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ABSTRACT: Six adult loggerhead turtles were found stranded and were rescued near Sicily within a period of 
12 months. Macroscopically apparent lesions of the shell were present. After thorough physical examination, 
ketamine-dexmedetomidine-atipamezole induction and tracheal tube insertion all six patients underwent com-
puted tomographic examination under inhalant anaesthesia with isoflurane. A vertebral lesion at the level of the 
3rd thoracic-lumbar vertebra with vertebral lamina and the vertebral body being involved without compression of 
the spinal cord, a vertebral lesion at the level of the 7th thoracic-lumbar vertebra and a vertebral lesion at the level of 
the 8th thoracic-lumbar vertebra were recorded in the first female. Loss of the shell near the left carapace-plastron 
bridge, with massive haemorrhage and compression of organs were present in the second female. The remain-
ing four turtles had only superficial lesions with no involvement of bones and organs of the coelom. Computed 
tomography was proved to be a valuable non-invasive method for clinical examination of stranded sea turtles.
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Traumatic lesions of the shell are common prob-
lems in chelonians. Lesions of the shell vary in se-
verity from a simple superficial abrasion with a loss 
of the external skin layer and exposure of the bone, 
up to complicated fractures of the carapace with ex-
posure of internal organs of the coelom and injury 
of the soft tissues (Barten 2006). Open fractures of 
the shell are associated with a high risk of second-
ary infections and death of the patient (McArthur 
and Hernandez-Divers 2004). Shell fractures are 
always followed with massive bleeding from the 
bone marrow and/or vessels and if the lesions af-
fect the upper part of the carapace in the midline, 
then possible trauma of the spinal cord resulting 
in paralysis has to be considered (Barten 1996; 
Hedley and Kubiak 2015). It is a challenge for the 
veterinarian to precisely evaluate the extent of shell 
damage and to provide effective treatment. A fast 

method that would allow exact evaluation of the 
shell trauma in rescued turtles is therefore needed.

Computed tomography (CT) is an advanced 
method of diagnostic imaging that has proven to 
be a valuable tool in exotic and wildlife medicine 
including reptiles (Gumpenberger and Henninger 
2001; Kiefer and Pees 2011; Wyneken 2014). Studies 
on the method and use of CT in clinical examina-
tion of tortoises and terrapins were published by 
Kiefer and Pees (2011); the practical use of CT in 
turtles was reported by Smith et al. (2000), Valente 
et al. (2006) and Valente et al. (2007). In chelonians 
CT represents a valid alternative to classical imag-
ing techniques in evaluation of the appendicular 
skeleton (Abou-Madi et al. 2004; Bortolini et al. 
2012), in formulating the final diagnose in cases of 
skeletal injuries (Abou-Madi et al. 2004; Saber and 
Kamal 2010) and metabolic bone disease (Raiti and 
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Haramati 1997). CT is the safest and most sensitive 
method for diagnosing pathology of bones and soft 
tissue in chelonians (Wyneken 2014). The method 
also allows multiplanar reconstruction and three-
dimensional images of organs and tissues inside the 
coelom of chelonians (Bonelli et al. 2013; Lim et al. 
2013; Mans et al. 2013; Wyneken 2014).

The aim of the presented work was evaluation of 
the practical use of three dimensional CT for clini-
cal examination of shell lesions in loggerhead tur-
tles stranded and rescued near the island of Sicily.

MATERIAL AND METHODS

Animals. Six adult loggerhead turtles (Caretta 
caretta) were found stranded and rescued in the sea 
near Sicily within a period of 12 months (Table 1). 
They were transported to a wildlife rehabilitation cen-
tre of the University Veterinary Teaching Hospital, 
Messina, Sicily. Patients (average body weight 36.8 kg, 
range 20–46 kg) were subjected to a thorough physi-
cal examination, including analysis of the blood pro-
file (haematology and plasma chemistry analyses). 
Severe deep lesions of the carapace and plastron were 
suspected to be present in two specimens (female 1 
and 2). The second one (female 2) exhibited breathing 
difficulties. The remaining four turtles presented with 
shell lesions of unknown depth and possible influence 
on animal health and ability to dive. For better evalu-
ation of the shell fractures and possible involvement 
of soft tissue organs, all six turtles were subjected to 
examination with computed tomography.

Anaesthesia. A combination of ketamine (15  mg/kg,  
Ketavet 100, Intervet, Italy) with dexmedetomidine 
(0.2 mg/kg, Dexdomitor, Orion Pharma, Finland) 
was administered intramuscularly as an induction 

for inhalant anaesthesia. After tracheal tube inser-
tion turtles were kept on inhalant anaesthesia with 
isoflurane (4%, Isoflo, Esteve, Spain) and oxygen. 
After the CT examination was done atipamezole 
(1 mg/kg, Antisedan, Zoetis, US) was administered 
intramuscularly to reverse the dexmedetomidine 
anaesthesia.

Computed tomography. Turtles were posi-
tioned in ventral recumbency on a large heating 
pad (PM24, Pet Mat®, New Zealand). High Speed 
CT/e (GE Healthcare, UK) with the following pa-
rameters: 120 kV, 100 mAs, 3.5 mm slices, win-
dow level from +350 to +500 HU, window width 
2500 HU, were used for CT examination of turtle 
patients. For the multiplanar volume rendering im-
aging and 3D reconstructions the OsiriX software 
(Pixmeo, Switzerland) was used.

RESULTS

The results of CT examinations in six loggerhead 
turtle patients are summarised in Table 2. Turtle num-
ber 1: in addition to the shell lesions, three vertebral 
lesions were found, the first lesion in the 3rd thoracic-
lumbar vertebra (Figures 1A and 3A), the second one 
in the 7th thoracic-lumbar vertebra (Figures 2B and 
2C) and the third one in the 8th thoracic-lumbar ver-
tebra (Figures 1B and 2D). In the first vertebral lesion, 
both the lamina and vertebral body were involved. 
Spinal cord compression was not found. In the other 
two vertebral lesions vertebral laminas were involved 
and spinal cord compression was not found.

Turtle number 2: loss of 10 cm of the shell tissue 
was found on the left side of the shell, near the 
carapace-plastron bridge (Figures 3A and 3B). On 
transverse CT images (Figures 4A and 4B) the soft 

Table 1. Loggerhead turtles examined using computed 
tomography (n = 6)

Turtle Sex Body weight 
(kg)

Carapace curve
length (cm) width (cm)

1 female 37 71 70
2 female 45 80 74
3 female 46 74 70
4 ND 20 62 60
5 female 40 71 66
6 ND 33 66 57

ND = not determined

Figure 1. CT images of a loggerhead turtle. Lateral view 
(A) shows a lesion of the 3rd thoracic-lumbar vertebra; 
two lesions of the 7th and the 8th thoracic-lumbar verte-
brae are shown in dorsoventral view (B)

(A)	 (B)
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tissues later ventral to the lung were thicker and 
showed less density on the left than on the right 
side. This was most likely indicative of haemor-
rhage or oedema (Figures 4C and 4D).

Coronal reconstruction (software OsiriX) of a 
loggerhead with massive compression of the coe-
lom organs caused by a traumatic lesion on the shell 
bridge is presented in Figure 5. Turtles 3–6 had 
only superficial lesions, which involved neither the 
bone tissue nor the internal organs. In subsequent 
explorative laparotomy three turtles (3, 4, and 5) 
had plastic foreign bodies in the bowel, causing a 
gastrointestinal stasis, and in the last specimen (6) 
the reason for stranding was not identified.

Turtles 1 and 2 underwent reconstructive surgery 
of the shell. Antibiotic therapy (enrofloxacin 10 
mg/kg s.c., q24 h, Baytril 2.5%, Bayer, Germany) 

and analgesia with tramadol (10 mg/kg i.m., q48 h, 
Altadol, Formovet, Italy) according to Norton et al. 
(2013) were performed for two weeks after surgery. 
Turtles were kept in the rehabilitation centre to 
clean their wounds and for supportive care based 
on therapy with fluid (10 ml/kg s.c. of 1 : 1 solution 
with sodium chloride 0.9% and 5% dextrose), vita-
min B complex (0.3 ml/kg s.c., q24 h for seven days, 
Stimulfos, Teknofarma, Italy) and force feeding. 
After three months of hospitalisation turtles were 
released into the rehabilitation sea area. They were 
presented to the clinic for health control two and 
four weeks after the release. Both turtles were ac-
tive and in a good health condition. The remaining 
four turtles underwent gentle daily cleaning of the 
superficial lesions, with antibiotic therapy and sup-
portive treatment similar to the first two animals.

DISCUSSION and CONCLUSION

Veterinary surgeons are involved in turtle conser-
vation programs by contributing to the improve-
ment of the wild reptile’s medical management. In 
sea turtles, traumatic injuries of the shell and soft 
tissue, as well as ingestion of fishhooks or plas-
tic bags are common reasons for veterinary care 

Table 2. Results of computed tomography examination in stranded loggerhead turtles (n = 6)

Turtle Description of the main health complication recorded

1

vertebral lesion at the level of the 3rd thoracic-lumbar vertebra – vertebral lamina and the vertebral body were 
involved without compression of the spinal cord
vertebral lesion at the level of the 7th thoracic-lumbar vertebra – vertebral lamina involved only
vertebral lesion at the level of the 8th thoracic-lumbar vertebra – vertebral lamina involved only

2 on the left side of the carapace, near the carapace-plastron bridge, loss of 10 cm of the shell
massive compression of organs especially on the left lung

3–6 superficial lesions were discovered, without any connections to the bone and organs of the coelom
no lesions affecting the lungs have been recorded as the possible causes of the stranding and diving difficulties

Figure 2. CT images of a loggerhead 
turtle 1. Transverse plane views show-
ing three vertebral lesions: the first in 
3rd thoracic-lumbar vertebra (A), the 
second one in the 7th (B–C) and the 
third one in the 8th thoracic-lumbar 
vertebra (D); no lesions of internal 
organs were found

(A)

(C)

(B)

(D)

(A)	 (B)

Figure 3. CT images of a loggerhead turtle 2. Ventrodor-
sal view (A) and oblique view (B) show the absence of a 
part of the left bridge (up to 10 cm)
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and treatment at marine-animal rescue centres 
(McArthur 2004). In such cases, physical exami-
nation does not give sufficient information to allow 
characterisation of the exact cause of stranding, 
and the use of modern methods of non-invasive 
diagnostic imaging is necessary.

Studies dealing with diagnostic imaging in che-
lonians have been published (Rubel and Kuoni 
1991; DeShaw et al. 1996; Hernandez-Divers and 
Hernandez-Divers 2001; Gumpenberger 2002; 
Hernandez-Divers and Lafortune 2004; Raiti 2004; 
Wilkinson et al. 2004; Silverman 2006). Although 
standard methods of veterinary radiography can be 
used in turtles, the final diagnosis is challenging due 
to superimposition of many anatomical structures. 
Computed tomography allows accurate definition 
of organs in the coelom without superimposition 
of adjacent structures. The slow respiratory rate in 
turtles minimises any possible artefacts caused by 
the movement of lungs (Gumpenberger 2011). The 
ability of CT to generate multiplanar and three-
dimensional pictures provides a perfect overview 
of shell structures. It would not be possible to diag-
nose in detail the deep penetrating shell lesions that 
were recorded in two female loggerhead turtles in 
this study using radiography alone. The use of CT 
was useful for determining possible involvement of 
the spinal cord and for making the decision regard-
ing reconstructive surgical treatment.

Computed tomography is a fast and feasible im-
aging method for clinical examination of strand-
ed turtles with deep penetrating shell lesions. 

Computed tomographic examinations of stranded 
turtle patients facilitate decisions regarding effec-
tive treatment and rehabilitation protocols.
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