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Monocephalus omphalopagus (tetrabrachius tetrapus) in a lamb
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Abstract:

Caudal duplication is an abnormality which usually affects
the digestive, urogenital and even respiratory systems. It forms
a graded series from slight duplication to near separation of
two fetuses caudocranially. In some conjoined twins, duplica-
tion process may cranially proceed up to the head region. This
kind of developed conjoined monocephalus twin has been re-
ported in many domestic species and is classified as thoracopa-
gus or omphalopagus twins according to the presence of one or
two hearts, respectively. A male dead conjoined monocephalus
twin lamb attached from neck to thorax was used for this study.
Lateral and dorso-ventral digital radiography and anatomic dis-
section were performed on the case. The results showed that
duplication process of the gastrointestinal tract interestingly
prevented cranial to the midgut, while more cranial organs such
as heart, lungs and even brain were seen duplicated. Duplica-
tion anomaly has been mostly reported cranially in cattle and
caudally in sheep. Nevertheless, if duplication process does not
occur completely, some body organs of the resulting conjoined
twin will remain unduplicated. Duplication process of this case

is thought to strengthen Spencer’s spherical theory.

Case history

Congenital defects are structural and func-
tional abnormalities present at birth because
of developmental disturbances. These abnor-
malities may interfere with development of an
organ, parts of a system or the entire system
(Noden and De Lahunta, 1985). Caudal du-
plication is an abnormality beyond locomotor
and which usually affects the digestive, uro-
genital and even respiratory systems. It forms
a graded series from slight duplication to near
separation of two fetuses caudocranially (Hi-
raga and Dennis, 1993). In monocephalus con-
joined twins, duplication process may cranial-
ly proceed up to the head region. This kind of
developed conjoined monocephalus twin has
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been reported in many domestic species (Abt
et al., 1962; Aine and Seavers, 2009; Buhari
et al., 2008; Doijode et al., 1992; Nottidge et
al., 2007) and is classified as thoracopagus and
omphalopagus twins according to the presence
of one or two hearts, respectively (Spencer,
2000). Anatomical features of a monocephalus
omphalopagus tetrabrachius tetrapus lamb are
described in this report.

Clinical Presentation

A male dead conjoined monocephalus twin
lamb attached from neck to thorax (Fig. 1) was
referred to Anatomy Department of Veterinary
Faculty, Shahid Bahonar University of Ker-
man, Iran. The 2.5-3 year-old ewe had another
two healthy lambs in the previous parturitions

151



Monocephalusomphalopagus in a lamb

and belonged to a herd composed of 30 adult
animals located in the city of Kahnouj, Ker-
man province, Iran. No information of drug
administration or teratogen exposure of the
ewe was available. The dam and lamb were
not examined for the viruses known to induce
congenital anomalies.

Diagnostic Testing

External anatomical examination showed
two separated cervical vertebral columns
which were connected to one common head.
The wide thoracic skeleton was made of two
sets of right and left ribs and two sternae, all in
a common integumentary sheath. Two separat-
ed bodies with two umbilici in the abdominal
region were seen from caudal. One set of fore-
limbs and hindlimbs was determined for each
body.

Digital radiography (electronic hastei, EH-
M, 12V-24V, 1 A) was performed in lateral and
dorsal recumbency, and showed a malformed
head, two separate scoliotic vertebral columns,
additional costal arches and two complete sets
of limbs (Fig. 2).

In order to detect the extent of organ du-
plication, the lamb was carefully skinned and
dissected. Anatomic examinations revealed
that the oral and nasal cavities communicated
with each other through a complete cleft palate
(Fig. 3, 4). Two tongues were seen on the floor
of oral cavity, each of which was connected
caudally with a hyoid apparatus. Two opposite
larynges were positioned mirror-like to each
other and were seen between roots of the two
tongues (Fig. 3). Each larynx distally contin-
ued with a trachea. Two tracheae descended
along the neck to bifurcate in the common tho-
racic cavity and entered two sets of lungs.

The twins shared a common digestive tract
down to the terminal part of the jejunum. Be-
yond this site, duplication of the terminal fifth
of the jejunum, ileum and large intestine was
observed. One pancreas was identified in the
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Figure 1. Monocephalus omphalopagus (tetrabrachius tetra-
pus) twin lamb.

loop of the duodenum; but, two livers, a nor-
mal and a rudimentary one emptied their bile
into a single duodenum.

Each lamb had a heart, an aortic arch fol-
lowed by a descending aorta, and a pulmonary
trunk which communicated with each other,
via the persistent ductus arteriosus. Two cra-
nial and two caudal vena cavae were present
draining into the respective right atriums. Two
descending aortae communicated with each
other through an anonymous 4 cm vessel.

Four testes were observed at the roof of the
abdominal cavity, caudal to the respective kid-
neys. The ureters, urinary bladder, epididymis
and vas deferens were normally observed for
each lamb.

Caudal bones of the skull were duplicated.
Two neighboring basilar parts of the occipi-
tal bones, caudal to a common basisphenoid,
formed ventral margins of two foramen mag-
nums (Fig. 4). Each foramen magnum was
laterally and dorsally surrounded by two com-
plete occipital lateral masses (Fig. 4). Four
occipital condyles were articulated with two
atlases (Fig. 5). Two squamous parts of the
occipital bones were observed dorsal to the
respective lateral masses. On both sides of
each occipital squamous bone, two parietal
bones (axial and abaxial) were observed. An
anonymous bone which could be the fused two
axial temporal squamous bones was observed
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Figure 2. Radiograph of the malformed lamb. 1- Vertebral
column, 2- Ribs, 3- Sternum. rynges, 3- Lesser tongue, 4- Cleft palate and Nasal Septum,
5- Hard palate.

Figure 4. The ventral view of the skull. 1- Hard palate, 2- Na- Figure 5. Skeleton of the conjoined lambs. 1- Fused two axial

sal septum, 3- Basisphenoid, 4- Basioccipitals, 5- Axial and temporal squamous bones, 2- Parietal bone, 3- Scoliotic verte-
abaxial occipital condyles of left side, 6- Foramen magnum of bral column, 4- The ribs which were attached to one sternum.
the right side, 7- Axial jugular processes, 8- Abaxial jugular

process.

Figure 6. Ventral aspect of the brain. 1- Medulla oblongata, Figure 7. Dorsal aspect of the brain. 1- Abaxial cerebral hemi-
2- Pons, 3- Cerebellum, 4- Mesencephalon, 5- Cerebral hemi- sphere, 2- Axial cerebral hemisphere, 3- Cerebellum, 4- Lon-
sphere, 6- Continuation of the common ventral wall of third gitudinal groove, 5- Bifurcated longitudinal groove, 6- Trans-
ventricles to an infundibulum. verse groove.
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between the right and left axial parietal bones
(Fig. 5). Caudal to the skull, each twin had a
complete set of skeleton.

Two sternae, two sets of ribs and two verte-
bral columns were positioned, forming a large
common thoracic cavity (Fig. 5). Hereby, the
diverging right and left ribs of each vertebral
column were articulated with the two sternae
which were situated at the midway of the two
vertebral columns. In other words, each ster-
num was articulated with the right ribs of one
vertebral column and the left of the other col-
umn.

Rhombencephalon and mesencephalon were
completely duplicated (Fig. 6). Two dienceph-
alons were also recognized with complete
dorsal and abaxial walls. Axial walls of the
right and left diencephalons were incomplete-
ly formed in their rostral parts, and somehow
with a common ventral wall the shared third
ventricle continued ventrally to an infundibu-
lum and rostrally to the lateral ventricles. The
third ventricle caudally went on to two sepa-
rate cerebral aqueducts. The rostral two-thirds
of the two abaxial cerebral hemispheres were
separated from each other by a longitudinal
groove. Beyond this, the groove was caudally
bifurcated to separate large abaxial and rudi-
mentary axial parts of both the right and left
brain hemispheres (Fig. 7). There was no ven-
tricle in the rudimentary cerebral hemispheres.

Assessments

In literature, frequency of monocepha-
lus conjoined twins is variable among dif-
ferent ruminants. It has been reported rarely
in goats (Corbera et al., 2005; Mitra et al.,
1994; Otiang’a-owiti et al., 1997; Shojaei et
al., 2012) and buffalos (Antoine et al., 1997;
Thakur, 1988) and frequently in cattle (Abt et
al., 1962; Hiraga and Dennis, 1993; Shojaei et
al., 2010) and sheep (Dennis, 1975; Doijode et
al., 1992; Hiraga and Dennis, 1993). Although
the embryologic basis of the caudal duplica-
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tion is unclear (Sur et al., 2013), an increased
number of caudal duplication anomalies in
ruminants which have been referred recently
to Veterinary Faculty of Shahid Bahonar Uni-
versity of Kerman (Shojaei et al., 2010; Sho-
jaei et al., 2012, and two unpublished cases of
monocephalus tetrabrachius tetrapus in goat)
can encourage epidemiologists to search for
the causal environmental factor.

Striking similarities of the reported con-
joined twins of different species have been
evidence based on which researchers propose
similar mechanisms for producing duplicated
cases. Detailed anatomical evaluation of the
referred malformed cases can provide data to
better understand the underlying mechanisms.
Dominguez et al. reported six similar cases
of caudal duplication and introduced the term
“caudal duplication syndrome” (Dominguez et
al., 1993). In this syndrome, duplication of gas-
trointestinal tract from distal part of jejunum
downward and its unduplicated proximal part
are described. This phenomenon has been ob-
served in the present case and in other report-
ed caudal duplication cases (Bannykh et al.,
2001; Kroes et al., 2002; Otiang’a-owiti et al.,
1997; Shojaei et al., 2012); there may be more
interest in the case of considering the extent
of duplication process in the present case. In
the present case, duplication of organs such as
the heart, lungs and even brain, which are an-
atomically more cranial to some unduplicated
organs such as stomach and duodenum (as gut
derivatives) suggest that the duplication pro-
cess of the gut did not develop as much as the
other body organs did. This difference could
strengthen Spencer’s spherical theory, which
states that “a group of conjoined twins result-
ing from the union of two embryonic discs (or
incomplete fission in one disc) over a common
yolk sac” typically share some portion of the
gastrointestinal tract (Spencer, 2000). In this
context, duplication of the liver as a foregut
derivative in the present case which was ob-
served as a liver enlargement in a Craniotho-
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racopagus dog (Nottidge et al., 2007) might be
interpreted according to the presence of two
inducers (ductous venosous) for its morpho-
genesis (Tatsumi et al., 2007).

Duplication anomaly has been mostly re-
ported cranially in cattle (Hiraga and Dennis,
1993) and caudally in sheep (Dennis, 1975).
Nevertheless, if duplication process does not
occur completely, some body organs of the re-
sulting conjoined twin will remain unduplicat-
ed. In the present animal, duplication started in
the caudal region of the body and continued to
the head. Presence of two larynges, two hyoid
apparatuses and two tongues along with undu-
plicated mandible and maxilla bones indicated
that, in embryonic period, duplication process
extended up to second pharyngeal arches and
their derivatives, which are surrounded by
unduplicated structures resulting from the first
arch.

Acknowledgements

This research was financially supported by
the Research Council of Shahid Bahonar Uni-
versity of Kerman.

References
1. Abt, D.A., Croshaw, J.E., Hare, W.C.D. (1962)

Monocephalus dipygus parasiticus and other
anomalies in a calf. JAVMA. 141: 1068-1072.

2. Aine, M.S. (2009) Monocephalus dipygus
parapagus: a suspected case of complete cau-
dal duplication in a British Blue kitten. J Feline
Med Surg. 11: 330-331.

3. Antoine, D., Murugavel, K., Alphonse, R.M.D.,
Ramalingam, S., Thandavamurthy, C. (1997)
Monocephalus dipygus monster in a buffa-
lo—a case report. Indian ] Anim Reprod. 18:
166.

4. Bannykh, S.I,, Bannykh, G.I., Mannino, FL,,
Jones, KL., Hansen, L., Benirschke, K., Masli-
ah, E. (2001) Partial caudal duplication in a
Newborn associated with meningomyelocele
and complex heart anomaly. Teratology. 63:

LIVM (2016), 10 (2):151-156

10.

11.

12.

13.

14.

15.

Iranian Journal of Veterinary Medicine

94-99.

Buhari, S., Yakubu, A.S., Jibril, A., Adeyanju,
J.B., Chafe, U.M. (2008) Monocephalus, tho-
racopagus and dipygus twins in Sokoto Red
goat. Sokoto J Vet Sci. 7: 23-24.

Corbera, J.A., Arencibia, A., Morales, I., Guti-
errez, C. (2005) Congenital duplication of the
caudal region (monocephalus dipygus) in a
kid goat. Anat Histol Embryol. 34: 61-63.
Dennis, SM. (1975) Embryonic duplications
in sheep. Aust Vet J. 51: 83-87.

Doijode, SV., Thorat, N.H., Markandeya,
N.M., Mamde, C.S. (1992) Monocephalus
dipygus conjoined twin lamb. Indian ] Anim
Reprod. 13: 206.

Dominguez, R., Rott, J., Castillo, M., Pittaluga,
R.R,, Corriere, J.N. (1993) Caudal duplication
syndrome. Am J Dis Child. 147: 1048-1052.
Hiraga, T., Dennis, S.M. (1993) Cogenital du-
plication. Vet Clin North Am-Food. 9: 145-
161.

Kroes, HY., Takahashi, M., Zijlstra, R.J., Baert,
J.A.L.L., Kooi, K.A., Hofstra, RM.W., VanEs-
sen, A.J. (2002) Two cases of the caudal dupli-
cation anomaly including a discordant mono-
zygotic twin. Am ] Med Genet. 112: 390-393.
Mitra, M., Basak, DN., Chakrabarti, A. (1994)
Monocephalus thoracopagus tetrapus tetrab-
rachius monster in a Black Bengal goat. Indian
Vet J. 71: 177-178.

Noden, DM., De Lahunta, A. (1985) Devel-
opmental mechanisms and malformations. In:
The Embryology of Domestic Animals. Wil-
liams and Wilkins, (1" ed.) Baltimore, USA.
p. 109-152.

Nottidge, H.O., Omobowale, T.O., Olopade,
J.O., Oladiran, O.0., Ajala, O.O. (2007) A case
of craniothoracopagus (monocephalus thora-
copagus tetrabrachius) in a dog. Anat Histol
Embryol. 36: 179-181.

Otiang’a-owiti, GE., Oduor-okelo, D., Kam-
au, G.K., Makori, N., Hendrickx, A.G. (1997)
Morphology of a six-legged goat with duplica-
tion of the intestinal, lower urinary, and geni-
tal tracts. Anat Rec. 247: 432-438.

155



Monocephalusomphalopagus in a lamb

16.

17.

18.

19.

20.

21.

Shojaei, B., Kheirandish, R., Hasanzade, M.
(2010) Monocephalus tetrapus dibrachius in a
calf. Comp Clin Pathol. 19: 511-513.
Shojaei, B., Mohebbi, E., Hashemnia, Sh.
(2012) Caudal duplication (monocephalus tri-
pus dibrachius) in a kid goat. Eur J Anat. 16:
206-211.

Spencer, R. (2000) Theoretical and analytical
embryology of conjoined twins: Part I, Em-
bryogenesis. Clin Anat. 13: 36-53.

Sur, A., Kumar Sardar, S., Paria, A., (2013)
Caudal duplication syndrome. J Clin Neona-
tol. 2: 101-102.

20. Tatsumi, N., Miki, R., Katsu, K., Yokouchi,
Y. (2007) Neurturin-GFR02 signaling controls
liver bud migration along the ductus venosus
in the chick embryo. Dev Biol. 307: 14-28.
Thakur, SB. (1988) Dipygus monstrosity in a
calf. Indian Vet J. 65: 440.

156

Shojaei, B.

LIVM (2016), 10 (2):151-156



Abstracts in Persian Language

VOV-NOE Y e )+ 0599 WAB gl 5ol o oo
0y ) S 3 oS Lglliol (wgllamwgige (5 Lxials 4,35

T pban Al Coxa 03l Cpas oo | (L al oo daww oBU ol ese * el jales
Ol ecslesS 3l yS pidl dugnd BRGNS ¢ (Soudi jmold BUSWINS sy @ole 59,5 ()
O3l eloyS (@RS (S jmold 2,151 (Y

(WY olo il 2 las By IYAF olo (3118 callie il )

ol S oy S |y s g ks (gl y0) ¢ 45l oS (sl uwd el s ald el b B (g)loxials
o 4 Slagliod I (350 p> cand0a B (5155 Sloe 93 JolS Loyt U oS ljee 4 (2690 5l (Solisie b b (5 bl
o010 (ol llge il (odaxie (gladisS )0 (g )lual £43 il 094 000iS 55y AL U sl (Sae (b (29 Wgy codmns
Bgd 0350 0.5 S5 dalllan ] 13 5945 0 0le3 ugSlgllanl b g woSlsSTe5 sl dy B g3 by (S jous s dn g5 b g Caol 005
5 s> (255wsSlo g i3 285 1,8 asdllae 390 aisily Jladl JaS 4y i 5 ()5 (P9 345 45 93 9 o S Lo
olSid (s olgd ¢ psls o anlllan lgus 53 45 plol (oS — ity 9 (sl ()8 s 93 b )] Jlusos (S,S 4],
Wyld (635 A8 CurBao 3 aS Slaplul > slasl plaST Il 3 o edsd s i 035, U 128 gla 4y e 5l 5168
WjMﬁ)39uxd9l>w)|ulc|9lf)>uwdb9sd)bwbMaxsﬁ)l@hwayauaywwb
O el (0 (9> X9y iyt (e Al S (0 Sy (3 yS0d Sl By g 0D gy (e s
)yl (6395 Gl ol 9 (b (2893 096 ¢S My Jlas Ao s (b Jiune 103 (slapladl g 0ab 1255 (g
S o9l

05 ¢ g8 igllael ¢ jugllimgige (0D (LUgd gl sl 03lg

Email: bshojael@uk.acir  +an(r) FrEvey o Fan(re) TINTET a1y sdoa o (*F



