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Comparative anatomical characteristics of cardiac valves in animals
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Although various animals have been used as models
of cardiac valvular diseasesin humans, the structural
characteristics of cardiac valvesin animalsremain un-
clear. In this study, we investigated cardiac valvesin
representative animal models for the purpose of com-
parative anatomy. Adult hearts from three dogs, four
goats, six rabbits, and six fowls were fixed with 10%
neutral-buffered formalin and analyzed gr oss-anatom-
ically. Cardiac appearance was spherical or oval in
dogs, goats, and rabbits, whereas it had a long conical
shape in fowls. Left atrioventricular (AV) valve was
composed of membranous septal and parietal cusps
connected to two papillary muscles in all animals.
The right AV valve was composed of membranous
septal, parietal, and angular cusps with three papil-
lary muscles in dogs and goats, membranous septal
and parietal cusps attached to four papillary muscles
in rabbits, and a single muscular plate without any
papillary muscles and chorda tendinaein fowls. Aortic
valves with thin membranous right, left, and septal
semilunar cuspsin dogs, goats, and rabbits had a thick
membrane with a bended free border in fowls. Pul-
monary valve (PV) with membranous right, left, and
intermediate semilunar cusps made a large central
hole by being closely attached to the surrounding wall
in dogs, goats, and rabbits, whereas it protruded into
half of the lumen as a thick membrane in fowls. The
membranous cusp of the PV was composed of several
layersin dogs and goats but was a single layer in rab-
bitsand fowls.

These findings indicate that even if animals have two
completely separated atria and ventricles each, car-
diac valves have species-specific morphological char-
acteristics, especially between mammals and fowls.

*Corresponding author: Hak Young Kim,
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Materials and Methods
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Fig. 1. Photograph of cardiac valves fixed by 10% neutral
buffered formalin in beagle dogs. [A] Whole heart with both
atria. [B] Orifices of left (1) and right (2) atrioventricular, aortic
(3), and pulmonary (4) valves without atria. [C] Left ventricular
valve. [D] Interior of left ventricle, lateral aspect. [E] Right
ventricular valve. [F] Interior of right ventricle, lateral aspect.
[G] Aortic valve with left (L), right (R), and septal (Sv)
semilunar cusps. [H] Pulmonary valve with left (L), right (R),
and intermediate (1) semilunar cusps. *: papillary muscle, p:
parietal cusp, s: septal cusp, and a: angular cusp.
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Results and Discussion
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Fig. 2. Photograph of cardiac valves in Korean native goats.
[A] Whole heart with both atria. [B] Orifices of left (1) and
right (2) atrioventricular, aortic (3), and pulmonary (4) valves
without atria. [C] Left ventricular valve. [D] Right ventricular
valve. [E] Interior of left ventricle, lateral aspect. [F] Interior
of right ventricle, lateral aspect. [G] Aortic valve with left
(L), right (R), and septal (Sv) semilunar cusps, dotted circle:
central slit. [H&I] Pulmonary valves with left (L), right (R),
and intermediate (1) semilunar cusps. *: papillary muscle, p:
parietal cusp, s: septal cusp, and a: angular cusp.
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Fig. 3. Photograph of cardiac valves fixed by 10% neutral
buffered formalin in rabbits. [A] Whole heart with both atria. [B]
Orifices of left (1) and right (2) atrioventricular, aortic (3), and
pulmonary (4) valves without atria. [C] Interior of left ventricle,
lateral aspect. [D] Interior of right ventricle, lateral aspect. [E]
Right atrioventricular valve. [F] Aortic valve with left (L), right
(R), and septal (Sv) semilunar cusps. [G] Pulmonary valve with
intermediate (1) semilunar cusp. *: papillary muscle, p: parietal
cusp, and s: septal cusp.
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Fig. 4. Photograph of cardiac valves in fowls. [A] Whole
heart with both atria. [B] Orifices of left (1) and right (2)
atrioventricular, aortic (3), and pulmonary (4) valves without
atria. [C] Interior of left ventricle, lateral aspect. [D] Interior of
right ventricle with muscular plate (v), lateral aspect. [E] Aortic
valve with left (L), right (R), and septal (Sv) semilunar cusps.
[F] Pulmonary valve with larger left (L) and right (R) semilunar
cusps than intermediate (1) semilunar cusp. *: papillary muscle,
p: parietal cusp, and s: septal cusp. D-F: hearts fixed by 10%
neutral buffered formalin.



C
hang-Hoon Nam et al

22

‘OZ‘*,ﬂli_l,U,l :.L

o8 oF 1
X T B
ﬂ%mﬂma%%ﬂ ow%] o
A ;
%M%%?%% 7 o i i poxTE
o — o o< = 0
yaﬂﬁ.ﬂg PP o I o 1@%3&%M%%H
,.mISEL Ew&n 7,%10@ dl@u]rL X K ,xeovuwr% Leﬂn‘m_ue.#m_rﬂ;lnnmﬂﬂak
ol of .]mM —_ - g _n Eﬂﬂ.ﬂ}i_%] B T W oo T o
2 55 2k A RCHC) EERY GO TP L
Jm»./_.ﬂxegﬂoﬂmmo Mﬂu@ = B o Lﬁ.ﬂﬂmﬂw]&mﬁﬁuﬂﬁ%% B =0 Ep
Aodr_::l%zo %ﬂ% & T cal il 7L@|50ﬂuﬂiuuﬁzonnmo iﬂiﬂrzﬂr o of of
%1%&;@@ do X T =T %%@%%MQ@ﬂ%»M%%%% &ﬁ&%%% %%%q%ﬂﬂﬂé
Mnmﬁﬂﬂaowﬂoﬁ %ﬂma ﬂfgmo W%%%%&Mﬂuﬂﬂ%lﬂocgm mﬁluaﬂaoﬂ EE%MQM%%%&
B o ,LEHT}}% Eé? = oo Afam_m:MLA = N my R km%é?ﬂa o =y T Loy E
0N B oo N X W o = Jn - o o B Y I g X 31_.,_1%?_
25w S wrk ﬂﬁow#ﬂmm%{ﬂﬁmﬂﬂmaiﬂuGa\eﬂﬂu . 5T ?%m;g]w?%mné
g s B ‘uu[oe%% < H_GM\.,33JH%%% oM T = Mo e T 5
O#‘Haﬂl :.L Fow_uﬂ.ﬂq 0 Q.mﬂ _ .OE =T A~ :.L A7Ldﬂ Jyu_zu_r,l\_ﬂu_l
oy o " T o 2 W ]‘vnlmﬂ,ﬁi]) E72€.nlu1r oo B ﬂ_#ozo@.]o_ = nn1|r Ho L
it E - N = Mo T o 1 5 I T < T —n o o T = ° ~ w"oT o o
mﬁurmotiﬂ,iﬂ ap 1= 1 ﬂ.ﬁgomoﬁu%owﬂlmnwwxMiﬁrxﬁmwﬂ_,huﬂ n_ﬁaﬁﬂﬂf.zgro; ﬂﬁ,r_merLHm_,uﬂmnmn
iu&lw_ﬂoilﬂ_/u..orwﬂrﬁ _m_ﬂ_ﬂ,mﬂ 0 =V uﬂﬂgaﬂu&ﬁaﬁglﬂmx\mln/_oﬁdlz?xl,mrE\ ° Ltc._ew_ué :.L_#oorAMon_U_m_uAnr/u
%ﬂ;%sah = suﬁnlﬂga Hyﬂg.%%1%§ww %%Hw@L B g oF B 1T g
1r1_1r‘._f1w ‘._;oﬁe e R Amﬂ_OI,UFO 1r1roﬂl\,|: MMS ,I]ﬂ_J.uEZ_LJA ﬂﬂ]}]q o = _ LtJ,IzoL
T T w H T s —_— o =X duﬂ}a S W K >R ™ = "0 el ol o i
LlﬂL] OL\}.A ™2 Iﬂi‘_ lrLio ) 1_1u‘mﬂ 4 ﬂHALe&u,ouE ._ﬁo..Ju ﬂu]nﬂk: ) — ‘MUHUAIV“m_vo
%Uepaoﬁqu = x._g%sdmjﬂxu%ﬁ% [ s Mos _ w ol i TS T .
50 = Fa g PR & oy 1 o= B R oW L o = TR t
%Wﬁ%%ﬂé%gmﬁﬂ_zu _._.%mﬁmgﬁ.%ém%uwuﬁu@ od”ém'%]ﬂ%sor%ﬂm_iig? 7mw%€_%ﬂuammma
2 = .Euﬂ.lluo; 4\01EH] - o .
mMHﬂ%ﬂorurmF%ﬂnWr ol & mﬁuﬂnuﬁvgﬂo%%ﬂw.ﬂﬂ%xﬁo _ﬁugpiwmgﬁ% %Q&%?E@]W
o C o s Q2L & o = T 5 o E & Gl ﬂi}iauxxn%ouu o = ) ,Louﬁ
HO%M%O_:T%WHMO@Nr .Enu,\,ﬁnrtEﬂﬂ%%ﬂﬂmﬁﬂ&?%mK%%qu_..r\priﬁ%ﬂmm E_:%Emm%[.ﬁ%
A I 1zu_LuNro_u B Y o A B Jxlxﬁﬂﬂu%]o#,_ " Sl if] = o iq,_‘o] o X .‘lwrﬂ,Dro =
X4 Bo o%F o_H,% Eo%%c t‘*ﬂ‘mﬁwc_Aum‘mﬁdﬂ_ﬂfE.#L_M_a‘wofmxoﬂe‘mﬁﬂMMotﬁ__lﬂuﬂﬂﬁu ﬂoﬂm‘wﬁuo@ﬂMMM;L ]
Mﬂ@%%m%%amﬁwﬂgna;%%@ﬂﬂwﬁam%ﬂ n@%%%%mﬂ%w
W ~ - = ~ =~ AN = ‘m‘k \L\E
T T ~ ) B s ,zeﬂﬂ. N o . b &
il Nl Aéqaﬁiﬂﬂ%ﬁ%mwﬁw%ﬂ%@%wm mﬂMMEHWW%%
m%@ﬂwm@qagw} A%ﬂ%%WWQE%%%%wn .w%%m%@gﬂﬂﬂ
KH A j— — _— i —_
EL‘z?m_.ﬂo,A;ﬂ#%ooﬂi ELAQE =E ol B T X S n O L,|»L So B ) o
Mﬁﬂu\.ﬂﬂﬁ%ﬂﬁlbwh%%8g%\_.wg.ﬂ&ﬁi. FTETETa O @oowﬁﬁo&ﬂﬂmmﬂ
Tz )w;.ﬁf%@if?ff s EIEETLEicE
%ﬂ.ySEEEJMEﬂEJﬂD%ﬂo%MEﬂQ%ﬁ P N 1
oMW%Hﬁ%qyauﬂQW%ZQﬂ%ﬂdﬁﬁﬁﬂﬂ %4%%%@ _ o & gk
ﬂz(%uﬂlﬁi1%%lqﬂ&ﬂ%« BT o AP&uid B EF W R
T Hrod ~ L N % &2 e of TR oy T =W S oy
HE;QM - .7_-0r|dl,.ra Mz.ei JLFH%U .:.L:.Lﬂdm XLJ.E auA.J.oo 3 _lww_Eoo#aHT Lﬁo.#ﬂ_uéu],.r
e e N R Qo o) MRl YT e ZEe T WD
c3 — % - Ak %kuvdrlﬂ N = H W = R B = o 7 lLio#%1}onm1.
oF > % iil%% w0 P e N oy = I =T Y =) o
2 ﬂamﬂLUS%?anﬂﬁvxﬁ%}ﬁiuw%ug ﬂ#m“%ﬂ iﬁ_c@_am m.,s_@ﬁ NrﬂffnﬁﬂuVLiﬂg._Hﬂ
oAMQ%O1%14H%z@%iiyggzmqwaw NET LD 2 Ea R %%ﬁﬂ@@aﬂﬁﬁwa
fﬂl ]ﬂﬁ\mvl‘m.A X K LM‘.I%W_ﬂZ; lrﬂ.#o‘.ﬂo‘uluq :i %‘Olﬂi > olﬁ_.oz UL ‘ND‘WJ 1rOB ﬂdﬂc_!\mr%A
Lopw&ﬁwro ﬂhﬂuwrxqzj_&ox_xuﬂu%o#nhﬁtanx Anmmﬁo_ ey E%m K L o Jﬂo%ﬂ cll 35 1k
mﬂvﬂnﬂﬂéoME7mﬂq_]Jlmﬂ. mﬁzi]EHovjlu:uWJ R R g mﬂ7oz° HIQHOZF ]ﬂnﬁiiﬂﬂ
poﬁgzﬂﬂ%lﬂ%Elﬂ%ﬂ @m%uﬁxﬂgé ﬂ%hiﬂa A E R i%?igdﬂ & o] R
ﬁﬁﬁﬁézgaﬁwaﬂﬂwﬂﬁgw a%ﬂ%a%ﬂﬁ m%ﬂzqw. T gﬂ;%%ﬂé%%@%ﬁ
X o= Ny o= W= o R Mo ' o , oF K K
.Mmﬂ%ﬂ;%fﬁ%%o_euogzﬁzqﬂwhmjﬂ?w Spfgmi g TR mﬂ%gﬂ%y I,
cRC- B o M B %0 o o %%ﬂﬁnﬂﬁa. H T Doar ) Ao E TR R =t
%QEM%%W%WOH%??M%SH%GSQ%B%%%Wﬁ%h%ﬂ ﬂm%ﬂ wmﬁﬂﬁﬁﬂMM%%%
— = - X o T~ oF ~~ HF JLlﬂ;! —~ | = 5 o o - W = ° Ofﬂﬂ
ok T 1%“&% 8}70 iWnu;mUﬁ B B E O L%D%ﬂi TRE o X b= 4L?o§})ao B o A
¥ 5 T % Ewgluoﬁﬁwﬁ TeBEE ™= mﬂ%é14£ o oM o E %%LJBG ﬂw%%xﬁ%
ﬂﬂfﬂﬂ%é mjx%e%g%o1 T W il w2 ¥ o o T 0 o w2 S bm™ W
LR R ) oy oy FM X ==l }é_io%qﬂog%ﬂﬂ 5 o T i R o0 bo o A g ol B i
T LT w T E = R @ R D Tark Wo#% — o P o Hg%%ﬂumﬁlﬂm_
GUIA @Pdui]a]ﬂ ~ o PR éoa ov_%uJ.Au Eoizi(\at = N el U <Y ~p % oeLoo,#:_,o7._Hz X =
E._,‘OI]HL N = ,Ao‘_:n_ﬁﬂ_u JRARNC] [R} R .,m%;o‘lz.ldlo ol ‘Ll:.;ﬂoﬁl 1]AHAE,M oy U,\ﬂs(TOtaﬂm‘.rOJI
S v B w o] m nl) w N —_ o) o e el 4 R 1 ~ iin &r gl al o) ) o 0 X
ol = o ol m AT e R = ® o CCIRE O 3% 3o o T R HELH W};ldroc = o No &
AﬂEHﬂﬂoﬂuﬁ%;u%W%%HWAMMM&)W@?@%M&5%pv X n.._%aq%ﬂ.UjJ,x_/%%mﬁﬂ#u%mamﬁ
) o) M w uhﬁeﬂeﬂol v ﬂ%eﬂemo}ﬂeﬂimﬂA %leﬂ.%m%ﬂ AR
A R e T X Y ﬂksAa[ﬂ%le;m%W%ﬁm
zéiﬁﬁﬁéDﬂ&ﬂ$%%%lgﬂﬁﬂ E#mﬂ%ﬂ%%qg%yaw%ﬂﬁa
%ﬂw3au]1uﬁ7 =3 )R & = E]vu%shurmwamﬁovlz ;ouﬁlwxﬂ%
< %o W Lﬂ]eﬂ,rx g 2 e X #uﬁ}gﬂucumg W E
m Qﬂgt@%@u ﬂ%o#%om?ﬁWwiA%a bozo T X
wE T MQ%ﬁmﬂﬂmé%%dwm?%%M
° = A K —_
HﬂMﬂ‘WZO7,|Ho_xu‘o|WNJo :.LWﬁIXFE
T N BT B o " .
UHOCJ.U ‘mﬂ)
K ﬂﬂorﬂu%



Anatomical comparison of cardiac valves 23

o2 THAROU, B s TR B
7)ol Sk, A e e ) WA e
o= Ast L}ootow o12) 0. A F Mol 7 45]0] &
ool ZA BB FHPAR, B G shtel gho
2 $EHh 59, gl AEapee e A

w3 Q93 TS v ue) Qi) whebA,

) S 1/20) % 5

H| & 249 2404 & 71 55 (53], ¥fFet = r)O‘Xla}C
At 3= FE 2ol 7k vk AS & S ASITh
References

1.Kent GC. Comparative anatomy of the vertebrates. In:
Circulatory system. 6th ed. St. Louis: Times Mirror/
Mosby college publishing; 1987. p. 426-432.

2.Tortora GJ. Tortora. Principles of human anatomy. In:
The cardiovascular system: the heart.9th ed. New York:
John Wiley & Sons, Inc; 2002. p. 392-398.

3.Roosens B, Bala G, Droogmans S, Van Camp G, Breyne
J, Cosyns B. Animal models of organic heart valve dis-
ease. Int J Cardiol 2013;165:398-409.

4.Leroux AA, Moonen ML, Pierard LA, Kolh P, Amory
H. Animal models of mitral regurgitation induced by mi-
tral valve chordae tendineae rupture. J Heart Valve Dis.
2012;21:416-423.

5.Takewa Y, Yamanami M, Kishimoto Y, Arakawa M,

Kanda K, Matsui Y, Oie T, Ishibashi-Ueda H, Tajikawa
T, Ohba K, Yaku H, Taenaka Y, Tatsumi E, Nakayama
Y. In vivo evaluation of an in-body, tissue-engineered,
completely autologous valved conduit (biovalve type
VI) as an aortic valve in a goat model. J Artif Organs.
2013;16:176-184.

6.Wang ML, Zhang Y, Fan M, Guo YJ, Ren WD, Luo EJ.
A rabbit model of right-sided Staphylococcus aureus
endocarditis created with echocardiographic guidance.
Cardiovasc Ultrasound. 2013;14;11:3.

7.Bharadwaj KN, Spitz C, Shekhar A, Yalcin HC,
Butcher JT. Computational fluid dynamics of develop-
ing avian outflow tract heart valves. Ann Biomed Eng.
2012;40:2212-2227.

8.Alsafy MAM, EI-Gendy SA, Enany S, Amine M. Ana-
tomical studies on the atrioventricular valves of the os-
trich heart (Struthio camelus). J Vet Anat. 2009;2:67-83.

9.Nickel R, Schummer A, Seiferle E. The anatomy of the
domestic animals. In: Schummer A, Wilkens H, Vollmer-
haus B, Habermehl KH (eds.). The circulatory system,
the skin, and the cutaneous organs of the domestic mam-
mals. 1st ed. New York: Springer-Verlag; 1981. p.54-58.

10. Tadjalli M, Ghazi SR, Parto P. Gross anatomy of the
heart in Ostrich (Struthio camelus). Iranian J Vet Res.
2009;10:21-27.



