NEUROLOGICAL EXAMINATION IN HEALTHY JUVENILE BEARDED DRAGONS (POGONA VITTICEPS) AND LEOPARD GECKOS (EUBLEPHARIS MACULARIUS) 

ABSTRACT

A variety of neurological disorders have been reported in reptiles, but evaluation of a reptile patient with suspected neurological disease can be challenging. The feasibility of performing and interpreting neurological examination techniques may be affected by a number of factors including species, body temperature, individual temperament and stress levels.  The aims of this study were therefore to determine whether standard neurological examination techniques used in other companion animal species could be adapted for use in lizards and to establish the normal responses seen in healthy animals.

The inland bearded dragon (Pogona vitticeps) and leopard gecko (Eublepharis macularius) were selected as two of the most commonly seen pet lizard species. Thirty adult leopard geckos and thirty juvenile bearded dragons were provided by a private breeder as subjects for the study. A complete physical examination was performed on each animal followed by a standardized neurological examination. Postural reactions, spinal reflexes and cranial nerve testing were scored as absent, reduced or present. Certain responses such as the menace response and response to sound were consistently absent in all animals, whereas parameters such as jaw tone and righting reflex were present in all animals. Some variation was seen in response to other tests such as tactile placing and tail pinch. It is hoped that these findings can help clinicians to prioritize tests that can be easily performed with minimal stress, and give consistent results in a healthy lizard.
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INTRODUCTION
A variety of neurological disorders have been reported in reptiles, but evaluation of a reptile patient with suspected neurological disease can be challenging, especially if the clinician is unfamiliar with the normal behaviour of that species (Platt, 2019). Techniques for a standard neurological examination have been suggested, based on those used in other companion animals (Hunt, 2015, Mariani, 2007, Platt, 2019). However, the feasibility of performing and interpreting these techniques may be affected by a number of factors including species, age, body temperature, individual temperament and stress levels. 
The inland bearded dragon (Pogona vitticeps) and leopard gecko (Eublepharis macularius) were selected for this study as two of the most commonly encountered pet lizard species (Hawkins et al., 2017). Both are susceptible to a range of neurological disorders including adenoviral infection (Doneley et al., 2014) and listeriosis (Girling and Fraser, 2004)  in bearded dragons and hypocalcaemia in both species (Schmidt-Ukaj et al., 2017). Leopard geckos have also been suggested to be affected by a genetic neurological disorder known as “enigma syndrome” (Reid, 2013). This syndrome causes loss of  balance and cognition, most commonly in those of the enigma morph. 
The aim of this study was to establish the normal reflexes and responses seen to a standard neurological examination in healthy lizards, using techniques extrapolated from other companion animal species. Our hypothesis was that there would be differences in neurological examination findings seen between species. By establishing the parameters that can be reliably assessed by neurological examination in these species, deficits could be detected at an early stage, either allowing animals to be treated appropriately and promptly, isolated to prevent further disease transmission or euthanased as appropriate. 
MATERIALS AND METHODS
This study was approved by the Royal Veterinary College Clinical Research Ethical Review Board (URN 2017 1767-2). Thirty captive-bred adult leopard geckos (Eublepharis macularius) were provided by a private breeder as subjects for the study. These comprised twenty-three females and seven males, ranging in age from one to eleven years, with body weights ranging from 28g to 53g (median 35g, IQR 34-40g). The geckos were housed in a standard rack system with additional heating providing a mean ambient temperature of 30.4°C (86.7°F), but no additional lighting. The geckos were kept in breeding groups each consisting of one male and five females. Each gecko was randomly selected from eleven different enclosures for each examination.  
Thirty captive-born juvenile bearded dragons (Pogona vitticeps) of unknown sex, ranging in age from six to ten weeks, with body weights ranging from 6.1g to 19.9g (median 9.1g, IQR 8.0-9.5g) were provided by a commercial wholesaler (Peregrine Livefoods, Essex, UK). The bearded dragons were housed in open topped pens with ultraviolet B lighting (Arcadia T5 D3+ 12%, Arcadia, UK) 
on a 12-hour cycle. A heating lamp provided a mean basking temperature of 39.1°C (102.4°F), with a mean temperature at the cool end of 29.7°C (85.4°F). Each pen housed up to eight bearded dragons. Each bearded dragon was randomly selected from six different enclosures for each examination.
A complete physical examination was performed on each animal taking part in the study. Surface body temperature was measured using an infra-red thermometer upon removal of the animal from their enclosure. The body temperature of the leopard geckos ranged from 26.6°C to 34.2°C (median 30.4°C) (79.9-93.6°F, median 86.7°F) . The body temperature of the bearded dragons ranged from 33.6°C to 40.0°C (median 36.5°C) (92.5-104°F, median 97.7°F). Any minor abnormalities on physical examination (e.g. regrown tails, tail tip injuries) were documented.
Neurological examination

The neurological examinations were performed by a board-certified veterinary neurologist. Materials used for the examination included a non-slip surface on which to examine the animals, cotton-tipped applicators, a pen torch (Ledlenser A4, Ledlenser, Berks, UK), a mosquito haemostat and a bottle of 90% ethanol surgical spirit (Henry Schein, Gillingham, UK). 
The neurological examination comprised assessment of mentation and gait, followed by cranial nerves, spinal reflexes and finally postural reactions with the righting reflex assessed last. These tests were extrapolated from a standard companion animal neurological examination. 
Each animal was handled carefully with the aim of minimising stress.  Mental status was assessed by observing the animal in a clear transportation box, and on the examination table. Mentation was considered normal if the animal was bright and alert. Gait was assessed for paresis, ataxia and lameness by observing the lizards in a small cage, but extended gait analysis was not performed in this study. 
Cranial nerve testing included olfactory response, menace response, palpebral reflex, maxillary and mandibular sensation, auditory response, vestibulo-ocular reflex, jaw tone and assessment of tongue movement. An olfactory response was evaluated by holding a container of surgical spirit to the nares of the animal and observing for facial twitching, gular movement, lip-smacking or movement away from the stimulus. The menace response was assessed by the examiner moving the hand suddenly towards the eye from the lateral and medial fields of view; a normal response was defined as a brisk blink.  The palpebral reflex was assessed by touching the medial and lateral canthi with a cotton tipped applicator and again observing for a brisk blink.  Maxillary and mandibular sensation was assessed by touching the upper lip/rostral maxilla and lower lip/ventral mandible using a cotton-tipped applicator observing for local twitching, opening the mouth, blepharospasm or moving the head away from the stimulus. Auditory response was evaluated by having the assessor clap loudly from approximately 1 meter behind the head of each lizard and the animal observed for head or body movement and efforts to run or hide in response to the clap. The vestibulo-ocular reflex was assessed by moving the animal from side to side, assessing for both eye and head movement due to the limited movement of the eyes in the orbit in both species. Jaw tone was subjectively assessed by gently opening the mouth, which enabled concurrent visual assessment of tongue tone and movement.  A subset of lizards (four bearded dragons and four leopard geckos) were taken into a dark room for both direct and indirect pupillary light reflex (PLR) to be assessed using a pen torch.  
Spinal reflex testing included assessment of the thoracic and pelvic limb withdrawal reflex, patella reflex, cutaneous trunci reflex, cloacal tone and reflex, and tail pinch. The withdrawal reflex was assessed by holding each limb extended and applying a gentle pinch to the digits.  A normal response was defined as brisk flexion of all joints in the tested limb.  The patellar reflex was assessed by gently tapping the stifle with the handle of a mosquito haemostat; a normal response was defined as a brisk and repeatable (at least 3 repetitions elicited) extension of the stifle joint.  The cutaneous trunci reflex was assessed by gently pinching with haemostats the skin 0.5cm lateral to the midline on each side, beginning 1cm cranial to the pelvis and proceeding forward at 1cm intervals to the cranial thoracic region.  A normal response was defined as a brisk contraction/movement of the skin overlying the cranial and lateral body wall. Cloacal tone was assessed by visual assessment and gentle palpation with a cotton-tipped applicator: a positive cloacal reflex was defined as a contraction of the cloaca in response to palpation. Tail pinch was assessed by pinching the distal third of the tail with mosquito haemostats; a positive response was defined as a sudden movement of any part of the animal.  Tail pinch was not carried out in the leopard geckos in order to minimise the risk of autotomy during handling. 
Postural reactions were tested on an examination table with a non-slip surface.  Foot replacement of thoracic and pelvic limbs, hopping of the thoracic and pelvic limbs, wheelbarrowing, hemi-walking, tactile placing of the thoracic and pelvic limbs, visual placing of the thoracic limbs, extensor postural thrust and righting reflex were assessed. In order to assess foot replacement, the animal was encouraged to support its own weight on the counter surface while the dorsal aspect of the foot of the desired limb was then placed on the counter top. A normal response was defined as an immediate and brisk replacement of the foot to a normal weight-bearing position.  Hopping was performed by elevating three of the four limbs from the table surface and moving the animal in the direction of the remaining weight-bearing limb.  Again a normal response was defined as a brisk movement of the foot to maintain upright posture and weight bearing. Wheelbarrowing and hemiwalking were performed as for hopping, but with two limbs maintaining weight bearing (both thoracic or both pelvic limbs for wheelbarrowing, ipsilateral thoracic and pelvic for hemiwalking).  Both visual and tactile placing were evaluated by supporting the core of the lizard using a grip between thumb and index finger and moving them towards the edge of the counter, with the counter edge hidden by the examiners other hand for tactile placing. Extensor postural thrust was assessed by lowering the pelvic limbs slowly to touch the table (maintaining elevated thoracic limbs); a normal response was defined as immediate extension of the pelvic limbs to enable weight bearing. The righting reflex was assessed by placing the animal onto its dorsum on the examination table; a normal reflex was defined as immediate return to sternal recumbency or normal weight bearing stance.
Nociception was not specifically assessed in this study due to ethical concerns. Cervical manipulation was assessed by gently moving the head dorsally, ventrally and laterally in both directions assessing for struggling or resistance to movement. Following the completion of the neurological examination, the animals were immediately returned to their enclosures at their respective locations. 

Data analysis
Data were analyzed using commercially available software (SPSS® Statistics, Version 26) and a P value of <0.05 was taken to indicate statistical significance. Initially each response or reflex was scored as being normal, reduced or absent, but for statistical analysis, scores were then combined into two categories; reflex/response present or absent.  A Chi-squared test was used to evaluate whether there was a difference between each reflex/response in the two species. 
RESULTS
All lizards were deemed normal on physical examination, tolerated a full neurological examination and mentation and gait appeared normal. The average examination time was between six and seven minutes per animal. Results are summarised in Tables 1 and 2.
Cranial nerve tests

The palpebral reflex and jaw tone were present in all animals evaluated and tongue movement was observed in all but one leopard gecko. The palpebral reflex was more reliably elicited by stimulating the medial canthus compared with the lateral canthus. Maxillary and mandibular sensation was detectable, but the movements in response to stimulation were reduced/minimal in all bearded dragons and were considerably easier to demonstrate in the leopard geckos. The vestibulo-ocular reflex was present in all bearded dragons, but absent in all leopard geckos (p<0.01). The olfactory response was present in all bearded dragons, compared to18/30 leopard geckos (p<0.01). Sluggish direct PLRs and absent indirect PLRs were demonstrated in 4/4 geckos and 4/4 bearded dragons when assessed in a dark environment. The menace and auditory responses were absent in all lizards.
Spinal reflexes

All lizards had cloacal tone on examination, but no cloacal reflex was noted in response to touching the cloaca. Withdrawal reflexes were present in all animals but more reliably elicited in bearded dragons. Patella and cutaneous trunci reflexes were absent in all lizards. Tail pinch was unreliable in bearded dragons, being absent in 13/30 lizards, and was not assessed in the leopard geckos due to the risk of autotomy. 
Postural reactions

Normal pelvic limb hopping was elicited in most animals (24/30 bearded dragons and 26/30 leopard geckos, p=0.49).  Normal thoracic limb hopping was elicited in 29/30 bearded dragons compared to 23/30 leopard geckos (p=0.02). Tactile placing of the thoracic limbs was more reliably elicited in bearded dragons (28/30) than leopard geckos (20/30) (p =0.01), whereas tactile placement of the pelvic limbs was more easily elicited in leopard geckos (27/30) than bearded dragons (20/30) (p = 0.03). Foot replacement and visual placement were very variable between individuals of both groups. Across both species, replacement of the feet was generally slower in the pelvic limbs compared to the thoracic limbs. A normal extensor postural thrust was elicited in only 3/30 leopard geckos and was not elicted in any bearded dragon. The righting reflex was normal in all animals.
The wheelbarrowing test was simple to perform as most animals would attempt to move away from the handler when presented to the table, and supporting the hindquarters was well tolerated. Foot replacement, hopping, visual and tactile placing were more reliably demonstrated when the animal was encouraged to weight bear on the table surface; if the animal was gripping onto the examiner’s hand effectively with the other limbs then the response was commonly absent. Hemi-walking was not carried out in the majority of leopard geckos as the position required to elicit hemi-walking did not provide adequate restraint in a number of patients, hence it was impossible to appropriately assess the test reliably in these cases.

Cervical manipulation
Cervical manipulation was well tolerated in all animals, with demonstrable good range of motion in all directions (dorsally, ventrally and laterally).

DISCUSSION
This study revealed that while certain aspects of a standardized neurological examination extrapolated from domestic species can be reliably assessed in healthy bearded dragons and leopard geckos, not all can be directly applied to these species and certain key differences could be seen between species. Reptilian neuroanatomy has some significant differences to that of a mammal, and hence certain differences in neurological examination findings are perhaps unsurprising. The reptile brain is a simpler structure to that of a mammal, having no cerebral gyri and sulci, although a developed cerebral cortex is present (Naumann et al., 2015). There are 12-13 cranial nerves present in most reptiles, with the extra nervus terminalis (cranial nerve 0) travelling with the olfactory nerves and thought to be associated with one or more gonadotropin-releasing hormones (Wyneken, 2007). Its function is not fully understood, limiting the ability to test this. 
The cranial nerve testing performed in this study resulted in relatively consistent results, with the palpebral reflex and jaw tone being present in all animals and tongue movement in almost all. In bearded dragons, the olfactory response and the vestibulo-ocular reflex were also consistently present. The vestibulo-ocular reflex was recognised as clear jerk-like head movements in the bearded dragons rather than discrete eye movements, however, this reflex was absent in all leopard geckos. This may represent a difference in extra-ocular muscle innervation between leopard geckos and bearded dragons, but further research would be necessary to establish if this is the case.
In leopard geckos, we found the olfactory response to be variable. This is in agreement with the results of a study comparing tongue-flick and attack frequency in leopard geckos presented with a cotton bud soaked with odours from a prey animal compared to cologne or water. The leopard geckos in that study consistently responded to the scent of a prey animal but not the cologne (Cooper, 1995), suggesting that the nature of the provided olfactory cue may be important. Further studies assessing the use of a food odour, rather than a noxious odour such as surgical spirit, may identify a more consistent olfactory response. 
Maxillary and mandibular sensation was present in almost all animals to some degree, although responses were reduced in the bearded dragons compared to the geckos, with tests requiring repetition before a reaction could be elicited. Previous research has demonstrated that agamids such as bearded dragons have fewer skin sense organs than gekkonid lizards which could explain this reduced response (Matveyeva and Ananjeva, 1995).
The menace response was consistently absent in all tested animals. This response has been found to be absent in mammals that are prey species, with stress suggested as a key factor determining lack of a menace response (Snow et al., 2017, Warnefors et al., 2019). Stress may also have been a factor for the lizards in this study; some degree of handling stress is difficult to avoid in a veterinary examination, and many of the assessed lizards may have had limited prior handling.  Overall, our results would suggest that the menace response is not a reliable test when assessing these species.
While only assessed in four animals per species, a slow direct pupillary light reflex was observed, with absent indirect PLRs. In reptiles, the iris is composed of striated muscle, which allows voluntary control of pupil constriction and dilation (O’Malley, 2005). The sluggish response and lack of indirect PLR is consistent with findings by other authors (Hunt, 2015, Mariani, 2007, Platt, 2019).
The lack of response to an auditory stimulus could be explained by the differences in anatomy and physiology of the lizard’s ear compared to other species. Unlike mammals, lizards lack a well-developed external ear and their middle ear structures are also reduced (Baird, 1970). Furthermore, considerable species variation has previously been demonstrated in ability to hear different auditory frequencies (Manley, 2010), and it is possible that a different auditory stimulus could have resulted in a positive response.
Spinal reflex testing resulted in variable responses and while withdrawal reflexes were present in all animals, repeat or firm pinching of the digit was necessary to elicit the reflex in some cases. Bearded dragons appeared to have a brisker reflex compared to geckos, however the response to tail pinch was inconsistent in this species. A reponse to tail pinch has been suggested as a reliable means to assess depth of anaesthesia (Eatwell, 2010). However, based on the lizards in this study, this response does not appear reliable in conscious bearded dragons. Application of a stronger or more noxious stimulus may have resulted in a more consistent response but was not deemed ethically appropriate in this study.
The cutaneous trunci and cloacal reflex were absent in all animals, although cloacal tone was present. It is possible that stronger pressure needs to be applied to elicit a true cloacal reflex, but this was not performed in these cases for ethical reasons. The patella reflex was also absent in all animals, which could be explained by the differences in stifle anatomy between lizards and mammals. Early studies suggested that the patella was only occasionally present in lizards, but in more recent studies a patella with associated tendon has been reported in both bearded dragons and leopard geckos, although composition may vary between bone, mineralised tendon, fibrous tissue or cartilage and may depend on age (Regnault et al., 2016). The degree of patellar development in the animals in this study was not known, nor the precise location of a patella tendon if present, potentially resulting in false negative results.
Postural reactions were variable in all lizards tested. The righting reflex was exhibited by all animals and wheelbarrowing could also be performed consistently and reliably. The extensor postural thrust was absent in bearded dragons and the majority of geckos. Foot replacement, visual and tactile placing were present in some animals, but the response was variable, and an absent response should not be interpreted as a neurological deficit in these species. 
While this study aimed to ascertain which components of a neurological examination can be reliably performed and evaluated in bearded dragons and leopard geckos, a number of confounding factors could have influenced the results. None of the animals were accustomed to frequent handling, and hence may have been more likely to respond to stimulation or become stressed and minimally responsive during examination. Age could also influence findings with certain responses such as the menace response only developing later in life as in other species. All animals were examined at a standard temperature, but it is likely that at lower temperatures animals may show delayed or reduced responses to certain aspects of the examination. Finally, the order of tests may have been a factor. All tests were performed in a standard head-tail order, but those tests performed first appeared to generate more reliable responses, suggesting that it may be worthwhile to prioritize tests that relate to the region of interest, or to perform serial short neurological examinations with intervening rest periods.
Further studies are indicated to examine a larger population of animals, with a wider age range and to determine whether the findings of this study apply to clinical cases, especially in a veterinary clinical situation rather than in the animal’s home environment. Observations from a distance and owner’s videos of the animal’s behaviour at home may provide additional useful information. 
This study indicates that while certain aspects of the neurological examination can be reliably performed in bearded dragons and leopard geckos, some tests may need to be adapted for the species or the results interpreted with caution. Findings from this study can help clinicans to prioritize tests that can be easily performed with minimal stress and give consistent results in these lizard species.
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