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sea turtle, Caretta caretfta

Ana Luisa Valente, Bafaela Cuenca, Maria Luz P';IFH!]_. '.:“i-'.ll'lli:'IE"Li Lavin, Jordi Franch, 5gnaﬁ-i Marco

Abstract

Many investigators have undertaken mdiclogic studies in chelenians, However, descriptive papers focusing on the radiographic
anatomy are limited to only a few species. The purpose of this article & to provide the normal corvical and eoclomic radiographic
AppATAnCe of the baggerhead sea turtle (Corelte carettal, in the domoventral view, and to indicate useful landmarks to identify
internal anatomic structures, Dorsoventral radiographs were taken of the neck and body of 1) loggerhoad sea turtles by means
of analog and |li5i14| rill,lil;,HFI".l.Fl hy. A4 various points, distortion or superimposition of images dug 10 the natural curvature of
the shell hindered the accuracy of Interpredation. The pectoral and pelvic girdles were easlly recognized. Imporiant external
landmarks included the wertebral and lateral scutes, and imporant infernal landmarks included the bronchi, coracoid bones,
the caudal border of the pulmanary ficlds, and the aselabulum,

Résumeé

Plugfeurs cherehears ont entrepria des Rwles rcliologiyues cher e chifimmens, Tovtefos, les articles descrptife portand aer lanatosm
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o digifoles, A cerlaims endrorts, woe distorsion on wne siperposition dis fmages cousée per b cowerbiere maderelle de [n corapace imlerfére
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frclumisart bes ecitelles certébrale & lnterole, #f bes nepénes miternes mportants melusiemt les froiches, bes o8 corscondes, be bord candil dex

churstrges puilstioreieres o Dacdbalmliern.

Introduction

Hr:p-h.han ‘-l‘lﬁ'iﬂ often show the ame nnm—]‘ﬂ'i.flr sympioms
with a varety of discases. Kadiologic sthudies in chelordans have
been daseribed by many authors (1-7), Howaver, owing 1o the great
variability of spacses, papers dealing with radiographic analomy e
Jimmvitesd 80 2 representative number of species of sach arder of Bedie
{8k In gea furtles, maumatic inparies of the shell and the ingestion
of fishhooks are the most frequent causes of wbmizsion bo marine
amimal rescus cenbors (9. [n mest cases, phvsical examinabion does
ned give sufficient mformabon, and dorscventral radiography is
wusually the et oplion as am ancllary fest to determine the diagnoss
(11 Badiography gives a good overview of the skeletal system amal
im s turiles ke the mast inexpensive and noninvasive mathod bo
detect ingesied fishheoks and fraciumes (7). Nevertheless, as with
many chelonian species, the inage i$ oflen compromised by the
overlying shell, which makes adcurate interprefation difficudt i
the standard radicgraphic features are nod well known, Detailed
radiographic studies focusing on endangered sea baribes, aech as the
loggerhead (Caretfa carefli), have nol been available in the scentiic
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literature and are needed ae referenoe material for aquarivimes. and
marine-apimal pescue conlers,

In medicine, anatomic landmarks are used 1o indicate the loca-
thon of Biologic features (110 True landmarks are placed acoonding
to o Melogie hypothesis of equavalence, or hemology; pseusdo-
lapdmarks are placed on a susfaoe according to a mathematical
e, such as g series of pui.'n.'l:. distribuied L"\.'m.'llh' -l|-ilt‘|E a given
surface (120 The palpable external anatomic lindmarks woally
emnploved b vetertnary medicine, sisch as the xyphedd tip, costal
arch, inkercostal spaces, and coxal tubercsiby (13, are not help-
ful in chelomians becanse their kody is profecied by a rigid shell
Radiographic anatomic landmarks could hilp the inlerpretation
of x-ray-film images of sea turiles and provide better determi-
nalion of the diagnosis when other imaging modalities are not
available.

The purpese of thas inveshigabion was o provide the normal cer-
vical and coelomic radiographic apprarance of the loggerhead sea
Furle, i the domsoveninal view, as well a3 olber weful landmarks,
o albow for the corralation of ghell sostes with inbermal analomyic
slrCiLres,
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DIAGNOSTIC IMAGING OF THE LOGGERHEAD SEA TURTLE

Materials and methods

Dorsoventral radiographs were taken of the neck and body o
15 puvenile and 15 soladul h.@ﬁur!u‘.ld sy burtles: 17 were alive
and 11 dead. All had been .|.|::'|dnnr.ally r.ulghl in p-:lﬂr.ir I.l!lﬂFllrbl,l
sets and fishing nets along the porthwestern Mediterranean coast
3L b 42735 moeth and 0732 b0 3710 east), Juvenibe ertles were
considered to be those with a niinimun straight carapace lengih
(= Lmin} of 21 fo 40 cm and subadulis those with an 50 Lmin of
41 tohd cm {14 Live turtles were bemporally housed in the nehalbili-
tation facilitics of the Rescue Centre for Marine Andmals i(CRAM ),
Premid de Mar, Barceloma, Spain. Only clinically normal animals
wene inelucled i the study,

Mo sedation was necessary for the examination. The animals
were manually restrained. blindbolded. and positioned in ventral
recumbency, At least 2 dersoventral radiographs were taken of
each turtle. Analog radiography was performed in 14 animals and
digital radiography in the other 16. Tabletop images wene taken with
a Kotanode x-ray tube (model E7239; Toshiba Electron Tubes and
Dhevices Company, Tekyo, lapan) af a fecal distance of 68 em. Analog
radicgraphy was performed with medical x-ray films used for
mammography (LM-5A he, 24 = W0 emi and & Fujl AD-MA screen
(LM MAMMO fine) and with Super HEZGI films 30 X 40 cm and
rarg-carth intensifying soroens (Fug BCD 30 40 cmd, all from Fuji
Plhusto Film Company, Tokyo, fapan, The radiographe were digized
on o flatbed seanmer at o minimum resolution of 300 dots per inch
Crgital mcdiography was performed with a digital flat-panel detecior
system (Fogius eassette 14 2 17, Konjea Mineles, Tokvo, Japan] and a
Regius CR reader tmeded 1700, All images were analvied with Adobe
Photoshop, version 5.5 (Adobe Systems, San Jose, Californda, LSAL
normil and Inverbed (pegative) images were comparsd.

To correlate the external scutes with Internsl structunes, we painted
the unien limes among the carapace scutes of 6 dead turtles with a
radbo-opaigue: product (anticormosive paint with red lead oxide)
bedore the radiogragehs were taken, Addibionally, 3 dead burtles wene
injected with a sodution of bardum sulfate (Bario-if Suspension, Bovi
S, Madrid, Spaln via the femoral vein to show the position of the
kideys, To visualize the fugular venous sinus and the lange-dntestine
position, 2 other dead hurtles were injected with the same contrast
agent via the pegular vein and the doaca, respectively. The anatomic
terminology applicd correspends i that of the Nomirr Anatomrien
Veterinaria. However, specific terminclogy for turthes (15) and <08
turtles (16) was also applied.

Im the cervical region of the vertebral column, only the first
3 vertebrae were chearly Imaged. The dth cervical vertebra was par
tally s¢en Bocause it s just below the oranial edge of the carapace
{Figure 15 The contour of the 5th, Gih, and Ttk cervical vertebrae
ool mot be visualized. Although superimposed, the contowr of the
verbebral arches of these vertebrae (Figure 28 could be identified in
the juvenile furtles, The 100 dorsal vertebrae that form the carapace
were visible, with a slim body, slightly broader in the extremitics
because the artsoular surface oppeses he bead of the rits (Figure 38,
The verbebral bodies wem scen bo be elongated from the 2nd o the
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Flgure 1. Dorsewendral redographic view of the cranlal end of a subadull
laggermesd ss8 turtls, 1 — mtiss; 2 — nxls; 3 — 3ed eavieal vartaben;
4 — 4th ceivical veilebra: § — Uiached! B — bell bipnchas: T — il
heanchus.

Flgues 2. Deasovontral mdiographle views of subaduit lopgetsad sea turibes
[ and B} and a ventral wew of an adult loggeread sea tarile’s skebston,

In Indleate the reapactive dosusl vartebems. A: 1 — bos-
chus; 3 — spiplastren; 3 — pul y blood du; 4 — Id bons;
5 — scapula; & — acromion; T — area of high radicdenaily krcamise of
supsrimposition of cesecas structures. (: 1 — cervical vertebral amches
[supedmposad); 2 — aoromion: 3 — soapulaz 4 — trachea. The cranial
ordet of the pulmonary Nelds |3 dellmeated. T 1 — scapula; 2 — sctomion
3 — eorscold bese] 4 — 13t pale of fbs; § — 2nd pale of rbs; 8 — henens
T = 12th cervical verisbry; B — loniasslla,

fh dogsal vertebras, The body contour of the 7th and Sth dorsal
vertebrae was nod clearly visable, In the costovertebral joints, from
thie Ath bo the Dtk dorsal vertebeac, ench rib head was seen o be
slightly coudal to the junction of 2 vertebral bodies (Figune 240,
Thie intervertelsral space was viswalized as a very fine and diserete
riidlipliscen® B, aned '|Iu-',|i||I Btwen the diskal end of thae rils and
the peripheral bones was elearly visible when mammagraphic film
or digital eadiography was used (Figure 3B). The 1st pair of nbs
wiis soen b be very chose to the Ind pair. and the nbs were slimmer
(Figure 38% The 9th and 10th pairs of rits were inconspicucus bul
seen caudal to an imaginary Line transversely crossing the acetabu-
lam. The Sth rils was seen io be short and caudally curved apd ihe
10th rib shorter, pointed, and foating (Figune 45, The subures between
fhve prieurad bomes wene easaly identified on plain filme o ransverse
radiclucent lines in the middle of the intereestal spases (Figure 30 [n
2 small puvenibe turtles this suture was widely opem. The Fontanelbes,
their intercostal spaces mod ossified in the distal third of the ribs, were
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Flggure 3, Dgttal dorwoventral mdlegraphlc views of the caragace of a fuvenile loggerdmad
#ea turtle of minlmwm straight carapsce lengih (SCLmind 23 om (&) and o ssbadalt of
Silmin 54 om (B}, Schematho dawing indioates ibe extemal scutes. & 1 — widely
opened fontanele. B: 1 = partially casified fonEanele; 2 = |cint between rib and pedph-
wral bons; 3 — 189 pslr of ribs; 4 — sutures betwesn the pleuml bones. FASman Femesr-
@l Indlgate the reapective dorsal verlebaas, C1 b — lateial souls; ni — nuchal seuts]
v — vertebal scute; ms — muaginal scutes.
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Figure &, Mogative image of the dorsovental rediographic view of the pelvis of o sebadult
bopeihisd daa turtls (8] nd i0s nterpated dearwing (B) and the vential view of & ikeletal
petvin (C). A= sreew Indiextes 5 Bshhook in the rectum. @ and C: 1 — Gih doraal vertabra;
2 — labaial puble preceds; 3 — xlphiplastion; 3 — ischium; 5 — Bem; § — 2th pait
of fbs; T — 10th palr of dbs; 8 — transverse process of the 1st sactal vertebm;

ARTICLES

B — Tl pair of fibg; 10 — caudal borded of the Aght pulmonary Reld.

exfensvely opened inall the hurtles, but partial cesification was vis-
ible in 1 large subad ult turtbe (SCLmin 61 cmd (Figure 3,

The painbed cutline of thi soutes was chearly visibbe in thi radio-
graphs. The images showed that the external keratinized scutes did
nod coimcide with the ploural amd newral bores. (Figure 3. Each of the
5 wertebral seubes except the first amd st (which are more casdal)
completely covered | dossal vertebra and half of the bedy of the
preceding and iolkvwing vertebrae, and each Latoral seute covered
2 pairs of rbs (Figure 3. A difference in the ratio of length and
width of the verteheal soubes was observed between the juvendle and
subadult turtles, the scubes Lu'irq; wider than Lﬂﬂh’ﬂ in the formeer
[Figurl' 31 Thae u-l.ﬁumnhlp betwwecen the vertelral and lafteral scubes
and the esseous strscture of the adal skeleton was comtant and pro-
portional in all of the turtles studicd, independent of their size. The
3 sacral verbebrae were observed st below the Sth vertebral seute.
Their bodies wene shorter than ihose of the last dorsal vertebrae and
showed a spatula-shaped transverse process anticulating with the
ilium (Figures 4 and 51 These veriebrae were not clearly visible in
th juvenile wriles, Caudal vertebrae were variable in numlser.

Tht pectoral girdle was eisily recognized in all Rlms, It is formed
by a umien of 3 bony sbruclunes: scapula, acremion, and coracoid
bone. These structures are joinbed, forming about a 7 angle
[ﬁgumlf_"l. Tha acromion wis seen b be :4.1r|1p{rh'_'|:.' pesified b
thar uraFuI.'l, Fvlming a url.HI-u bome, and was idenbificd s the most

cranial of the 3 bones, follkvwed caudally by the scapula (Figure 283,
which articulabes with the carapace near the 15t dorsal vertebra. The
Y-ahaped structure thus fermed is positioned horizontally on each
side of e axial skeloton, just below the 15t vertebral seube, where
the superimposition of the image of the cervical veriebrae forms
an undefined contral padio-opaque area (Figure 2A), The coraeedd
bomi, caudal o the shoulder gine, has a flater and wider shape a
its ennidal end (Figure 20 In all the mrtles a radialucent line could be
=en 3t the union of the coraceid bone with the seapula.

The pubiu amd ischinem form 'r'.‘1|,~1.'|:u|lr.1!|:,.' [uhitilmi:u't part of the
F‘I."'I.'i.'\-, which was |111tc|-|.'.lrl_|.- visible in the r:diuguphh lah.t'n.ﬂnl:v
the lateral pubic proovss and the articular end of the pabis could be
clearly identified (Figure 43, The ischium was identified as an osse-
ous bridge jining the acetabulum side to side. The image of this
bone was usually superimposed by the silhouetee of the Sth dorsal
wertebra (Figure 4. The dium was seen o be oriented dosoventrally,
artbculating with the sacral vertobeac, which were easily recognized,
as were the articular surfaces of the acetabwlar cavity (Figure 33

Th peimt between the epiplastron and the hyeplastton was seen
im thee 120 thind of the bertle's Body a2 an oblique radiclecent Line
crossimg the coracokd-acromion angle (Figure &) The entoplasinon
coubd not be recognized owing to the great superimposition of the
lask cervical vertebrae. The suture between the hyoplastron and the
h:,rpqﬂmmm weaes viedblis nf the level off the Sth P.u'r of ribes (5eh dorsal
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DIAGNOSTIC IMAGING OF THE LOGGERHEAD SEA TURTLE

Figere 8, Domoventmal mdadraphic vews (A to D} and anatemic diswectivon (E and F)
of subaduit lopgerhesd soa turtles. &: renal vasculature injected with confrast
e 1 — ilise veing 3 — cicumilag [lao veing 3 — 480 costal scite) 4 — dih i
tetanl soote. B 1 = kidnay positions; 2 — sdces vertahrae] 3 = cundal vertabine;
4 — rghi pulmonary Beld. C: dorsovenil view of the cranlal half of 5 deod juvenils
Iegerhend sen tarile Injected with conbrmst ajent: the beart posiiian s dellnented:
1 — winus of e jugalar veln] 2 — l6ft alelum] 3 — right atriewc 4 — ventricls;
5§ = kedt hepatio kobe; O = dghi hepatic lobe; T — scapula; 8 = cormcold. Snaall
anows Indicate the jugulsr vein and the hegalic weins. White anow Idicates a
fisshook, [ and F; 1 — descending colon (enlanted in D by contrast injestion);
2 = wrinary bWadder; 3 — ol o | wiow of & di tartiez 200 T =
BAEE PUUCEURE R S0 ABDWT (A ) 9 — kidaey,

vertebral |!'|;,1un-|'|:- The \|ph|[~l.'|-.1mr| images were super mp'rq,lr!
with the images of the pubic bones, which produced seme image
distraction i Figuare &1

The posstion of the heart was recognieed in redabion bo the skeleton
and the sinus of the pagular vein m the dead andmals inpeted with
barmum =o|ution l:]'-|:1:|n*- S5C and 5Eb. The heart was belween the
15t o 3rd interocstal spaces, im Ehe irlangular area delimeabed by the
coracoid bone and scapula (Figure Y0k and thus af the level of
the 2 vertebral soute, The traches was casily identified on the left
Side of the cervical column (Figure 1), and it bilurcation to form
the 2 long and extrapulmonary bronchl was visible at the kevel of
the 2nd dorsal vertehea lF:iJ{IIn' 21, The entrange of Bh rIJ:l'Il and
beft beromchi it the Jungs was identified 2= 2 circalar radioducent
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areas ab the leved of the 1st dor=al veriebra |Fp[_';|m_-=. I amd 21, The
pulmanary fields were very clearly imaged inall 17 live turtles and
wxbended From the sk bo the Sth demsal verbebrae. Although % of the
turtles had symmetric lung fields, slight asymmetry between the
right and left fields was observed in 8 urtles (Fagures 2A and 5B}
Thar pulml'-lurg,' vascuabme was ulr!,'n.lhl.'r.rnh_nmi thi I'.|r|:|,-p|||m|\
nary artery and vein were seen supenimposed. They extended lon-
gitudinally in each lung (Figure 2AL and the collaberal vasoulabure
Wis Phh.pm-nlly wenkiticd.

Visceral cosdomic struciural detadl was often poor, and, in general,
the clinkcally imyportant organs, such as stemach, intestines, lver, and
ki:!nl_'p., were ek |||'|..1;.:1'el. H.mliu-u]:.npu- goptents such as mollisk
shiell= and Fishhooks I_FIF;IIN 4AL and even hnp,--h_-.i coarse samd,
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Figam B Nepstive imags of ke dsanovant ral eadiapraphls view of the whels bady of 8 lag
gethead sea lurtle (A) and ils leipreled drawing (B and & venlial wiew of the plastion
bonves (G B 1 — humerus; 2 — epiplasiron] 3 — conaedld bone; 4 — sulure belween
the hypeplaston and the wipbdplastron; § — 2nd dorsal vertebra; G — dth dorsal vertebra;
T == 3rd pair of iba; B — suture babwesn the pheaml bones; § = scapuln; 10 — sormice;
11 = yuture batween the Byoplastion and the bypoplastion; 12 = hyoplasiros; 13 = hypo
plastron; 14 — alphiplastren, €: 1 — epiplastoon; 2 — endoplastren; 3 — hyeplastron;
— alphipd

4 — hypopl 13

were identificd in the gastrointestinal tract of some clinically healthy
purthis. Brtesstimal loops were recogniced when filled by radio-opague
diggestive combent or luminal gas and were inberproted as normal,
Radio-copacque contrast mutersal mpected via the dosca in dead turths
allowed visualization of the cawdal part of the large intestine and
wlenhification of the unnary bladder (Fagures 513 and 5F)L

The position of the kidneys was recognieed only one their vasou-
Labure wirs flled with umlr.L\lnHt'nrlFigun-.. 54, 5B, and SEL 'I'hl':‘r
wore seon ab the levol of the Sth o 10th dorsal vertobrse, below the
dib vertebral scube and the dth and Sth beft and right lateral soutes,

H.ii'll.‘lﬂmiﬂlf.—' ia i wiselial Bosod o I!h’l,HIII.H" alisass=s of the skelebon
and alimentary disorders in reptiles (10, In chelonians, pulmonary
d e, nueritionasl ssteofibrosis, Fracihees, L‘l}'\l-l'q:l.'l_. and .1E|r|11-|'|r.'|.|'!.I
clstructions are the most important indications for radigraphic
diagnosin (71 According to previeus studies €3, dosoventral
raaliographs are the most suitable views for evaluabing mapor organ
sysbems in chelonians, Tn thes study, we have verified that with
careful adjustments to the kilovoltage potential (EVp) and the
milliamperage-seconds (mAs) i is possible o gaim much valuable
infoamotion from domsoventral nrlm-e:raph}- in hwﬂ'hl,-m'l s harthes,
Diigital radsography improves contrast and makes these adjustments
casier. Inreptiles, images produced with the matched mammegraghy
film-screen combination have greater resolution and better detail
than standard tabletop radiographs (1L The film-sereen combination
was not a5 wseful in evaluaking eoelomic structures in loggerhead
wea lurtles as in other chelonian species cwing ke the small screen
size and the great thickness of the turtle’s body, as well as the high
radicdensity of their ossepus structunes, which made it necessary i
increase the K b obkain miore penctrability, thus causing loss of
comtrask. In addition b the use of digital images, the adjustment ke a
Regative view was a reliable way of having c=sibied structures stand
ok, which made the recognition of the skeleton easier.

s a result of the variability of radiodensaty in the different tis-
swes and parts of the body, it was necessary to increase the kY in

the: cxamial third of the carapace and decrease it im the candal thind,
{iL-m-f.l]I_v, individual identthcation of the vertebral bodies in the
chelomians was difficult becwse of the superimposition of their
images with those of the peural bones of the carapace. In addition,
the interveriebral spaces dintercentral jointsh, casily recognized on
racliographs i mammalian (17} and other reptilian species, & seen
in chedomians as a very niarrow and descrebe rasdslwoent Line that can-
ek by cIL-.an:.- imngﬂl if a switable l:"-'pi- nok wsed. I hrlql.' burklis,
wi recommend taking mdiographs by sectors and using amatomic
lamdmarks that allow spatial location of the affecied aress, minor
distortion or magnification, and better setupof the sdjustments,

[n dorsoventral sereening of the turibe's body, one must take inbe
acount the detortion cisesd by the natural carvabures of e body,
which ane seon af 2 poinks in the vertebral columa: the S-chaped
curvature of the cervical region, which causes ihe superimpasitien of
i aof theie Seh s Skh corvical vertobrae, and the ventral flegion
of the vertebral column from the Gth to the 10th dorsal vertebrae,
which produces distortion in the kngth and partal superimposition
of images of the verteliral bodies,

Enavivled e of the relationship between the external scubes (used
a5 exchernal bandmarks) and the vertebral column allows for officient
radiographic evaluation of Fraumatic imjuries of the carapace, mainky
thaosr cansed I1:,.' pmiu.-lln,m that affect the vertebral column amd
cause pearclogic symptoms, once the injured vertebrae have been
accurabely klentified {15k

{iher anatomic landmarks useful in interpreting radiographs
of the loggerbead sea tartle include the bronchi, coraceid bones,
candal border of the pulmenary fields, and acetabulum. Unlike
that in most species of chelenians (13, the pulmonary field in
healthy loggerhead sea rurtles was easily identified in the dorso-
veniral wiew, Although in chelonian medicine, lateral and cramio-
caudal views are the most informative in assessing. pulmoenary
disease (709, these views are often limibed in the loggerhead sea
turtle awing bo the Large size and high radicdensity of the body
Drarspventral views are of reliable value because they allow elear
recogmition of any alleration in form. size, or appearance of the
pulmanary field.
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The mverphologic differencis observid in U burlle's pelvis (15)
as compared with a mammalian pelvis (200 should be taken into
dceaint be aveld misinlerpretation in identifying the pelvie banes. In
m]UHEL'Th("HI] sy lartle, the ]:u'lis 1% visible cramdal b fhe acetabii-
ham, in a position analogous b that of the mammalian ilium, the
schdum g5 visible in a position analogous 1o Ul of Hee mamamalian
pubis, and the Bium is visible caudal to the acetabulum, in & position
analogouws o that of the mammmalian schium.

In conclusion, we have presented the standard radiclogic appear-
ance af the cervical and coelomic sirsdiares of the loggerhead &2
kurtle b bl clinidians in ¢ valuating radicgraphic abndmnalitics,
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