4.5. SECTIONAL ANATOMIC AND MAGNETIC RESONANCE IMAGING FEATURES
OF COELOMIC STRUCTURES OF LOGGERHEAD SEA TURTLES

Valente, AL.; Cuenca, R.; Zamora, M.A.; Parga, M.L,;
Lavin, S.; Alegre, F. y Marco, |. (2006). Sectional anatomic
and magnetic resonance imaging features of coelomic
structures of loggerhead sea turtles. Am. J. Vet. Res., 67:
1347-1353.
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Objective— o compare cross-sechional anatomic
specimens with images obtamed via magnetic reso-
nance imagmng (MBI of the coslomic strictures of
logoertmad sea turtbas (Caretta caretla)

Animals—5 chrcally nommal I uriles and 5 dead
furtles

Procedures—Bl was used (o produce T1- and T2-
waighted images of the tubes, which were com-
prared with gross anatomie sections of 3 of the 5 dead
rtles. The other 2 dosd witdes recened  igection
with latex and were dssected to provide addiional
cardicvascular anatormie data

Results—The genaral view on the 3 onented planes
provided good wnderstanding of cross-sectional
anatomic features  Likewisa, major anatoimes stnic-
tures such as the esophagus, stomach, lungs, ntes-
e dusdanum and colon), Inver, gallbladder, splean,
kadneys, unnary bladder, hean, brondh, and vessals
could be clearly imaged. [t was not possibile to recog-
nwe the ureters of reprodecte tract

Conclusions and Clinical Relevance— By providing
reference inlommanon for chneal wse, MBI may be
valuable for detaled assessment of the miamal
anatomic structures ol leggerhead sea wirtles
Drawbacks exist in gssociabon with anesthesa and
the cost and availabiliny of MBI, but the wechnigue
does provide excellent images of most intermnal
otgans. Informabion concerming struciunes such as the
pancreas, weters, miestinal segments Qeununm and
ibzum}, ard the reproductrse tract & limiled because
of mconsistent  visualzaton,  (Am J Vet Hes

200667 1347-1363)

Mngnr.tlc resonance imaging is asophisticated com-
puterized imaging technique used as a clinical
diagnostic tool in human medicine since 1971}
Compared with other diagmostic imaging tools, MRI
b advantages and disadvantages, Magnetic resonance
imaging does not use tonizing radiation and is not dan-
gerous o patients or technical personnel.” It s o pow.
erful techmique for obtaining images of soft tissues in
various planes without repositioning of the animal
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ABBREVIATION
MRI Magnetic resonance imaging

and it allows visualization of blood vessels without the
use of contrast medivm.' However, more time ix
required for data analysis when MRI is used. compared
with other techniques, and sedation or anesthesia is
wsmally needed. Ferromagnetic objects such as
microchips, projectiles, or fishing hookis can cause tis-
sue darmage and artifact spots an the image becanse the
static magnetic field and spatial gradient ficld induce
torque and tramstational forces on an object, which can
be displaced or heated.” The use of MRI is expensive,
compared with other Imaging technbques, but s use in
wildlife s justified in endangered species because of
the amount of diagnostic information that can be gath.
ered in o short period of time and with little risk 1o the
amimal. ™

Because chelontans have intermal viscera entirely
covered by osseous structures {(campace and plastron
hones), the use of MRl to visualize and evaluae the
coelomic structures has several advantages over other
conventlonal technigues that use radiographs, Inelud-
ing a representation of detailed crosssectional anatome-
ic features withomt distraction from superimposed
structures, variations in gray scale formats, enhanced
contrast resolution, and computer reconstruction of
multiplane images,' However, its true potential will
only be realized when sufficient clinicians have used
the technique on enough turtles o provide accurate
imterpretation of the resulting images.”

Some authors have reported the ME] appearance of
the internal structures in other species of chelonians
such as the spur-thighed tortoise (Testudo graecal,
Aldabra glant  tortolse {(DHpsochelys elephantine),
Hermann's wrioise { Testuedo hermend ), central Asian tor-
toise (Testudo horsfieldii), leopand toroise {Geochelone
pandatis pandaiis), Kinixys spp, and the red-eared slider
terrapin ( Trachemys scripla tl'rgans}.”" T the authors’
knowledge, the literature contains only 1 anicle tha
imcludes a description of cross-sectional anatomic
features correlated with the use of MRI to detect internal
tumers in green tunbes (Chelonia mydas) with cutaneous
libropapillomatosis,” in which the authors describe the
normal MRI appearance of this species on the basis of 1
healthy turtle and 3 dead turtles,

The loggerhead sea turtle is an endangered
species’ in the Mediterranean Sea mainly because of
high mortality rates cansed by fishing activite As a
result, this species is also the most commonly seen in
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rescue centers on the northwestern Mediterranean
coast, " Most of those mriles have internal da e from
hooks, traumatic Injurhs.ar digestive disorders caused
by ingestion of gsrhug_c In most cases, complemen-
tary diagnosthc imaging methods are necessary to
establish a dingnosis.

The purpose of the study reported here was to
compare cross-sectional anmomic specimens with
irrages obined via MBI of the coelomie structures of
loggerhead sea turtles,

Materials and Methods

Magnetlc resonuince tmaging was performed on 3 live
juvenile erhead sea turtles, 4 dead juvenile munles, and 1
dead su It turtle. Dead turtles were imaged onby to corre-
late the images with cormesponding frozen sections 1o permit
description of sectional anatomic leatures. Description of the
MR findings in clinkcally normal turtbes was based on the 3
healthy mrtles Sex of the wrles could ned be identified
because they were sexually immature and were classilied as
juvenile ar subadult acearding o ear bengrh " The mr-
tles had a mintmum #might ca ngth” of 29.5 to 40,8
cm and were accidentally canght in pelagic longline sets and
fishing nets along the nonhwestern Mediterranean coast
(4031 1o 4226 N' and 032 to 3°10° E) of Spain. For pur-
ﬁ’ of the present study, only those turtles in which the

k was superficially attached in or near the mouth and cas-
ily removed Ih-m:gh the oral cavity were Incloded. Live me-
tles were temporirily howsed in the rehabilitation facilities of
the Rescue Centre lor Marine Tarnles, Premid de Mar,
Bn.n:v:lnru. spain, and were [ed mminly sardines. Only lunles

health, as d:ttmuntd on the basis of results of phys-

rad logr and hematologhe examinations, were

scannn‘l- D tl.l:llﬂ were kept frozen until the MBI proce-

dure and were thawed 24 10 48 hours belore the MRI proce-
dure, depending on size.

The MRI was performed by use of a 1.5-Tesla supercon-
ducting magnet.” I::: imaging protocol consisted of sagittal,
transverse, and dorsal spin-echo Tl-weighted images (600 1o
QRVINE, TRAEMNEX) and fast spin-echoe T2-weighted
images (4,030 to 10,000/ 100/2; TRATENEX), with - to 6.6-
mm lice thickness without slice interval and a 288 X
192320 % 224 matrix. Depending on the turtle’s size, the
sequence variables, mainly the TR and TE, had to be
changed. No contrast medinm was used.

An initial attempt was made 1o restrain the head and
Mippers of the murles by means of a large self-adhesive band;
however, it became necessary to immobilize turtles via IV
injection in the dorsal cervical sinus with a combination of
ketamine® (15 mgkg) and diazepam’ (0.5 mgfkg), Prior to
the scan, heart rate was checked with a mini-Doppler instru-
ment and the mmles were carefully kept wet. 1 WerE
obtained beginning at 180 1o 300 seconds after the tles
were adequately sedated,

After the MR] images were obtained, 3 of the 3 scanned
dead mirtles were placed in individual nghi-angled poby-
sivrene boxes t'ill:l:rwith tap water [or the amatomic cross-
sectioning study. The boxes with the cadavers were frozen
at ~80'C for an least 24 hours before anatomic sectioning
Esch of the 3 cadavers was sectioned in an oriented plane
(saginal, dorsal, and transverse} 1o approximate the MEI
sections, Serkal paralle]l sections [rom 18 (o 20 mm thick
were obtained by use of an electric bone saw. The anatomic
sections were thicker than those of the MRl to maintain
integrity and position of the anmomic structures in the
slices for consultation during the study, It was expected 1o
fit 4 or 5 MEI sections to each anmtomic section, consider-
ing loss of material from the saw, Slioes were Immediately

washed with 80% ethanol 1o eliminate frost buildup and
remove debris and were then separated by grids. Alter label-
ing, the frozen slices were immersed for 30 minates in neo-
tral-buffered 10% formalin sohation for thawing. A digiral
high-resolution, 2560 % 1,920 pixel camem® and duyli

was used 10 recond the image of the fresh surface, Furt

image processing such as rotation, scaling, cuming, filoer-
ing, and corrections for contrast, brightness and color werne
pedormed with software.* In 2 other dead turtles, latex was
injected through the jugular vein and the dorsal aona.
Large heart vessels and renal vasculsture were dissected for
additional morphologic data. The anatomic terminology
applied was that of the Nomina Angtomica Veterinaria
Specific terminclogy for sca tumles™ was also applied. To
map the orgins in the coelomic cavity in relation to the tur-
the’s exterior, a digital grid was composed that was superim-
posed virually on each MRI dorsal image, with initial
adjusrment af the anterior and pesterior lines of the grid 1o
the crankal and cavdal tips of the carapace. For each turtle,
the grid was adjusted 10 carnpace size and the quadrants
were antomatically and proportionally adjusted (Figure 1)

Results

I live amd dead wrtles, better tissue differentia-
tien, and, by extension, easier identification of mor-
phologic structures and organs, was achieved via
examination in T2-weighted images. In general, organ
comtours were not so well defined in the images taken
in Tl-weighted sequence,

Anatomic structumes secn on [ 2-weighted images
of the cadaver specimens matched with structures
identified in the corresponding anatomic sections
{Figures 2 and 3). Compared with the live turtles, the
vessels and some parenchymatous organs, such as the
liver and the L.1dn::.:. of the dead specimens had hyper-
intense signals in T2-weighted images.

I the T1- and T2-weighted images of live and
dead turtles, some areas of the carapace and plastron
had a different kind of s:f,nul {Figures 2 and 4). Three
layers could be visualized in the transverse T2-weight-
ed sections of the carapace: a hypointense external
layer; a central, slightly hyperintense layer; and a thin-
ner, internal hypointense laver, The inner portion of
the carpace was lined by a hyperintense layer that cor
responded to the coelomic membrane and fluid. Arcas
ol carapace with an absence of signal in T2-weighted
scans were observed in the fontanelles (the nonossified
intercostal space in the distal third of the ribs"), For
the plastron, the connective tissue could be identified
in Tl-weighted images and only the bones could be
visualized in T2-weighted images.

The esophagus was seen as a tubular structure
joining the stomach dorsally from the first o the sec-
ond central quadmnt (F < 1, 2, and 4=8} of the
coebomic cavity, The esop al lumen and its conical
keratinized papillae were well visualized in transverse
and sagittal scans, whereas the S-shaped curve before
the cardiac sphincter was better | d in the dorsal
plane. In general, the layers of the wall of the digestive
tract were seen and the submucosal layer of the esaph-
agus was more visible because of the hyperimensity of
the papillae in the T2-weighted image.

The stomach was on the left side of the coelomic
cavity, occupying the second and third left quadrants
{Flgures 1=3], Tg.h orgn was directly in contect later-
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ally with the coelomic membrane, medially with the
Eu.ﬂ |:|.1||1 l::-r l!lr 1'1:ndr|||.|.||:| ..1:I1'I.I In-'rr, .'uld '|.'i.-r11.r.1||:..' W|I:]1
the left lobe of the liver; dorsally it was separated from
the leht [IIHE h}- the coelomic membrane LFigure 7). In
T2-weighted images, this organ was eazily dentibed
and the volume and intensity ol the :'«.':g;n.'l] ohserved in
the luméen was inconsistent.

I he lirst part of the dusdenum conrsed |:|;|.r.|.||r.|
to the candal border of the liver transverzely in the
coelomic cavity (Figures 3 and 6) from the second Idl
to the second right quadranis (Figures 1 and 2
Daorsally, in the second right quadrant, the firse part nl
the duodenum received discharge from the gallblad-
der via a common bile duct that was seen in the
anatomic sections but could not be clearly identified
on MRl images (Figures 3, 6, and 7). In live turtles,
the signal in this part of the small intesune was
hyperintense, compared with the liver. The cranial
duodenal llexure could be identified when the image
was compared with the anatomic sections, In 3 live
turtles, it was possible w see points of narrowing of
the |.1r3|: intestine (Figure &) that were interpreted as
phyziclogie,
pancreas, identified in the anatomic sections as a flat
structure attached in this region of the coelomic cav
ity, was difficult to recognize in live turtles because of
its isointensity, compared with the liver, In dead 2pec
imens, this organ could be identified becanse of the
f]'la'l.“t!f.‘\ ﬂr I||r I.I'i'f:l' ilgl].ﬂl. Dl!'l'."\-il:”.}: m lhf ."\ffﬂl“l
central quadrant, close to the liver and first part of
li'llﬂflﬂrl“l!'l_ was [11F .‘-]'IIE'fI], “']'Ilfll I'I.Hl! an En'ilj | Ci]
elongated form and vielded a slightly hypointense sig-
nal, compared with the liver, in T l-weighted images
and a hyperinense :\i.EI:IuII. inT2 wrigl‘l!r:t IS,

The descending colon was better visualized in the
darsal [:Ll:ur scans, [0was located rr.lrm:lr.ll.l:|.||l'|. on the
lett zide im the third lebt quadmm Figures 1 and 3) and
WS .‘II:I_IUII:IF:l [ Eel 1]1r reclum in Ihe‘ [ﬂl:ll'lh central r.|_|.|..|r!
rant (Figares 1, 4, and 8).

[he liver had 2 lobes that were imaged in the see
and left and right quadrants (Figares 1 and 2), respec-
tively. In this area, the organ was easily recognized in
all ]_'nlanr_-; of the MR sections (Figures 3 and 6-8),
Compared with muscle, the hepatic parenchyma was
hyperintense in Tl-weighted images and slightly
hypointense in T2-weighted images (Figures 7 and 8).
The gallbladder had an elliptical form with the major
axis onented almeost vertically in the second nght
quadrant, It was located on the right hepatic lobe and
eazily recognized in all 3 planes becanse of ns
hypointense and hyperintense signals in T1- and T2-
weighted images, respectively (Figores 6 and 7). The
great lele and dght hepatic veins coursed wransversely
in the left and right lobes, respectively, and were visible
in both sequences in live mnles and cleardy seenin T2
weighted images of dead wrtles (Figure 3). Only in 1
tirtle could the left hepane vein be easily recogmized in
[ 2weighted images.

TIIF hr.u.rl! W ||:|r.llri| '\"r!'l!l.'nll.l}' n 1}|F fﬂh!]'ll!f
cavity between the first and second central quadrants
LFigures | and 2} and adjacent 1o the |.||;|.'.Irl::-|:. The
veninele extended L'il.llljill.':r' to the ILfE).TI“:lL' lobes and
eranial ducdenal flexure (Figure 3). The myocardinm

irvegular, peristaltie movements. The
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had similar signal intensity to pecteral muscles in both
sequences, and in the T2-weighted images, the shape
of the heart could be identified becanze of the hyperin-
tense zignal of the pencardial fluid i the cardiac
sheath (Figoare &), In the transverse ME] zection imme-
diately caudal 1o the junction of the hirst and second
vertebral scutes,” it was possible to recognize the
Iransverse secion l::l' !Ilf Erru[ 'l.'r:-.‘-i.'l.-\-, :hlli.'ll s lll.f IE'FI
uu:l :'lg]ﬂ: aAGrta, E:IIII.II:II:}HIII:'}' u:lr:ir:., .uld l'.rr:nrhi-::-
cephalic tronk (Figure 8).

||1r" |1|u.-\.-tr|:ll:| btl-l:ir.-\. f!l‘r'ff'-li mast 1]{ [11r I.'rl!lr:Ll
surface of the coelomic cavity However, a large area
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il
Al & and Bl and cor-
t @ dead ogperhead
Ledanum. 4 =
8 = Fight

hepatic vein 9 = Pancroas

not protected by bone was identified in the images of
the cardiac reglon ol the ]l:l".'-l":ﬁilf specimens (Figure B)
and confirmed on the basis of csteclogic preparations
| Flgure 2],

The junctions bevween the nght and left cranial
VErna Cavae al[l.i.l ||'|.|.' If‘ﬁ IIFI'IIIJ‘I‘.' "r'l.'llrl. iIII'I.I. [hr rillHI.iI
vena cava could be imaged in a dorsal scan immediate-
Iy vemural 1o the caudal end of the esophagus, revealing
a L}'|_|E|ru| flawe 1.'L1|11.-||._z|u| |FIE_II:I'I" &) The .t.Ilan:. l|:|.|4'Lc.
right and left renal veins joined and formed the caudal
vena cava that conrsed rr.lni::liy.'. an the r'tg:hl side af the
coelomic cavity, toward the heart.

rt" I|J|'|3|.'| wele J'i:ll._illfll 'i]l::lrhnlil}' 1] rhr fl'_'lrllllrllf
cavity (Figure 2) and extended approximately three
quarters of the carapace length., Beeaunse of the grea
amaunt af air present, no signal was obeerved except
the discrete thin septa, which resembled a honeycomb
structure (Figures 4, ¥, and 6). The cranial part of the
lefr and right bronchh was external to the pulmonary
parenchyma, and their longitudinal sections were seen
in transverse scans of the caudal third of the first cen
tral quadrant,

The kidneys were locared dorzally in the third left
and right quadrants (Figares 1 and 3) and partially in
the third central quadrant and were better observed in
tranzverse and sagittal sections. In the latter, the kid-
neyvs' shape resembled that of a boomerang with the
great curvature insered in the internal concavity of the
carapace. [ he kidneys were hyperintenze in relation o
the adjacent muscles in T2-weighted images (Figure 8)
and [airly hyperinensze in Tl-weighted images,
Iransverse sections of the renal veins and external iliac
WEnd Weére SefnN N G ansvVerse scan. |..|rrlr:|!~ JIII:! rr|h:|n-
ductive stuctores could not be recognized. In live tor-
tles, the urimary bladder was identilied as a result of hs
fluid content, which was hypointenze and hyperin-
terige in Tl and T2 wriglﬂrd images, I'I’:\-[E'iili.\'l'l}'.
However, the entire contour of the unnary bladder was

fd o IFTIE
5 v tissue, 6 = Hyoplastron (plastron b
T = Fontanelles 8 = Endoplasteon [plastron bonfel O = Cardiac
aridg

F
[

1
A
i
not well outlined., :ﬁig.nn] intensity of zame coelomic

structures seen in I 1- and T2-weighted images was
compared with muscle (Appendix).
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Discussion

In previons reports™ of MR in reptilian species, it
iz stated that mast chelonian: do not develop major
problems during the time required for examination via
MRl and may not even require sedation. In the present
stindy ehemical restrabnt was necessary in addition to the
immabilization of the turtles head and fippers with a
large selladhesive band. Although all live tortles were
subjected to the same procedure under similar condi
tons (e, similar anesthetic dose, external temperatire,
body surface humidity, and physical restraint), wide
vanation in anestheve effect was obgerved during the
approximately 40  minutes  of  examination
Ilmmabilization had w0 be mantained by administenng
higher desex of anesthegia (up w 3 tmes the recom-
mended dose}, which wos s6ll insufficient to prevent
slight moverments of the lippers and head, Becanse most

Marowing of largs ting, 23 Rl EE e

stnchies that nzed MEI in chelenians were |-r|:'|'|:|m1r:4|.u:|.
tomtoizes, we deduced that physical restraint of sea tor
tles was |‘|.1||1|-:'Jr4|. |:-:\.-' the Fact Ilhill. unlike Lol oases, they
cannol retract their limbs and head inside the shell.
Conversely, the onpredictable responze o anesthesia
fiay have been caused by inability of the ketamiine-
diszepan combination o black reaction to the lond
nokee made by the magnetic palses, a2 has been obeerved
in 11-::-9;5.z In green turtles subjected to MR examination
for detection of intemal mmoars, a ketamine-medeton-
dine combination injected 20 minutes before the scan
provided adequate sedation.” Nevertheless, the
unknovwn indvidizal responses of logeerhead sea wirtles
to the powerful magnetic field wsed in MRL (30,000
times greater than the Earthis) need further research, in
view of the sea mortle’s known ability to orient and nov
gate by vee of electromagnetic felds 2=

Sea turtles may feed on garbage and floating plastic
bagz, which become hooked on the ezophapeal digestive
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illae.” Macroscopically, the sha illae resemble
mgsz {found on the b‘PLLﬂﬁ]:.II'I'I'LI.EEHa aﬁaﬁbf and sheep. By
use of the anatomic sections as meference points it was
verified that the papillae were formed by projections of
the submucosa and had an outer surface covered by a
thin keratinized epithelium that was not imaged because
of lack of ignal. The hyperintense signal observed in the
Ti-weighted images indicated water in the submucosa,
which a shiny appearance in the anatomic sections.
The exact function of these papillae 15 unknown, but
they are presumed o wmap food while excess water is
expelled prior to swallowing " Magnetic resonance imag-
ing of the exophagus muﬁ-bt imporant a8 a comple
mentary method 1o dingnose csclEPhagcal lesions and par-
tial obstructions caused by foreign bodies lodged
between or on papillae. The esophageal mucosa is not
clearly muallzcsakg use of endoscopy in loggerhead sea
turtles becanse of the larnge size of the papillae (as long as
2.5 ¢m), which prevents examination {rFl.hr underlying
mucosa and may obscure small foreign bodies.™ Lumen
narmowing often develops because J:r%r:hl: inflammatery
reaction and fibrosis at the point where fishhooks ane
lodged {notonly the musnﬁlg}::ntm the submscesa and
muscular Inrrrs}"", therefore, the duration of the healing
ess in sea turtles is lengthy. By permitting evaluation
of the regression of tssue inflammation after removal of
the hook is performed surgically or endoscopically, MR
could be recommended as pant of o release protocal and
would aid in decreasing long stays in the rescue center.
The |low-frequency cardiae movements did not cre-
ate artifacts that compromised image interpretation,
Although most internal viscera are protected by rigid tis-
sue {denmal bones), the cardise region was surprisingly
unprotected as seen by use of MRL The information
obtained via MR concumred with ohservations made by
the authors on osteologic preparations of juvenile nurtles,
We believe that these findings have not been reported
becanse previous studies lacked evaluation of the cross-
sectional relationship between the skeleton and the inter-
nal viscera. The scant ossification of the medial edges of
the hyoplastron bones in juvenile tirtles could make
them more susceplible to compression in trawling nets.
Although better images wene obtained by use of T2-
weighted images, it is clinically important to perform the
2 sequence types because Tl-weighted images could
reveal changes in the water or fat concentrations in
ongans, indicating the possibility of infiltrative inflamimea-
tory processes, edema, liver fat degeneration, splenitis, or
hydronephrosis, Likewise, T1-welghted images conld be
useful in sea wrtle ehabilitation ﬁ:r detecting crude il
ingestion, a frequent finding in dead turiles ™
Topegraphie anatomic features and their correla.
tion with MREI are well documented in various mam-
malian species. ™ Although we could not find repons
of studies that used methodology comparable 1o tharof
the present study, comparison of the internal organs of
turtles with these of dogs scanned at 1 Tesla unit
revealed the same :lllﬁcuﬁslnm in visualizing the pan-
ereas caused by the small amount of contrast with the
intestine.”” The spleen of loggerhead sea turtles had the
best contrast in T2-weighted images, compared with
dogs, in which Tl-weighted sequences provided the
best contrast, The alimentary canal of dogs is best eval.

uated by use of mederated Tl-weighted images
because they provide good contrast between the intes-
tine wall and the surrounding fay tissue.™ In the pre-
sent study, T2-weighted images provided the best visu-
alization of the alimentary canal, This difference could
be related wo the nutritional status of the frec-ranging
turtles used in this study, which did not have the large
fat deposits in the mesentery that typically oceur in
domestic and eaptive animals,

In dogs, the Kidmeys are best delineated by T1-
weighted sequences, which provide good contrast
between the medulla and the cortex. Because turtles do
not have 2 distinct renal layers, the layers observed in
dogs are not seen in loggerhead sea wuntles.™ Unlike
dogs, the trtle kidneys were best recognized in T2-
weighted images and had a heterogeneous parenchyma
with high bloed supple

The morphologic characteristics of chelonians
cause difficulties in applying conventional technlques
for location and examination of the coelomic organs.
The carapace has 2 main layers, the inner bony dermal
layer and the outer scaly cpidermal layer.™
Differentiation of these layers observed in the trans-
verse MRI sections was attributable 1o the presence or
absence of osseous structures and connective tissues at
specilic peints of the carpace. The thin lzycr formed
by compact bone and the outer keratinized epidermal
layer account for the lower signal observed along the
external periosteal surface of the bone. These lavers
could be idemtified only in those wriles with cirripeds
encrusted in their shell because cirripeds act as hyper-
intense landmarks that permit kdentification of the
thickness of the hypointense outer layer. Cancellous
bone found in the flat bones of the cara and plas-
tron had a hyperintense signal, compared with the cor-
tical bone; this is anributable to the presence of bone
marrow, as in dogs and cats.” The fontanelles were
quite wide in all turtles studied and, therefore, provid-
ed a hypointense signal in the T2-weighted image.

Although the gross anatomic feanires of the ﬁc =
head sea tortles were similar 10 other sea turtles,” dilfer-
ences in the signal intensity of some tissues were
observed. In T2-weighted images of spurthighed tor-
toises and Aldabran ortolses, bﬁ:;d vessels had a hyper-
intense signal and the liver and heart were more hyper-
intense than the pectoral musculature,® Also, in green
turtles, the branching pulmonary vasculature was easily
seen in the dorsal plane because of the contrast between
its hyperintense signal and the hypointensity of the pul-
monary parenchyma” In healthy loggerhead sea turtles,
the blood and, consequently, vascular structures had a
typical void signal. Likewise, the signal intensity of the
myocardivm, compared with the skeletl muscle, in T2-
weighted images was isointense in loggerhead sea tur-
thes, wherens it was slightly hyperintense in green tur-
tles.” The same a nce of the blood vessels and liver
observed in those chelonlan species was seen in dead
loggerhead sea turtles in the present study. This change
in signal inte nsity, observed mninlj.-' in the blood vesse
and high blood supply structures of dead turtles, was
also observed in MR of dead wirtles and was related 1o
the absence of blood flow’ Caution is therefore recom-
mended for future descriptions of MRI studies because

1352

110

AR, Vol 67 No8, August 2006



dead trtles yield different signals than live turtles and
should not be included indiscriminately in such studies.

Detailed images of small ¢heI):;ulam may be
obtained when the whole body is scanned. In large
chelonians such as sea turtles, the size of field of view
{30 X 50 em) and the gantry limits the single-sean
whaole-body examination. In this study, most of the tur-
thes were juvenile, so they were placed into the gantry
sideways to image the whole body in a single examina-
thon, However, a dead subadult sea tustle sean requires
2 steps, which requires examination time of 95 min-
utes and makes it unsuitable for a live turtle because of
the risks involved with prolonged anesthesia,
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