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SUMMARY 

The purpose of this investigation was to charac-
terize iniencephaly, a neural tube defect (NTD), 
in a 36-38 week-old human female fetus. Inien-
cephaly is a fatal, anatomic anomaly that lacks 
a direct etiology. However, multiple factors (i.e., 
medications, teratogens, nutrient deficiency, etc.) 
suggest a shared causation. Clinically, it is im-
portant to differentiate iniencephaly from other 
NTDs and conditions that can be treated such 
as nuchal tumor, Klippel-Feil syndrome (KFS) 
and Sprengel’s deformity, etc. The fetus was 
evaluated by physical examination, gross meas-
urement, observation and dissection. To examine 
the defects associated with iniencephaly, digital 
radiologic image acquisition was done using full
-body x-ray films, and high-resolution CT Scans 
and MRI Scans. Image analysis, multi-planar 
reformatting, and 3D-reconstruction were done 
on radiographic series. A large occipital encepha-
locele protruded from the dorsal surface of the 
cranium secondary to a large defect in the occip-
ital bone, and the frontal bone and left and right 
parietal bones were depressed. Severe retroflex-
ion of the head resulting in the absence of a neck 
and irregular curvature of the cervical spine was 
seen in x-ray, CT and MRI. CT and MRI revealed 
esophageal atresia, renal atresia and hypo-
plastic lungs. The present work has character-
ized a case of the rare deformity, iniencephaly, 
with associated defects of rachischisis, cervi-
cothoracic lordosis, esophageal atresia, hypo-
plastic lungs and renal atresia. This study pro-
vides insight into the early embryonic develop-

ment of a NTD and useful information for clini-
cians to distinguish iniencephaly from similar de-
fects. 
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INTRODUCTION 

Iniencephaly is a rare and lethal NTD charac-
terized by a triad of occipital bone defect, ra-
chischisis, and fixed retroflexion of the head 
with severe cervicothoracic lordosis (Sahid et al., 
2000). Blemmyes (singular: Blemmy) were first 
fictionalized by Pliny the Elder between 23 and 
79 AD as a race of monsters without heads 
and necks who had eyes, a nose and mouth on 
their chests (Eco, 2002; Nowaczyk, 2010). Now, 
it is commonly thought that the inspiration for the 
blemmy was the birth of an iniencephalic fetus 
(Nowaczyk, 2010). Akin to iniencephaly, mero-
encephaly is a cephalic disorder that results from 
a NTD that occurs when the rostral neuropore of 
the neural tube fails to close, usually between 
the 23rd and 26th day of pregnancy, resulting in 
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the absence of a major portion of the brain, 
skull, and scalp. In contrast, as the Greek word 
“inion” implies, the posteroinferior-most portion of 
the occipital bone, or occiput, is most affected in 
iniencephaly. 

Saint-Hilare (Saint-Hilare, 1836) first described 
iniencephaly as associated with malformations of 
the central nervous system, gastrointestinal 
tract, respiratory system, renal system and cardi-
ovascular system (Tugrul et al., 2007). Other 
associated abnormalities include hydrocephalus, 
encephalocele, meroencephaly, cyclopia, ar-
throgryposis, genu recurvatum, holoprosenceph-
aly, omphalocele, absence of mandible, cleft lip 
and palate, diaphragmatic hernia, single umbilical 
artery, overgrowth of the arms compared to 
legs, and club foot (Aleksic et al., 1983; Aytar et 
al., 2007; Loo et al., 2001; Ramakrishnan et al., 
1991). There are almost 200 cases reported in 
the literature (Balci et al., 2001). Patients are 
typically stillborn or die within hours after birth. 
However, there are six (rare) reported cases of 
relatively long-term (2-year) survival in patients 
with extremely mild forms of iniencephaly (Aytar 
et al., 2007; Kulkarni et al., 2011). Incidence 
varies from 0.1 to 10:10,000 (Aytar et al., 2007; 
Kulaylat and Narchi, 2000; Lewis, 1987), and 
iniencephaly is nine times more likely in female 
babies (Kulaylat and Narchi, 2000). Not only 
does iniencephaly cause obstructed labor, but 
it also carries the 1 - 5% risk of recurrence in 
subsequent pregnancies (Balci et al., 2001). 
The exact pathogenesis of iniencephaly is still 
unknown; however, there are proposed theories, 
most of which view the NTD from the primary 
neural anomaly standpoint. While no chromoso-
mal anomalies are implicated (Balci et al., 2001), 
medications such as vinblastine, streptonigrin, 
triparano, sulphonamide, tetracycline, antihista-
mines, antitumor agents, and Clomiphene, and 
conditions including hyperhomocysteinemia and 
maternal diabetes have been reported to be as-
sociated with iniencephaly in humans 
(Bhambhani and George, 2004; Yesim et al., 
2010). Differential diagnoses include meroen-
cephaly with spinal retroflexion, Klippel–Fiel syn-
drome (KFS), Sprengel’s deformity, nuchal tu-
mors such as teratoma, goiter, and lymphangio-
ma and Jarcho–Levin syndrome (Kulkarni et al., 
2011). 

Secondary to the wide-range of differential 
diagnoses that can be addressed with surgery 
or medical management, as well as possible 
causative factors and obstetrical complications, 
it is important that clinicians and basic scien-
tists understand the characteristics of inien-
cephaly, which will lead to more accurate di-
agnosis and reporting, as well as to an eventual 
comprehensive understanding of the factors 
and mechanisms that result in this condition. We 

report on a case of iniencephaly in a 36-week-old 
human female fetus discovered during anatomi-
cal dissection at the Indiana University School of 
Medicine-Northwest (Gary, IN), and discuss find-
ings relative to the current literature. The applica-
tion of CT and MRI technologies further clarify 
anomalies associated with this condition, and 
further differentiate this presentation from the 
typical case report. 

MATERIALS AND METHODS 

Cadaveric specimen 

This study was conducted with a 36-week-old 
human, female fetus stored in Formal Fixx® 

(Thermo Fisher Scientific) from the gross anat-
omy laboratory at the Indiana School of Medi-
cine-Northwest (IUSM-NW; Gary, IN). This fe-
tus was placed in a jar of formaldehyde on 
November 7, 1957. To the best of our 
knowledge, this fetus had not been removed for 
analysis until Summer 2011. All federal and state 
guidelines were followed regarding the use and 
care of cadaveric materials, as well as all regu-
lations set forth by the State of Indiana Anatomi-
cal Education Program. 

Gross examination and photography 

Detailed physical examination of fetal charac-
teristics was done with the assistance of a 
local pediatric geneticist. A “Donor Report,” sim-
ilar to an autopsy report (Talarico, 2010, 2013) 
used by the IUSM-NW on adult, human cadav-
er donors, was adapted to record gross obser-
vations and quantitative data. Measurements 
done were head circumference, crown-to-rump 
length, crown-to-heel length, chest circumfer-
ence, internipple distance, biparietal diameter, 
outer and inner canthal distances, ear length 
and position, philtrum length, palpebral fissure 
length, hand length, middle finger length and foot 
length. Digital photography of the external fea-
tures was done using a NIKON D3100 SLR Cam-
era (B&H Foto & Electronic Corporation, NY) 
equipped with an 18-55 mm VR NIKKOR Macro 
lens and a Nikon 40 mm f/2.8G AF-S DX NIK-
KOR 2200 VR Micro lens. All observations and 
measurements were compared with centile 
charts and average growth patterns seen in ear-
ly human development. 

X-Ray film imaging 

Plain x-ray imaging was done in the radiology 
suite located on the second floor of the Dunes 
Medical Professional Building of the IUSM-NW. 
The following plain films were obtained: (1) ante-
rior-posterior (AP) chest; (2) AP abdominopel-
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  ASSESSMENT ITEM MEASUREMENTS 

GESTATIONAL  
age 

 Head & Neck 

  

Head Circumference* 20.1 cm 
Biparietal Diameter 5.6 cm 

Outer Canthal Distance 4.7cm 
Inner Canthal Distance 1.3 cm 

Ear Length 1.8 cm (R); 1.8 cm (L) 
Philtrum Length 0.2 cm (underdeveloped without curvature) 

Palpebral Fissure Length 1.5 cm (R); 1.5 cm (L) 

Musculoskeletal 

Crown-to-Rump Length* 16.5 cm 
Hand Length 4.1 cm (R); 3.9 cm (L) 

Anatomical Hand Length 2.3 cm (R); 2.2 cm (L) 
Middle Finger Length 1.8 cm (R); 1.7cm (L) 

Foot Length (heel-to-big toe) 5.1cm (R); 5.2 cm (L) 
Thorax Internipple Distance 3.5 cm 

GROWTH 
age 

Musculoskeletal 
Standing Height UTP 
Supine Length UTP 

Crown-to-Heel Length* 28.8 cm 

Thorax Chest Circumference* 21.0 cm 

Other Body Weight UTP 

EXTERNAL  
characteristics 

Abdominopelvic 
Genitalia Labia major completely cover labia minora 

and clitoris 
Umbilical cord 2 umbilical arteries and 1 umbilical vein 

(dissected) 

Head & Neck 

Palate No clef palate 
Low–set Ears 0.4 cm (R); 1.5 cm (L) 

Nose Squashed, nares flared 
Pinna Well-defined incurving of whole upper pin-

na 
Calvaria Depressed frontal bone and parietal bones 
Mouth No clef lip 

Musculoskeletal 

Lanugo Hair Bilaterally present over the lateral shoulder, 
brachium and antebrachium 

Plantar Creases 3 creases over anterior two-thirds, and 1 
crease over the anterolateral one-fourth, of 

the sole 
Palmar Creases 3 creases stretching medially across two-

thirds of the surface 
Thorax Nipple   

Other 

Meningoencephalocele 6.84 cm in length; 1.94 cm in diameter 
Exploded Inion 2.4 (smallest) - 2.9 cm (greatest) in diame-

ter; 6.61 cm2 (area) 
Tuft of Hair Integument closed over lumbar region with 

a single tuft of hair inferior to the menin-
goencephalocele 

Table 1. Age-specific item analysis and characteristics 

This table shows the characteristics and measurements of the fetus used to estimate gestational vs. growth age. Data was compared to 

values established in the literature (Roberton, 1992; Stevenson, 2006; Winter, 1988). [Abbreviations: left (L); right (R); UTP (unable to perform)]. 
*Items used to estimate both gestational age and growth age per established values in the literature.  
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vic; (3) upper extremity (pectoral girdle, brachi-
um, antebrachium and carpus/manus); (4) lower 
extremity (pelvic girdle, thigh, leg and foot); (5) 
AP skull and lateral (Lat) skull. 

Advanced medical imaging 

Full-body, high-resolution CT and MRI imaging 
was done at Methodist Hospitals Southlake Cam-
pus (Merrillville, IN) using a 64-slice CT scanner 
(General Electric Lightspeed®) capable of 3-
dimensional (3D) reconstruction, and an MRI 
scanner (General Electric HIGH Speed MRI). 
Coronal (COR), axial (AX) and sagittal (SAG) 
views were generated both digitally and on film. 
Additional MRI scans included: (a) MRI of the 
brain including T1-weighted (Wtd) AX and SAG; 
T2-Wtd AX, AX diffusion, and FLAIR AX scans; 
(b) MRI of the abdomen and pelvis to include 
T1- and T2-Wtd sequences in COR and AX 
planes; (c) MRI of the knees, hips, and shoul-
ders to consist of T1-, T2-Wtd, and STIR images 
in at least two planes; (d) MRI of the entire spine 
including T1- and T2-Wtd SAG images. 

Image analysis 

Processing of images, creation of 3D-
reconstructions, and quantitative image analysis 
were done using Konicia PDI Viewer 1.00 
V1.0R0.00 (KONICA Minolta, Ramsey, NJ) and 
TDK CDRS Dashboard V1.0.0.5 (TDK Medical, 
Minneapolis, MN) for digital x-ray films; 
eFILMTM LiteTM Viewer 3.0 (Merge Healthcare, 
Chicago, IL) for radiographic series from CT-
Scans; and Philips iSite Viewer (Philips iSite, 
Amsterdam, Netherlands) for radiographic se-
ries from MRI Scans. Additional image analy-
sis and reconstruction- reformatting was done 
using TERARECON 3.0 (TERARECON, Inc., Foster 
City, CA) on radiographic series from CT Scans 
and MRI Scans. 

RESULTS 

Gross examination of the fetus 

A human female fetus, thought to be 26-
weeks gestational age, was examined during 
the course of training in the Summer 2011 
and 2012 International Human Cadaver Pro-
section Program and the formal gross anato-
my course at the IUSM-NW (Talarico, 2010). 
Physical examination and comparison to cen-
tile and development charts (Roberton, 1992; 
Stevenson, 2006; Winter, 1988) was done to 
estimate growth and gestational age. Gesta-
tional age is defined as a developmental age 
estimated by the time elapsed from the last 
menstrual period (unknown in the present 

case) with the appearance of physical char-
acteristics such as palmar and plantar creas-
es, patent nares, open palpebral fissures, 
presence of nipples, and finger nails, etc. In 
contrast, growth age is a measure of develop-
ment or morphogenics (i.e., body size, weight, 
length, psychomotor skills, etc.) expressed in 
terms of norms when compared to other indi-
viduals of the same gender and chronologi-
cal age. The gestational age of the fetus de-
scribed here was estimated be between 36-
38 weeks, and the growth age to be approxi-
mately 26 weeks. These results are summa-
rized in Table 1. 

Briefly, the fetus was dysmorphic with bilat-
eral talipes and enlarged limbs. The chest cir-
cumference was approximately 21.0 cm 
(estimation was due to partial obstruction by 
the meningoencephalocele). Crown-to-heel 
length and a crown-to-rump length (Fig. 1A) 
were 28.8 cm and 16.5 cm, respectively. The 
head circumference was 20.1 cm, and the cal-

Fig. 1. Gross photography of female fetus. (A) Right 
lateral view of 36-38 week, gestational female fetus 
with crown-to-rump length of 16.5 cm. (B) Anterior 
view showing malformed facial features and en-
larged hands and digits. (C) Left lateral view showing 
large meningoencephalocele draped over thoracic and 
lumbar spine. (D) Posterior view of meningoencephalo-
cele. 
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varia had a large posteroinferior defect in the 
occipital bone and a severely depressed 
frontal bone and parietal bones (Fig. 1A-C). 
The meningocele was encapsulated within a 
thin, membranous sac (Fig. 1D), and measured 
6.84 cm from its origin to terminus. A tuft of 
dark hair was present on the medial aspect 
of the dorsum inferior to the meningoen-
cephalocele. The left and right palpebral fis-
sures were marginally opened (Fig. 2A), and 
the length of the palpebral fissures, from lateral 
to medial canthus was 1.5 cm. Low-set ears 
were observed, and ear location was deter-
mined by drawing a line from the superior 
most border of the pinna perpendicular to a 
line parallel to and at the level of the lateral 
canthus (Fig. 2A). The helices of the right 
and left ears were 0.4 cm and 1.5 cm, re-
spectively, inferior to the line drawn posteriorly 
from the lateral canthus of each eye (Fig. 2A). 
The palms had multiple creases stretching 
medially across the surface (Fig. 2B); digits 
were properly developed on both hands, and 
each digit had an associated fingernail located 
on the distal phalanx. The right foot measured 
5.1 cm and the left (Fig. 2C) was 5.2 cm in 
length. Lanugo hair (Fig. 2D) was seen on the 

brachium, antebrachium, and the lateral as-
pect of the shoulder, bilaterally. Genital exam-
ination showed the labia majora to fully cover 
the labia minora and clitoris. 

Medical imaging 

Plain X-ray, full-body, right Lat (Fig. 3) and AP 
views showed that the frontal, occipital, and pari-
etal bones were underdeveloped and malformed. 
Meroencephaly and rachischisis are present. The 
embryonic exencephalic brain shows nervous 
tissues with extensive degeneration. The re-
mains of the brain appear as a spongy, vascular 
mass consisting mostly of hindbrain structures 
and meningoencephalocele. Gas can be ob-
served in the gut (Fig. 3); a primitive rectal canal 
is present with patent anus. Skeletal structures 
are appropriate for stage of development, and 
bilateral talipes is present (Fig. 3). 

Using a CT AX series, images at 0.25 mm slice 
thickness were created of the entire fetus in COR 
and SAG planes. Multi-planar reformatting 
(MPR) was used to view slices in different planes 
for further analysis and measurement (Fig. 4). 
MPR also provided information on the spinal col-
umn showing segments of abnormal cervical 
and thoracic curvatures (Fig. 4B). The thorax is 
kyphotic and there is extension in the cervical 

Fig. 2. Assessment of gestational characteristics. (A) 
Right lateral view of head showing lines (black) 
used to determine presence of low set ears. (B) 
Supinated view of left hand showing palmar creas-
es used to estimate gestational age. (C) Plantar view 
of left foot showing full-length measurement and 
plantar creases. (D) This photograph documents the 
presence of lanugo hair (white arrows) in the integu-
ment over the right shoulder, brachium and antebrachi-
um. 

Fig. 3. Right lateral X-ray film. The fetal specimen 
was imaged using plain x-ray. Note in this image the 
lack of density of bony structures (normal at this ges-
tational age). The spine, meningoencephalocele, and 
gut tube (radiolucency) are observed. Cervicothoracic 
lordosis is also visible. 
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regions giving rise to the gross appearance 
(Fig. 1A-1C) of the head sitting hyperextended 
on a flexed cervical spine. Thus, the anatomical 
structures associated with the anterior portion on 
the cephalic region (orbits, nose and chin) are 
inclined (Fig. 1B and 1C; Fig. 2A; Fig. 3). 

Cervicothoracic lordosis and esophageal atresia 
were detected in COR and SAG views and meas-
urements of this blind-ended gut tube were 

done using MPR images (Fig. 4B and C). Pos-
terior to the trachea, the esophagus is shown 
extending from C3 to T5 (vertebral discs were 
used as reference points to clarify the bounda-
ries of the esophagus). The esophagus meas-
ured 2.0 cm in length from proximal (i.e., pharyn-
geal) end to the distal, blind-ended sac (in this 
case the “nuchal level’). Superior to the tra-
chea, the proximal opening of the esophagus 

Fig. 4. Multi-planar reformatting computed tomography image analysis. Multi-planar reformatting technology was 
applied to axial series (A), yielding sagittal (B) and coronal (C) and (D) images. Note the trachea and esopha-
gus in (B); carina, esophagus and bronchi in (C). Slices in this series move inferiorly (D), where the esophagus is 
absent. [Abbreviations: trachea (T); esophagus (E); carina (C); bronchi (B)] 

Fig. 5. Sagittal magnetic resonance imaging (MRI) of fetus. (A) MRI scan demonstrates underdeveloped calvaria 
(yellow arrow) with absent cerebral hemispheres. Only primitive neural tissue remains protruding into a dorsal 
meningoencephalocele (asterisk). Lungs are underdeveloped. (B) High-resolution, T2-weighed MRI averaging 
shows flatus in the gut; fluid in the meningoencephalocele and cervicothoracic lordosis. 
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 normally enlarged orbits are visible in the anteri-
or view (Fig. 7A). Further, the enlarged orbit and 
depressed frontal bone and right parietal bone 
are appreciated in the right lateral view (Fig. 7R). 
The posterior view (Fig. 7P) and left-lateral, 
oblique view (Fig. 7L) document a large opening 
in the occipital bone of 2.9 cm maximum diame-
ter (Table 1) continuous with the foramen mag-
num and inion. Further, the vertebrae along the 
full-length of the spinal column are open posteri-
orly, in contrast to a closed vertebral column ex-
pected for the determined gestational age. This 
supports the associated malformation of Spina 
bifida, and given the presence of closed skin 
and hair over the lumbar region, also gives evi-
dence for Spina bifida occulta. 

DISCUSSION 
This study has described a case of inienceph-

aly in a human female fetus of gestational age 
36-38 weeks. Measurements showed a differ-
ence in the gestational age versus the growth 
age of the fetus. This is evidence of intrauter-
ine growth retardation (IUGR). IUGR is typically 
defined as less than 10 percent of predicted 
fetal weight for gestational age, may result in 
significant fetal morbidity and mortality if not 
properly diagnosed (Vandenbosche and Kirchner, 
1998; Moh et al., 2012). This condition is most 
commonly caused by inadequate maternal-fetal 
circulation, with a resultant decrease in fetal 
growth. Other causes include intrauterine infec-
tions such as cytomegalovirus and rubella, and 
congenital anomalies. In this investigation, the 
growth age of this fetus was estimated to be 26 

had an AP-diameter of 0.6 cm and an AP-
dimension of 0.4 cm at the level of the carina 
(Fig. 4C). The carina gave rise to major bronchi 
and esophagus became absent inferiorly (Fig. 
4C vs. 4D). 

Because the gantry of the MRI unit was too 
large for a fetus, the fetus was placed in supine 
position inside a head magnet, and then into 
the gantry to enhance image resolution. Full-
body series were obtained using high-
resolution 1.00 mm thick slices. MRI images 
reveal an underdeveloped calvaria, absent cer-
ebral hemispheres, underdeveloped mid-brain, 
cerebellar hypoplasia and primitive neural tis-
sues protruding into the meningoencephalocele 
from the posteroinferior defect in the occipital 
bone (Fig. 5). The meningoencephalocele 
measured 6.84 cm from caudal to rostral ends 
and had an AP-thickness of 1.94 cm in the cer-
vical region. The lungs were underdeveloped 
and the kidneys were absent. MRI averaging 
(Fig. 5B) showed the severe extent of cervi-
cothoracic lordosis and the presence of flatus in 
a discontinuous gut tube, as well as extension 
of tissue-fluid meningocele inferiorly to level L3 
seen in the SAG view. 

Image analysis 

Dimensions of the meningoencephalocele 
were determined from multiple sites on the dor-
sum of the fetus: mid-sagittal (cervical), mid-
point (thoracic), and distal (lumbar) segments, 
and were evaluated through CT and MRI im-
age reformatting. These measurements define 
the size, shape and location of the menin-
goencephalocele with reducing dimensions 
along progressively distal measuring sites. 
The mid-sagittal segment, located posterior to 
the second/third cervical vertebrae measured 
2.2 cm. The thoracic segment measured 1.4 
cm, and the distal portion measured 0.9 cm. In 
the cervical region, the posterior aspect of the 
vertebrae was open and the meningoencepha-
locele was contiguous with a defect in the 
foramen magnum, which is an anomaly known 
as rachischisis. 

CT 3D-reconstruction was used with an ap-
plied “abdomen-bubble” filter to create a 
“bubble” construct of the head and “neck” re-
gion (Fig. 6). This construct clearly shows the 
anatomical relationship of the esophagus and 
trachea, and supports the diagnosis of esopha-
geal atresia showing that at 3.0 cm inferior to 
the esophageal terminus, only the carina and 
subsequent major bronchi are visible (Fig. 6 and 
Fig. 4B-C). 

TERARECON imaging in multiple views (Fig. 7) 
documented defects in skeletal structures. Ab-

Fig. 6. CT 3D-reconstruction. Three-dimensional re-
construction with applied abdomen-bubble filter was 
used to generate this “bubble” construct showing 
esophageal atresia in this cadaveric specimen. Note 
the blind-ended esophagus (green arrow). [Orientation 
marker in lower right corner: anterior (A); left (L); foot 
or inferior (F)] 
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 weeks, and lags behind that of gestational age 
secondary to the malformations present in associ-
ation with iniencephaly. Here, these were found 
to be esophageal atresia, renal atresia, hypo-
plastic lungs, encephalocele; low set ears, oc-
cipital bone defect; cervicothoracic lordosis, 
depressed frontal and parietal bones, Spina 
bifida and club feet. Similar to the present 
case, David and Nixon (David and Nixon, 
1976) showed that the most frequent system 
affected by iniencephaly is the urinary system 
(affected in 19% of the cases) and was followed 
by the cardiovascular and gastrointestinal sys-
tems each being affected in 8% of cases. 

In iniencephaly, the extreme curvatures of the 

Fig. 7. TERARECON analysis. High-resolution computed tomography scans were graphically analyzed using TER-
ARECON software generating high-resolution, 3-D skeletal reconstructions in the anterior (A); left (L); right 
(R); posterior (P) views and cinema (not shown). Depressed and underdeveloped frontal, parietal and temporal 
bones are observed. There is a large posteroinferior opening at the base of the cranial vault that is continu-
ous with the meningoencephalocele (L and P). The orbits are enlarged. The spinal canal appears open posteriorly 
(P, L an R). 

cervical and thoracic regions of the vertebral 
column orient the head into a stargazing posi-
tion that can be observed on ultrasound, where 
the cervical vertebra are contiguous with the 
foramen magnum of the base of the skull and an 
“exploded” inion, and collectively form the condi-
tion known as rachischisis. Findings from this 
case agree with those characteristics described in 
previous studies such as an encephalocele 
pouch located at the midline of the craniocervi-
cal junction, a significantly short neck and slight-
ly upward turned face, and overgrowth of the 
arms compared to the legs (Aytar et al., 2007; 
David and Nixon, 1976; Winter, 1988). The im-
portant features that help to diagnose inien-
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cephaly are as follows: 
1. Occipital bone deficit leading to enlarged 

foramen magnum. 
2. Irregular fusion of malformed vertebrae. 
3. Incomplete closure of vertebral arches and 

bodies. 
4. Retroflexion of the cervical spine. 
5. Upward turned face with chin continuous 

with chest because of the absence of 
neck.  

Our case had all these features in addition to 
other associated anomalies. 
 

Congenital retroflexion of spine is mainly seen 
in two groups of anomalies: meroencephaly 
and iniencephaly. Two main types of inienceph-
aly have been classified (Cuillier et al., 2003; 
Lewis, 1987): “iniencephaly apertus” which has 
an encephalocele and “iniencephaly clausus” 
which has a spinal defect but no cephalocele. 
Clinically and anatomically, iniencephaly apertus 
should be differentiated from meroencephaly 
with retroflexion of spine, and in addition, inien-
cephaly clausus should be differentiated from 
KFS, Sprengel’s deformity and cervical meningo-
myelocele (Chen, 2007; Munden et al., 1993; 
Sherk et al., 1974). 

Meroencephaly shows a total or partial ab-
sence of neurocranium and retroflexed head is 
not covered with skin. However, in iniencephaly 
the retroflexed head is completely covered with 
skin. Cervical vertebrae are abnormal in inien-
cephaly and they are almost normal in meroen-
cephaly. In the present case the retroflexed 
head was completely covered with skin and a 
large encephalocele was present. With refer-
ence to the differential diagnosis between inien-
cephaly clausus and KFS, KFS is caused by a 
failure of segmentation of the cervical vertebrae 
during early fetal development. Although fusion of 
cervical vertebrae and malformation may be pre-
sent in both, retroflexion of head is usually not 
seen in KFS and the presence of retroflexed 
head should raise suspicion of iniencephaly. 
Sprengel's deformity (also known as high scapu-
la or congenital high scapula) is a rare con-
genital skeletal abnormality where a person 
has one shoulder blade that sits higher on the 
back than the other. The deformity is due to a 
failure in early fetal development where the 
shoulder fails to descend properly from the neck 
to its final position. Critically, it is important to 
differentiate between mild iniencephaly and 
KFS or Sprengel’s deformity because KFS and 
Sprengel’s deformity are not lethal and can be 
surgically corrected. Other entities that come in 

differential diagnosis are nuchal tumors such as 
teratoma, goiter, lymphangioma and Jarcho–
Levin syndrome. 

Other findings in our case are hypoplastic 
lungs, cerebellar hypoplasia, and bilateral tali-
pes. Chen in his study has found pulmonary 
defects in 14.3% of cases (Chen, 2007). Inien-
cephaly carries a bad prognosis; in only six 
documented cases of survival, the diagnosed 
patients suffered from extremely mild forms of 
iniencephaly in comparison to the usual pheno-
typic presentation of (Aytar et al., 2007; Katz et 
al., 1989; Munden et al., 1993). 

In general, the demographic variables associ-
ated with iniencephaly parallel those of meroen-
cephaly, and those for other NTDs associated 
with extra-cranial anomalies, suggesting a 
shared pathogenesis (Stevenson, 2006). Gard-
ner (1979) regarded iniencephaly as “ruptured 
meroencephaly”, this being part of his theory 
that rupture of the neural tube is the pathogenic 
mechanism in NTDs, rather than failure of the 
tube to close. Iniencephaly has also been at-
tributed to an “arrest” in the embryo of the 
physiological retroflexion during the third week of 
gestation or by failure of normal forward bending 
during the fourth week (Pungavkar et al., 
2007). Kjaer et al. (1999) found remnants of 
notochordal tissue in the cervical region of a 16-
week gestational age fetus afflicted with inien-
cephaly. These remnants were observed to be 
located more posteriorly than normal. Further, 
remnants of the notochord found in the thoracol-
umbar region were “curled up”. These observa-
tion led Kjaer’s team to hypothesize that inien-
cephaly might arise because of deviant gene 
expression in the embryonic period affecting the 
dorsoventral orientation of the body axis, as ana-
tomically indicated by the notochordal malposi-
tions. Yet, in another study, application of poly-
merase chain reaction and allele specific diges-
tion with Hinf-I showed a methylenetetrahydro-
folate reductase (MTHFR) C677T polymorphism 
in the maternal parent of a 22-week-old inience-
phalic female fetus (Balci et al., 2001). The 
mother was treated with folic acid supplementa-
tion for future pregnancies, and subsequently 
gave birth to a healthy boy. Although the role 
of MTHFR polymorphism and folate deficiency 
has not been clearly elucidated, carriers of this 
MTHFR polymorphism are at risk for hyperho-
mocysteinemia and maternal hyperhomocyste-
inemia has been associated with an increased 
risk of NTDs (Balci et al., 2001; Christensen et 
al., 1999; Ma et al., 1999). More recently, Tonni 
et al. (2007) also documented a case of inien-
cephaly associated with acrania-encephalocele, 
Spina bifida and abnormal ductus arteriosus in a 
fetus with trisomy 18 at 12-week’s gestation. In 
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this case, the mother had a homozygous state 
for the MTHFR polymorphism. Finally, cases of 
iniencephaly and chromosome mosaicism, mo-
saic trisomy 13 and mosaic monosomy X, have 
been reported (Halder et al., 2005). 

Whether notochordal malpositions, MTHFR 
polymorphisms, chromosomal abnormalities or 
medication use are causative or chance co-
occurrences with iniencephaly is unknown. Per-
haps, like other NTDs, iniencephaly could be a 
condition of etiopathogenetic heterogeneity. In 
any case, clinicians and anatomists need to be 
aware of iniencephaly and its associated mal-
formations. Screening for iniencephaly can be 
done within the first trimester using maternal 
serum and amniotic alpha-fetoprotein (Balci et 
al., 2001; Cameron and Moran, 2009). Howev-
er, ultrasonography is the modality of choice for 
prenatal screening and it provides cost-effective, 
real-time fetal images that can reveal much infor-
mation about the fetus and detect major abnor-
malities such as iniencephaly (Cameron and 
Moran, 2009; Rousso et al., 2003; Sahid et al., 
2000). Prenatal diagnosis may allow for elective 
abortion or preterm induction to avoid labor 
dystocia, maternal trauma during delivery and 
the complication associated with Caesarean 
section (Sahid et al., 2000). In summary, we 
characterize a case of iniencephaly describing 
anatomy and distinguishing this disorder from 
other treatable developmental anomalies. 
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