs (GOEL et al., 2002). 

                       As another intravenous regional anaesthesia’s aspect, the effect of tourniquet 

placement would be critical. In medicine, the single cuff pneumatic pressure tourniquet is 

applied immediately above or below the elbow and on the top of surroundingly placed cotton 

bandage before inflation to perform intravenous regional anaesthesia on patients for distal 

upper extremity operations. In this method, a 22 G intravenous cannula is administered in the 

distal vein of the surgical hand. The patient who has the tourniquet placed on the forearm has 

lower pain scores than those who have the tourniquet placed on the upper arm. Moreover, no 

signs of local anaesthetic toxicity would be noted (CHIAO et al., 2013). On the other hand, 

intravenous regional anaesthesia is not without inherent risks. Complications in humans are 

consist of compartmental syndrome, tourniquet induced paralysis/paresis, seizures, cardiac 

arrest, incomplete anaesthesia and death (MALETIS et al., 1989; HENDERSON et al., 1997). 

Many medical anaesthesiologists administer systemic benzodiazepine drugs to decrease the 

frequency of seizures due to sudden release of local anaesthetic agents into systemic 

circulation. SUKHANI et al. (1989), reported that various cuff removal techniques can be 

employed. For instance, removal of the tourniquet and its re-application after 10 s, repeated 

several times to avoid a sudden release of the local anaesthetic and decrease the systemic 

concentration of local anaesthetic and therefore can reduce toxic effects (SUKHANI et al., 

1989). In human medicine, pneumatic rather than rubber or elastic bandage tourniquets are 

used because of decreased frequency of neurologic damage. Neurologic damage occurs due to 

direct pressure, ischemia, hyperemia and shearing strain and distortion of the nerves 

underlying the tourniquet. The ideal tourniquet is one whose width is at least 20 % wider than 

the diameter of the limb to which it is applied. Narrower tourniquets will not provide adequate 

compression of the vessels located deeper within the applied muscle. Studies performed on 

humans demonstrate that tourniquets should not be administered for longer than 2 hours 

otherwise local metabolic changes would be occur. These include hypoxia, hyper-capnea, 

acidosis, hyper-kalemia and increased lactate concentration (PARKASH et al., 1988). Some 

authors believe that tourniquet time should be limited to 90 min to avoid ischemic muscle 

injury (GRICE et al., 1986). The harmful factors which could be effective in tourniquet’s 

application could be the time duration which tourniquet is kept on the limb, the pressure 
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which is applied to administer it and the last effective point which has been almost neglected 

is the temperature (DERY et al., 1965).  

 

2.4.1.3.   Side effects and risks associated with Intravenous Regional Anaesthesia 

2.4.1.3.1.   Haematoma formation, Thrombophlebits at injection site 

 

                       Although, intravenous regional anaesthesia’s application is simple to perform, 

there are some reported studies which highlighted adverse effects and disadvantages of this 

anaesthesia’s strategy. For instance the occasional hematoma at the site of injection and some 

complications such as ischemic necrosis, severe lameness and then edema, if the tourniquet is 

left in the place longer than 2 hours could be some disadvantages of intravenous regional 

anaesthesia (MUIR et al., 2007). 

 

2.4.1.3.2.   Ischemia/reperfusion effects of tourniquet   

 

                       The ischemia and reperfusion following application of tourniquet can affect the 

muscle. Edema, muscle ischemia as well as microvascular congestion resulted in inflation of 

tourniquet are associated with pain (KRUSE et al., 2015; ESTEBE et al., 2011; KAM et al., 

2001). Those ischemia reperfusion as well as mechanical pressure can cause the famous 

complication of tourniquet’s applications in limb interventions which is tourniquet pain 

(ESTEBE and MALLEDANT, 1996). The ischemic efficacy and changes in the limb 

following tourniquet application has been rarely described (EJAZ et al., 2014). Tourniquet 

application can cause ischemia beneath the tourniquet as well as the area distal to the 

tourniquet which microscopic and functional changes in the applied muscle would be 

appeared depends on duration and pressure of the applied tourniquet (PEDOWITZ et al., 

1993; SAPEGA et al., 1985). The skeletal muscles of the limbs are very sensitive to ischemic 

variations showing raise in lactate concentration during ischemic changes of the limb (EJAZ 

et al., 2015). Against, the higher capacity of skeletal muscles to tolerate the ischemia 

compared to other organs, prolonged hypoxia can induce some postoperative side effects such 

as tissue necrosis as well as dysfunction of muscle. The prolonged ischemia-reperfusion 

induced skeletal muscle injury during 24 hours following ischemia can produce morphologic 

signs of muscle cell injury as well as increasing the pain related to mechanical nociceptive 

thresholds without effect on heat or cold induced-allodynia (SCHOEN et al., 2007). 

According to GERSOFF et al. (1989), the effect of tourniquet application on the function of 
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extremities which tourniquet has been applied on that could be more significant on the muscle 

beneath the tourniquet compared to its effect on muscle distal to the tourniquet. However, the 

effect of tourniquet on extremity’s function is partly due to nerve damage and may be in order 

to direct muscle damage as well. The localized tourniquet inflation side effects can induce 

skin, muscle, nerve and even vascular lesions. GRAVEN-NIELSEN et al. (2004) and 

FRUHSTORFER (1984) mentioned that, during the ischemia, the function of myelinated 

fibers in skeletal muscles would be completely lost. Activation of nerve fibers directly under 

the tourniquet and ischemia induced nociception distal to the tourniquet can cause pain by 

releasing inflammatory factors activated from ischemic tissue beneath and distal to the 

tourniquet (ZAIDI and AHMED, 2015; ASHWORTH et al., 2002; CHABEL et al., 1990). The 

study of OHARA et al. (1996) on rabbit demonstrated that after tourniquet application, the 

remarkable loss of contractile speed as well as function of muscle will be observed. In 

repeated heat stimulation of a skin, in order to decline dissipation of thermal stimuli by 

circulation, the effect of local ischemia on pain threshold can be explained (BIGELOW et al., 

1945). According to ESTEBE and MALLE´DANT (1996) and ESTEBE (2002), one hour 

could be the maximum suggested period of tourniquet-produced ischemia. On the other hand, 

studies have demonstrated that three hours of continuous ischemia would not induce 

irreversible damage in healthy normal muscle while it could produce widespread sub-lethal 

legions of tissue cells (DAY and ZALE, 1993; ESTEBE et al., 2011). As a response to sub-

lethal damages, the activities of lysosomal enzymes and the numbers of vacuoles responsible 

for auto-phagia will be increased as a lysosomal system’s reaction to ischaemia (SALMINEN, 

1985). Within early stage of ischaemia, generation of lysosomes can be observed. Thereafter, 

some biochemical disturbances in the fibers of affected muscle can activate the lysosomal 

system (APPELL et al., 1993). According to DURAN and DILLON (1989), one of the earliest 

events following skeletal muscle ischaemia can raise microvascular permeability. In general, 

ischaemia following tourniquet application can induce alterations consist of acute 

inflammation, degeneration as well as muscle fibers’ necrosis (NYLANDER et al., 1988; 

APPELL et al., 1993). In overall, the time period of 6 hours of ischemia in human can 

generate irreversible damage (BLAISDELL et al., 1978), however, the shorter period of 

ischaemia may be harmful to skeletal muscle (APPELL et al., 1990). According to APPELL et 

al. (1993), 15 to 90 minutes time period of tourniquet-induced ischaemia, could induce 

harmful changes to the ultrastructure of skeletal muscle. Pathological alterations are includes 

of accumulation of lipid droplets, intra as well as inter-fibrillary edema and finally thickening 

of the basement layer of the affected epithelium. According to NIELSEN and KARDEL 
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(1974), after 15 minutes of tourniquet ischemia, the sensory thresholds significantly increase 

which can be referred to the disappearance of large diameter fibers action potentials. The 

harshness of those mentioned changes depends on duration of ischaemia. Moreover, 

especially more than one hour following tourniquet application, remarkable structural changes 

in skeletal muscle could be expected. Additionally, tourniquet pain at the site of tourniquet or 

in the applied limb could occur especially within the spinal or epidural anaesthesia of leg or 

regional anaesthesia of upper limb and would be directly related to the anaesthesia technique 

as well as period of tourniquet application (ÖMEROGLU et al., 1998). Moreover, according 

to ESTEBE et al. (2011), both in animals and human, the compression injury resulted in 

tourniquet inflation is more in order to loss of muscular functions as well as its contractile 

speed compared to tourniquet – induced ischemia. Another noticeable point in limb 

interventions is that, although, making the limb cold within operation could not be simple, the 

studies demonstrated that coldness may decrease the effect of ischemia in animal as well as 

human tissues after tourniquet’s application (SWANSON et al., 1991; FISH et al., 1993). 

 

2.4.1.3.2.1.   Pain 

 

                       Cardiac arrests and several cases of seizures, damage to the vessels in patients 

with atherosclerotic disease, skin damage, effects on patients with increased intracranial 

pressure, effects on body temperature especially in children, effects on asthmatics, metabolic 

changes and tourniquet pain would be the side effects and complications of this method 

performing in human (RODOLA et al., 2003). In addition, skin rash and bradycardia are two 

side effects of intravenous regional anaesthesia’s application in human (AKDOGAN and 

EROGLU, 2014). The induced pain following tourniquet application for IV regional 

anaesthesia under Bier’s block method can produce sever pain at the site of surgical 

intervention usually 3 - 5 minutes after tourniquet deflation while by using two distal and 

proximal tourniquets (keeping the distal tourniquet and release the proximal one) the 

generated pain comparing the Bier’s block method would be lesser at intervention’s site 

(MILLER, 2010; BROWN et al., 1989; THAM and LIM, 2000; JAFARIAN et al., 2015; 

WALDMAN, 2007). WHITE et al. (2015), demonstrated the effect of inhaled oxygen or air 

placebo via a face mask for 3 minutes before as well as till 30 minutes following upper arm 

tourniquet inflation to significantly reduce tourniquet-associated pain. Depends on time and 

pressure related to the application of tourniquet, nerve damage as well as muscle tissue injury 

beneath a well as distal to the tourniquet application could be expected (PEDOWITZ and 
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GERSHUNI, 1993; KAM et al., 2001). Combination of depletion of oxygen (hypoxia) with 

increased level of carbon dioxide (hypercapnia) could modify the sensation. However, its 

efficacy on the perception of thermal pain has not been described so far. Under the normal 

blood circulation, sensation of 44,5 °C would not be usually painful at the extremities while 

with arresting the circulation it could be intolerably painful due to elimination of heat 

convection by blood circulation (STOKES et al., 1947). Hyperthermia could protect tissues 

from harmful impact of tourniquet ischaemia (BRUNER, 1970). Hypoxia can affect the pain 

sensation less than other sensations such as vision sensation. However, the gradual increase in 

thresholds can be the characteristic of adaptation to induced hypoxia which is not in relation 

to the period of produced hypoxia (MCFARLAND et al., 1939; STOKES et al., 1947).       

                   

2.4.1.3.2.2.   Metabolic changes 

 

                       Using tourniquet in extremities can generate ischemia due to local changes such 

as hypoxemia, hyperkalemia as well as acidosis (JENNISCHE et al., 1982; TOWNSEND et 

al., 1996). In other words, after tourniquet’s application, completed arrested blood circulation 

to the limb can cause a limb acidosis (KLENERMAN et al., 1980; WILGIS, 1971; STOCK et 

al., 1971). Following administration of tourniquet, the metabolic changes resulted from 

tourniquet ischaemia in a limb could be generated subsequently after thirty minutes of blood 

flow’s arrest and may cause incidental disorders in relation to the blood of peripheral veins 

which can be led to anoxia, mixed respiratory as well as metabolic acidosis, hypoglycaemia, 

hyperkalaemia as well as increasing in total proteins and calcium and lactic acid concentration 

(DERY et al., 1965). Regarding application of tourniquet, breathing time should be considered 

in case a surgery would take longer more than three hours and normally after two hours 

operation, the tourniquet should be deflated for at least half an hour (BEEKLEY et al., 2008). 

In human cases, following tourniquet removal, it would take fourthy minutes for the limb to 

back to its normal and routine metabolic situation (ESTEBE and MALLEDANT, 1996).  

 

2.4.1.3.2.3.  Nerve damages 

 

                       Another effect of limb ischemia can be on nerve function which has been 

noticed first by Nicolaus Stenonis in 1667 in his study on dogs (STENONIS, 1969). 

According to some publications, the risk of nerve injuries after tourniquet application could 

be 0.1 to 7.7 % (ESTEBE et al., 2011). Temporary nerve injuries especially can occur under 
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the higher pneumatic tourniquet cuffs and following prolonged tourniquet inflation 

(KORNBLUTH et al., 2003; HOROLOCKER et al., 2006; ESTEBE et al., 2011). Further 

studies in human as well as animals demonstrated the decline in nerve conduction velocities 

resulted in ischemia duration (RORABECK, 1980; BARON and GORDON, 2002). Depends 

on the severity of tourniquet induced-local ischemia resulted in tourniquet compression, nerve 

dysfunctions would be occurred (DENNY-BROWN and BRENNER, 1944). Moreover, the 

studies on dogs demonstrated that the most sensitive variation following tourniquet ischemia 

is fasting conducting the large diameter fibers (MAGLADERY et al., 1950). The sensitivity of 

nerve’s ischemia could be correlated with the diameter of nerves’ fibers. After 15 - 20 minutes 

tourniquet application, both spontaneous as well as mechanosensitive activity conduction 

would be blocked (GASSER and ERLENGER, 1929; WEDDELL and SINCLAIR, 1947; 

BENTLEY and SCHLAPP, 1943). According to LUNDBORG (1970), and DAHLIN et al. 

(1989), unmyelinated and small diameter nerve fibers could be more sensitive to the ischemia 

while MAKITIE and TERAVAINEN (1977) as well as NITZ et al. (1989), reported no 

correlation between ischemic sensitivity and the diameter of axons. Peripheral receptors distal 

to the tourniquet inflation can initiate impulses in reply to the tourniquet induced ischemia, 

therefore, the sensation of pain will be mediated from the axon or receptors in tissue directly 

beneath or just proximal to the tourniquet’s site (CHABEL, 1990). Application of tourniquet 

can cause pain and this produced pain could be assumed to be nerve fiber in correlation with 

pain transmitted along slow-conducting unmyelinated C fibers. According to OCHOA et al. 

(1972), the most impaired after tourniquet inflation are the large diameter myelinated nerve 

fibers to the muscles. Moreover, it has to be thought the rapid conducting myelinated Aδ 

fibers which under normal circumstances could inhibit C fibers in relation to the transmission 

of pain, can be blocked by mechanical compression within ischemia period (KLENERMAN, 

2003; KAM et al., 2001). In overall, application of tourniquet can cause nerve damage 

secondary to the ischemia following administration of tourniquet (PEDOWITZ, 1991; 

KLENERMAN, 1995; OLIVECRONA et al., 2013). According to clinical investigations, 

there is a positive relationship between the severity of neuromuscular injury and the time as 

well as pressure following tourniquet application (DANIEL et al., 1995; GERSOFF et al., 

1989; PEDOWITZ et al., 1991; PATTERSON and KLENERMAN, 1979; LOVE, 1979; 

HEPPENSTALL et al., 1986). Produced ischemia affecting the muscle (KLENERMAN; 

1980; PATTERSON and KLENERMAN, 1979; DOBNER and NITZ, 1982; PEDOWITZ et 

al., 1991) or the nerves (KLENERMAN, 1983; GERSOFF et al., 1989; PEDOWITZ et al., 

1991) can cause disturbances in the function of affected muscle or conduction of the nerves 
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(KLENERMAN et al., 1980). According to MOLDAVE (1954), the paralysis following 

tourniquet could be more mechanical rather than ischemic effect of tourniquet’s application. 

Nerve damage at the site of tourniquet application with pressure could be a direct mechanical 

side effect of pressure of tourniquet use compared to ischemic effect of compressed nerves 

(OCHOA et al., 1972). RAMAIOLI et al. (1996), mentioned tourniquet pain is nociceptive 

which can be produced by direct axonal nociceptive thresholds of nervous trunks as well as 

activation of peripheral nociceptors. Within ischemia and reperfusion following tourniquet 

application, due to axonal and/or neuromuscular junction injuries limb dysfunction could be 

occurred (ESTEBE et al., 2011). Moreover, according to COLE (1952), pain resulted from 

tourniquet application can includes of both superficial and deep component and could be 

produced by pressure following application of tourniquet or ischemia of large nerves. 

Remarkably, according to COLE (1952), the ischemic effect of pressure on the nerves after 

tourniquet application would be crucial. INAL et al. (2009), highlighted that the mechanism 

of tourniquet pain is still not strongly understood but it seems to be multifactorial. In the past, 

tourniquet pain has been described due to ischemia of the tissue, deep as well as distal to the 

applied tourniquet (COLLIN, 1976; GIESECKE, 1976). However, the position senses, touch, 

vibration, motor and light pressure will be lost due to that mechanical effect while 

sympathetic fibers, pain as well as cold and warmth sensations are not affected due to this 

tourniquet paralysis and the nerves distal to the tourniquet block can have a response to 

electrical stimuli as well (MOLDAVE, 1954). Although, many experimental observations of 

tourniquet ischemia have been focused on skeletal muscles because of opinion that skeletal 

muscles are more sensitive than peripheral nerves to tourniquet-induced ischemia 

(KLENERMAN, 1983; KLENERMAN, 1982; SAPEGA et al., 1985; MACFARLANE and 

SPOONER, 1946; JACOBSON et al., 1994), according to some clinical studies, EMG can be 

changed with denervation following one hour of tourniquet inflation (JACOBSON et al., 

1994; DOBNER and NITZ, 1982; KREBS, 1989; NITZ and DOBNER, 1989). Moreover, in 

medicine, the neurological complications with manifesting of fewer than 2 % of patients, 

disorientation, extreme talkativeness, disequilibrium on standing and tinnitus are reported as 

some side effects of this anaesthesia method’s application (DAWKINS et al., 1963). 

 

2.4.1.3.2.4.  Systemic effectiveness of tourniquet 

                        

                       As a systemic effect, application of tourniquet due to inducing stress resulted in 

produced pain following tourniquet inflation, has a remarkable effects on cardio-respiratory 
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system. According to SHINODA et al. (2013), tourniquet inflation can raise the arterial blood 

pressure. Additionally, increasing the level of mean arterial blood pressure will be progressed 

during tourniquet inflation in order to tourniquet-induced pain (ESTEBE et al., 2011; VALLI 

et al., 1987). Tourniquets are often applied for operation on the extremities to prepare a 

bloodless surgical area. Tourniquets, on the other hand, can cause nerve as well as other tissue 

injuries, while inflation of the tourniquet can cause hypertension and its deflation can produce 

hypotension. Also, increasing in PCo2 immediately after tourniquet deflation as well as 

decreasing in arterial pH and PO2 have been recorded previously (BOURKE et al., 1989). 

                       Tourniquet’s application has some pathophysiological effects. Tourniquets can 

induce systemic effects which are in relation to inflation and deflation of tourniquet while 

local effects and its complications can produce from direct pressure to the underlying tissues 

or ischaemia in tissues distal to the tourniquet. Meanwhile, after limb exsanguination and 

tourniquet inflation, there is an increase in circulating blood volume and systemic vascular 

resistance. After tourniquet inflation for 30 - 60 min, patients may develop increase in heart 

rate and systolic as well as diastolic arterial blood pressures. After deflation of tourniquet, 

central venous pressure and arterial blood pressure decreases for 15 min as a result of a shift 

of blood volume back into the limb, therefore, there is a post-ischaemic reactive hyperaemia 

as well as declining in peripheral vascular resistance (KAM et al., 2001).  

                       Tourniquet’s application especially under the pressure has some disadvantages. 

For instance, using the tight tourniquet in patient undergoing orthopaedic surgery of the lower 

extremity for longer than 60 min can cause a rise in both systolic and diastolic arterial blood 

pressure. Meanwhile, the mean decrease in systolic arterial blood pressure has a range 

between 2 and 14 mmHg when the cuff is deflated (VALLI and ROSENBERG, 1985).  

                       In overall, tourniquet’s application in intravenous regional anaesthesia could be 

painful and can raise some disadvantages under systemic as well as localized efficacies. 

 

2.4.2.    Regional Nerve Block 

 

                      As intravenous regional anaesthesia could not be a method of choice in all 

surgeries, an alternative anaesthesia type is needed. In some studies, authors highlighted the 

reason for application of another kind of anaesthesia such as nerve block anaesthesia. For 

instance, in cases of intense cellulitis, local intravenous anaesthesia could be hard to perform. 

In such cases, an easy ring block or four-point nerve block may be used (EDMONDSON, 

2008; ANDERSON and EDMONDSON, 2013). Five milliliters of local anaesthetic can then 
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use to block the digital nerve on both the medial and lateral aspects of the fetlock, which are 

approximately 2 cm dorsal and proximal to the dewclaw. Also, two interdigital injections 

which are performed in 4 points nerve block may also be used for removal of an interdigital 

fibroma (NAVARRE, 2006; ANDERSON and EDMONDSON, 2013). The superficial 

peroneal nerve, deep peroneal nerve, lateral plantar metatarsal nerve and finally medial 

plantar metatarsal nerve can be reached via four specific injection sites. Therefore, injections 

at these four regions can induce complete anaesthesia of the bovine hindfoot (RAKER, 1956). 

 

2.4.2.1.    Different techniques of regional Nerve Block Anaesthesia 

                     

                       In our knowledge, there is no experimental or clinical study regarding foot 

nerve block anaesthesia in cattle and there are only some publications explaining nerve block 

anaesthesia as one of foot local anaesthesia methods. For example, OANA et al. (2008), 

reported some regional bovine anaesthesia as well as Tibial and Fibular nerve block and 

Pelvic autopodium block (OANA et al., 2008). In cattle, four points nerve block can 

desensitize the area from the pastern distally. To apply this method, a 20 gauge 3.8 cm needle 

is inserted into the dorsal aspect of the pastern, in the groove between the proximal phalanges, 

just distal to the fetlock. Then, 5 ml of local anaesthetic is injected deep and another 5 ml of 

local anaesthetic is injected superficially. This injection is then repeated on the palmar or 

plantar aspect of the pastern, just distal to the dewclaws. 5 ml of local anaesthetic is thereafter 

used to block the digital nerve on both the medial and lateral aspect of the fetlock, which lies 

approximately 2 cm dorsal and proximal to the dewclaw. The two inter-digital injections 

performed in the four-point block may also be used for removal of an inter-digital fibroma 

(EDMONDSON, 2008). As a technique to produce analgesia of bovine hind digits by using 

the common Peroneal and Tibial nerves, the first and second injection sites could be Peroneal 

and Tibial nerves. Behind the posterior edge of the lateral condyle of Tibia is the first site for 

the peroneal block. Thereafter, a one inch narrow gauge needle is inserted within the skin, the 

subcutaneous and then the aponeurotic sheat of the biceps femoris. Afterwards, 20 ml of local 

anaesthetic is injected. The duration to reach the effect of anaesthetic is 5 - 20 min under this 

method. The second site for tibial blockade is around 4 inches above the os-calcis and in front 

of the Achilles tendon. For this blockade, a one inch needle with 20 ml anaesthetic solution 

can be used as well. The time needed for this anaesthesia is up to 15 min after injection of 

anaesthetic. Under another technique, a complete anaesthesia could be reached by making 4 

injections at specific sites which are consist of two peroneal nerves by inserting the needle 
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both superficially and deeply at a point half-way down the core of the dorsal surface of the 

third metatarsal bone. Also, the plantar nerves can be blocked at the same level on lateral and 

medial to the border of the flexor tendons. At each of these four sites, 5 ml of anaesthetic is 

injected. Another strategy could be applied by using four sites similarly placed but at the level 

just above the fetlock joint with 25 - 30 ml anaesthetic injection into the each site. 

Additionally, another technique can be performed by injecting 10 ml of local anaesthetic over 

each of plantar nerve which located on each side of the flexor tendons. However using these 

methods may have some disadvantages and difficulties to apply include of requiring four 

injections, requiring the distal part of the leg where the tissues are completely ligamentous, 

bony or tendonous, difficulties in application in standing position animals and difficulty of 

deep peroneal nerve blockade due to its topographic anatomy (COLLIN, 1963; GIBBONS, 

1939; RAKER, 1956). 

                       Always the location of nerve block anaesthesia is a crucial aspect of this 

anaesthesia method. For example, in horses, palmar and palmar metacarpal nerve blocks at 

the level of the accessory carpal bone are the best method which effectively desensitizes the 

deep structures of the metacarpus without risk of penetration of the distal carpal joints (FORD 

et al., 1989). Diagnostic analgesia under palmar digital nerve block is another anaesthesia 

method in horses. Palmar digital nerves should be anaesthetised at or distal to the proximal 

area of the ungular cartilage (SCHUMACHER et al., 2004). As another example of nerve 

blocks in horses, we can mention low palmar nerve blocks and its effect on tissue diffusion of 

anaesthetic agent. Under this method, Mepivacaine hydrochloride-iohexol is applied to inject 

into the medial and lateral palmar and palmar metacarpal nerves at four sites. However, tissue 

diffusion of anaesthetic solution is another point in all diagnostic anaesthetic procedures. 

Application of correct needle placement could be one of the points in this anaesthesia's type 

as well (SEABAUGH et al., 2011). Nerve block anaesthesia is a method of choice for 

lameness’s recognition in horses. Palmar digital nerve block works between 15 min and 1 

hour after its administration and the impact of analgesia appears between 1 - 2 hours after 

nerve block. This method is applied by using 1.5 ml Mepivacaine 2 % under subcutaneous 

injection over the medial and lateral palmar digital nerves of the lame limb (BIDWELL et al., 

2004). Overall, most of foot nerve block anaesthesia in horses are related to lameness 

diagnosis because this analgesia is very important in horses due to surgical and orthopaedic 

trauma in order that the pain and stress following that, decreases the animal’s chance for 

recovery and studies in relation to foot nerve block anaesthesia in horses would not report side 

effects and complications of this technique.  
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2.4.2.2.   Complications, side effects and different aspects of Nerve Block Local – 

               Anaesthesia 

                       Although for foot anaesthesia, in cases of severe cellulitis, regional intravenous 

anaesthesia may be difficult to perform and nerve blocks could be applied (ANDERSON and 

EDMONDSON, 2013), on the other hand, nerve injuries have been described as clinical, 

anatomic or laboratory findings consistent with damage to discrete factors of the peripheral 

nervous system (LIGUORI, 2004). Indeed, peripheral nerve injury is not a frequent 

complication of regional anaesthesia. However, neurological injuries after peripheral nerve 

blocks are not routine, therefore, it is extremely difficult to attain the reliable and consistent 

data concerning their incidence. Also, in order that peripheral nerves have a dual blood 

supply, ischaemia has been identified as one of the causes of peripheral nerve injury. Another 

interesting effective factor could be effect of needle. Needle choice might also play a role in 

peripheral nerve injury when intra-neural injections are involved. In human it has been 

demonstrated that all types of needles can produce interruption of myelin, however, long-

tapered needles can remarkably generate fewer transected axons compared to beveled needles   

(JENG et al., 2010). Infection, hematoma, vascular puncture, tendon sheath puncture, nerve 

injury, local edema or swelling, skin pressure injuries are some complications associated with 

this anaesthesia technique. To prevent infection, the strict aseptic technique should be used. 

Furthermore, to prevent hematoma, multiple needle advancements should be avoided, in 

particular on the medial side with ultrasound for the presence of superficial veins at or along 

needle insertion sites should be checked before needle insertion and when the palmar artery or 

vein is punctured, the procedure should be stopped and a firm and constant pressure should be 

applied for 2 – 3 minutes before proceeding with the procedure. To avoid vascular puncture, 

avoiding redirecting the needle medially at a deep angle could be the point. Stopping 

advancement of needle 1 – 2 cm proximal to the distal end of splint bones is a good strategy 

to prevent tendon sheath puncture. Additionally, in order to avoid nerve injury, injection 

should be avoided when high pressures are met on the injection (ZARUCCO et al., 2007). 

                       There are some reported publications which focused on side effects and 

complications of nerve block anaesthesia’s strategy. As an important complication of limb 

nerve block anaesthesia, we can concentrate on relationship between this local anaesthesia 

method and normal gait. Nerve block anaesthesia is a routine method in lameness evaluation 

in horses. To detect lameness in horses, the high palmar digital nerve block is applies by 

administrating 5 ml 2 % Mepivacaine hydrochloride subcutaneously in the triangular-space 
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include of proximal sesamoid bones, the oblique sesamoid ligament and the deep digital 

flexor on the lateral and medial side, approximately at the level of the fetlock joint in 

forelimb. Thereafter, the anaesthesia could be confirmed by checking the sensitivity at the 

coronary band 15 min after injection.  Therefore, nerve blocks and joint anaesthesia also may 

interfere with normal gait in horses (DREVEMO et al., 1999). 

                       After performing the operation under regional blocks, there are some factors 

involving nerve injury include of direct trauma caused by needle, local anaesthetic 

neurotoxicity, ischemic injury secondary to pressure and volume of local anaesthetic or added 

vasoconstrictors, hematoma or vascular injury, intra-operative factors consist of surgical 

trauma and positioning, injury following using of tourniquet and some postoperative elements 

such as swelling and positioning. All local anaesthetics are potentially neurotoxic and this 

neurotoxicity is dose and concentration dependent in isolated nerve preparations. Although, 

there are no clinical studies comparing dose or concentration with nerve injury, it is 

reasonable to apply the lowest effective dosage and concentration for peripheral neural 

blockage (LINGUORI, 2004). 

                       Irritation and inflammation of nerve block anaesthesia’s location is another 

crucial point using this anaesthesia method. Severe infectious complications such as psoas 

abscess complicates a continuous femoral nerve block (ADAM et al., 2003), while an abscess 

of axilla could be reported after continuous axillary nerve blocks (BERGMAN et al., 2003). 

Also, a necrotizing fascitis could be found as infectious complications after axillary nerve 

blocks (NSEIR et al., 2004). Moreover, the incidence of inflammation and infection related to 

continuous peripheral nerve blocks is low and exogenous pathogens are assumed as most 

probable sources of infection in this method. Independent risk factors are in relation with 

catheter colonization and related infections. Also, the site of catheter insertion may be another 

potential risk factor for bacterial colonization. Therefore, both equipment and local 

anaesthetic solutions can be become contaminated. We can mention coagulase-negative 

Staphylococcus which is predominantly noted at the perineural catheter tip (CAPDEVILA et 

al., 2009). Even though, several potential risk factors have been highlighted, risk factors 

related to the bacterial colonization or even infection of catheters using regional anaesthesia 

are not enough considered. Age, pre-existing diseases or even treatment which raises the 

immune response have been discussed as potential risk factors (MORIN et al., 2005). After 

orthopaedic operation, continous nerve block analgesia provides effective postoperative pain 
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relief. The incidence of side effects and complications were higher at the starting of their 

protocol (COMPERE et al., 2005).  

                       Direct trauma to nerve fascicles caused by the injection needle could be another 

point. The tissue toxicity of modern local anaesthetics in recommended concentrations is in 

overall low. Disturbances in nerve function after a peripheral nerve block are rare and needle 

trauma and toxic effects of the injected agents may be as a various reasons. Also, nerve injury 

can comes up as complication of peripheral nerve block anaesthesia and trauma caused 

following injection needle may be of importance. Ischemia, compression and stretching of 

nerves are other significant factors (SELANDER et al., 1977).  

                       Nerve injury is another complication of nerve block anaesthesia.                        

Some of factors which leading to neural injury consist of direct mechanical needle trauma to 

nerves, mechanical trauma due to intraneural injection, local anesthetic neurotoxicity, 

ischemia due to pressure effects of perineural or intraneural injections and neurotoxicity and 

ischemia due to added epinephrine when is applicated (KENT and BOLLAG, 2010). 

However, neurologic complications associated with regional anaesthesia and pain medicine 

are rare in particular those complications which do not involve hematoma or infection. As risk 

factors which are not in relation to anaesthesia, we can mention patient-specific risk factors 

for perioperative nerve injury consist of pre-existing neurologic disorders, diabetes mellitus, 

extremes of body habitus, male gender and advanced age. Also, direct surgical trauma or 

stretch, tourniquet inflation, hematoma or abscess formation, perioperative inflammation as 

well as improper patient positioning can be important as surgical risk factors (NEAL et al., 

2008).   

                       In order that needle trauma may cause peripheral nerve injuries during 

performance of peripheral nerve block, an appropriate needle selection to perform nerve block 

anaesthesia could be another effective factor. For instance, both long-tapered needles produce 

significantly fewer transected axons than the beveled needles (MARUYAMA, 1997).             

                       Another point is tourniquet’s administration in performing nerve block 

anaesthesia which is questionable for veterinarians. Regional blockade of distal nerves of the 

leg are generally well tolerated and have a low risk of systemic toxicity or neurological 

damage. Well tolerating the tourniquet without any supplementation can induce slow 

absorption of local anaesthetic and allow the practitioner to give maximum doses of local 

anaesthetic with minimal risk of systemic toxicity (KOPKA, 2005).  
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                       In contrast, peripheral nerve blocks provide many perioperative benefits, such 

as reduced opioid requirement, decreased incidence of hemodynamic instability, and less 

postoperative nausea and vomiting. Moreover, continuous peripheral nerve blocks (CPNBs) 

significantly improve postoperative pain control (WIEGEL et al., 2007; RICHMAN et al., 

2006; CAPDEVILA et al., 2005; EVANS et al., 2005; SINGELYN et al., 2005; BEN-DAVID 

et al., 2004; CAPDEVILA et al., 1999; SINGELYN et al., 1998). Additionally, major 

complications from continuous peripheral nerve blocks are rare, although, minor adverse 

effects are not uncommon after continuous peripheral nerve blocks (WIEGEL et al., 2007). 

However, neurologic damage could be a major concern during and after continuous peripheral 

nerve blocks (CAPDEVILA et al., 2005). Among all of potential complications related to 

peripheral nerve blocks, neurological complications are the most often concerned 

(FREDRICKSON and KILFOYLE, 2009). However, pain is a major concern during and after 

in-hospital or outpatient orthopedic surgery and continuous peripheral nerve blocks provide 

better analgesia than intravenous patient controlled analgesia with morphine (CAPDEVILA et 

al., 2008).  

                       Effects of intra-fascicular or topical administration of the long-acting local 

anaesthetic bupivacaine on the rabbit sciatic nerve and additionally, axonal degeneration was 

histologically investigated and a fluorescence-microscopic method was used to identify 

lesions in the blood-nerve barrier. Therefore, topical application of bupivacaine in clinically 

recommended concentrations around the nerve caused no detectable nerve injury. On the 

other hand, intra-fascicular injections caused critical axonal degeneration and blood nerve 

barrier’s damage. Injection often causes a swelling of the fascicle with the nerve fibers’ 

separation. The effects of intra-fasicular injection are both traumatic and toxic. The injection 

traumas to direct traumatic effects such as lesions to the perineurium, nerve fibers or blood 

vessels, indirect effects such as edema formation in order that increasing the vascular 

permeability and local ischemia because of raising up the intra-fascicular pressure which 

caused by the injectate or edema or both of them (SELANDER et al., 1979). 

2.4.3.  Epidural anaesthesia 

 

                       Although, epidural anaesthesia commonly is not a method of choice to 

desensitize the distal hind limb only, according to some authors epidural anaesthesia might 

have some benefits. Epidural anaesthesia is swift and straightway to perform in cattle. Drugs 

are injected into the epidural space to anaesthetize the nerves leaving the spinal cord. Epidural 
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anaesthesia with low volume (4 to 6 ml of injectable solution for an adult cow) is the most 

often performed type, which can supply anaesthesia of the genital tract, rectum and perineal 

region. Additionally, high volume techniques exist, which may be used to anaesthetize the 

entire abdomen, but with this technique motor control of the hindlimb is lost and animals 

become recumbent (HOLDEN, 1998; HUDSON et al., 2008). 

                       Epidural anaesthesia could be applied to compare the efficacy of different 

treatment agents. For example, there are no considerable differences in average heart rate as 

well as pulse or respiratory rate between the five treatments of epidural analgesia with 

lidocaine hydrochloride without epinephrine (0.22 mg kg
-1

 of body weight), lidocaine 

hydrochloride with epinephrine (0.22 mg kg
-1

 of body weight), morphine (0.1 mg kg
-1

 body 

weight), fentanyl (0.005 mg kg
-1

 body weight), or methadone (0.1 mg kg
-1

 body weight). 

Cardiac rhythm does not show any difference between these treatment groups and mild ataxia 

without complication can be developed in cattle given lidocaine and lidocaine with 

epinephrine while the epidural injection of morphine (0.1 mg kg
-1

), methadone (0.1 mg kg
-1

) 

and fentanyl (0.005 mg kg
-1

) does not provide regional analgesia in cattle (TABATABAEI 

NAEINE et al., 2004). 

                       There are various studies which applied epidural anaesthesia as their choice 

anaesthesia method with different drug’s application. For instance, epidural treatment could 

be performed with the combination of 50 mg kg
-1

 bodyweight romifidine and 0.1 mg kg
-1

 

bodyweight morphine diluted in 0.9 % sterile saline to a total volume of 30 ml. Under this 

anaesthesia technique, treated cows show pronounced signs of sedation, including swaying of 

the hind legs, ptyalism, droopy eyelids as well as lowered head carriage. Moreover, randomly 

selected treated cows could develop a bradycardia (approximately 30 beats per min) and a 

decreased respiratory rate by 15 min following epidural application of anesthetic 

(FIERHELLER et al., 2004). 

                       Despite of some benefits to perform this anaesthesia method, there are some 

disadvantages following using this technique. For instance, mild ataxia and sedation may be 

consistently observed at both the 25 mg and 35 mg dosage of anaesthetic application under 

this method. As some signs after this anaesthesia’s administration, cows hold their heads 

lower than before treatment and also are less reactive to noises as well as movement in the 

barn but cows are conscious when moving in their stanchions. In addition, the duration and 

intensity of these side effects are associated with the raise of the avoidance threshold. For 

example, a single cow under receiving 35 mg xylazine becomes recumbent 20 min subsequent 

injection (CARON and LEBLANC, 1989). 
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2.5.   What is pain? 

 

                       Pain is an unpleasant feeling or sensibility which could be associated with 

potential as well as actual tissue damage and is always subjective. Pain covers both a sensory 

and an emotional experience. Pain can cause physiologic, neuroendocrine as well as 

behavioral changes which could be identified as a stress response. Moreover, pain can be 

associated with distress and suffering which should be a considerable concern. (WHAY et al., 

2008). Pain can be divided into three different types, which  includes  nociceptive, 

inflammatory as well as neuropathic pain. Chemical, thermal or mechanical stimulation of 

free nerve endings related to nociceptors which are the high-threshold receptors cause a 

nociceptive signal. This signal can be transferred through the ventro-lateral section of the 

spinal cord to the brainstem as well as thalamus. Depending on the intensity, location as well 

as duration of the stimulus the receptors which encode the noxious stimulus could be 

different. For example, high-threshold pain receptors, called Aδ nociceptors, are located on 

the ending of myelinated nerve fibers and transport “fast” pain, while unmyelinated C fibers 

encode “slow” pain. Pain perception is related to the activation of cerebral cortex via the 

thalamus (ANDERSON and MUIR, 2005; WHAY et al., 2008). 

 

2.5.1.  Nociceptive pain 

 

                       Peripheral nerves of the skin have wide branches of axons innervating the skin 

which have somato-sensory receptors carrying sensory information. The receptors replying to 

pain are called nociceptors. These nociceptors are divided to thick myelinated Aβ, thin 

myelinated Aδ and unmyelinated C fibers base on different diameters of their axons 

(MARTINS et al., 2013). Type C fibers are unmyelinated with diameter lower than 1.5 µm 

with lowest speed of conduction (0.5 – 2 m s
-1

). Unmyelinated C fibers are in relation to pain, 

temperature as well as itching sensations. Another type of fibers consist of thin myelinated Aδ 

fibers can conduct temperatureas well as pain sensations with the higher speed of 30 m s
-1

 

while touch sensations can be transmitted via unmyelinated axons of thick myelinated Aβ 

fibers with the high speed of conduction about 75 m s
-1

 (MARTINS et al., 2013). According 

to SCHAIBLE and RICHTER (2004), a noxious stimulus activates nociceptors which are Aδ 

and C fibers in the peripheral nerve. Most of nociceptors are poly-modal which can reply to 

noxious mechanical stimuli, noxious thermal or chemical stimuli. Ion channels in the sensory 

endings of nociceptors translate mechanical, thermal and even chemical stimuli into a sensor 
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potential and action potentials are conducted by the axon to the dorsal horn of the spinal cord 

or brainstem when the amplitude of the sensor potential is effectively high [Fig. 2]. According 

to some publications, different characteristics of electrical noxious stimuli can activate 

different types of fibers. For instance, 2000 Hz thresholds can activate selectively Aβ fibers 

while 5 Hz noxious transmission mediated mainly through C fibers and 250 Hz thresholds 

activate both Aδ and Aβ fibers (KOGA et al., 2005) while with regards to same opinion about 

2000 Hz and 250 Hz, MARTINS et al. (2013), reported the activation of Aβ, Aδ or C fibers 

resulted in 5 Hz wave stimuli. After 15 and 20 min of tourniquet ischemia significant raise in 

current perception threshold at 2000 Hz and 250 Hz has been demonstrated. In other words, 

secondary to tourniquet ischemia, remarkable increase in current perception threshold values 

at 2000 Hz and 250 Hz with no change in 5 Hz can be observed (BARON and IRVING, 

2002). According to BARON and IRVING (2002), the large myelinated sensory fibers can be 

activated by 2000 Hz wave stimuli while 250 Hz sine wave stimuli could activate small 

myelinated sensory fibers and 5 Hz sine wave stimuli would activate small unmyelinated 

sensory fibers. In addition, to monitor pain in animals, recording the electrical activity directly 

from the nerves could be a more direct strategy (SNEDDON and GENTLE, 2001).   

 

 

 

 

Fig. 2: Set up the nociceptive system (Schaible and Richter, 2004) 
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                       Following application of a noxious stimulus to normal tissue, acute 

physiological nociceptive pain is initiated. This type of pain is protective and maintains the 

affected tissue from being further damaged. However, when the tissue is inflamed or injured, 

patho-physiological nociceptive pain occurs which may emerge as spontaneous pain and/or as 

hyperalgesia and/or allodynia. In other words, nociceptive pain is elicited by noxious 

stimulation of the sensory endings in the tissue while neuropathic pain comes from injury or 

diseases of neurons in the peripheral or central nervous system which feels abnormal 

(SCHAIBLE and RICHTER, 2004) [Fig. 3].  

 

 

  

Fig. 3: The scheme of a nociceptive afferent with its synapses in dorsal horn of the spinal cord 

(Schaible and Richter, 2004)                                              

                        

2.5.2.  Inflammatory pain 

                       Following any tissue irritation, a wide range of chemical factors are released 

into the extra-cellular space of damaged tissue. These inflammatory mediators decrease the 

threshold of nociceptors and thereby cause inflammatory pain with primary and secondary 

hyperalgesia and allodynia (LINLEY et al., 2010; FERRERO-MILIANI et al., 2007; 

SERHAN and SAVILL, 2005). This situation is called as hyperalgesia (WHAY et al., 2008). 

 

2.5.3. Neuropathic pain 

                       Neuropathic pain is generated by direct injury or disorders of the 

somatosensory nervous system with affecting the peripheral or central nervous system. 

Neuropathic pain is characterized by spontaneous abnormal or increased sensations in the 

affected area (JAGGI et al., 2011; TIAN et al., 2013). 

 

2.6. How can pain be measured? 

                       In animals, there is no clear insight into an animal’s pain, measuring and 
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observing some physiological as well as behavioral studies and the capacity to reply to 

analgesia are indirect ways of pain recognition (SNEDDON and GENTLE, 2001; 

ANDERSON and MUIR, 2005; WHAY et al., 2008; HERSKEY, 1979). The responses to pain 

in different species could be different, therefore, there areno clear and definite criteria to 

recognize pain in all animals. However,  there are changes in behavioral and physiological 

patterns which could be associated with the presence of pain in animals (FLECKNELL, 

1985).                        

                       A number of methodologies were employed experimentally to evaluate or 

quantify the levels of pain in animals. These techniques can be categorized as objective and 

subjective. Objective methods measure physiological stress responses (for example plasma 

cortisol levels), changes in levels of biochemical markers (for instance acute phase proteins) 

or the incidence of clearly defined patterns of behavior (for instance vocalization) while 

subjective strategies the evaluation of behavior, posture and other cues. Ofternobjective and 

subjective indicators are employed together to assess pain, and should be part of a standard 

clinical examination (HUDSON et al., 2008). 

 

2.6.1. Sensory nociceptive measurements 

 

                       Pain is a multifactorial entity which cannot be measured by a single method 

(STEAGALL et al., 2007). Nociceptive threshold testing involves the administration of a 

quantifiable stimulus to a body part until a behavioral or physiological reply is observed, at 

which point’s application of the stimulus is terminated. The stimuli should have  

characteristics such as reliability, repeatability and to be easy to apply with a clear end-point. 

Moreover, an increase in nociceptive thresholds after application of an analgesic is accepted 

as an indication of an anti-nociceptive impact (LOVE et al., 2011).  

                       Electrical, thermal and mechanical nociceptive threshold tests are the most 

often used tests (Luna et al., 2014).  

 

2.6.1.1.   Mechanical threshold 

 

                       Mechanical nociceptive threshold tests are well accepted strategies which can 

be applied to investigate of pain and analgesia as well as post-operation hyperalgesia (DIXON 

et al., 2007; BRENNAN et al., 1996; LASCELLES et al., 1998; DAHL et al., 1990 ).  

                       Veterinarians always use different mechanical devices to measure pain in 
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animals. For example, a reproducible device includes of a pneumatically operated piston with 

a pressed blunt ended pin on the animal’s leg under the control of computer has been designed 

to use on sheep, horse as well as human’s leg (CHAMBERS et al., 1994). Another example of 

those devices is a small, silent, low friction and linear actuator for mechanical nociceptive 

testing in cats and dogs which is light and easy to administer to the limb of small animals. 

Another benefit to use such those devices is that, using the small and manually driven syringe 

to generate the driving pressure can make the system completely silent and therefore does not 

disturb the animals at all. However, a mechanical stimulus particularly could be commonly 

generated by using a pneumatic actuator to drive a pin into the tissue in larger animals 

(DIXON et al., 2010). To measure the nociceptive threshold in dairy cows, a pneumatically 

actuated blunt pin with 2 mm in diameter can be applied. This pin could be pressed against 

the dorsal aspect of the metatarsus and thereafter the required pressure to generate a cow’s 

response would be identified. One point to use this device could be that, the type of foot’s 

injuries or lesions does not have any significant effect on the response of the nociceptive 

threshold (LAVEN et al., 2008). 

                       Using mechanical threshold device to examine the analgesia effect of drugs has 

been applied in several studies. Being simple to use and the capacity of producing 

reproducible responses are some criteria of the mechanical equipment which would be applied 

for that aim. Furthermore, to apply the mechanical device, not only the stimulus must be the 

same but also its rate of administration must be the same from trial to trial (CHAMBERS et 

al., 1990).   

                       Pressure nociceptive threshold testing device could be applied in different 

species. For instance, in domestic cats, the pressure stimulation is produced via a plastic 

bracelet weighing 5 gm which is taped around of forearm of each cat with non-elastic 

masking tape (DIXON et al., 2007). In addition, we can improve the nociceptive threshold 

responses under different pins’ application to test the nociceptive threshold responses. As an 

example of behavioral reactions to mechanical stimulation, cats’ behavioral reactions to the 

pressure stimulus is picking up the leg and shaking it, turning the head towards the bracelet, 

licking or biting the bracelet as well as vocalization (DIXON et al., 2007).  

                       Analgesia under drug’s administration has some impact on the nociceptive 

threshold responses. For instance, the use of non-steroidal anti-inflammatory drugs (NSAIDs) 

has a potential to decrease the impact of the hyperalgesia resulting from lameness. As an 

example, the application of ketoprofen could increase considerably the mean nociceptive 

thresholds, even though ketoprofen does not suppress the hyperalgesia completely, the 



 

LITERATURE REVIEW 

35 

 

modulation is a significant step in the control of long-term or chronic pain associated with 

lameness (WHAY et al., 2005). In other words, it is the contribution of hyperalgesia to 

chronic pain (REEH and SAUER, 1997). Another example could be detomidine which can 

produce a significant increase in mechanical thresholds (CHAMBERS et al., 1994). 

                       Dosage of analgesic could be another point which has an impact on mechanical 

threshold responses in animal models. For instance, low dose ketamine infusions minimally 

can affect mechanical as well as thermal anti-nociception in conscious cats (AMBROS and 

DUKE, 2013). Instead of dosage, type of drugs has an effect on mechanical threshold 

responses. For example, pressure thresholds after buprenorphine administration is remarkably 

higher than after carprofen application at 2 hours. The mean pressure thresholds after 

buprenorphine is above the upper 95 % CI from 2 - 3 hours and from 6 - 8 hours after 

treatment while mean pressure threshold after carprofen application remains within the 95 % 

CI (STEAGALL et al., 2007). Additionally, the timing of the test as well as the weight could 

be effective in mechanical threshold responses (JANCZAK et al., 2012). 

   

2.6.1.2.   Thermal threshold 

 

                       Heat stimulation of the skin is applied to simulate superficial or cutaneous pain. 

Different techniques of heat stimulation are used which includes the measurement of the 

latency to a response after a constant temperature exposure or measurement of the 

temperature at which a response occurs when there is a ramped increase in temperature 

(LOVE et al., 2011). Another differentiation can be made by the type of heat applied, either 

radiant heat or contact heat.                        

                       Radiant heat by laser light stimulation was used on the bovine hind leg with a 

tail flick as end-point. Tail flicks with an overall average of 5.5 ± 2.5 as well as an average of 

0.5 ± 1 tail presses per 25 sec can be the dairy cows’ responses during laser stimulation 

(RASMUSSEN et al., 2011). Application of a laser at a range of power settings (2.0, 3.0, 4.0, 

4.5, 5.0 and 5.5 W) showed that, response latencies decrease as power increase up to 4.5 W, 

after which no further change occur (VEISSIER et al., 2000). 

                       Contact heat is nowadays often applied via wireless systems, to allow free 

movement of the animal, as restraint can interfere with the response.With this technique, the 

heat stimulus is provided by a small probe, which includes a thermal element as well as a 

temperature sensor. The probe temperature is increased by 0.5 to 0.6˚C per second with a 

safety cut-off between 55˚C to 60°C to prevent skin damage (AMBROS and DUKE, 2013; 
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DIXON et al., 2002; TAYLOR et al., 2007; BARTER and KWIATKOWSKI, 2013).  

                       The endpoint of stimulation depends on the site of stimulation, it can be a reflex 

movement or a more complex behavioural response. Different behaviors in response to 

different sites of stimulus application can be seen. For example, stimulation at the withers 

followed by a skin flick while stimulation at the nostrils results in head shaking or rubbing the 

face against an object in horses  (POLLER et al., 2013a; POLLER et al., 2013b).   

        

2.6.1.3.   Electrical nociceptive threshold 

 

                       The application of electrical stimuli has the advantages of being quantifiable, 

reproducible, and noninvasive and of producing synchronized afferent signals. However, it 

also has disadvantages. Electrical stimuli are not a natural type of stimulus like those 

encountered by an animal in its normal environment. More importantly, intense electrical 

stimuli excite in a non-differential fashion all peripheral fibers, including large diameter 

fibers, which are not directly implicated in nociception, as well as fine Aδ and C fibers, which 

mediate sensations of cold and hot as well as nociceptive information. Furthermore, this type 

of stimulation completely short-circuits peripheral receptors (Le Bars et al., 2001). There are 

difficulties introduced by variations in the impedance of tissue being stimulated, although 

these can be minimized by the use of a constant current stimulator and the monitoring of the 

voltage as well as the current of the applied stimulus. Electricity can be applied in a very brief 

and sudden fashion. This results in the signals in the afferent nerve fibers being synchronized. 

Thus, electrical stimuli can release a vast repertoire of behavioral responses that are graded as 

a function of intensity from spinal reflexes, through complex vocalizations, and up to very 

organized types of behavior (escape, aggression and so on). The electrical thresholds of 

individual fibers are related to their diameters; therefore, when the applied intensity of an 

electrical stimulus to a cutaneous nerve is increased progressively, it is first the Aβ, then the 

Aδ, and finally the C fibers that are activated (Le Bars et al. 2001). 

                       There is no standardization of current and electrode position in electrical 

nociceptive threshold testing. Needle electrodes or surface electrodes can be located in the 

tooth pulp as well as the coronary band or even to the digital palmar nerve (LUNA et al., 

2014). Stimulation protocols also can vary, like constant current stimulation in humans with 

delivering sine-wave stimuli at 5 Hz via two gold electrodes and by increasing its intensity 

from 0 to 20 mA by 0.2 mA s
-1

 (NEDDERMEYER et al., 2008), or like in horses with two 

adhesive electrodes by administration of an alternating current square wave of 50 Hz and 10 
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ms duration by starting at 1 V and increasing that each 5 second until observation of the 

withdrawal’s responses or reaching the maximum of 15 V (LUNA et al., 2014).                    

                       

2.6.2. Physiological parameters 

 

                      To measure pain several methods can be applied such as chemical 

measurements for instance cortisol, endorphins and cytokines, however, their release is not 

specific for pain (MELLOR and MURRAY, 1989; SHUTT et al., 1987; BATH, 1998). 

Physiological parameters such as heart rate, blood pressure as well as hormonal or metabolic 

responses  (OPPENHEIM and SHEVACH, 1990; BATH, 1998; VINCENT et al., 1993) and, 

the production performance such as meat, milk as well as reproductive performance (LYNCH 

and ALEXANDER, 1977; GIBSON, 1988) can also be incorporated into pain assessment.  

                       Specifically hormonal reactions are mainly stress related (WILLIAM et al., 

2004; MOBERG, 2000). A number of manipulations such as feed deprivation, transportation, 

therapeutic and operation manipulations can increase secretion of cortisol from the adrenal 

cortex in cattle (NAKAO et al., 1994; LOCATELLI et al., 1989; FUERLL et al., 1993; 

FISHER et al., 2001; MUDRON et al., 2005). Cortisol concentrations change in response to 

environmental factors such as constraint as well as handling, plasma cortisol concentration 

and are widely used to asses stress (JAMES et al., 2007). Lateral recumbency could be a 

stress model in cattle. The stress induced by lateral recumbency in cattle could induce 

activation of the HPA axis and thereafter can cause a remarkable increase in plasma ACTH as 

well as serum cortisol concentrations (RIZK et al., 2011; KHRAIM, 2011; RIJNBERK et al., 

2010; REECE, 2004; BEERDA et al., 2004; FLECKNELL, 2000, FISHER et al., 2002, 

MORROW et al., 2002; ABILAY et al., 1975; BOANDL et al., 1989; TAGAWA et al., 1994; 

BREARLEY et al., 1990). The elevated level of cortisol can quickly decrease to baseline 

levels following return of cows to the standing position. Cortisol release from adrenal glands 

as well as catecholamine release during stress induce metabolic changes as well as 

cardiovascular and respiratory adaptation (KHRAIM, 2011). The stress-induced release of 

glucocorticoides stimulates hepatic gluconeogenesis (DESBOROUGH, 2000; REECE, 2004). 

Thereafter, glucose utilization by peripheral tissues is reduced  resultingin hyperglycemia 

(KUSENDA et al., 2010). On the other hand, cortisol can elevate NEFA utilization in 

peripheral tissues and  lipolysis caused by catecholamine is the main reason of such serum 

NEFA elevation (SUMNER and McNAMARA, 2007; TAPPY et al., 1994). Studies have also 

shown increased NEFA release from adipocytes in response to glucocorticoids (BAXTER and 
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FORSHAM, 1972; MELLOR and STAFFORD, 1999; WATERMAN-PEARSON, 1999; 

CAMBRIDGE et al., 2000; OTTOSSON et al., 2000). Application of analgesics during lateral 

recumbency can decrease the elevated cortisol level during lateral recumbency. The average 

plasma concentration of cortisol are remarkably lower in xylazine treated cows following 

lateral recumbency. Xylazine induces a substantial raise of average plasma glucose 

concentrations over a period of around 1 h compared to control samples. Also, mean plasma 

NEFA (non-esterified fatty acids) concentrations remain significantly lower in xylazine 

treated cows during lateral recumbency as well as post-operation. Therefore, the average 

plasma lactate concentration has a tendency to be higher in controls during lateral recumbency 

comparedto xylazine-treated cows (RIZK et al., 2012). Procaine as an effective local 

anaesthetic agent elicits a variety of biological effects such as inhibition of hormone-

stimulated cortisol production by bovine adrenocortical cells in vitro (NOGUCHI et al., 1990; 

HADJIAN et al., 1982). Furthermore, acute pain can change heart rate as well as peripheral 

blood flow (SNEDDON and GENTLE, 2001). Cardio-respiratory parameters such as 

respiratory and heart rates can be used as a helpful pain indicator. The sympatho-

adrenomedullary system is activated as response to stressful stimuli with increasing the levels 

of plasma catecholamine as well as increasing heart rate, blood pressure and myocardial 

activity and respiratory activity too (ABILAY et al., 1975; ALAM et al., 1986; BOANDL et 

al., 1989; BREARLEY et al., 1990; TAGAWA et al., 1994; MELLOR and STAFFORD, 1999; 

HUDSON et al., 2008; SCHUBERT et al., 2009). Other physiological parameters such as 

temperature, reproduction hormones, the ratio of white blood cells, cardiovascular system 

responses such as heart rate, respiratory rate and body temperature as well as blood pressure 

or non-invasive measurements of stress such as measuring the metabolites in faeces, urine and 

saliva or recently most favorable technique to measure heart rate variability to measure the 

animal stress (ETIM et al., 2013; WEBSTER, 1983; ROY, 1990; VON BORREL et al., 2007; 

AHOLA, 2008). 

 

2.6.3. Behavioural factors 

 

                       Pain as a subjective experience can have very remarkable impact on the 

behavior of humans and animals. Clinical pain assessments are complex (KEEFE et al., 

1999). Behaviour resulted pain can be a very crucial indicator of pain's presence (ANIL et al., 

2005). Cattles often do not display a clear behaviour resulted pain but nowadays 

investigations such as the facial changes of cattles following pain have been increasingly 
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demanded (DALLA COSTA et al., 2014; GLEERUP et al., 2015; GLEERUP, 2014). Pain 

behavior explained in bovine veterinary text books only describes the behavior following 

sever pain comes from diseases such as toxic mastitis, severe lameness or septic arthritis 

(HUXLEY and WHAY, 2006). Some behaviours of cattles include of decreasing the dry 

matter intake, milk yield, consumption of water and ruminating time could be as indicators of 

pain or disease, however, such these parameters could be affected by environmental, genetic 

as well as nutritional factors (GLEERUP, 2014).     

 

2.7.    Factors which influence results of nociceptive threshold testing 

2.7.1.   Tissue damage 

 

                       Repeated application of a noxious stimulus or the use of a stimulus which 

results in any lesions could lead altered thresholds. In large animals such as cattle and horses, 

decreases in mechanical nociceptive thresholds can indicate hyperalgesia which can be 

detected in injuries like claw ulcers in cattle or tendon lesions in horses (LOVE et al., 2011; 

WHAY et al., 1998; CHAMBERS et al., 1993). Moreover, the presence of a painful injury at a 

remote site has a potential to change nociceptive thresholds, therefore, can affect the results 

(LOVE et al., 2011).   

                       To prevent tissue injuries, the duration and magnitude of each kind of stimulus 

could be limited, but this can limit the evaluation of effective analgesics (LOVE et al., 2011; 

LOVE, 2009).  

 

2.7.2.    Temperature  

 

                       Seasonal as well as daily fluctuations in temperature may affect potentially the 

nociceptive threshold testing through both animal factors such as perfusion and moisture 

content or animal skin temperature as well as interference with the nociceptive equipment. 

Furthermore, variation in environmental temperature would be expected to results in 

cutaneous vasodilation in high temperature as well as vasoconstriction in low temperature that 

could affect the dispersion of thermal stimulus and consequently the temperature in the tissues 

surrounding nociceptors during heat nociceptive tests (LOVE et al., 2011). On the other hand, 

according to WHAY (1998), environmental temperature has no effect on either the heating 

equipment function or skin temperatures detected from ears of calves (WHAY, 1998).  

                       Sweating following high environmental temperatures, drug administration for 
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example alpha-2-adrenoceptor agonists or even excitement could alter probe or actuator 

contact with the skin and thereafter has an effect on heat transfer from a thermode (LOVE et 

al., 2011). 

                    

2.8.     Drugs used for anaesthesia and/or analgesia 

 

                      Although the application of analgesics is becoming widespread in companion 

animal medicine (LASCELLES et al., 1999), recent studies have shown that farm animals 

often receive no analgesia for painful procedures or conditions (HUXLEY and WHAY, 2006; 

HEWSON et al., 2007; WALKER et al., 2011). According to CHAPINEL et al. (2010), 

analgesia during hoof trimming can change cow activity, weight distribution or gait. The daily 

lying time after hoof trimming can be increased due to analgesia's application. However, this 

increase continues longer when cows are not treated with analgesic drugs (CHAPINEL et al., 

2010). In cattle, to treat severe distal limb diseases such as purulent arthritis of the distal 

interphalangeal joint, osteomeylitis of the navicular bone, second and third phalanx or 

purulent tendovaginitis, radical surgical interventions are necessary. Those surgical techniques 

are very painful, therefore, a combination of analgesics with local anaesthetic is needed 

(RIZK et al., 2012; OFFINGER et al., 2013; STARKE et al., 2007; HEPPELMANN et al., 

2009).      

             

2.8.1.    Local anaesthetics 

 

Local anaesthetics are the most common pre-emptive and emptive analgesic drugs which 

could be administered for operations in food animal practice (MUIR et al., 1995). 

 

2.8.1.1.   Classification of LAs 

 

Classification of LAs are presented as below [Tab. 2]. Overall, local anaesthetics with an ester 

structure have a stronger action inherently compared to the local anaesthetics with an amide 

structure (SCHOLZ, 2002).  
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       Classification             Potency           Onset of action          Duration of action          Protein binding  

                                                                                              (min)                        (%) 

 

Esters  

     

    Procaine                    1                         Slow                                45 - 60   6 

    Chloroprocaine         3                      Rapid                               30 - 45   - 

    Tetracaine                 8                       Slow                               60 - 180  76 

 

Amides 

     

    Lidocaine                  2                         Rapid                              60 - 120 70 

    Mepivacaine             1.5                  Intermediate                        90 - 180 77 

    Bupivacaine              8                    Intermediate                        180 - 480 95 

    Etidocaine                 8                       Slow                               240 - 280 94 

    Prilocaine                  1.8 Slow                               60 - 120 55 

    Ropivacaine ̴ 8                 Intermediate                        Similar to  94 

                                                                                                      Bupivacaine 

 

 

              

 

2.8.1.2.   Mode of action   

 

                       Local anaesthetic drugs reversibly block propagation of action potential in 

axons by preventing the sodium entry by inhibition of the voltage-gated Na+ channel that 

produces the potentials. Other actions of local anaesthetics such as anti-inflammatory action 

by interaction with G-protein receptors are also considered to be relevant to their role to 

prevent or treatment of pain. This group of drugs can affect both nociceptive and neuropathic 

pain (HEAVNER, 2007). These drugs, especially lidocaine 2% HCl, are applied to prevent 

pain during surgery. Also, these drugs act locally or regionally when perineural anaesthesia is 

performed, but have no systemic or behavioural  effect except when given intravenously or at 

extremely high dosages (ANDERSON and EDMONDSON, 2013). Generally, the degree to 

which local anaesthetics bind to proteins could influence their duration of action. In other 

words, greater binding leads to prolonged duration of efficacy. Therefore, if the drug has a 

greater affinity for its receptor and binds more tightly to the receptor site, it likely would 

remain within the channel for a longer period of time, thereafter, more prolonged block would 

be present [Tab. 2] (ADAMS, 2001). Following local anaesthesia, when procaine is 

Tab. 2:  Comparative pharmacology of some routine veterinary local anaesthetics gathered  by                    

              (ADAMS, 2001)                         
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metabolized, para-aminobenzoic acid (PABA) is released as its metabolic product which is 

known as an allergen. Nerve block anaesthesia virtually eliminates the plasma cortisol 

response which is indicative of pain for about two hours in case of lidocaine block of the 

corneal nerve or four hours in case of bupivacaine blockade of corneal nerve for dehorning 

(MARONGIU, 2012). In cattle, procaine (1% - 2%) is expected to have a longer time to onset 

of anaesthesia compared to lidocaine and a shorter duration of action, lasting no more than 60 

minutes (ANDERSON and EDMONDSON, 2013). 

                        Local anaesthetics of the amide-type structure include lidocaine, bupivacaine, 

carticaine and can inhibit the SR Ca
2+

 - ATPase (TAKARA et al., 2000; TAKARA et al., 2005; 

SUKO et al., 1976; SΆNCHEZ et al., 2013).  

                       Nerve fibers are categorized into the three different groups concerning their 

fibers’ diameter. The largest is called type A which is responsible to conduct motor sensation 

as well as pressure. The myelinated and moderated type is called type B while type C which 

can transmit pain as well as temperature sensation is unmyelinated and small in size. The 

studies show that the local anaesthetics can block the fibers type C more easily comparing to 

the fibers type A. The duration of action of a local anaesthetic or the period which it could be 

effective after its application, can be determined by the activity of its protein binding in order 

that the anaesthetic receptors along the cell membrane of the nerves are proteins. After local 

anaesthetic’s application C fibers are blocked partly when A fibers start to be blocked. The 

required concentration to half-maximally block the A fiber compound action potential is 2 - 4 

times lesser than C fibers which could be in relation to the type of local anaesthetic too 

(MARONGIU, 2012; SCHOLZ, 2002). 

 

2.8.1.3.   Side effects 

 

                       Local anaesthetics can have adverse effects such as central nerves system and 

cardiorespiratory toxicity, allergic reactions as well as complications of peripheral nerves and 

mechanical injuries due to needle trauma and inducing the pathogens at the injection sites 

(McCaughey, 1992).               
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2.8.1.4.   Most commonly used LAs in cattle 

                     

                       There are many local or regional anaesthetics that differ in their potency, 

toxicity and their cost (SKARDA, 1986; EDMONDSON, 2008). For example, two percent 

lidocaine hydrochloride and two percentage mepivacaine hydrochloride have become the 

most generally used local anaesthetic agents in cattle because of low cost as well as limited 

toxicity. Besides, lidocaine is three times more potent than procaine and diffuses more widely 

in the tissues. Lidocaine also has an intermediate duration of action from 90 to 180 minutes 

(EDWARDS, 2001). A vaso-constrictor, such epinephrine (5 mg ml
-1

) which can be added to 

the local anaesthetic solution (0.1 ml of epinephrine [1:1000] to 20 ml of local anaesthetic) 

raises the potency and duration of activity of both regional and epidural anaesthesia. Local 

anaesthetics containing epinephrine (1:200,000) should not be applied in wound edges or in 

the sub-arachnoid space, due to the risks of generating tissue necrosis and spinal cord 

ischemia (SKARDA, 1996). Procaine elicits a variety of biological effects such as inhibition 

of hormone-stimulated cortisol production by bovine adrenocortical cells in vitro (NOGUCHI 

et al., 1990; HADJIAN et al., 1982). Procaine may suppress (Bu) 2cAMP-induced Ca
2+

 

release from intracellular calcium stores and inhibits steroidogenesis in bovine adrenocortical 

cells. In other words, procaine has a specific inhibitory efficacy while other local anaesthetics 

have none specific effects on the Ca
2+

 release from the intra-cellular calcium storages by 

cAMP (NOGUCHI et al., 1990).  Procaine as a pain suppressive drug could be immediately 

effective when it is applied subcutaneously. Its anaesthesia effect is relatively short since this 

drug is absorbed rapidly as well as quickly metabolized by plasma cholinesterases. Hydrolysis 

of procaine is fast (ADAMS, 2001).      

Finally, it should be mentioned that procaine is the only local anaesthetic drug which has a 

licence for cattle in Europe because it has MRL values. That could be the main reason of its 

application for cattle's anaesthesia in Germany. 

             



 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

‘‘The most important kind of ‘‘freedom’’ is to be what you really are’’. 

Jim Morrison
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3. Materials and methods 

Anatomical studies 

 

For the determination of the most appropriate injection points to provide a regional nerve 

block of the hind foot [Fig. 4 and Fig. 5], 10 hind legs (5 left hind legs + 5 right hind legs) of 5 

euthanized cows from the Cattle Clinic Hannover were dissected in the Anatomy Institute of 

University of Veterinary Medicine Hannover Foundation, with cooperation of Dr. Elisabeth 

Engelke and Prof. Dr. Christiane Pfarrer. Four points nerve block anaesthesia was selected as 

a nerve block method for this study. To find the exact location of the relevant nerves and their 

branches for this method, all hind legs were dissected from the area above the hock joint to 

the coronary band of the claws and after dissection immediately were stored in salt solution 

inside a +7 ̊C  
fridge. In all legs, the position of 4 different nerves the Superficial Peroneal 

(Fibular) Nerve, Deep Peroneal (Fibular) Nerve, Lateral and Medial Plantar Nerves were 

localized and dissected carefully. The Superficial Peroneal (Fibular) Nerve and the Deep 

Peroneal (Fibular) Nerve can be used to desensitize the dorsal site of the hind foot while the 

Lateral and Medial Plantar Nerves innervatethe plantar area of the hind foot. Also CT scans of 

hind limbs [Fig. 6a and 6b] as well as colored-latex staining [Fig. 7] were performed to 

distinguish hind leg nerves from vessels. 

                         

                                                                                         

Fig. 4: The innervation of dorsal surface of fore and hind limb, A shows the innervation of dorsal 

surface of fore leg and  B represents the innervation of dorsal surface of hind leg (Fiedler et al., 2004)   
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Fig. 5: The innervation of plantar surface of fore and hind limb, A shows innervation of plantar surface 

of fore leg while B shows plantar surface’s innervation of hind leg (Fiedler et al., 2004) 

               

After the anatomical studies 2 separated studies were done in the project. The methods for 

both studies are described as follows: 

 

3.1.    1
st
 Study :  

3.1.1.  Animals 

 

                       Eight non-lactating, non-pregnant and healthy German Holstein Friesian dairy 

cows were enrolled in this study. They belonged to the Clinic for Cattle of the University of 

Veterinary Medicine in Hannover. The experimental protocol was reviewed and approved by 

Lower Saxony State Office for Consumer Protection and Food Safety, Niedersächsisches 

Landesamt für Verbraucherschutz und Lebensmittelsicherheit (33.19 - 42502-04-1511970). 

 

3.1.2.  Housing and feeding 

 

            All cows were housed together in a free stall barn at the Clinic for Cattle of the 

University of Veterinary Medicine in Hannover before study. They received a routine diet for 

healthy non pregnant/non milking dairy cows. They were fed primarily with hay and had ad  
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libitum access to water. After each experiment, the cows were kept in a separate singlestall to 

receive antibiotic treamtent and close monitoring. 

 

3.1.3.  Study design 

                

                       According a cross over design (2 x 4), the animals were divided into two 

groups. Group 1 received 20 ml Procasel 2% as Intravenous Regional Anaesthesia (IVRA).  

In group 2  50 - 70 ml Procasel 2% were used for Nerve Block Anaesthesia (NBA) The 

protocol for this study is  presented in Table 4a and 4b. 

 

3.1.4.  Instrumentation 

 

                       All cows were instrumentedwith an indwelling jugular vein catheter under 

aseptic conditions on their first treatment day. Thesecatheters were removed after finishing the 

second treatment day of each cow with either IVRA or NBA. For implantation of venous 

catheters following surgical preparation of the skin, local infiltration analgesia was applied 

using 5 - 8 ml of Procaine (Procaine 2% ad. us. vet., Selectavet. GmbH, Weyarm-Holzolling- 

Germany). The venous catheter (Stericlin®, AD 2,4 mm, length 20 cm with Teflon catheter 

(Walter, veterinar- instrumente e.k, Baruth/ Mark, Germany) was inserted into the jugular vein 

and fixed with two skin sutures using synthetic non absorbable suture material (Filovet 

Bengen ®, WDT, Garbsen- Germany). Additionally a skin fold was applied over the catheter 

at the insertion site using non absorbable suture material (Silk Braided®, USP 8, SMI, 

Belgium) to protect the catheter against mechanical irritation and bacterial infections. 

Thereafter, the insertion site was covered by a bandage. After implantation, catheters were 

flushed with heparinised 0.9% sterile saline (10,000 IU l
-1 

Heparin, Heparin-Calcium 

Ratiopharm, Germany, sodium chloride solution, B. Braun Melsungen AG, Germany). Then, 

all cows received 20,000 IU kg
-1

 BW of procaine penicillin (Procaine-Penicillin-G, 

AniMEDICA, Germany) subcutaneously (KHRAIM, 2011). 

 

3.1.5.     Treatment 

3.1.5.1.    Regional Intravenous Anaesthesia (RIVA) with Procaine (Procasel 2%) 

 

                       Two different veins were used for hind leg Regional Intravenous Anaesthesia, 
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the V. digitalis lateralis communis 4 was used as a choice vein for injection and in case  

reaching that vein was not possible, V. digitalis dorsalis communis 3 was used as an 

alternative. After bringing the cows into lateral recumbency and fixing the legs the right hind 

leg was washed with water and soap and shaved. After drying alcohol and iodine were applied 

to desinfect the area for injection. About 4 min before anaesthesia administration, a rubber 

tourniquet was fixed around the leg above the fetlock joint at the metatarsal region. That 

tourniquet was tightened and fixed in place by using adhesive tape. Afterwards, 20 ml 

Procasel 2% was injected distal to the tourniquet using an 18 gauge needle. Then, a piece of 

cotton with iodine was used with pressure for prevention of bleeding as well as drug leakage 

from the injection site.  

 

3.1.5.2.      Nerve Blocks Anaesthesia with Procaine (Procasel 2%) 

 

             The information regarding this anaesthesia technique has been presented in Tab. 2. 

To desensitize the right hind leg in lateral recumbency, a subcutaneous track of 50 - 70 ml 

Procasel 2% was applied with separated 21 gauge needles to desensitize the intended 4 

nerves. For selected 4-point NBA, the anaesthesia’s regions which were dorsal, lateral and 

medial sites of the metatarsus were washed and cleaned. Afterwards, the areas of injections 

for 4 points nerve block which are consist of Superficial Peroneal (Fibular) Nerve, Deep 

Peroneal (Fibular) Nerve, Lateral Plantar Nerve and Medial Plantar Nerve were cleaned, 

shaved and aseptically prepared (Fig. 6 shows the area of injections). Injections sites were 

used according to the results from the dissections of bovine right legs are as below: 

i. Superficial Peroneal Nerve: injection with 21 gauge needle subcutaneously, dorsally 1-2 

fingerbreadth proximally to the tarsometatarsal joint, laterally to the long digital extensor 

tendons and as a horizontal track from laterally to medially. 

ii. Deep Peroneal Nerve: injection with 21 gauge needle dorsomedially in the proximal third 

of the metatarsus, between the tendons of the long digital extensor and the metatarsal 

bone in the longitudinal sulcus of the metatarsus. 

iii. Lateral Plantar Nerve: after finding the superficial and deep flexor tendons at the lateral 

surface of metatarsus, injection preneurally with 21 gauge needle at approximately the 

middle of lateral metatarsus peri-neurally between the suspensory ligament (interosseus 

m.) and the flexor tendons 

iv. Medial Plantar Nerve: injection preneurally with 21 gauge needle at approximately the 

middle of medial metatarsus peri-neurally between the suspensory ligament (interosseus 
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m.) and the flexor tendons. 

 

 

Fig. 6: The approximated injection sites for DLNBA,  A: Injection site for Superficial Peroneal 

(Fibular) Nerve, B: The area for injection to desensitize Lateral Plantar Nerve and C: The injection site 

to desensitize Medial Plantar Nerve (the pictures of hind leg have been taken from Fiedler et al., 2004) 

 

 

  Specific block                    Needle size        Skin preparation        Volume of                               Location                                  

                                               (Gauge)                 (Yes or No)           Procasel (ml) 

    

Superficial Peroneal N.
1
              21                       Yes                     10 – 20                  laterodorsally 1-2 fingerbreadth 

                                                                                                                                   proximally to the the tarsometatarsal joint                                                                                                                                                                                                                                                           

Deep Peroneal N.
2
                       21                     Yes                     10 – 20          at the dorso-medial surface of metatarsus                

                                                                                                                                       inside the proximal region of the groove 

Lateral Plantar N.
3
                       21                       Yes                     10 – 20                 at the middle of lateral metatarsus        

                           preneurally dorsal to superficial and 

                                          deep flexor tendons     
Medial Plantar N.

4
                       21                           Yes                     10 – 20                at the middle of medial metatarsus  

                               preneurally dorsal to superficial 

               flexor tendon  

 

Tab 3: This table presents the detailed information regarding the applied 4 points nerve block 

anaesthesia which has been performed in first and second studies to identify the efficacy as well as 

onset of this type of anaesthesia. Specific block presents the nerves which has been applied for 

anaesthesia, needle size reveals the gauge of needle which has been used for perineural anaesthesia as 

well as volume ranges of used procasel, skin preparation to prevent or minimize infections as well as 

swelling and approximated sites of perineural injections. The perineural injections were conducted 

proximally to distally and performed first to desensitize Superficial Peroneal N., second Deep  

Peroneal N., third to desensitize Lateral Plantar N. and finally Medial Plantar N. The superscript 

numbers reveals the anaesthetized nerves respectively.                                                   
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Fig. 6: The approximated injection sites for DLNBA,  A: The dorsal surface of hind limb with the 

approximated injection site for Superficial Peroneal (Fibular) Nerve, B: The plantar surface of the hind 

limb with the approximated injection areas to desensitize Lateral Plantar Nerve and C: The injection site to 

desensitize Medial Plantar Nerve (the pictures of hind leg have been taken from Fiedler et al., 2004) 
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3.1.6.    Blood sampling and analysis   

                      Seventeen blood samples per cow per examination day were collected from the 

jugular vein fixed catheter in serum tubes (10 ml, Sarstedt, Nümbrecht, Germany) to measure 

cortisol, NEFA and lactate and Fluoride tubes to measure glucose concentration. Immediately 

after finishing the study of each cow, fluoride and serum tubes were centrifuged at 4°C at 

1500 g for 15 min in the cattle clinic laboratory. Plasma and serum were separated and then 

placed in Eppendorf vessels and were frozen at - 20°C until analysis. Blood samples were 

taken  20 (t-20 min) and 5 min (t-5 min) before lateral recumbency. Also, during lateral 

recumbency blood samples were withdrawn at t+7 min, t+9 min, t+14 min, t+18 min, t+21 

min, t+34 min, t+36 min, t+41 min, t+46 min, t+51 min, t+53 min and t+58 min (t0 = LR 

time). Moreover, after lateral recumbency at t+64 min, t+70 min and t+88 min blood samples 

were collected to measure cortisol, lactate, non-esterified fatty acids (NEFA) and glucose in 

standing position. In other words, blood samples specially were collected 1 min before and 1 

min after each nociceptive threshold measurement (3 nociceptive threshold measurement per 

each treatment) at t+7 min, t+9 min before and after first nociceptive threshold measurement 

and at t+34 min and t+36 min before and after second nociceptive threshold measurement and 

finally at t+51 min and t+53 min before and after third nociceptive threshold measurement. 

Regarding nociceptive threshold measurement, it is important to highlight that, blood samples 

were specially collected only 1 min before starting of pain stimulations and was followed 1 

min after finishing pain stimulations and then was repeated after 5 min again. Overall, to 

measure blood factors (Cortisol, Lactate, NEFA and Glucose) 1 min before each nociceptive 

threshold measurement, 1 min and 5 min after nociceptive threshold measurements, blood 

samples were collected directly from Jugular Vein catheter. Additionally, blood samples were 

collected 1 min before and 1 min after tourniquet administration for Intravenous Regional 

Anaesthesia as well as 1 min before releasing tourniquet and 5 min and 23 min after lateral 

recumbency at standing position. Serum cortisol concentration was calculated by an 

automated competitive chemiluminescence immunoassay (Immulite® 1000 System, LKCO1, 

Siemens Diagnostics, USA). The intra-assay coefficient of variance (CV %) was 6.3 - 10%. 

The analytical sensitivity was 0.2 ng ml
-1

. Also, Concentrations of plasma glucose as well as 

serum NEFA and lactate were measured on an automated analyser (Cobas Mira®, Hofmann-

La Roche) using commercial test kits. 
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3.1.7.    Cardio-respiratory Parameters 

3.1.7.1.   Heart and respiratory rates 

 

                       Heart and respiratory rate were recorded at each treatment day before, after and 

when cows were restrained in LR (t0 = LR time). Respiratory rate baseline values were 

recorded 40, 20 and 5 minutes before LR (t-40 min, t-20 min and t-5 min), during LR (t+7 

min, t+9 min, t+14 min, t+18 min, t+21 min, t+34 min, t+36 min, t+41 min, t+46 min, t+51 

min, t+53 min and t+58 min) and after LR (t+64 min, t+67 min, t+70 min, t+78 min and t+88 

min) in standing position. Moreover, heart rate baseline values were recorded at t-59 min, t-54 

min, t-39 min, t-24 min, t-19 min, t-14 min, t-12 min, t-11 min, t-10 min, t-5 min, t-4 min, t-1 

min before treatment with either IVRA or NBA as well as at the time for anaesthesia = t0, and 

further, after treatment at t+2 min, t+15 min, t+16 min, t+17 min,  t+22 min, t+27 min, t+32 

min,  t+33 min, t+34 min,  t+39 min, t+40 min, t+45 min, t+48 min, t+51 min, t+59 min and 

t+69 min. Respiratory rate was assessed by counting thoracic excursions as well as counting 

by nasal breathing. To record heart rate, Polar® Equine RS800CX system was applied in all 

cows [Fig. 9]. 

 

3.1.7.2.      Blood Pressure Measurement                

                       To record the arterial blood pressure, the IntelliVue-Patientenmonitor 

(MP20/30, MP 40/50 and MP60/70/80/90) system was used [Fig. 14]. To reach this goal, a 

branch of the auricular artery was catheterized. After shaving and cleaning the ear a 20 gauge 

catheter was used. The zero reference point for both lateral recumbent as well as standing 

positioned cows was set at the level of heart. Blood pressure was recorded 20 min and 5 min 

before lateral recumbency (t-20 min and t-5 min) as well as during lateral recumbency at t+7 

min, t+9 min, t+14 min, t+18 min, t+21 min, t+34 min, t+36 min, t+41 min, t+46 min, t+51 

min, t+53 min, t+58 min and after lateral recumbency at t+64 min, t+67 min, t+70 min, t+78 

min and t+88 min in standing position. Always the time to record the arterial blood pressure 

was the same time to record the respiratory rate. 

 

3.1.8.    Nociceptive threshold measurements 

                       All nociception measuremens were started with thermal stimulation and then 

continued by mechanical pressure and pin pricks and electrical stimulations respectively.  
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3.1.8.1.     Thermal nociceptive threshold measurement 

                       Measuring thermal thresholds was done by using previously validated Wireless 

Thermal Threshold Testing System (WTT), Topcat Metrology Ltd., Ely UK [Fig. 10]. This 

device is designed for use with cats, dogs or rabbits which are unrestrained in a cage, in a 

research environment. As this device already had a reaction by cattle in some our pre-tests, we 

used that device to measure thermal nociceptive threshold responses in healthy cattles. First of 

all, the area of measurement was shaved and cleaned carefully. Afterwards, to assess thermal 

nociceptive threshold response, the thermal threshold probe was attached to the shaved 

cleaned dorso-lateral coronary band of right claw. To assembly the device, the probe was 

attached to the bladder on the band with Velcro. Then, the probe was plugged into the double 

ended connector which is velcroed to the top of the band. The tube from the bladder was 

pushed over the brass tube on the manifold adaptor. The thinner rubber tube with the non-

return valve on the other end, and the plastic tube clamp around it, was pushed onto the metal 

tube from the other end of the manifold adaptor. After setting the device and connecting all 

bandages, to adapt the coronary band skin temperature with the device, a 20 ml syringe was 

used to inflate the air into the bladder till reaching the minimum pressure of 30 mmHg and 

was continued by more inflating till reaching the maximum pressure of 80 mmHg. 

Afterwards, the pressure in the syringe was released slightly till having the minimum pressure 

again. Thereafter, the minimum time of 5 min was counted till starting heat stimulation. The 

thermal cut-out for this device has been designed at 55˚C. Thermal Stimulation was applied 3 

times per each treatment (one time before anaesthesia as well as 2 times after anaesthesia) in 

lateral recumbency. Heating threshold was recorded 10 min before anaesthesia while 2 other 

nociceptive threshold measurements were administered 15 min and 35 min after anaesthesia 

in lateral recumbent animal.   

3.1.8.2.    Mechanical nociceptive threshold measurement 

                       Mechanical measurements were done by using pin prick [Fig. 11] as well as 

mechanical pressure (force in Newton) [Fig. 12]. To measure mechanical nociceptive 

threshold measurements, pin prick and pressure were administered in three different sites. 

First, lateral and medial sites of Fetlock Joint, second Lateral and Medial Flexor Tendon and 

third, Lateral and Medial Bulb of Heell were examined. By this method, the pressure required
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to produce a response from the cattle was identified by movement of claw. The identification 

numbers for mechanical recording were 0 - 5 for pin prick and 0 - 20 for force in Newton. The 

description of scors for pin prick are as below: 

0 = No response/reaction to mechanical pin prick from dairy cow 

1 = mild response to mechanical pin prick recognized by the hand of examiner with a mild           

claw movement 

2 = mild response to mechanical pin prick recognized by the hand of examiner with a clear 

strong claw movement 

3 =  Claw movement recognized by hand of examiner with mildly leg movement 

4 = Strong claw movement observed without hand of examiner with leg movement 

5 = Strong claw movement observed without hand of examiner with severe leg response 

(kicking)  

3.1.8.3.    Electrical Threshold Stimulation 

                      The experiments were performed using a commercial electrical  stimulator 

(Grass S48*; Grass medical instruments, MA, USA) [Fig. 13] connected to a constant-current 

unit. Before doing the electrical stimulation, the shaved and cleaned area of dorso-lateral 

coronary band of right claw was degreased by alcohol. Thereafter, two new surface electrodes 

(Neuroline® 70005-J/12,Ambu GmbH,Bad Nauheim,Germany) were placed on the decreased 

 

* The S48 Square Pulse Stimulator is a general purpose stimulator intended for nerve and 

muscle stimulation procedures with applications extending from single cell to entire muscle 

stimulation. The constant voltage output is a positive, non-isolated voltage which should not 

be applied on human and is research only. The specifications of device are consist of train rate 

(1/100 sec to 100 TPS; single or repetitive), train duration (1 msec to 10 sec; 4 decades), 

stimulus rate (1/100 sec to 1000 PPS; 5 decades, single or repetitive), pulse delay (10 µsec to 

10 sec; 6 decades), pulse duration (10 µsec to 10sec; 6 decades), volts out (10 mV to 150 

volts; 5 decades), peak output current (650 mA), output impedance (250 ohm nominal on all 

voltage ranges; 25 ohm and 100 kohm on highest range 115/230 volts, 50/60 Hz, 70 watts 

peak, 15 watts standby.                   
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skin of coronary band with an inter-electrode distance of 1 - 2 cm. After attaching the surface 

electrodes on the skin, to fix the surface electrodes, the bandage of thermal threshold device 

was used very carefully with the normal pressure. After setting the control unit, the 

stimulation was started by the stimuli consisted of 25 ms train of four 1 ms CC 40 mA square-

wave pulses at the frequency of 4 Hz. Afterwards, electrical stimulation was started low 

voltage and was increased until the cowscattle leg’s reaction. The maximum voltage for this 

device has been set to 150 Volt. The cows were examined with the voltage of 0 – 150 V.  

3.1.9.    Analytical procedures for laboratory parameters 

                 Seventeen serum samples per each examination day per each cow were kept at - 

80˚C after centrifugation. Thereafter, to determine the quantitative amount of lactate in 

plasma by colorimetry in vitro, HORIBA ABX Pentra™ 400 Clinical Chemistry Analyzer was 

used. Concentrations of plasma glucose were measured using an automated analyser called 

COBAS MIRA
®

 under using commercial test kits. Serum cortisol concentrations were 

measured by an automated competitive chemiluminescence immunoassay (LKCO1, 

Immulite® 1000 System, Siemens Diagnostics, USA). The intra-assay coefficient of variance 

(CV %) was 6.3 - 10 %. The analytical sensitivity was 0.2 ng ml
-1

. The concentrations of 

plasma NEFA were also measured on an automated analyser (COBAS MIRA®, Hofmann-La 

Roche) using commercial test kits. Blood parameters includes of Glucose, Lactate, NEFA as 

well as Cortisol were analysed 17 times (T1 – T17) per each treatment per cow. The data were 

evaluated by SAS program version 9.3 using T-TEST and GLM procedures.  

 

3.1.10.     Statistical evaluation 

 

                        Analysis of variance for repeated measurements (fixed effects: treatment, time: 

cow) was done by using the statistical software program SAS 9.3. For all parameters such as 

pain stimulation data, heart and respiratory rates as well as blood parameters (Glucose, 

Lactate, NEFA and Cortisol) proc T-TEST was applied to demonstrate the significant 

difference between two anaesthesia methods and proc GLM was administered to get to know 

the effect of time, treatment method and their interaction with each other. 

 

3.1.10.1.    Calculations and statistical analyses 

 

                       Data were analyzed using the statistical analysis system (SAS version 9.3 for 
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Windows, SAS institute Inc, Cary, NC, USA). For all assessed parameters such as respiratory 

and heart rate, systolic and diastolic arterial blood pressure, thermal nociceptive threshold 

responses, electrical nociceptive threshold responses, mechanical nociceptive pressure and 

needle pricks responses as well as laboratory parameters such as lactate, cortisol, NEFA and 

glucose, t-baselines were calculated as mean from results obtained at t-59 min, t-54 min, t-39 

min, t-24 min, t-19 min, t-14 min, t-12 min, t-11 min, t-10 min, t-5 min, t-1 min for heart rate 

values, at t-59 min, t-39 min, t-24 min, t-12 min, t-10 min, t-5 min, t-1 min for respiratory rate 

values, at t-39 min, t-24 min, t-12 min, t-10 min, t-5 min, t-1 min for systolic as well as 

diastolic arterial blood pressure values, at t-11 min for nociceptive threshold measurements 

includes of electrical, thermal and mechanical needle pricks and pressure nociceptive 

threshold responses, at t-5 min for electrical and mechanical pressure and needle pricks 

nociceptive threshold responses of onset of anaesthesia study, t-39 min, t-24 min, t-12 min, t-

10 min, t-5 min, t-1 min for blood parameters such as glucose, lactate, NEFA as well as 

cortisol (For all parameters: t0 = anaesthesia time). P-values were analysed by two factorial 

analyses of variance for repeated measurements (Proc GLM, Repeated Measurements) as well 

as T-TEST procedure. The statistical models were included the factors treatment (Nerve 

Block Anaesthesia, Intravenous Regional Anaesthesia) and Time period (before and after 

anaesthesia: t0 = anaesthesia time). The intended model was also included the interactions 

between treatment and time. Furthermore, the multiple comparisons of group means were 

performed using the LSMEANS measurement (pdiff/tdiff option). Within anaesthetized 

groups, the evaluated results were examined for significant differences between two different 

anaesthetized groups (IVRA or NBA) means based on the times before and after anaesthesia 

under application of paired T-TEST. The evaluated results which were obtained at t-baselines 

for each specific variable such as heart rate, respiratory rate, systolic and diastolic arterial 

blood pressure, electrical nociceptive threshold responses, thermal nociceptive threshold 

responses, mechanical pin pricks as well as mechanical pressure nociceptive threshold 

responses, cortisol, NEFA, lactate and glucose were analysed by two factorial analysis of 

variance (PROC GLM procedure). For the repeated measurement procedure, the time before 

as well as after anaesthesia with either nerve block or intravenous regional before, during as 

well as after lateral recumbency were used. The procedures to evaluate the recorded results 

were same in first and second parts of study as well as nociceptive thresholds, cardio-

respiratory and blood parameters. The level of significance focusing the numbers of repeated 

variables was different. Those levels were calculated by α correction of P – values resulted in 

paired T-TEST as well as GLM procedure for repeated measurements. The significant level 
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for blood parameters was set to P < 0.003, for electrical, thermal and mechanical nociceptive 

threshold parameters to P < 0.16, for heart rate to P < 0.001, for respiratory rate and systolic 

as well as diastolic arterial blood pressure to P < 0.002 and subsequently for electrical and 

mechanical nociceptive threshold parameters related to the second part of study for onset of 

anaesthesia was set to P < 0.007. Furthermore, the significant level for blood parameters as 

well as cardio-respiratory factors related to application and release of tourniquet was set to P 

< 0.05. All data were presented as Mean ± SD. Moreover, the program EXCEL (EXCEL® 

Office 2010, Microsoft Corp.) was applied to create the graphs.  
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3.2. 2
nd

 Study :  

3.2.1.    Animals 

                       Six non-lactating, non-pregnant and healthy German Holstein Friesian dairy 

cows were enrolled for second study to test the onset of anaesthesia. Four cows were the same 

and two different from the 1
st
 study. Cattles had belonged to the Clinic for Cattle of the 

University of Veterinary Medicine Hannover, Foundation. The experimental protocol was 

reviewed and approved by Lower Saxony State Office for Consumer Protection and Food 

Safety, Niedersächsisches Landesamt für Verbraucherschutz und Lebensmittelsicherheit 

(research permit number: 33.19–42502–04-1511970). 

 

3.2.2.     Housing and feeding 

                      All cows were housed together in a free stall. They received routine diet for 

healthy non pregnant/non milking dairy cows. They were fed primarily with hay and had ad 

libitum access to water. After each experiment, cows were returnedto the free stall again.  

 

3.2.3.    Study design                               

                               According to the cross over design (2 x 3), the animals were divided into two 

groups. The animals of group 1 received 20 ml Procasel 2% with Intravenous Regional 

Anaesthesia while, 50 - 70 ml Procasel 2% were applied under Nerve Block Anaesthesia in 

the cows of group 2. The protocol for this part of study has been presented in Table 5. 

 

3.2.4. Treatment 

3.2.4.1.     Regional Intravenous Anaesthesia (RIVA) with Procaine (Procasel 2%) 

                The whole process to desensitize the right distal limb was completely done as 

the first part of study (1
st
 study). 

 

3.2.4.2.    Distal Limb Nerve Blocks (DLNB) with Procaine (Procasel 2%) 

The procedure to desensitize the right hind limb was done as the first study.  

 

3.2.5. Nociceptive threshold measurements 

3.2.5.1.     Mechanical nociceptive threshold measurement 

 

                       The procedure to measure the nociceptive threshold responses by pin pricks and 

pressure was done as the first study. The only differences were timing and also in this study, 
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mechanical threshold responses were measured 2 times per each site. Mechanical threshold 

responses were recorded 5 min before anaesthesia’s administration with either intravenous 

regional or nerve block anaesthesia as well as 5, 7.5, 10, 12.5, 15 and 20 min after anesthesia. 

T-baseline in this second part of study was anaesthesia time.  

 

3.2.5.2.    Electrical nociceptive threshold measurement 

 

                       The process was done completely as the first study. The only differences were 

timing and also in this study, electrical threshold responses were measured 2 times at 2 

different sites. First stimulus was conducted through the latero-dorsal skin of coronary band 

while the second stimulation was done on the skin of soft tissue of heel. Electrical threshold 

responses were recorded in the range of 0 – 150 Volt at t-5 min before anaesthesia as well as 

t+5 min, t+7.5 min, t+10 min, t+12.5 min, t+15 min and t+20 min following local anaesthesia.  

 

3.2.6.   Calculations and statistical analysis 

 

            Data were analyzed using the statistical analysis system (SAS version 9.3 for 

Windows, SAS institute Inc, Cary, NC, USA). Analysis of variance for repeated 

measurements (fixed effects: treatment, time: cow) using the statistical software program SAS 

9.3 under application of proc T-TEST as well as GLM procedures. For all assessed 

parameters, t-baseline was measured as mean from results obtained on t-5 min (t0 = 

anaesthesia time). Thereafter, the mean was calculated for all measured times after anaesthesia 

and results were presented as Mean ± SD. All assessed parameters were evaluated in lateral 

recumbency on surgical tipping table. The significant level of p-values during LR was set to P 

< 0.007 after α correction for both paired T-TEST and GLM procedures for repeated 

measurements to assess the effect of time, group as well as interaction between time and 

group in this study.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

‘‘Nobody can give you‘‘freedom’’. Nobody can give you equality or justice  

or anything. If you are a man, you take it’’. 

Malcolm X
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4.   Results 

 
4.1.    Hind limb dissection 

 

The locations of selected 4 nerves includes of superficial peroneal (fibular) nerve [Fig. 15a, 

15b], deep peroneal (fibular) nerve [Fig. 16a, 16b], medial plantar metatarsal nerve [Fig. 17] 

and lateral plantar metatarsal nerve [Fig. 18] were recognized carefully after hind limb 

dissections. Moreover, Fig. 19 revealed locations of innervation after CT scan. 

 

 
 

Fig. 15a: Dissected hind leg. A: Superficial Peroneal (Fibular) Nerve 

 

 

 
 

Fig. 15b: Dissected right hind leg. A: Superficial Peroneal Nerve and B:  The branches of Superficial 

Peroneal Nerve 

 

 
 

Fig.16a: Dissected right leg (Medial site). A: Dorsal Metatarsal Vein, B: Dorsal Metatarsal Artery, C: 

Deep Peroneal Nerve 
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Fig. 16b: Meta-tars cross section. A: Dorsal Metatarsal Vein, B: Dorsal Metatarsal Artery and C: Deep 

Peroneal (Fibular) Nerve which lies in the same groove with B 

 

 
 

Fig. 17: Dissected right hind leg. A: Medial Plantar Metatarsal Nerve 

 

 

 
 

Fig. 18: Dissected right hind leg. A: Lateral Plantar Metatarsal Nerve 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           

Fig. 19: CT scan photo of hind leg 
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Study 1 
 

 

4.2.    Heart rate  

 

4.2.1.    Heart rate baseline 

 

The HR results are presented as Table 6 at the end of this chapter.  

 

Mean heart rate baselines at t-59 min, t-54 min, t-39 min, t-24 min, t-19 min, t-14 min, t-12 

min, t-11 min, t-10 min, t-5 min, t-4 min as well as t-1 min (t0 = anaesthesia time) revealed 

increased mean in nerve block treatment at t-59 min, t-54 min, t-39 min, t-24 min, t-19 min 

and t-14 min compared to intravenous regional anaesthesia treated cows while heart rate mean 

baseline decreased in nerve block group at t-12 min, t-11 min, t-10 min compared to 

intravenous regional anaesthesia group although it increased again at t-5 min as well as t-1 

min in nerve block treated cows compared to another treatment. However as the results 

showed nerve block anaesthesia induced increasing the heart rate before anaesthesia at t-59 

min, t-54 min, t-39 min, t-24 min, t-19 min, t-14 min, t-12 min, t-11 min, t-10 min, t-5 min, t-

4 min as well as t-1 min compared to intravenous regional anaesthesia. In overall, there was 

not seen any significant difference between two treatment groups (IVRA or NBA) regarding 

heart rate baselines [Fig. 20].  

 

4.2.2.    Heart rate after treatment 

 

As the results revealed, mean heart rates increased in nerve block treated group compared to 

intravenous regional groups at the time of anaesthesia (either IVRA or NBA) as well as t+2 

min, t+15 min, t+16 min, t+17 min, t+22 min, t+27 min, t+32 min, t+33 min, t+34 min, t+39 

min, t+40 min, t+48 min, t+51 min, t+69 min after anaesthesia. However the mean heart rate 

after anaesthesia in intravenous regional anaesthesia treated group had an increased level 

compared to nerve block group 45 and 59 min after treatment. In overall, there was not seen 

any significant difference between 2 anaesthesia groups. The effect of time, treatment and 

their interaction with each other were not significant in this parameter (Group effect: P > 

0.001; Time effect: P = 0.005; Group*Time effect: P > 0.001) [Fig. 20].  
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Fig. 20: Mean Heart Rate for either IVRA or NBA before anaesthesia as well as the anaesthesia time 

(t0 = anaesthesia time) and following anaesthesia. This chart shows that there is no significant 

difference (P > 0.001) between 2 treatment group as well as period regarding Respiratory Rate. A, B, 

C, D and E represent respectively the time for turning cows to LR, tourniquet application, anaesthesia 

with either IVRA or NBA, returning cows to standing position as well as tourniquet deflation. 

 

 

4.2.3.    Heart rate related to lateral recumbency 

 

As the results of T-Test revealed, the mean heart rate in nerve block anaesthetized group was 

greater than intravenous regional treated cows at all time before turning cows to LR at t-20 

min, t-5 min, t0 as well as t+5 min, although only mean heart rate had a higher level in 

intravenous regional treated cows compared to nerve block anaesthetized group 7 min 

following turning cows to lateral recumbency on surgical tipping table (t0 = LR time). 

However, there was not seen any significant difference between two anaesthetized groups 

regarding type of anaesthesia method at t-20 min, t-5 min, t0 and t+5 min as well as t+7 min 

(P T-20, T-5, T0, T+5, T+7 > 0.05; t0 = LR time) [Fig. 21]. Moreover, application of proc GLM 

showed, Group effect: P = 0.37; Time effect: P = 0.0003; Time*Group effect: P = 0.94). 
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4.2.4.    Heart rate related to standing position  

 

The T-Test showed that, the mean heart rate in nerve block anaesthetized group is greater than 

intravenous regional treated groups at t-1 min, t0 min while mean heart rate in intravenous 

regional treated cows had a higher level compared to nerve block anaesthetized group at t+5 

min. However, any remarkable difference regarding type of anaesthesia method was not seen 

at t-1 min, t0 and t+5 min (P T-1, T0, T+5 > 0.05; t0 = returning cows to standing position time) 

[Fig. 22]. Further, proc GLM revealed, Group effect: P = 0.66; Time effect: P = P = 0.37; 

Time*Group effect: P = 0.22. 

 
 

 

4.2.5.    Heart rate related to first (control), second and third nociceptive thresholds 

 

Regarding first nociceptive threshold responses as control results (t-10 min; t0 = anaesthesia 

time), the evaluated results by T-Test revealed, the mean heart rate in intravenous regional 

treated cows was greater than nerve block anaesthetized group one minute before as well as 

one minute after first nociceptive thresholds while mean heart rate was higher in nerve block 

treated cows compared to intravenous treated group five minute following first nociceptive 

threshold measurement. However, any significant difference between two treated groups 
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Fig. 21: Mean Heart rate before 

and after turning cows to lateral 

recumbency on surgical tipping 

table (t0 = LR time). Error bars 

represent standard deviation. 

Fig. 22: Mean Heart rate 

before and after turning cows 

to standing position from 

lateral recumbency on 

surgical tipping table. (t0 = 

returning cows to standing 

position time). Error bars 

represent standard deviation. 
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related to anaesthesia method was not seen at above time (P T-1, T+1, T+5 > 0.05; t0 = first 

nociceptive threshold measurement). Furthermore, application of proc GLM showed, Group 

effect: P = 0.91; Time effect: P = 0.37; Time*Group effect: P = 0.13. Evaluation of results 

related to second nociceptive threshold responses using T-Test showed, the mean heart rate in 

nerve block treated group had a higher level compared to intravenous regional anaesthetized 

cows before as well as after nociceptive threshold measurements at t-1 min, t+1 min, t+5 min. 

However any significant difference between two treated groups regarding anaesthesia method 

was not seen at above time. Besides, proc GLM revealed, Group effect: P = 0.37; Time effect: 

P = 0.71; Time*Group effect: P = 0.89. The last nociceptive threshold assessment 30 minutes 

following anaesthesia reavealed that, the mean heart rate in nerve block treated cows was 

higher than intravenous regional anaesthetized group before and after nociceptive threshold 

measurements at t-1 min, t+1 min and t+5 min. However, any remarkable difference between 

two treated groups related to type of anaesthesia method was not seen at any above time (P T-1, 

T+1, T+5 > 0.05; t0 = third nociceptive threshold measurement). Additionally application of proc 

GLM revealed, Group effect: P = 0.06; Time effect: P = 0.32; Time*Group effect: P = 0.69 

[Fig. 23]. 

 
 

 

 

 

 

 

 

4.2.6.    Heart rate related to anaesthesia 

 

As the evaluated results of T-Test revealed, the mean heart rate in nerve block anaesthetized 
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Fig. 23: Mean Heart rate before and after application of anaesthesia with either nerve block or 

intravenous regional analgesia (t0 = anaesthesia time). Error bars represent standard 

deviation. 

 



RESULTS 

64 

 

group showed a higher level than intravenous regional treated cows at t-1 min, t0 and t+2 min 

(t0 =  anaesthesia time). However, the results did not reveal any significant difference 

between two groups related to anaesthesia method at above time (P T-1, T0, T+2 > 0.05; t0 = 

anaesthesia time) [Fig. 24]. Further, proc GLM showed, Group effect: P = 0.32; Time effect: P 

= 0.37; Time*Group effect: P = 0.77. 

 

 
 

 

 

 

4.2.7.    Heart rate related to inflation of tourniquet 
 

 

The T-Test showed that, the mean heart rate in nerve block treated group was higher than 

intravenous regional anaesthetized one at t-1 min as well as t+3 min. However, any significant 

difference regarding type of anaesthesia method between two treated groups was not seen (P 

T-1, T+3 > 0.05; t0 = inflation of tourniquet time) [Fig. 25]. Further, proc GLM revealed, Group 

effect: P = 0.20; Time effect: P = 0.27; Time*Group effect: P = 0.43. 
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 Fig. 24: Mean Heart rate before 

and after application of 

anaesthesia with either nerve 

block or intravenous regional 

analgesia (t0 = anaesthesia 

time). Error bars represent 

standard deviation. 
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4.2.8.    Heart rate related to deflation of tourniquet 
 

 

As the evaluated T-Test results showed, the mean heart rate in nerve block treated group was higher 

than intravenous regional anaesthetized group at t+2 min as well as t+5 min while the mean heart rate 

in nerve block treated group was lower than intravenous regional one at t-1 min. However, any 

remarkable difference was not seen at t-1 min, t+2 min and t+5 min (P T-1, T+2, T+5 > 0.05; t0 = 

deflation of tourniquet time) [Fig. 26]. Moreover, proc GLM revealed, Group effect: P = 0.43; Time 

effect: P = 0.15; Time*Group effect: P = 0.05.  
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Fig. 25: Mean Heart rate before 

application of anaesthesia with 

either nerve block or intravenous 

regional analgesia (t0 = inflation 

of tourniquet time). Error bars 

represent standard deviation. 

 

Fig. 26: Mean Heart rate after 

application of anaesthesia 

with either nerve block or 

intravenous regional 

aanalgesi (t0 = deflation of 

tourniquet time). Error bars 

represent standard deviation. 
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sequence with either Intravenous Regional Anaesthesia (IVRA) or regional Nerve Block Anaesthesia (NBA).   

 
 

Time after Treatment (min) 

 

     
Variable            Treatment                  -59                    -54      -39        -24      -19        -14                        -12           -11                        -10                      -5     Effect          P-value            

   

 
HR (breaths/min)         IVRA            69.50  ±   9.47       62.12 ± 10.93         62.87 ±  14.54         60.87  ± 10.38        76.62  ±  19.54           67.28  ±  9.74          78.50  ±  16.63           79.12  ±  29.66         72.87  ±  17.98       56.87 ± 29.40                  T                0.005

** 

                           NBA             71.12  ±  13.05      72.57 ±  8.34            70.50 ±  13.13          69.12  ±  11.40        86.12  ±  16.09           76.75  ±  24.78        74.75  ±  25.06           69.62  ±  26.50         71.62  ±  23.99       75.50 ±  14.79                 G                   0.19                                              

                           GD                      0.77                  0.06                    0.28                           0.15                          0.30                           0.38         0.72                             0.51                          0.90                      0.13                       T×G              0.88 

 

     
Variable            Treatment                  -1                            0           2                  15                       16                                17                           22                          27                          32                     Effect          P-value            

    

 
HR (breaths/min)         IVRA           68.87  ±  29.28         77.25  ±  26.20         68.12  ±  16.82              77.62   ± 17.56             76.12  ±  29.43              66.00  ±   27.78         74.75  ±  32.51           83.50 ±  23.71          69.75   ±   34.27              T               0.005

** 

                           NBA            77.50  ±  19.61       84.00  ±  25.94          82.25  ±   15.28                86.37  ±  21.46               85.50  ± 31.50                 82.37   ±   20.43          83.25 ±  21.47            84.75 ±  35.33           91.87  ±   22.54                 G               0.19 

                           GD                      0.50                            0.61                           0.10                          0.38                         0.54                                  0.20                            0.54                            0.93                       0.14                 T×G             0.88 

 
     
Variable            Treatment                 33                           34                                39                                 40                          45   48                           51                           59                           69                    Effect          P-value            

   

 
HR (breaths/min)         IVRA          66.62  ±  31.64           61.25  ±  32.16              84.62  ±  21.40                84.12  ±  24.09         85.87  ±  15.98            65.42  ±  26.65          75.00  ±  12.17           80.37  ±  22.56          75.12  ±  18.99               T               0.005

**
 

                           NBA           82.75 ±  28.90            87.50  ±  18.72                91.87  ±  23.81                  95.00  ±   21.98         79.12  ±  16.50              81.37  ±  17.84           79.50  ±  12.05           78.85  ±   6.46             83.57  ±  15.31                 G               0.19 

                           GD                    0.30                              0.06                                 0.53                                   0.36                            0.42                               0.19                             0.47                           0.86                            0.36                        T×G             0.88 

 

       
      G = Treatment effect.  T = Time effect.    T×G = Time × Treatment effect. 

        IVRA = Intravenous Regional Anaesthesia.   NBA = Nerve Block Anaesthesia. 

        LR = Lateral Recumbency.  GD = Group Difference.   

        α corrections of P-values was set at P < 0.001 as a significant group difference.  

        *P < 0.05 

        **P < 0.01 

 

Table 6: Mean ± SD scores of Heart Rate (HR) in 8 cows that were treated (time 0 = anaesthesia time) with either Intravenous Regional Anaesthesia (IVRA) or 

Nerve Block Anaesthesia (NBA) in lateral recumbency. A cross-over study was performed in which 8 cows were paired, and each pair received two treatments in a 

different sequence with either Intravenous Regional Anaesthesia (IVRA) or regional Nerve Block Anaesthesia (NBA).     
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4.3.    Respiratory rate 

 

4.3.1.    Respiratory rate baseline 

 

 

The Mean ± SD of Respiratory rate as well as Systolic and Diastolic arterial blood pressure 

have been presented in Table 7. 

The results demonstrated that the mean baseline respiratory rate in nerve block treated cows 

decreased compared to intravenous regional anaesthetized group at t-59 min, t-12 min, t-10 

min, t-5 min and t-1 min before treatment with either IVRA or NBA. However, intravenous 

regional treated group revealed decreased mean baseline respiratory rate compared to nerve 

block group at 39 min and 24 min before anaesthesia [Fig. 27].   

 

4.3.2.    Respiratory rate after treatment 

 

As the results revealed, the mean respiratory rate had an increased level in nerve block 

anaesthetized group compared to another treatment group at t+27 min as well as t+32 min. In 

contrast, the mean respiratory rate decreased in nerve block treated cows compared to 

intravenous regional group at t+2 min, t+15 min, t+17 min, t+17 min, t+22 min, t+34 min, 

t+39 min, t+45 min, t+48 min, t+51 min, t+59 min as well as t+69 min after treatment. 

Although, there was not any significant differences related to treatment effect as well as 

interaction between time and treatment (Group effect: P > 0.05; Time*Group effect: P < 

0.026), the effect of time (P < 0.0001) was significant. However, any difference related to 

effect of anaesthesia method was not seen in both treatment groups [Fig. 27].    

  

 



RESULTS 

68 

 

 
 

 

Fig. 27: Mean Respiratory Rate for either IVRA or NBA. This chart shows that there is no significant 

difference (P > 0.05) between 2 treatment group as well as period regarding Respiratory Rate. A, B, C, 

D and E represent respectively the time for turning cows to LR, tourniquet application, anaesthesia 

with either IVRA or NBA, returning cows to standing position as well as tourniquet deflation. 

 

4.3.3.    Respiratory rate related to lateral recumbency 
 

The results of T-Test showed that, the mean respiratory rate in intravenous regional treated 

cows was greater than nerve block anaesthetized cows at t+7 min while mean respiratory rate 

in nerve block anaesthetized group had a higher level at t-20 min as well as t-5 min (t0 = LR 

time). However, any remarkable difference between two treated groups related to anaesthesia 

type was not seen at above mentioned time (P T-20, T-5, T+7 > 0.05; t0 = LR time) [Fig. 28]. 

Besides, application of proc GLM revealed, Group effect: P = 0.59; Time effect: P = 0.53; 

Time*Group effect: P = 0.47. 

 

4.3.4.    Respiratory rate related to standing position 

 

As the assessed results by T-Test showed, the mean respiratory rate in intravenous regional 
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Fig. 28: Mean Respiratory 

rate before and after turning 

cows to lateral recumbency 

on surgical tipping table (t0 = 

LR time). Error bars represent 

standard deviation. 
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analgezied group had a higher level than nerve block treated cows at t-1 min as well as t+5 

min. However, there was not seen any significant difference between two groups related to 

type of analgesia method at above recorded time (P T-1, T+5 > 0.05; t0 = returning to standing 

position from lateral recumbency time) [Fig. 29]. Additionally, proc GLM revealed, Group 

effect: P = 0.23; Time effect: P = 0.51; Time *Group effect: P = 0.57. 

 

 
 

 

 

4.3.5.    Respiratory rate related to first (control), second and third nociceptive - 

             thresholds 

 

As the evaluated results of T-Test showed, although, the mean respiratory rate in intravenous 

regional treated cows had a higher level compared to nerve block treated group before and 

after first nociceptive threshold measurements before anaesthesia as control results at t-1 min, 

t+1 min and t+5 min. However, no remarkable difference was seen between two treated 

groups regarding analgesia type at above time (P T-1, T+1, T+5 > 0.05; t0 = first nociceptive 

threshold measurement). Moreover, proc GLM revealed, Group effect: P = 0.64; Time effect: 

P = 0.53; Time*Group effect: P = 0.02. Regarding second nociceptive threshold assessment, 

according to evaluated results of T-Test, even though, the mean respiratory rate in nerve block 

anaesthetized group had a lower level compared to intravenous regional treated cows at t-1 

min and t+1 min, the mean respiratory rate in nerve block group showed a higher level than 

intravenous regional treated cows at t+5 min. However, no remarkable difference between 

two treated groups related to anaesthesia type was seen at above pointed time (P T-1, T+1, T+5 > 

0.05; t0 = second nociceptive threshold measurement). Further, proc GLM showed, Group 

effect: P = 0.79; Time effect: P = 0.053; Time*Group effect: P = 0.88. As the results under 

application of T-Test showed, the mean respiratory rate in intravenous regional treated group 
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Fig. 29: Mean Respiratory 

rate after turning cows to 

standing position from lateral 

recumbency (t0 = returning to 

standing position from lateral 

recumbency time). Error bars 

represent standard deviation. 
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was greater than nerve block anaesthetized after third nociceptive threshold measurements at 

t+1 and t+5 min while mean respiratory rate in nerve block treated group was higher than 

intravenous regional anaesthetized before third nociceptive threshold measurement at t-1 min. 

However, there was no significant difference between two treated groups regarding the 

anaesthesia method at above time (P T-1, T+1, T+5 > 0.05; t0 = third nociceptive threshold 

measurements). Moreover administration of proc GLM revealed, Group effect: P = 0.71; Time 

effect: P = 0.68; Time*Group effect: P = 0.12 [Fig. 30]. 

 

 

 

 

 

 

 

4.3.6.    Respiratory rate related to anaesthesia 

 

Application of T-Test revealed that, the mean respiratory rate in intravenous regional treated 

cows was greater than nerve block anaesthetized group before and after anaesthesia at t-1 min 

and t+2 min. However, any remarkable difference between two treated groups related to type 

of analgesia method was not seen at above time (P T-1, T+2 > 0.05; t0 = anaesthesia time) [Fig. 

31]. Further, proc GLM showed, Group effect: P = 0.65; Time effect: P = 0.07; Time*Group 

effect: P = 0.80. 
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Fig. 30: Mean Respiratory rate before and after application of anaesthesia with either nerve block 

or intravenous regional analgesia (t0 = anaesthesia time). Error bars represent standard deviation. 
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4.3.7.    Respiratory rate related to application of tourniquet 

 

According to assessed results of T-test, the mean respiratory rate in nerve block treated cows 

was lower than intravenous regional treated cows before as well as following tourniquet 

inflation at t-1 min and t+3 min. However, no significant difference was seen between two 

anaesthetized groups regarding type of anaesthesia method at above time (P T-1, T+3 > 0.05; t0 

= tourniquet application time) [Fig. 32]. Additionally, proc GLM revealed, Group effect: P = 

0.52; Time effect: P = 0.72; Time*Group effect: P = 0.02. 

 

 

 
 

4.3.8.    Respiratory rate related to removal of tourniquet 

 

According to the results of T-Test, the mean respiratory rate in intravenous regional treated 

cows had a higher level than nerve block anaesthetized group before and after removal of 

tourniquet at t-1 min, t+2 min as well as t+5 min. However, any remarkable difference 

between two treated groups related to type of anaesthesia was not seen at above time (P T-1, T+2, 
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Fig. 31: Mean Respiratory rate 

before and after application of 

anaesthesia with either nerve 

block or intravenous regional 

analgesia (t0 = anaesthesia 

time). Error bars represent 

standard deviation. 
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Fig. 32: Mean Respiratory rate 

before application of 

anaesthesia with either nerve 

block or intravenous regional 

analgesia (t0 = tourniquet 

application time). Error bars 

represent standard deviation. 
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T+5 > 0.05; t0 = tourniquet release time) [Fig. 33]. Proc GLM revealed, Group effect: P = 0.26; 

Time effect: P = 0.18; Time*Group effect: P = 0.64. 

 

 
 

4.4.    Systolic arterial blood pressure 

4.4.1.    Systolic arterial blood pressure baseline 

 

The mean baseline systolic arterial blood pressure had an increased level in nerve block 

anaesthetized treated cows compared to intravenous regional treated group at t-12 min as well 

as t-5 min before treatment while nerve block group revealed a decreased mean baseline 

systolic arterial blood pressure 10 min and 1 min before anaesthesia compared to intravenous 

regional treated cows. However, there was not seen any significant difference between two 

treatment method before anaesthesia with either nerve block or intravenous regional method 

[Fig. 34].  

 

4.4.2.    Systolic arterial blood pressure after anaesthesia 

 

The Mean ± SD of systolic arterial blood pressure has been presented in Table 7. The mean 

systolic arterial blood pressure after nerve block anaesthesia had an increased level compared 

to intravenous regional treated group at t+15 min, t+22 min, t+27 min, t+32 min, t+34 min as 

well as t+39 min after treatment. However, the mean systolic arterial blood pressure in nerve 

block treated group decreased compared to intravenous regional anaesthetized treated cows at 

t+2 min, t+17 min, t+48 min, t+51min, t+59 min as well as t+69 min after anaesthesia. On the 

other hand, there was a remarkable difference between two different treated groups at 

t+45min (P T+45 < 0.0001). Moreover, there were not any significant effects of time as well as 
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Fig. 33: Mean Respiratory 

rate after application of 

anaesthesia with either nerve 

block or intravenous regional 

analgesia (t0 = tourniquet 

release time). Error bars 

represent standard deviation. 
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treatment with either IVRA or NBA on systolic arterial blood pressure (Treatment effect: P = 

0.67; Time effect: P = 0.002) while the effect of time and treatment on systolic arterial blood 

pressure (Time*Group effect: P = 0.0002) was significant. Furthermore, the results shows 

decreased mean systolic arterial blood pressure in nerve block treated group compared to 

intravenous regional group in all times of standing position times such as t-39 min, t-24 min, 

t+45 min, t+48 min, t+51 min, t+59 min and t+69 min [Fig. 34].  

 
 
 

Fig. 34: Mean Systolic Blood Pressure in two treatment groups with no significant differences between 

IVRA and NBA. * shows the significant difference between two treated groups. A, B, C, D and E 

represent respectively the time for turning cows to LR, tourniquet application, anaesthesia with either 

IVRA or NBA, returning cows to standing position as well as tourniquet deflation.  

 

4.4.3.    Systolic arterial blood pressure related to lateral recumbency 

 

Mean systolic blood pressure in intravenous regional treated group was higher than nerve 

block anaesthetized cows before LR at t-20 min as well as t-5 min while mean systolic blood 

pressure in nerve block treated group was greater than intravenous regional one at t+7 min. 

However, any significant difference between two treated groups regarding type of anaesthesia 

was not seen at above time (P T-20, T-5, T+7 > 0.05; t0 = LR time) [Fig. 35]. Moreover, 

application of proc GLM revealed, Group effect: P = 0.99, Time effect: P = 0.39 and its 

interaction with treatment as Time*Group effect : P = 0.53. 
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4.4.4.    Systolic arterial blood pressure related to standing position 

 

As the results showed mean systolic arterial blood pressure in intravenous regional treated 

group was higher than nerve block treated cows after returning cows to standing position from 

lateral recumbency on surgical tipping table at t+5 min while mean systolic blood pressure in 

intravenous regional anaesthetized group had a lower level compared to nerve block one 

before returning cows to standing position at t-1 min. However, any significant difference 

between two groups related to anaesthesia type was not seen at above time (P T-1, T+5 > 0.05; t0 

= returning to standing position time) [Fig. 36]. Evaluation of recorded results by proc GLM 

showed, Group effect: P = 0.015, Time effect: P = 0.26 and Time*Group effect: P < 0.0001. 

 

 

4.4.5.    Systolic arterial blood pressure related to first (control), second and third 

             nociceptive thresholds  

 

The mean systolic blood pressure in intravenous regional treated group was higher than nerve 
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Fig. 35: Mean Systolic 

arterial blood pressure before 

and after turning cows to 

lateral recumbency from 

standing position on surgical 

tipping table (t0 = LR time). 

Error bars represent standard 

deviation. 

 

Fig. 36: Mean Systolic arterial 

blood pressure after turning 

cows to standing position from 

lateral recumbency (t0 = 

returning to standing position 

time). Error bars represent 

standard deviation. 
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block anaesthetized cows at t+1 min while mean systolic blood pressure had a lower level 

compared to nerve block one at t-1 min as well as t+5 min. However, any remarkable 

difference between two groups was not seen at above recorded time (P T-1, T+1, T+5 > 0.05; t0 = 

first nociceptive threshold measurement). Additionally, application of proc GLM revealed, 

Group effect: P = 0.58, Time effect: P = 0.45 and Time*Group effect: P = 0.76. Regarding 

second nociceptive threshold responses, the mean systolic blood pressure in nerve block 

treated group was higher than intravenous regional treated one at t-1 min while mean systolic 

blood pressure in nerve block had a lower level compared to intravenous regional one after 

nociceptive threshold measurement at t+1 min and was at the exactly same level at t+5 min. 

However, any significant difference between two groups was not seen at t-1 min, t+1 min and 

t+5 min (P T-1, T+1, T+5 > 0.05; t0 = second nociceptive threshold measurement). Proc GLM 

demonstrated, Group effect: P = 0.94, Time effect: P = 0.56 as well as Time*Group effect: P = 

0.61. Evaluated results of third nociceptive threshold responses showed that, the mean 

systolic blood pressure in nerve block treated group was greater than intravenous regional one 

before as well as after third nociceptive threshold measurements at t-1 min, t+1 min and t+5 

min. However, there was not seen any significant difference between two groups regarding 

anaesthesia type at above time (P T-1, T+1, T+5 > 0.05; t0 = third nociceptive threshold 

measurement) [Fig. 37]. Also, proc GLM showed, Group effect: P = 0.49, Time effect: P = 

0.54, Group*Time effect: P = 0.53. 
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Fig. 37: Mean systolic arterial blood pressure before and after application of anaesthesia 

with either nerve block or intravenous regional analgesia (t0 = anaesthesia time). Error bars 

represent standard deviation. 
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4.4.6.    Systolic arterial blood pressure related to anaesthesia 

 

The mean systolic arterial blood pressure in intravenous regional treated group showed a 

higher level compared to nerve block one before and after anaesthesia application at t-1 min 

and t+2 min However, results revealed no significant difference at above recorded time (P T-1, 

T+2 > 0.05; t0 = anaesthesia time) [Fig. 38]. Moreover, proc GLM revealed, Group effect: P = 

0.75, Time effect: P = 0.52, Time*Group effect: P = 0.55. 

 

 

4.4.7.    Systolic arterial blood pressure related to inflation of tourniquet 

As the results showed the mean systolic blood pressure in nerve block group was higher than 

intravenous regional one before application of tourniquet at t-1 min while mean systolic blood 

pressure in intravenous regional group had a greater level compared to nerve block treated 

cows after tourniquet inflation at t+3 min. However any remarkable difference regarding 

anaesthesia method between two groups was not seen (P T-1, T+3 > 0.05; t0 = inflation of 

tourniquet time) [Fig. 39]. Besides, proc GLM showed, Group effect: P = 0.82, Time effect: P 

= 0.011, Time*Group effect: P = 0.11. 
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Fig. 38: Mean Systolic 

arterial blood pressure 

before as well as after 

application of anaesthesia 

with either nerve block or 

intravenous regional 

analgesia (t0 = anaesthesia 

time). Error bars represent 

standard deviation. 

 

Fig. 39: Mean Systolic 

arterial blood pressure before 

application of anaesthesia 

with either nerve block or 

intravenous regional 

analgesia (t0 = inflation of 

tourniquet time). Error bars 

represent standard deviation. 
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4.4.8.    Systolic arterial blood pressure related to deflation of tourniquet 

 

The mean systolic blood pressure in intravenous regional anaesthetized group was higher than 

nerve block treated cows before as well as after deflation of tourniquet at t-1 min, t+2 min and 

t+5 min. However, any significant difference between two groups regarding anaesthesia 

method was not seen at t+5 min (P T+5 > 0.05; t0 = removal of tourniquet time) except one 

minute before its release at t-1 min (P T-1 = 0.0002) and two minutes after removal of 

tourniquet at t+2 min (P T+2 = 0.017) [Fig.40]. Proc GLM showed, Group effect: P = 0.0014, 

Time effect: P = 0.0005 and Group*Time effect: P = 0.0006. 

 

 

 

4.5.    Diastolic arterial blood pressure 

4.5.1.    Diastolic arterial blood pressure baseline 

 

The Mean ± SD of diastolic arterial blood pressure has been presented in Tables 7. As results 

of this part revealed, the mean baseline diastolic arterial blood pressure in nerve block 

anaesthetized group decreased compared to intravenous regional treated cows at 1min as well 

as 24 minutes before anaesthesia while the mean baseline diastolic arterial blood pressure in 

nerve block treated cows had an increased level compared to intravenous regional 

anaesthetized group at t-12 min, t-10 min, t-5 min and t-39 min. There was not seen any 

significant difference between two treatment groups at all the times before anaesthesia [Fig. 

41].   

 

4.5.2.    Diastolic arterial blood pressure following treatment 

 

The mean diastolic arterial blood pressure had a decreased level compared to another 
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Fig. 40: Mean Systolic arterial 

blood pressure after application 

of anaesthesia with either nerve 

block or intravenous regional 

analgesia. * shows the 

significant difference between 

two treated groups (t0 = removal 

of tourniquet time). Error bars 

represent standard deviation. 
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treatment at t+2 min, t+17 min, t+45 min, t+48 min, t+51 min, t+59 min and t+69 min after 

treatment while those nerve block anaesthetized treated group had an increased mean diastolic 

arterial blood pressure compared to intravenous regional treated cows at t+15 min, t+22 min, 

t+27 min, t+32 min, t+34 min, t+39 min following anaesthesia. Additionally, there was not 

any significant effect of treatment with either IVRA or NBA on Diastolic arterial blood 

pressure (P = 0.76) while the effects of time as well as interaction between time and treatment 

(Time effect: P < 0.0001; Time*Group effect: P < 0.0001) were significant [Fig. 41]. 

 
 
 

Fig. 41: Mean Diastolic Blood Pressure in two treatment groups with no significant differences 

between IVRA and NBA. A, B, C, D and E represent respectively the time for turning cows to LR, 

tourniquet application, anaesthesia with either IVRA or NBA, returning cows to standing position as 

well as tourniquet deflation. 

 

 

4.5.3.    Diastolic arterial blood pressure related to lateral recumbency 

 

 

As the results revealed the mean diastolic arterial blood pressure in nerve block treated cows 

was higher than intravenous regional anaesthetized cows at t-20 min and t+7 min while mean 

diastolic blood pressure in intravenous regional treated group had a higher level compared to 

nerve block treated group at t-5 min. However, any significant difference was not seen 

between two treated groups regarding type of anaesthesia at above time (P T-20, T-5, T+7 > 0.05; 

t0 = LR time) [Fig. 42]. Proc GLM revealed, Group effect: P = 0.65, Time effect: P = 0.96 and 

Time*Group effect: P = 0.33. 
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4.5.4.    Diastolic arterial blood pressure related to standing position 

 

The mean diastolic blood pressure had a higher level in nerve block treated cows compared to 

intravenous regional anaesthetized group before returning cows to standing position from 

lateral recumbency on surgical tipping table at t-1 min while the mean diastolic arterial blood 

pressure in intravenous regional treated group was greater than nerve block group after 

returning cows to standing position at t+5 min. However, there was no significant difference 

between two treated groups regarding type of anaesthesia method at above mentioned time (P 

T-1, T+5 > 0.05; t0 = returning cows to standing position from lateral recumbency time) [Fig. 

43]. Moreover, proc GLM demonstrated, Group effect: P = 0.29, Time effect: P = 0.07 and 

Time*Group effect: P = 0.0002. 

 

 

 

4.5.5.    Diastolic arterial blood pressure related to first (control), second and third  

             nociceptive thresholds  
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Fig. 42: Mean Diastolic 

arterial blood pressure before 

and after turning cows to 

lateral recumbency (t0 = LR 

time). Error bars represent 

standard deviation. 

 

Fig. 43: Mean Diastolic 

arterial blood pressure before 

and after turning cows to 

standing position from lateral 

recumbency (returning cows 

to standing position from 

lateral recumbency time). 

Error bars represent standard 

deviation. 

D
ia

st
o

li
c 

a
rt

er
ia

l 
b

lo
o

d
 

p
re

ss
u

re
 

Time (min) 

D
ia

st
o

li
c 

a
rt

er
ia

l 
b

lo
o

d
 

p
re

ss
u

re
 

Time (min) 



RESULTS 

80 

 

As the results revealed the mean diastolic arterial blood pressure in nerve block treated cows 

was greater than intravenous regional anaesthetized cows before and after first nociceptive 

threshold measurement at t-1 min, t+1 min as well as t+5 min. However, any significant 

difference between two treated groups regarding the anaesthesia method was not seen at 

above recorded time (P T-1, T+1, T+5 > 0.05; t0 = first nociceptive threshold measurement). In 

addition, proc GLM revealed, Group effect: P = 0.25, Time effect: P = 0.56 and Time*Group 

effect: P = 0.99. Regarding second nociceptive threshold assessment, the mean diastolic blood 

pressure in nerve block treated cows was higher than intravenous regional treated group only 

before second nociceptive threshold measurement at t-1 min while after that at t+1 min as 

well as t+5 min a higher level in intravenous regional treated cows compared to nerve block 

group was seen. However, there was not seen any significant difference between two groups 

related to type of anaesthesia at above time (P T-1 T+1, T+5 > 0.05; t0 = second nociceptive 

threshold measurement). Also, proc GLM showed, Group effect: P = 0.96, Time effect: P = 

0.18 and Time*Group effect: P = 0.30. The results showed that mean diastolic arterial blood 

pressure in nerve block anaesthetized group was greater than mean diastolic blood pressure in 

intravenous regional analgezied cows before as well as following third nociceptive threshold 

assessment at t-1 min, t+1 min and t+5 min. However, there was no remarkable difference 

between two treated groups at above time (P T-1, T+1, T+5 > 0.05; t0 = third nociceptive threshold 

measurement) [Fig. 44]. Proc GLM demonstrated Group effect: P = 0.28, Time effect: P = 

0.78 and Time*Group effect: P = 0.66. 
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Fig. 44: Mean diastolic arterial 

blood pressure before and after 

application of anaesthesia with 

either nerve block or 

intravenous regional analgesia 

(t0 = anaesthesia time). Error 

bars represent standard 

deviation. 
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4.5.6.    Diastolic arterial blood pressure related to anaesthesia 

 

The mean diastolic blood pressure in intravenous regional anaesthetized group showed a 

higher level than nerve block at t-1 min while the mean diastolic blood pressure had a same 

level in intravenous regional treated groups and nerve block treated cows after anaesthesia at 

t+2 min. However, there was no remarkable difference between two groups related to 

anaesthesia type at above time (P T-1, T+2 > 0.05; t0 = anaesthesia time) [Fig. 45]. Additionally, 

proc GLM showed, Group effect: P = 0.95, Time effect: P = 0.37, Time*Group effect: P = 

0.83. 

 

 
 

4.5.7.    Diastolic arterial blood pressure related to inflation of tourniquet 

 

The mean diastolic blood pressure in nerve block treated cows had a higher level than 

intravenous regional treated group before inflation of tourniquet at t-1 min while the mean 

diastolic arterial blood pressure showed a lower level in nerve block group compared to 

intravenous regional treated one after its application at t+3 min. However, any significant 

difference between two treated groups was not seen at both above time (P T-1, T+3 > 0.05; t0 = 

tourniquet application time) [Fig. 46]. Proc GLM revealed, Group effect: P = 0.51, Time 

effect: P = 0.11 and Time*Group effect: P = 0.13. 
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Fig. 45: Mean Diastolic arterial 

blood pressure before as well as 

after anaesthesia application 

with either intravenous regional 

anaesthesia or nerve block 

analgesia (t0 = anaesthesia 

time). Error bars represent 

standard deviation. 

 

 

Fig. 46: Mean Diastolic arterial 

blood pressure before anaesthesia 

application with either 

intravenous regional anaesthesia 

or nerve block analgesia (t0 = 

tourniquet application time). Error 

bars represent standard deviation. 
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4.5.8.    Diastolic arterial blood pressure related to deflation of tourniquet 

 

As the results showed the mean diastolic blood pressure in intravenous regional treated cows 

had a higher level than nerve block anaesthetized cows before as well as after release of 

tourniquet at t-1 min, t+2 min and t+5 min.  However, no remarkable difference was seen 

related to anaesthesia type between two groups (P T-1, T+2, T+5 > 0.05; t0 = removal of 

tourniquet time) [Fig. 47]. Moreover, proc GLM showed, Group effect: P = 0.052, Time 

effect: P = 0.003 and Time*Group effect: P = 0.007. 

 

 
 

4.6.    Mean Arterial Blood Pressure (MAP) 
 

 

The Mean Arterial Blood Pressure is characterized by the average arterial blood pressure 

within a cardiac cycle which has been calculated in this study using the formula below 

(BRZEZINSKI, 1977): 

MAP = [(2 × DBP) + SBP] / 3  

 

4.6.1.    Mean Arterial Blood Pressure baseline 

 

The Mean ± SD of mean arterial blood pressure has been shown in Table 7a and 7b related to 

lateral recumbency and standing position respectively. As the results revealed, mean arterial 

blood pressure had an increased level in intravenous regional anaesthetized group at t-24 min 

as well as t-1 min before anaesthesia application while in nerve block treated group, the 

increased level of mean arterial blood pressure was seen at t-24 min, t-12 min and t-1 min 

before anaesthesia. However, there was not seen any significant difference between two 

treated groups in baseline values [Fig. 48]. 
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Fig. 47: Mean Diastolic 

arterial blood pressure after 

anaesthesia application with 

either intravenous regional 

anaesthesia or nerve block 

analgesia (t0 = removal of 

tourniquet time). Error bars 

represent standard deviation. 
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4.6.2.    Mean Arterial Blood Pressure after anaesthesia  

 

As the evaluated data demonstrated, the mean arterial blood pressure had an increased level at 

t+2 min, t+17 min, t+22 min, t+32 min, t+45 min as well as t+51 min following anaesthesia in 

intravenous regional anaesthetized group. However, the rised level for mean arterial blood 

pressure in nerve block treated cows was seen at t+2 min, t+15 min, t+22 min, t+32 min and 

t+39 min after application of anesthetic. Although, there was not seen any remarkable 

difference between two anaesthetized groups, there was a significant difference regarding 

time as well as its interaction with treatment (Time effect: P = 0.0001; Time*Group effect: P < 

0.0001), however there was not seen any remarkable difference regarding type of anaesthesia 

between two treated groups (Group effect: P = 0.92) except at t+45min (P T+45 = 0.001) [Fig. 

48].  

 

 
 

Fig. 48: Mean Arterial Blood Pressure in 2 treatment groups with no significant differences between 

IVRA and NBA. * shows the significant difference between two treated groups. A, B, C, D and E 

represent respectively the time for turning cows to LR, tourniquet application, anaesthesia with either 

IVRA or NBA, returning cows to standing position as well as tourniquet deflation. 

 

 

4.6.3.    Mean Arterial Blood Pressure related to lateral recumbency 

 

According to the evaluated results by T-Test, the average mean arterial blood pressure in 

nerve block treated cows was higher than intravenous regional anaesthetized group at t-20 

min as well as t+7 min while average mean blood pressure in intravenous regional treated 

group had a higher level compared to nerve block group at t-5 min. However, any significant 

difference between two treated groups was not seen related to analgesia method at above 

mentioned time (P T-20, T-5, T+7 > 0.05; t0 = LR time) [Fig. 49]. Further, proc GLM revealed, 
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Group effect: P = 0.76; Time effect: P = 0.80; Time*Group effect: P = 0.38. 

 

 

4.6.4.    Mean Arterial Blood Pressure related to standing position 

 

The T-Test showed that, the average mean arterial blood pressure in nerve block treated group 

was greater than intravenous regional anaesthetized one before returning cows to standing 

position from lateral recumbency at t-1 min while the average mean blood pressure in 

intravenous regional treated cows had a higher level compared to nerve block treated group 

after their returning to standing position at t+5 min. However, no remarkable difference was 

seen related to anaesthesia type between two treated group at above recorded time (P T-1, T+5 > 

0.05; t0 = returning to standing position from lateral recumbency time). Besides, application 

of proc GLM revealed, Group effect: P = 0.13; Time effect: P = 0.09; Time*Group effect: P < 

0.0001 [Fig. 50]. 

 

 

4.6.5.    Mean Arterial Blood Pressure related to first (control), second and third 

nociceptive thresholds  

According to assessed results of T-Test, the average mean arterial blood pressure in 
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Fig. 49: Average Mean 

arterial blood pressure before 

and after turning cows to 

lateral recumbency on 

surgical tipping table (t0 = 

LR time). Error bars 

represent standard deviation. 

 

 

Fig. 50: Average Mean arterial 

blood pressure before and after 

turning cows to standing 

position from lateral 

recumbency (t0 = returning to 

standing position from lateral 

recumbency time). Error bars 

represent standard deviation. 
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intravenous regional treated group had a lower level compared to nerve block anaesthetized 

one before as well as after first nociceptive threshold measurement at t-1 min, t+1 min and 

t+5 min. However, there was no significant difference between two treated groups related to 

anaesthesia method at above time (P T-1, T+1, T+5 > 0.05; t0 = first nociceptive threshold 

measurement time). Moreover, proc GLM revealed, Group effect: P = 0.30; Time effect: P = 

0.51; Time*Group effect: P = 0.94. Related to second nociceptive threshold responses, T-Test 

showed that, the average mean arterial blood pressure in intravenous regional treated group 

had a higher level compared to nerve block treated cows after second nociceptive threshold 

assessment at t+1 min as well as t+5 min while the average mean arterial blood pressure 

showed a lower level in intravenous regional anaesthetized group compared to nerve block 

treated cows before second nociceptive threshold assessment at t-1 min. However, no 

remarkable difference was seen between two anaesthetized groups at t-1 min, t+1 min as well 

as t+5 min (P T-1, T+1, T+5 > 0.05; t0 = second nociceptive threshold measurement time). Also, 

proc GLM revealed, Group effect: P = 0.98; Time effect: P = 0.26; Time*Group effect: P = 

0.37. The average mean arterial blood pressure in nerve block anaesthetized cows was higher 

than intravenous regional treated groups before and after third nociceptive threshold 

measurements at t-1 min, t+1 min and t+5 min without any significant difference between two 

treated groups at these recorded time (P T-1, T+1 T+5 > 0.05; t0 = third nociceptive threshold 

measurement time). In addition, proc GLM showed, Group effect: P = 0.30; Time effect: P = 

0.65; Time*Group effect: P = 0.57 [Fig.51].  

 

 

 

4.6.6.    Mean Arterial Blood Pressure related to anaesthesia 
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Fig. 51: Mean diastolic arterial blood pressure before and after application of anaesthesia with either nerve 

block or intravenous regional analgesia (t0 = anaesthesia time). Error bars represent standard deviation. 
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According to T-Test results, the average mean arterial blood pressure in intravenous regional 

anaesthetized group was higher than nerve block treated cows before and after anaesthesia 

application at t-1 min as well as t+2 min. However, no remarkable difference between two 

treated groups was seen related to type of analgesia at above time (P T-1, T+2 > 0.05; t0 = 

anaesthesia time) [Fig. 52]. Also, application of proc GLM revealed, Group effect: P = 0.88; 

Time effect: P = 0.78; Time*Group effect: P = 0.68.  

 

 

 

4.6.7.    Mean Arterial Blood Pressure related to application of tourniquet 

 

As the results of T-Test showed, the average mean arterial blood pressure in intravenous 

regional treated cows was greater than nerve block treated cows after inflation of tourniquet at 

t+3 min while the average mean blood pressure in nerve block treated cows had a higher level 

compared to intravenous regional anaesthetized one before application of tourniquet at t-1 

min. Any significant difference between two treated groups related to type of anaesthesia was 

not seen at both time (P T-1, T+3 > 0.05; t0 = tourniquet application time) [Fig. 53]. Further, 

proc GLM revealed, Group effect: P = 0.58; Time effect: P = 0.05; Time*Group effect: P = 

0.11. 
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Fig. 52: Average Mean arterial 

blood pressure before as well as 

after anaesthesia application with 

either nerve block or intravenous 

regional analgesia (t0 = 

anaesthesia time). Error bars 

represent standard deviation. 

 

 

Fig. 53: Average Mean arterial 

blood pressure before 

anaesthesia application with 

either nerve block or 

intravenous regional analgesia 

(t0 = tourniquet application 

time). Error bars represent 

standard deviation. 
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4.6.8.    Mean Arterial Blood Pressure related to release of tourniquet 

 

According to the results of T-Test, the average mean arterial blood pressure in intravenous 

regional treated cows was greater than nerve block cows before and after release of tourniquet 

at t-1 min, t+2 min as well as t+5 min. However, any remarkable difference between two 

treated groups related to type of anaesthesia method was not seen after removal of tourniquet 

(P T+2, T+5 > 0.05; t0 = tourniquet deflation time) except one minute before release of 

tourniquet (P T-1 = 0.001) [Fig. 54]. Furthermore, proc GLM showed, Group effect: P = 0.01; 

Time effect: P = 0.0005; Time*Group effect: P = 0.001. 
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Fig. 54: Average Mean arterial 

blood pressure after anaesthesia 

application with either nerve 

block or intravenous regional 

analgesia. * shows the 

significant difference between 

two treated groups (t0 = 

tourniquet deflation time). 

Error bars represent standard 

deviation. 
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Time after Treatment (min) 

 
Variable            Treatment           -12LR                   -10 LR                   -5 LR                  -1 LR                    2 LR                   15 LR                  17 LR                  22 LR                 27 LR                32 LR                    34 LR                  39LR          Effect     P-value            

   

 
RR (breaths/min)        IVRA        30.50 ± 8.60     30.00 ±  9.31     28.25 ± 8.58     32.00 ± 10.19    31.50 ± 12.54    29.75 ± 10.49    33.50 ± 7.38     31.50 ± 12.17     30.00 ± 6.5      34.28 ± 9.82      36.25 ± 13.19     36.25 ± 9.82         T    < 0.0001

**
            

                           NBA        25.75 ± 6.54     29.50 ±  9.24     27.25 ± 10.02    26.25  ± 7.74     29.25 ± 7.99      27.75 ± 6.27     33.25 ±10.36    30.25 ± 10.87     35.25 ±11.05   37.50 ± 12.81    32.75 ± 10.57     31.75 ± 10.71       G         0.65 

                            GD                0.23                   0.91                  0.83                   0.22                    0.67                    0.65                   0.95                  0.83          0.26                  0.59                    0.56  0.39            T×G       0.026
* 

 
SBP (mm Hg)            IVRA      174.3 ± 14.71   173.5 ± 18.16   168.0 ± 11.96     180.8 ± 10.99    177.5 ± 14.05     177.5 ± 14.05    176.4 ± 7.55     177.9 ± 15.44    173.6 ± 13.35   175.6 ± 8.99     174.8 ± 16.66      174.3 ± 9.20         T         0.002

** 

                           NBA      179.4 ± 17.84   173.3 ± 21.64   174.0 ± 14.54     177.4 ± 13.11    177.3 ± 12.15     177.9 ±  6.97     173.0 ± 16.08   177.9 ±  3.97     178.6 ± 10.55   180.3 ± 18.54   175.1 ± 13.85      181.5 ± 12.10       G         0.67 

                           GD                 0.54                  0.98                0.38                    0.58                  0.97                     0.54                   0.59            1.00          0.42                  0.53                  0.96                    0.19           T×G    0.0002
**   

 

DBP (mm Hg)           IVRA      111.8 ± 45.55    124.5 ± 15.89    121.4 ± 17.36    132.4 ± 15.40    133.6 ± 17.22     134.6 ± 12.61     138.0 ± 17.61   131.3 ± 9.60     131.5 ± 12.54   132.0 ± 17.50    131.6 ± 16.96     131.6 ± 16.96       T   < 0.0001
**

 

                           NBA      134.1 ± 20.18    134.4 ± 17.39    131.4 ± 16.66    131.6 ± 11.69    133.6 ± 9.99       138.1 ± 8.23       131.5 ± 11.67   137.4 ± 8.84     134.8 ± 10.83   139.8 ± 13.58    136.6 ± 11.18     140.1 ± 10.35       G        0.76 

                           GD                0.22                  0.25                   0.25                     0.91                  1.00                    0.46                     0.61                 0.92          0.50                  0.22                   0.53    0.24          T×G   <.0001
**       

 

MAP (mmHg)           IVRA      140.9 ± 18.83   140.8 ± 16.30    136.9 ± 15.38    148.5 ± 13.20     151.3 ± 16.64    147.5 ± 12.59    148.5 ± 10.70    151.3 ± 16.64   145.3 ± 10.08   146.2 ±  9.99     146.2 ±16.37     145.8 ± 14.33       T       0.0001** 

                              NBA       149.2 ± 18.80   147.3 ± 14.41     145.6 ± 15.27    146.8 ± 11.34      150.9 ± 6.04     151.3 ± 6.30      145.3 ± 12.13    150.9 ± 6.04     149.3 ± 9.33     153.2 ± 14.36    149.4 ± 10.89    153.9 ± 9.48        G        0.92 

                           GD                0.39                 0.41                   0. 27                  0.79                    0.98                   0.45                    0.58                  0.94                   0.42                  0.27                    0.65                    0.20          T×G  < 0.0001
** 

 

Time after Treatment (min) 

 
Variable            Treatment                      -59 SP                           -39 SP                              -24 SP                             45 SP                             48 SP                          51 SP                          59 SP                          69SP                     Effect              P-value            

     

 
RR (breaths/min)         IVRA               27.25 ± 6.40               23.25 ± 6.31                    25.75 ± 7.95                  39.50 ± 12.03               35.71 ± 16.98            35.50 ± 12.50           32.00 ± 10.19           30.00 ± 9.62                   T                   < 0.0001**           

                              NBA                   26.00  ± 5.55              29.00  ± 10.47                 29.75  ±  9.40                32.00 ± 11.51               30.75  ±  13.64          28.75  ± 11.41           30.75 ± 14.49           25.25 ± 8.48                   G                     0.65 

                              GD                             0.68                 0.20                           0.37          0.22                   0.54                          0.27  0.84                        0.31                       T×G                    0.026* 
 

SBP (mm Hg)           IVRA                         NM                     171.8 ± 19.88                 176.5 ± 18.46                197.3 ± 13.24               177.3 ± 7.29              175.7 ± 10.07           172.9 ± 10.05            168.7 ± 7.52                   T                      0.002** 

                              NBA                          NM                     170.6 ± 12.74                 172.6 ± 20.72                166.3 ± 8.48                 166.4 ± 8.07              166.1 ± 10.46           164.4 ± 12.33            158.3 ± 7.77                   G                      0.67 
                              GD                            NM                0.89                          0.69   < 0.0001**                         0.01α                       0.09                          0.17                         0.02α                      T×G                   0.0002**  

  

DBP (mm Hg)         IVRA                         NM                       127.9 ± 15.61                 129.6 ± 14.38               152.9 ± 14.99                133.3 ± 9.41             137.0 ± 11.37             135.0 ± 11.16           129.6 ± 8.71                   T                    < 0.0001** 
                             NBA                          NM                       128.6 ± 10.84                 128.6 ± 16.04               130.6 ± 13.14                130.4 ± 9.81             128.4 ± 11.48             128.4 ±  9.62            123.6 ± 6.52                   G                       0.76 

                             GD                            NM                0.91                          0.89       0.007α                          0.56                            0.16                            0.23                          0.15                       T×G                 < 0.0001**   

 
MAP (mmHg)        IVRA                         NM                        142.5 ± 16.92                 145.2 ± 15.44               167.6 ± 13.89               147.9 ± 6.98             149.9 ± 10.75            147.6 ± 10.41           142.6 ± 7.75                    T                      0.0001** 

                            NBA                          NM                        142.6 ± 10.93                 143.3 ± 17.04               142.5 ± 10.86               142.4 ± 8.10             140.9 ± 10.25            140.3 ± 10.06           135.1 ± 5.99                    G                      0.92 

                            GD                            NM                                 0.98                               0.81                            0.001**                           0.18                           0.12                           0.19                          0.05                      T×G                  < 0.0001** 
 

        

 

 

Table 7: Mean ± SD scores of Respiratory Rate (RR), Systolic arterial blood pressure (SBP) and Diastolic arterial blood pressure (DBP) as well as Mean Arterial blood 

Pressure (MAP) in 8 cows that were treated (time 0) with either Intravenous Regional Anaesthesia (IVRA) or Nerve Block Anaesthesia (NBA) in lateral recumbency. A 

cross-over study was performed in which 8 cows were paired, and each pair received two treatments in different sequence with either Intravenous Regional Anaesthesia 

(IVRA) or Nerve Block Anaesthesia (NBA).   

 

      G = Treatment effect.  T = Time effect.    T×G = Time × Treatment effect. 

        IVRA = Intravenous Regional Anaesthesia.   NBA = Nerve Block Anaesthesia. 

        SP = Standing Position.     GD = Group Difference. 

        NM = Not Measured time 

        α correction of P-values was set to P < 0.002 as a significant group difference.        

        *P < 0.05                                   **P < 0.01 
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4.7.    Thermal Pain Stimulations  

 

4.7.1.    Thermal Nociceptive Threshold response baseline 

 

The results of pain stimulations (Thermal, Electrical and Mechanical threshold responses) 

have been presented at the end of this chapter. 

As the results revealed although, the mean baseline thermal nociceptive threshold response in 

nerve block treated cows was lower than intravenous regional anaesthetized group there was 

not seen any significant difference between two anaesthetized groups (P > 0.01).   

 

 

4.7.2.    Thermal Nociceptive Threshold response following treatment 

 

According to the results, the mean heat nociceptive threshold responses in both treated groups 

with either nerve block anaesthesia or intravenous regional anaesthesia was the same after 

treatment at t+15 min as well as t+35 min.  However, the effect of time was significant (Time 

effect:  P = 0.0008) even though there was not seen any effect of treatment and its interaction 

with time (Group effect: P = 0.46; Time*Group effect: P = 0.57). Therefore, in other words, 

regarding heat threshold responses, the interaction between period and anaesthesia as well as 

treatment with either IVRA or NBA had no effect on pain (P > 0.01) [Fig. 55]. 

 

 
 

Fig. 55: Mean baseline as well as after anaesthesia with either IVRA or NBA for Thermal Threshold 

responses. This chart shows no significant difference (P > 0.01) regarding treatment.
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4.8.    Electerical Pain Stimulation 

4.8.1.    Electerical Nociceptive Threshold responses baseline (first study) 

 

The estimated Mean ± SDs are shown in Table 7a for the first study as well as Table 7b for 

second study related onset of anaesthesia. 

The results demonstrated that the mean baseline electrical nociceptive threshold response in 

nerve block anaesthetized group was not significantly higher than intravenous regional treated 

group before anaesthesia at t-10 min and there was no remarkable difference between two 

treatment groups at this time point (P > 0.016).  

 

4.8.2.    Electerical Nociceptive Threshold response after treatment (first study) 

 

The results showed that the mean electrical threshold response in intravenous regional treated 

cows was lower than nerve block group before as well as after anaesthesia at t-10 min and 

t+15 min. On the other hand, the mean electrical nociceptive threshold response in both 

methods was the same and had no difference after third nociceptive threshold measurement at 

t+35 min. Moreover, there was not seen any significant group effect between two groups 

related to type of anaesthesia (P > 0.05). Moreover, proc GLM revealed group effect: P = 

0.015, time effect: P < 0.0001 as well as interaction between time and treatment effect 

(Time*Group effect: P = 0.05) [Fig. 56]. 

 

 

Fig. 56: This chart shows mean baseline (-10) as well as mean 15 and 35 min after either IVRA or 

NBA for Electrical Threshold Responses.
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4.8.3.    Electerical Nociceptive Threshold responses baseline (second study) 

 

In the second study on 6 cows to find the onset of anaesthesia, the mean baseline electrical 

nociceptive threshold response at both soft skin of heel and the skin latero-apical-dorsal of 

coronary band in nerve block treated cows were lower than intravenous regional anaesthetized 

group. However, no significant difference was seen between two treatment methods at both 

stimulation regions of soft skin of heel and the skin latero-apical-dorsal of coronary 5 minutes 

before anaesthesia. Further, the intra and inter individual variances of electrical threshold 

responses before anaesthesia has been shown in Table 5. 

 

4.8.4.    Electerical Nociceptive Threshold response after treatment (second study) 

 

 

The results revealed that mean electrical nociceptive threshold responses in nerve block 

anaesthetized groups was higher than intravenous regional treated cows at both examined area 

of skin of dorso-lateral coronary band of heel as well as soft skin of heel after anaesthesia at 

t+5 min, t+7.5 min, t+10 min, t+12.5 min, t+15 min and t+20 min. The results of this part 

have been evaluated two time with group size of IVRA: N = 6 and NBA: N = 6 as well as 

IVRA: N = 5 and NBA: N = 6, in order that one cow in IVRA had no reaction to electrical 

nociceptive thresholds till end of examination at t+20 min. Evaluation of results with keeping 

that cow using T-Test revealed remarkable group difference at dorso-lateral coronary band at 

t+5 min as well t+7,5 min with P T+5 = 0.0009 and P T+7,5 = 0.0035 respectively. However, 

only significant group difference was seen at soft skin of heel at t+5 min (P T+5 = 0.0044). 

Moreover, assessment of results at dorso-lateral coronary band using proc GLM showed, 

Group effect: P = 0.0308, Time effect: P < 0.0001 and interaction between Time and Group 

effect: Time*Group effect: P 0.0002 while at soft skin of heel demonstrated Group effect: 

0.026, Time effect: P < 0.0001 as well as interaction between Time and Group, Time*Group 

effect: P < 0.0001. Removing the cow which had no reaction to electrical nociceptive 

thresholds and evaluation of results with group size of IVRA: N = 5 and NBA: N = 6 

demonstrated that there was a remarkable group difference at dorso-lateral coronary band of 

lateral claw at t+5 min (P T+5 = 0.0043) as well as at soft skin of heel at t+5 min (P T+5 = 

0.0048).  Further, proc GLM revealed Group effect: 0.0028, Time effect: P < 0.0001 as well as 

Time*Group effect: P < 0.0001 at dorso-lateral coronary band of lateral claw while at soft 

skin of heel revealed Group effect: P = 0.0175, Time effect: P < 0.0001 as well as interaction 
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between Time and Group, Time*Group effect: P < 0.0001. According to the results of 

electrical nociceptive thresholds, IVRA had about 5 min delay regarding the onset of 

anaesthesia compared to NBA [Fig.57].   
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Fig.57: Electrical nociceptive threshold responses have been shown as Mean (± SD) after anaesthesia application 

with either intravenous regional (IVRA) or nerve block anaesthesia (NBA) with the group size of (IVRA: N = 6; 

NBA: N = 6) at dorso-lateral coronary band of lateral claw [A], (IVRA: N = 6; NBA: N = 6) at soft skin of heel 

[B], (IVRA: N = 5; NBA: N = 6) at dorso-lateral coronary band of lateral claw [C] and (IVRA: N = 5; NBA: N = 

6) at soft skin of heel [D]. Significant differences in means are indicated with astrick. Error bars represent standard 

deviation.              

A) B) 

C) D) 

*

  P = 0.0009 

*

  P = 0.0009 

*

  P = 0.0009 

*

  P = 0.0009 

*

  P = 0.0009 

*

  P = 0.0009 



RESULTS 

93 

 

4.9.    Mechanical Pain Stimulation 

4.9.1.    Mechanical Nociceptive Threshold responses baseline (first study) 

 

The Mean ± SD for mechanical pressure as well as needle pricks have been presented in Table 

6a for first study and Table 6b for second study related to onset of anaesthesia. 

The results showed that mean baseline (t-10 min before anaesthesia) mechanical pressure 

nociceptive threshold responses at lateral and medial bulb of heel as well as lateral and medial 

flexor tendon and lateral dorsalis fetlock joint in nerve block treated groups was higher than 

intravenous regional groups while had a lower level in nerve block anaesthetized groups 

compared to intravenous regional cows at medial dorsalis fetlock joint. Regarding mechanical 

pin pricks responses, mean mechanical needle recorded response in nerve block anaesthetized 

groups was higher than intravenous regional treated cows at medial bulb of heel, lateral flexor 

tendon while had a lower level in nerve block anaesthetized cows compared to intravenous 

regional groups at lateral bulb of heel, medial flexor tendon as well as lateral and medial 

dorsalis fetlock joint. Evaluation of mechanical pressure nociceptive responses using T-Test 

revealed at lateral and medial bulb of heel, lateral and medial flexor tendon and lateral and 

medial dorsalis fetlock joint respectively p-values of 0.034, 0.42, 0.13, 0.11, 0.13, 0.78 while 

mechanical pin pricks nociceptive responses at lateral and medial bulb of heel, lateral and 

medial flexor tendon as well as lateral and medial dorsalis fetlock joint revealed the p values 

for group difference respectively as 0.11, 0.96, 0.73, 0.12, 0.17 and 0.040. 

 

4.9.2.    Mechanical Nociceptive Threshold responses after treatment (first study) 

 

The evaluated results showed that the mean mechanical pressure nociceptive responses in 

nerve block treated groups was higher than intravenous regional anaesthetized cows at lateral 

bulb of heel while mean mechanical pressure nociceptive responses in nerve block 

anaesthetized group was at the exactly same level with intravenous regional treated cows at 

medial bulb of heel as well as lateral and medial flexor tendon and lateral and medial dorsalis 

fetlock joint at t+15 min. However, mean mechanical pin pricks threshold responses in nerve 

block anaesthetized groups was greater than intravenous regional anaesthetized groups at 

lateral bulb of heel while mean mechanical pin pricks threshold responses in intravenous 

regional treated cows was higher than nerve block anaesthetized groups at medial dorsalis 

fetlock joint with the exactly same level at other examined sites 15 minutes following 

anaesthesia with either intravenous regional or
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nerve block anaesthesia method. The mean mechanical pressure and pin pricks threshold 

responses in nerve block anaesthetized groups and intravenous regional treated ones had an 

exactly same level at lateral and medial bulb of heel, lateral and medial flexor tendon as well 

as lateral and medial dorsalis fetlock joint at t+35 min, 35 minutes after anaesthesia. 

Regarding mechanical pressure nociceptive responses, evaluation of recorded results revealed 

no significant group difference related to type of anaesthesia at lateral and medial bulb of heel 

(respectively P = 0.35 and P = 0.35). Furthermore, the mechanical pressure and needle pricks 

responses at all the measured sites consist of Lat. Bulb MPR, Med. Bulb MPR, Lat. Ten MPR, 

Med. Ten MPR, Lat. Dors MPR, Med. Dors MPR, Lat. Dors MNR, Med. Dors MNR, Lat. 

Bulb MNR, Med. Bulb MNR, Lat. Ten MNR and Med. Ten MNR in both treatment methods 

were same and no difference was seen between two anaesthetized groups 30 minutes after 

anaesthesia. According to evaluation of results using proc GLM, mechanical pressure 

nociceptive threshold responses at Lat. Bulb revealed a significant effect of time as well as its 

interaction with anaesthesia method (Time effect: P < 0.0001; Time*Group effect: P = 0.010) 

while the effect of anaesthesia type was not significant (Group effect: P = 0.03).  At Med. 

Bulb only the significant effect of time (Time effect: P = 0.0011) while treatment method as 

well as interaction between time and type of anaesthesia had no effect on pain (Group effect:  

P = 0.53; Time*Group effect:  P = 0.44), at Med. Ten showed no significant effect of time, 

group as well as interaction between time and group (Group effect: P = 0.098; Time effect: P 

= 0.059; Time*Group effect: P = 0.059), at Lat. Dors showed that there was not any 

significant effect of time, treatment as well as time and treatment together (Time effect: P = 

0.18; Group effect: P = 0.11; Group*Time effect: P = 0.08), at Med. Dors. also revealed no 

effect of time, anaesthesia type and their interaction with each other (Time effect: P = 0.09; 

Group effect: P = 0.78; Time*Group effect: P = 0.92) and at Lat. Ten revealed the no 

significant effect of treatment and time and their interaction with each other (Time effect: P = 

0.07; Group effect: P = 0.11; Group*Time effect: P = 0.07), while the mechanical needle 

pricks nociceptive threshold responses at Lat. Bulb demonstrated only significant time and its 

interaction with group (Time effect: P < 0.0001; Time*Group effect: P = 0.028) while there 

was not seen any significant effect of anaesthesia (Group effect: P = 0.12), at Med. Bulb 

showed the significant effect of time (Time effect: P < 0.0001) while any effect of treatment 

method and its interaction and time was not seen (Group effect: P = 0.86; Time*Group effect: 

P = 0.97), at Lat. Dors. showed although time had a significant effect on pain (Time effect: P 

= 0.0004) any
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remarkable effect of treatment and its interaction with time was not seen (Group effect:  P = 

0.1;  Group*Time effect: P = 0.08) and at Lat. Ten revealed that only the effect of time (P < 

0.0001) while the impact of treatment and its interaction and time was not significant (Group 

effect: P = 0.5; Group*Time effect: P = 0.6), at Med. Ten again revealed the significant effect 

of time (Time effect: P < 0.0001) and no significant impact of anaesthesia and treatment with 

time together (Group effect:  0.17; Time*Group effect: P = 0.14), at Med. Dors clearly 

revealed no significant effect of treatment as well as time interaction with treatment (Group 

effect: P = 0.06; Time*Group effect: P = 0.03) and significant time effect (Time effect: P = 

0.0003) [Fig. 58-69].  
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Fig. 58: Mean baseline as well as after anaesthesia with either IVRA or NBA for mechanical force at 

lateral bulb of heel. Error bars represent standard deviation. 

 

 

 
 
 

 

Fig. 59: Mean baseline as well as mean after anaesthesia with either IVRA or NBA for mechanical 

force at medial bulb of heel. Error bars represent standard deviation. 
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Fig. 60: Mean baseline as well as after anaesthesia with either IVRA or NBA for needle pricks at 

lateral bulb of heel. Error bars represent standard deviation. 

 

 

 

 
 

Fig. 61: Mean baseline as well as after anaesthesia with either IVRA or NBA for needle pricks at 

medial bulb of heel. Error bars represent standard deviation. 

 

 

-1

0

1

2

3

4

5

-10 15 35

M
ec

h
a
n

ic
a
l 

p
in

 p
ri

ck
s 

Time (min) 

IVRA

NBA

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

5

-10 15 35

M
ec

h
a
n

ic
a
l 

p
in

 p
ri

ck
s 

Time (min) 

IVRA

NBA



RESULTS 

98 

 

 

 

 

 

 

 

 
 

 

Fig. 62: Mean baseline as well as after anaesthesia with either IVRA or NBA for mechanical force at 

lateral flexor tendon. Error bars represent standard deviation. 

 

 

 

 

 
 

 

Fig. 63: Mean baseline as well as after anaesthesia with either IVRA or NBA for mechanical force at 

medial flexor tendon. Error bars represent standard deviation.
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Fig. 64: Mean baseline as well as after anaesthesia with either IVRA or NBA for needle pricks at 

lateral flexor tendon. Error bars represent standard deviation. 

 

 
Fig. 65: Mean baseline as well as after anaesthesia with either IVRA or NBA for needle pricks at 

medial flexor tendon. Error bars represent standard deviation.  

 

 
 

Fig. 66: Mean baseline as well as after anaesthesia with either IVRA or NBA for mechanical force at 

lateral dorsal fetlock Joint. Error bars represent standard deviation.
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Fig. 67: Mean baseline as well as after anaesthesia with either IVRA or NBA for mechanical force at 

medial dorsal fetlock Joint. Error bars represent standard deviation. 

 

 

 

 

 
 

 

Fig. 68: Mean baseline as well as after anaesthesia with either  IVRA or NBA for needle pricks at 

lateral dorsal fetlock Joint. Error bars represent standard deviation.
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Fig. 69: Mean baseline as well as after anaesthesia with either IVRA or NBA for Needle Pricks at 

Medial Dorsal Fetlock Joint. Error bars represent standard deviation. 

 

4.9.3.    Mechanical Nociceptive Threshold responses baseline (second study) 

 

The Mean ± SD for the second study on six cows related to onset of anaesthesia has been 

shown in Table 5b. As the results revealed, the mean baseline for mechanical pressure 

nociceptive responses in intravenous regional anaesthetized groups was higher than nerve 

block treated group at Lat. Dors., Med. Dors., Lat. Ten., Med. Ten., Med. Bulb while 

mechanical pressure nociceptive responses in nerve block anaesthetized groups was greater 

than intravenous regional treated cows at only Lat. Bulb. Regarding mechanical pin pricks 

nociceptive response, the mean baseline mechanical needle nociception in nerve block treated 

groups was higher than intravenous regional treated ones at Med. Bulb while in both treated 

groups were same at Lat. Bulb, Lat. Ten and mean pin pricks nociceptive responses in nerve 

block treated cows was lesser than intravenous regional anaesthetized groups at Lat. Dors., 

Med. Dors as well as Med. Ten. Moreover, the intra and inter individual variances of 

mechanical pressure threshold responses before anaesthesia (t-5 min; t0 = anaesthesia time) 

have been presented at lateral and medial bulb of heel, flexor tendon and dorsalis fetlock joint 

in Table 7.
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4.9.4.    Mechanical Nociceptive Threshold responses after treatment (second study) 

 

According to the evaluated results, the mean mechanical pressure nociceptive threshold 

responses in nerve block anaesthetized cows and intravenous regional treated cows was 

exactly the same at lateral and medial flexor tendon as well as lateral and medial dorsalis 

fetlock joint after anaesthesia at t+5 min, t+7,5 min, t+10 min, t+12,5 min, t+15 min and t+20 

min while mean mechanical pressure nociceptive threshold responses in nerve block treated 

cows had a higher level compared to intravenous regional treated groups at lateral and medial 

bulb of heel at t+5 min (t0 = anaesthesia time). However, any significant difference between 

two treated groups was not seen at six measured sites of lateral and medial bulb of heel, 

lateral and medial dorsalis fetlock joint as well as lateral and medial flexor tendon related to 

mechanical pressure nociceptive thresholds (P T+5, T+7,5, T+10, T+12,5, T+15, T+20 > 0.05). Related to 

mechanical pin pricks nociceptive threshold responses, evaluation of results using T-Test 

revealed that, the mean mechanical needle nociceptive threshold in intravenous regional 

treated cows was greater than nerve block anaesthetized groups at lateral bulb of heel at t+5 

min, medial bulb of heel at t+5 min as well as at t+7,5 min, lateral flexor tendon at t+5 min 

and t+7,5 min, medial flexor tendon at t+5 min, t+7,5 min, t+10 min, t+12,5 min and t+15 

min, while only intravenous regional treated groups had a lower level of mean mechanical pin 

pricks nociceptive threshold responses compared to nerve block anaesthetized groups at t+5 

min and t+7,5 min. The mean mechanical pin pricks nociceptive thresholds in nerve block 

anaesthetized groups and intravenous regional anaesthetized cows had a same level at lateral 

dorsalis fetlock joint at t+5 min, t+7,5 min, t+10 min, t+12,5 min, t+15 min and t+20 min, at 

medial dorsalis fetlock joint at t+10 min, t+12,5 min, t+15 min and t+20 min, at lateral flexor 

tendon at t+10 min, t+12,5 min, t+15 min and t+20 min, at medial flexor tendon at t+20 min, 

at lateral bulb of heel at t+7,5 min, t+10 min, t+12,5 min, t+15 min and t+20 min as well as 

medial bulb of heel at t+10 min, t+12,5 min, t+15 min and t+20 min. The evaluation of results 

using Wilcoxon test demonstrated that there was no remarkable group difference between two 

anaesthetized groups at lateral and medial bulb of heel, lateral and medial flexor tendon as 

well as lateral and medial dorsalis fetlock joint after anaesthesia with either nerve block or 

intravenous regional anaesthesia (P T+5, T+7,5, T+10, T+12,5, T+15, T+20 > 0.05). Subsequently, 

evaluation of results by proc GLM showed, no significant effect of treatment as well as 

interaction between Group and Time (Group effect: P = 0.63; Time*Group effect: P = 0.99) 

with remarkable Time effect (Time effect: P < 0.0001) related to mechanical pressure 

nociceptive thresholds at lateral bulb of heel, no remarkable effect of anaesthesia type and its
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interaction with Time (Group effect: P = 0.85; Time*Group effect: P = 0.99) with significant 

time effect (Time effect: P = 0.0005) at medial bulb of heel, no significant Group, Time and 

their interaction with together (Time effect: P = 0.43; Group effect: P = 0.34; Time*Group 

effect: P = 0.43). Furthermore, under evaluated results of proc GLM, any significant effect of 

anaesthesia method as well as its interaction with Time (Group effect: P = 0.85; Time*Group 

effect: P = 0.99) was not seen at medial flexor tendon, however the effect of time was 

significant (Time effect: P < 0.0001). Moreover, any remarkable effect of Time, Group and 

their interaction was not demonstrated at lateral dorsalis fetlock joint (Time effect: P = 0.34; 

Group effect: P = 0.37; Time*Group effect: P = 0.53). On the other hand, significant effect of 

Time (Time effect: P = 0.028) was seen at medial dorsalis fetlock joint while any remarkable 

effect of anaesthesia application with either intravenous regional or nerve block anaesthesia as 

well as its interaction with time was not demonstrated (Group effect: P = 0.18; Time*Group 

effect: P = 0.081). The assessment of recorded mechanical pin pricks nociceptive responses 

under proc GLM revealed, significant effect of Time (Time effect: P < 0.0001) with no 

remarkable effect of Group and its interaction with Time (Group effect: P = 0.58; Time*Group 

effect: P = 0.85) at lateral bulb of heel, without any significant Group and interaction between 

Group and Time (Group effect: P = 0.89; Time*Group effect: P =  0.88) as well as remarkable 

effect of Time (Time effect: P < 0.0001) at medial bulb of heel, significant effect of Time 

(Time effect: P < 0.0001) with no remarkable Group and its interaction with Time (Group 

effect: P =  0.75; Time*Group effect: P = 0.99) at lateral flexor tendon, significant effect of 

Time (Time effect: P < 0.0001) without any significant Group as well as interaction between 

Time and treatment type (Group effect: P = 0.10; Time*Group effect: P = 0.21) at medial 

flexor tendon, significant effect of Time (Time effect: P < 0.0001) and no remarkable impact 

of treatment and its interaction with Time (Group effect: P = 0.68; Time*Group effect: P = 

0.98) at lateral dorsalis fetlock joint and in addition, significant effect of time (Time effect: P 

< 0.0001) as well as no significant Group and Group*Time interaction (Group effect: P = 

0.68; Group*Time effect: P = 0.54) at medial dorsalis fetlock joint [Fig. 70 -81].  According 

to intra and inter individual results of mechanical pressure nociceptive responses before 

anaesthesia (as a control group), about 33,3 % of examined dairy cows at their first session 

had no response to mechanical pressure threshold at lateral bulb of heel while all tested cows 

responded to mechanical pressure threshold in their second session. 50% of examined cows 

had no response to mechanical pressure threshold in both sessions at medial bulb of heel. 

About 83,33 % of cows did not show any response to mechanical pressure threshold in both 

sessions at lateral dorsalis fetlock joint. About 66,66 % of examined cows     



RESULTS 

104 

 

had no reaction to mechanical pressure in their first session while about 83,33 % of dairy 

cows in their second session at medial dorsalis fetlock joint did not show any response to 

mechanical pressure thresholds. 50% of tested dairy cows in their both session had no 

response to mechanical pressure thresholds at medial flexor tendon while about 83,33 % of 

cows in their first session and all cows in their second session did not show any reaction to 

mechanical pressure threshold at lateral flexor tendon [Tab. 13].   

 

 

 

 

 
 

 

Fig. 70: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following mechanical force at lateral dorsal fetlock joint. Error bars represent standard 

deviation. 
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Fig. 71: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following mechanical force at medial dorsal fetlock joint. Error bars represent standard 

deviation. 

 

 

 

 

 

 
 

 

Fig. 72: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following needle pricks at lateral dorsal fetlock joint. Error bars represent standard deviation.
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Fig. 73: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following needle pricks at medial dorsal fetlock joint. Error bars represent standard deviation. 

 

 

 

 

 

 
 

 

Fig. 74: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following mechanical force at lateral flexor tendon. Error bars represent standard deviation.
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Fig. 75: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following mechanical force at medial flexor tendon. Error bars represent standard deviation. 

 

 

 
 

 

Fig. 76: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following needle pricks at lateral flexor tendon. Error bars represent standard deviation.
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Fig. 77: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following needle pricks at medial flexor tendon. Error bars represent standard deviation. 

 

 

 

 
 

 

Fig. 78: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following mechanical force at lateral bulb of heel. Error bars represent standard deviation.
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Fig. 79: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following mechanical force at medial bulb of heel. Error bars represent standard deviation. 

 

 

 

 
 

 

Fig. 80: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following needle pricks at lateral bulb of heel. Error bars represent standard deviation.

0

5

10

15

20

25

-5 5 7,5 10 12,5 15 20

IVRA

NBA

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

4,00

4,50

5,00

-5 5 7,5 10 12,5 15 20

IVRA

NBA

M
ec

h
a

n
ic

a
l 

p
re

ss
u

re
 (

N
) 

Time (min) 

M
ec

h
a

n
ic

a
l 

p
in

 p
ri

ck
s 

Time (min) 



RESULTS 

110 

 

 

 

 

 

 

 

 

 

Fig. 81: Mean baseline as well as after anaesthesia with either IVRA or NBA. This chart shows the 

results following needle pricks at medial bulb of heel. Error bars represent standard deviation.  
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                                                                                                         Time after Treatment (min) 

 
Variable                     Treatment                            -10                                                               15                                                             35                             Effect             P-value            

   

 TTR (°C)                 IVRA                               53.46 ± 2.28 55.00  55.00 T               0.0008** 

                                NBA                                52.45 ± 3.01                                                     55.00                                                        55.00 G    0.46 
                                 GD                                          0.46 -  - T×G               0.57 

 

 ETR (V)                  IVRA                             36.12  ±   8.64 118.1  ±  34.84 150.0 T             < 0.0001** 
                                NBA                               38.83 ±  11.05 150.0 150.0 G   0.050 

                                 GD 0.61    0.036α                                                          - T×G             0.050  

 
Lat. Bulb MPR       IVRA                             12.62  ±   3.99 20.00 20.00                                  T             < 0.0001** 

                                NBA          17.50  ±   4.34 20.12  ±  0.35 20.00 G               0.032* 

                                GD                                         0.034α   0.35  - T×G             0.010* 
 

Med. Bulb MPR     IVRA        16.12  ±  3.97            20.00 20.00 T              0.0011** 

                                NBA         17.81  ±  4.30     19.75  ±  0.70 20.00 G                 0.53 
                                GD 0.42   0.35 - T×G              0.44 

 

Lat. Bulb MNR       IVRA                            3.62    ±   0.91                                                         0                                                                 0                                  T              < 0.0001** 
                                NBA         2.37    ±   1.59    0.12    ±   0.35                                                        0                                 G                 0.12 

                                GD                                         0.11                                                             1.00                                                             1.00                              T×G             0.028* 

 

Med. Bulb MNR     IVRA                            2.87   ±   1.45                                                         0                                                                 0 T             < 0.0001** 

                                NBA                             3.00   ±   1.41                                                         0                                                                  0 G                 0.86 

                                GD                                       0.96                                                              1.00                                                             1.00                               T×G               0.97 
 

Lat. Ten MPR         IVRA                          18.62  ±   2.32             20.00 20.00 T                 0.07 

                                NBA                                  20.00            20.00 20.00                                G                0.11 
                                GD                                      0.13             - - T×G              0.07 

 

Med. Ten MPR       IVRA                          18.62   ±   2.13            20.00 20.00 T                0.059 
                                NBA                           20.00  ±   0.53           20.00 20.00 G                0.09 

                                GD                                       0.11      - - T×G             0.059 

 
Lat. Ten MNR        IVRA                          1.62     ±    1.18 0 0 T              < 0.0001** 

                                NBA                           2.12     ±    1.95 0 0 G                 0.54 

                                GD                                      0.73                                                                1.00                                                                1.00 T×G              0.68 
 

Med. Ten MNR      IVRA                          1.87    ±    0.99 0 0 T              < 0.0001** 

                                NBA                           1.00    ±    1.41 0 0 G                 0.17 
                                GD                                     0.12                                                                1.00                                                                 1.00                          T×G               0.14 

 

Lat. Dors MPR       IVRA                        18.87   ±   2.10                                                        20.00 20.00                             T                   0.18 
                                NBA                         20.12   ±   0.35            20.00  20.00                            G                   0.11 

                                GD                                    0.13                                                                 - -                             T×G                0.08 

 
Med. Dors MPR     IVRA                       19.56   ±   1.23 20.00 20.00                            T                  0.09 

                                NBA                       19.37   ±   1.40           20.00 20.00                            G                 0.78 

                                GD                                    0.78                                                                - -                             T×G               0.92 
               

Lat. Dors MNR      IVRA                      1.87     ±    1.88                                                             0                                                                    0                              T                 0.0004** 
                                NBA                      0.62     ±     1.06                                                             0                                                                    0                             G                 0.12 

                                GD                                  0.17                                                              1.00                                                       1.00                         T×G               0.08 

 
Med. Dors MNR    IVRA                      2.00   ±   1.60 0.125     ±   0.353 0                            T                 0.0003** 

                                NBA                      0.50   ±    1.41 0 0                            G                 0.06 

                                GD                                0.04                                                               1.00                                                                1.00                       T×G               0.035* 

 

        G = Treatment effect.  T = Time effect.    T×G = Time × Treatment effect. 

        IVRA = Intravenous Regional Anaesthesia.   NBA = Nerve Block Anaesthesia. 

        LR = Lateral Recumbency.  GD = Group Difference. 

        TTR = Thermal Threshold Response.     ETR = Electrical Threshold Response.  

        Lat. Bulb MPR = Mechanical Pressure Response at Lateral Bulb of Heel.           

        Lat. Bulb MNR = Mechanical Needle Response at Lateral Bulb of Heel.                    

        Lat. Ten MPR = Mechanical Pressure Response at Lateral Flexor Tendon. 

        Lat. Ten MNR = Mechanical Needle Response at Lateral Flexor Tendon.       

        Lat. Dors MPR = Mechanical Pressure Response at Lateral Dorsal Fetlock Joint.  

        Lat. Dors MNR = Mechanical Needle Response at Lateral Dorsal Fetlock Joint. 

        Med. Bulb MPR = Mechanical Pressure Response at Medial Bulb of Heel.  

        Med. Bulb MNR = Mechanical Needle Response at Medial Bulb of Heel.  

        Med. Ten MPR = Mechanical Needle Response at Medial Flexor Tendon.  

        Med. Ten MPR = Mechanical Pressure Response at Medial Flexor Tendon.  

        Med. Dors MPR = Mechanical Pressure Response at Medial Dorsal Fetlock Joint. 

        Med. Dors MNR = Mechanical Needle Response at Medial Dorsal Fetlock Joint. 

        α correction set to P < 0.016 as a significant group difference between two treatment groups per each examination. 

        Bold values differ significantly from baselines.              *P < 0.05            **P < 0.01          
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Table 7: Mean ± SD scores of Thermal Threshold Response (TTR), Electrical Threshold Response (ETR), 

Mechanical Pressure Response at Lateral Bulb of Heel (Lat. Bulb MPR), Mechanical Pressure Response at 

Medial Bulb of Heel (Med. Bulb MPR), Mechanical Needle Response at Lateral Bulb of Heel (Lat. Bulb 

MNR), Mechanical Needle Response at Medial Bulb of Heel (Med. Bulb MNR), Mechanical Pressure 

Response at Lateral Flexor Tendon (Lat. Ten MPR), Mechanical Pressure Response at Medial  Flexor Tendon 

(Med. Ten MPR), Mechanical Needle Response at Lateral Flexor Tendon (Lat. Ten MNR), Mechanical 

Needle Response at Medial  Flexor Tendon (Med. Ten MPR), Mechanical Pressure Response at Lateral Dorsal 

Fetlock Joint (Lat. Dors MPR), Mechanical Pressure Response at Medial Dorsal Fetlock Joint (Med. Dors 

MPR), Mechanical Needle Response at Lateral Dorsal Fetlock Joint (Lat. Dors MNR), Mechanical Needle 

Response at Medial Dorsal Fetlock Joint (Med. Dors MNR) in 8 cows that were treated (t0 = anaesthesia 

time) with either Intravenous Regional Anaesthesia (IVRA) or Nerve Block Anaesthesia (NBA) in lateral 

recumbency. To measure Mechanical pressure Response (MPR), Force in Newton and to record Mechanical 

Needle Response (MNR), Needle Pricks were used.  
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Cow number 1st Session 2nd Session Mean SD 
1 35 60 47,5 17,68 
2 29 40 34,5 7,78 
3 39 28 33,5 7,78 
4 35 . 35 - 
5 35 51 43 11,31 
6 35 25 30 7,07 
7 . 30 30 - 
8 35 45 40 7,07 

Mean 34,71 39,86 - - 
SD 2,93 13,01 - - 

Range 29 - 39 28 - 60 - - 
 

Cow number 1st Session 2nd Session Mean SD 
1 55 55 55 0 
2 55 51,9 53,45 2,19 
3 49,1 49,9 49,5 0,57 
4 51,5 50,6 51,05 0,64 
5 47,2 55 51,1 5,52 
6 55 55 55 0 
7 55 55 55 0 
8 55 52,1 53,55 2,05 

Mean 52,85 53,06  -  - 
SD 3,18 2,18  -  - 

Range 47,2 - 55 49,9 - 55  -  - 
 

Table 8: Intra and inter individual variances of electrical nociceptive threshold responses before 

anaesthesia application in 8 dairy cows. Each examined cow received intravenous regional as well 

as nerve block anaesthesia in two different days which has been indicated as 1
st
 and 2

nd
 sessions. 

Table 9: Intra and inter individual variances of thermal nociceptive threshold responses before 

application of anaesthesia in 8 dairy cows. Each examined cow received intravenous regional as well 

as nerve block anaesthesia in two different days which has been indicated as 1st and 2nd sessions. 
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Cow number 1st Session 2nd Session Mean SD 
1 10 20 15 7,07 
2 8 19 13,5 7,78 
3 17 11 14 4,24 
4 14 20 17 4,24 
5 20 14 17 4,24 
6 10 10 10 0 
7 20 19 19,5 0,71 
8 20 9 14,5 7,78 

Mean 14,88 15,25  -  - 
SD 5,06 4,77  -  - 

Range 8 -20 9 - 20  -  - 
 

Cow number 1st Session 2nd Session Mean SD 
1 14 8,5 11,25 3,89 
2 9 20 14,5 7,78 
3 14 20 17 4,24 
4 20 14 17 4,24 
5 20 19 19,5 0,71 
6 20 19 19,5 0,71 
7 20 20 20 0 
8 20 14 17 4,24 

Mean 17,13 16,81  -  - 
SD 4,26 4,22  -  - 

Range 9 - 20 8,5 - 20  -  - 
 

Cow number 1st Session 2nd Session Mean SD 

1 20 20 20 0 
2 20 20 20 0 
3 14 20 17 4,24 
4 20 20 20 0 
5 20 19 19,5 0,71 
6 20 16 18 2,83 
7 20 20 20 0 
8 20 20 20 0 

Mean 19,25 19,38  - -  
SD 2,12 1,41  -  - 

Range 14 - 20 16 - 20  -  - 
 

Cow number 1st Session 2nd Session Mean SD 
1 20 20 20 0 
2 19 21 20 1,41 
3 14 20 17 4,24 
4 20 20 20 0 
5 19 20 19,5 0,71 
6 20 17 18,5 2,12 
7 20 20 20 0 
8 20 19 19,5 0,71 

Mean 19 19,63  - -  
SD 2,07 1,19  -  - 

Range 14 - 20 17 - 20  - -  
 

Cow number 1st Session 2nd Session Mean SD 
1 20 20 20 0 
2 16 20 18 2,83 
3 15 20 17,5 3,54 
4 20 20 20 0 
5 20 20 20 0 
6 20 20 20 0 
7 20 20 20 0 
8 20 20 20 0 

Mean 18,88 20  - -  
SD 2,1 0  -  - 

Range 15 -20 -  -  - 
 

Cow number 1st Session 2nd Session Mean SD 
1 20 20 20 0 
2 20 20 20 0 
3 16,5 16 16,25 0,35 
4 20 20 20 0 
5 20 20 20 0 
6 19 20 19,5 0,71 
7 20 20 20 0 
8 20 20 20 0 

Mean 19,44 19,5  - -  
SD 1,24 1,41  -  - 

Range 16,5 - 20 16 - 20  - -  
 

Table 10: Intra and inter individual variances of mechanical pressure nociceptive threshold responses before 

application of anaesthesia at lateral and medial bulb of heel, flexor tendon and dorsalis fetlock joint in 8 dairy 

cows. Each examined cow received intravenous regional as well as nerve block anaesthesia in two different days 

which has been indicated as 1
st
 and 2

nd
 sessions. 
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Time after Treatment (min) 

 
Variable                 Treatment                        - 5                                     + 5                                   +7.5                              + 10                               + 12.5                                  + 15                                      + 20                        Effect         P-value             

   

  
ETR1 (V)                    IVRA                  31.66  ±  5.16                   69.16  ±  10.20                91.66  ± 31.25               124.2 ± 32.00               130.8  ±  35.55                   139.2  ±  24.16                      138.3   ±   28.57                    T             < 0.0001** 

                                   NBA                    29.16  ±  3.76                  120.8  ±  25.38                143.3  ± 11.69                     150.0                             150.0                                   150.0                                        150.0                            G               0.0029** 

                                   GD                               0.36                                0.0009**                          0.0035**           0.10                               0.24                                     0.32                                          0.36                          T×G         < 0.0001** 

 

ETR2  (V)                   IVRA                 46.66  ±  8.16                  90.83  ±   28.70               120.0  ± 30.82              137.5  ±  19.93                143.3   ±  11.69 145.8  ±  8.01                      145.0   ±  12.24 T            < 0.0001** 

                                   NBA                   35.83  ±  6.64                 147.5   ±   4.18                 148.3  ± 4.08                149.2  ±  2.04                           150.0  150.0                                     150.0 G                0.016*   
                                   GD                               0.03                               0.0044** 0.07                               0.21                                  0.22   0.25                                       0.36                          T×G            <.0001** 

 

Lat. Bulb MPR           IVRA                 11.66  ±   5.71                19.16   ±   2.04                          20.00                             20.00                               20.00                                    20.00                                   20.00  T             < 0.0001** 
                                   NBA               12.50  ±   4.92 20.00                                20. 00                            20.00                                20.00                                   20.00                                    20.00  G                  0.63 

                                   GD                              0.79    0.36                                     -                                    -                                      -                                       -                                         -                              T×G               0.99 

 
Med. Bulb MPR        IVRA              16.66  ±   5.12                19.16  ±  2.04 20.00 20.00                               20.00 20.00                                20.00 T                 0.0005** 

                                   NBA               16.50  ±   5.43 20.00 20.00 20.00                                20.00 20.00                                20.00 G                 0.85 

                                   GD                             0.95   0.36 -                                    -                                        -                                            -                                        -                            T×G              0.99 
 

Lat. Bulb MNR          IVRA                 2.50   ±  1.97 0.66    ±   0.81 0 0 0 0                                        0                              T             < 0.0001** 

                                  NBA                    2.50   ±  1.37                              0 0 0 0 0                                        0                              G                0.58 
                                   GD                             0.73      0.18                                   1.00                              1.00                                     1.00                                   1.00                                   1.00                         T×G              0.85 

 
Med. Bulb MNR        IVRA                2.50   ±  1.64                      0.50   ±   0.54 0.08  ±  0.20 0 0 0                                       0                              T             < 0.0001** 

                                   NBA                  2.66  ±   0.81                                0  0 0 0 0                                       0                             G                0.89 

                                   GD                            0.84     0.18    1.00                               1.00                                    1.00                                    1.00                                   1.00                          T×G            0.88 
 

Lat. Ten MPR            IVRA                       20.00                                  20.00 20.00 20.00 20.00 20.00                               20.00                            T                 0.43 

                                   NBA             19.33  ±  1.63  20.00 20.00 20.00 20.00 20.00                               20.00                           G                 0.34 
                                  GD                             0.36 - - - - -                                       -                            T×G              0.43 

 

Med. Ten MPR          IVRA            16.83  ±  3.76 20.00 20.00                            20.00 20.00 20.00                              20.00                             T             < 0.0001** 
                                   NBA                16.33  ±  5.16 20.00 20.00                            20.00 20.00 20.00                              20.00                             G                 0.85 

                                  GD                           0.85                                          -                                        -                                    -                                          -                                          -                                      -                              T×G               0.99 

 
Lat. Ten MNR        IVRA              1.00   ± 1.26 0.16  ±  0.40 0.08  ±  0.20 0 0 0                                     0                           T              < 0.0001** 

                                NBA               1.00   ± 1.09 0 0 0 0 0                                     0                           G                  0.75 

                                GD                              0.91    1.00    1.00                               1.00                                     1.00                                    1.00                                 1.00                        T×G                0.99 
 

Med. Ten MNR      IVRA              1.83   ±  1.16 0.75  ±  1.25 0.25  ±  0.41                   0.25  ±  0.41                       0.08  ±  0.20                        0.08  ±  0.20                            0                             T                < 0.0001** 

                                NBA               1.00   ±  0.89 0 0 0 0 0                                      0                       G                   0.10 
                                GD                                0.28     0.45     0.45                              0.45      1.00     1.00                                 1.00                        T×G                 0.21 

 

Lat. Dors MPR       IVRA              19.83  ±  0.40 20.00 20.00                         20.00 20.00 20.00                                  20.00                        T                    0.34 
                                NBA               17.83  ±  5.30 20.00 20.00                         20.00 20.00                                  20.00                                 20.00                        G                    0.37 

                                GD 0.39 - -                                 -                   - -                                         -                          T×G                 0.53 

 
Med. Dors MPR     IVRA       19.83  ±  0.40 20.00 20.00                             20.00 20.00                                 20.00                20.00                       T                   0.028* 

                                NBA                17.33  ±  4.32                         20.00                                  20.00                             20.00 20.00       20.00 20.00                      G                   0.18 

                                GD 0.21 - -         -                                             - - -                       T×G                 0.08 
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Lat. Dors MNR      IVRA                     1.25   ±  1.17 0 0  0 0 0                                        0                              T            < 0.0001** 
                                NBA                      1.00  ±  0.89                                 0 0                                    0                                         0                                         0  0 G                0.68 

                                GD                               0.82                                    1.00                                    1.00                                1.00                                   1.00                                    1.00                                  1.00                         T×G              0.98 

 
 

Med. Dors MNR    IVRA              0.91   ±  1.02 0.08  ±  0.20 0 0 0 0 0 T             < 0.0001** 

                               NBA                       0.50   ±  0.54 0.16  ±  0.40 0.08   ±   0.20 0 0 0 0 G                0.68 

                               GD 0.51 1.00     1.00                              1.00                                     1.00                                   1.00                                    1.00                        T×G              0.54 

 

 

        G = Treatment effect.  T = Time effect.    T×G = Time × Treatment effect. 

        IVRA = Intravenous Regional Anaesthesia.   NBA = Nerve Block Anaesthesia. 

        LR = Lateral Recumbency.  GD = Group Difference. 

        ETR1 = Electrical Threshold Response at Latero-Dorsal skin of Coronary Band.                               

        ETR2 = Electrical Threshold Response at the skin of soft tissue of Heel. 

        Lat. Bulb MPR = Mechanical Pressure Response at Lateral Bulb of Heel.           

        Lat. Bulb MNR = Mechanical Needle Response at Lateral Bulb of Heel.                    

        Lat. Ten MPR = Mechanical Pressure Response at Lateral Flexor Tendon. 

        Lat. Ten MNR = Mechanical Needle Response at Lateral Flexor Tendon.       

        Lat. Dors MPR = Mechanical Pressure Response at Lateral Dorsal Fetlock Joint.  

        

    Lat. Dors MNR = Mechanical Needle Response at Lateral Dorsal Fetlock Joint. 

    Med. Bulb MPR = Mechanical Pressure Response at Medial Bulb of Heel.  

    Med. Bulb MNR = Mechanical Needle Response at Medial Bulb of Heel.  

    Med. Ten MPR = Mechanical Needle Response at Medial Flexor Tendon.  

    Med. Ten MPR = Mechanical Pressure Response at Medial Flexor Tendon.  

    Med. Dors MPR = Mechanical Pressure Response at Medial Dorsal Fetlock Joint. 

    Med. Dors MNR = Mechanical Needle Response at Medial Dorsal Fetlock Joint.  

    Bold values differ significantly from baselines.  

    With α correction of P-values, significant group difference was set to P < 0.007. 

    *P < 0.05        **P < 0.01 

 

Table 11: Mean ± SD scores of Electrical Threshold Response at Latero-Dorsal skin of Coronary Band (ETR1), Electrical Threshold Response at the 

skin of soft tissue of Heel (ETR2), Mechanical Pressure Response at Lateral Bulb of Hill (Lat. Bulb MPR), Mechanical Pressure Response at Medial 

Bulb of Hill (Med. Bulb MPR), Mechanical Needle Response at Lateral Bulb of Hill (Lat. Bulb MNR), Mechanical Needle Response at Medial Bulb of 

Hill (Med. Bulb MNR), Mechanical Pressure Response at Lateral Dorsal Fetlock Joint (Lat. Dors MPR), Mechanical Pressure Response at Medial 

Dorsal Fetlock Joint (Med. Dors MPR), Mechanical Needle Response at Lateral Dorsal Fetlock Joint (Lat. Dors MNR), Mechanical Needle Response 

at Medial Dorsal Fetlock Joint (Med. Dors MNR), Mechanical Pressure Response at Lateral Flexor Tendon (Lat. Ten MPR), Mechanical Pressure 

Response at Medial Flexor Tendon (Med. Ten MPR), Mechanical Needle Response at Lateral Flexor Tendon (Lat. Ten MNR) and Mechanical Needle 

Response at Medial Flexor Tendon (Med. Ten MNR) in 6 cows that were treated (time 0) with either Intravenous Regional Anaesthesia (IVRA) or 

Nerve Block Anaesthesia (NBA) in lateral recumbency under cross-over design. 

 

Table 11: Mean ± SD scores of Electrical Threshold Response at Latero-Dorsal skin of Coronary Band (ETR1), Electrical Threshold Response at the 

skin of soft tissue of Heel (ETR2), Mechanical Pressure Response at Lateral Bulb of Heel (Lat. Bulb MPR), Mechanical Pressure Response at Medial 

Bulb of Heel (Med. Bulb MPR), Mechanical Needle Response at Lateral Bulb of Heel (Lat. Bulb MNR), Mechanical Needle Response at Medial Bulb 

of Heel (Med. Bulb MNR), Mechanical Pressure Response at Lateral Dorsal Fetlock Joint (Lat. Dors MPR), Mechanical Pressure Response at Medial 

Dorsal Fetlock Joint (Med. Dors MPR), Mechanical Needle Response at Lateral Dorsal Fetlock Joint (Lat. Dors MNR), Mechanical Needle Response 

at Medial Dorsal Fetlock Joint (Med. Dors MNR), Mechanical Pressure Response at Lateral Flexor Tendon (Lat. Ten MPR), Mechanical Pressure 

Response at Medial Flexor Tendon (Med. Ten MPR), Mechanical Needle Response at Lateral Flexor Tendon (Lat. Ten MNR) and Mechanical Needle 

Response at Medial Flexor Tendon (Med. Ten MNR) in 6 cows that were treated (t0 = anaesthesia time) with either Intravenous Regional Anaesthesia 

(IVRA) or Nerve Block Anaesthesia (NBA) in lateral recumbent dairy cows. 
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Before anaesthesia at dorso -

lateral coronary band 
Before anaesthesia at skin of 

heel 
    

Cow Number Session 1 Session 2 Session 1 Session 2 Mean SD 

1 30 30 50 40 37,5 9,57 

2 35 35 40 40 37,5 2,89 

3 25 30 40 40 33,75 7,5 

4 25 30 25 40 30 7,07 

5 25 40 30 50 36,25 11,09 

6 30 30 40 60 40 14,14 

Mean 28,33 32,5 37,5 45 - - 

SD 4,08 4,18 8,8 8,37 - - 
 

Table 12: Intra and inter individual variances of electrical threshold responses before anaesthesia 
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Before anaesthesia at  

Lateral Bulb     
Cow 

Number Session 1 Session 2 Mean SD 

1 20 12 16 5,66 
2 7 9 8 1,41 
3 17 17 17 0 
4 20 7 13,5 9,19 
5 9 12 10,5 2,12 
6 8 7 7,5 0,71 

Mean 13,5 10,67 - - 
SD 6,16 3,83 - - 

 

  
 

    

  
Before anaesthesia at 

Medial Bulb     
Cow 

Number Session 1 Session 2 Mean SD 

1 20 20 20 0 
2 7 10 8,5 2,12 
3 18 20 19 1,41 
4 20 20 20 0 
5 20 15 17,5 3,54 
6 9 25 17 11,31 

Mean 15,67 18,33 - - 
SD 6,02 5,16 - - 

 

  
 

    

  

Before anaesthesia at 

Lateral dorsalis fetlock 

Joint     
Cow 

Number Session 1 Session 2 Mean SD 

1 20 20 20 0 
2 20 20 20 0 
3 20 20 20 0 
4 20 20 20 0 
5 20 20 20 0 
6 7 19 13 8,49 

Mean 17,83 19,83 - - 
SD 5,31 0,41 - - 

 

  
 

    

  

Before anaesthesia at 

Medial Dorsalis Fetlock 

Joint     
Cow 

Number Session 1 Session 2 Mean SD 

1 20 20 20 0 
2 20 20 20 0 
3 20 20 20 0 
4 20 20 20 0 
5 14 20 17 4,24 
6 10 19 14,5 6,36 

Mean 17,33 19,83 - - 
SD 4,32 0,41 - - 

 

  
 

    

  
Before anaesthesia at 

Lateral Flexor Tendon 
    

Cow 

Number Session 1 Session 2 Mean SD 

1 20 20 20 0 
2 20 20 20 0 
3 20 20 20 0 
4 20 20 20 0 
5 20 20 20 0 
6 16 20 18 2,83 

Mean 19,33 20 - - 
SD 1,63 0 - - 

 

  
 

    

  

Before anaesthesia at 

Medial Flexor Tendon     
Cow 

Number Session 1 Session 2 Mean SD 
1 20 20 20 0 
2 15 17 16 1,41 
3 20 20 20 0 
4 14 15 14,5 0,71 
5 20 20 20 0 
6 7 11 9 2,83 

Mean 16 17,17 - - 
SD 5,18 3,66 - - 

 

Table 13:  Intra and inter individual variances of mechanical pressure threshold responses before anaesthesia of 6 

dairy cows at lateral and medial bulb of heel, flexor tendon as well as dorsalis fetlock joint in Study 2.  
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4.10.    Blood parameters 

4.10.1.    Glucose  

4.10.1.1.    Glucose baseline 

 

The Mean ± SD for blood parameters have been presented in Table 8a and 8b for lateral 

recumbency as well as standing position respectively. As the results revealed, the mean 

baseline Glucose in all times before anaesthesia in nerve block anaesthetized group was 

greater than intravenous regional treated cows at t-39 min, t-24 min, t-12 min, t-10 min, t-5 

min as well as t-1 min. However, there was not seen any significant difference between two 

anaesthetized groups (P > 0.003).   

 

4.10.1.2.    Glucose after treatment 

 

The results demonstrated the increased mean glucose level in nerve block treated cows 

compared to intravenous regional anaesthetized group at t+2 min, t+15 min and t+17 min, 

t+32 min, t+34 min, t+39 min, t+45 min, t+51 min as well as t+69 min while the mean 

glucose showed a decreased level in nerve block group compared to intravenous regional 

treated group only at t+22 min and t+27 min. However, any significant difference was not 

seen between two anaesthetized groups and both anaesthesia methods had no remarkable 

effect on pain (P > 0.003). Even though, the results revealed the effect of time (Time effect: P 

< 0.0001) there was no treatment and its interaction with time related to this blood parameter 

(Group effect: P = 0.5; Group*Time effect: P = 0.9) [Fig. 82].  
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Fig. 82: Mean glucose 

concentration baselines as well as 

following anaesthesia with either 

IVRA or NBA. A, B, C, D and E 

represent respectively the time for 

turning cows to LR, tourniquet 

application, anaesthesia with 

either IVRA or NBA, returning 

cows to standing position as well 

as tourniquet deflation. 
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4.10.1.3.    Glucose concentration related to lateral recumbency  

 

The glucose concentration of plasma was measured at t-20 min and t-5 min as a baseline 

plasma glucose concentration as well as t+7 min after turning cows to lateral recumbency on 

surgical tipping table. According to evaluated results by T-Test, although, the mean plasma 

glucose concentration in nerve block anaesthetized cows showed a higher level compared to 

intravenous regional anaesthetized group before lateral recumbency at t-20 min and t-5 min as 

well as after turning cows to lateral recumbency at t+7 min, there was not seen any significant 

difference between two groups related to this factor (P T-20, T-5, T+7 > 0.05; t0 = LR time) [Fig. 

83]. Furthermore, evaluated results by proc GLM revealed, Group effect: P = 0.13, Time 

effect: P = 0.30 and Group*Time effect: P = 0.90. 

 

 

 

4.10.1.4.    Glucose concentration related to turning to standing position 

 

The assessment of measured glucose concentration using T-Test showed, the mean plasma 

glucose concentration in nerve block anaesthetized group was greater than intravenous 

regional anaesthetized cows before returning cows to standing position from lateral 

recumbency at t-1 min as well as after their returning to standing position at t+5 min. 

However, any significant difference between two treated groups regarding type of anaesthesia 

was not demonstrated (P T-1, T+5 > 0.05; t0 = returning cows to standing position time) [Fig. 

84]. Additionally, evaluated results by proc GLM revealed, Group effect: P = 0.84, Time 

effect: P = 0.0016 and Group*Time effect: P = 0.46.  
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Fig. 83: Mean glucose 

concentration before and after 

turning to lateral recumbency on 

surgical tilt table (t0 = LR time). 

Error bars represent standard 

deviation. 
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4.10.1.5.    Glucose concentration related to first (control), second and third nociceptive 

                  thresholds  

 

Evaluation of data by T-Test revealed the plasma glucose concentration for the first 

nociceptive threshold measurement as a control before anaesthesia application with either 

nerve block or intravenous regional anaesthesia was measured at t-1 min, t+1 min as well as 

t+5 min. The mean baseline plasma glucose concentration in nerve block anaesthetized group 

was higher than intravenous regional treated cows at those measured time before anaesthesia. 

However, any significant group difference was not seen between two treated groups before 

anaesthesia (P T-1, T+1, T+5 > 0.05; t0 = first nociceptive threshold measurement) Moreover, 

evaluated results by proc GLM showed, Group effect: P = 0.24, Time effect: P = 0.68 and 

Group*Time effect: P = 0.89. Regarding second nociceptive threshold assessment after 

anaesthesia application, the mean glucose concentration in nerve block anaesthetized groups 

was greater than intravenous regional treated cows at t-1 min as well as t+1 min while the 

mean glucose concentration in intravenous regional anaesthetized cows had a higher level 

compared to nerve block treated groups at t+5 min. However, any remarkable group 

difference related to type of anaesthesia was not demonstrated before and after second 

nociceptive threshold measurement (P T-1, T+1, T+5 > 0.05; t0 = second nociceptive threshold 

measurement). In addition, proc GLM showed, Group effect: P = 0.73, Time effect: P = 

0.0002 and Group*Time effect: P = 0.29. The mean glucose concentration in intravenous 

regional treated cows was lesser than nerve block anaesthetized groups before as well as 

following third nociceptive threshold measurement at t-1 min, t+1 min and t+5 min. However, 

there was no remarkable group difference between two anaesthetized groups at those 

mentioned time point (P T-1, T+1, T+5 > 0.05; t0 = third nociceptive threshold measurement). 

Evaluation of measured third nociceptive threshold responses using proc GLM showed, 
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Fig. 84: Mean glucose concentration 

before and after returning cows to 

standing position from lateral 

recumbency (t0 = returning cows to 

standing position time). Error bars 

represent standard deviation. 
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Group effect: P = 0.93, Time effect: P = 0.003 as well as their interaction, Time*Group effect: 

P = 0.81 [Fig.85].  

 

 

 

 

 

 

 

4.10.1.6.    Glucose concentration related to anaesthesia 

 

According to evaluated T-Test results, the mean plasma glucose concentration in nerve block 

treated cows was greater than intravenous regional treated cows before and after anaesthesia 

application. However, no significant difference between two anaesthetized groups was seen 

before as well as following application of local anaesthesia (P T-1, T+2 > 0.05; t0 = anaesthesia 

time) [Fig. 86]. Application of proc GLM for repeated measurement revealed, Group effect: P 

= 0.19, Time effect: P = 0.006 and Time *Group effect: P = 0.65. 
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Fig. 85: Mean glucose 

concentration before and 

after anaesthesia with 

either nerve block or 

intravenous regional 

anaesthesia (t0 = 

returning cows to 

standing position time). 

Error bars represent 

standard deviation. 
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4.10.1.7.    Glucose concentration related to application of tourniquet 

 

The assessment of results by T-Test revealed that, the mean plasma glucose concentration had 

a higher level in nerve block anaesthetized group compared to intravenous regional treated 

cows. However, the significant difference regarding two anaesthesia groups was not seen in 

both measured time at t-1 min as well as t+3 min (P T-1, T+3 > 0.05; t0 = inflation of tourniquet 

time) [Fig. 87]. Besides, proc GLM showed, Group effect: P = 0.29, Time effect: P = 0.84 and 

Time*Group effect: P = 0.27. 

 

 

 

 

4.10.1.8.    Glucose concentration related to removal of tourniquet 

 

As the evaluated results by T-Test showed, there was an increased level of mean plasma 

glucose concentration in both groups before and after tourniquet release. However, the mean 

plasma glucose concentration in nerve block anaesthetized group was greater than intravenous 
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Fig. 86: Mean glucose concentration 

before application of anaesthesia as 

well application of anaesthesia with 

either nerve block or intravenous 

regional local anaesthesia (t0 = 

anaesthesia time). Error bars represent 

standard deviation. 
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regional treated cows. Any significant difference was not demonstrated between two treated 

groups (P T-1, T+5, T+23 > 0.05; t0 = deflation of tourniquet time) [Fig. 88]. Further, application 

of proc GLM revealed, Group effect: P = 0.49, Time effect: P = 0.006 and Time*Group 

effect: P = 0.33. 

 

 

4.10.2.    Lactate 

4.10.2.1.    Lactate baseline 

 

As the presented results in Table 8a and 8b shows, the baselines serum lactate concentration 

in nerve block treated cows was greater than intravenous regional anaesthetized group at t-39 

min, t-24 min, t-12 min, t-10 min, t-5 min as well as t-1min. However, those increased level 

of mean in nerve block anaesthetized group compared to intravenous regional treated cows 

did not demonstrate the significant difference between two treatment methods.       

 

4.10.2.2.    Lactate following anaesthesia 

 

The results revealed the decreased mean serum lactate concentration in nerve block treated 

group compared to intravenous regional anaesthetized cows at t+2 min, t+15 min, t+17 min, 

t+22 min, t+27 min, t+32 min and t+34 min, t+45 min and t+51 min after anaesthesia while 

the mean serum Lactate concentration in nerve block treated cows had an increased level 

compared to intravenous regional   anaesthetized group only 39 and 69 minutes following 

treatment.  However, although decreased and increased level of mean serum Lactate 

concentration in all times after anaesthesia was not on the same way in both anaesthetized 

groups any significant difference between two anaesthesia methods was not seen regarding 

that parameter. Furthermore, there was a remarkable time effect related to this blood 
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Fig. 88: Mean glucose 

concentration before and 

following release of 
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parameter (Time effect: P < 0.0001) while any significant impact of treatment and its 

interaction with time was not seen (Group effect: P = 0.6; Time*Group effect: P = 0.5) [Fig. 

89].  

 

 
 

 

4.10.2.3.    Lactate concentration related to lateral recumbency 

 

According to the evaluated results using T-Test, the mean plasma lactate concentration in 

both treated groups had an increased level at t-20 min, t-5 min and t+7 min. The mean lactate 

concentration in nerve block anaesthetized cows was higher than intravenous regional 

anaesthetized group. However, there was not seen any significant difference between two 

anaesthetized groups before and after turning cows to lateral recumbency (P T-20, T-5, T+7 > 

0.05; t0 = LR time) [Fig. 90]. Also, proc GLM revealed, Group effect: 0.31, Time effect: P = 

0.0006, Time*Group effect: P = 0.99. 

0

1

2

3

4

5

6

-39 -24 -12 -10 -5 -1 2 15 17 22 27 32 34 39 45 51 69

L
a

ct
a

te
 c

o
n

ce
n

tr
a

ti
o

n
 (

m
m

o
l 

l-1
) 

Time (min) 

IVRA

NBA

Fig. 89: Mean lactate concentration 

baselines as well as after  treatment 

with either IVRA or NBA. A, B, C, D 

and E represent respectively the time 

for turning cows to LR, tourniquet 

application, anaesthesia with either 

IVRA or NBA, returning cows to 

standing position as well as tourniquet 

deflation. 



RESULTS 

 

126 

 

 

 

4.10.2.4.    Lactate concentration related to turning to standing position 

 

The T-Test evaluated results showed that, the mean plasma lactate concentration in 

intravenous regional anaesthetized cows was higher compared to nerve block treated cows 

after returning cows to standing position from lateral recumbency at t+5 min while the mean 

plasma lactate concentration in nerve block group was greater than intravenous regional 

treated cows before standing position at t-1 min. However, there was not seen any remarkable 

difference between two anaesthetized groups at both mentioned time (P T-1, T+5 > 0.05; t0 = 

returning cows to standing position time) [Fig. 91]. Additionally application of proc GLM 

revealed, Group effect: P = 0.85, Time effect: P = 0.39 and Time*Group effect: P = 0.19. 
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time). Error bars represent 

standard deviation. 
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turning cows to standing 

position from lateral 

recumbency. Error bars 
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4.10.2.5.    Lactate concentration related to first (control), second and third nociceptive 

                  thresholds  

 

The evaluated results by T-Test showed that, the mean plasma lactate concentration in nerve 

block treated group was higher than intravenous regional anaesthetized cows before and after 

first nociceptive threshold measurements. However, any significant difference realted to type 

of anaesthesia with either nerve block or intravenous regional anaesthesia was not seen at t-1 

min, t+1 min as well as t+5 min (P T-1, T+1, T+5 > 0.05; t0 = first nociceptive threshold 

measurement). Furthermore, proc GLM showed, Group effect: P = 0.37, Time effect: P = 

0.008 and Time*Group effect: P = 0.50. According to T-Test calculated results, the mean 

plasma lactate concentration in nerve block anaesthetized group showed a lower level than 

intravenous regional treated cows before as well as after second nociceptive threshold 

measurements at t-1 min, t+1 min as well as t+5 min with no remarkable difference between 

two groups (P T-1, T+1, T+5 > 0.05; t0 = second nociceptive threshold measurement). Application 

of proc GLM revealed, Group effect: P = 0.38, Time effect: P = 0.10 and Time*Group effect: 

P = 0.99. The results assessed by T-Test demonstrated that, the mean plasma lactate 

concentration in nerve block treated cows was lower than intravenous regional treated cows 

before and following third nociceptive thresholds at t-1 min and t+1 min while there was a 

higher level of lactate concentration in nerve block treated group compared to intravenous 

regional anaesthetized cows at t+5 min after anaesthesia without any remarkable difference 

between two treated groups before as well as after third nociceptive threshold measurements 

(P T-1, T+1, T+5 > 0.05; t0 = third nociceptive threshold measurement) [Fig. 92]. Additionally, 

proc GLM revealed, Group effect: P = 0.99, Time effect: P = 0.01 and Time*Group effect: P 

= 0.90. 
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4.10.2.6.    Lactate concentration related to anaesthesia 

 

As the evaluated results by T-Test revealed, the mean plasma lactate concentration in nerve 

block anaesthetized cows was higher than intravenous regional treated group before 

anaesthesia at t-1 min while the mean lactate concentration in nerve block group had a lower 

level compared to intravenous regional treated cows after anaesthesia application at t+2 min. 

However, any remarkable difference between two different treated groups was not seen at t-1 

min as well as t+2 min (P T-1, T+2 > 0.05; t0 = anaesthesia time) [Fig. 93]. Further, application 

of proc GLM showed, Group effect: P = 0.97, Time effect: P = 0.09 and Time*Group effect: 

P = 0.28. 
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Fig. 92: Mean lactate concentration before and after application of anaesthesia with either nerve 

block or intravenous regional anaesthesia before and after first, second and third nociceptive 

stimulations. Error bars represent standard deviation.  
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4.10.2.7.    Lactate concentration related to application of tourniquet 

 

The T-Test revealed, the mean plasma lactate concentration in nerve block anaesthetized 

group was higher than intravenous regional treated cows before and after inflation of 

tourniquet at t-1 min and t+3 min. However, any significant difference between two groups 

was not seen at those mentioned time (P T-1, T+3 > 0.05; t0 = tourniquet inflation time) [Fig. 

94]. According to proc GLM, Group effect: P = 0.55, Time effect: P = 0.03 and Time*Group 

effect: P = 0.14.  

 

 

4.10.2.8.    Lactate concentration related to removal of tourniquet 

 

Calculation of results using T-Test showed that, the mean plasma lactate concentration in 

nerve block anaesthetized group was higher than intravenous regional treated cows at t+23 

min while that mean was lower in nerve block group than intravenous regional treated cows at 

t-1 min as well as t+5 min. However, any significant difference between two different 

anaesthetized groups was not seen (P T-1, T+5, T+23 > 0.05; t0 = deflation of tourniquet time) 

[Fig. 95]. Moreover, proc GLM revealed, Group effect: P = 0.82, Time effect: P < 0.0001 and 
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Group*Time effect: P = 0.26. 

 

 

 

4.10.3.    NEFA 

4.10.3.1.    NEFA baseline 

 

The Mean ± SD of serum NEFA has been shown in Table 8a and 8b.  

As the results showed, the mean baseline serum NEFA concentration in intravenous regional 

anaesthetized group was higher than nerve block treated cows at t-39 min, t-24 min, t-12 min, 

t-10 min, t-5 min, t-1 min before anaesthesia application with either IVRA or NBA. However, 

those increased mean serum free fatty acid level in intravenous regional anaesthetized group 

compared to nerve block treated cows, did not demonstrate any significant difference between 

two anaesthesia methods regarding this point.    

 

4.10.3.2.    NEFA after treatment 

 

The results showed that the mean serum free fatty acid concentration in nerve block group is 

lower than intravenous regional anaesthetized cows at all times after anaesthesia’s 

administration (t+2 min, t+15 min, t+17 min, t+22 min, t+27 min, t+32 min, t+34 min, t+39 

min, t+45 min, t+51 min and t+69 min; t0 = anaesthesia time). Moreover, any significant 

difference between two treatment groups was not seen after anaesthesia regarding free fatty 

acid concentration. However, the results revealed the significant effect of time (Time effect: P 

< 0.0001) while no remarkable effect related to anaesthesia method and treatment and time 

was seen (Group effect: P = 0.5; Group*Time effect: P = 0.02) [Fig. 96].  
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4.10.3.3.    NEFA concentration related to lateral recumbency 

 

As the results under application of T-Test showed, the mean plasma NEFA concentration in 

nerve block anaesthetized group was lesser than intravenous regional treated cows at t-20 

min, t-5 min and t+7 min. However, any significant difference between two treated groups 

was not seen at above time (P T-20, T-5, T+7 > 0.05; t0 = LR time) [Fig. 97]. Further, proc GLM 

revealed that, Group effect: P = 0.74, Time effect: P = 0.01 and Time*Group effect: P = 0.96.
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4.10.3.4.    NEFA concentration related to turning to standing position 

 

Assessement of results by T-Test showed that, the mean plasma NEFA concentration in 

intravenous regional anaesthetized group was greater than nerve block treated cows before 

and following returning cows to standing position from lateral recumbency at t-1 min and t+5 

min. However, any remarkable difference between two treated groups was not seen at both 

time (P T-1, T+5 > 0.05; t0 = returning to standing position time) [Fig. 98]. Additionally, applied 

proc GLM revealed, Group effect: P = 0.18, Time effect: P = 0.62 and Time*Group effect: P 

= 0.15. 

 

 

4.10.3.5.    NEFA concentration related to first (control), second and third nociceptive 

                  thresholds  

As the results by SAS program T-Test revealed, the mean plasma NEFA concentration in 
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Fig. 97: Mean NEFA 

concentration before LR and 

after turning cows to lateral 

recumbency on surgical tilt 

table (t0 = LR time). Error 

bars represent standard 

deviation. 
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group before as well as after first nociceptive threshold measurement at t-1 min, t+1 min as 

well as t+5 min. However this raise in mean NEFA concentration in intravenous regional 

group did not cause any significant difference between two different anaesthetized groups and 

any significant group difference was not seen regarding the type of anaesthesia at those 

mentioned time (P T-1,T+1, T+5 > 0.05; t0 = first nociceptive threshold measurement). Moreover, 

proc GLM showed, Group effect: P = 0.76, Time effect: P = 0.58 and Time*Group effect: P = 

0.10. Regarding second nociceptive threshold responses, the mean plasma NEFA 

concentration in nerve block treated cows was lesser than intravenous regional anaesthetized 

group at t-1 min, t+1 min and t+5 min before and following second nociceptive threshold 

assessment. However, there was not seen any significant difference between two treated 

groups regarding type of anaesthesia at those mentioned time (P T-1, T+1, T+5 > 0.05; t0 = second 

nociceptive threshold measurement). Also, application of proc GLM revealed, Group effect: P 

= 0.64, Time effect: P = 0.056 and Time*Group effect: P = 0.016. Evaluation of measured 

NEFA concentration using T-Test demonstrated the higher level of mean NEFA concentration 

in intravenous regional anaesthetized groups compared to nerve block treated cows before and 

after third nociceptive threshold assessment at t-1 min, t+1 min and t+5 min with no 

significant group difference between two anaesthetized groups (P T-1, T+1, T+5 > 0.05; t0 = third 

nociceptive threshold measurement) [Fig.99]. Furthermore, proc GLM revealed, Group effect: 

P = 0.46, Time effect: P = 0.0003 and Time*Group effect: P = 0.71. 
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Fig. 99: Mean NEFA concentration before and following anaesthesia application with either nerve block or 

intravenous regional anaesthesia before and after first, second and third pain stimulations. Error bars show 

standard deviation. 
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4.10.3.6.    NEFA concentration related to anaesthesia 

 

As the evaluated results of T-Test revealed, the mean plasma NEFA concentration in 

intravenous regional treated cows was more than nerve block treated group before and after 

anaesthesia application  at t-1 min and t+2 min with no significant difference between two 

treated groups at those time point (P T-1, T+2 > 0.05; t0 = anaesthesia time) [Fig. 100]. Also, 

proc GLM showed, Group effect: P = 0.94, Time effect: P = 0.62 and Time*Group effect: P = 

0.51. 

 

 

4.10.3.7.    NEFA concentration related to application of tourniquet 

 

According to calculated results by T-Test, the mean plasma NEFA concentration in nerve 

block treated cows had a lower level than intravenous regional anaesthetized group before and 

after tourniquet inflation at t-1 min as well as t+3 min. However, any remarkable difference 

between two treated groups was not seen at those mentioned time (P T-1, T+3 > 0.05; t0 = 

tourniquet inflation time) [Fig. 101]. Also, application of proc GLM revealed, Group effect: P 

= 0.88, Time effect: P = 0.99 and Time*Group effect: P = 0.88. 
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Fig. 100: Mean NEFA 

concentration before anaesthesia 

application and following 

application of anaesthesia with 

either nerve block or intravenous 

regional anaesthesia (t0 = 

anaesthesia time). Error bars 

represent standard deviation. 
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4.10.3.8.    NEFA concentration related to release of tourniquet 

 

The evaluated measured NEFA concentration by T-Test showed, the mean plasma NEFA 

concentration in nerve block treated cows was lesser than intravenous regional anaesthetized 

group before and after tourniquet deflation at t-1 min, t+5 min and t+23 min without any 

remarkable group difference between two groups at those time (P T-1, T+5, T+23 > 0.05; t0 = 

removal of tourniquet time) [Fig. 102]. Moreover, Proc GLM revealed, Group effect: P = 

0.10, Time effect:  P < 0.0001 and Time*Group effect: P = 0.009. 

 

 

4.10.4.    Cortisol 

4.10.4.1.    Cortisol baseline 

 

The Mean ± SD for blood cortisol has been presented in Table 8a and 8b for lateral 

recumbency and standing position respectively. As the results revealed, the mean baseline 

intravenous regional anaesthetized group was higher than mean baseline nerve block treated 

cows before anaesthesia with either intravenous regional or nerve block at t-39 min, t-24 min, 

t-12 min, t-10 min, t-5 min as well as t-1 min. However, even though there was an increased 

level of mean in intravenous regional anaesthetized group, there was not seen any significant 

difference between two treated groups.     

 

4.10.4.2.    Cortisol after treatment 

 

The results demonstrated that mean intravenous regional anaesthetized group had a higher 

level compared to nerve block treated cows after anaesthesia at t+15 min, t+22 min, t+32 min, 

t+34 min, t+45 min, t+51 min and t+69 min. However, the mean nerve block treated group 
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Fig. 102: Mean NEFA 

concentration before and 

after release of tourniquet (t0 
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was greater than intravenous regional treated cows at t+2 min, t+17 min, t+27 min as well as 

t+39 min (t0 = anaesthesia time). Although, at those above time, mean intravenous regional 

anaesthetized group had a lower level compared to nerve block treated cows no significant 

difference was seen between two anaesthetized groups as well as their interaction with time 

(Group effect: P = 0.74; Group*Time effect: P = 0.55) but there was a remarkable difference 

regarding time (Time effect: P < 0.0001) [Fig. 103]. 

 

  
 

 

 

 

 

4.10.4.3.    Cortisol concentration related to lateral recumbency 

 

Evaluation of results using T-Test showed, the mean plasma cortisol concentration in 

intravenous regional anaesthetized cows was more than nerve block treated group before and 

after lateral recumbency at t-20 min, t-5 min and t+7 min. However, there was not seen any 

significant difference between two groups at those time before and after turning cows to 

lateral recumbency at t-20 min and t+7 min (P T-20, T+7 > 0.05; t0 = LR time). On the other 

hand, the significant difference between two treated groups was seen at t-5 min (P T-5 = 0.03; 

t0 = LR time) which is irrelevant to anaesthesia effect [Fig. 104]. Further, application of proc 

GLM revealed, Group effect: P = 0.19, Time effect: P < 0.0001 and Group*Time effect: P = 

0.73. 
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4.10.4.4.    Cortisol concentration related to turning to standing position 

 

According to evaluated T-Test results, the mean plasma cortisol concentration in nerve block 

treated cows was more than intravenous regional anaesthetized group at t-1 min while the 

mean cortisol concentration in intravenous regional treated group was greater compared to 

nerve block treated cows at t+5 min with no significant difference between two treated groups 

at both time (P T-1, T+5 > 0.05; t0 = returning cows to standing position from lateral 

recumbency time) [Fig. 105].  Additionally, application of proc GLM revealed, Group effect: 

P = 0.22, Time effect: P 0.47 and Group*Time effect: P = 0.43. 
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LR time).  

* shows significant group 

difference between two treated 

groups at t-5 min. Error bars 

represent standard deviation. 
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Fig. 105: Mean cortisol 

concentration before and after 

returning cows to standing 

position (t0 = returning cows to 

standing position from lateral 

recumbency time). Error bars 

represent standard deviation. 
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nociceptive threshold measurements (P T-1, T+1, T+5 > 0.05; t0 = first nociceptive threshold 

measurement). Application of proc GLM showed, Group effect: P = 0.41, Time effect: P = 

0.03 and Time*Group effect: P = 0.77. Regarding second nociceptive threshold assessment, 

the mean plasma cortisol concentration in intravenous regional treated cows was greater than 

nerve block anaesthetized cows at t-1 min and t+5 min while the mean cortisol concentration 

in intravenous regional treated cows showed a lower level compared to nerve block 

anaesthetized group at t+1 min without any significant group difference between two different 

groups at those time before as well as after second nociceptive threshold measurement (P T-1, 

T+1, T+5 > 0.05; t0 = second nociceptive threshold measurement). Further, proc GLM showed, 

Group effect: P = 0.95, Time effect: P = 0.058 and Group*Time effect: P = 0.53. Assessment 

of measured cortisol concentration before and after third nociceptive threshold measurement 

revealed, the mean plasma cortisol concentration in intravenous regional treated cows had a 

higher level compared to nerve block treated cows at t-1 min and t+1 min while had a lower 

level than nerve block treated cows at t+5 min (t0 = third nociceptive threshold 

measurement). However, any remarkable group difference between two different 

anaesthetized groups was not seen at those time point (P T-1, T+1, T+5 > 0.05; t0 = third 

nociceptive threshold measurement) [Fig. 106]. Moreover, evaluated results by proc GLM 

showed, Group effect: P = 0.90, Time effect: P = 0.007 and Time*Group effect: P = 0.31. 
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Fig. 106: Mean cortisol concentration before and after anaesthesia application with either nerve block or 

intravenous regional anaesthesia before and following each pain stimulations. Error bars represent standard 

deviation. 
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4.10.4.6.    Cortisol concentration related to anaesthesia 

 

According to assessed result using SAS program for repeated measurements, the mean plasma 

cortisol concentration in intravenous regional treated cows was higher than nerve block 

treated group before anaesthesia application at t-1 min while mean cortisol concentration in 

nerve block treated cows was greater than intravenous regional group at t+2 min (t0 = 

anaesthesia time). However, any significant difference between two groups was not seen 

regarding type of anaesthesia method at those time (P T-1, T+2 > 0.05; t0 = anaesthesia time) 

[Fig. 107]. Besides, proc GLM revealed, Group effect: P = 0.88, Time effect: P = 0.05 and 

Time*Group effect: P = 0.08. 

 

 

4.10.4.7.    Cortisol concentration related to inflation of tourniquet 

According to evaluated results, the mean plasma cortisol concentration in intravenous 

regional treated cows was higher than nerve block anaesthetized cows before and after 

tourniquet application at t-1 min and t+3 min. However, any significant difference between 

two treated groups was not seen related to type of anaesthesia at those time (P T-1, T+3 > 0.05; 

t0 = tourniquet inflation time) [Fig. 108]. Application of proc GLM for further assessment 

revealed, Group effect: P = 0.59, Time effect: P = 0.03 and Time*Group effect: P = 0.94. 
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Fig. 107: Mean cortisol 

concentration before and after 

anaesthesia application with either 

nerve block analgesia or 

intravenous regional anaesthesia 

(t0 = anaesthesia time). Error bars 

represent standard deviation. 
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concentration before and 

following tourniquet application 

(t0 = tourniquet inflation time). 

Error bars represent standard 

deviation. 
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4.10.4.8.    Cortisol concentration related to deflation of tourniquet 

 

As the results revealed, the mean plasma cortisol concentration in intravenous regional treated 

cows was higher than nerve block treated group at t-1 min, t+5 min and t+23 min without any 

significant difference regarding type of anaesthesia method at those time before and after 

tourniquet release (P T-1, T+5, T+23 > 0.05; t0 = tourniquet deflation time) [Fig. 109]. 

Furthermore, proc GLM showed, Group effect: P = 0.86, Time effect: P = 0.0002 and 

Time*Group effect: P = 0.87. 

 

 

 

4.11.    Effect of application of tourniquet in hind limb intravenous regional anaesthesia 

4.11.1.    Baseline blood parameters, arterial blood pressure as well as cardio –   

               respiratory factors 

                       As the evaluated results revealed [Tab. 15], application of tourniquet 1 min 

before intravenous regional anaesthesia had no significant effect on measured blood 

parameters (NEFA PT5 = 0.87; Glucose PT5= 0.39; Lactate PT5 = 0.32; Cortisol PT5 = 0.55: 

PT5 = t+14 min [t0 = LR time]; P significant < 0.003). Regarding systolic as well as diastolic 

arterial blood pressure which had been measured one minute before tourniquet’s 

administration, no significant difference was seen (SPR PT5 = 0.38; DPR PT5 = 0.25: PT5 = 

t+14 min [t0 = LR time]; P significant < 0.002). Furthermore, application of tourniquet before 

intravenous regional anaesthesia had no remarkable effect on cardio-respiratory parameters 

such as respiratory rate (RR PT5 = 0.20: PT5 = t+14min [t0 = LR time]; P significant < 0.002) 

as well as heart rate (HR PT5 = 0.13: PT5 = t+14 min [t0 = LR time]; P significant < 0.002) 

[Fig. 110 - 112].  
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Fig. 109: Mean cortisol 

concentration before and after 

tourniquet release (t0 = tourniquet 

deflation time). Error bars 

represent standard deviation. 
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4.11.2.    Blood parameters, arterial blood pressure as well as cardio – respiratory    

               factors one minute after tourniquet application 

                       The results showed that administration of tourniquet had no significant effect 

on the blood parameters (NEFA PT6 = 0.89; Glucose PT6= 0.22; Lactate PT6 = 0.80; 

Cortisol PT6 = 0.63: T6 = t+18 min [t0 = LR time]; P significant < 0.003). Moreover, there 

was not seen any significant effect of tourniquet’s application on cardio – respiratory factors 

(SPR PT6 = 0.58; DPR PT6 = 0.91; RR PT6 = 0.68: HR PT6 = 0.50:  PT6 = t+18 min [t0 = 

LR time]; P significant < 0.002). Therefore, inflation of tourniquet to perform intravenous 

regional anaesthesia had no effect on pain parameters which has been measured.  

 

4.11.3.    Baseline Blood parameters, arterial blood pressure as well as cardio –  

               respiratory factors one minute before tourniquet removal 

                       There was not seen any significant effect related to removal of tourniquet one 

minute before removal. All measure parameters such as blood factors (NEFA PT15 = 0.05; 

Glucose PT15= 0.73; Lactate PT15 = 0.67; Cortisol PT15 = 0.74: PT15 = t+64 min [t0 = LR 

time]; P significant < 0.003) as well as cardio – respiratory parameters (SPR PT15 < 0.0001; 

DPR PT15 = 0.007; RR PT15 = 0.22: HR PT15 = 0.42: PT15 = t+64 min [t0 = LR time]; P 

significant < 0.002) revealed that baseline measured parameters had no significant effect 

related to tourniquet deflation. 

 

4.11.4.    Blood parameters, arterial blood pressure and cardio – respiratory parameters 

               five minutes following removal of tourniquet 

                       As the results showed not only application of tourniquet had no significant 

effect on pain in intravenous regional anaesthesia but also removal of tourniquet did not show 

any significant efficacy on pain. All measured parameters such as blood factors (NEFA PT16 

= 0.11; Glucose PT16= 0.44; Lactate PT16 = 0.79; Cortisol PT16 = 0.91: PT16 = t+70 min 

[t0 = LR time]; P significant < 0.003) as well as cardio – respiratory parameters (SPR PT16 = 

0.95; DPR PT16 = 0.16; RR PT16 = 0.27: HR PT16 = 0.47: PT16 = t+70 min [t0 = LR time]; 

P significant < 0.002) did not reveal any significant difference related to pain resulted in 

removal of tourniquet.  
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Fig. 110 : Mean ± SD blood parameters as well as cardio – respiratory elements measured in 8 dairy 

cows treated with either intravenous regional anaesthesia or nerve block anaesthesia. T5, T6, T15 and 

T16 shows t-5 min, t-1 min, t+45 min and t+51 min respectively (t0 = anaesthesia time). T5 belongs to 

blood and cardio – respiratory parameters’ measurements one minute before application of tourniquet 

(14 minutes after LR), T6 belongs to measurements one minute after application of tourniquet (18 

minutes following LR) while T15 shows the measurements one minute before release of tourniquet 

(64 minutes after LR) and finally T16 belongs to measured factors five minutes after removal of 

tourniquet (70 minutes after LR). 

 

 
Fig. 111: Comparison of mean systolic as well as diastolic arterial blood pressure in two anaesthetized 

groups treated with either IVRA or NBA. SBP represents systolic blood pressure while DBP shows 

diastolic blood pressure in intravenous regional anaesthetized (IVRA) cows and nerve block 

anaesthetized (NBA) group at five minutes (t-5 min) and one minute (t-1 min) before anaesthesia 

treatment as baselines as well as fourthy five minutes (t+45 min) and fifthy one minutes (t+51 min) 

after anaesthesia (t0 = anaesthesia time). 
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Time after Treatment (min) 

 

Variable            Treatment                  -12LR                -10 LR                -5 LR                  -1 LR                    2 LR                  15 LR                 17 LR                   22 LR                   27 LR               32 LR               34 LR              39LR               Effect     P-value            

      

 

Glucose              IVRA               3.80  ±  0.31      3.88  ± 0.30     3.80  ± 0.53       3.75 ± 0.53        4.00 ± 0.30        4.05 ± 0.57      4.24 ± 0.63          4.35 ± 0.61        4.48 ± 0.83    4.61 ± 0.94     4.75 ± 0.97    4.84 ± 1.09              T         < 0.0001**                                       

 (mmol l-1)              NBA                3.98  ±  0.16      4.00  ± 0.13     3.98  ± 0.17       4.01 ± 0.24        4.20 ± 0.31        4.18 ± 0.28      4.37 ± 0.29          4.34 ± 0.26        4.46 ± 0.63    4.68 ± 0.33     4.76 ± 0.40    4.85 ± 0.49              G             0.50                                                 

                           GD                          0.17                   0.31                  0.39                  0.22                   0.21                   0.58                 0.60                    0.95                   0.95                0.84               0.98                0.97                  T×G          0.98 

 

Lactate               IVRA              2.61 ± 0.70        3.06 ± 1.13     2.98  ± 1.53         3.63 ± 2.12        4.35  ± 2.54       5.02 ± 2.86     5.30 ± 3.02          5.48 ± 2.97        5.57 ± 3.05    5.29 ± 2.76     5.38 ± 2.95    5.59 ± 3.09               T         < 0.0001**                                                                              

 (mmol l-1)              NBA               2.92  ± 0.95       3.53 ± 1.22     3.75 ± 1.50          3.88 ± 1.68        4.05 ± 1.65        4.00 ± 1.28     4.23 ± 1.63          4.42 ±1.74         4.76 ± 2.52    5.24 ± 2.44     5.36  ± 2.58   5.64 ± 2.65               G             0.61                                                                                                                                   

                           GD                      0.46                   0.44                  0.32                     0.80                   0.78                    0.37               0.39                      0.39                    0.57                 0.97                0.99               0.97                T×G           0.50                      

 

NEFA                IVRA           317.9 ± 212.3    341.9 ± 218.8   323.8 ± 200.7    322.5 ± 178.9    320.9 ± 185.6    345.8 ± 252.8   354.8 ± 248.1    398.6 ± 258.0    397.3 ± 248.1   399.0 ± 244.0  426.9 ± 253.7   450.5±250.3         T          < 0.0001**                                                                                                                

(mmol l-1)              NBA            297.6 ± 185.2    289.5 ± 174.4   308.1± 190.5     309.3 ± 197.6    320.1 ± 222.4    307.9 ± 262.5   316.0 ± 222.9    305.6 ± 203.4    327.6 ± 213.0   321.4± 196.1  337.5 ± 206.7   358.4±223.2         G              0.52                     

                           GD                     0.84                    0.60                  0.87                    0.89                  0.99                    0.77                   0.74                    0.43       0.55                   0.49                 0.45                 0.45              T×G           0.027* 

                                                                                                                                                                                                                                                                              

Cortisol              IVRA         43.22 ± 13.80    47.43 ± 14.80   48.70 ± 19.70    52.42 ± 23.62    53.47 ± 19.69    65.41 ± 14.22   67.61 ± 17.43     67.13 ± 14.55    65.68 ± 21.76   73.81 ± 15.17  77.38 ± 12.19  77.41 ± 12.22         T          < 0.0001   

(ng ml-1 )                    NBA           37.20 ± 15.32    39.12 ± 16.75   43.07 ± 17.64    47.05 ± 21.11    61.85 ± 19.35    62.77 ± 24.17   68.75 ± 27.40     67.01 ± 22.71   69.27 ± 24.38    72.87 ± 22.06  77.06 ± 17.88  81.60 ± 22.11        G             0.74 

                           GD                   0.31                    0.37                 0.63                    0.71                    0.40                  0.79                   0.92                    0.98                    0.76                  0.92                  0.96                 0.64              T×G          0.55 

 
Time after Treatment (min) 

 

Variable            Treatment                                      -39 SP                                                 -24 SP                                                 45 SP                                              51 SP                                            69SP                                Effect              P-value            

         

 
Glucose              IVRA                                    3.89  ±  0.32                                       3.91  ±  0.34                                     5.17  ±  1.20                                  5.17  ±  1.10                                5.35  ±  0.99    T                    < 0.0001** 

 (mmol l-1)              NBA                                     4.16  ±  0.38                                       4.13   ±  0.51                                     5.33  ± 0.65                                   5.53  ±  0.66                               5.80  ±   0.99    G                      0.50    

                           GD                                              0.16                           0.33                                                  0.73                                               0.44                                             0.37                               T×G                    0.98 

 

Lactate               IVRA                                   2.03  ±  0.58                                       2.03  ±  0.58                                     5.70  ±  2.90                                 5.01  ±  2.54                                  3.52  ±  1.86    T                    < 0.0001** 

 (mmol l-1)              NBA                                    2.33  ±  0.52                                       2.35  ±  0.71                                     5.13  ±  2.40                                 4.69  ±  2.31                                  3.63  ±  1.60    G                    0.61   

                           GD                                              0.30                         0.34                           0.67                                              0.79                                             0.90                                T×G                  0.50

  

NEFA                 IVRA                                  262.3 ± 139.0                                     274.8 ± 162.2                                   481.3 ± 211.2                                 434.6 ± 186.2                               315.4 ± 132.3    T                    < 0.0001** 

 (mmol l-1)              NBA                                   231.3 ± 114.8                                     250.2 ± 108.0                                    296.6 ± 132.7                                293.4 ± 143.8                               246.3 ± 118.9    G                     0.52     

                           GD                                             0.63                                                     0.72                                                   0.05                                              0.11                                               0.29                               T×G                   0.027      

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

Cortisol              IVRA                                 20.72 ±  8.18                                     17.98  ±  6.34                                    76.15 ± 13.69                                72.68 ± 13.00                                62.85 ± 19.05                           T                    < 0.0001** 

 (ng ml-1 )               NBA                                  17.87 ±  8.94                                     10.65  ±  6.17                                    72.92 ± 23.46                                71.66 ± 24.97                                60.50 ± 23.14                           G                      0.74 

                           GD                      0.51                                                     0.03                                                  0.74                                               0.91                                               0.83                               T×G                    0.55 

 

 

 

 

      G = Treatment effect.  T = Time effect.    T×G = Time × Treatment effect. 

        IVRA = Intravenous Regional Anaesthesia.   NBA = Nerve Block Anaesthesia. 

        SP = Standing Position.     GD = Group Difference. 

 

         
 

 

Bold values differ significantly from baselines. 

With α correction of P-values, P significant was set to P < 0.003 for group difference. 

 *P < 0.05               **P < 0.01 
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Table 15: Mean ± SD scores of cardio – respiratory parameters such as HR (Heart Rate), RR 

(Respiratory Rate), SBP (Systolic Blood Pressure), DBP (Diastolic Blood Pressure) as well as measured 

blood factors such as Glucose, NEFA (Non Esteroidal Fatty Acid), Lactate and Cortisol in 8 cows 

treated with two different anaesthesia includes of IVRA (Intravenous Regional Anaesthesia) and NBA 

(Nerve Block Anaesthesia). These presented scores revealed the effect of tourniquet applied in IVRA 

while at the same measured time of these parameters, no tourniquet was existed for NBA. To reveal the 

effect of tourniquet, cardio – respiratory as well as blood parameters were measured one minute as well 

as five minutes before anaesthesia with either IVRA or NBA as baselines while those parameters were 

measured at fourthy five minutes and fifthy one minutes following anaesthesia in two anaesthetized 

groups.          

 

 

                                            Time after Treatment (min) 

 

         

                Variable            Treatment                          -5                                        -1                                           45                                          51                                   

         

 

              HR               IVRA              56.87 ± 29.40             68.87 ± 29.28              85.87 ± 15.98               75.00 ± 12.17  

              (beat/min)            NBA               75.50 ± 14.79             77.50 ± 19.61              79.12 ± 16.50               79.50 ± 12.05                                                                            

 GD                        0.13                             0.50                             0.42                             0.47                            

  

                RR IVRA              28.25 ± 8.58               32.00 ± 10.19              39.50 ± 12.03               35.50 ± 12.50                      

              (beat/min)            NBA               27.25 ± 10.02             26.25 ± 7.74                32.00 ± 11.51               28.75 ± 11.41   

 GD                       0.20             0.68                             0.22                             0.27 

                 

                SBP IVRA             168.00 ± 11.96           180.75 ± 10.99            197.25 ± 13.24             175.71 ± 10.07             

                (mmHg)                    NBA              174.00 ± 14.54           177.37 ± 13.11             166.25 ± 8.48              166.1 ± 10.46  

                 GD                          0.38                            0.58                          < 0.0001                            0.95 

  

                DBP            IVRA              121.4 ± 17.36             132.4 ± 15.40             152.9 ± 14.99              137.0 ± 11.37             

                (mmHg)                   NBA               131.4 ± 16.66             131.6 ± 11.69             130.6 ± 13.14              128.4 ± 11.48  

                 GD                         0.25                            0.91                      0.007  0.16 

 

                Glucose IVRA               3.80  ± 0.53                3.75 ± 0.53                5.17  ±  1.20                   5.17  ±  1.10                    

                 (mmol l-1)                NBA                3.98  ± 0.17                 4.01 ± 0.24                5.33  ± 0.65                 5.53  ±  0.66     

                                    GD   0.39         0.22                       0.73                             0.44 

 

                NEFA IVRA              323.8 ± 200.7             322.5 ± 178.9            481.3 ± 211.2             434.6 ± 186.2                                

                (mmol l-1)                NBA               308.1± 190.5              309.3 ± 197.6            296.6 ± 132.7               293.4 ± 143.8   

                 GD                       0.87                              0.89      0.05                             0.11 

 

                Lactate IVRA             2.98  ± 1.53                 3.63 ± 2.12                 5.70  ±  2.90               5.01  ±  2.54             

                 (mmol l-1)               NBA               3.75 ± 1.50                 3.88 ± 1.68                 5.13  ±  2.40               4.69  ±  2.31                           

                  GD                       0.32                              0.80                            0.67                             0 .79                                        

 

               Cortisol        IVRA            48.70 ± 19.70            52.42 ± 23.62                76.15 ± 13.69                72.68 ± 13.00                              

                  (ng ml-1)               NBA             43.07 ± 17.64      47.05 ± 21.11                72.92 ± 23.46                71.66 ± 24.97                             

                                        GD                           0.55                                0.63                                0.74                              0.91                                              

 

            HR = Heart Rate.   RR = Respiratory Rate.   SBP = Systolic Blood Pressure.    DBP = Diastolic Blood Pressure.  

                FFA = Free Fatty Acid.  GD = Group Difference. 

                The level of significance for P – value without α corrections of p - values was set to (P < 0.05) for HR, RR,   

                SBP as well as DBP and blood parameters such as Glucose, NEFA, Lactate and Cortisol. 

                Bold values represent the significant difference (P < 0.05). 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

‘‘Freedom’’ is never dear at any price. It is the breath of life. 

Mahatma Gandhi
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5.    Discussion 

 

5.1.    Nociceptive threshold techniques (electrical, mechanical and thermal) for    

          evaluation of anaesthesia     

                       To investigate the effect of type of anaesthesia method, nociceptive thresholds 

consist of electrical, mechanical and thermal nociceptive stimuli were applied before and after 

anaesthesia’s administration to evaluate the efficacy of two local anaesthesia methods consist 

of IVRA and 4-point NBA in hind limb of dairy cows as well as assessment of time to full 

onset of anaesthesia. Under using thermal, mechanical and electrical nociceptive threshold 

stimuli, the efficacy of both local anaesthesia methods includes of IVRA and 4-point NBA 

was examined while the time to onset of full local anaesthesia was measured using 

mechanical and electrical nociceptive thresholds. Furthermore, under using those mentioned 

stimuli before and after application as well as removal of tourniquet, the effect of inflation as 

well as deflation of tourniquet on pain was investigated as well.   

 

5.1.1.    Electrical nociceptive thresholds 

                       In our study, application of electrical nociceptive thresholds revealed the faster 

full onset of 4-points NBA than IVRA about five minutes. It has to be mentioned, even 

though, there are some interesting studies in canine especially cats which electrical 

stimulation has been applied to investigate the effect of anaesthetics or tend to apply electrical 

stimulations on horses has been seen already or also in our study field in cattle there is a 

variety of electrical stimulus application for transcutaneous stimulation (CHAMBERS et al., 

1994) or to improve the meat tenderness of forage-finished beef (KIM et al., 2007; DAVEY et 

al., 1976; BOUTON et al., 1978; SAVELL et al., 1977, 1978 a,c; SORINMADE et al., 1978; 

SALM et al., 1981), there could not be found any clinical study regarding application of pain 

stimulators to induce electrical stimuli to measure pain following limb anaesthesia in cattle. 

Moreover, to induce electrical stimuli, there are some different electrical stimulation devices 

which application of each one could have a different result but in all strategies, increasing the 

voltages of electrical stimulus till feeling pain and consequently have a reaction from receiver, 

could be recongnized as a nociceptive threshold response. In addition to type of electrical 

stimulator, according to DUKE et al. (1994), the nociceptive responses to noxious stimuli can 

be affected by anatomical location of stimulation. Our results using electrical noxious stimuli 

to detect intravenous regional anaesthesia and regional nerve block anaesthesia in hind limb 

of dairy cow are in agreement with MILLETTE et al. (2008), with demonstration of 
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repeatability as well as quantifiability of achieved data from noxious electrical stimuli in 

addition to minimum tissue trauma. However, MILLETTE et al. (2008), could not detect the 

analgesia effect of meperidine with administration of electrical noxious stimuli in cats. 

Against, DUKE et al. (1994), could discover analgesic effect of epidural applied fentanyl and 

medetomidine by electrical thresholds.  In order that we used Grass S48 electrical stimulator 

to induce electrical constant current to specific areas of distal hind limb, would be better to 

focus on the application such this branded electrical device to realize advantages as well as 

disadvantages of this special electrical stimulator’s application on dairy cows. Starting the 

electrical stimulation at 1 voltage and increasing 1 voltage every 5 seconds is a basic principle 

of Grass S48 electrical square pulse stimulator which needs to set another factors such as train 

rate, train duration, pulse delay, stim rate, pulse duration as well as peak output current. In our 

examination, Grass S48 was used with repeated train and stim modes with delivering the train 

of 4 ms at the frequency of 4 Hz. The voltage was started from 10 mVolt with increasing 

gradually each 5 seconds, 1 voltage to reach the response until maximum 150 Volt. Using the 

CC electrical stimuli examining the efficacy of anaesthesia demonstrated the repeatable clear 

response from the cow as an electrical threshold reaction by receiver which could result in 

effective application of Grass S48 CC electrical stimulator to measure the efficacy of different 

anaesthesia techniques such as either intravenous regional anaesthesia or nerve block 

anaesthesia to desensitize bovine distal hind limb. In spite of CHAMBERS et al. (1994) 

stating electrical stimulations are considered inappropriate because they are not specific to 

any particular type of nociceptors (CHAMBERS et al., 1994), in our examinations regards to 

clear and repeatable recorded results as electrical nociceptive threshold responses in cattle, the 

examination process could be repeated several times due to simple detection procedure which 

can be gained by using these stimulators. Therefore, the gained electrical nociceptive 

threshold responses could be reliable to realize the efficacy of applied anaesthesia in order 

that there is a clear repeatable gained reaction from dairy cow which can easily be detected. 

However, multiple pain stimulators’ application could possibly affect the reaction which is an 

electrical nociceptive threshold response from dairy cows. Even though, it means, application 

of CC electrical stimuli after heat and mechanical needle pricks and force nociceptive 

thresholds may possibly raise the basic level of tolerance to respond to the stimuli in dairy 

cows, due to application of our three different pain stimulators includes of electrical, 

mechanical and thermal nociceptive threshold devices on different sites, the responses 

following different pain stimulators might not be affected. Moreover, the evaluated results 

following Grass S48 square pulse stimulator demonstrated that in single cases, application of 
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intravenous regional anaesthesia to desensitize the bovine distal hind leg may not induce 

adequate local anaesthesia compared to nerve block strategy. However, the easy detectable 

recorded electrical nociceptive threshold responses revealed that 4-point nerve block 

anaesthesia has a faster onset about five minutes compared to intravenous regional 

anaesthesia at the distal hind limb of dairy cows.  

 

5.1.2.    Mechanical nociceptive thresholds 

                       In our investigation, the used mechanical pressure and needle pricks 

nociceptive threshold stimulators have different criterias to apply and subsequently could 

affect the recorded responses. Mechanical nociceptive threshold devices also can be applied to 

detect the efficacy of intravenous regional as well as nerve block anaesthesia and like 

electrical stimulators can be different regarding their type and their applications in different 

species. However, there are some factors which may affect the mechanical nociceptive 

threshold responses consist of timing of the clinical examination, the weight of animal, type 

as well as dosage of applied anaesthetic (JANCZAK et al., 2012; STEAGALL et al., 2007; 

AMBROS and DUKE, 2013). The only criteria which should always be considered regarding 

mechanical nociceptive thresholds’ application is that to apply the mechanical nociceptive 

threshold device, the stimulus induction rate of stimulus must be the same from trial to trial 

(CHAMBERS et al., 1990). Therefore, not only the mechanical nociceptive stimulus must be 

the same but also stimulators have important criterias such as reproducibility as well as type 

of mechanical threshold device which could affect the recorded responses. 

  

5.1.2.1.    Mechanical pressure nociceptive thresholds  

                     The first mechanical stimulation was induced by mechanical pressure 

nociceptive device in our study. Pressure nociceptive threshold testing device could be applied 

in different species (DIXON et al., 2007). According to CHAMBERS et al. (1990), 

mechanical stimulation device should be easy to use and can give reproducible responses as a 

result of mechanical stimulations. Mechanical pressure nociceptive threshold device which 

has been used in our study has such those criterias as mentioned above. They are easily to 

apply in different favorite sites of leg which are accessible and also responses could be 

repeated several times, therefore, those mechanical nociceptive threshold stimulators could be 

applicable to measure the pain. Our subjective mechanical pressure nociceptive threshold 

device not only was simple and reliable to apply with producing reproducible responses but 

also did not have a limitation of objective mechanical threshold stimulators which has been 
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used by CHAMBERS et al. (1990). One of that limitations could be that stimulus as well as 

its application’s rate must be same from trial to trial. On the other hand, the experience of the 

operator may have possibly effect on the results of nociceptive threshold examinations 

(CHESLER et al., 2002). However, we had an enough experienced person to perform that and 

could be sure concerning this point. In our first study as an exam to consider the efficacy of 

anaesthesia, following local anaesthesia application with either intravenous regional 

anaesthesia or 4-point nerve block anaesthesia, dairy cows had a full desensitizd distal hind 

limb at lateral and medial bulb of heel, lateral and medial flexor tendon as well as lateral and 

medial dorsalis fetlock joint. Furthermore, the mechanical pressure nociceptive threshold 

results of second part of study for onset of anaesthesia revealed that there is no difference 

between the speed of onset of anaesthesia at lateral and medial flexor tendon as well as lateral 

and medial dorsalis fetlock joint and also lateral and medial bulb of heel following 

anaesthesia with either nerve block or intravenous regional analgesia. However, regarding the 

mechanical pressure nociceptive threshold responses from the examined dairy cows in our 

study, full anaesthesia could be obtained fiftheen minutes following intravenous regional 

anaesthesia in all six examined sites includes of lateral and medial bulb of heel, lateral and 

medial dorsalis fetlock joint as well as lateral and medial flexor tendon while nerve block 

anaesthesia was started at those six different sites following anaesthesia already. Regarding to 

our second study, the onset of anaesthesia would be faster about five minutes at skin of heel 

after 4-point nerve block anaesthesia compared to intravenous regional anaesthesia as well as 

seven and half minutes following anaesthesia’s application at the skin of dorso-lateral 

coronary band. Furthermore, the duration of anaesthesia would be the same between two 

anaesthesia techniques as there was not seen any significant difference fiftheen and thirty five 

minutes following anaesthesia with either four points regional nerve block or intravenous 

regional anaesthesia. It seems, if we had a plan to increase numbers of nociceptive threshold 

stimulations after anaesthesia with increasing the duration of lateral recumbency on surgical 

tilt table, that could be possible to get to know which anaesthesia technique would be ended 

sooner. However, regarding the time which veterinarians would need to perform any distal 

hind limb intervention, realizing the duration of full desensitized distal hind limb more than 

thirty five minutes following anaesthesia which could be gained under both anaesthesia 

methods would be great. However, veterinarians may select their choice anaesthesia method 

regarding the required time which they need for full desensitized distal hind limb in order 

that, according to our achieved results related to mechanical pressure nociceptive thresholds 

as well as pin pricks, no significant difference was seen related to type of anaesthesia 
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technique.  

  

5.1.2.2.    Mechanical pin prick thresholds 

                       Mechanical pin pricks nociceptive threshold as another means can measure the 

pain after anaesthesia’s application. As the results of first study revealed, full desensitized 

distal hind leg could not be significantly different between  4-point nerve block anaesthesia 

method and intravenous regional anaesthesia technique at lateral and medial bulb of heel, 

lateral and medial flexor tendon as well as lateral and medial dorsalis fetlock joint. In other 

words, according to mechanical pin pricks nociceptive threshold responses, intravenous 

regional anaesthesia and 4-point nerve block anaesthesia could induce same adequate 

analgesia at lateral and medial bulb of heel, lateral and medial flexor tendon as well as lateral 

and medial dorsalis fetlock joint. Therefore, there is no difference to choose intravenous 

regional or nerve block anaesthesia to have a full desensitization at lateral and medial bulb of 

heel, lateral and medial flexor tendon as well as lateral and medial dorsalis fetlock joint. 

However, regarding our evaluated results related to onset of anaesthesia, intravenous regional 

anaesthesia could be started about five minutes after anaesthesia’s application later than nerve 

block anaesthesia at dorso-lateral coronary band skin as well as soft skin of heel. Therefore, 

according to electrical pain stimulation results, to have a rapid onset of anaesthesia at the 

dorso-lateral coronary band skin and soft skin of heel’s interventions, nerve block anaesthesia 

would be the choice anaesthesia technique while according to mechanical nociceptive 

threshold responses using pin pricks as well as force device, there is no difference to choose 

one of those anaesthesia techniques includes of 4-point nerve block anaesthesia or intravenous 

regional analgesia to have full desensitized sites of lateral and medial bulb of heel, lateral and 

medial dorsalis fetlock joint as well as lateral and medial flexor tendon. However, according 

to results of our first study, application of intravenous regional analgesia or administration of 

4-point nerve block anaesthesia has no remarkable difference to have a full or complete 

desensitized area at lateral and medial bulb of heel, lateral and medial flexor tendon as well as 

lateral and medial dorsalis fetlock joint. Nonetheless, the onset of anaesthesia would be still 

superior following 4-point nerve block anaesthesia compared to intravenous regional 

analgesia at both sites of dorso-lateral coronary band as well as soft skin of heel. Those 

achieved results demonstrated that before choosing the local anaesthesia technique, first of all, 

it’s better to identify the desired desensitized area which needs to have an intervention and 

depend on that site, anaesthesia method should be selected to perform. By this way, the 

veterinarians would have a full anaesthesia in minimum period of time which they need for 
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distal hind limb’s surgical interventions. 

 

5.1.3.    Thermal nociceptive thresholds 

                       In our study, Top cat metrology device to induce heat nociceptive stimuli was 

applied which has been designed to induce heat stimulation with the cut-off at 55˚C in small 

animals. However, according to our results, 37.5 % of examined dairy cows had no response 

even before anaesthesia with either intravenous regional or nerve block anaesthesia and 

37,5 % of dairy cows in one of their treated day had no response to thermal stimuli. General 

stress due to handling and restraint in lateral recumbency as well as induced hypoxia distally 

to the fixing belt of hind leg could be effective. As approximately tight fixing belt has been 

used to fix the legs of dairy cows to surgical tilt table preventing cows’ movement, the 

produced pain resulted in ischemia and mechanical compression beneath as well as distal to 

the fixing belt may be effective on the nociceptive threshold responses. Application of 

tourniquet can cause pain and this produced pain could be assumed to be nerve fiber in 

correlation with pain transmitted along slow-conducting unmyelinated C fibers. Moreover, it 

has to be thought the rapid conducting myelinated Aδ fibers which under normal 

circumstances could inhibit C fibers in relation to the transmission of pain, can be blocked by 

mechanical compression within ischemia period (KLENERMAN, 2003; KAM et al., 2001). 

Having no response following thermal nociceptive thresholds before anaesthesia application 

in our study can be in agreement with ZAIDI and AHMED (2015); ASHWORTH et al. 

(2002); and CHABEL et al. (1990), stating that following hypoxia resulted in ischemia, 

affected muscles beneath and distal to the applied tourniquet will release some inflammatory 

factors which can induce pain. Our achieved results following thermal nociceptive thresholds 

application before anaesthesia administration could be in agreement with RORABECK 

(1980) as well as BARON and GORDON (2002), which confirmed noticeable effectiveness 

of produced ischemia on nerves’ function by decreasing nerve conduction velocities. 

Additionally, after 15 minutes of tourniquet ischemia, the sensory thresholds significantly 

could be increased which can be referred to the disappearance of large diameter fibers action 

potentials (NIELSEN and KARDEL, 1974). PEDOWITZ, (1991); KLENERMAN, (1995); 

and OLIVECRONA et al. (2013), can be some evidence to show that secondary to induced 

tourniquet - ischemia, nerves dysfunctions due to neuro-muscular injuries could be generated. 

Furthermore, no reaction to thermal stimuli in some cows before application of anaesthesia in 

our study could be in agreement with OCHOA et al. (1972), which the most impairs after 

tourniquet inflation are large diameter myelinated nerve fibers. KOGA et al. (2005), and 
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SCHAIBLE and RICHTER (2004), can explain with another words as touch sansation cannot 

be perceived when painful sensation is produced at the same time. Thermal and mechanical 

noxious stimuli activate nociceptors of Aδ and C fibers in peripheral nerves and these fibers 

can be blocked by mechanical compression of tourniquet as well as tourniquet - induced 

ischemia. Therefore, showing no reaction following mechanical noxious stimuli before 

anaesthesia application resulted in tourniquet ischemia as well as induced nerve damages 

which both could produce tourniquet pain would be expected in some dairy cows which had a 

tight fixing belt in lateral recumbency on surgical tilt table. However, in spite of those 

evidence, MOLDAVER (1954), highlighted that mechanical compression effect of tourniquet 

can eliminate the position sense, touch, vibration, motor and light pressure while warmth, 

coldth, pain and sympathetic sensations will not be affected under this mechanical 

compression and nerves distal to the tourniquet reply to electrical nociceptive thresholds. 

Although, application of wireless thermal stimulations have been developed nowadays 

(AMBROS and DUKE, 2013), the administration of such this stimuli should be considered in 

different species. In our experiement, Top cat metrology heat threshold testing device was 

applied above the coronary band of the claw with a recognized thermal reaction of claw 

movement from the dairy cow. However, the safety cut-off for thermal nociceptive threshold 

devices could be different depends on their application on different species. For example, 

safety cut-off for heat stimuli in some thermal nociceptive stimulators is 55˚C (AMBROS and 

DUKE, 2013) while the safety thermal cut-off could be even 60˚C (DIXON et al., 2002; 

TAYLOR et al., 2007; LUNA et al., 2014). Moreover, the increasing rate for thermal 

temperature in different animal species could be different. For instance, the probe thermal 

temperature rate can be increased 0.6˚C each second to apply on cat (AMBROS and DUKE, 

2013) or could be raised 0.5˚C each second to use in rabbit (BARTER and KWIATKOWSKI, 

2013). However, application of thermal stimulations to identify pain has an acceptable 

repeatability within 15 min (HERSKIN et al., 2003) and could be an acceptable applicable 

stimulator on different species. In our experiment, only 62.5% of dairy cows had a response to 

such this heat stimulator which could be under our experimental conditions such as 

application of thermal nociceptive threshold stimuli on the lateral recumbent dairy cows with 

an approximately tight fixing belt to fix legs to surgical tilt table. General stress due to animal 

handling as well as localized stress resulted in lateral recumbency on surgical tilt table as a 

stress model for dairy cows could be considerable. Another effective factor which should be 

considered is that wireless thermal threshold testing device was applied to induce heat stimuli 

at coronary band of the bovine claw. Our results can be in agreement with POLLER et al. 
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(2013), highlighting that thermal pain measurements at the coronary band area could have a 

lowest reliability to generate constant clear reaction to heat stimulation which has been 

referenced to the coronary band skin’s thickness in different animal species. Furthermore, 

blood flow could also be effective to produce thermal threshold nociceptive responses (LOVE 

et al., 2011). In overall, thermal nociceptive threshold responses at coronary band could be 

influenced by skin thickness as well as less blood flow of this area. Therefore, the more distal 

parts of the hind leg as thermal stimulation area like coronary band could be possibly affected 

the heat nociceptive threshold responses by temperature as well as blood flow (POLLER et 

al., 2013). Another considerable influencing factor on thermal nociceptive threshold testing 

could be the estrous cycle of dairy cows. According to TERNER et al. (2005), nociceptive 

sensitivity in female rats can be decreased following ovariectomy operation, although, the 

efficacy of estrous cycle on pain and nociceptive thresholds always would be controversial 

(KLATZKIN et al., 2010; TERNER et al., 2005; POLLER et al., 2013). As our clinical 

experiment had a cross timing with estrous cycle of dairy cows, this point should also be 

considered as an effective factor on thermal nociceptive threshold responses. Meanwhile, it 

would be crucial to consider all the conditions which thermal nociceptive threshold testing has 

been performed and that conditions should be same all over the study (POLLER et al., 2013). 

Another noticeable point which should be taken into an account is tissue damage resulted in 

thermal nociceptive threshold testing. A valid pain measurement means should not cause 

tissue damage (LUNA et al., 2014; BEECHER, 1957; LOVE et al., 2011; CHAPMAN and 

SYRJALA, 2001) while thermal nociceptive threshold testing devices are more likely to cause 

small skin lesions than electrical and mechanical threshold testing systems (LANDIS et al., 

1977; LUNA et al., 2014). The results of application of thermal nociceptive thresholds at 

coronary band of cattle claw in our study are in agreement with NATALINI and ROBINSON 

(2000) as well as NATALINI et al. (2006) in which that due to inadvisable increasing cut-off 

thermal thresholds, superficial skin lesions can occur. Meanwhile, performing an examination 

in an unfamiliar place for examined animals could influence nociceptive threshold responses. 

Nociceptive threshold testing on horses in a strange laboratory environment could raise the 

animal stress response as well as disruption of social behavior (LOVE et al., 2011), while in 

some studies taking part the study animals previously to be familiar to the real examination’s 

environment have been noticed (LUNA et al., 2014). In our study, the first anaesthesia session 

of each cow was performed in an unfamiliar environment, however, having no response 

following thermal nociceptive thresholds observed in both IVRA and 4-point NBA groups. 

The point to apply heat stimulators is that thermal nociceptive threshold devices which can 
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produce thermal stimuli only be able to stimulate superficial or cutaneous pain at the applied 

skin (LOVE et al., 2011). In other words, they are suitable to measure only superficial pain at 

the skin which could be affected by many factors. For example, environmental temperature 

could have a significant effect on thermal nociceptive threshold responses. According to 

LOVE et al. (2011), variations in environmental temperature can cause either cutaneous 

vasoconstriction in low temperature or cutaneous vasodilation in high environmental 

temperature which could affect the spread of thermal stimuli. Therefore, environmental 

temperature fluctuations can be effective on thermal nociceptive threshold responses from the 

animals. Moreover, daily variations of environmental temperature can affect thermal 

nociceptive threshold testing not only within some animal related factors such as skin 

temperature or presence of skin moisture but also can interfere with heat stimulation device 

directly (POLLER et al., 2013; LOVE et al., 2011; LASCELLES et al., 1995; WHAY et al., 

1998; CHAMBERS et al., 1994) which can be considerable in our trial having no reaction in 

some cows even reaching the cut-off point. Therefore, heat nociceptive threshold devices are 

the third applicable stimulators after electrical and mechanical stimulators to measure pain in 

animals regarding their application’s criteria. However, heat nociceptive threshold devices 

have been noticeable to apply particularly in small animals such as cat or rabbit. Moreover, 

nowadays, different thermal nociceptive threshold stimulators have been developed. However, 

according to LUNA et al. (2014), examining nociceptive threshold testing devices on healthy 

animals could produce different results compared to clinical settings which the animals suffers 

from the actual pain.        

 

 5.2.    Effect of intravenous regional anaesthesia and regional nerve blocks on blood   

           parameters 

                       The helpful factor which could be as a pain indicator in animal body could be 

the rate of blood parameters. In other words, any decreasing or increasing rate in 

concentration of blood parameters in animal serum could identify pain or abnormal conditions 

in the body. The concentration of hormonal factors such as cortisol concentration as well as 

metabolic parameters such as serum concentration of lactate, free fatty acids and glucose 

could indicate the pain in body (CAMBRIDGE et al., 2000). Moreover, severe pain as a 

stressor whether it would be acute pain or chronic pain could have some physiological effects 

on the endocrine system. This mentioned stressor can activate the hypothalamic-pituitary-

adrenal-thyroid gonadal [HPATG] system which is the main human stress control strategy 

(TENNANT, 2013). Cortisol secretion is under multihormonal control which during physical 
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as well as physiological stress, cortisol can be synthetized and subsequently could be released 

from the cortex of adrenal glands (AXELROD and REISINE, 1984; BOANDL et al., 1989). 

The evaluated results in our study showed that cortisol concentration was raised after turning 

cows to lateral recumbency in both IVRA and 4-point NBA groups which can demonstrate the 

effect of lateral recumbency as a stress model on hormonal and metabolic responses of dairy 

cows. According to our results, increased level of cortisol concentration in both IVRA and 4-

point NBA was seen after LR till end of examination’s day. In cattle, the fluctuations of the 

plasma cortisol concentrations could evaluate the duration of pain-induced distress resulted in 

some manipulations such as dehorning, castration as well as tail docking (PETRIE et al., 

1996a; PETRIE et al., 1996b; ARMSTRONG, 1985; ROBERTSON et al., 1994; MELLOR et 

al., 1991; COHEN et al., 1990; JOHNSTON and BUCKLAND, 1979). However, the 

increased level of cortisol concentration in IVRA group was greater before anaesthesia 

application while in 4-point NBA group that higher rate of cortisol concentration had a higher 

level after administration of local anaesthesia. The stress response which is any fluctuation in 

hormonal and metabolic level could happen following any stressors such as injury or trauma 

(DESBOROUGH, 2000). In calves, application of local anaesthesia can eliminate the plasma 

cortisol responses before surgical or interventional procedures. For instance, local 

anaesthesia’s administration before castration could result in lower mean or maximum plasma 

cortisol concentrations in the first two hours following operation compared to the operated 

calves without application of local anaesthesia (EARLEY and CROWE, 2002; FISHER et al., 

1996). Against, our results did not show any elimination of plasma cortisol concentration 

following anaesthesia application which could be due to LR. Our results are in agreement 

with WEBSTER et al. (2013) and JURKOVICH et al. (2015), in which application of local 

anaesthesia could not reduce the plasma cortisol response following operation may be resulted 

in tissue inflammation or tissue irritation after local anaesthesia’s application. Additionaly, 

according to MELLOR and STAFFORD (1997), application of local anaesthesia with 

lidocaine before electric dehorning of calves could not significantly decline the plasma 

concentration of cortisol which can be concluded that anaesthesia cannot decrease the stress 

caused by dehorning. Against, another studies demonstrated that local anaesthesia could 

prevent the raise of cortisol concentration in plasma in calves only for the duration of effect of 

local anaesthesia (MCMEEKAN et al., 1998). However, the cortisol response can be virtually 

eliminated following application of local anaesthesia before manipulating procedures 

(STAFFORD et al., 2002). On the other hand, application of local anaesthetic can be stressful. 

According to BOANDL et al. (1989), injection of local anaesthetic as well as handling and 
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dehorning can increase plasma cortisol concentration due to stress induction during these 

procedures (BOANDL et al., 1989). Moreover, the concentration of cortisol in plasma can be 

also raised in cattle due to stress of transport, husbandry procedures or any interventions in 

cattle (MITCHELL et al., 1988; LEY et al., 1996; KENT and EWBANK, 1983). In some 

studies, as a concequence following castration in calves with acute pain, the increased level of 

plasma concentration of cortisol has been highlighted (OBERTSON et al., 1994; COHEN et 

al., 1990; FELL et al., 1986; LEY et al., 1996). However, in our study, there was not seen any 

remarkable difference between two anaesthetized groups with either intravenous regional 

anaesthesia or 4-point regional nerve block analgesia related to serum cortisol concentration. 

It should be considered that, measuring cortisol concentration could not be a reliable method 

to recognize pain in dairy cows, in order that stress resulted from any intervention, 

manipulation and even environmental stress signals such as fluctuations of temperature and so 

on may cause change in level of serum cortisol concentration. In human, cortisol released due 

to manipulation could have a complex metabolic impact on protein, fat as well as 

carbohydrate. For example, cortisol can increase protein breakdown as well as induction of 

gluconeogenesis which may occur in the liver. Due to inhibition of glucose’s usage in the 

cells, the glucose concentration would be increased (DESBOROUGH, 2000). Regarding the 

effect of regional anaesthesia, studies have demonstrated that epidural anaesthesia can prevent 

endocrine as well metabolic responses in operations of pelvic and lower limbs. By using 

epidural analgesia before start of operation, increasing the cortisol and glucose concentrations 

in response to hysterectomy can be prevented. In other words, the glycaemic and 

adrenocortical responses to the surgery could be abolished by application of regional 

analgesia (ENQUIST et al., 1977; DESBOROUGH, 2000). Hyperglycemia, loss of body fat 

as well as negative nitrogen balance could be the integrated effects of glucocorticoids 

(BAXTER and FORSHAM, 1972). However, in our examination on cattle, glucose 

concentration had an increased level after anaesthesia application with either IVRA or 4-point 

NBA. Meanwhile, lactate concentration was raised in both anaesthetized groups from turning 

cows to LR until returning cows to standing position while after standing position that 

increased level of lactate concentration decreased till end of examination but did not reach 

baseline lactate concentration and still was higher than baseline concentration before LR.  

However, in our investigation, there was not seen any remarkable difference comparing 

intravenous regional anaesthesia and 4-point regional nerve block related to measured 

metabolic as well as hormonal blood parameters.  
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5.3.    Effect of tourniquet’s application in local anaesthesia 

                       In our study stress responses to inflation and deflation of tourniquet was not 

remarkable in IVRA group in comparison to 4-point NBA technique without application of 

rubber tourniquet. Stress responses related to cardio-respiratory factors such as HR, RR, DBP, 

SBP and MAP as well as metabolic and hormonal parameters in our examination had an 

increasing rate during lateral recumbency which can demonstrate the effect of LR stressor. 

Application of tourniquet due to induced tourniquet-ischemia as well as its mechanical 

compression can cause pain. Although the association between pain and blood pressure has 

noticeable interests nowadays, the relationship between them poorly has been understood 

(PICKERING, 2003). The relationship between pain and blood pressure is that acute pain 

could raise blood pressure by increasing sympathetic activity (CHAWLA and KOCHAR, 

1999). In other words, pain acutely can increase blood pressure resulted from increasing the 

sympathetic nerve activity (PICKERING, 2003). Although our results showed no significant 

effect of tourniquet on mean arterial blood pressure one minute before and after tourniquet’s 

inflation as well as five minutes following removal of tourniquet comparing two anaesthetized 

groups with either nerve block anaesthesia without application of tourniquet or intravenous 

regional anaesthesia with tourniquet’s administration (P > 0.05), fluctuations of cardio-

respiratory factors during LR especially in IVRA group can be in agreement with SMITH and 

HING (2009), PADALA et al. (2004), SILVER et al. (1986), ABDEL-SALAM and EYRES, 

(1995), KLENERMAN (1995), and MCGRATH et al. (1991). Regarding heart rate, the rate of 

heart beat can be decreased following deflation of the applied tourniquet in horses 

(ABRAHAMSEN et al., 1989) which is in agreement with results of our study. Some studies 

demonstrated that, application of tourniquet can cause systemic variations resulted in 

produced tourniquet-pain such as increasing the level of blood pressure as well as localized 

side effects such as ischemic changes beneath as well as distal to the tourniquet. (KRUSE et 

al., 2015; ESTEBE et al., 2011; KAM et al., 2001; SHINODA et al., 2013) which could be in 

agreement with our results. About inflation of tourniquet, the studies on primates showed that 

after maintenance of tourniquet’s application the primates demonstrated a progressive 

increase in heart rate as well as systolic and diastolic arterial blood pressure in which has been 

observed in our study too. In our study, one minute before deflation of tourniquet mean 

arterial blood pressure in intravenous regional anesthetized group was significantly higher 

than MAP in regional nerve block anesthetized dairy cows (P = 0.01) while cardio – 

respiratory parameters such as heart rate as well as respiratory rate had no significant 

difference between two anesthetized groups before and after tourniquet application as well as 
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its deflation (P > 0.05). Confirming increasing rate of blood pressure following tourniquet 

inflation we can refer to TETZLAFF et al. (1997), in which application of tourniquet can also 

increase the blood pressure, due to changes of autonomous nerves system. In our study after 

deflation of rubber tourniquet decreased level of blood pressure was observed, however, that 

declining rate was not significant in spite of TOWNSEND et al. (1996), LYNN et al. (1986), 

MODIG et al. (1978), and KLENERMAN et al. (1980) showing the mean arterial blood 

pressure remarkably decreases following removal of tourniquet in order that metabolites 

release into the systemic circulation from the ischemic limb. Moreover, according to 

TOWNSEND et al. (1996), the maximum decline of blood pressure after release of tourniquet 

is three minutes after its deflation due to decreased peripheral vascular resistance which can 

be occurred following release of tourniquet and bleeding originated from non-ligated vessels 

(TOWNSEND et al., 1996). According to our results, application as well as removal of 

tourniquet has no significant effect on pain, even though, increased level of blood parameters 

was seen after inflation of tourniquet in our study. The increased rate of lactate following 

rubber tourniquet inflation in IVRA group can be confirmed by EJAZ et al. (2015), 

demonstrating skeletal muscles of limbs are very sensitive to ischemic variations showing 

raise in lactate concentration during ischemic changes of the limb. Moreover, a relationship 

between the maximum levels of lactate and the length of time of tourniquet’s application has 

been seen in some studies (TOWNSEND et al., 1996) which are in agreement with our 

observations. For instance, about thirty six minutes following tourniquet’s application in 

human, venous blood lactate has an increasing level compared to its baseline level 

(MACLVER and TANELIAN, 1992). However, in our study, any remarkable group difference 

regarding mean lactate concentration in IVRA and NBA groups was not seen (P > 0.05). In 

intravenous regional anaesthetized group, the mean lactate concentration which had an 

increased level during the examination, suddenly decreased exactly one minute before 

tourniquet’s application and then we had an increased level of lactate concentration till one 

minute before third nociceptive threshold measurement, in which mean lactate concentration 

decreased and afterwards increased gradually till removal of tourniquet. Declining rate of 

lactate concentration was seen one minute before deflation of tourniquet until end of 

examination. In nerve block anaesthetized group the increased level of lactate concentration 

has been seen till first nociceptive threshold measurement after lateral recumbency which is 

the exact time for one minute before tourniquet’s release. After returning cows to standing 

position, the decreased level of lactate concentration was seen in both groups without any 

significant group difference between two anaesthetized groups. Depending on the duration of 



DISCUSSION AND CONCLUSION 

158 

 

tourniquet’s application, the level of lactate is increased following tourniquet’s application 

and five to thirty minutes after its removal returns to baseline values (LARSSON and 

HULTMAN, 1979; HALJAMAE and ENGER, 1975; BENZON et al., 1988). In our study 

also decreased level of lactate concentration was observed following tourniquet deflation. 

Usually, following tourniquet release, due to a declinning progress in peripheral resistance 

which can be occured on deflation of tourniquet, declining rate of blood pressure could be 

happend. Furthermore, the removal of tourniquet could not cause any major negative effect on 

myocardium which can refer to the decline of blood pressure (MODIG et al., 1978). In our 

experiment, significant group difference between two anaesthetized groups one minute before 

deflation of tourniquet regarding both systolic and diastolic arterial blood pressure was seen, 

even though, remarkable group difference two minutes after removal of tourniquet related to 

systolic arterial blood pressure was demonstrated. Meanwhile, the level of serum cortisol had 

an increased progression. Such that increased rate could demonstrate a neuro-hormonal 

response against tourniquet pain (CREW and SEHLHORST, 1991). Another important factor 

which should be taken into an account is duration of tourniquet’s application. Depending on 

local practice, the length of tourniquet’s application could be various in daily orthopaedic 

interventions (KLENERMAN et al., 1980). To have reliable guidelines for safe ischemia time, 

measurements of physiologic as well as metabolic fluctuations in venous blood during and 

following tourniquet’s application have been done in human (WILGIS, 1971; WILGIS, 1974; 

SOLONEN et al., 1968; MILLER et al., 1978). The severity of ischaemia following 

application of tourniquet could be time-tissue as well as species’ dependant. Furthermore, the 

function of collateral circulation can be effective in severity of such this tourniquet resulted 

ischaemia (MURPHY et al., 2005). For instance, this severity of ischaemia in canine could 

appear following three hours of continued applied tourniquet (SAPEGA et al., 1985), while in 

cat this time reduces to even one hour (GERSOFF et al., 1989). However, different studies 

demonstrated various range of time related to ischaemia after inflation of tourniquet from one 

to three hours (CHIU et al., 1976; KLENERMAN, 1982; SAPEGA et al., 1985; 

KLENERMAN, 1980; HEPPENSTALL et al., 1979). In our study, any negative effect of 

tourniquet application at the hind limb of cattle during LR was not seen. In spite of human 

which paresthesia could happen following removal of tourniquet (MERRINGTON and 

NATHAN, 1949; OCHOA and TOREBJORK, 1980; HAGENOUW and BRIDENBAUGH, 

1986; BENZON et al., 1988), any negative side effect following tourniquet release was not 

observed in our examination on cattle. According to OCHOA and TOREBJORK (1980), local 

anaesthetic block remarkably can decline the paresthesia (OCHOA and TOREBJORK, 1980). 
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However, according to HIROTA et al. (2001), the maximum embolism could occur about fifty 

seconds following removal of tourniquet (HIROTA et al., 2001; MURPHY et al., 2005). In 

our study, the tourniquet was applied in hind limb for fifty minutes in only intravenous 

regional anaesthetized group and there was not seen any severe side effect of that tourniquet 

after its release. Regarding inflation of tourniquet in nerve block anaesthesia’s method, there 

was not applied any tourniquet under this anaesthesia’s type in our study.  

 

5.4.    Effect of induced tourniquet - pain on nociceptive thresholds 

                       After turning dairy cows to lateral recumbency on surgical tilt table, to fix the 

cows’ hind limb, an approximately tight fixing belt was used to prevent further movement of 

legs. This fixing belt as a tourniquet can have an effect on nociceptive threshold responses. 

Our results showed no response to some thermal nociceptive thresholds as well as mechanical 

force and pin pricks stimulations in control groups before application of local anaesthesia with 

either IVRA or 4-point NBA which can be due to effect of mechanical compression of fixing 

belt. Refering to SCHAIBLE and RICHTER (2004), thermal and mechanical noxious stimuli 

activate nociceptors of Aδ and C fibers in peripheral nerves and those fibers can be blocked 

by mechanical compression of tourniquet as well as induced tourniquet – ischemia. Moreover, 

rapid conducting myelinated Aδ fibers which under normal circumstances could inhibit C 

fibers in relation to transmission of pain can be blocked by mechanical compression within 

ischemia period (KLENERMAN, 2003; KAM et al., 2001). However, results of our study 

related to electrical nociceptive threshold responses demonstrated such that mechanical 

compression of tourniquet could not inhibit responses. According to MOLDAVER (1954), 

mechanical compression effect of tourniquet can eliminate position sense, touch vibration, 

motor and light pressure while warmth, coldth, pain and sympathetic sensations will not be 

affected under this mechanical compression and nerves distal to the tourniquet can reply to 

electrical nociceptive thresholds. Besides, electrical noxious stimuli are not specific to any 

special type of receptors (CHAMBERS et al., 1994). The sensitivity of nerve’s ischemia could 

be correlated with the diameter of nerves’ fibers as well. After 15 - 20 minutes tourniquet 

application, both spontaneous as well as mechanosensitive activity conduction would be 

blocked (GASSER and ERLENGER, 1929; WEDDELL and SINCLAIR, 1947; BENTLEY 

and SCHLAPP, 1943). Peripheral receptors distal to tourniquet inflation can initiate impulses 

in reply to induced tourniquet - ischemia, therefore, the sensation of pain will be mediated 

from axon or receptors in tissue directly beneath or just proximal to the tourniquet’s site 

(CHABEL, 1990). According to LUNDBORG (1970) and DAHLIN et al. (1989), 
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unmyelinated and small diameter nerve fibers could be more sensitive to ischemia while 

MAKITIE and TERAVAINEN (1977) as well as NITZ et al. (1989), reported no correlation 

between ischemic sensitivity and diameter of axons. In overall, application of tourniquet can 

cause nerve damage secondary to ischemia following administration of tourniquet 

(PEDOWITZ, 1991; KLENERMAN, 1995; OLIVECRONA et al., 2013). With regards to 

SCHAIBLE and RICHTER (2004), KLENERMAN (2003), KAM et al. (2001) as well as 

MOLDAVER (1954), in our study even though an approximately tight belt was applied to fix 

the hind limb during lateral recumbency, cows replied to electrical nociceptive thresholds in 

spite of mechanical and thermal stimulations clearly. The nerve compression resulted in tight 

fixing belt could be one of affecting factors to have no response following mechanical and 

thermal stimulations. Nerve compression during tourniquet’s application is only one of 

noticeable factors which could upset nerve function leading to nerve lesions as well as its 

paralysis (DERY et al., 1965). Furthermore, in order that pressure concentration could happen 

in certain situations, the pressure on peripheral nerves which are beneath the tourniquet could 

be higher than expected pressure (MCLAREN and RORABECK, 1985). 

 

5.5.    Choice anaesthesia method for cattle hind limb surgical interventions (comparison   

          of IVRA and NBA)                               

                       Basically, the administration of local anaesthesia can remove behavioral 

reactions resulted by pain for period of local anaesthetics’ action. Furthermore, after finishing 

the duration of local anesthesia activity, the behavioral indicators of pain in calves can be 

similar to behavioral reactions which appear without local anaesthesia (SYLVESTER et al., 

2004). In general, for intravenous regional anaesthesia, the vein of a limb is catheterized. 

Afterwards, the limb should be exsanguinated using esmarch bandage, then a tourniquet can 

be applied around the limb with an adequate pressure to prevent arterial circulation (> 150 

mmHg). Thereafter, local anaesthetic which preferably has no epinephrine could be injected 

into the planned vein. Subsequently, following 15 minutes, the area distal to the applied 

tourniquet would be desensitized till deflation of the tourniquet (MARONQIU, 2012). In our 

study evaluating the efficacy as well as onset of two local anesthesia methods, the method for 

intravenous regional anaesthesia was performed base on regional intravenous anaesthesia 

method of ANTALOVSKÝ (1965). ANTALOVSKÝ mentioned that according to their 

clinical and experimental experience, local intravenous anaesthesia would be ‘‘good enough’’1 

to be one of the possibilities of local anaesthesia especially in cattle. According to 

ANTALOVSKÝ (1965), the most benefits of local intravenous anaesthesia are include of 
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‘‘high efficacy’’ as well as ‘‘low consumption of anaesthetic’’, ‘‘the minimum tissue injuries’’ 

as well as ‘‘the minimum whole body toxicity’’. According to SKARDA (1996), the 

advantages of intravenous regional anaesthesia compared to ring block or nerve block 

anaesthesia could be only one required needle for injection which can reduce risk of inducing 

bacteria infections. AVEMANN (1974), demonstrated that full intravenous regional 

anaesthesia can occure about 2 - 8 minutes after anaesthesia application with an average 

duration of 99 minutes. It must be mentioned that AVEMANN (1974), used lidocaine to 

desensitize bovine limb while in our study, procaine has been used as an anaesthetic. In our 

study, the delay to have a full intravenous regional anaesthesia (15 minutes) compared to 

AVEMANN (1974) study could be the different effect of different anaesthetics which have 

been used for local anaesthesia. It could be assumed that good anaesthesia with a regional 

method can result in declining the postoperative pulmonary complications. Moreover, 

regional anaesthesia has an effect in moderating some of cardiovascular responses to 

operation which come from sympathetic activation. Another statement related to preference of 

intravenous regional anaesthesia is that, this method could be used as a suitable routine 

technique for bovine claw surgeries, painful claw therapies as well as claw amputation which 

is an effective easy method to obtain the completed desensitized area of planned surgery or 

treatment which could be applied without detailed anatomical knowledge (KÖPPEN, 2014). 

According to PRENTICE et al. (1974), the duration of local anaesthesia’s efficacy depends on 

applied volume of anaesthetic. The considerable benefits of intravenous regional anaesthesia 

are easiness of its application as well as reliability and performing this technique which only 

requires the venipuncture skill (BROWN et al., 1989). However, the effectiveness and 

saftieness of this anesthesia method have been questioned in some studies related to the 

pressure of tourniquet, systemic toxicity following deflation of tourniquet and so on (LAWES 

et al., 1984; HEATH, 1982; OGDEN, 1984; LUCE, 1983). Furthermore, application of IVRA 

method could fail due to tourniquet pain (CHAN et al., 2001). On the other hand, according to 

BROWN et al. (1989), the main cause of side effects or failure of this anaesthesia technique 

could be ‘‘technical errors’’. However, in our second study evaluating onset of two 

anaesthesia methods, the results of nociceptive threshold measurements includes of electrical 

and mechanical pressure as well as pin pricks nociceptive responses demonstrated that one 

cow did not show full intravenous regional anaesthesia till end of examination day which 

according to BROWN et al. (1989), could be due to technical errors or against due to induced 

tourniquet - pain (CHAN et al., 2001), which needs more investigations with increasing 

numbers of dairy cows in the study. In human, intravenous regional anaesthesia as a useful 
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analgesia method against its occasional reports, has not gained general agreement (BELL et 

al., 1963; KENNEDY et al., 1965; EDITORIAL JAVMA, 1965). In some studies, it has been 

clearly highlighted that, intravenous regional analgesia (IVRA) is the ‘‘technique of choice’’ 

for distal bovine limb operations in order that it has a fast onset and could be easily applied 

and would be ‘‘more reliable’’ than nerve blocks (HEPPELMANN et al., 2009; AVEMANN, 

1974; PRENTICE et al., 1974; FEHLINGS, 1980; POHLMEYER, 1984; STEINER et al., 

1990; THURMON and KO, 1997; KLAWUHN and STAUFENBIEL, 2003; RIZK et al., 

2012). Against, according to DIRKSEN (2002), the nerves which supply the digit could be 

simply blocked (DIRKSEN, 2002). On the other hand, according to HALL et al. (2001), in 

order that, the innervation of bovine digit is more complicated than horse, nerve block 

regional anaesthesia of bovine foot could be more difficult compared to horse because the 

skin below the carpus (in forelimb) and tarsus (in hindlimb) is rigid, therefore, finding the 

exact location of nerves cannot be simple. GIBBONS (1939), has an examination of claw 

amputation under regional nerve blocks with a cow in standing position which was successful. 

However, even though, nerve block local anaesthesia has been described in some review (not 

practical) articles (RAKER, 1956) as well as some books (HABEL, 1950; WRIGHT, 1946; 

WAY, 1954), and even though sites of injections for nerve blocks were suggested (RAKER, 

1956; HALL et al., 2001), no clinical (practical) study till now (in our knowledge) has been 

found to use local nerve blocks even in some numbers of cows to investigate the analgesia’s 

quality (duration and/or efficacy of full anaesthesia) and/or quantity (onset of full anaesthesia) 

not only to compare with another foot local anaesthesia method such as intravenous regional 

anaesthesia but also there is no study to validate local nerve blocks as a foot local anaesthesia 

technique to desensitize the hind limb in cows. The method to block superficial, deep, 

common peroneal and tibial nerves in some text books and review articles have been 

described already (BROCK and HEARD, 1985; COLLIN, 1963; RAKER, 1956; SKARDA, 

1986; WESTHUES and FRITSCH, 1964). WESTER and BEIJERS (1928), suggested 3-

points nerve block anaesthesia to desensitize the bovine foot. HALL et al. (2001), reported 

bovine hind limb nerve blocks of fibular and tibial nerves above the hock can be performed to 

have a local anaesthesia below the hock. To desensitize the fibular nerve, injection can be 

done with 18 or 20 gauge 2.5 cm needle ‘‘through the skin and through the aponeurotic sheet 

of biceps femories until the point of the needle just touches the caudal edge of the lateral 

condyle of the tibia’’. Anaesthesia can be approached after 20 minutes. To desensitize tibial 

nerve ‘‘grasp the gastrocnemius (Achilles) tendon between the thumb and index finger of one 

hand about 10 - 12 cm above the summit of calcaneous, insert a 2.5 cm needle just below the 
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thumb until the point of the needle can be felt by the index finger, just below the skin on the 

other side of the tendon. Inject 15 - 20 ml local anaesthetic solution and inject an additional 5 

ml on the medial side of the leg to block a small cutaneous nerve at this site’’. Anaesthesia can 

be achieved after 15 minutes under this method. Elmore (1981), suggested bovine anterior and 

posterior digital nerve block anaesthesia by injection respectively ‘‘in the soft area just dorsal 

to the fibrous band joining the claws’’ and ‘‘just dorsal to the fibrous band joining the claws’’. 

According to RAKER (1956), and HALL et al. (2001), the bovine hind foot can be 

desensitized by introducing the anaesthetic at 4 sites of superficial and deep peroneal, medial 

and lateral plantar metatarsal nerves. He suggested to desensitize superficial peroneal nerve, 

the nerve can be blocked ‘‘after inserting a ½ inch needle at the junction of the proximal and 

middle thirds of the metatarsus on its dorsal surface’’. Also, to desensitize deep peroneal 

nerve, he suggested that ‘‘the nerve is approached from the lateral side using a 1 inch, 22 

gauge needle. This longer needle is inserted along its full length from the lateral side and is 

directed medially, so it passes beneath the extensor tendons and lies on the dorsal surface of 

the metatarsal bone’’. He continued that to desensitize the lateral plantar metatarsal nerve, ‘‘a 

½ - inch needle is inserted between the suspensory ligament and the flexor tendons at the 

middle of the metatarsus’’ while medial plantar metatarsal nerve can be blocked ‘‘by injecting 

the anaesthetic agent at the middle of the metatarsus medial to and between the suspensory 

ligament and flexor tendons’’. CLARKE et al. (2013), in their book suggested desensitizing 

cattle hind digit with blocking fibular nerve by injection ‘‘through the skin, the subcutaneous 

tissue and the aponeurotic sheet of the biceps femoris until its point just touches the bony 

landmark’’, and tibial nerve by injection ‘‘above the summit of the calcaneus on the medial 

aspect of the limb, just in front of the gastrocnemius tendon’’, and further injection on ‘‘the 

lateral side of the leg to block a small cutaneous nerves’’. In another text book, bovine hind 

limb nerve block anaesthesia to have a desensitized metacarpus/metatarsus with blocking 

tibialis nerve, superficial and deep fibular nerves, 3-points proximal nerve block anaesthesia, 

3-points distal nerve block anaesthesia to have a desensitized claw or even 4-points nerve 

block anaesthesia with blocking four nerves includes of digitalis dorsalis proprius IV axialis, 

digitalis plantaris proprius IV axialis, digitalis dorsalis proprius IV abaxialis and digitalis 

plantaris proprius IV abaxialis have been described already (FIEDLER et al., 2003). 

GREENOUGH (1997), described 4-points distal digital nerve block anaesthesia in his text 

book explaining his method is unreliable for digital anaesthesia of thorasic limb in order that 

nerve distribution of digits of thorasic limb is not constant. According to Collin (1963), the 

capacity of local anaesthesia method which can induce desensitization by blocking nerves as 
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far away as possible from the location of surgery, is an advantage. He highlighted that in 

bovine hind limb, the main nerve for anaesthesia application can be ‘‘the main nerve trunk, 

the sciatic’’. In his opinion, blocking this nerve can be simple to perform but it can induce 

complete limb paralysis which would not be desirable. The benefit of choosing main branches 

of sciatic nerve includes of peroneal and tibial nerves is that by desensitizing those nerves, the 

desensitized bovine hind limb will be obtained in the farthest away from the operative area. 

Collin (1963), used peroneal nerve block ‘‘immediately behind the posterior edge of the 

lateral condyle of the tibia’’ and to block tibial nerve ‘‘approximately in front of the achilles 

tendon’’. By this way, the time to induce desensitization for peroneal nerve is 5 – 20 min 

while for tibial nerve would be up to 15 min (Collin, 1963). However, in our 4-points nerve 

block anaesthesia method the injection sites to desensitize superficial and deep peroneal, 

lateral and medial plantar metatarsal nerves are different compared to those suggested 

injection sites and bovine right hind limb 4-points nerve block anaesthesia was performed 

with blocking the superficial peroneal nerve by injection directly beneath the skin 

subcutaneously on the dorsal surface of hind leg proximally to the hock joint, desensitizing 

deep peroneal nerve with injection inside the proximal region of the groove at the dorso-

medial surface of metatarsus preventing disturbing deep peroneal artery and vein which are 

inside the groove with deep peroneal nerve, blocking lateral and medial plantar metatarsal 

nerves with injections respectively perineurally at the lateral surface of mid metatarsus above 

superficial and deep flexor tendons and at the medial surface of mid metatarsus above the 

superficial flexor tendon. As about more than ten right and left hind limbs of slaughtered or 

euthanized dairy cows have been dissected professionally with cooperation of anatomy 

department to prepare and localize the bovine hind limb innervation, according to our 

observations, nerves’ localization of right and left hind limbs in dairy cows are different and 

the injection sites to block four nerves (superficial and deep peroneal, lateral and medial 

plantar metatarsal nerves) which have been used in our study are suggested to perform only to 

desensitize bovine right hind limbs. Regarding complications and side effects of intravenous 

regional anaesthesia application, tourniquet pain beneath and distal to inflated tourniquet 

resulted in mechanical compression of tourniquet, muscle and nerve ischemia secondary to 

tourniquet pain, increasing cardio respiratory factors, heart rate, diastolic and systolic blood 

pressure following tourniquet inflation, hypoxia, hyper-capnea, acidosis, hyper-kalemia, 

increased lactate concentration and systemic toxicity following tourniquet release, potential 

hematoma at the injection site, lack of anaesthesia in order to slipping the tourniquet could be 

mentioned (BOURKE et al., 1989; KAM et al., 2001; PEDOWITZ and GERSHUNI, 1993; 
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PARKASH et al., 1988; SKARDA, 1996; EJAZ et al., 2015) as well as this point that foot 

intravenous regional anaesthesia cannot be easily applicable in some cases such as intens 

cellulitis (EDMONDSON, 2008; ANDERSON and EDMONDSON, 2013), while neural 

injury consist of direct mechanical needle trauma to nerves, mechanical trauma due to 

intraneural injection, local anaesthetic neurotoxicity, ischemia due to pressure effects of 

perineural or intraneural injections can be highlighted as complications of nerve block 

anaesthesia (KENT and BOLLAG, 2010). On the other hand, some benefits of performing 

local nerve block anaesthesia such as reduced opioid requirement, decreased incidence of 

hemodynamic instability, and less postoperative nausea, vomiting and improve postoperative 

pain control have been already reported in human (WIEGEL et al., 2007; RICHMAN et al., 

2006; CAPDEVILA et al., 2005; EVANS et al., 2005; SINGELYN et al., 2005; BEN-DAVID 

et al., 2004; CAPDEVILA et al., 1999; SINGELYN et al., 1998). The results of our study 

demonstrated no significant effect of tourniquet application or deflation on pain, however, 

significant lower level of mean arterial blood pressure in nerve block anaesthetized cows 

compared to intravenous regional treated group after returning cows to standing position from 

lateral recumbency before deflation of tourniquet can be considerable. Regarding 4-points 

nerve block anaesthesia, injections were performed preneurally (superficial and deep 

peroneal, lateral and medial plantar metatarsal nerves), therefore the side effect of neural 

injuries due to direct mechanical needle trauma would be neglected. Additionally, till now, 

any study method regarding neural blockade are beneficial in cardiac morbidity as well as 

outcome compared to the other pain killer’s techniques has not been organized (KEHLET, 

1999; LUI et al., 1995; DESBOROUGH, 2000). However, according to BAGRY et al. (2008) 

and MARTIN et al. (2008), clinical peripheral nerve blocks demonstrated that they may 

decline the postoperative inflammatory responses. CHAN et al. (2013) as well as SAKAI et 

al. (2013), highlighted that peripheral nerve blocks has some benefits includes of better 

analgesic control, fewer opioid-associated adverse effects, earlier improvements in knee 

flexion as well as less pain during rehabilitation. Following peripheral nerve block, an 

improved postoperative knee flexion and more rapid recovery of functional autonomy will be 

appeared. Moreover, peripheral nerve blocks have an anti-inflammatory efficacy (MARTIN et 

al., 2008). Studies in human (PEDERSEN et al., 1996; GORDON et al., 1997; 

GOTTSCHALK et al., 1998) and animals (KISSIN et al., 1998), showed that nerve block can 

have a remarkable effect on both inflammation and nociception. MARTIN et al. (2008), by 

agreement with that opinion of the effect of peripheral nerve block on postoperative 

functional recovery reported that peripheral nerve blocks can reduce edema and temperature 
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raise in human after surgery. Both single and continuous femoral nerve block can provide pain 

relief more than intravenous patient controlled analgesia. Within the early post operative 

period the analgesic efficacy of single injection as well as continuous femoral nerve blocks is 

superior compared to intravenous patient controlled anaesthesia in the early post-surgical 

period (CHAN et al., 2013). According to our results, both intravenous regional and 4-points 

nerve block anaesthesia can induce full anaesthesia at the distal hind limb of dairy cows. As 

our results have not been presented as an oral presentation in international events and other 

bovine veterinarians and surgeons most likely do not know about the advantages of this new 

verified method, and in order that different conditions need different local anaesthesia 

method, this new verified bovine foot local anaesthesia method can be applied as a choice 

local anaesthesia method as well as an alternative technique. Veterinarians and surgeons could 

choose their own routine local anaesthesia method depends on different surgical conditions 

and so on. The most benefit of application of 4-point NBA to desensitize hind limb of cattle is 

faster onset of full anaesthesia compared to a simple routine one (IVRA). Another benefit 

which needs further studies could be better recovery condition with less pain following 

surgery. However, faster full onset of 4 – point NBA compared to IVRA would be beneficial 

when surgeries have to be done under time constraint. 

 

5.6.     Conclusion 

 

                       It could be concluded, to desensitize distal hind limb of dairy cows, both IVRA 

and NBA generally lead to full anaesthesia, however, it has to be noticed that IVRA in one 

dairy cow in our study did not induce sufficient local anaesthesia requiring further evaluations 

in a larger size group of dairy cows to identify whether IVRA can induce full anaesthesia at 

distal hind limb of dairy cows always. According to electrical nociceptive threshold responses 

at dorso-lateral coronary band and soft skin of heel, full onset of local anaesthesia after 4-

point NBA can be achieved significantly faster than IVRA. Full onset of local anaesthesia 

following application of IVRA is delayed ~ 5 min in comparison to 4-point NBA. Besides, 

IVRA needs 15 min or even more after administration to have a full onset of local anaesthetic 

at the distal hind limb of dairy cows which is longer than mentioned 10 min in textbooks, 

however, application of local anaesthetic procasel 2% (procainhydrochlorid) without 

epinephrine could be effective on onset of anaesthesia. Lateral recumbency on surgical tilt 

table as a stress model in restrained dairy cows as well as localized stress resulted in 

application of approximately tight fixing belt of limb inducing pain and hypoxia can have an 
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effect on particularly thermal and mechanical nociceptive threshold responses distally to the 

fixed belt. Therefore, those nociceptive thresholds should be further investigated in standing 

position dairy cows. Application of electrical nociceptive thresholds to evaluate local 

anaesthesia at the distal hind limb of dairy cows can have repeatable, reliable and easily 

dectectable responses from dairy cows. In routine bovine medicine practice, the faster onset of 

our 4-point NBA method compared to IVRA would be valuable, especially, when surgeries 

are performed in the filed under time constraints. In daily field operations, distal hind limb 

surgical interventions for treatment of claw lesions can be done before full onset of 

anaesthesia, for that reason in the view of animal welfare, faster full onset of 4-point NBA 

compared to IVRA would be beneficial. However, the advantages of application of 4-point 

NBA compared to IVRA can be examined in cattle, as in human the more benefits of NBA 

administration compared to IVRA has been observed before. Furthermore, according to our 

results, application as well as removal of rubber tourniquet in performed IVRA method in 

lateral recumbency on surgical tilt table, has no significant effect on pain at the distal hind 

limb of dairy cows, however, further examinations regarding the effect of rubber tourniquet 

on pain should be investigated by tourniquet application in both IVRA and 4-point NBA 

methods.
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Observations regarding some regional bovine anesthesia. 

Bulletin of University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca. 

Veterinary Medicine. 65 (1), 126 - 132 

 

Olivecrona, C., R. Blomfeldt, S. Ponzer, B.R. Stanford, and B.Y. Nilsson (2013): 

Tourniquet cuff pressure and nerve injury in knee arthroplasty in a bloodless field: a 

neurophysiological study.  

Acta Orthop. 84 (2), 159 – 164 

       

      Ogden, P.N. (1984): 

Failure of intravenous regional analgesia using a double cuff tourniquet. 

Anaesthesia. 39, 456 - 459 

 

Ömeroglu, H., D. Erdogan, S. Omeroglu, and U. Gunel (1998): 

Bicimoglu A. Ultrastructural analysis of the alterations in skeletal muscle during 

tourniquet application on extremities. 

Acta Orthopaedica et Traumatologica Turcica., 31 (4), 323 - 326 

 

Parkash, S., D. Nayak, M.M. Takroo, and V. Shankran (1988): 

Tourniquet: Basic principles, biomechanics and clinical applica-tions.  

J. Indian Med. Assoc. 86, 261- 269 

 

http://www.cabdirect.org/search.html?q=au%3A%22Oana%2C+L.%22
http://www.cabdirect.org/search.html?q=au%3A%22Muste%2C+A.%22
http://www.cabdirect.org/search.html?q=au%3A%22Mateş%2C+N.%22
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List of Materials 

Clinical: 

a) Jagular Vein Catheters 

b)  Polar® Equine RS800CX system (each polar system consist of 1 Polar Watch + 1 Polar Belt + 1 Wearlink-Sender + 1 Infrared 

Transmitter + 1 Instruction + 1 CD '' Polar Equine Trainer 5'' Software) 

c) Topcat Metrology Ltd Thermal Stimulation Device, UK 

d) Grass S88; Grass medical instruments, MA, USA 

e) 22G Venocan 
TM

 PLUS Catheter 

f) 20G Venocan 
TM

 PLUS IV Catheter 

g) Pressure Monitoring Line, Neutral, Blue and Red (Mediflex, 120 cm) 

h) Blue and Red 3-way-stopcock system 

i) Verbindungsleitung 

j) 500 ml and 1000ml Natrium Chlorid-Lösung 0,9% WDT 

k) Filovet-Bengen 

l) Supramid Weiß Nahtmaterial aus Polyamid, Pseudomonofil 

m) Pack Silk Braided Black Sutures (Non absorbable surgical suture) 

n) Heparin-Natrium Braun 25000 I.E. and 50000 I.E. 

o) Flasche Jod 

p) Flasche Alkohol 

q) 12 ml, 3 ml and 24 ml Single use Syringes 

r) 18 G and 21 G Needles 

s) Smarch Bandages 
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t) Procasel 2% 

u) Vet-Sept Salbe 100 mg/g 

v) Klebeband 

w) Rolles Cotton (Watte) 

x) Bandages 

y) Pin Pricks for Mechanical Stimulation 

z) Pressure in N for Mechanical Stimulation 

aa)  IntelliVue-Patientenmonitor (MP20/30, MP 40/50 and MP60/70/80/90) 

bb)  Procaine-Penicillin G 

cc)  Neuroline® 70005-J/12, Ambu GmbH, Bad Nauheim, Germany 

Laboratory: 

a) Serum tubes 10 mL, Sarstedt, Nümbrecht, Germany 

b) Fluoride tubes 

c) Eppendorf tubes 

d) LKCO1, Immulite® 1000 System, Siemens Diagnostics, USA 

e) Cobas Mira®, Hofmann-La Roche
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Time 

diff. 

LR 

Time 
Time Measure   

Anaesthesia 

Time 
Samples Measurements 

blood pressure 

in mmHG 
Measurements  

  

RR 

  -55   Get cow from free stall and fix at tipping table   
 

          
15 -40   Fix polar system   

 
      HR / HRV /Resp.Rate   

5 -35   Insert jugular vein catheter and artery catheter, polar system   
 

      HR / HRV   
15 -20     1 -39 Venous blood Blood pressure   HR / HRV /Resp.Rate   
15 -5     2 -24 Venous blood Blood pressure   HR / HRV /Resp.Rate   
5 0   Turn cow in lateral recumbency   

 
      HR / HRV   

5 5   Prepare cow for local anaesthesia (if scheduled) and pain stimulation devices   
 

      HR / HRV   
2 7     3 -12 Venous blood Blood pressure   HR / HRV /Resp.Rate   
1 8   Pain stimulation (Heat:                            Pressure :                 Needle:  

Electrical:                  )                                           
 

      HR / HRV    

1 9     4 -10 Venous blood Blood pressure   HR / HRV /Resp.Rate   
5 14     5 -5 Venous blood Blood pressure   HR / HRV /Resp.Rate   
1 15   Esmarch bandage (if scheduled)   

 
      HR / HRV   

3 18     6 -1 Venous blood Blood pressure   HR / HRV /Resp.Rate   
1 19   Local anaethesia (NBA or RIVA as scheduled)   

 
      HR / HRV   

2 21     7 2 Venous blood Blood pressure   HR / HRV /Resp.Rate   
13 34     8 15 Venous blood Blood pressure   HR / HRV /Resp.Rate   
1 35   Pain stimulation (Heat:                            Pressure :                 Needle:  

Electrical:                  )                                           
 

      HR / HRV    

1 36     9 17 Venous blood Blood pressure   HR / HRV /Resp.Rate   
5 41     10 22 Venous blood Blood pressure   HR / HRV /Resp.Rate   
5 46     11 27 Venous blood Blood pressure   HR / HRV /Resp.Rate   
5 51     12 32 Venous blood Blood pressure   HR / HRV /Resp.Rate   
1 52   Pain stimulation (Heat:                            Pressure :                 Needle:  

Electrical:                  )                                           
 

      HR / HRV   

1 53     13 34 Venous blood Blood pressure   HR / HRV /Resp.Rate   
5 58     14 39 Venous blood Blood pressure   HR / HRV /Resp.Rate   
1 59   Turn cow in standing position, remains at tipping table with loose belts   

 
      HR / HRV    

5 64     15 45 Venous blood Blood pressure   HR / HRV /Resp.Rate   
1 65   Remove esmarch bandage (as scheduled)   

 
          

2 67       
 

  Blood pressure   HR / HRV /Resp.Rate   
3 70     16 51 Venous blood Blood pressure   HR / HRV /Resp.Rate   
8 78       

 
  Blood pressure   HR / HRV /Resp.Rate   

10 88     17 69 Venous blood Blood pressure   HR / HRV /Resp.Rate   

Table 4a:  The protocol for study 1 
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Dorsal Fetlock Joint Lateral Flexor Tendon Bulb of Heel 

Time 

Mechanical 

S. Lateral Medial Lateral Medial Lateral Medial 

 

Pressure 

      Pin Pricks 

      

 

Pressure 

      Pin Pricks 

      

 

Pressure 

      Pin Pricks             

              
   

       
Table 4b:  The protocol for study 1 (pain stimulations) 
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   -35 

 

Get the cow from free stall and fix on tipping 

table        

       
   -15 Turn the cow on left side and fix the limbs 

  

Dorsal Fetlock 

Joint 

Lateral Flexor 

Tendon 
Bulb of Heel 

 

 Dorsal    

Fetlock 

Joint 
 

Lateral Flexor 

Tendon  

Bul

b of 

Heel 

  

   -5 E-Stim 1 in V: E-Stim 2 in V: 
Pin pricks 

(0 - 5) 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

Pressure 

in N 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

   -1 Esmarch bandage in case of IVRA 
        

              

   0 Apply IVRA or NBA (time 0 when finished) 
       

              

   5 E-Stim 1 in V: E-Stim 2 in V: 
Pin pricks 

(0 - 5) 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

Pressure 

in N 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

   7.5 E-Stim 1 in V: E-Stim 2 in V: 
Pin pricks 

(0 - 5) 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

Pressure 

in N 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

   10 E-Stim 1 in V: E-Stim 2 in V: 
Pin pricks 

(0 - 5) 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

Pressure 

in N 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

   12.5 E-Stim 1 in V: E-Stim 2 in V: 
Pin pricks 

(0 - 5) 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

Pressure 

in N 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

   15 E-Stim 1 in V: E-Stim 2 in V: 
Pin pricks 

(0 - 5) 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

Pressure 

in N 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

   20 E-Stim 1 in V: E-Stim 2 in V: 
Pin pricks 

(0 - 5) 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

Pressure 

in N 
Lateral: Medial: Lateral: Medial: Lateral: Medial: 

   23 Remove the Esmarch bandage 
               

   25 Return the cow in standing possition 
               

 

   30 

 

Return the cow to the stall                                                              

Table 5: The protocol for study 2 (onset of anaesthesia) 

 

 

Time    Activity 
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Fig. 7a: Xenetix 350 

 

 

 

Fig. 7b: CT scan of hind limb after injection of Xenetix 350 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Colored-Latex Staining 
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Fig. 9:  placed Polar system on standing 

Position cow 

 

 

 

 
 

Fig. 10: Topcat Metrology Ltd 

 

 

 

 

 
 

Fig. 11: Pin Prick 
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Fig. 12: Pressure mechanical device 

 

 

 

 

 

 
 

 

Fig. 13: Grass S48 Stimulator 

 

 

 

 

 

 

 
 

 

Fig. 14: IntelliVue-Patientenmonitor 
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Cow No. Treatment -59 -54 -39 -24 -19 -14 -12 -11 -10 -5 -1 0 2 15 16 17 22 27 32 33 

1 NBA 83 77 81 79 103 NA 91 96 103 93 98 106 88 89 92 91 93 130 89 90 

2 NBA 64 NA 59 61 65 NA 28 15 26 59 56 30 70 64 53 61 64 24 49 22 

3 NBA 63 75 71 80 94 NA 64 73 90 85 86 91 98 117 118 121 122 118 124 124 

4 NBA 89 80 68 69 110 109 88 86 91 96 110 97 98 102 102 100 100 97 101 100 

5 NBA 62 61 63 59 78 52 97 81 67 68 82 114 100 109 137 75 60 95 111 85 

6 NBA 60 68 63 60 83 82 67 59 74 69 63 84 72 65 64 77 65 79 80 83 

7 NBA 60 64 61 58 67 64 59 55 61 57 63 71 68 63 58 63 74 45 97 73 

8 NBA 88 83 98 87 89 NA 104 92 61 77 62 79 64 82 60 71 88 90 84 85 

1 IVRA 62 58 55 59 85 70 81 76 76 15 15 70 53 73 88 25 15 87 15 15 

2 IVRA 81 52 39 53 58 52 66 54 55 65 63 55 53 71 89 80 68 57 80 72 

3 IVRA 73 49 79 58 113 70 72 141 85 15 107 109 96 87 98 99 82 110 108 98 

4 IVRA 83 84 86 84 83 NA 108 103 100 96 98 102 69 106 108 30 120 113 113 116 

5 IVRA 61 65 57 60 67 69 80 68 70 77 57 99 68 61 86 70 72 79 32 64 

6 IVRA 74 67 63 63 88 78 78 71 89 78 87 39 84 88 15 81 110 101 85 40 

7 IVRA 63 65 65 61 66 76 91 70 60 61 72 90 75 85 68 92 77 72 66 73 

8 IVRA 59 57 59 49 53 56 52 50 48 48 52 54 47 50 57 51 54 49 59 55 

Cow No. Treatment 

 

34 

 

39 

 

40 

 

45 

 

48 

 

51 

 

59 

 

69 

1 NBA 91 102 123 100 117 90 87 87 

2 NBA 71 60 67 53 68 67 NA NA 

3 NBA 123 122 127 82 83 91 80 111 

4 NBA 97 102 106 89 82 79 76 79 

5 NBA 92 107 95 95 93 95 87 92 

6 NBA 72 94 75 67 65 68 72 67 

7 NBA 64 96 85 63 62 64 71 67 

8 NBA 90 52 82 84 81 82 79 82 

1 IVRA 81 84 103 90 15 71 70 51 

2 IVRA 76 64 97 84 76 79 73 72 

3 IVRA 15 102 105 92 79 75 76 74 

4 IVRA 15 121 109 104 101 92 114 96 

5 IVRA 100 66 71 106 NA 89 116 108 

6 IVRA 89 94 40 83 71 75 76 78 

7 IVRA 62 88 83 68 61 64 64 63 

8 IVRA 52 58 65 60 55 55 54 59 

Table 17: The results of Heart Rate/min for selected times before and after 

anaesthesia with either IVRA or NBA (t0 = anaesthesia time). NA shows No 

recorded times. 
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Cow No. Treatment -1 -5 -10 -12 -24 -39 -59 2 15 17 22 27 32 34 39 45 48 51 59 69 

1 NBA 20 20 22 22 24 20 26 20 22 24 24 34 24 24 24 34 22 20 18 20 

2 NBA 36 38 32 36 38 30 38 36 28 38 28 32 36 42 32 40 28 36 26 24 

3 NBA 22 20 22 24 24 20 28 30 32 34 38 40 44 36 30 22 24 22 24 24 

4 NBA 24 20 24 20 30 16 18 14 20 16 12 18 16 16 16 22 20 16 18 18 

5 NBA 22 24 22 24 28 28 16 34 24 32 32 30 36 28 24 24 20 20 24 16 

6 NBA 32 44 38 24 48 48 32 36 36 48 36 48 56 48 48 30 40 40 44 36 

7 NBA 24 24 30 20 20 24 20 32 24 30 24 28 40 28 36 28 32 28 32 24 

8 NBA 28 42 48 36 24 32 32 32 36 44 48 52 48 40 44 56 60 48 60 40 

1 IVRA 24 20 24 28 24 28 28 24 28 28 32 32 NA 28 36 56 24 32 34 28 

2 IVRA 40 28 28 40 40 36 44 48 40 36 48 32 44 52 40 52 60 60 52 48 

3 IVRA 20 16 20 14 20 16 26 24 18 24 16 22 26 30 22 22 18 16 26 18 

4 IVRA 22 14 26 28 20 16 18 16 18 28 16 20 22 28 24 32 20 30 28 28 

5 IVRA 28 26 20 26 32 30 24 40 36 40 40 34 40 28 36 26 NA 30 20 24 

6 IVRA 28 32 24 40 44 40 48 48 40 28 32 40 40 60 52 44 56 40 32 36 

7 IVRA 24 22 20 36 24 28 32 20 18 40 24 28 24 24 44 40 32 40 24 22 

8 IVRA 32 28 44 32 36 32 36 32 40 44 44 32 44 40 36 44 40 36 40 36 

Table 18: The results of Respiratory Rates/min for selected times before and after treatment with either IVRA or NBA (t0 = anaesthesia time). 

NA shows Not recorded times. 

 



 APPENDIX 

225 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cow No. Treatment -1 -5 -10 -12 -24 -39 2 15 17 22 27 32 34 39 45 48 51 59 69 

1 NBA 175 179 180 155 169 173 164 173 149 176 174 168 157 178 175 174 180 168 152 

2 NBA 145 132 158 155 150 157 160 184 157 185 159 148 162 173 158 160 158 140 147 

3 NBA 165 189 165 184 159 171 188 188 183 182 177 197 187 195 157 175 164 170 156 

4 NBA 162 159 200 147 196 187 188 182 200 177 183 195 199 194 176 167 169 169 165 

5 NBA 181 181 211 212 180 195 169 179 169 178 187 191 180 170 164 173 175 180 168 

6 NBA 177 163 174 186 185 181 183 179 182 172 195 200 177 198 159 166 168 170 162 

7 NBA 184 198 178 165 176 165 174 169 177 177 179 177 174 169 177 165 169 165 165 

8 NBA 176 180 169 182 177 190 192 169 167 176 175 166 165 175 164 151 146 153 151 

1 IVRA 173 166 180 154 172 171 170 173 174 178 167 174 173 180 213 189 183 180 176 

2 IVRA 137 151 162 147 155 166 162 168 171 156 168 168 165 164 186 180 183 177 170 

3 IVRA 185 189 175 165 174 174 165 172 178 184 197 194 183 174 198 175 179 171 170 

4 IVRA 184 201 181 199 170 194 198 195 191 195 192 181 212 185 219 181 183 183 171 

5 IVRA 174 190 198 194 178 180 188 172 183 195 171 177 174 184 201 NA NA NA NA 

6 IVRA 162 170 171 180 160 184 169 168 167 156 169 169 166 160 187 172 165 156 159 

7 IVRA 202 190 179 179 185 198 195 182 173 186 165 176 165 178 182 178 179 180 177 

8 IVRA 157 155 148 170 150 179 173 173 174 173 160 166 160 169 192 166 158 163 158 

Table 19: Systolic Arterial Blood Pressure in mmHg before and after anaesthesia with either IVRA or NBA (t0 = anaesthesia time). NA shows 

No recorded times. 
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Cow No. Treatment -1 -5 -10 -12 -24 -39 2 15 17 22 27 32 34 39 45 48 51 59 69 

1 NBA 143 149 154 132 145 146 141 148 128 151 137 145 138 151 154 149 139 139 128 

2 NBA 108 100 114 112 108 116 121 143 118 134 116 110 120 131 113 115 105 108 113 

3 NBA 122 133 118 134 118 124 136 135 128 135 130 146 141 146 128 130 125 125 117 

4 NBA 128 125 166 166 163 141 149 147 158 146 150 156 156 154 133 137 138 132 130 

5 NBA 128 129 153 153 131 141 131 137 131 133 140 147 140 133 129 130 140 138 130 

6 NBA 137 113 123 129 130 122 125 129 125 124 130 140 124 134 115 124 125 129 119 

7 NBA 137 144 126 120 126 122 124 125 131 132 129 135 133 126 133 128 130 127 124 

8 NBA 126 136 119 129 130 141 142 141 133 144 146 139 141 146 140 130 125 129 128 

1 IVRA 127 131 139 119 127 131 139 133 138 140 128 134 140 143 180 122 147 141 135 

2 IVRA 105 110 110 101 107 120 118 121 122 116 130 120 121 117 151 144 148 148 135 

3 IVRA 134 129 123 119 130 116 119 128 126 133 133 127 117 129 138 133 132 125 120 

4 IVRA 143 151 143 154 133 155 162 165 160 165 152 153 167 155 171 148 147 148 141 

5 IVRA 129 139 152 140 139 142 150 140 144 151 136 135 144 151 153 NA NA NA NA 

6 IVRA 115 120 111 121 109 116 120 128 125 112 125 126 116 107 143 127 122 120 119 

7 IVRA 153 143 129 123 136 151 143 137 128 147 122 143 129 131 141 131 140 135 134 

8 IVRA 117 114 87 119 90 128 118 117 134 140 124 114 122 120 146 128 123 128 123 

Table 20: Recorded Diastolic Arterial Blood Pressure in mmHg before and after local anaesthesia with either IVRA or NBA (t0 = anaesthesia 

time). NA shows No recorded times. 
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Cow 

No. 
Treatment 

1st 

ETR1      

(-5) 

2nd 

ETR2      

(-5) 

3rd 

ETR1      

(+5) 

4th 

ETR2      

(+5) 

5th 

ETR1      

(+7,5) 

6th 

ETR2      

(+7,5) 

7th 

ETR1      

(+10) 

8th 

ETR2      

(+10) 

9th 

ETR1      

(+12,5) 

10th 

ETR2      

(+12,5) 

11th 

ETR1      

(+15) 

12th 

ETR2      

(+15) 

13th 

ETR1      

(+20) 

14th 

ETR2     

(+20) 

1 IVRA 3 5 7 9 10 11 12 13 13 14.5 15 15 15 15 

1 NBA 3 4 15 15 15 15 15 15 15 15 15 15 15 15 

2 IVRA 3.5 4 5.5 9 6 9 6.5 10 6 12 9 13 8 12 

2 NBA 3.5 4 8 14 12 14 15 14.5 15 15 15 15 15 15 

3 IVRA 2.5 4 6 8 8 15 14 15 15 15 15 15 15 15 

3 NBA 3 4 11 15 14.5 15 15 15 15 15 15 15 No data No data 

4 NBA 2.5 2.5 12 15 15 15 15 15 15 15 15 15 15 15 

4 IVRA 3 4 8 14.5 15 14.5 15 15 15 15 15 15 15 15 

5 NBA 2.5 3 14.5 14.5 15 15 15 15 15 15 15 15 15 15 

5 IVRA 4 5 7 6 8 8 15 15 15 15 15 15 15 15 

6 NBA 3 4 12 15 14.5 15 15 15 15 15 15 15 15 15 

6 IVRA 3 6  8 8 8 14.5 12 14.5 14.5 14.5 14.5 14.5 15 15 

 

 

 

 

 

 

Table 21a: Electrical Threshold Responses (0-15)/10 V before and after anaesthesia with either IVRA or NBA (t0 = anaesthesia time). 

Baseline values before treatment as well as after anaesthesia. ETR1 records the Electrical Threshold Responses at the skin latero-apical-

dorsal of coronary band while ETR2 shows Electrical Threshold Responses at the soft skin of heel. 

(Table 21 a,b,c,d show the results of pain stimulation for Electrical Threshold, Mechanical Pressure Threshold and Mechanical Needle Prick   

 respectively). 
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Table 21b: Mechanical Threshold Responses consist of Pressure (0 – 20) and Needle Prick (0 – 5) at Lateral and Medial Dorsal Fetlock Joint. All 

values before treatment as well as following anaesthesia with either IVRA or NBA.

Cow 

No. 
Treatment 

   

Lat. Dors          

MPR  (N)           

(-5) 

  

Med. Dors        

MPR  (N)                 

(-5) 

Lat . Dors        

MNR  (-5) 

 Med Dors         

MNR  (-5) 

  

Lat . Dors          

MPR (N)                 

(+5) 

  

Med. Dors        

MPR (N)                 

(+5) 

Lat. Dors       

MNR(+5) 

    

   Med . 

Dors                    

MNR              

(+5) 

   

Lat.Dors          

MPR(N)                 

(+7,5) 

   

MeDors        

MPR 

(N)                 

(+7,5) 

   

LatDors        

MNR             

(+7,5) 

   

MeDors         

MNR              

(+7,5) 

  

Lat Dors          

MPR (N)                 

(+10) 

  

 Med Dors        

MPR  (N)                 

(+10) 

1 IVRA 20 20 0 0 20 20 0 0 20 20 0 0 20 20 

1 NBA 20 20 0 0 20 20 0 0 20 20 0 0 20 20 

2 IVRA 20 20 1 0 20 20 0 0 20 20 0 0 20 20 

2 NBA 20 20 2 0 20 20 0 0 20 20 0 0 20 20 

3 IVRA 20 20 2 2 20 20 0 0 20 20 0 0 20 20 

3 NBA 20 20 1 1 20 20 0 1 20 20 0 0.5 20 20 

4 NBA 20 20 0 1 20 20 0 0 20 20 0 0 20 20 

4 IVRA 20 20 1.5 1.5 20 20 0 0.5 20 20 0 0 20 20 

5 NBA 20 14 1 0 20 20 0 0 20 20 0 0 20 20 

5 IVRA 20 20 0 0 20 20 0 0 20 20 0 0 20 20 

6 NBA 7 10 2 1 20 20 0 0 20 20 0 0 20 20 

6 IVRA 19 19 3 2 20 20 0 0 20 20 0 0 20 20 

Cow 

No. 
Treatment 

 Lat . 

Dors        

MNR             

(+10) 

  Med . 

Dors         

MNR              

(+10) 

Lat . 

Dors          

MPR  

(N)                 

(+12,5) 

  Med . 

Dors        

MPR  

(N)                 

(+12,5) 

   Lat . 

Dors        

MNR             

(+12,5) 

   Med . 

Dors         

MNR              

(+12,5) 

Lat . 

Dors          

MPR  

(N)                 

(+15) 

  Med . 

Dors        

MPR  (N)                 

(+15) 

 Lat . 

Dors        

MNR             

(+15) 

  Med . 

Dors         

MNR              

(+15) 

Lat . Dors          

MPR  (N)                 

(+20) 

  Med . Dors        

MPR  (N)                 

(+20) 

   Lat . 

Dors        

MNR             

(+20) 

   Med . 

Dors         

MNR              

(+20) 

1 IVRA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 

1 NBA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 

2 IVRA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 

2 NBA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 

3 IVRA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 

3 NBA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 

4 NBA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 

4 IVRA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 

5 NBA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 

5 IVRA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 

6 NBA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 

6 IVRA 0 0 20  20 0 0 20  20 0 0 20 20 0 0 
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Table 21c: Mechanical Threshold Responses include of  Pressure (0 – 20) and Needle Prick (0 – 5) at Medial and Lateral Flexor Tendon before as 

well as after anaesthesia with either IVRA or NBA. 

Cow 

No. 
Treatment 

   

Lat.Ten          

MPR               

(N)                 

(-5) 

  

Med.Ten         

MPR               

(N)                

(-5) 

  Lat.Ten           

MNR             

(-5) 

Med.Ten          

MNR              

(-5) 

    

Lat. Ten          

MPR               

(N)                 

(+5) 

   

Med. Ten         

MPR               

(N)                

(+5) 

Lat.Ten           

MNR             

(+5) 

  Med.Ten          

MNR              

(+5) 

   

Lat.Ten          

MPR               

(N)                 

(+7,5) 

   

Med.Ten         

MPR               

(N)                

(+7,5) 

  Lat .Ten           

MNR             

(+7,5) 

  Med.Ten          

MNR              

(+7,5) 

    

Lat.Ten          

MPR               

(N)                 

(+10) 

  

Med.Ten         

MPR               

(N)                

(+10) 

1 IVRA  20 20 0 0  20  20 0 0  20  20 0 0  20  20 

1 NBA  20 20 3 0  20  20 0 0  20  20 0 0  20  20 

2 IVRA  20 15 1 2  20  20 0 0  20  20 0 0  20  20 

2 NBA  20 17 1 1  20  20 0 0  20  20 0 0  20  20 

3 IVRA  20 20 0 1  20  20 0 0  20  20 0 0  20  20 

3 NBA  20 20 0 0  20  20 0 0  20  20 0 0  20  20 

4 NBA  20 14 1 2  20  20 0 0  20  20 0 0  20  20 

4 IVRA  20 15 2 2  20  20 1 1.5  20  20 0.5 1  20  20 

5 NBA  20 20 1 2  20  20 0 0  20  20 0 0  20  20 

5 IVRA  20 20 0 3  20  20 0 0  20  20 0 0  20  20 

6 NBA 16 7 0 1  20  20 0 0  20  20 0 0  20  20 

6 IVRA 20 11 3 3  20  20 0 3  20  20 0 0.5  20  20 

Cow 

No. 
Treatment 

   

Lat.Ten          

MPR               

(N)                 

(+12,5) 

  

Med.Ten         

MPR               

(N)                

(+12,5) 

Lat.Ten           

MNR             

(+12,5) 

Med.Ten          

MNR              

(+12,5) 

   

 Lat. Ten          

MPR               

(N)                 

(+15) 

   

Med. Ten         

MPR               

(N)                

(+15) 

   Lat.Ten           

MNR             

(+15) 

   Med.Ten          

MNR              

(+15) 

    

Lat.Ten          

MPR               

(N)                 

(+20) 

   

Med.Ten         

MPR               

(N)                

(+20) 

   Lat.Ten              

MNR             

(+20) 

Med.Ten          

MNR              

(+20) 

1 IVRA  20  20 0 0  20  20 0 0  20  20 0 0 

1 NBA  20  20 0 0  20  20 0 0  20  20 0 0 

2 IVRA  20  20 0 0  20  20 0 0  20  20 0 0 

2 NBA  20  20 0 0  20  20 0 0  20  20 0 0 

3 IVRA  20  20 0 0  20  20 0 0  20  20 0 0 

3 NBA  20  20 0 0  20  20 0 0  20  20 0 0 

4 NBA  20  20 0 0  20  20 0 0  20  20 0 0 

4 IVRA  20  20 0 0  20  20 0 0  20  20 0 0 

5 NBA  20  20 0 0  20  20 0 0  20  20 0 0 

5 IVRA  20  20 0 0  20  20 0 0  20  20 0 0 

6 NBA  20  20 0 0  20  20 0 0  20  20 0 0 

6 IVRA  20  20 0 0.5  20  20 0 0.5  20  20 0 0 
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Table 21d: Mechanical Threshold Responses for Pressure (0 – 20) and Needle Prick (0 – 5) at Lateral and Medial Bulb of Heel.  

 

Cow 

No. 

 

Treatment 

  

  

 Lat.Bulb           

MPR               

(N)                

(-5) 

 

  

Med.Bulb        

MPR                

(N)                

(-5) 

 

Lat.Bulb          

MNR               

(-5) 

 

Med.Bulb         

MNR             

(-5) 

    

 

Lat. Bulb          

MPR               

(N)                

(+5) 

   

 

Med.Bulb        

MPR                

(N)                

(+5) 

  

Lat.Bulb          

MNR               

(+5) 

  

Med.Bulb         

MNR             

(+5) 

    

 

Lat.Bulb           

MPR               

(N)                

(+7,5) 

   

 

MeBulb        

MPR                

(N)                

(+7,5) 

 

Lat.Bulb          

MNR               

(+7,5) 

 

Med.Bulb         

MNR             

(+7,5) 

    

 

Lat.Bulb           

MPR               

(N)                

(+10) 

   

 

Med.Bulb        

MPR                

(N)                

(+10) 

1 IVRA 20 20 0 1 20 20 0 0  20  20 0 0  20  20 

1 NBA 12 20 0 2 20 20 0 0  20  20 0 0  20  20 

2 IVRA 7 7 3 3 15 15 1 1  20  20 0 0.5  20  20 

2 NBA 9 10 3 4 20 20 0 0  20  20 0 0  20  20 

3 IVRA 17 18 0 0 20 20 0 0  20  20 0 0  20  20 

3 NBA 17 20 2 2 20 20 0 0  20  20 0 0  20  20 

4 NBA 20 20 3 2 20 20 0 0  20  20 0 0  20  20 

4 IVRA 7 20 4 3 20 20 0 0  20  20 0 0  20  20 

5 NBA 9 20 3 3 20 20 0 0  20  20 0 0  20  20 

5 IVRA 12 15 4 4 20 20 1 1  20  20 0 0  20  20 

6 NBA 8 9 4 3 20 20 0 0  20  20 0 0  20  20 

6 IVRA 7 20 4 4 20 20 2 1  20  20 0 0  20  20 

Cow 

No. 
Treatment 

   

Lat.Bulb          

MNR               

(+10) 

 

MeBulb         

MNR             

(+10) 

    

 

Lat.Bulb           

MPR               

(N)                

(+12,5) 

   

 

Med.Bulb        

MPR                

(N)                

(+12,5) 

   

 Lat.Bulb          

MNR               

(+12,5) 

  

Med. Bulb         

MNR             

(+12,5) 

    

 

Lat.Bulb           

MPR               

(N)                

(+15) 

   

 

Med. Bulb        

MPR                

(N)                

(+15) 

   

Lat.Bulb          

MNR               

(+15) 

 

 Med.Bulb         

MNR             

(+15) 

 

 

Lat.Bulb           

MPR               

(N)                

(+20) 

   

 

Med.Bulb        

MPR                

(N)                

(+20) 

   

Lat.Bulb          

MNR               

(+20) 

 

Med.Bulb         

MNR             

(+20) 

1 IVRA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 

1 NBA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 

2 IVRA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 

2 NBA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 

3 IVRA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 

3 NBA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 

4 NBA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 

4 IVRA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 

5 NBA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 

5 IVRA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 

6 NBA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 

6 IVRA 0 0  20  20 0 0  20  20 0 0  20  20 0 0 
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Cow 

No. 

 

Treatment 

 

-39 

 

-24 

 

-12 

 

-10 

 

-5 

 

-1 

 

2 

 

15 

 

17 

 

22 

 

27 

 

32 

 

34 

 

39 

 

45 

 

51 

 

69 

 

 

                   

1 NBA 378 346 381 350 446 373 371 380 396 377 422 424 438 433 486 531 417 

2 NBA 76 124 103 113 132 138 142 83.4 117 112 181 119 146 175 175 203 160 

3 NBA 327 369 650 647 679 724 799 892 792 737 777 730 759 845 411 424 363 

4 NBA 291 325 371 288 340 383 362 343 350 366 400 372 394 417 389 364 351 

5 NBA 212 237 253 289 256 243 293 186 240 215 262 244 264 276 294 257 231 

6 NBA 318 331 368 349 342 332 350 333 364 337 310 325 382 331 337 316 228 

7 NBA 163 177 148 172 164 158 141 105 142 149 115 153 151 130 123 134 121 

8 NBA 85 92.6 107 108 106 123 103 141 127 152 154 204 166 260 158 118 99.7 

1 IVRA 430 463 481 502 427 451 392 391 391 408 408 409 430 448 593 473 361 

2 IVRA 111 146 103 123 138 146 159 197 196 248 274 276 318 357 379 272 187 

3 IVRA 442 532 731 772 731 670 711 938 929 993 982 975 1033 1061 953 811 560 

4 IVRA 270 300 331 345 384 371 339 245 265 283 283 268 319 351 333 348 328 

5 IVRA 272 273 304 318 246 254 264 268 291 366 313 317 327 347 423 468 383 

6 IVRA 110 96.7 196 215 197 206 157 179 206 181 242 242 249 319 354 252 166 

7 IVRA 116 92.8 79.8 98.3 113 137 166 179 159 245 232 261 294 321 323 302 189 

8 IVRA 347 295 317 362 354 345 379 369 401 465 444 444 445 400 492 551 349 

Table 22: Serum NEFA concentration (µmol/l) before and after anaesthesia (t0 = anaesthesia time).  
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Table 23: Serum lactate concentration (mmol/l) before and after anaesthesia (t0 = anaesthesia time) with either IVRA or NBA. 

 
 

 

Cow 

No. 

 

Treatment 

   

-39 

 

-24 

 

-12 

  

-10 

  

-5 

  

-1 

  

2 

 

15 

 

17 

 

22 

  

27 

 

32 

   

 34 

 

39 

 

45 

    

51 

   

 69 

 

 

                   
1 NBA 1.92 1.75 2.68 2.77 3.01 2.63 2.37 2.68 3.41 3.47 4.65 4.07    4.00 4.69 4.16 3.32 2.39 

2 NBA 2.32 2.06 2.28 2.31 2.32 2.36 3.50 2.96 3.00 3.28 3.72 3.58 3.40 4.14 3.54 3.23 2.84 

3 NBA 1.53 1.96 1.68 1.94 2.02 1.89 2.04 3.24 4.74 5.83 6.59 6.71 7.39 7.14 4.62 4.08 2.80 

4 NBA 2.73 2.76 3.13 4.23 4.23 4.13 4.01 4.08 3.55 3.72 3.94 3.75 3.81 3.87 4.31 4.06 3.22 

5 NBA 2.22 2.08 2.58 3.54 3.93 5.30 6.49 6.76 7.17 7.23 8.8 8.69 8.92 9.83 9.79 9.36 6.90 

6 NBA 3.32 3.24 4.02 4.50 4.52 4.26 4.40 4.52 6.05 6.04 6.85 8.66 8.86 8.82 7.73 7.08 5.34 

7 NBA 2.31 3.47 4.58 5.65 6.77 6.99 6.34 4.27 2.38 2.05 1.02 2.31 2.61 2.24 2.47 2.54 2.71 

8 NBA 2.35 1.54 2.47 3.3 3.25 3.51 3.28 3.53 3.56 3.76 2.55 4.18 3.93 4.44 4.46 3.92 2.84 

1 IVRA 1.44 2.24 2.18 2.31 1.99 2.42 1.63 1.67 1.57 1.89 2.29 2.05 2.01 2.28 2.95 2.39 1.43 

2 IVRA 2.54 2.22 2.7 2.74 3.04 3.48 4.03 5.30 6.05 6.21 5.90 5.82 5.87 5.59 7.48 5.88 3.41 

3 IVRA 1.37 1.00 1.58 1.44 1.42 1.62 1.77 1.84 1.90 1.96 1.96 2.16 1.77 1.88 1.69 1.76 1.14 

4 IVRA 3.09 3.02 3.34 3.32 1.58 1.54 4.09 5.41 6.49 6.71 6.58 6.29 7.06 6.74 7.01 6.11 4.52 

5 IVRA 1.91 2.07 2.38 4.44 4.95 5.16 7.55 7.25 7.75 7.57 8.12 7.67 8.09 8.7 8.34 7.73 5.42 

6 IVRA 2.06 2.11 2.75 3.15 3.1 4.75 5.72 8.13 8.11 8.65 9.18 8.42 8.91 9.72 8.58 7.44 5.64 

7 IVRA 1.66 1.54 3.79 4.84 5.57 7.72 8.03 8.53 8.64 8.62 8.49 7.81 7.23 7.54 7.41 6.86 4.89 

8 IVRA 2.24 2.11 2.17 2.31 2.24 2.42 2.03 2.06 1.92 2.26 2.07 2.10 2.12 2.32 2.18 1.98 1.73 
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Cow 

No. 

 

Treatment 

 

-39 

 

-24 

 

-12 

 

-10 

 

-5 

 

-1 

 

2 

 

15 

 

17 

 

22 

 

27 

 

32 

 

34 

 

39 

 

45 

 

51 

 

69 

 

 

                   

1 NBA 3.92 4.20 3.96 3.98 4.3 4.28 4.38 4.33 4.44 4.22 4.59 4.41 4.87 4.67 5.62 5.92 6.11 

2 NBA 4.51 4.46 4.17 3.92 4.05 4.23 4.58 4.18 4.85 4.38 4.58 4.38 4.58 4.38 4.80 4.81 4.79 

3 NBA 3.84 4.16 4.14 4.21 3.80 3.76 3.71 3.77 4.17 4.10 4.41 4.81 4.84 5.09 6.13 6.06 6.24 

4 NBA 3.88 4.07 4.18 4.19 3.92 3.88 4.25 4.08 4.46 4.57 4.79 4.88 5.01 5.19 5.81 5.98 5.97 

5 NBA 4.91 4.35 3.85 3.97 4.10 4.37 4.53 4.69 4.72 4.89 5.39 5.38 5.54 5.81 5.91 6.46 7.76 

6 NBA 3.89 4.25 3.75 3.83 3.82 3.77 3.91 4.35 4.13 4.22 4.39 4.53 4.49 4.62 4.76 5.02 5.50 

7 NBA 4.02 2.94 3.83 3.92 4.03 3.93 3.98 3.90 4.10 4.14 4.43 4.53 4.21 4.32 4.29 4.63 4.54 

8 NBA 4.32 4.62 4.00 4.03 3.82 3.91 4.32 4.15 4.14 4.20 3.12 4.57 4.56 4.78 5.38 5.36 5.54 

1 IVRA 4.17 4.63 4.28 4.42 4.53 4.51 4.20 4.11 4.34 4.54 4.32 4.62 4.54 4.37 5.06 5.02 5.11 

2 IVRA 3.32 3.51 3.39 3.39 3.36 3.31 3.52 3.27 3.42 3.39 3.48 3.55 3.57 3.62 4.20 4.34 4.50 

3 IVRA 3.95 3.86 4.23 4.17 4.38 4.04 4.49 4.60 4.61 4.49 4.46 4.65 4.82 4.91 4.87 4.84 5.23 

4 IVRA 3.78 3.71 3.74 3.81 2.87 2.85 3.78 3.85 4.21 4.29 4.73 4.96 4.84 5.05 4.80 5.11 5.65 

5 IVRA 4.40 4.16 3.93 3.85 3.95 3.92 4.09 4.16 4.52 4.53 4.57 4.69 4.85 4.90 5.84 5.26 5.63 

6 IVRA 3.73 3.87 3.58 3.73 3.78 3.67 3.92 3.77 3.76 4.12 4.08 4.05 4.49 4.47 4.71 5.02 5.06 

7 IVRA 4.02 3.84 3.66 3.95 3.94 4.23 4.24 5.07 5.41 5.54 6.30 6.62 6.89 7.28 7.84 7.73 7.48 

8 IVRA 3.81 3.71 3.64 3.74 3.63 3.5 3.82 3.61 3.71 3.94 3.92 3.80 4.04 4.15 4.04 4.07 4.17 

Table 24: Serum glucose concentration (mmol l
-1

) before and after anaesthesia (t0 = anaesthesia time). 
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Cow 

No. 

 

Treatment 

  

 -39 

   

-24 

  

-12 

  

-10 

   

-5 

   

-1 

    

 2 

   

15 

   

17 

  

 22 

   

27 

   

32 

    

34 

   

 39 

   

45 

    

51 

    

 69 

 

 

                   

1 NBA 6,7 4,8 25,9 27,9 24,9 27,4 46,6 35,3 35,5 34,1 29,5 27,9 44 39 37,3 37,7 48,8 

2 NBA 14 8,2 34 31,9 40,8 39,2 79 77,6 93,4 80,6 87,6 78,4 76,2 75,1 82,1 75,1 65,1 

3 NBA 5,5 5,4 14,8 17,7 21,1 29,1 34,4 49,3 59,2 64,8 56,4 60,6 73,4 74 40,5 37,6 32,3 

4 NBA 16,9 3,7 37,7 53,4 53,5 58,1 60,5 64,6 72,3 74,8 72,1 77,2 72,7 77,1 72,5 73,4 46,7 

5 NBA 29,5 13,3 47,7 42,7 57,3 60,8 76 87,5 98 86,5 100 92,3 106 106 98,7 92,6 74,8 

6 NBA 18,7 19,9 63,7 67,1 61,3 67,4 72,7 65,8 64,1 66,7 69,7 75,8 72 85,2 69,7 64,1 . 

7 NBA 27,1 11,7 27,1 23,7 23,9 18,7 40,2 27,1 28,3 33,6 45,7 69,8 79,5 85,4 84,2 83,8 52,8 

8 NBA 24,6 18,2 46,7 48,6 61,8 75,7 85,4 95 99,2 95 93,2 101 92,7 111 98,4 109 103 

1 IVRA 15,3 11,8 27,3 30,3 38,4 41,5 41,5 49,8 41,8 46,3 52,7 52,3 61 53 52,9 55,2 40 

2 IVRA 9,8 12,7 43,5 44 47,6 64,7 31,9 61,8 71,6 61,3 71,3 67,5 75,9 76,6 69,6 76,5 66,3 

3 IVRA 12,3 21 25,5 31,6 28,9 29,7 32,6 47,1 47,2 55,5 53,4 54,5 58,4 68,6 61,3 50,1 34,3 

4 IVRA 24,7 31,7 50,6 54,3 35,2 33,6 58,3 72,7 83,4 79,6 81 76,5 80,2 84,6 84,6 78,9 81,6 

5 IVRA 25 18,5 48,2 57,4 65,8 76,2 75,1 79,1 76,9 82,8 86,7 88,4 92,7 85,6 91,2 85,2 71,8 

6 IVRA 24,3 14,1 52,5 61,5 66,7 73,1 78,6 76,1 88 84,8 86,4 81,5 86,8 86,1 89,5 83,6 70,3 

7 IVRA 19,5 16,2 65,4 67,8 79,7 80 71,4 83,4 77,7 71,7 22,9 95,2 86,2 90,4 80,9 78,9 86,9 

8 IVRA 34,9 17,9 32,8 32,6 27,3 20,6 38,4 53,3 54,3 55,1 71,1 74,6 77,9 74,4 79,2 73,1 51,6 

Table 25: Serum cortisol (ng ml
-1

) before and after anaesthesia with either IVRA or NBA (t0 = anaesthesia time). 
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Table 28:  Mechanical Pressure at Lateral  

Bulb of Heel (0 - 20) before as well as  

after treatment with either IVRA or NBA.  

Cow No. Treatment -10 15 35 

 

1 NBA 55 55 55 

2 NBA 51,9 55 55 

3 NBA 49,9 55 55 

4 NBA 50,6 55 55 

5 NBA 47,2 55 55 

6 NBA 55 55 55 

7 NBA 55 55 55 

8 NBA 55 55 55 

1 IVRA 55 55 55 

2 IVRA 55 55 55 

3 IVRA 49,1 55 55 

4 IVRA 51,5 55 55 

5 IVRA 55 55 55 

6 IVRA 55 55 55 

7 IVRA 55 55 55 

8 IVRA 52,1 55 55 

Cow No. Treatment -10 15 35 

 

1 NBA 20 20 20 

2 NBA 19 20 20 

3 NBA 11 20 20 

4 NBA 20 20 20 

5 NBA 20 20 20 

6 NBA 10 20 20 

7 NBA 20 20 20 

8 NBA 20 20 20 

1 IVRA 10 20 20 

2 IVRA 8 20 20 

3 IVRA 17 20 20 

4 IVRA 14 20 20 

5 IVRA 14 20 20 

6 IVRA 10 20 20 

7 IVRA 19 20 20 

8 IVRA 9 20 20 

Cow No. Treatment      -10       15        35 

 

1 NBA 6 15 15 

2 NBA 4 15 15 

3 NBA 2,8 15 15 

4 NBA . 15 15 

5 NBA 3,5 15 15 

6 NBA 3,5 15 15 

7 NBA . 15 15 

8 NBA 3,5 15 15 

1 IVRA 3,5 15 15 

2 IVRA 2,9 10 15 

3 IVRA 3,9 7,5 15 

4 IVRA 3,5 15 15 

5 IVRA 5,1 15 15 

6 IVRA 2,5 8 15 

7 IVRA 3 15 15 

8 IVRA 4,5 9 15 

 

Cow No. Treatment -10 15 35 

 

1 NBA 8,50 18 20 

2 NBA 20 20 20 

3 NBA 20 20 20 

4 NBA 14 20 20 

5 NBA 20 20 20 

6 NBA 20 20 20 

7 NBA 20 20 20 

8 NBA 20 20 20 

1 IVRA 14 20 20 

2 IVRA 9 20 20 

3 IVRA 14 20 20 

4 IVRA 20 20 20 

5 IVRA 19 20 20 

6 IVRA 19 20 20 

7 IVRA 20 20 20 

8 IVRA 14 20 20 

 

Table 29:  Mechanical Pressure at Medial Bulb  

of Heel (0 - 20) before and after anaesthesia. 

 

Table 26: Thermal Threshold Responses before and 

after anaesthesia (t0 = anaesthesia time).  

     

Table 27: Electrical Threshold Responses /10V 

before and after anaesthesia (t0 = anaesthesia time). 
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Cow No. Treatment       -10                15                  35 

     

1 NBA 3 0 0 

2 NBA 0 0 0 

3 NBA 4 0 0 

4 NBA 0 0 0 

5 NBA 4 0 0 

6 NBA 3 0 0 

7 NBA 3 1 0 

8 NBA 2 0 0 

1 IVRA 3 0 0 

2 IVRA 4 0 0 

3 IVRA 3 0 0 

4 IVRA 4 0 0 

5 IVRA 4 0 0 

6 IVRA 5 0 0 

7 IVRA 2 0 0 

8 IVRA 4 0 0 

 

Table 30: Needle Prick (0 - 5) at Lateral Bulb of   

Heel before as well as following anaesthesia.   

 

 
Cow No. Treatment -10 15 35 

1 NBA 20 20 20 

2 NBA 20 20 20 

3 NBA 20 20 20 

4 NBA 20 20 20 

5 NBA 20 20 20 

6 NBA 20 20 20 

7 NBA 20 20 20 

8 NBA 20 20 20 

1 IVRA 20 20 20 

2 IVRA 20 20 20 

3 IVRA 14 20 20 

4 IVRA 20 20 20 

5 IVRA 19 20 20 

6 IVRA 16 20 20 

7 IVRA 20 20 20 

8 IVRA 20 20 20 

 

 

 

 

 

 

 

 

Cow No. Treatment -10 15 35 

 

1 NBA 4 0 0 

2 NBA 4 0 0 

3 NBA 4 0 0 

4 NBA 0 0 0 

5 NBA 4 0 0 

6 NBA 3 0 0 

7 NBA 3 0 0 

8 NBA 2 0 0 

1 IVRA 4 0 0 

2 IVRA 4 0 0 

3 IVRA 4 0 0 

4 IVRA 4 0 0 

5 IVRA 3 0 0 

6 IVRA 2 0 0 

7 IVRA 0 0 0 

8 IVRA 2 0 0 

 

Cow No. Treatment -10 15 35 

1 NBA 20 20 20 

2 NBA 20 20 20 

3 NBA 20 20 20 

4 NBA 20 20 20 

5 NBA 19 20 20 

6 NBA 20 20 20 

7 NBA 20 20 20 

8 NBA 20 20 20 

1 IVRA 20 20 20 

2 IVRA 19 20 20 

3 IVRA 14 20 20 

4 IVRA 20 20 20 

5 IVRA 20 20 20 

6 IVRA 17 20 20 

7 IVRA 20 20 20 

8 IVRA 19 20 20 

 

Table 31: Needle Prick (0 - 5) at Medial Bulb of Heel 

before as well as after anaesthesia. 

 

Table 32: Mechanical force at Lateral Flexor 

Tendon (0 - 20) before and after treatment. 

Table 33: Mechanical force at Medial Flexor 

Tendon (0 – 20) before as well as following 

anaesthesia. 
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Cow No. Treatment -10 15 35 

1 NBA 4 0 0 

2 NBA 3 0 0 

3 NBA 5 0 0 

4 NBA 0 0 0 

5 NBA 3 0 0 

6 NBA 0 0 0 

7 NBA 2 0 0 

8 NBA 0 0 0 

1 IVRA 3 0 0 

2 IVRA 3 0 0 

3 IVRA 1 0 0 

4 IVRA 0 0 0 

5 IVRA 1 0 0 

6 IVRA 1 0 0 

7 IVRA 1 0 0 

8 IVRA 3 0 0 

 

 

 

 

 

 

 
Cow No. Treatment -10 15 35 

1 NBA 20 20 20 

2 NBA 20 20 20 

3 NBA 20 20 20 

4 NBA 20 20 20 

5 NBA 20 20 20 

6 NBA 20 20 20 

7 NBA 20 20 20 

8 NBA 20 20 20 

1 IVRA 20 20 20 

2 IVRA 16 20 20 

3 IVRA 15 20 20 

4 IVRA 20 20 20 

5 IVRA 20 20 20 

6 IVRA 20 20 20 

7 IVRA 20 20 20 

8 IVRA 20 20 20 

 

 

 

 

 

 

                                                                                                                                

Cow No. Treatment -10 15 35 

1 NBA 20 20 20 

2 NBA 20 20 20 

3 NBA 16 20 20 

4 NBA 20 20 20 

5 NBA 20 20 20 

6 NBA 19 20 20 

7 NBA 20 20 20 

8 NBA 20 20 20 

1 IVRA 20 20 20 

2 IVRA 20 20 20 

3 IVRA 16,5 20 20 

4 IVRA 20 20 20 

5 IVRA 20 20 20 

6 IVRA 20 20 20 

7 IVRA 20 20 20 

8 IVRA 20 20 20 

 

Cow No. Treatment -10 15 35 

1 NBA 0 0 0 

2 NBA 1 0 0 

3 NBA 4 0 0 

4 NBA 0 0 0 

5 NBA 2 0 0 

6 NBA 0 0 0 

7 NBA 1 0 0 

8 NBA 0 0 0 

1 IVRA 2 0 0 

2 IVRA 2 0 0 

3 IVRA 3 0 0 

4 IVRA 2 0 0 

5 IVRA 0 0 0 

6 IVRA 2 0 0 

7 IVRA 1 0 0 

8 IVRA 3 0 0 

 

Table 34: Needle Prick (0-5) at Lateral Flexor 

Tendon before and after anaesthesia with either 

IVRA or NBA.    

Table 35: Needle Prick (0-5) at Medial Flexor 

Tendon before as well as following treatment. 

Table 36: Mechanical force at Lateral Fetlock 

Dorsal Joint (0-20) before anaesthesia as well as 

after treatment. 

Table 37: Mechanical force at Medial Dorsal 

Fetlock Joint (0-20) before and after anaesthesia. 
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Cow No. Treatment -10 15 35 

1 NBA 0 0 0 

2 NBA 3 0 0 

3 NBA 1 0 0 

4 NBA 1 0 0 

5 NBA 0 0 0 

6 NBA 0 0 0 

7 NBA 0 0 0 

8 NBA 0 0 0 

1 IVRA 1 0 0 

2 IVRA 4 0 0 

3 IVRA 4 0 0 

4 IVRA 0 0 0 

5 IVRA 0 0 0 

6 IVRA 4 0 0 

7 IVRA 0 0 0 

8 IVRA 2 0 0 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cow No. Treatment -10 15 35 

 

1 NBA 0 0 0 

2 NBA 4 0 0 

3 NBA 0 0 0 

4 NBA 0 0 0 

5 NBA 0 0 0 

6 NBA 0 0 0 

7 NBA 0 0 0 

8 NBA 0 0 0 

1 IVRA 1 0 0 

2 IVRA 4 1 0 

3 IVRA 4 0 0 

4 IVRA 2 0 0 

5 IVRA 0 0 0 

6 IVRA 3 0 0 

7 IVRA 0 0 0 

8 IVRA 2 0 0 

 

Table 38: Needle Prick (0-5) at Lateral Dorsal 

Fetlock Joint before as well as following 

anaesthesia.  

Table 39: Needle Prick (0-5) at Medial Dorsal 

Fetlock Joint before and after anaesthesia with 

either IVRA or NBA. 
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