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Capture myopathy (CM) is a noninfectious, metabolic condition often associated with 

pursuit, transport or capture of animals and it is a major contributor to capture-related 

mortality. Prevention and early diagnostics are beneficial for the outcome, as treatment is 

difficult. Muscle rigidity is one of the clinical signs observed in CM, but it is difficult to 

measure objectively and in a non-invasive way. The aim of this thesis was to investigate 

MyotonPRO myotonometer as a possible diagnostic method for CM. The ability to detect 

changes in muscle tone of immobilized blesbok was studied by combining etorphine with 

a tranquillizer: azaperone or midazolam. MyotonPRO was used to measure two different 

muscles/muscle groups during a 40-minute monitoring period. Muscle tone of longissimus 

dorsi decreased in both groups during the monitoring period. The overall muscle tone was 

lower in the azaperone group but the decrease in muscle tone was greater in the midazolam 

group. It suggests that midazolam has a better effect on muscle relaxation, but that 

azaperone counteracts the side effects of opioids better and has a stronger anxiolytic effect. 

There was a positive correlation between muscle tone and body temperature. 

Pharmacodynamics and direct effects of the immobilization drugs, adaptation, 

psychological stress and subsequent rise in body temperature are all likely to contribute 

to changes in muscle tone. The results indicate that MyotonPRO can detect changes in the 

muscle tone of immobilized blesbok. Further research on the subject is warranted, as the 

experience on the use of MyotonPRO in veterinary medicine is limited. 
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Püüdmisest tekkiv müopaatia (PM) on mittenakkav  ainevahetuslik seisund, mis tavaliselt 

seondub loomade jälitamise, transpordi ja püüdmisega. Erinevate kirjelduste põhjal 

väidetakse, et PM on looma püüdmisjärgse surma peamine põhjus. Ennetamine ja 

varajane diagnoosimine on ülitähtsad faktorid metsloomade püüdmise tulemuslikkuse 

tõstmiseks,  kuna PM ravi on keeruline ja prognoos halb. PM üheks kliiniliseks tunnuseks 

on lihaste jäikus, mida on keeruline objektiivselt ja mitteinvasiivselt diagnoosida. Antud 

uuringu eesmärgiks oli katsetada MyotonPRO müotonomeetrit võimaliku PM 

diagnoosimise meetodina. Lihaste toonuse muutuste avastamist uuriti blesbok-

antiloopidel. Loomad olid immobiliseeritud opioid-trankvilisaator kombinatsiooniga 

(etorfiin-azaperoon või etorfiin-midasolaam). MyotonPROd kasutati kahe erineva 

lihastegrupi toonuse mõõtmiseks 40-min anesteesia jälgimise perioodi jooksul. Selja 

pikima lihase (m. longissimus dorsi) toonus langes jälgimisperioodil mõlemas 

katserühmas. Üldine lihaste toonus oli madalam loomadel, kes olid immobiliseeritud 

etorfiini ja azaperooni kombinatsiooniga. Toonuse langus oli märkimisväärsem etorfiin-

midasolaami saanud loomarühmal. Samuti oli nähtav positiivne korrelatsioon lihaste 

toonuse ja välistemperatuuri vahel. Immobilisatsiooni ravimite farmakodünaamika ja 

otsene mõju, kohandamine, füsioloogiline stress ning välistemperatuur mõjutavad 

tõenäoliselt lihaste toonuse muutusi. Uuringu tulemused näitavad, et MyotonPRO abil 

saab tuvastada lihaste toonuse muutusi immobiliseeritud blesbokidel. Kuna MyotonPRO 

kasutamise kogemused veterinaarmeditsiinis puuduvad, siis järgnevad uuringud sellel 

teemal on igati põhjendatud. 

Märksõnad: püüdmisest tekkiv müopaatia, MyotonPRO, lihase toonus 
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INTRODUCTION 

 

The nature of wild animals dictates that manipulations and excessive handling necessitaes 

capture. Capture can be performed by the means of physical restraint, trapping or darting, 

which can be performed on foot, from a vehicle or even an helicopter. Capture is a stressful 

event for a wild animal and can have devastating consequences such as capture myopathy 

and death. Capture myopathy (CM) is a noninfectious, metabolic condition that is often 

associated with pursuit, transport or capture of animals. CM has been reported as a major 

source of mortality during capture of a wide range of species. The etiology of CM is not 

fully understood, but it is believed that the internal experience of fear and distress triggers a 

robust fight-or-flight response in terrified animals (Chalmers and Barrett, 1982; Blumstein 

et al., 2015). The stress response together with vigorous use of all muscles during pursuit 

and/or capture has been found to correlate with the onset of the condition (Conner et al., 

1987).  

 

At the moment, conclusive diagnosis of CM is based on history, clinical signs, pathology 

and measurement of serum muscle enzymes. CM is often diagnosed when damage to the 

muscle tissue has already occurred, which affects the outcome as the treatment of CM is 

generally ineffective at that point. Prevention and early diagnostics would be beneficial for 

the outcome. However, the current diagnostic methods for CM are either ambiguous or 

invasive, and not necessarily feasible in field conditions. As the treatment of CM is difficult, 

emphasis is generally on the prevention of the condition. Even if an animal is spared the 

most adverse effects of capture stress, a single capture and handling incident can have long-

lasting effects, such as starvation and decreased reproductive capacity or inability to escape 

predation following release. Capture and immobilization protocols should be designed to 

reduce stress and anxiety, relax muscles and minimize capture-related mortalities. This can 

be achieved by using medicines and doses with high therapeutic index, appropriate remote 

drug delivery systems, capture methods and techniques that avoid prolonged pursuit or 

restraint, and a skilled and experienced capture team. 
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Muscle rigidity is one of the clinical signs observed in animals suffering from CM but it is 

difficult to measure objectively and in a non-invasive way. The aim of this study was to 

investigate MyotonPRO myotonometer as a possible diagnostic method for capture 

myopathy. The ability to detect changes in the muscle tone of immobilized blesbok 

(Damaliscus pygargus phillipsi) was studied by immobilizing animals with an opioid-

tranquillizer combination (etorphine-azaperone or etorphine-midazolam). Blesbok are 

medium-sized antelope that live in herds in the open grassland habitat of southern Africa 

(Semjonov et al., 2018). In South Africa, different color variations are becoming 

progressively more valuable for animal breeders with animals being sold for record prices 

of up to 250 000 EUR (Uys, 2015; Vleissentraal, 2015). As such, blesbok have become 

financially important commodities that are being increasingly captured, sold and 

translocated across South Africa. Blesbok are very fearful antelopes and are easily stressed. 

 

The main question in this study was whether MyotonPRO would be able to detect changes 

muscle tone in immobilized captive blesbok. It was hypothesized that chemical 

immobilization would decrease muscle tone and muscle’s resistance to a contraction or any 

external forces trying to deform its initial shape. This would be shown as decrease in 

frequency and dynamic stiffness and MyotonPRO would pick up these changes accordingly. 

Another question was whether there would be differences in muscle tone and stiffness 

between two different tranquillizers used for the immobilization in combination with 

etorphine, a potent opioid. The hypothesis was that muscle tone (frequency) in animals 

immobilized with etorphine and midazolam would be lower than in the azaperone group, 

because midazolam is described to produce muscle relaxation in mammalian species (Nordt 

and Clark, 1997; Lemke, 2007). 
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1 LITERATURE REVIEW 

 

Capture is a traumatic, unpredictable and uncontrollable life-threatening event for wild 

animals regardless of whether they are free ranging in the wild, temporarily confined to an 

enclosure or live permanently in captivity. Chemical capture for immobilization and 

anesthesia of wild animals is always risky. In humans, dogs, cats, and horses, veterinarians 

are usually able to perform a thorough preanesthetic examination to assess the health status 

of the animal, but the health of a wild animal can seldom be evaluated prior to capture. The 

physical status and pre-existing, extensive pathology of the patient are often stated as some 

of the main factors responsible for anesthetic mortality regardless of species (Jones, 2001; 

Arnemo et al., 2006).  

 

Mortalities caused by capture and immobilization of wild animals can be grouped into three 

different categories, as suggested by Caulkett and Arnemo (2007). The first (1) category 

includes direct effects of the immobilization drug itself, e.g. respiratory depression (e.g. 

potent opioids), cardiovascular changes (e.g. medetomidine) and hyperthermia. In the 

second (2) category are indirect effects, such as pneumothorax due to misplacement of the 

dart, severe bleeding or some other trauma caused by the impact of the dart. Sometimes the 

indirect effect may be a direct consequence of the drug used, e.g. drowning during induction 

due to hyperthermia caused by the immobilizing drug. The third (3) category includes 

secondary effects caused by the capture process itself, such as trauma from traps, effects 

from chasing or stress, and capture myopathy.  

 

In long-term Scandinavian research projects reviewed by Arnemo in 2006, the capture-

related mortality rate in moose was 0.7%, 0.9% in brown bears and 3.4% in gray wolves. In 

long-term studies of five species of large mammals performed in Scandinavia during 1984-

2004, the secondary effects were the cause of death in 33-55% of all capture-related 

mortalities (Arnemo et al., 2006). 
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1.1 Capture myopathy 

 

Capture myopathy (CM) is a generic name used to describe a complex group of 

clinicopathological syndromes that represent a noninfectious, metabolic condition that is 

often associated with pursuit, transport or capture of animals, either by physical restraint or 

immobilization with drugs (Conner et al., 1987; Paterson, 2014). In the literature, CM has 

also been referred to as exertional myopathy (Wallace et al., 1987), or exertional 

rhabdomyolysis (ER) (Bartsch et al., 1977). The condition is characterized by depression, 

muscular stiffness, ataxia, paresis and paralysis, metabolic acidosis, muscular necrosis and 

myoglobinuria (Conner et al., 1987; Paterson, 2014). CM shares many similarities with the 

myodegenerative disorders of domestic cattle (Bartsch et al., 1977), horses (Valberg et al., 

1999), and swine (Jones et al., 1972), as well as ER in humans (Vanholder et al., 2000; 

Warren et al., 2002). CM has been reported as a major source of mortality during capture of 

a wide range of species (Bartsch et al., 1977). Death due to CM can occur within minutes or 

hours of capture, or up to days or weeks after capture and release (Conner et al., 1987). 

 

 

1.1.1 Etiology 

 

The etiology of CM is not fully understood. Histologic findings characteristic of CM have 

been seen in free-ranging ungulates that had not been pursued, in animals hit by cars or killed 

by hunters, and in animals that have been suddenly attacked by predators without extensive 

chase (Blumstein et al., 2015), which suggests the importance of the internal experience of 

fear and distress that triggers a robust fight-or-flight response in terrified animals. According 

to Chalmers and Barrett (1982) this over-stimulated stress response is a trigger mechanism 

for CM that can be modified by genetic or acquired predispositions to the disease. The 

predisposing factors can be exacerbated by iatrogenic circumstances related to capture, such 

as overexertion, excessive handling, transportation and direct effects of the immobilizing 

drugs. The physiological consequences of the stress response contribute to all types of CM 

(Blumstein et al., 2015).  
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Dickens et al. (2010) defined and differentiated the adaptive acute stress response from the 

maladaptive chronic stress. The acute stress response is generally beneficial to an animal, as 

it provides the animal with necessary tools for an effective escape (Sapolsky et al., 2000; 

Koolhaas et al., 2011; Hernandez, 2014). The acute stress response is further divided into 

two components: the fast fight-or-flight response mediated by the sympathetic nervous 

system, and the slower glucocorticoid response mediated by the neuroendocrine system 

(Dickens et al., 2010; Hernandez, 2014). When an animal encounters a stressor, the fast-

acting fight-or-flight response is initiated by the release of catecholamines, adrenaline and 

noradrenaline, from the adrenal medulla. They exert a positive inotropic effect on the 

cardiovascular system, resulting in elevation of heart rate, and increase of blood pressure 

and cardiac output. The energy sources of the body are mobilized to the central nervous 

system and somatic muscle (Sapolsky et al., 2000; Dickens et al., 2010). Increase in muscle 

activity subsequently increases the body temperature and overall oxygen demand 

(Hernandez, 2014).  

 

The immediate sympathetic response is followed by the slower neuroendocrine mediated 

stress response, in which a hormonal cascade along the hypothalamic-pituitary-adrenal 

(HPA) axis results in the secretion of glucocorticoid (GC) hormones from the adrenal gland 

(Dickens et al., 2010; Koolhaas et al., 2011). As explained in Sapolsky et al. (2000), the 

HPA axis activates with the stimulation of the hypothalamus, acting as a signal to release 

adrenocorticotropic hormone (ACTH) from the pituitary into the circulation, which then 

results in secretion of glucocorticoid hormones, either cortisol or corticosterone, from the 

adrenal cortex. GC release is suppressed by the negative feedback system once the stressor 

is diminished or eliminated (Dickens et al., 2010). In acute stress response, the GC actions 

are intertwined with the actions of catecholamines, permitting them to exert their full actions 

(Sapolsky et al., 2000).  

 

The acute stress response can become harmful to the animal, if a stressor is strong enough, 

persists for a long period of time, or initiates multiple consecutive stress responses, it is 

possible that (Romero et al., 2009; Dickens et al., 2010), significantly decreasing the future 

capacity for the animal to mount that acute stress response (Lynn et al., 2010). Over-

stimulated fight-or-flight response results in excess exposure to catecholamines, which can 

be detrimental to cardiac function (Dickens et al., 2010). Over-stimulation of the HPA axis 

changes its functioning entirely. The GC levels remain elevated and the negative feedback 
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system becomes disrupted, which can lead to immunosuppression (Romero, 2004). These 

changes, while beneficial or harmless for a short period of time, can potentially lead to 

pathological conditions and eventually result in death if they are prolonged (Sapolsky et al., 

2000; Romero et al., 2009). 

 

 

1.1.2 Predisposing factors 

 

Species, male sex and  young age can all predispose the animal to CM. Prey mammals and 

birds, such as moose (Arnemo et al., 2006), deer (Conner et al., 1987; Beringer et al., 1996; 

Montané et al., 2002), pronghorn (Jacques et al., 2009), various antelope (Wallace et al., 

1987), zebra (Hofmeyr et al., 1973) and giraffe (Ebedes et al., 2002). Long-legged birds 

such as cranes, flamingos and shorebirds are particularly predisposed to CM within the avian 

taxa (Young, 1967; Carpenter et al., 1991; Rogers et al., 2004). Young animals and males 

have been found to be more susceptible to capture stress and thus more susceptible to CM 

(Morellet et al., 2009). 

 

Capture techniques that involve high chase speeds for prolonged duration without rest, 

excessive handling and physical restraint, transport and translocation, and persistent or 

consecutive stressors such as repeated moving and transport predispose animals to stress and 

therefore to CM (Beringer et al., 1996). Drugs used in chemical immobilization may have 

long induction times and side effects that make the animal more susceptible to the 

development of CM. Side effects, such as excitement, spontaneous movement, muscle 

rigidity, hypoventilation, and hyperthermia have frequently been reported in immobilized 

wildlife, especially with the use of potent opioids and opioid-based combinations (Haigh, 

1990a; Meyer et al., 2008a). Drug abuse is one of the most common etiologies for 

rhabdomyolysis in humans (Gabow et al., 1982) and opioids are frequently implicated as a 

cause of primary drug-induced rhabdomyolysis (Warren et al., 2002).  

 

Hyperthermia, especially when prolonged, is another predisposing factor for CM (Ball and 

Hofmeyr, 2014). There is little evidence that environmental heat load, direct effects of the 

immobilizing drugs or physical activity alone cause capture-related hyperthermia in wildlife 

(Meyer et al., 2008b). A correlation has been reported between stress-induced hyperthermia, 

the sympathetic nervous system, and the HPA axis, indicating that stress-induced 
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hyperthermia is a stress-mediated response (Moe and Bakken, 1997; Montané et al., 2003). 

The precise mechanisms underlying stress-induced hyperthermia are not fully understood, 

but it does not arise solely as the result of the metabolic and vascular effects of catecholamine 

release (Meyer et al., 2008a; 2008b). Even though physical activity, environmental heat load 

and thermoregulative effects of immobilization drugs are unlikely to cause capture-related 

hyperthermia on their own, Meyer et al. (2008a) suggested that they are likely to exacerbate 

stress-induced hyperthermia. 

 

Nutrition is one area commonly overlooked as a contributing factor to CM. Animals with a 

preexisting vitamin E or selenium deficiency may be predisposed (Conner et al., 1987). 

However, prospective clinical research is lacking and the effects of dietary supplements in 

treatment or prevention of CM are controversial. Underlying diseases and infections can 

make an animal more susceptible to CM. Sierra et al. (2012) introduced a possibility that a 

polysaccharide storage disease affecting myocytes might predispose some cetaceans to 

capture-related myopathy. Similar predisposing factor has already been established in the 

horse (Estill and Valentine, 2007; Valentine, 2010).  

 

 

1.1.3 Pathophysiology 

 

In terms of pathophysiology, CM is a form of rhabdomyolysis. Rhabdomyolysis literally 

means “dissolution of striped (skeletal) muscle” (Warren et al., 2002). CM in animals is 

distinguishable from other forms of rhabdomyolysis by its pathophysiology, as it affects both 

skeletal and cardiac muscles (Paterson, 2014).  

 

When the fight-or-flight response is activated in the animal, the energy sources of the body 

are directed at organ systems vital for survival: the heart, skeletal muscles, and brain. Blood 

flow into muscle tissue increases but is intermittent: blood flow decreases as muscle 

contracts due to compression of vessels, and increases during relaxation (Guyton and Hall, 

2011). Even if the frightened animal is unable to run (captive animals), its muscles are in a 

relatively isotonic state of contraction, which inhibits blood flow into the tissue (Spraker, 

1993). If the contractions are very strong and tonic, the compression of vessels is so strong 

that blood flow may stop completely. Stress and increase in muscular activity subsequently 

increase the body temperature and overall oxygen demand (Hernandez, 2014). Hyperthermia 
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further potentiates ischemic tissue damage (Roe and Spraker, 2012). Hypoperfusion leads to 

hypoxia and failure of adenosine triphosphate (ATP) production. Due to the exhaustion of 

ATP in muscle cells, the organism needs to rely on anaerobic metabolism, which leads to 

increased concentrations of lactic acid, and accumulation of cellular waste products 

(Spraker, 1993; Guyton and Hall, 2011; Hernandez, 2014).  

 

If the stress-response and the physiological responses mediated by it are prolonged, the 

integrity of the cell membrane is altered, and damaged muscle cells undergo necrosis to a 

varying degree. As a result, intracellular components from myocytes leak into the 

extracellular fluid and the blood circulation. The leaked cell contents include enzymes such 

as creatine kinase (CK), glutamic oxaloacetic transaminase, lactate dehydrogenase (LDH), 

and aldolase, as well as the heme pigment, myoglobin, and ions such as potassium and 

calcium (Gabow et al., 1982). Hyperkalemia and acidosis may cause arrhythmias and 

circulatory failure (Vanholder et al., 2000). In severe rhabdomyolysis myoglobin is released 

from injured muscle cells in massive amounts, causing it to accumulate in renal tubules 

(Clarkson et al., 2006), where it can cause obstruction and renal dysfunction (Vanholder et 

al., 2000). 

 

 

1.1.4 Clinical and pathological syndromes 

 

Spraker (1993), classified CM into four syndromes depending on the predominating 

mechanism and outcome: capture shock syndrome, ataxic myoglobinuric syndrome, 

ruptured muscle syndrome, and delayed peracute syndrome. Even though all the 

clinicopathological syndromes associated with CM share the common mechanism of muscle 

breakdown, CM can manifest differently in different species and circumstances. Sequelae of 

CM can also differ on individual level. Serum biochemistry findings are similar in all four 

syndromes (Paterson, 2014). Distribution of muscle lesions varies considerably, and the 

lesions are usually bilateral, but not necessarily symmetrical. The pathogenesis of CM is a 

continuum, and some animals may show clinical signs and pathological lesions that overlap 

one or more syndromes (Hernandez, 2014). The characteristics, clinical signs, pathology and 

estimated outcome are summarized in Table 1. 
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Table 1. Description of capture myopathy syndromes, modified from Hernandez (2014) 

Syndrome Characteristics Clinical signs Pathology Outcome 

Capture shock 

syndrome 

Occurs during 

immobilization or 

within short period 

after capture 

Depression, 

tachypnea, 

tachycardia, 

hyperthermia, 

hypotension, 

death 

Pulmonary, 

hepatic and small 

intestinal 

congestion; small 

areas of necrosis 

of skeletal 

muscle, liver, 

heart, and other 

organs 

Vasculogenic 

shock due to 

systemic 

hypoperfusion 

leads to death 

Ataxic 

myoglobinuric 

syndrome 

Signs appear within 

several hours to days 

after capture 

Mild to severe 

ataxia, torticollis, 

myoglobinuria 

(coffee-colored 

urine) 

Swollen and dark 

kidneys, renal 

lesions include 

tubular necrosis 

and myoglobin 

casts; muscles 

show multifocal, 

pale, soft, dry 

areas 

Animals with 

mild signs can 

survive, animals 

with severe signs 

are likely to die 

due to acute renal 

failure and 

acidosis 

Ruptured 

muscle 

syndrome 

Manifests 24-48 

hours after capture; 

animals initially 

appear normal 

Drop in the 

hindquarters and 

hyperreflexion of 

the hock due to 

uni- or bilateral 

rupture of the 

gastrocnemius 

muscle 

Subcutaneous 

hemorrhage, 

multifocal small 

to large, pale 

lesions in the 

limbs 

Most animals die 

within a few 

days, but some 

may survive for 

several weeks 

Delayed 

peracute 

syndrome 

Can occur in animals 

that are kept in 

captive/restrained for 

a prolonged period 

and are then acutely 

stressed for the 

second time 

Animals appear 

normal when left 

undisturbed, but if 

stressed may try 

to run, then 

suddenly stop and 

die within 

minutes 

Typically, either 

no lesions or a 

few small, pale 

foci in the 

skeletal muscles 

Death due to 

ventricular 

fibrillation 

 

 

1.1.5 Diagnostics 

 

At the moment, diagnosis of CM depends on combination of history, clinical signs and 

pathology, blood biochemistry, and gross and microscopic pathology (Paterson, 2014). 

Gross lesions usually include white parts in the muscles, as seen in Figures 1 and 2. 

Pathologic investigations can be performed only if the animal succumbs to the disease. 
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Figure 1. Capture myopathy in giraffe. Postmortem examination. Gross lesions (white areas 

in the muscles) are indicated with the black arrows. Photo by Aleksandr Semjonov. 

 

 

Figure 2. Capture myopathy in ostrich. Postmortem examination. Gross lesions (white areas 

in the muscles) are indicated with the black arrows. Photo by Aleksandr Semjonov. 

 

Many of the current diagnostic methods for CM are invasive and not always feasible in field 

conditions. CK and ASAT are widely used as diagnostic markers of muscle injury in both 

human and veterinary medicine (Cattet et al., 2008). These markers are normally 

concentrated in muscle but leak into blood circulation if the muscle is damaged. Measuring 

their serum concentrations provides a rough indication of the extent of muscle fiber 

destruction (Hall and Bender, 2011).  

 

Blood pH may reflect extreme stress caused by capture and restraint under field conditions 

(Bartsch et al., 1977), and therefore aid in recognition of animals susceptible for CM. Low 
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pH often occurs together with elevated LDH levels, reflecting a mixed respiratory and 

metabolic acidosis (Allen and Holm, 2008; Fahlman, 2008). LDH is less useful than CK and 

ASAT for determining muscle damage, because it lacks tissue specificity and is significantly 

affected even by mild hemolysis (Hall and Bender, 2011) but it serves as a beneficial marker 

for the adequacy of tissue oxygenation, and can also reflect stress induced glycolysis (Allen 

and Holm, 2008). Hyperlactatemia secondary to stress has been reported in cattle and 

chicken during preslaughter handling (Burgdorf-Moisuk et al., 2012). In wolverines 

(Fahlman et al., 2008) capture-induced lactic acidemia developed not only in the chased 

animals, but also in animals that were manually restrained before immobilization (Fahlman, 

2008; Fahlman et al., 2008).  

 

The magnitude of post-capture changes in lactate and pH are dependent on several factors 

that probably reflect both poor tissue perfusion due to muscular activity and glycolysis 

induced by capture stress. In veterinary medicine, lactate has been shown to be a practical 

and useful tool for assessing severity of disease and outcome (Allen and Holm, 2008) and it 

could be used for the same purpose in CM, but research is needed for further evaluation. 

 

 

1.1.6 Treatment and prevention 

 

Medical intervention for capture myopathy rarely proves effective, because treatment should 

begin before tissue damage occurs (Wolfe and Miller, 2016), but some individual animals 

have been rehabilitated with intensive efforts (Rogers et al., 2004; Ward et al., 2011; Biasutti 

and Dart, 2018). However, costs and logistics associated with treating wild animals, 

particularly in field situations, pose significant challenges. Potential treatment options 

include analgesia, muscle relaxants, fluid therapy, hyperbaric oxygen, and nutritional 

support with dietary supplements. A lipid soluble hydantoin analog drug called dantrolene 

is used to treat and prevent malignant hyperthermia in humans (Krause et al., 2004), and 

exertional rhabdomyolysis in horses (McKenzie et al., 2004). Humans diagnosed with ER 

often report feeling severe muscle pain (Gabow et al., 1982). Animals suffering from CM 

can be expected to have similar experiences, and analgesia should be considered from both 

an ethical and a prognostic point of view. Discussion on the choice of a proper analgesic 

drug is beyond the scope of this thesis. Intravascular fluid therapy with balanced electrolyte 

solutions is effective in treating metabolic acidosis, hyperkalemia, dehydration, and 
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myoglobinuria associated with CM (Paterson, 2014). Potassium- or lactate-containing 

solutions should be avoided (Vanholder et al., 2000). Benzodiazepines, e.g. midazolam and 

diazepam, are centrally acting muscle relaxants that reduce muscle spasms and spasticity 

(Lemke, 2007). Midazolam has shown potential as adjunctive therapy in birds (Ward et al., 

2011). Dietary supplements such as vitamin E and selenium can be administered as a 

prophylaxis or treatment for CM. However, the efficacy of these supplements is 

controversial (Paterson, 2014). Hyperbaric oxygen therapy induces high partial pressure of 

oxygen in all tissues, and promotes wound healing (Edwards, 2010). Hyperbaric oxygen has 

been used as an adjunctive therapy in humans for severe rhabdomyolysis and acute renal 

failure. Its popularity in small animal veterinary medicine is increasing and in the future it 

might be of particular interest in treatment of highly valued, endangered captive animals 

(Edwards, 2010; Paterson, 2014). 

 

As the treatment of CM is difficult, emphasis should be placed on the prevention and early 

diagnostics of the condition. Conner et al. (1987) found that mortality from CM in their 

drop-net study was initially high (16%) but was reduced remarkedly (to 6%) by modifying 

handling procedures to minimize stress on captured animals. Some capture methods are 

considered to be more stressful than others (e.g. Kock et al., 1987b), and it is generally 

recommended to use methods that minimize chasing time and physical struggle. As capture-

induced hyperthermia is one of the key contributors in the development of CM, efforts 

should be made to limit the thermal consequences of capture. That requires limiting the 

exposure of the animal to fright stress, and selecting chemical agents that cause rapid 

recumbency in all individuals without inducing unmanageable respiratory depression and 

hypoxia (Meyer et al., 2008a). There is evidence that administration of tranquilizers, such 

as acepromazine (Montané et al., 2003), azaperone (Read and McCorkell, 2002; Mentaberre 

et al., 2010; Wolfe and Miller, 2016), haloperidol (Mentaberre et al., 2010; Wolfe and 

Miller, 2016), midazolam (Wolfe and Miller, 2016), or long-acting zuclopenthixol acetate 

(Read et al., 2000; Read and McCorkell, 2002), can reduce fear and stress during handling, 

transport, and confinement and therefore may improve the overall success of capture and 

translocation. Acepromazine and azaperone may also cause vasodilation in striated muscle 

arterioles by α1-adrenergic blockade or β2-receptor stimulation, increasing blood flow, 

which can be protective against muscle damage (Montané et al., 2003; Meyer et al., 2008a).  
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If free-ranging wild animals are captured to be housed for a longer period of time, care 

should be taken to gradually habituate them to handling and presence of people (Knox et al., 

1992; Caulkett and Arnemo, 2007; Meyer et al., 2008b). Knox et al. (1992) suggested that 

if it is necessary capture animals on repeated occasions, e.g. for research purposes, 

measurement of certain variables (lactate, glucose, cortisol) could provide a means to 

identify potential non-survivors early in order to release them before their physiological 

condition deteriorates to the extent where death becomes inevitable. Whether the captured 

animal is released back to the wild or to captivity, they should be provided a stress-free post-

capture environment. Animals should not be handled or stressed for at least 6 weeks 

following capture (Caulkett and Arnemo, 2007). 

 

 

1.2 MyotonPRO and muscle tone 

 

The MyotonPRO Digital Palpation Device (MyotonPRO®, Myoton AS, Tallinn, Estonia) is 

a non-invasive digital palpation device that has been developed to perform in vivo 

evaluations of superficial skeletal muscles, tendons and ligaments. MyotonPRO is a 

myotonometric device that detects the mechanical oscillation registered by an accelerometer 

after a single mechanical impulse has been delivered. The results can be computed into five 

different parameters, including oscillation frequency (indicator of muscle tone in its relaxed 

state), logarithmic decrement (indication of muscle elasticity, ability of muscle to recover its 

shape), dynamic stiffness (indication of muscle’s ability to resist changes to its shape caused 

by an external force), stress relaxation time (indicator of how muscle relieves the stress under 

constant length), and creep (Deborah’s number; an indicator of the tendency of muscle to 

move or to deform permanently to relieve stress) (Myoton AS, 2018). MyotonPRO is 

originally developed for human medicine and physiotherapy. Published data exists on its use 

in human medicine and sports sciences, but clinical research in the field of veterinary 

medicine is lacking.  

 

MyotonPRO is a reliable and valid method for assessing muscle stiffness. Reports have 

shown good to very good within-day and inter-day inter-rater reliability (Aird et al., 2012), 

and good to excellent between-day and within-session reliability (Mullix et al., 2013) in 

healthy individuals. Kisilewicz et al. (2018) reported high test-retest reliability after the 



20 
 

application of ischemic compression. Mullix et al. (2013) also stated that measures made by 

a novice user were reliable. According to Lohr et al. (2018), MyotonPRO parameters, 

especially frequency and dynamic stiffness, provide the highest reliability with the lowest 

intraindividual variability and the smallest measurement errors for examining intervention-

induced tissue tone alterations. Myotonometric measurements by MyotonPRO have also 

been reported to be a feasible, easy-to-use and non-invasive approach to monitor muscle 

health in extreme microgravity conditions that prohibit many other methods (Schneider et 

al., 2015). MyotonPRO is also considered as a reliable and objective tool to assess the 

effectiveness of medication for parkinsonian rigidity (Marusiak et al., 2012). Many of the 

studies performed with MyotonPRO are limited by small sample size. 

 

MyotonPRO may be used to investigate myopathy. In animals it has been used to detect 

dexamethasone-induced muscle atrophy in rats (Alev et al., 2018). Administration of 

pharmacologic doses of glucocorticoids as well as Cushing syndrome are known to result in 

muscle atrophy. The rats were anesthetized for the purposes of the study with combination 

of ketamine and xylazine. Older rats were more susceptible to dexamethasone-induced 

muscle atrophy and myotonometric measurements were used to evaluate changes in muscle 

tissue. In their study Alev et al. (2018) concluded that the myotonometric measurements 

clearly and easily indicated the direction and magnitude of change in muscle tissue after 

different doses of dexamethasone administration. MyotonPRO has also been used to 

investigate the effects of sauna bathing to the muscle tone of horse (Vesterinen, 2018, 

unpublished). 

 

 

1.2.1 Effects of etorphine, azaperone and midazolam on muscle tone 

 

Muscle tone can be altered by the means of chemical immobilization. The focus of this thesis 

is to investigate the ability of MyotonPRO to detect changes in the muscle tone of 

immobilized blesbok as diagnostic method of capture myopathy. This was investigated by 

the means of adding a tranquillizer to the chemical immobilization protocol. One group of 

animals was immobilized with etorphine and azaperone, and the other with etorphine and 

midazolam. Etorphine is a potent opioid widely used for the chemical immobilization of 

blesbok (Caulkett and Arnemo, 2007; Kreeger and Arnemo, 2012; Semjonov et al., 2018). 

In ruminants, use of opioids such as etorphine and thiafentanil has been associated with 
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hyperthermia, respiratory depression, muscle rigidity and even hypertonia, and capture 

myopathy (Haigh, 1990b; Wolfe et al., 2004; Mich et al., 2008). Opioid-induced CNS 

excitation increases muscle activity which may partly attribute to the development of 

hyperthermia (Lemke, 2007). First effects can be observed 3-8 minutes after IM injection, 

and peak effect may be reached in 20-30 minutes (Caulkett and Arnemo, 2007).  

 

Azaperone is a butyrophenone tranquillizer commonly used as an opioid synergist (Haigh, 

1990b). It has a rapid onset of action following IM injections (5-10 minutes in pigs) with 

peak effect at ~30 minutes. The duration of action is  relatively short (2-4 hours) (Plumb, 

2008). Azaperone has a strong antagonistic effect on dopamine receptors and at therapeutic 

doses azaperone is mildly sedative, decreases spontaneous muscle activity and fine motor 

control. Extrapyramidal effects such as tremors and rigidity can occur at higher doses. Minor 

α1-adrenergic blockade is responsible for peripheral vasodilation (Lemke, 2007). 

Vasodilation increases peripheral blood flow, improves perfusion in muscle tissue and thus 

decreases muscle tone and releases heat. These mechanisms may be responsible for the 

ability of butyrophenones to protect against the development of hyperthermia and muscle 

damage (Montané et al., 2003; Lemke, 2007; Meyer et al., 2008a; Mentaberre et al., 2010).  

 

Midazolam is a short-acting benzodiazepine tranquillizer with rapid IM absorption and onset 

of action (~15 min) (Wolfe and Miller, 2016). Peak effect is achieved within 30 minutes 

(Aarnes et al., 2013). Midazolam has been reported to produce excellent sedation and muscle 

relaxation in dogs, ferrets and rabbits, swine and many birds (Lemke, 2007). The exact 

mechanism of action is unknown, it is suggested that the depression of central nervous 

system is facilitated by serotonin receptor antagonism, gamma-aminobutyric acid (GABA) 

activity. Literature is still lacking on the use of midazolam, particularly in southern African 

ungulate species, but midazolam has been proven to provide muscle relaxation in white 

rhinos anesthetized with etorphine-based combinations (Portas, 2004).  
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2 MATERIALS AND METHODS 

 

Twelve blesbok were acquired for this study (Figure 3). The animals were housed together 

in enclosures at the Ngongoni private game farm in Mpumalanga, South Africa. The farm is 

located at an altitude of 900 m above sea level. The animals were immobilized in March 

2019. 

 

 

Figure 3. Blesbok (Damargus pygargys phillipsi). Photo by author. 

 

Two immobilization protocols were used in this trial: etorphine (0.05 mg/kg) with 

midazolam (0.2 mg/kg) or etorphine (0.05 mg/kg) with azaperone (0.35 mg/kg). Treatments 

were allocated in a randomized manner, and each animal received one of the two treatments 

once. Etorphine with midazolam was administrated to 7 of the 12 animals, and etorphine 

with azaperone was administrated to 5 out of 12 animals. Etorphine hydrochloride (Captivon 

98®, 9.8 mg/ml), azaperone aspartate (Zapnil®, 100 mg/ml), midazolam (Dazonil®, 50 

mg/ml) as well as the opioid antagonist naltrexone hydrochloride (Trexonil®, 50 mg/ml) 

used in this study were manufactured by Wildlife Pharmaceuticals South Africa (Pty) Ltd. 

 

A gas-powered dart gun Pneu-Dart X-Caliber (Pneu-Dart Inc., PA, USA) was used for 

remote drug delivery. Darts with a 1 mL capacity combined with a 19 mm long, 14-gauge 

(G) needle with wire barb (Pneu-Dart Inc., PA, USA) were used. Remote darting was 
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performed in the 6 x 8 m enclosures in which the animals were housed, from an upper deck 

at distances ranging from 5 to 10 m. All injections were administered to the large muscle 

masses in hindlimbs, to either side of the animal. Each animal was darted individually. To 

antagonize the effect of etorphine, naltrexone hydrochloride (Trexonil®, Wildlife 

Pharmaceuticals (Pty) Ltd., South Africa) was used (20:1, mg to mg) intravenously. Prior to 

the trial, all animals had been immobilized with, weighed and ear-tagged for identification, 

so that dosages could be accurately calculated prior to the study. This immobilization was 

done as part of a disease-testing protocol upon off-loading the animals after capture and 

relocation. 

 

 

2.1 Data collection and monitoring of animals 

 

The induction and immobilization of each animal was monitored on standardized 

immobilization sheets. After darting and once recumbent and blindfolded, each animal was 

carried approximately 10 m from the enclosure to a shaded area for monitoring. The animal 

was then placed on a table on sternal recumbency with the head fixed in a lifted position. 

The protocols that were used for immobilization are unlikely to allow per oral intubation, 

because with this immobilization protocol animals are only moderately sedated, and they 

often chew and cough if intubation is attempted. Therefore, an endotracheal tube was 

lubricated and inserted into the nasal cavity to which a capnograph sensor was attached for 

measurement of respiratory parameters. Every 5 minutes, beginning within 5 minutes after 

recumbency, monitoring of physiological parameters (heart rate (HR), respiratory rate (fR), 

oxygen saturation (SpO2), end-tidal carbon dioxide (EtCO2), and body temperature (T)) was 

conducted using a veterinary monitor (Cardell®, Kyron Laboratories (Pty) Ltd., 

Johannesburg, South Africa). The pulse oximeter (Nonin® Palmsat) transducer was fixed 

either on the skin on the base of the tail, vaginal or rectal mucous membranes of the animal. 

The temperature transducer was inserted into the rectum. Heart auscultation with a 

stethoscope as well as manual counts of exhaled breaths were performed every 5 minutes 

for the entire period of immobilization in order to validate the accuracy of the veterinary 

monitor. A subjective immobilization score was also noted every 5 minutes of monitoring. 

An invasive blood pressure monitor (IntraTorr, Meyer & Salter, Johannesburg, South 

Africa), connected to a Deltran II pressure transducer (Utah Medical, Midvale, USA) was 
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used to measure invasive arterial blood pressure. An intraarterial catheter was inserted into 

either the superficial auricular artery or the medial palmar artery of the forelimb, and the 

IntraTorr transducer was connected to the catheter. Arterial blood samples were collected 

anaerobically in a heparinized syringe with a 23G needle from the intraarterial catheter at 5, 

10, 15, 20, and 30 minutes after recumbency. The samples were used to determine acid-base 

balance, pH, partial pressure of arterial oxygen (PaO2), partial pressure of carbon dioxide 

(PaCO2), lactate, base excess and oxygen saturation by means of an EPOC BGEM test card. 

Blood analysis was performed by means of a portable analyzer EPOC (Epocal Inc., 2060 

Walkley Road, Ottawa, ON K1G 3P5 Canada).  

 

Measurements with a non-invasive digital palpation device MyotonPRO (MyotonPRO®, 

Myoton (AS) Ltd., Tallinn, Estonia) were recorded from the longissimus dorsi muscle and 

the semimembranosus/semitendinosus muscles in similar fashion to other monitoring, every 

5 minutes. The longissimus dorsi muscle was measured at three measuring points, and the 

semimembranosus/semitendinosus muscles were measured at one measuring point. A small 

area, approximately 5 cm2, was shaved in order to make direct contact with the skin. The 

measuring points were manually palpated and marked with a skin marker. In the longissimus 

dorsi muscle, the middle point was aligned with the last rib. The other two points were 

located cranial and caudal to the middle point, within approximately equal distance (Figure 

4). The measuring point in the semimembranosus/semitendinosus muscles was located 

approximately 5 cm laterally from the ischiatic tuberosity (Figure 5).  

 

 

Figure 4. Measuring points in the m. longissimus dorsi. Photo by author. 
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Figure 5. Measuring point in m. semimebranosus/semitendinosus. Photo by author. 

 

The measurements were made by positioning the device’s 3mm probe perpendicular to the 

skin over the muscle (0.18 N preloading) (Figure 6). The device then applied five brief (15 

ms) low force (0.4 N) mechanical impulses with 0.8 s interval, inducing damped natural 

oscillations of the underlying tissues which are recorded by an accelerometer connected to 

a friction measurement mechanism. Five different parameters were calculated by the device: 

oscillation frequency (indicator of muscle tone in its relaxed state), logarithmic decrement 

(indication of muscle elasticity, ability of muscle to recover its shape), dynamic stiffness 

(indication of muscle’s ability to resist changes to its shape caused by an external force), 

stress relaxation time (indicator of how muscle relieves the stress under constant length), 

and creep (Deborah’s number; an indicator of the tendency of muscle to move or to deform 

permanently to relieve stress). The average values were recorded. 

 

 

Figure 6. Measuring with MyotonPRO. Photo by Aleksandr Semjonov. 
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Animals were monitored for a total of 35-40 minutes after recumbency. The average duration 

of monitoring and of all the manipulations was estimated to be around 40 minutes. Once 

monitoring was completed, the animal was carried back to the enclosure and placed on 

sternal position on the ground. Opioid antagonist was then injected intravenously either into 

the jugular or superficial auricular vein. As with induction, the recovery of each animal was 

recorded on standardized immobilization sheets. In addition to the induction and recovery 

times, the sheets also include details such as animal identification, weight, treatment protocol 

and dosages.  

 

 

2.2 Statistical analysis 

 

The mean values of frequency, dynamic stiffness, stress relaxation time and logarithmic 

decrement in longissimus dorsi muscle were calculated for each animal during the overall 

monitoring period (40 minutes, beginning five minutes after recumbency). The values for 

semitendinosus/semimembranosus muscles were excluded as they varied only little during 

the monitoring period. The mean values of calculated parameters were used as response 

variables in linear regression models for the analysis of the effects of drug (azaperone, AZP; 

midazolam, MID), darting site, weight, ambient outside temperature, animal’s mean HR, fR, 

body temperature, SpO2, EtCO2, MAP, immobilization score, and arterial pH, PaCO2, PaO2, 

Na, K, Ca, Cl, glucose, lactate, creatinine and hematocrit (during the monitoring period). A 

backward elimination procedure was performed after univariate analysis in all models. All 

fitted model assumptions were verified by scatter and normality plots of standardized 

residuals. 

 

Linear regression mixed models were used to investigate the overall time effect on 

frequency, dynamic stiffness, stress relaxation time and logarithmic decrement, and 

differences in time trend between the drug groups. Blesboks were included as a random 

variable and isotropic spatial exponential covariance structure was used to account for serial 

correlations of repeated measurements in all models. Polynomials of time (minutes), with 

interactions with the drug group were added as fixed effects in increasing order.  
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A p-value of ≤0.05 was considered as statistically significant. For all models, STATA 14.0 

(Stata Corporation, Texas, USA) statistical software was used. Data are presented as median 

(range) and mean ± standard deviation. 
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3 RESULTS 

 

Data from 12 adult female animals weighing 58.5 (56.0-65.0) kg were used in this study. All 

12 blesbok used in the study were successfully immobilized without any additional 

injections. The doses of the drugs were fixed: animals received either etorphine (0.05 mg/kg) 

and midazolam (0.2 mg/kg) or etorphine (0.05 mg/kg) and azaperone (0.35 mg/kg).  

 

The inductions were calm and smooth. Blesbok immobilized with etorphine and azaperone 

showed first signs of sedation within 1.6 ± 0.6 minutes, animals immobilized with etorphine 

and midazolam showed first signs within 1.7 ± 0.3 minutes. Induction time (from darting to 

recumbency) was 4.8 ± 1.7 minutes in etorphine and azaperone group, and 5.6 ± 1.2 minutes 

in etorphine and midazolam group. After becoming recumbent, most of the blesbok 

remained relatively immobile. A few animals in both groups presented with infrequent and 

minor movements such as chewing, ear twitching and tail flicking. One animal immobilized 

with etorphine and midazolam attempted to stand up at 15-20 min after becoming recumbent. 

The quality of immobilization was graded on a subjective scale (1-6; Appendix 1). The mean 

immobilization score in both drug groups was 2.5 in the beginning of the monitoring period 

(5 minutes after recumbency) and 3.0 at the end of the monitoring period (40 minutes after 

recumbency). Some individual variation was recorded in both groups. The range of mean 

immobilization score for the whole study population during the overall monitoring period 

(40 minutes) was 2-4. All animals typically recovered smoothly within a few minutes of 

administration of naltrexone. Some signs of sedation were still observed in all animals within 

the first 5 minutes after standing. 

 

Table 2 presents time variations of the mean values of main monitoring variables, frequency 

and dynamic stiffness, as measured by MyotonPRO, in different drug groups. All values 

were considered acceptable for this species, as no previous data exists on such parameters.  
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Table 2.  Muscle variables in captive blesbok immobilized with azaperone or midazolam (in 

combination with etorphine). Results are presented as mean ± standard deviation and (range) 

Drug Variable 
  Timepoint 

  5 10 15 20 25 30 35 40 Overall 

AZP 

F Hz 
21.3 ± 
1.8 

20.2 ± 
2.2 

20.1 ± 
2.3 

19.5 ± 
2.1 

19.1 ± 
1.6 

19.3 ± 
1.5 

19.7 ± 
2.0 

19.3 ± 
1.5 

19.8 ± 1.9  
(16.5-24.1) 

S N/m 
442 ± 
67 

414 ± 
70 

411 ± 
74 

397 ± 
72 

386 ± 
54 

389 ± 
53 

403 ± 
66 

390 ± 
53 

404 ± 61  
(296-541) 

MID 

F Hz 
23.6 ± 
2.4 

21.9 ± 
2.1 

21.9 ± 
2.8 

21.3 ± 
1.9 

20.9 ± 
2.7 

20.3 ± 
2.5 

20.6 ± 
3.2 

20.0 ± 
2.1 

21.4 ± 2.6  
(15.8-26.6) 

S N/m 
520 ± 
86 

462 ± 
71 

460 ± 
83 

445 ± 
60 

438 ± 
80 

419 ± 
71 

433 ± 
87 

417 ± 
63 

450 ± 77 
(332-624)  

AZP, azaperone; MID, midazolam; F, frequency; S, dynamic stiffness. 

 

During the overall monitoring period, mean frequency decreased by 9.4% in the azaperone 

group, and 15.3% in the midazolam group. Mean stiffness decreased by 11.8% and 19.8% 

respectively. The trend for changes in time was statistically significant (p-value <0.001) for 

both frequency (Figure 7) and dynamic stiffness (Figure 8) but it was similar in both drug 

groups, and there were no statistically significant differences (frequency p = 0.562; stiffness 

p = 0.420) between the drug groups. 
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Figure 7. Mean frequency over the monitoring period in captive blesbok immobilized with 

either azaperone (AZP) or midazolam (MID), in combination with etorphine. Each line 

represents one study group. 

 

 

Figure 8. Mean dynamic stiffness over the monitoring period in captive blesbok 

immobilized with either azaperone (AZP) or midazolam (MID), in combination with 

etorphine. Each line represents one study group.  
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Table 3 presents time variations of the mean values of other monitoring variables including 

HR, fR, rectal body temperature, SpO2, EtCO2 and MAP. in different drug groups. All 

parameters were considered acceptable for this species. 

 

Table 3. Physiologic variables in captive blesbok immobilized with azaperone or midazolam 

(in combination with etorphine). Results are presented as mean ± standard deviation and 

(range) 

Drug Variable 
    Timepoint 

    5-10 15-20 25-30 35-40 Overall 

AZP 

HR 
beats 
minute -1 

  
69 ± 22 63 ± 20 58 ± 20 59 ± 18 

62 ± 20  
(41-111)  

ƒR 
breaths 
minute -1 

 
14 ± 8 14 ± 5 14 ± 4 12 ± 4 

13 ± 5  
(4-30)  

SpO2 % 
 

88 ± 5 89 ± 7 89 ± 9 92 ± 6 
89 ± 7 

 (71-98)  

EtCO2 mmHg 
 

51 ± 4 53 ± 8 54 ± 8 51 ± 10 
52 ± 8 

 (33-71)  

T °C 
 39.2 ± 

0.2 
39.1 ± 

0.2 
38.9 ± 

0.4 
38.8 ± 

0.3 
39.0 ± 0.3 

 (38.1-39.5)  

MAP mmHg 
 

116 ± 10 107 ± 8 106 ± 7 103 ± 9 
108 ± 10  
(87-134)   

MID 

HR 
beats 
minute -1 

 
77 ± 26 71 ± 24 66 ± 22 64 ± 25 

70 ± 24 
 (36-124)  

ƒR 
breaths 
minute -1 

 
8 ± 4 6 ± 3 5 ± 4 5 ± 3 

6 ± 4  
(2-19)  

SpO2 % 
 

91 ± 4 88 ± 5 87 ± 5 90 ± 5 
89 ± 5  

(80-99)  

EtCO2 mmHg 
 

56 ± 6 56 ± 6 58 ± 6 59 ± 6 
57 ± 6 

 (44-68)  

T °C 
 39.9 ± 

0.8 
40.2 ± 

0.7 
40.3 ± 

0.6 
40.3 ± 

0.6 
40.2 ± 0.7  

(38.7-41.6)  

MAP mmHg 
 

131 ± 14 129 ± 12 130 ± 14 126 ± 14 
129 ± 13  

(106-161)   

AZP, azaperone; MID, midazolam; HR, heart rate; fR, respiratory rate; SpO2, haemoglobin oxygen saturation; 

EtCO2, end-tidal carbon dioxide; T, body temperature; MAP, mean arterial pressure. 

 

Mean body temperature had a statistically significant effect on mean frequency (p = 0.030) 

and mean dynamic stiffness (p = 0.041) for the overall monitoring period (40 minutes). 

These results are presented in Figures 9 and 10 respectively. 
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Figure 9. Mean frequency vs mean body temperature (r2 = 0.389, p = 0.030, n = 12) of 

blesbok in response to chemical immobilization with etorphine and azaperone, and etorphine 

and midazolam. Responses to the 2 drug combinations were averaged for each blesbok and 

for the overall monitoring period. 

 

 

Figure 10. Mean stiffness vs mean body temperature (r2 = 0.354, p = 0.041, n = 12) of 

blesbok in response to chemical immobilization with etorphine and azaperone, and etorphine 

and midazolam. Responses to the 2 drug combinations were averaged for each blesbok and 

for the overall monitoring period. 
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Other monitored parameters such as heart rate, respiratory rate, partial pressure of oxygen 

or carbon dioxide, lactate or creatinine did not have statistically significant effects on any of 

the muscle variables (frequency, dynamic stiffness, stress relaxation time or logarithmic 

decrement). 
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4 DISCUSSION 

 

To the author’s knowledge, this thesis was the first attempt to describe the use of 

MyotonPRO and muscle parameters frequency and stiffness in chemically immobilized 

blesbok. Changes in time were statistically significant (p-value < 0.001) for both study 

groups, which suggests that the MyotonPRO device is sensitive enough to measure changes 

in the muscles’ mechanical properties during chemical immobilization. The results show 

that both frequency and stiffness decrease during the chemical immobilization period in the 

whole study population, indicating relaxation of skeletal muscle. The decrease is more 

pronounced within the first 10 minutes of immobilization (Figures 7 and 8). This is in line 

with the reports on pharmacodynamics of both midazolam and azaperone, considering the 

induction times, as both of the drugs achieve the onset of action within 10-15 minutes after 

IM administration (Lemke, 2007; Plumb, 2008; Aarnes et al., 2013).  

 

On the author’s own subjective evaluation, the animals were more sensitive to touch in the 

beginning of the monitoring period (5-10 minutes after recumbency) and reacted less 

towards the end of the monitoring period. This is supported by increase in the mean 

immobilization score from 2.5 to 3.0 in both groups during the monitoring period (40 

minutes), indicating better quality and deeper depth of immobilization. The change is subtle 

and has no statistical significance but is important for human and animal safety. Animals 

with immobilization score 2.0 express spontaneous motor activity and struggle when 

manipulated, whereas animals with score of 3.0 have muscle rigidity and some voluntary 

movements but can be handled safely. Adaptation to touch with the duration of the chemical 

immobilization could partly attribute to the decrease in muscle tone and stiffness, because 

opioid immobilization does not cause loss of consciousness in animals (Kreeger and 

Arnemo, 2012). This adaptation could have been enhanced by the calming, anxiolytic effects 

of azaperone and midazolam.  

 

In contrary to the second hypothesis, the overall muscle tone and stiffness were higher in the 

group of animals immobilized with etorphine and midazolam, in comparison to the group of 

animals immobilized with etorphine and azaperone, although the differences between the 
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muscle groups were not statistically significant (frequency p = 0.562; stiffness p = 0.420), 

it. In the literature, azaperone is described to produce very little or some muscle relaxation 

(Lemke, 2007). The lower overall muscle tone in the azaperone group could partly be 

explained by vasodilation, which improves perfusion in the muscles, transport of oxygen 

and nutrients and could therefore affect muscle tone. The muscle relaxing properties of 

midazolam are often described in the literature (Nishimura et al., 1993; Nordt and Clark, 

1997; van Zijll Langhout et al., 2016), but the mechanism of skeletal muscle relaxation is 

not well known. 

 

Animals that had a higher mean body temperature also had a higher mean frequency and 

mean stiffness. This relationship could explain why the muscle tone and stiffness were lower 

in the etorphine and azaperone group, as the animals in this group had also lower mean body 

temperature. Azaperone has thermoregulative actions mediated by vasodilation of peripheral 

blood vessels (Lemke, 2007). The differences between azaperone and midazolam groups 

could also be explained by stress-induced hyperthermia. The induction time was longer in 

etorphine and midazolam group than in the group of animals immobilized with etorphine 

and azaperone. Psychological stress has been found to be an important contributor to the rise 

in body temperature, which was directly related to the induction time (i.e. how long the 

animal was conscious) (Meyer et al., 2008a; b). Although the overall muscle tone was lower 

in animals immobilized with etorphine and azaperone, the decrease in both muscle tone and 

stiffness was greater in the midazolam group. It could indicate that midazolam has a better 

effect on muscle relaxation, but that azaperone counteracts the side effects of opioids better 

and has a stronger anxiolytic effect. 

 

Main limitations of this study are the lack of experience on the use of MyotonPRO in 

veterinary medicine and the conditions for measuring. Reliable measuring with MyotonPRO 

requires relaxation of the measured muscles. In humans this is usually achieved either by 

recumbency or conscious relaxation. Muscle relaxation may not be possible to achieve in 

fully conscious animals, but it can also be altered by the chosen anesthetic agents. Therefore, 

if measurements are performed on sedated or anesthetized animals, effects of the 

anesthetizing drugs should always be accounted for when analyzing the results. The size of 

the muscles was not considered as a limitation. Blesboks are relatively small and have a lean 

body condition, so it is unlikely that there would be large amounts of connective tissue or 

fat deposits between the sensor probe and the measured muscle. The test groups (n = 5, n = 
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7) as well as the whole study population (n = 12) were relatively small. If the findings of this 

study could be replicated in larger study groups, further research could be warranted to 

examine potential applications such as testing the effectiveness of muscle relaxing drugs and 

screening for muscle diseases, such as capture myopathy. 
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5 CONCLUSIONS 

 

The muscle tone and stiffness decreased in both study groups. The overall muscle tone was 

lower in animals immobilized with etorphine and azaperone, but the decrease in muscle tone 

was greater in animals immobilized with etorphine and midazolam. Changes in time were 

found to be statistically significant, but the differences between two different drugs were 

not. There was also a positive correlation between muscle tone and body temperature. 

Pharmacodynamics and direct effects of the immobilization drugs, adaptation, psychological 

stress and subsequent rise in body temperature are all likely to contribute to changes in 

muscle tone. The results suggest that midazolam has a better effect on muscle relaxation, but 

that azaperone counteracts the side effects of opioids better and has a stronger anxiolytic 

effect.  

 

The results indicate that MyotonPRO can detect changes in the muscle tone of immobilized 

blesbok. Further studies should be performed on different species and with different 

immobilization protocols, before MyotonPRO could be declared as a diagnostic tool for 

muscle diseases such as capture myopathy. 
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