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I n t r o d u c t i o n
Sea turtle populations have declined over the past few decades 

owing to human activity. Boat-strike injuries, entanglement in fish-
ing nets, and the swallowing of hooks, fishing lines, and crude oil 
are the main causes of sea turtle deaths around the Canary Islands 
and in the Western Mediterranean (1,2). The loggerhead sea turtle 
(Caretta caretta) is listed as endangered (3) and is the most common 
species accidentally caught by fishing activities in the Mediterranean 
Sea. Juveniles and subadults are most commonly caught, and most 

animals rescued from fishing nets have some degree of limb trauma, 
which occurs when turtles become entrapped in nets and their 
extremities are strangulated (2). At rehabilitation centers, proper 
physical assessment should be performed, as should a minimum 
standard of blood analysis and radiography (4).

Different imaging methods are available for veterinary prac-
tice. However, normal radiologic parameters are scarce for most 
free-ranging animals, including sea turtles. Previous authors have 
reported the application of radiologic techniques to reptile species 
(5–10). However, owing to the wide morphologic variety of reptiles, 
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A b s t r a c t
This study aimed to provide the normal radiographic anatomic appearance of the limbs of the loggerhead sea turtle, Caretta 
caretta. Dorsopalmar and dorsoplantar radiographs were taken of the forelimbs and hindlimbs of 15 juvenile and 15 subadult 
loggerhead sea turtles, 17 alive and 13 dead. For comparison, computed tomographic, gross anatomic, osteologic, and histologic 
studies were performed on the limbs of 5 of the sea turtles. Bones from the distal part of the fore and hind flippers were seen 
in detail with a mammographic film–screen combination. The pectoral and pelvic girdles, superimposed by the carapace, were 
better seen on standard radiographs with the use of rare-earth intensifying screens. Mammographic radiographs of the manus 
of 5 small juvenile turtles showed active growth zones. Visualization of bone contours in the distal part of the limbs was clearer 
than in mammals owing to the very few superimpositions. The presence of a substantial amount of cartilage in the epiphyses 
produced better visibility of limb ends. We conclude that use of a mammography film–screen combination is the best way to 
evaluate the bony and joint structures of the limbs of sea turtles. Radiography provides reliable images for clinical purposes. 
Considering the low cost and logistics of this technique, it is a practical ancillary test for marine animal rehabilitation centers 
to use.

R é s u m é
L’objectif de la présente étude était de fournir des données sur l’apparence anatomique radiographique normale des membres de la tortue 
caouanne (Caretta caretta). Des radiographies dorso-palmaires et dorso-plantaires des membres antérieures et postérieures de 15 tortues 
caouannes juvéniles et de 15 tortues caouannes sub-adultes ont été prises, 17 d’animaux vivants et 13 d’animaux morts. À titre comparatif, 
des données de tomodensitométrie, d’anatomie macroscopique et d’études ostéologiques et histologiques ont été obtenues à partir des membres 
de 5 des tortues marines. Les os provenant de la partie distale des nageoires avant et arrière ont été observés en détails à l’aide d’une 
combinaison écran–film à mammographie. Les ceintures pectorale et pelvienne, surimposées par la carapace, étaient mieux visualisées sur 
des films radiographiques standards en utilisant des écrans intensifiant au lanthanide. Des radiographies de la main de 5 tortues juvéniles 
ont montré des zones actives de croissance. La visualisation du contour des os dans la partie distale des membres était plus claire que chez 
les mammifères étant donné le peu de surimpositions. La présence d’une quantité substantielle de cartilage dans les épiphyses des membres 
postérieurs permettait une meilleure visibilité. Nous pouvons conclure que la combinaison film à mammographie–écran est la meilleure 
méthode pour évaluer les os et les articulations des membres de la tortue caouanne. Les radiographies fournissent des images fiables d’un 
point de vue clinique. Compte tenu du faible coût et la logistique de cette technique, il s’agit d’un test auxiliaire pratique pouvant être utilisé 
par les centres de réhabilitation pour mammifères marins.
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further knowledge of the normal radiographic anatomy in a particu-
lar species is required.

This article reports on part of a wide-ranging diagnostic imag-
ing study of the loggerhead sea turtle, its purpose being to present 
the normal radiographic anatomic appearance of the limbs of the 
loggerhead sea turtle. We have combined radiologic informa-
tion with computed tomographic, osteologic, gross anatomic, and 
histologic data for the appendicular skeleton of this species in 
order to provide information useful for increasing relevant clinical  
knowledge.

M a t e r i a l s  a n d  m e t h o d s
Dorsopalmar and dorsoplantar radiographs were taken of the 

forelimbs and hindlimbs of 15 juvenile and 15 subadult loggerhead 
sea turtles accidentally caught in pelagic longline sets and fishing 
nets along the northwestern Mediterranean coast; 17 animals were 
alive and 13 dead. 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 (11). The live turtles 
were temporally housed in the rehabilitation facilities of the Rescue 
Centre for Marine Animals (CRAM), Premià de Mar, Barcelona, 
Spain. Only turtles free of limb damage or skeletal abnormalities 
were considered for this study. The turtles were manually restrained 
in ventral recumbency, the limbs maintained with adhesive tape in 
a physiological position. No sedation was required, but the eyes 
were masked.

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 film used for mammography (UM-MA hc, 
24 3 30 cm) and a Fuji AD-MA screen (UM MAMMO fine) and with 
Super HR-GB film 30 3 40 cm and rare-earth intensifying screens 
(Fuji ECD), all from Fuji Photo Film Company, Tokyo. With the use 
of a negatoscope, the radiographs were photographed and digitized 
at a minimum resolution of 300 dots per inch. The radiographs were 
evaluated and the anatomic features described when found to be 
consistent.

Multidetector computed tomography (MDCT) of the whole body 
was performed in 4 of the juvenile loggerhead sea turtles and in 
1 subadult. The turtles were anesthetized with ketamine (Imalgene 
1000; Merial, Lyon, France), 15 mg/kg injected intravenously, and 
diazepam (Almirall Prodesfarma, Barcelona, Spain), 0.5 mg/kg 
injected into the dorsal cervical sinus to prevent flipper movement. 
Cardiac frequency was monitored with a Mini-Doppler unit (Doppler 
High Sensitivity Pocket 112 Doppler D900, Huntleigh Healthcare, 
Dublin, Ireland), and the animals were carefully kept wet before the 
scan. A 16-detector-row CT scanner (Aquilion 16; Toshiba Medical, 
Tokyo, Japan) was used at the following settings: 120 kVp, 250 mA, 
detector configuration 16 3 1 mm, and matrix 512 3 512. The field 
of view ranged from 35 to 52 cm, and the total examination took 
10 to 15 s, depending on the size of the turtle. The volumetric data 
for the limbs were reconstructed with a 1-mm slice width and a 
reconstruction interval of 0.8 mm. Three-dimensional images were 
generated on a Vitrea computer workstation, version 3.0.1 (Vital 
Images, Plymouth, Minnesota, USA).

To obtain anatomic information on the limbs of the dead turtles, 
5 (2 juveniles and 3 subadults) were frozen at 280°C, and serial 
parallel sections 18 to 20 mm thick were cut in the dorsal plane 
with an electric bone saw. The limb bones and associated joints 
were macroscopically evaluated, and samples of epiphyses of the 
right humerus, radius, ulna, femur, tibia, fibula, and metacarpal 
and metatarsal bones and phalanges from digit III were fixed in 
neutral-buffered 10% formalin solution for histologic study with the 
use of hematoxylin–eosin stain. The skeletons of 5 loggerhead sea 
turtles at the Museo de Zoología de Barcelona and the Departamento 
de Sanitat i Anatomia Animal, Facultat de Veterinària, Universitat 
Autònoma de Barcelona (UAB), were photographed and radio-
graphed for osteologic data.

Radiologically visible structures were compared with those 
observed in the osteologic preparations, 3-dimensional (3-D) 
CT reconstructions, gross anatomic sections, and histologic sections. 
All radiographic images were analyzed with Adobe Photoshop, 
version 5.5 (Adobe Systems, San Jose, California, USA); normal and 
inverted (negative) images were compared.

The anatomic terminology used in this report is that of the 
Nomina Anatomica Veterinaria, as well as specific terminology for 
sea turtles (12).

R e s u l t s
Bones from the distal part of the fore and hind flippers were 

seen in detail in the radiographs obtained with the mammography 
film–screen combination. The CT-reconstruction images had the best 
definition for examining cortical bone, density of the matrix, and 
trabeculae. The pectoral and pelvic girdles were better seen with 
standard tabletop radiography and rare-earth intensifying screens 
than with the mammography film–screen combination. These regions 
will be not described here since they were covered in a previous 
publication on the coelomic cavity (13). The bones in the juvenile and 
subadult loggerhead sea turtles did not differ in form or structure; 
however, some bony features, such as the head and greater tuberos-
ity of the humerus and the head and major trochanter of the femur, 
were more pronounced in the subadults.

Radiographically, a large joint space was seen in all synovial joints 
of the limbs (Figure 1A). In the anatomic sections, a thick hyaline car-
tilage cone plugged each bone forming the greater part of the epiphy-
seal area (Figure 1B). Mammographic radiographs of 5 small juvenile 
turtles showed a thin radiolucent line followed by a radiodense, 
longitudinally striated and thicker band (Figure 2A), mainly in the 
physes of the metacarpals, metatarsals, phalanges, and distal physes 
of the humerus. Subchondral growth was observed in all bones. These 
findings were interpreted on the basis of the histologic analyses for 
the same animals as active growth zones in the epiphyseal plate 
(Figure 2D). Long bones consisted primarily of a core of cancellous 
bone bounded by a thin cortex of compact bone (Figure 2B and 2C). 
The histologic study carried out in 2 juveniles showed that the epiphy-
sis consisted of a mass of undifferentiated cartilage and a growth zone 
in which the cells (chondrocytes) of the layer next to the shaft were 
flattened and arranged in longitudinal columns and showed differ-
ent degrees of hypertrophy. The chondrocytes nearest the shaft were 
more vacuolated than those nearest the end of the epiphysis. In the 
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3 subadult turtles, the cellular arrangement in the growth area was 
similar to that observed in the 2 juvenile turtles; however, the longi-
tudinal columns were not so well defined. In all cases, mineralization 
of a cartilage template was observed, and endochondral bone was set 
down on the eroded surface of the cartilage (Figure 2D).

Humerus
The proximal epiphysis of the humerus was not clearly seen 

radiographically owing to superimposition of the carapace and 
plastron bones. The head of the humerus was seen joined with the 

articular surface formed by the scapula, acromion, and coracoid 
bones (Figures 1 and 3A). Caudal to the head, the great and rounded 
medial process (greater tuberosity) was easily identified in all radio-
graphs (Figures 3A and 3C). Morphologically, this structure was 
radiographically similar to the head of the humerus in both juvenile 
and subadult turtles (Figures 3A and 3B). However, in CT images 
and in osteologic and anatomic dissections, the greater tuberosity 
was more prominent than the head (Figure 3C). A large fossa could 
be clearly seen in the radiographs as a radiolucent area immediately 
below the head and the greater tuberosity. The deltoid crest could be 

Figure 1. Dorsoventral radiographic view (A) and dorsal anatomic section (B) of the shoulder joint of a loggerhead sea turtle. A: 1 — cartilaginous part of 
the humerus head; 2 — articular end of the scapula; 2a — acromion process (cranial fused bone); 3 — articular end of the coracoid; 4 — humerus head; 
5 — greater tuberosity.

Figure 2. Dorsoventral radiographic view (A) of the manus of a small juvenile loggerhead sea turtle. Close-ups of the proximal phalanx of digit II of juvenile 
(B) and subadult (C) specimens. Histologic survey of the growth area (D) with the use of hematoxylin–eosin stain; magnification, 3100. 1 — epiphyseal 
growth zone; 1’ — epiphyseal plate; 2 — ossified diaphysis; 3 — undifferentiated cartilage; 4 — longitudinal columns of hypertrophied chondrocytes; 
5 — mineralization of cartilage template of endochondral bone.
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identified as a rounded projection of the bone contour on the cranial 
border of the humerus (Figures 3A to 3C). In 3 subadult turtles, 
this crest was more prominent than in juveniles and, depending 
on the rotation of the limb at the moment of the examination, the 
structure was seen partially superimposed on the humeral head 
(Figure 1A). In 1 juvenile turtle, a sharp process was seen on the 
caudal border of the crest (Figure 3B). The nutrient foramen on the 
ventral surface of the humerus (Figure 3C) could not be observed in 
all radiographs. In the distal epiphysis of the humerus, the medial 
and lateral condyles were recognizable owing to the groove between 
them (Figures 3C and 3E).

Radius and ulna
The bones were seen partially superimposed, the radius (shorter 

than the ulna) being seen cranial to the ulna. The radius was 

seen to have a broad and triangular proximal epiphysis and a 
concave caudal border. The distal end of the straight and tubular 
ulna was superimposed on the ulnare and radiale carpal bones 
(Figures 3E and 4A). No pronounced processes or grooves were 
visualized in either bone. The cortices were markedly thickened 
in the mid-diaphyseal region but tapered proximally and distally  
(Figures 3E and 4A).

Carpal bones
The 9 carpal bones could be clearly recognized in the carpus owing 

to scant superimposition (Figure 4). In the proximal row, the radiale 
was seen as a rectangular bone placed laterally and the ulnare as 
semilunar, with a great curvature pointed medially; the pisiform 
stood out medially from the distal row. The small and rounded cen-
trale bone was seen immediately ventral to the radiale and ulnare 

Figure 3. Negative image of dorsoventral radiographic views of the humerus of subadult (A, E) and juvenile (B) loggerhead sea turtles, 
ventral view of the humerus (C), and anatomic section of the elbow joint (D). 1 — humerus head; 2 — greater tuberosity; 3 — fossa 
between the humerus head and the greater tuberosity; 4 — deltoid crest; 5 — sharp process on the deltoid crest; 6 — nutrient fora-
men; 7 — intercondylar sulcus; 8 — medial condyle; 9 — growth zone; 10 — radius; 11 — ulna.
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bones. In the distal row of the carpus, 5 carpal bones were identified, 
each respective to a digit (Figure 4C).

Metacarpals and phalanges
The metacarpal bones and phalanges were seen to have similarly 

shaped digits except for digit I, which has a flattened articular 
surface on the physis and an elongated, thin diaphysis. Digit I is 
prominent and consists of a short and strong metacarpal bone and 
2 sturdy phalanges, proximal and distal (Figure 4A). Digit II has a 
shorter and thicker proximal phalanx than do digits III and IV. The 
intermediate phalanx of digit III is the most slender and the longest 
of all. Digit V has only 2 phalanges. In the radiographs and the 
CT images, no sesamoid bones were seen in association with the 
flipper joints (Figures 4A and 4B).

Femur
The joint between the head of the femur and the acetabulum 

superimposed on the carapace bones was clearly visible in all 
the radiographs taken with conventional plain film (Figure 5A 
and 5B). In juvenile turtles, most of the head is made up of car-
tilage. In subadult animals, the head is ossified, stouter than that 
of the juveniles, and joined to the physes through a thick neck 
(Figure 5). The prominent major trochanter was seen caudal to 
the head. The diaphysis is long and slender. The condyles on the 
distal epiphyses could not be differentiated because of super-
imposition on the marginal bones of the carapace. Neither the 
patella nor other sesamoid bones were visualized in the stifle joint  
(Figures 5A and 6B).

Figure 4. Negative image of a dorsoventral radiographic view (A) and a 3-dimensional (3-D) reconstruction (B) of the manus of a juvenile loggerhead sea 
turtle, with a close-up of the radiographic view of the carpal region (C). 1 — radius; 2 — ulna; 3 — radiale; 4 — ulnare; 5 — pisiform; 6 — centrale;  
7 to 11 — other carpal bones. Roman numerals indicate the respective digits.
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Tibia and fibula
The tibia and fibula could be seen with scant superimposition of 

epiphyses. The tibia is thicker and cranial to the fibula and has a 
convex articular surface at the proximal epiphysis. Both bones are 
elongated and fairly similar in length (Figures 6A and 6B).

Tarsal bones
Six tarsal bones were perfectly visualized in all radiographs. We 

identified 2 rounded and bigger bones and 4 quite spherical and 
smaller bones (Figure 6). In the proximal row, the great astragalus 
was seen laterally below the tibia, and the calcaneum was seen as 
a small, rounded bone medially below the fibula (Figure 6C). In 
the distal row, the tarsal bone of digit V, which articulates with the 
metatarsal bones of digits IV and V, is prominent because of its 
heart shape and large size relative to that of the other tarsal bones, 
which are spherical and just proximal to the respective digits, I, II, 
and III (Figure 6C).

Metatarsals and phalanges
Similar to the forelimb, digit I of the hindlimb consists of a short, 

flattened, and strong metatarsal bone and 2 sturdy phalanges. 
Digits II to V have 3 somewhat proportional phalanges. The metatar-

sal bone of digit V is flattened and resembles that of digit I, although 
the former is slightly smaller (Figures 6A and 6B).

D i s c u s s i o n
Routine radiography of the limbs is usually performed 

in at least 3 views: dorsopalmar (or dorsoplantar), lateral, and 
oblique (14). The flattened shape and relative thinness of the 
loggerhead sea turtle’s flippers when compared with the com-
pact and quite cylindrical limbs of terrestrial vertebrates pre-
clude the use of other views. Distortion in size or shape was 
observed only at the proximal end of the humerus, where the 
great tuberosity was partially superimposed on itself, creating an  
unrealistic shape.

The numerous anatomic differences between the limbs of cheloni-
ans and mammalians, and even between turtles and other reptiles, 
make sea turtles unique patients. Because of the scant superimposi-
tions between bones, the contours are more clearly visualized in 
radiographs of the limbs of sea turtles than in those of mammals, 
such as dogs and cats. Additionally, the massive amount of cartilage 
in the epiphyses produces better visibility of the articular ends. These 
cartilaginous epiphyses become gradually thinner with age because 

Figure 5. Dorsoventral radiographic views of the hip joint of subadult (A) and juvenile (B) loggerhead sea turtles. Anatomic section (C), 
radiographic view (D), and osteologic preparation (E) of the proximal epiphysis of the femur. 1 — femoral head; 2 — greater trochanter; 
3 — pubis; 4 — ilium; 5 — ischium; 6 — growth zone.
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undifferentiated cells pass into the growth zone, and, consequently, 
the articular and growth zones come into close approximation; 
however, growth may be retained even in aged animals (15). Easy 
visualization of the bone ends has practical clinical application, 
because the diagnosis of bone disorders such as fractures, osteomy-
elitis, and osteofibrosis, along with many joint abnormalities, could 
easily be made with a conventional and inexpensive radiographic 
technique.

Previous studies (8) have reported that the matched mammog-
raphy film–screen combination is superior to standard bucket and 
tabletop radiography in the evaluation of the bones and soft tissues 
of small reptiles. The combination results in a resolution of 10 to 
20 line pairs (lp)/mm, as opposed to 5 to 10 lp/mm with standard 
radiographic techniques (8), which in this study permitted optimal 
visualization of the cancellous and compact bone arrangement in 
the long bones, as well as the epiphyseal growth areas. The growth 
areas observed in our animals as a radiopaque band at the end of the 
long bones were also observed in skeletally immature humans (16): 
after a temporary slowdown or cessation of rapid longitudinal bone 
formation, transverse trabecular bands of increased radiodensity 
appeared; when growth rates were normal, longitudinally oriented 

trabeculae with interspersed marrow elements predominated at the 
zone of transformation of cartilage to bone.

Radiologic examination of the long bone epiphyses, together 
with evaluation of time of closure, has been used as a chronologic 
reference in various species of vertebrates (17,18). In reptiles, this 
methodology is not suitable because endochondral growth may be 
life-long (15). On the other hand, turtles and crocodiles do not have 
isolated ossification centers in the epiphysis, such as occurs with 
squamates (snakes and lizards) and mammals (15). Curiously, in 
our study, epiphyseal plates were detected radiographically in the 
long bones of the manus in only 5 of the 15 juvenile turtles. We are 
unaware of the reasons why these areas were not seen in all the 
juvenile animals, as would be expected. Patterns of reptile growth 
have attracted considerable attention over the past few decades 
(19–21). Growth rings in the transverse section of the humerus have 
been studied in reptiles, including sea turtles (22), as a method of 
calculating age. Turtles grow at different rates during the ontogenetic 
period, the rate being influenced by the quality and quantity of the 
diet (15,23). In the early years of life, oceanic-stage loggerhead sea 
turtles have relatively little control over their geographic position 
or movements and thus have an extremely stochastic lifestyle, with 

Figure 6. Negative image of a dorsoventral radiographic view (A) and 3-D reconstruction (B) of the pedis of a juvenile loggerhead sea 
turtle, with a close-up of the radiographic view of the tarsal region (C). 1 — tibia; 2 — fibula; 3 — astragalus; 4 — calcaneum; 5 — tarsal 
bone V; 6, 7, and 8 — other tarsal bones; 9 — metatarsal bone from digit I; 10 — metatarsal bone from digit V.
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great variation in food availability and temperature (24). Temporary 
cessation of growth may occur even in relatively young turtles; 
growth is resumed later, after perforation of the bony plates and 
renewal of activity by the marrow (15). The environmental variation 
results in variable growth rates, which could be directly associated 
with the inconsistent presence of a distinct growth area in the long 
bones of juvenile turtles, as found in this study.

The shape and structure of bones is governed by many factors — 
genetic, metabolic, and mechanical. In chelonians, the pectoral and 
pelvic arches appear to have a very anomalous position, inasmuch 
as they seem to be situated inside and not outside the skeletal 
trunk (12). Modification of the sea-turtle pectoral limb into a semi-
rigid, elongated, and flattened flipper for forelimb propulsion has 
resulted in proportional changes in the limb skeleton and shifts 
in the distributions of muscle tissue (25). The reduced presence 
of musculoskeletal elements accounts for the absence of sesamoid 
bones noted in the radiographs of this study. Although reptilian 
compact bone is similar to the compact bone of other vertebrates, 
we found the bone cortex to be thinner in the sea turtles, with 
minor radiographic contrast between bones. Compared with well-
known species such as the dog and cat (26), turtles in general 
seem to have a smoother diaphyseal surface, without pronounced 
processes, crests, or tuberosities. As a result, there is a clearer 
radiographic image of the bone’s internal structure, with mini-
mal superimposition of superficial bony elements. The response 
pattern of the bone to injury in reptiles differs significantly from 
that in mammals. In reptiles, new periosteal bone production is 
less prominent, and it is common to see a radiolucent fracture 
line in clinically stable fractures that have healed with a fibrous  
callus (10,27).

Mammographic radiography and multiplanar CT reconstruc-
tion were observed in this study to provide similar information. 
The latter costs more, involves a technique not readily available in 
rehabilitation centers, and requires more time for image manipula-
tion. Three-dimension reconstruction was useful to show different 
views of the structures. However, this kind of virtual processing, 
when applied to extremely tight bone structures, as is the case with 
carpal and tarsal bones, may produce an artificial effect whereby the 
structures seems to be joined.

We conclude that the mammographic film–screen combination 
is the best radiographic modality for evaluating the bone and joint 
structures of the forelimbs and hindlimbs of juvenile and subadult 
sea turtles. Radiography provided reliable images for clinical pur-
poses. Considering the low cost and logistics of this technique, it is 
one of the more practical ancillary tests that marine animal rehabili-
tation centers can use.
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