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Abstract

Many investigators have undertaken radiologic studies in chelonians. However, descriptive papers focusing on the radiographic
anatomy are limited to only a few species. The purpose of this article is to provide the normal cervical and coelomic radiographic
appearance of the loggerhead sea turtle (Caretta caretta), in the dorsoventral view, and to indicate useful landmarks to identify
internal anatomic structures. Dorsoventral radiographs were taken of the neck and body of 30 loggerhead sea turtles by means
of analog and digital radiography. At various points, distortion or superimposition of images due to the natural curvature of
the shell hindered the accuracy of interpretation. The pectoral and pelvic girdles were easily recognized. Important external
landmarks included the vertebral and lateral scutes, and important internal landmarks included the bronchi, coracoid bones,
the caudal border of the pulmonary fields, and the acetabulum.

Résume

Plusieurs chercheurs ont entrepris des études radiologiques chez les chéloniens. Toutefois, les articles descriptifs portant sur I'anatomie
radiographique sont limités a seulement quelques espéces. Le but du présent article est de fournir I'apparence radiographique cervicale et
coelomique normale, en vue dorso-ventrale, de la caouanne (Caretta caretta) et d'indiquer les reperes utiles pour identifier les structures
anatomiques internes. Des radiographies dorso-ventrales du cou et du corps de 30 caouannes ont été prises a I'aide de radiographies analogiques
et digitales. A certains endroits, une distorsion ou une superposition des images causée par la courbure naturelle de la carapace interféra
avec la précision de I'interprétation. Les gaines pectorale et pelvienne étaient facilement reconnaissables. Les repéres externes importants
incluaient les scutelles vertébrale et latérale, et les repéres internes importants incluaient les bronches, les os coracoides, le bord caudal des

champs pulmonaires et I'acétabulum.

Introduction

Reptilian species often show the same nonspecific symptoms
with a variety of diseases. Radiologic studies in chelonians have
been described by many authors (1-7). However, owing to the great
variability of species, papers dealing with radiographic anatomy are
limited to a representative number of species of each order of Reptilia
(8). In sea turtles, traumatic injuries of the shell and the ingestion
of fishhooks are the most frequent causes of admission to marine-
animal rescue centers (9). In most cases, physical examination does
not give sufficient information, and dorsoventral radiography is
usually the 1st option as an ancillary test to determine the diagnosis
(10). Radiography gives a good overview of the skeletal system and
in sea turtles is the most inexpensive and noninvasive method to
detect ingested fishhooks and fractures (7). Nevertheless, as with
many chelonian species, the image is often compromised by the
overlying shell, which makes accurate interpretation difficult if
the standard radiographic features are not well known. Detailed
radiographic studies focusing on endangered sea turtles, such as the
loggerhead (Caretta caretta), have not been available in the scientific
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literature and are needed as reference material for aquariums and
marine-animal rescue centers.

In medicine, anatomic landmarks are used to indicate the loca-
tion of biologic features (11). True landmarks are placed according
to a biologic hypothesis of equivalence, or homology; pseudo-
landmarks are placed on a surface according to a mathematical
rule, such as a series of points distributed evenly along a given
surface (12). The palpable external anatomic landmarks usually
employed in veterinary medicine, such as the xyphoid tip, costal
arch, intercostal spaces, and coxal tuberosity (13), are not help-
ful in chelonians because their body is protected by a rigid shell.
Radiographic anatomic landmarks could help the interpretation
of x-ray-film images of sea turtles and provide better determi-
nation of the diagnosis when other imaging modalities are not
available.

The purpose of this investigation was to provide the normal cer-
vical and coelomic radiographic appearance of the loggerhead sea
turtle, in the dorsoventral view, as well as other useful landmarks,
to allow for the correlation of shell scutes with internal anatomic
structures.
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Materials and methods

Dorsoventral radiographs were taken of the neck and body of
15 juvenile and 15 subadult loggerhead sea turtles; 17 were alive
and 13 dead. All had been accidentally caught in pelagic longline
sets and fishing nets along the northwestern Mediterranean coast
(40°31" to 42°26' north and 0°32’ to 3°10" east). Juvenile turtles were
considered to be those with a minimum straight carapace length
(SCLmin) of 21 to 40 cm and subadults those with an SCLmin of
41 to 65 cm (14). Live turtles were temporally housed in the rehabili-
tation facilities of the Rescue Centre for Marine Animals (CRAM),
Premia de Mar, Barcelona, Spain. Only clinically normal animals
were included in the study.

No sedation was necessary for the examination. The animals
were manually restrained, blindfolded, and positioned in ventral
recumbency. At least 2 dorsoventral radiographs were taken of
each turtle. Analog radiography was performed in 14 animals and
digital radiography in the other 16. Tabletop images were taken with
a Rotanode x-ray tube (model E7239; Toshiba Electron Tubes and
Devices Company, Tokyo, Japan) at a focal distance of 68 cm. Analog
radiography was performed with medical x-ray films used for
mammography (UM-MA hc, 24 X 30 cm) and a Fuji AD-MA screen
(UM MAMMO fine) and with Super HR-GB films 30 X 40 cm and
rare-earth intensifying screens (Fuji ECD 30 X 40 cm), all from Fuji
Photo Film Company, Tokyo, Japan. The radiographs were digitized
on a flatbed scanner at a minimum resolution of 300 dots per inch.
Digital radiography was performed with a digital flat-panel detector
system (Regius cassette 14 X 17, Konica Minolta, Tokyo, Japan) and a
Regius CR reader (model 170). All images were analyzed with Adobe
Photoshop, version 5.5 (Adobe Systems, San Jose, California, USA);
normal and inverted (negative) images were compared.

To correlate the external scutes with internal structures, we painted
the union lines among the carapace scutes of 6 dead turtles with a
radio-opaque product (anticorrosive paint with red lead oxide)
before the radiographs were taken. Additionally, 3 dead turtles were
injected with a solution of barium sulfate (Bario-dif Suspension, Rovi
SA, Madrid, Spain) via the femoral vein to show the position of the
kidneys. To visualize the jugular venous sinus and the large-intestine
position, 2 other dead turtles were injected with the same contrast
agent via the jugular vein and the cloaca, respectively. The anatomic
terminology applied corresponds to that of the Nomina Anatomica
Veterinaria. However, specific terminology for turtles (15) and sea
turtles (16) was also applied.

In the cervical region of the vertebral column, only the first
3 vertebrae were clearly imaged. The 4th cervical vertebra was par-
tially seen because it is just below the cranial edge of the carapace
(Figure 1). The contour of the 5th, 6th, and 7th cervical vertebrae
could not be visualized. Although superimposed, the contour of the
vertebral arches of these vertebrae (Figure 2B) could be identified in
the juvenile turtles. The 10 dorsal vertebrae that form the carapace
were visible, with a slim body, slightly broader in the extremities
because the articular surface opposes the head of the ribs (Figure 3B).
The vertebral bodies were seen to be elongated from the 2nd to the

Figure 1. Dorsoventral radiographic view of the cranial end of a subadult
loggerhead sea turtle. 1 — atlas; 2 — axis; 3 — 3rd cervical vertebra;
4 — 4th cervical vertebra; 5 — trachea; 6 — left bronchus; 7 — right
bronchus.

Figure 2. Dorsoventral radiographic views of subadult loggerhead sea turtles
(A and B) and a ventral view of an adult loggerhead sea turtle’s skeleton.
Roman numerals indicate the respective dorsal vertebrae. A: 1 — bron-
chus; 2 — epiplastron; 3 — pulmonary blood vessels; 4 — coracoid bone;
5 — scapula; 6 — acromion; 7 — area of high radiodensity because of
superimposition of osseous structures. B: 1 — cervical vertebral arches
(superimposed); 2 — acromion; 3 — scapula; 4 — trachea. The cranial
border of the pulmonary fields is delineated. C: 1 — scapula; 2 — acromion;
3 — coracoid bone; 4 — 1st pair of ribs; 5 — 2nd pair of ribs; 6 — humerus;
7 — 12th cervical vertebra; 8 — fontanelle.

6th dorsal vertebrae. The body contour of the 7th and 8th dorsal
vertebrae was not clearly visible. In the costovertebral joints, from
the 4th to the 10th dorsal vertebrae, each rib head was seen to be
slightly caudal to the junction of 2 vertebral bodies (Figure 2A).
The intervertebral space was visualized as a very fine and discrete
radiolucent line, and the joint between the distal end of the ribs and
the peripheral bones was clearly visible when mammographic film
or digital radiography was used (Figure 3B). The 1st pair of ribs
was seen to be very close to the 2nd pair, and the ribs were slimmer
(Figure 3B). The 9th and 10th pairs of ribs were inconspicuous but
seen caudal to an imaginary line transversely crossing the acetabu-
lum. The 9th rib was seen to be short and caudally curved and the
10th rib shorter, pointed, and floating (Figure 4). The sutures between
the pleural bones were easily identified on plain films as transverse
radiolucent lines in the middle of the intercostal spaces (Figure 3). In
2 small juvenile turtles this suture was widely open. The fontanelles,
the intercostal spaces not ossified in the distal third of the ribs, were
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Figure 3. Digital dorsoventral radiographic views of the carapace of a juvenile loggerhead
sea turtle of minimum straight carapace length (SCLmin) 23 ¢cm (A) and a subadult of
SCLmin 56 cm (B). Schematic drawing indicates the external scutes. A: 1 — widely
opened fontanelle. B: 1 — partially ossified fontanelle; 2 — joint between rib and periph-
eral bone; 3 — 1st pair of ribs; 4 — sutures between the pleural bones. Roman numer-

als indicate the respective dorsal vertebrae. C: Is — lateral scute; ns — nuchal scute;
vs — vertebral scute; ms — marginal scutes.

Figure 4. Negative image of the dorsoventral radiographic view of the pelvis of a subadult
loggerhead sea turtle (A) and its interpreted drawing (B) and the ventral view of a skeletal
pelvis (C). A: arrow indicates a fishhook in the rectum. B and C: 1 — 6th dorsal vertebra;
2 — lateral pubic process; 3 — xiphiplastron; 4 — ischium; 5 — ilium; 6 — 9th pair
of ribs; 7 — 10th pair of ribs; 8 — transverse process of the 1st sacral vertebra;

9 — T7th pair of ribs; 10 — caudal border of the right pulmonary field.

extensively opened in all the turtles, but partial ossification was vis-
ible in 1 large subadult turtle (SCLmin 61 cm) (Figure 3).

The painted outline of the scutes was clearly visible in the radio-
graphs. The images showed that the external keratinized scutes did
not coincide with the pleural and neural bones (Figure 3). Each of the
5 vertebral scutes except the first and last (which are more caudal)
completely covered 1 dorsal vertebra and half of the body of the
preceding and following vertebrae, and each lateral scute covered
2 pairs of ribs (Figure 3). A difference in the ratio of length and
width of the vertebral scutes was observed between the juvenile and
subadult turtles, the scutes being wider than longer in the former
(Figure 3). The relationship between the vertebral and lateral scutes
and the osseous structure of the axial skeleton was constant and pro-
portional in all of the turtles studied, independent of their size. The
3 sacral vertebrae were observed just below the 5th vertebral scute.
Their bodies were shorter than those of the last dorsal vertebrae and
showed a spatula-shaped transverse process articulating with the
ilium (Figures 4 and 5). These vertebrae were not clearly visible in
the juvenile turtles. Caudal vertebrae were variable in number.

The pectoral girdle was easily recognized in all films. It is formed
by a union of 3 bony structures: scapula, acromion, and coracoid
bone. These structures are jointed, forming about a 90° angle
(Figure 2C). The acromion was seen to be completely ossified to
the scapula, forming a single bone, and was identified as the most

cranial of the 3 bones, followed caudally by the scapula (Figure 2B),
which articulates with the carapace near the 1st dorsal vertebra. The
Y-shaped structure thus formed is positioned horizontally on each
side of the axial skeleton, just below the 1st vertebral scute, where
the superimposition of the image of the cervical vertebrae forms
an undefined central radio-opaque area (Figure 2A). The coracoid
bone, caudal to the shoulder joint, has a flatter and wider shape at
its caudal end (Figure 2). In all the turtles a radiolucent line could be
seen at the union of the coracoid bone with the scapula.

The pubis and ischium form the ventrally positioned part of the
pelvis, which was not clearly visible in the radiographs taken. Only
the lateral pubic process and the articular end of the pubis could be
clearly identified (Figure 4). The ischium was identified as an osse-
ous bridge joining the acetabulum side to side. The image of this
bone was usually superimposed by the silhouette of the 8th dorsal
vertebra (Figure 4). The ilium was seen to be oriented dorsoventrally,
articulating with the sacral vertebrae, which were easily recognized,
as were the articular surfaces of the acetabular cavity (Figure 4).

The joint between the epiplastron and the hyoplastron was seen
in the 1st third of the turtle’s body as an oblique radiolucent line
crossing the coracoid-acromion angle (Figure 6). The entoplastron
could not be recognized owing to the great superimposition of the
last cervical vertebrae. The suture between the hyoplastron and the
hypoplastron was visible at the level of the 5th pair of ribs (5th dorsal
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Figure 5. Dorsoventral radiographic views (A to D) and anatomic dissections (E and F)
of subadult loggerhead sea turtles. A: renal vasculature injected with contrast
agent; 1 — iliac vein; 2 — circumflex iliac vein; 3 — 4th costal scute; 4 — 4th ver-
tebral scute. B: 1 — kidney positions; 2 — sacral vertebrae; 3 — caudal vertebrae;
4 — right pulmonary field. C: dorsoventral view of the cranial half of a dead juvenile
loggerhead sea turtle injected with contrast agent; the heart position is delineated;
1 — sinus of the jugular vein; 2 — left atrium; 3 — right atrium; 4 — ventricle;
5 — left hepatic lobe; 6 — right hepatic lobe; 7 — scapula; 8 — coracoid. Small
arrows indicate the jugular vein and the hepatic veins. White arrow indicates a
fishhook. D and F: 1 — descending colon (enlarged in D by contrast injection);
2 — urinary bladder; 3 — cloacae. E: ventral view of a dissected turtle: 2 to 7 —
same structures as shown in C; 9 — kidney.

vertebra) (Figure 6). The xiphiplastron images were superimposed
with the images of the pubic bones, which produced some image
distraction (Figure 6).

The position of the heart was recognized in relation to the skeleton
and the sinus of the jugular vein in the dead animals injected with
barium solution (Figure 5C and 5E). The heart was between the
1st to 3rd intercostal spaces, in the triangular area delineated by the
coracoid bone and scapula (Figure 5C), and thus at the level of
the 2nd vertebral scute. The trachea was easily identified on the left
side of the cervical column (Figure 1), and its bifurcation to form
the 2 long and extrapulmonary bronchi was visible at the level of
the 2nd dorsal vertebra (Figure 2). The entrance of the right and
left bronchi into the lungs was identified as 2 circular radiolucent

areas at the level of the 1st dorsal vertebra (Figures 1 and 2). The
pulmonary fields were very clearly imaged in all 17 live turtles and
extended from the 1st to the 8th dorsal vertebrae. Although 9 of the
turtles had symmetric lung fields, slight asymmetry between the
right and left fields was observed in 8 turtles (Figures 2A and 5B).
The pulmonary vasculature was very obvious, and the large pulmo-
nary artery and vein were seen superimposed. They extended lon-
gitudinally in each lung (Figure 2A), and the collateral vasculature
was frequently identified.

Visceral coelomic structural detail was often poor, and, in general,
the clinically important organs, such as stomach, intestines, liver, and
kidneys, were not imaged. Radio-opaque contents such as mollusk
shells and fishhooks (Figure 4A), and even ingested coarse sand,
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Figure 6. Negative image of the dorsoventral radiographic view of the whole body of a log-
gerhead sea turtle (A) and its interpreted drawing (B) and a ventral view of the plastron
bones (C). B: 1 — humerus; 2 — epiplastron; 3 — coracoid bone; 4 — suture between
the hypoplastron and the xiphiplastron; 5 — 2nd dorsal vertebra; 6 — 4th dorsal vertebra;
7 — 3rd pair of ribs; 8 — suture between the pleural bones; 9 — scapula; 10 — acromion;
11 — suture between the hyoplastron and the hypoplastron; 12 — hyoplastron; 13 — hypo-
plastron; 14 — xiphiplastron. C: 1 — epiplastron; 2 — endoplastron; 3 — hyoplastron;

4 — hypoplastron; 5 — xiphiplastron.

were identified in the gastrointestinal tract of some clinically healthy
turtles. Intestinal loops were recognized when filled by radio-opaque
digestive content or luminal gas and were interpreted as normal.
Radio-opaque contrast material injected via the cloaca in dead turtles
allowed visualization of the caudal part of the large intestine and
identification of the urinary bladder (Figures 5D and 5F).

The position of the kidneys was recognized only once their vascu-
lature was filled with contrast agent (Figures 5A, 5B, and 5E). They
were seen at the level of the 8th to 10th dorsal vertebrae, below the
4th vertebral scute and the 4th and 5th left and right lateral scutes.

Radiography is a useful tool to diagnose diseases of the skeleton
and alimentary disorders in reptiles (1). In chelonians, pulmonary
diseases, nutritional osteofibrosis, fractures, dystocia, and alimentary
obstructions are the most important indications for radiographic
diagnosis (7). According to previous studies (3), dorsoventral
radiographs are the most suitable views for evaluating major organ
systems in chelonians. In this study, we have verified that with
careful adjustments to the kilovoltage potential (kVp) and the
milliamperage-seconds (mAs) it is possible to gain much valuable
information from dorsoventral radiography in loggerhead sea turtles.
Digital radiography improves contrast and makes these adjustments
easier. In reptiles, images produced with the matched mammography
film-screen combination have greater resolution and better detail
than standard tabletop radiographs (4). The film-screen combination
was not as useful in evaluating coelomic structures in loggerhead
sea turtles as in other chelonian species owing to the small screen
size and the great thickness of the turtle’s body, as well as the high
radiodensity of their osseous structures, which made it necessary to
increase the kVp to obtain more penetrability, thus causing loss of
contrast. In addition to the use of digital images, the adjustment to a
negative view was a reliable way of having ossified structures stand
out, which made the recognition of the skeleton easier.

As a result of the variability of radiodensity in the different tis-
sues and parts of the body, it was necessary to increase the kVp in

the cranial third of the carapace and decrease it in the caudal third.
Generally, individual identification of the vertebral bodies in the
chelonians was difficult because of the superimposition of their
images with those of the neural bones of the carapace. In addition,
the intervertebral spaces (intercentral joints), easily recognized on
radiographs in mammalian (17) and other reptilian species, is seen
in chelonians as a very narrow and discrete radiolucent line that can-
not be clearly imaged if a suitable kVp is not used. In large turtles,
we recommend taking radiographs by sectors and using anatomic
landmarks that allow spatial location of the affected areas, minor
distortion or magnification, and better set-up of the adjustments.

In dorsoventral screening of the turtle’s body, one must take into
account the distortion caused by the natural curvatures of the body,
which are seen at 2 points in the vertebral column: the S-shaped
curvature of the cervical region, which causes the superimposition of
images of the 5th and 6th cervical vertebrae, and the ventral flexion
of the vertebral column from the 6th to the 10th dorsal vertebrae,
which produces distortion in the length and partial superimposition
of images of the vertebral bodies.

Knowledge of the relationship between the external scutes (used
as external landmarks) and the vertebral column allows for efficient
radiographic evaluation of traumatic injuries of the carapace, mainly
those caused by propellers that affect the vertebral column and
cause neurologic symptoms, once the injured vertebrae have been
accurately identified (18).

Other anatomic landmarks useful in interpreting radiographs
of the loggerhead sea turtle include the bronchi, coracoid bones,
caudal border of the pulmonary fields, and acetabulum. Unlike
that in most species of chelonians (1), the pulmonary field in
healthy loggerhead sea turtles was easily identified in the dorso-
ventral view. Although in chelonian medicine, lateral and cranio-
caudal views are the most informative in assessing pulmonary
disease (7,19), these views are often limited in the loggerhead sea
turtle owing to the large size and high radiodensity of the body.
Dorsoventral views are of reliable value because they allow clear
recognition of any alteration in form, size, or appearance of the
pulmonary field.
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The morphologic differences observed in the turtle’s pelvis (16)
as compared with a mammalian pelvis (20) should be taken into
account to avoid misinterpretation in identifying the pelvic bones. In
the loggerhead sea turtle, the pubis is visible cranial to the acetabu-
lum, in a position analogous to that of the mammalian ilium, the
ischium is visible in a position analogous to that of the mammalian
pubis, and the ilium is visible caudal to the acetabulum, in a position
analogous to that of the mammalian ischium.

In conclusion, we have presented the standard radiologic appear-
ance of the cervical and coelomic structures of the loggerhead sea
turtle to help clinicians in evaluating radiographic abnormalities.
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