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Abstract: Problem statement: The mechanism, by which the Florida manafgéctiechus manatus
latirostris) vocalizes, remains unknown because the manatgexldoes not contain true vocal cords.
Since sound can be generated when air passes theongrrow respiratory structure we needed to
visualize the internal anatomy of manatee respiyatiact to locate any candidate regions for study.
Approach: To visualize the internal anatomy of upper anddowanatee respiratory tract we have
developed a rapid but accurate method of modelwege structures using liquid silicone. We first
tested this technique on the respiratory structira cadaver dog and then applied it to two small
manatees which had died through natural causeisidns were made in the trachea of both dog and
manatees and commercially available liquid silicomas then forced into the upper and lower
respiratory tracts used a slightly modified comnsriomobile grease gun. The animals were then
refrigerated overnight and the silicone was allowedure for a period of 24 Results: In dog, we
removed cured silicone model by applying mild fotaét after surgically opening the nasal cavity. |
the manatees some dissection was necessary faseetd mold from the upper nasal cavity, but only
mild force was necessary with no dissection toasdesilicone model from the lower tract. Because th
models created exhibited great accuracy and finetsire, including presence of tertiary bronchi in
the manatee respiratory tract, we realized thattebbnique was applicable for use in other hollow
organs. We applied this method to the visualizatibmternal structure of a fresh beef heart andewe
pleased with the accuracy and detail of model preduConclusion: We suggest that this technique
can be adopted for three-dimensional visualizatibthe internal structure and volume estimation of
many hollow organs in a wide variety of organisnithwoth minimal effort and cost.
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respiratory systems, upper respiratoprimary bronchi, biological organs,silicone
model,modeling compound

INTRODUCTION We first applied this technique to the internal tanay
of the dog respiratory system and discovered that t
In our search for the mechanism by which thetechnique worked well. We then used it to define th
Florida manatee (Trichechus manatus latirostrisinternal anatomy of the upper and lower portionsaaf
produces vocalizations while submerged, we havemall manatee respiratory systems. Although some
developed a silicone modeling technique to visealiz have reported that the manatee larynx lacks triealvo
the internal architecture of hollow biological onga cords (Murie 1872; Hill, 1945) the animals do irctfa
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vocalize. We hypothesized that the most likely aséa pumping the lever of the gun until the mixture beg¢a
narrowing where sound vibrations could be generateteak around the tip. We also noted that some of the
should be in the larynx at the glottal opening. Insilicone began leaking out of the nares becauseas
reviewing the three dimensional silicone modelshaf  able to flow in a retrograde fashion through theiphy
hollow space within the upper and lower manateeopen glottis. The tip of the gun was then attactoed
respiratory system, such a narrow region at tiaation  rubber tube which was placed first into one narid a
was indeed observed. Our laboratory is currenthcompound was injected. This procedure was also
involved in a series of studies to define the exactepeated in the other naris. We noted that addition
laryngeal mechanism which can generate vocalizationsilicone again leaked out of the tracheal slit dgrihis
and we hope to be ready to publish these resultisein process, indicating that the glottis was indeedeast
near future. However, given the accuracy and fetaitl  partially open in this animal. We then placed tlogl\o
produced in the silicone models of the manateen ice for 24 h and after the mixture had set, we
respiratory apparatus, we reasoned that this tqakni dissected the upper respiratory tract and remokied t
could be universally adaptable for use in othetdwol complete silicone mold. We soaked this resultingleho
biological organs. To demonstrate that this wascHs®  in a dilute solution of Clorox to neutralize anicual

we tested it on a fresh bovine heart and werefggati bacteria and odor, then rinsed it in water andvagid it

by the excellent and accurate three-dimensionalo air dry.

anatomical architecture of the model. We employed the same basic technique on the two
small manatee carcasses that were made availabi to
MATERIALSAND METHODS at the Florida Fish and Wildlife Conservation

Commission, Fish and Wildlife Research Institute,
Silicon modeling of the interior spaces of dog and  Marine Mammal Pathobiology Laboratory in St
manatee respiratory systems: Liquid silicone in the Petersburg Florida. Manatee 1 (MSWO0780, necropsy
form of MoldRite 25 (SP700501R) was purchased fromfate Oct 7-8, 2008) was a female, 144 cm long;hdeat
Environ Molds (ArtMolds Sculpture Studio, 18 Bank Was from natural causes. Manatee 2 (MNW0848,
Street, Summit NJ 07901, 1-866-278-6653). An amounfecropsy date Oct 7-8, 2008) was also a femalecb8
of this silicone was mixed with the catalyst preedd 0ng; death was from natural causes and the body wa
(10% catalyst by weight). The working time of this I partlal decomposmon. The animals were placed o
modeling compound is roughly one hour and 24 h igheir backs, their tracheae exposed and slits werde
required for complete curing. Note that the curing(F19:1-8). However, in manatees (unlike dogs), the

process does not require the presence of air, whichachea is very short below the laryngeal connectio

makes it suitable for modeling the largely enclose®™d alm(l))st |mrr:1_e(\j/|vate_ly_b|fturgzithes ”?It.o the rt'ﬁmmt

cavities of anatomical organs. The resulting curetf”mary ronchi. We injected the silicone througie

model is sufficiently flexible to allow for relatvease racheal slits (Fig. 2), but noted that none of _the

of extraction, yet robust enough to withstand régea compounq leaked out of the nares of either animal
' because in both cases the glottis was completesalo

handling and examination. . unlike in the case of the dog we studied earlierthe
We purchased a standard pump action, met

. maller postnatal manatee carcass, we also injected
grease gun from an automotive supply store andjjicone into both primary bronchi as well as utpithe
_re_mO\_/ed the valve tlp_from the end of the metallaryngeal region (Fig. 3). On the larger of the two
injection tube. The spring loaded plunger was themynimals we did not do this bronchial injection (s
pulled back an_d locked in positi_on and the silicone ot shown). In both animals we then injected addi
plus-catalyst mixture was loaded into the greaselu  sjlicone through their nares using the metal pipehe
unscrewing the barrel end. After the mixture wasgrease gun (Fig. 3). Here, no rubber tube was regyui
loaded, the plunger was released and this suppliefecause the size of the nares, even on these small
pressure on the silicone in the body of the gun. manatees, allowed the metal pipe to be insertextitijr

We first tested this procedure on the cadaver of &he animals were then placed in a walk-in refrigara
dog, approximately 30 inches in length and 60 Ibsfor 24 h to allow the silicone to set.
which had been euthanized for unrelated reasons by After 24 h, we dissected both animals (Fig. 4-8)
local animal shelter which was disposing of it. ey and extracted the silicone molds. We surgically
was placed on its back with the trachea exposedaandtransected the larynx in both animals with a single
slit was made in the upper trachea. The tip ofgifease incision and then withdrew the cured model from
gun was inserted into the tracheal slit in a caudathe larynx, trachea, primary bronchi and
direction and silicone compound was then injectgd b esophagus by gently pulling it out of these struesu
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Fig. 4: After 24 h in the cold the trachea is fully
opened in preparation for removal of the cured

silicon model

Fig. 1: Preparing the silicon modeling compoun@®%l
catalyst by weight (blue layer) is being mixed
with the silicon which will then be loaded into
the grease gun for injection

Fig. 5: Here the trachea and a portion of the upper
airway are being opened. The cured silicon
(blue gray in color) can be seen

Fig. 2: Here the trachea in the smaller of the two
animals is exposed and a slit cut. The slit will

allow air to escape as the silicon is injected into_ o _ _
the nares. The tip of the grease gun can be sedmd- 6: The cured silicon model is carefully being

at the lower right inserted into the nares. The extracted. Only minimal force is required for
tracheal slit will then also be used to inject removal
silicon down into the lower airway

Fig. 7: The model is sliding out of the lower aigpwa
To remove the model from the nasal area
slightly more force was required but it was not
necessary to employ surgery. In our earlier
studies in the dog, surgery was necessary to
release the model from the nasal cavity

Fig. 3: View as the silicon is being injected irttte
nares of the smaller manatee
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RESULTSAND DISCUSSION

Interior spaces of the dog and manatee respiratory
sysems: In Fig. 9a the silicone model from the smaller
of the two manatees (MSWO0780) is shown, as are the
results from the dog (Fig. 9b). Here the shapehef t
interior spaces of the nasal cavity, oral cavityagnx,
larynx and trachea are all apparent. Furthermdre, t
location of the glottis in the manatee (Fig. 9aasmqed)
and dog (Fig. 9b expanded) can be seen as thewnarro
region between the pharynx and trachea. Of paaticul
Fig. 8: The entire silicon model from the lowenvealy interest is the presence of the very large Eusiadhibes
has been removed. Here the short trachea ighat are clearly visible projecting from the phaygal
exposed as are the two long primary bronchiregion in the manatee model (Fig. 9a and 9a exginde
and the secondary and tertiary bronchi Our technique also demonstrates that the nasal
cavity in the dog possesses highly complex turkinat
As with the dog, we were surprised by the increslibl (Fig. 9b), which are lacking in the upper respirato
accuracy seen in the models. We were especialljract of the manatee (Fig. 9a). Additionally, tbedtion
gratified by the definition of the secondary ancerev Of a nasal septum in both manatee (Fig. 9a) and dog
tertiary bronchi (Fig. 8). To remove the siliconedrl  (Fig. 9b) can be inferred from the separation betwe

the nasal cayity on the smaller animal. H.oweV(_athwi Interior spaces of a beef heart: Given the ease with
the larger animal (model not shown), we simply &bl hich this technique can be applied to the hollow
medium pressure on the.cured silicone and th‘?ee”t'rrespiratory structures, we further employed it to
structure was extracted with no need for dissedfi@@.  delineate the three-dimensional spaces within ahfre
7-9a) and no damage to the model. As in theyeef heart. In Fig. 10a the right atria and right
preliminary studies in the dog, we soaked the mdelyentricular spaces are modeled along with a poribn
from these manatees in a dilute solution of Clo#iod  the right coronary artery and a portion of the Left
rinsed them in water. Anterior Descending (LAD) coronary artery (right
lateral view), while in Fig. 10b (ventral view) pimns
Silicon modeling of the interior spaces of a bovine  of both the right and left ventricles, as well & t
heart: To demonstrate that this silicone modelingseparation between them produced by the presence of
technique is easily adaptable for use with othdiotwo  the septum, can be visualized. In Fig. 10c (doriad)
organs, we applied it to model the internal spades  the left atria and ventricular spaces are seergahdth
beef heart. A fresh specimen was obtained froncallo the LAD coronary artery and some of its branchas. |
slaughter house. We cut two small slits in the &ftl ~ Fig. 10a-c, the aorta can be seen, along with érits o
right ventricles near the apex of the heart tovaidr to ~ Major branches (Fig. 10a and b). Also, althougé iitot
be vented as modeling compound was introducedShown clearly in Fig. 10c, it is possible to defléloe
Silicone was pumped into the heart by placing ibet pliable silicone material away from the modelect lef

the grease gun into the attached vessels and Sbwynt_rlicle to |Vi5lf|_ar|]ize| th? Iocfatﬁ]on Olf the aortic
forcing the material into the left and right at@ad emilunar valve. The location of the pulmonary rrte

ventricles. However, because some of the valves wertan also be seen in Fig. 10 as it exits the nghtricle

closed, silicone was also introduced into the veles and the location of the pulmonary vein is visualize
' where it connects to the left atrium (Fig. 10c). &yain

by placing the tip of the grease gun into the sishad aréeﬂecting the silicone model slightly the locatiofithe

made near the apex as described above. The ste ¥imonic semilunar valve can be visualized as a

pressure applied as the compound was loaded ieto thyejineation between the right ventricle and the
ventricles also forced silicone into the attaChedpuImonary artery (Fig. 10b). During the filling tfie
coronary arteries, as can be visualized in the inth@e  atria and ventricies with the liquid modeling corapd,
was produced (Fig. 10a-c). After allowing the siicto  the right Atrioventricular (AV) valve (the tricuspy
cure for 24 h, the completed mold was removed by &as partially open and the valve location is deited
combination of dissection of the muscle tissue andy a separation in the modeling material (Fig.10a),
extraction of the cured material by applying mild which explains why the right atrium and right
tension. The silicone model was then immersed irventricle remain partially attached by the cured
Clorox, washed in water and dried. silicone that passed through the open validice.
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Fig. 9: Silicon model of the hollow spaces of thwoer and lower respiratory tract in both the mamated dog. (A)
Silicon model of hollow spaces present in the mamaespiratory tract. To the left is the loweactr
including the short trachea, primary bronchi, seleoy and some tertiary bronchi. To the right is tipper
tract including the pharynx, the left and right alasavity and part of the esophagus which branoffest the
level of the pharynx. In the expanded view of FeggQA the pharynx can be seen as well as one of the
exceptionally large Eustachian tubes. (B) Silienadel of the hollow spaces of the dog respiratoagtt

Note that the nasal cavity contains complex turieimet present in the manatee nasal cavity. lh batdels
the location of the glottis is indicated
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Fig. 10: Silicon model of the hollow spaces preserda bovine heart. (A) Lateral view: Right atand ventricular
spaces are modeled along with a portion of thet Gghonary artery and the left anterior descendit&D)
coronary artery. Vena cava, and location of tpidizvalve is seen as well as pulmonary artery arnchpnic
semlunar valve, and aorta. (B) Ventral view: Rog of both the left and right ventricular spaces
modeled along with the separation between themuoextiby the septum. The apex can be visualizéd L
coronary artery is present. Pulmonary artery cawibualized and a branch of the aorta. (C) Dorial:
Left atria and ventricular spaces are modeled. Li#\present. Grooves produced by the tendinowtsaan
be visualized as well as the pulmonary vein, locatif the mitral valve and aortic semilunar valve
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However, the left AV valve (the mitral) was comgligt  Clem, DVM of the Cincinnati Animal Medical Center.
closed so no silicone could enter that valvulaficgi  This research was conducted under our U.S. Fish and
This accounts for the total separation betweenldéfte \ildlife permit #MA049136, was funded by Xavier
atrium and left ventricle (Fig. 10c) and for thesason  University managed by the Midwest Florida Manatee
we had to insert a dissecting pin through thedefim  Research Project, housed in the Biology Departraent

(Fig. 10c). One can also visualize the impressions

produced from the Cordae Tendineae in the silicon REFERENCES
modeling material of the right (Fig. 10a) and Igtg.

10c) ventricles. Hill, W.C.O., 1945. Notes on the dissection of two

Dugongs. J. Mammal., 26: 153-175.
http://www.jstor.org/stable/1375092

. . Murie, J., 1872. On the form structure of the Marat
We have developed an effective technique for (Manatus americanus). Trans. Zoological Soc.

modeling the internal respiratory structures ofhbtite London 8  127-202 DOI: 10.1111/j.1469-
Florida Manatee (Trichechus manatus latirostrisjl an 7998.1872.th08571 X

the dog. We suggest that this method can also sl ea Rommel, S.J. and E. Reynolds, 2000. Diaphragm

gmdlfledt ftord gse 'g I(_)thetrh h_oltlov_v organs (aﬁsefvt\)/e structure function in Florida Manate€eR ichechus
emonstrated by modeling the interior spaces manatus latirostris). Anat. Rec., 259: 41-51.

h_eart. The desc_ribed siIi(_:one injecti_on technicqubdth PMID: 10760742
simple and inexpensive, requires no complex
equipment and produces a detailed positive model,
sufficiently flexible to allow relatively easy exifrtion,

yet robust enough to withstand repeated handing and Dierauf, LA. and F.M.D. Gulland (Eds.). CRC

inspection. Using this technique in the manatee Press, Boca Raton, FL., pp: 129-163. ISBN: O-
respiratory tract we were able to visualize thespnee 8493-6839-9 oo T ' '

of unusually large Eustachian tubes in the pharghge
region (Fig. 9a) which is supported by the earlier
anatomical dissection studies performed by Rommel
and Lowenstein (2001). Dogs do not possess sugh lar
Eustachian tubes (Fig. 9b and 9b expanded). We were
also able to visualize both of the primary brorichihe
manatee model (Fig. 9a), along with secondary and
even tertiary bronchi. These long, straight primary
bronchi were expected because manatees possess
unusual elongated dorsal lungs that run almost the
entire length of the body, as well as hemi-diaphmag
(Rommel and Reynolds, 2000).

CONCLUSION

ommel, S.A. and L.J. Lowenstein. 2001. Gross and
Microscopic Anatomy of Marine Mammals. In:
CRC Handbook of Marine Mammal Medicine,
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