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Objectives 
 

The objective of the present work is the study of the 
Occipital bone and its implications in the behavior and 
development of the Delphinus delphis. 

 
One of our work hypotheses is that the stranding condition 

of the Delphinus delphis may be due to the symptomatology of the 
Chiari’s diseases reflexed in the spatial biometry of the Occipital 
bone and its Foramen Magnum.  
 

Other objective is to find anatomic concordances that 
highlight developmental laws. 
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1. - PREVIOUS WORK: 

1.1. - Morphology. 

 1.1.1. - General Morphology. 

Craniovertebral region 
 

 
 
Figure 1 Schematic drawings to show the development of the craniovertebral region. A, 
Subdivision of each occipital and cervical sclerotome into a cranial less-cellular and a 
caudal more-cellular zone. B, The derivatives of the sclerotomes. C, The definitive 
structures formed by the sclerotome segments. AA, Anterior arch of the atlas. BO, 
Basiocciput. CN, Cervical nerve. CS, Cervical sclerotomes. C2, Axis. C3, Third cervical 
vertebra. EO, Exoccipital. HN, Hypoglossal nerve. HC, Hypoglossal canal. NA, Neural 
arches. NC, Notochord. OC, Occipital condyle. OS, Occipital sclerotomes. PA, Posterior 
arch. UML, Tripartite piller of the axis (Al-Motabagani, A.M. & Surendra, M. 2006). 
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(1) In humans the cervico-occipital junction develops 

between the last occipital and first cervical sclerotomic segments. 
Normally, the less cellular, loose cranial part of the fourth occipital 
sclerotome with the remaining three occipital sclerotomes located 
rostral to it forms the basiocciput. The more cellular, dense caudal 
part of the fourth occipital sclerotome segment differentiates into 
exoccipital and also participates in the formation of occipital 
condyles laterally. It also contributes to the formation of the 
basiocciput medially (Fig. 1) (Al-Motabagani, A.M. & Surendra, 
M. 2006). 
 

(2) The head circumference is already 65% of its final size 
when the baby is born and 90% at the age of 2-3 years, after which 
it only increases slowly during the remaining growth period 
(Widdowson, E.M. 1981). 
 

(3) The final size of the rat neurocranium is known to be 
reached at an early age. The individual bones of the skull grow 
most rapidly during the first 20 days of postnatal life (Baer, M.J. 
1954). 
 

(4) Karan, M. et al. (2006) reported macroscopically 
distinguishable interspecies differences in bones forming the 
neurocranium among the carnivora.  
 

Occipital 

 (5) In humans, the occipital bone forms from fusion of the 
mesenchyme of at least three occipital somites (Marin-Padilla 
1991).  
 
 (6) In human fetuses the mesenchyme forms cartilage, 
which in turn undergoes the process of endochondral ossification 
to form bone. In addition, there is a membranous tissue caudal to 
the cartilaginous supraoccipital bone plate which undergoes 
intramembranous ossification and ultimately fuses to the 
cartilaginous part (Matsumura et al. 1994).  
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Foramen magnum 

  
 (7) In humans the shape of the foramen magnum depends 
on the stage of fusion of the AIOS (anterior intra-occipital 
synchondroses) and PIOS (posterior intra-occipital 
synchondroses). The foramen is elongated or intermediate as long 
as components of the occipital bone are independent, and rounded 
or intermediate when the four parts begin to fuse. The dimensions 
of the foramen magnum are highly correlated with skull 
measurements, and thus the geographic origin of the sample can 
affect the results (Coqueugniot, H.  & Le Minor, J.M. 2002).In 
dogs the foramen magnum is a ring of bone formed from four 
occipital bone centres; the supraoccipital bone dorsally, the basilar 
part ventrally and the exoccipitals that bear the occipital condyles 
laterally (Evans 1993, Rusbridge, C. &  Knowler,  S. P. 2003).  
 
 (8) Karan, M. et al. (2006) studying the shape of foramen 
magnum found it was oval in all Carnivora species examined 
(marten, cat, otter, badger and dog). The shape of foramen 
magnum was almost oval in badger and raccoon dog (Hidaka et al. 
1998).  
 
 (9) In some species of Halisaurus (Squamata: 
Mosasauridae) from the Late Cretaceous the foramen magnum is 
large and dorsally elongated. (Bardet, N. et al. 2005). 
 

(10) In the Hipposiderid genus (Microchiroptera) from an 
Early Miocene the foramen magnum is oval, being slightly wider 
than deep (Hand, S. J. 2005). 

 
(11) The occipital condyle of Geikia locusticeps (von 

Huene, 1942) (Therapsida: Dicynodontia) from the upper Permian 
is tripartite and the foramen magnum is high and narrow, being 
twice as high as it is broad (Maisch, M.W. 2005). 

 
(12) Watson and others (1989) examined the shape of the 

foramen magnum in 36 dogs (33 beagles) and found a 
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considerable variation in the shape of the foramen magnum even 
within the same breed. 

 
(13) Using Fisher's linear discriminant functions test, the 

length and width of right condyle and width of FM diameters were 
found to be statistically different in each sex (p < 0.001) with 81% 
accuracy. This was the first report studying 3DCT measurements 
of FM, resulting with a sex determination accuracy rate of 81%. 
CT/3DCT can be reliably used in further investigations to provide 
basis for anthropometric and forensic issues. (Uysal, S. 2005). 

 
(14) In humans, Oldfield & others (2001) found that in 

addition to providing an exit for the spinal cord, the foramen 
magnum allows cerebrospinal fluid (CSF) to shunt rostrally and 
caudally between the head and the spine. This rapid efflux and 
influx compensates for brain expansion and contraction during the 
cardiac cycle. 
  
 (15) Further, other researchers (Arsuaga, J.-L., Martinez, 
I.1997; Creed-Miles, M., Rosas, A. 1996; Richards, G.D. & 
Plourde 1995; Tillier, A. M. 1999) are also in the process of re-
evaluating the phylogenetic value of the shape of the foramen 
magnum.   
 

(16) Chroszcz, A. et al., 2006, described the foramen 
magnum morphology of American Staffordshire terrier pups 
examined, its height and width were measured. In all the examined 
skulls, the shape of the foramen magnum was regular and 
ellipsoidal. There were no differences between females and males 
in all parameters. The shape of the foramen magnum was regular.  
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Dorsal notch (Fig.2, measure 4) 
 
   
 

 
 
Figure 2 View of occipital area. The schema of the craniometric measurements. A, 
Acrocranion. B, Basion. 1, Skull height. 2, Height of the occipital triangle. 3, Height of 
the foramen magnum. 4, Length of the dorsal notch. 5, Greatest width of the foramen 
magnum. 6, Greatest width of the occipital condyles. 7, Greatest width of the bases 
jugular processes. 
 

(17) Watson & others (1989), also demonstrated that the 
presence or the absence of the dorsal notch of the foramen 
magnum is primarily due to variations in the degree of ossification 
of the ventromedial part of the supraoccipital bone, and the authors 
concluded that it should be regarded as a variation and not as an 
anomaly as it did not appear to be associated with any impairment 
of function. 
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1.1.2. - Morphological Variability. 

 
Occipital bone dysplasia  
 

 
 

Figure 3 The occipital bone illustrating the extensive dorsal widening of the foramen 
magnum of dog V∗  (Rusbridge, C. &  Knowler,  S. P., 2006).   
 
∗Dog V is a 10-year-old, male CKCS (cavalier King Charles spaniel) with occipital 
hypoplasia/syringomyelia. In a previous study (Rusbridge & Knowler 2003), this popular 
stud dog had been identified as being an important ancestor in an extended family of 
CKCS with syringomyelia occurring secondarily to occipital bone hypoplasia and it was 
the sire and grandsire of several cases confirmed by magnetic resonance imaging (MRI) 
(Rusbridge, C. &  Knowler,  S. P. 2006).   
 
 (18) One abnormality of the development of the canine 
occipital bone is the occipital dysplasia where there is an 
incomplete ossification of the supraoccipital bone, resulting in the 
widening of the foramen magnum. This defect varies from a small 
dorsal notch resulting in a keyhole-shaped foramen magnum to a 
wide midline defect. (Parker & Park 1974, Watson et al.1989; 
Rusbridge, C. 2003). 
  
 (19) In dogs reporting occipital dysplasia, there is a failure 
of complete ossification of the supraoccipital bone (Rusbridge, C. 
& Knowler, S. P. 2003), see Fig.3. 
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(20) Watson and others (1989) examined the shape of the 
foramen magnum in 36 dogs (33 beagles) and found a 
considerable variation in the shape of the foramen magnum even 
within the same breed; the more brachiocephalic the skull, the 
more likely there was occipital dysplasia. In all cases, the bony 
defect was covered by a tough connective tissue membrane which 
extended as far as the nuchal tubercles, so, despite the bony defect, 
the functional shape of the foramen magnum opening was oval and 
brain prolapse was prevented. It is proposed that occipital 
dysplasia occurs when the ventromedial portion of the developing 
supraoccipital bone fails to ossify.    
 
 (21) Occipital dysplasia in dogs does not seem to cause a 
functional problem because the overall shape and size of the 
caudal fossa are unchanged (Rusbridge, C. & Knowler, S. P. 
2003). 
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Syringomyelia 

 

 
 
Figure 4 Cross-section of the cervical spinal cord from dog V. There is an irregularly 
shaped cavitation of the cord (asterix) centred upon the spinal canal and extending as 
fissures into adjacent grey and white matter. Focally, the cavitation extends to the dorsal 
and ventral subdural space. There is a little neovascularisation, accompanied by a few 
macrophages, in the wall of the central areas of the cavities (arrow) (Rusbridge, C. & 
Knowler, S. P., 2006).   
 

(22) Syringomyelia is a tubular cavity in the spinal cord. It 
can occur sporadically in association with spinal cord tumors, 
inflammatory arachnoiditis, or posttraumatically. It is rarely 
idiopathic (less than 1% of cases). The vast majority of cases of 
syringomyelia are cervical, noncommunicating, and associated 
with an abnormality at the foramen magnum, particularly the 
Chiari malformation type I (CM1), as well as basilar impression 
and Dandy-Walker malformation (Speer et al. 2003; Levine, D.N.  
2004).  

 
(23) Williams (1969) postulated that obstruction of the 

subarachnoid space at the level of the foramen magnum could act 
as a valve allowing CSF (cerebrospinal fluid) to flow rostrally 
more effectively than caudally, resulting in a craniospinal pressure 
dissociation and formation of a cavity. 
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(24) Posterior human fossa decompression utilizing 
suboccipital craniectomy and duraplasty remains the standard 
surgical treatment for Chiari-associated syringomyelia. In the 
presence of basilar invagination, anterior decompression, typically 
transoral odontoidectomy or posterior decompression may be 
performed. We report two cases in which anterior and posterior 
(circumferential) decompression of the foramen magnum was used 
to treat cervical syringomyelia successfully. These cases 
demonstrate that circumferential decompression of the foramen 
magnum may be necessary in some cases of cervical 
syringomyelia associated with basilar invagination and Chiari 
malformation (Collignon, F.P., et al. 2004). 
 

(25) Caraceni and Giovannini (1977) reported 4 human sibs 
with syringomyelia who had symptom onset in their thirties or 
forties. Each had variable clinical features, including segmental 
loss of pain and temperature sensation, muscle weakness and 
atrophy of the upper limbs and hands, nystagmus, urinary 
incontinence, and lower limb hyperreflexia and spasticity. 
Radiographic studies of some of the patients showed an enlarged 
foramen magnum and spinal canal.  
 

(26) In a postmortem analysis of 105 patients with 
syringomyelia, Milhorat et al. (1995) concluded that there are 3 
distinct types. The first type (47 cases) encompassed dilations of 
the central canal that communicated directly with the fourth 
ventricle ('hydromelic') and were associated with hydrocephalus 
and severe birth defects, such as Chiari type II malformation and 
open spina bifida. The second type (23 cases) consisted of 
noncommunicating central canal syrinxes ('syringomyelic') that 
arose at variable distances below the fourth ventricle and were 
associated with disorders that affect CSF fluid dynamics, such as 
Chiari type I malformation and basilar impression. The third group 
(35 cases) included extracanalicular parenchymal syrinxes that did 
not communicate with the central canal and were associated with 
injurious spinal cord lesions, such as trauma, infarction, or 
hemorrhage. The findings established several forms of spinal cord 
syrinxes with different etiologies and pathogenesis.  
 

(27) Levine (2004) proposed a novel theory of the 
pathogenesis of syringomyelia associated with lesions at the 
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foramen magnum. Obstruction of the subarachnoid space at the 
foramen magnum leads to transient abrupt changes of CSF 
pressure with increased pressure rostral to the block and decreased 
pressure caudal to the block. These changes produce 
corresponding changes in transmural venous pressure, causing 
compression of vessels above the site of compression at the 
foramen magnum and dilation of vessels below. This leads to 
mechanical stress on the spinal cord resulting in tissue breakdown 
and partial disruption of the blood-spinal cord barrier, allowing 
plasma infiltrate to accumulate in the spinal cord forming a syrinx.  
 

(28) Ostertag (1930) found dominant inheritance of 
syringomyelia in rabbits. 

 
 (29) Obstruction to CSF movement can result in 
development of syringomyelia, a condition whereby 
fluidcontaining cavities develop within the spinal cord (Rusbridge, 
C. & Knowler, S. P.  2006).  
 
 (30) Rusbridge, C. & Knowler, S. P. (2003) hypothesised 
that the basi- and possibly the supraoccipital bone are shortened, 
reducing the volume of the caudal fossa. The cerebellar vermis is 
often pushed through the foramen magnum and the medulla is 
deviated dorsally. Syringomyelia may vary in severity, but for any 
affected animals, it is a debilitating neurological disease, with 
clinical signs such as dysesthesia, cervical/occipital pain, paresis, 
ataxia and scoliosis. 
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Occipital bone hypoplasia 

 
(31) Occipital hypoplasia in dogs results in reduced volume 

of the caudal fossa, leading to overcrowding of the neural 
structures and, in severe cases, development of syringomyelia. 
When concurrent occurrence of occipital dysplasia and occipital 
hypoplasia it is possible that syringomyelia may develop more 
slowly, resulting in presentation with clinical signs in middle to 
old age (Rusbridge, C. 2006). The caudal fossa: is part of the 
intracranial cavity, located between the foramen magnum and 
tentorium cerebelli. It contains the brainstem, medulla, pons and 
cerebellum. This is the most inferior of the fossa. Anteriorly it 
extends to the apex of the petrous temporal. Posteriorly it is 
enclosed by the occipital bone. Laterally portions of the squamous 
temporal and mastoid part of the temporal bone form its walls. It 
contains critical motor and sensory areas and houses cranial nerves 
III through XII. 

 
(32) It is proposed that occipital hypoplasia occurs because 

of an early paraxial mesodermal insufficiency (Marin-Padilla 
1991). 

 
(33) Occipital dysplasia does not seem to cause a functional 

problem because the overall shape and size of the caudal fossa are 
unchanged. In contrast, occipital hypoplasia results in a reduced 
volume of the caudal fossa, which in turn can lead to the 
development of syringomyelia. Occipital dysplasia is common in 
dogs with a rounded skull shape (Watson et al. 1989), and occipital 
hypoplasia is common in the CKCS (cavalier King Charles 
spaniel); therefore, it is not surprising that the two conditions 
should occur in the same dog. What is unusual (in the occipital 
bone dysplasic type of dog V Fig. 5) is that the progression of the 
signs of syringomyelia was initially very slow and neither dog 
displayed severe signs until middle to old age. The majority of 
dogs with syringomyelia occurring secondarily to occipital 
hypoplasia present a severe compromise before seven years of age 
(Rusbridge et al. 2004). It is possible that the membrane covering 
the supraoccipital defect allows for a dynamic expansion and less 
severe obstruction of CSF movement through the foramen 



37 
 

magnum. As a consequence, it is possible that syringomyelia could 
develop more slowly, resulting in later onset signs. In other words, 
dogs with occipital hypoplasia and occipital dysplasia potentially 
may have a milder phenotype than those with occipital hypoplasia 
alone. 

 
(34) If this is the case, then there are implications for 

breeding. If the dog is a breeding male, then the mild or subclinical 
signs may not be recognised by the owner, especially when the 
dog is young. If the dog becomes a popular stud dog, then the 
potential for occipital hypoplasia but not necessary occipital 
dysplasia may be disseminated widely in the breed. Dog V sired 
more than 50 litters and has hundreds of descendants across the 
world. Occipital dysplasia is difficult to identify on MRI; however, 
the foramen magnum can be radiographed in a manner described 
by Parker and Park (1974), with the dog in dorsal recumbency, the 
nose flexed at 25 to 40°, and the x-ray beam centred on the frontal 
sinus. Computed tomography is also likely to be useful. However, 
before recommendations are made for screening, it should be 
established what is acceptable and unacceptable – that is, what 
degree of caudal fossa volume reduction leads to syringomyelia 
(Rusbridge, C. 2003, 2004). 

 
 
Figure 5 Simplified diagram of one familial relationship between dogs V, H, T and O. 
The pivotal ancestral dogs had been identified in previous studies (Rusbridge and 
Knowler 2003, 2004). D and F Pivotal ancestral dogs, H and V Dogs with occipital 
dysplasia, T and O Dogs without occipital dysplasia (Rusbridge, C. & Knowler, S. P., 
2006).   
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(35) The most common cause of syringomyelia in 
veterinary medicines is occipital bone hypoplasia (Rusbridge et al. 
2000), which is inherited in the cavalier King Charles spaniel 
(CKCS) and may be seen in other toy breeds (Rusbridge & 
Knowler 2003, 2004). It is possible to conclude that occipital 
dysplasia may be seen in conjunction with occipital hypoplasia, 
possibly resulting in less obstruction of the foramen magnum and 
later/slower onset of syringomyelia. However, the affected dogs 
may still pass on a tendency for a more severe phenotype to their 
descendants. The presence of occipital dysplasia in conjunction 
with occipital hypoplasia should be taken into account in any 
future studies on imaging, CSF flow or genotyping, and further 
work is needed to establish whether occipital dysplasia does affect 
the pathogenesis of syringomyelia (Rusbridge, C. 2003, 2004). 
 
 (36) Dogs with an apparently mild phenotype for occipital 
hypoplasia/syringomyelia may actually have a more severe 
genotype (Rusbridge, C. 2006). 
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Occipitalization of the atlas 
 
 

 
 
Figure 6 Picture of the morphological variability known as Occipitalization of the Atlas, 
in one specimen of Delphinus delphis (Miramontes Sequeiros, L. C. 2007). 
 
 (37) The total occipitalization of the atlas resulted in 
bilateral obliteration of the atlanto-occipital joints, and the stability 
of the asymmetrical atlanto-axial joints was ensured by the 
additional articular area and the configuration of the facets (Fig.6). 
The aberrant course taken by the vertebral arteries and the 
accessory foramen for the transmission of the suboccipital nerve 
were evident, as demonstrated by the osseous abnormalities. A 
significant reduction in the functional effective area of the foramen 
magnum and asymmetries of the skull base were noted, altering 
the neurocranial morphology. The embryological explanation 
presented to explain the cause of this abnormality indicates that 
segmentation is one of the most crucial prerequisites in vertebrate 
development (Al-Motabagani, A.M. & Surendra, M.  2006). 
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Chiari malformations 

 
 (38) Chiari malformation is a complex abnormality 
consisting of various combinations of brainstem and cerebellar 
malformations usually associated with spinal defects. Two types 
are classically defined:  
  

a) (39) Chiari type I malformation (CM1) is the congenital 
downward displacement of the cerebellar tonsils through the 
foramen magnum into the cervical canal, defined radiologically 
as tonsillar descent of 5 mm or more. CM1 is associated with 
syringomyelia in up to 80% of cases. Although many individuals 
with CM1 are asymptomatic, the malformation can cause 
headaches, ocular disturbances, otoneurologic disturbances, lower 
cranial nerve signs, cerebellar ataxia, or spasticity. Onset of 
symptoms is usually in the third decade of life (D'addario, V. et 
al. 2001; Sun, P. P. et al. 2001; Speer et al. 2003).  

 
(40) Since many cases of CM1 are asymptomatic, 

prevalence estimates may not be accurate. However, a 
retrospective investigation of brain MRIs reported the prevalence 
of CM1 to be 1 in 1,280 individuals (Meadows et al. 2000). Chen, 
Y.Y. et al. (2004), reported that patients with PCH (Primary cough 
headache) had a significantly lower position of the cerebellar 
tonsillar tip above the line of foramen magnum than did the control 
subjects. Therefore, posterior fossa crowdedness, CSF (Cerebellar 
spinal fluid) space decrease, as well as obstruction of the CSF flow 
at foramen magnum might play a role in such headache syndrome 
in patients with CM1. The aetiologies of symptomatic cough 
headache include CM1, posterior fossa space-occupying lesions, 
platybasia/basilar impression, intracranial haemorrhage and brain 
tumours (Rooke, E.D. 1968; Pascual, J. 1996). Therefore, MRI of 
the brain must be performed in every patient with cough headache 
to exclude possible structural lesions (Boes, C.J. 2002). CM1 is the 
most common of these intracranial abnormalities (Pascual, J. 1996; 
Stovner, L.J. 1993). Nishikawa et al. (1997) found that 30 patients 
with Chiari type I malformation had a significantly smaller bony 
posterior fossa compared to controls.  
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(41) The exocciput and supraocciput were smaller and the 
tentorium was steeper, but there was no difference in posterior 
fossa brain volume. They postulated that the etiology of CM1 
involves underdevelopment of the occipital bone, perhaps due to 
abnormal development of the occipital somite originating from the 
paraxial mesoderm, resulting in overcrowding in the posterior 
fossa. Basilar invagination was associated with a more severe 
downward herniation of the hindbrain. Speer et al. (2000) 
postulated that an underlying gene responsible for 
CM1/syringomyelia may have pleiotropic effects that influence 
posterior fossa volume, other skull bone abnormalities, the extent 
of cerebellar tonsil herniation, and the formation of syringomyelia. 
 
 (42) Aydin et al. (2005) reported cranial MRI of 60 adult 
patients with CM1 and tonsillar herniation of at least 5 mm below 
the foramen magnum. All measurements of the posterior fossa 
were reduced in patients compared to controls, except the 
anteroposterior diameter of the foramen magnum. Syringomyelia 
was associated in 46 patients. The findings suggested that the bony 
components of the posterior fossa are not fully developed in these 
patients, supporting the concept that CM1 is a disorder of the 
paraxial mesoderm. 

 
b) (43) Chiari type II (CM2), also known as the Arnold-

Chiari malformation, consists of elongation and descent of the 
inferior cerebellar vermis, cerebellar hemispheres, pons, medulla, 
and fourth ventricle through the foramen magnum into the spinal 
canal. CM2 is uniquely associated with myelomeningocele and is 
found only in this population (Stevenson, E. 2004). It is believed 
to be a disorder of neuroectodermal origin (Schijman, K.L. 2004). 
It is a complex abnormality appearing in the early developmental 
stages, characterized by spinal myelomeningocele associated with 
cerebellar hypoplasia and displacement of the tonsils and of the 
elongated distal brainstem through the enlarged foramen 
magnum.  

 
(44) The evaluation of the posterior fossa and particularly 

the measurement of the clivus–supraocciput angle is a useful 
parameter to recognize Chiari II malformation (D'addario, V. et al. 
2001). In a review, Stevenson (2004) noted that CM2 is associated 
with polygyria, partial or complete agenesis of the corpus 
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callosum, subnormal intelligence, ventricular abnormalities, spina 
bifida and hydrocephalus. Syringomyelia may also be present.  
 

c) (45) Chiari type III is characterized by caudal 
displacement of the medulla and herniation of part of the 
cerebellum in an occipital or cervical meningocele. Part of the 
hindbrain may also be herniated. Hydrocephalus is associated in 
50% of cases. 

 
d) (46) Chiari type IV refers to hypoplasia of the 

cerebellar hemispheres and alterations of the pons with marked 
dilatation of the fourth ventricle, cisterna magna, and basal 
cisterns.  

 
(47) Whereas Chiari types II, III, and IV are considered 

to be primarily neural in origin resulting from neuroectodermal 
anomalies, Chiari type I is considered to result from a 
mesodermal defect (Schijman, K.L. 2004). 

 
e) (48) Two additional types of Chiari malformation have 

been described, one as syringohydromyelia without cerebellar 
tonsillar herniation, but with distortion of the contents of the 
posterior fossa (Iskandar et al. 1998; Tubbs et al. 2001) and the 
other one as a caudal migration of the brainstem and cerebellar 
tonsils often associated with syringomyelia but without spina 
bifida (Schijman, K.L. 2004; Tubbs et al. 2004).  

 
Inheritance  
 
 (49) Several sets of affected monozygotic twins have been 
reported (Stovner et al. 1992; Cavender & Schmidt, 1995; Turgut, 
M.  2001), suggestive of a genetic component. 
  
 (50) Robenek et al. (2006) reported a sister and 2 maternal 
half-brothers with syringomyelia; the 2 brothers also had CM1. All 
had adult onset of symptoms. The authors suggested autosomal 
dominant inheritance. 
 
 (51) Boyles et al. (2006) examined brain MRIs from 99 
individuals from 35 families with CM1. Statistical analyses of 10 
measurements obtained from the posterior fossa showed that 
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posterior fossa volume was highly heritable, while herniation was 
not heritable. The findings supported the cramped posterior fossa 
theory of CM1 pathogenesis and suggested a genetic basis for the 
condition.  

Achondroplasts 

(52) In humans dwarfism syndromes are complex, 
heterogeneous, and generally rare. Achondroplasia is the most 
common short-limbed dwarfism syndrome.  

 
(53) Heterozygous achondroplasia is the prototypical and 

most common rhizomelic (proximal shortening) dwarfism 
syndrome. Although the disease is autosomal dominant in 
transmission, approximately 80 - 90 % of cases are sporadic, 
reflecting mutations. The genetic defect lies at the fibroblast 
growth factor-3 gen. Females are affected more than males. The 
offspring of two achondroplasts may produce a hereditary form of 
the disease known as homozygous achondroplasia. This is a lethal 
form of the disease in the neonatal period.  

 
 (54) Dimario, F.J. (1995) found that achondroplasts had 
significantly smaller frontal lobe depths, optic tract angles, 
foramen magnum diameters and sinojugular transition zones. 
Furthermore, with respect to age, frontal lobe depth was smaller 
when compared to controls and the descending sigmoid sinus area 
became increasingly larger. This study concluded that 
achondroplastic subjects experience dynamic changes in brain 
morphometry resulting in a rostral displacement of the brainstem 
with gradual compression of the frontal lobes due to enlargement 
of the supratentorial ventricular spaces commensurate.  

 
(55) Disproportion between the base of the skull and the 

brain results in internal hydrocephalus in some cases. The 
hydrocephalus may be caused by increased intracranial venous 
pressure due to stenosis of the sigmoid sinus at the level of the 
narrowed jugular foramina (Pierre-Kahn et al., 1980). Hall et al. 
(1982) pointed out that the large head of the achondroplastic fetus 
creates an increased risk of intracranial bleeding during delivery. 
Nelson et al. (1988) concluded that brainstem compression is 
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common in achondroplasia and may account in part for the 
abnormal respiratory function.  

 
 
(56) Foramen magnum stenosis consists in a smaller than 

average foramen magnum is present in all children with 
achondroplasia (Fig.7).  
 

 
 

Figure 7 Radiograph of an achondroplastic child illustrating the foramen magnum 
stenosis (Trotter, T.L. et al., 2005). 
 

(57) The achondroplastic foramen magnum is small at 
birth, and during the first year, it has a severely impaired rate of 
growth especially in the transverse dimension. This markedly 
diminished growth results not only from abnormal endochondral 
bone growth but also because of abnormal placement and 
premature fusion of the synchondroses. 

 
(58) The size of the foramen magnum in patients with 

achondroplasia was small at all ages, particularly in those with 
serious neurologic problems. The data suggest that measurement 
of the foramen magnum may identify achondroplastic individuals 
at high risk of developing neurologic complications (Hetch, J.T. et 
al. 2005). 
 

(59) Nakai, T. et al. (1995) report a case of achondroplasia 
with downward displacement of the brain stem. Although upward 
displacement and anterior angulation deformity of the brain stem 
are common findings in achondroplasia, they were not observed in 
this case, because of a coexistent Chiari malformation. 
 



45 
 

(60) The association between sudden death and 
cervicomedullary compression in infants with achondroplasia has 
been well described. Craniocervical magnetic resonance imaging 
(MRI) findings included narrowing of the foramen magnum, 
effacement of the subarachnoid spaces at the cervicomedullary 
junction, abnormal intrinsic cord signal intensity and mild to 
moderate ventriculomegaly (Pauli et al. 1984; Keiper Jr., G.L. et 
al. 1999).  
 

(61) This lateral skull radiograph (Fig.8) illustrates the 
typical enlarged skull of a patient with achondroplasia. The base of 
the skull and the facial bones are somewhat small. Due to the small 
skull base, the foramen magnum may be small, resulting in 
hydrocephalus. The spinal cord and posterior fossa structures may 
be compressed as well. Ten percent of patients have respiratory 
difficulties due to the midface hypoplasia or spinal cord 
compression. 

 
 

 
 
 
 
 
 
 
 
 
Figure 8 Lateral skull radiograph illustrating the typical enlarged skull of a patient with 
achondroplasia (Trotter, T.L. et al. 2005). 
  

(62) Lachman (1997) reviewed the neurologic 
abnormalities in the skeletal dysplasias from a clinical and 
radiologic perspective. Three important major groups were 
identified: a) achondroplasia (cranio-cervical junction problems in 
infancy, spinal stenosis, and neurogenic claudication in 
adulthood); b) type II collagenopathies (upper cervical spine 
anatomic and functional problems); and c) craniotubular and 
sclerosing bone dysplasias (osseous overgrowth with foraminal 
obstruction problems).  
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Achondroplast and other associated skeletal variations. Anatomical 
concordances. 

 
(63) The genetic defect of achondroplasia lies at the 

fibroblast growth factor-3 gen. This results in defective 
endochondral bone formation with resultant shortening of tubular 
bones. The shaft caliber is less affected because periosteal 
intramembraneous bone formation is not affected. True 
megalencephaly occurs in achondroplasia and has been speculated 
to indicate effects of the gene other than those on the skeleton 
alone (Dennis et al., 1961). 

 
(64) In fact, dwarfism as an entity is a type of skeletal 

dysplasia - a term used to refer to syndromes with abnormal bone 
growth and development-.  

 
(65) Several terms are used when describing which bone 

within a limb is most shortened: a) Rhizomelic: proximal 
shortening (humerus or femur); b) Mesomelic: middle shortening 
(tibia/fibula or radius /ulna); c) Acromelic: distal shortening (hand) 
and d) Micromelic: entire limb shortened. 
 

(66) The limb bones are short, with abnormally wide ends. 
The patient has a head and trunk of normal size, and 
disproportionately short but well-muscled arms and legs. The face 
usually has a large forehead, prominent supraorbital ridges, and 
deepset root of the nose. Sexuality is generally normal, and 
intelligence is distributed as for the general population, with many 
well above-averages (Hecht, J. 1991). 

 
(67) Other characteristics are hyperextensibility of most 

joints, especially the knees, is common, but extension and 
rotation are limited at the elbow. A thoraco-lumbar gibbus is 
typically present at birth, but usually gives way to exaggerated 
lumbar lordosis Dimario, F.J. (1995). 
 

(68) The Figure 9 is a radiograph of the hand of a young 
patient with achondroplasia. The characteristic "trident" deformity 
is present, consisting of separation of the first and second as well 
as the third and fourth digits. Notice the shortened tubular bones of 
the hand, particularly the proximal phalanges. The Figure 10 is a 
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radiograph of the hand of an adult human achondroplast. 
Reidentified are the short tubular bones with a gracile distal ulna, 
characteristic of achondroplasia.  

 
 
 
 
 
 
 
 
 
 
 
Figure 9 Radiograph of the hand of a young patient with achondroplasia showing the 
tipical trident deformity and the shortened tubular bones of the hand.       
 
 
 
         
 
 
 
 
 
 
Figure 10 Radiograph of the hand of an adult achondroplast showing the typical 
shortened tubular bones and a gracile distal ulna. 
 

(69) The radiograph below (Fig. 11) illustrates that 
although achondroplasia is primarily a rhizomelic dwarfism 
(proximal segment), the intermediate segments are also affected to 
a lesser degree. Notice the characteristic "ball-in-socket" deformity 
of the knee consisting of a broad indented metaphysis with a 
rounded femoral epiphysis. Also characteristic is the greater 
shortening of the tibia relative to the fibula. 
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. 
 
 
 
 
 
 
 
 
 
Figure 11 Radiograph showing the characteristic “ball-in-socket” deformity of the knee 
and also the greater shortening of the tibia relative to the fibula. 
 

(70) The radiograph of the humerus (Fig. 12) shows the 
classic metaphyseal flaring of the distal humerus with bowing of 
the shaft. Notice that the shaft thickness is preserved, due to 
preserved periosteal intramembraneous bone formation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12 Radiograph of the humerus illustrating the classical metaphyseal flaring of the 
distal humerus. 
 

(71) Hecht et al. (1988) reviewed the subject of obesity in 
achondroplasia, concluding that it is a major problem which, 
whatever its underlying cause, aggravates the morbidity associated 
with lumbar stenosis and contributes to the nonspecific joint 
problems and to the possible early cardiovascular mortality in this 
condition. Hunter et al. (1996) developed weight for height (W/H) 
curves for these patients. They showed that to a height of about 75 
cm, the mean W/H curves are virtually identical for normal and 
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achondroplastic children. After this height, the W/H curves for 
achondroplastic patients rise above those for the general 
population. 

  
(72) Homozygosity for the achondroplasia gene results in a 

severe disorder of the skeleton with radiologic changes 
qualitatively somewhat different from those of the usual 
heterozygous achondroplasia; early death results from respiratory 
embarrassment from the small thoracic cage and neurologic deficit 
from hydrocephalus (Hall et al. 1969). Yang et al. (1977) reported 
upper cervical myelopathy in a homozygote. 
 

(73) Orthodontic problems were found in 53.8% of 
individuals; only 3.2% of these individuals presented within the 
first 10 years of life.  Apnea was reported in 10.9% of individuals 
by age 4 years and 16.1% of individuals overall (Hunter et al. 
1998). 
 

(74) Tasker et al. (1998) characterized cardiorespiratory 
and sleep dysfunction in 17 patients with achondroplasia referred 
to Great Ormond Street Hospital for Children, London. Three 
distinct etiologic groups were identified: group 1 had a mild 
degree of midfacial hypoplasia resulting in relative adenotonsillar 
hypertrophy; group 2 had jugular foramen stenosis resulting in 
muscular upper airway obstruction and progressive hydrocephalus 
due to jugular venous hypertension; and group 3 had muscular 
upper airway obstruction without hydrocephalus resulting from 
hypoglossal canal stenosis with or without foramen magnum 
compression. In addition, gastroesophageal reflux, which tended to 
occur in group 3 patients, was identified as a significant factor in 
the development of airway disease. 

 
(75) Strom (1984) and Eng et al. (1985) reported to find 

abnormality of the type II collagen gene in achondroplasia. If such 
a defect is present, one might expect ocular abnormality in 
achondroplasia in as much as type II collagen is present in 
vitreous.  

 
(76) Patients with achondroplasia are of normal intelligence 

but may have delay in reaching pediatric milestones. Hearing 
problems may result from multiple ear infections in childhood due 
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to skull abnormalities. Hypochondroplasia is a milder form of 
achondroplasia which presents in late childhood (Lemyre, E. et al. 
1999; Azouz, E.M. et al. 1998). 
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1.2. - Occipital Methodology: the Foramen 
Magnum. 

1.2.1. – Measurements. 

 (77) Measurements of the foramen magnum: a) Height: 
The distance between the midpoints of the dorsal ventral rims of 
the foramen magnum. b) Width: The maximum distance between 
the two occipital condyles. c) Area: By using the formula: 1/4 WH, 
where W = width and H = height of the foramen magnum. d) 
Circumference: Length of the entire rim of the foramen magnum. 
(Sarma, K. 2006). 
 

(78) Wanebo et al.  2001, made a quantitative analysis of 
the human skull, their measurements include the foramen magnum 
area, length, width, anteroposterior condylar length, and axial 
condylar length. 
 
 (79) Coskun, N. et al. 2004, studied the bony structures, 
distances and angles related to the foramen magnum area.  
 
 (80) Muthukumar, N. et al. 2005, measured in the human 
skull: average anteroposterior length of the foramen magnum and 
the width.  
 
 (81) Chroszcz, A. et al. 2006, described the foramen 
magnum morphology of American Staffordshire Terrier pups 
examined, its height and width were measured. The height of the 
skull, maximum width and maximum height of the occipital 
condyle were also measured.  
 
 (82) Guyot L., (2006) used within the craniometric 
measurements the following: the clival angle, the cranial lengths 
and the width and length of the foramen magnum. 
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1.2.2. - Indexes. 

 (83) Muthukumar, N. et al. (2005) measured the 
anteroposterior and transverse diameters of the FM and a FM 
index was calculated by dividing the AP diameter of the FM by the 
transverse diameter. When the foramen magnum index was > 1.2, 
the foramen was found to be ovoid. Forty six percent of the skulls 
studied exhibited an ovoid foramen magnum. 
 
 (84) Al-Motabagani, A. M. et al. (2006), calculated “the 
actual area of the foramen magnum” of the occipital bone  using 
the formula of Radinsky (1967): Area = π × 1/4 × W × H. Where 
W is the maximum width of the foramen magnum and H is its 
maximum anteroposterior diameter in the median plane. An 
estimation of the reduced area was performed with the square 
counting technique using mm graph paper. The percentage 
reduction in the effective area was then calculated. Foramen 
magnum: this opening had irregular margins and no regular shape. 
Anteriorly, the margin of the foramen magnum was found to be 
overlapped by the inferior articular facets of the fused atlas. 
Posteriorly also, the rim of the foramen was encroached by the 
fused posterior arch owing to the oblique union of the atlas. 
Because of this invasion by the parts of the occipitalized atlas, the 
functional size of the foramen magnum was reduced. The effective 
surface area of the foramen magnum was significantly reduced to 
44%. No incidence of a third occipital condyle on the anterior 
margin of the foramen magnum was noted.  
 

(85) Chroszcz, A. et al. 2006 calculated the index of the 
foramen magnum (width/height x 100). 

 
(86) Simoens, P. et al. (1994b) in order to allow a more 

accurate evaluation of the morphology of the foramen, the foramen 
magnum index, defined as the ratio between the maximal width 
and the total height of the foramen, was also computed.  
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1.2.3.- Data processing.  

 (87) In the study of Onar, V. et al. 1997, a total of 32 skulls 
from German Shepherd (Alsatian) puppies were used. These 
animals were divided into two groups and examined individually. 
Group 1 included the puppies of between 43-60 days old. Group 2 
included the puppies of between 61-107 days old.  They based 
their study on the changes in shape and size of the foramen 
magnum and the correlation of normal craniometric measurements 
in the German Shepherd puppies. 
 
 (88) Size and shape of the foramen magnum were studied 
in skulls from 80 Pekingese, 12 Beagles, 9 Doberman Pinschers 
and 7 German Shepherds. After maceration of the skulls, the total 
height (H), normal height (h), maximal width (B) and area of each 
foramen magnum were measured, and skull indices were 
determined. The basic configuration of the canine foramen, 
magnum is ovoid, with a short dorsoventral axis (h) and longer 
horizontal axis (B) (Simoens, P. 1994a). 
 
 (89) Correlation between chronological age and the shape 
of the foramen magnum was determined by correlation tests 
statistically in the studies of Scheuer,  J.L. et al. (1994); Scheuer, 
L. et al. (2000); Coqueugniot, H. et al. (2002). 
 
 (90) Guyot L. (2006) and Naderi, S. (2005) made statistical 
correlation analysis between craniometric measurements.  
 
 (91) Simoens, P. et al. (1994b) studied the size and shapes 
of the foramen magnum in skulls from 75 adult and 5 juvenile 
Pekingese dogs. After maceration of the skulls, the height, width, 
and area of each foramen magnum were measured, and various 
skull indices were determined. The degree of dysplasia, notch 
index, and occipital index of each foramen magnum were 
determined.  
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1.3. – Patterns of Diversity in the Occipital 
Region in the Mammalian Skull. 

 (92) In mammals, the early components of the occipital 
region include the posterior parachocordal plate and the pilae 
occipitalis. The more dorsal tectum posterius is either an occipital 
or an otic element (Gaupp, E. 1906). The pilae occipitalis are 
produced by the caudo-lateral cornes of the parachordal plate, and 
the junction between these two structures is indicated by the 
hypoglossal (or condilar) foramen for cranial nerve XII. In adult 
eutherian skull there is usually only one hypoglossal foramen on 
each side of the basicranium (e.g., marsupials, insectivorans, 
tupais, and various ungulates). However, some eutherians 
(lagomorphos, rodents) and many marsupials are distinguished by 
two or three closely spaced foramina in this region (Novacek 1985, 
1986). The foramen magnum is bounded dorsally by the ventral 
edge of the posterior tectum, laterally by the medial borders of the 
pilae occipitalis, and rostrally by the posterior edge of the 
parachordal plate. A notch on the ventral side of the tectum 
posterius, the incisura occipitalis superior, is first closed by the 
membrane atlantooccipitalis posterior and subsecuently sealed by 
appositional bone from the supraoccipital. This closure does not 
occur in monotremes, where the incisura is retained in adults 
(Kuhn, H.J. 1971).  
 
  (93) The independent evolutionary invasion of an aquatic 
environment in different groups of mammals has resulted in 
convergent specializations in sensory systems of the head. Such 
systems consist of soft tissue structures associated with measurable 
bony features. Sanchez-Villagra, M.R. et al., (2002), quantitatively 
examined skulls of a wide range of small semiaquatic mammals 
(Didelphidae, Soricidae, Talpidae, Tenrecidae, and Muridae), and 
their phylogenetically close terrestrial counterparts to test for 
differences in the development of the trigeminal system and of 
olfactory structures. Most of the semiaquatic sample has smaller 
anterior cranial fossae, larger infraorbital foramina and nerves, and 
larger foramina magna. They interpret these results as generally 
consistent with the observation that semiaquatic mammals have a 
well-developed trigeminal system and underdeveloped olfactory 
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system relative to terrestrial taxa. However, there are exceptions to 
this trend, explanations for which must be examined on a case by 
case basis. Only semiaquatic tenrecs consistently show basicranial 
fenestrae and absent lacrimal foramina. The size of the 
vomeronasal organ in the Tenrecidae is not affected by 
semiaquatic habits.  
 

(94) Irregularly formed foramen magnum is a very crucial 
clinical problem. Underdevelopment of the foramen magnum and 
its irregular shape are one of the reasons for the Chiari’s syndrome 
occurrences in humans. In veterinary medicine a dorsal notch is 
most possible to occure as well as an additional foramen in the 
occipital squama (Marin-Padilla, M. & Marin-Padilla, T. M. 1977; 
Nishikawa, M. et al. 1997; Karagoz, F. et al. 2002;   Nash, J. et al. 
2002; Chrószcz, A. et al. 2006). 
 
 (95) In the study of Onar, V. et al., 1997, a total of 32 
skulls from German Shepherd (Alsatian) puppies were used. In all 
the animals examined, the dorsal bone of the foramen magnum 
was closed, therefore any extension or dorsal notch was not seen. 
Such an extension or dorsal notch of the foramen magnum in the 
German Shepherd puppies may therefore be the result of a 
pathological condition. 
 

(96) Simoens, P. et al. (1994a, 1994b) studied the size and 
shape of the foramen magnum in skulls from Pekingese dogs. The 
large variability in the shape and size of the foramen magnum and 
the absence of any neurologic problems in dogs of this study 
indicate that the dorsal notch of the foramen magnum in 
brachycephalic dogs is a normal morphologic variation, rather than 
a pathologic condition. 
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1.4. – Geographical Differenciation of the 
Occipital Bone. 

 (97) Chimimba, C. T. (2001a), recorded eleven basic 
cranial measurements to the nearest 0.05 mm using a pair of 
Mitutoyo digital calipers in rats. These variables, defined by 
Chimimba & Dippenaar (1994, 1995) and Chimimba (1997) and 
selected on the basis of an objective procedure developed by 
Taylor (1990), Taylor & Meester (1993), Chimimba & Dippenaar 
(1995) and Chimimba (1997), are: greatest length of skull, greatest 
length of frontals, length of nasals to zygomatic arch, greatest 
width of bulla, foramen magnum height, length of M1, width of 
M2, length of angular process to mandibular condyle, length of 
mandibular foramen to condyle, length of I1 to M3, and width of 
M2. 
 
 (98) The second pattern involved a single measurement 
foramen magnum height (F-value= 1.72), which was not 
meaningful geographically. 
 
 (99) Chimimba, C. T. (2001b), report the variation in rats 
involving greatest length of frontals, greatest length of bulla and 
foramen magnum height, three measurements with relatively low 
F-values (3.46, 3.73 and 5.05, respectively) was not meaningful 
geographically.  
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1.5. – Asymmetry. 

1.5.1. - Fluctuant Asymmetry. 

(100) The alteration of the environment may result in 
stressing conditions for the development of organisms. In addition, 
this may contribute to the extinction of many species. Stress is 
defined as any alteration of the normal environment that interrupts 
the steady state of an organism. Organism reactions to stress are 
known as stress general syndrome (Selye, H. 1978). The 
identification of stressed populations can be carried out trough two 
types of characteristics. The first type characteristics are changes 
in community structure, diversity and species relative abundance 
and these changes occur relatively late after the environmental 
alteration (Clarke, G.M. 1993). The second type includes vital 
parameters as survivorship, fecundity, reproduction success etc. 
All of these contribute to the fitness of the organism. Because the 
determination of these vital parameters is difficult and indeed often 
impossible, there is a strong necessity to develop an indicator 
system that evidences the potential stressing alterations before they 
affect the fitness of the organisms (Clarke, G.M.  1994). 
 

(101) A method that fulfils this necessity is the assessment 
of the developmental stability, which is the ability of an organism 
to isolate its development from stressing environmental 
perturbations and to produce an ideal form in a certain 
environment (Leary & Allendorf, 1989). 
 

(102) Developmental stability can be revealed, for 
example, by the individual variability, which refers to phenotypic 
differences among homologous structures, and fluctuating 
asymmetry – non-directional differences between the left and the 
right side of bilateral structures. The latter is extensively used to 
assess developmental stability (Thoday, 1955, 1958; Van Valen, 
1962). 
 

(103) Although ideally symmetrical structures are scarce in 
the real world, they represent an important comparison term for 
deviations (Palmer & Strobeck, 1986), and therefore, provide a 
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convenient method for the study of the influencing factors 
(Palmer, 1994). Supposing that morphological structure 
development is genetically controlled, one can expect both sides to 
be identical because of the same genotype. Thus, the asymmetry of 
these structures would indicate a tendency to deviate from the 
genetically programmed result, during development. The 
differences between the two sides measurements must be 
environmentally induced, and reflect the altering factors effect 
upon development (Waddington, 1942). 

 
(104) Among the “pure” forms of bilateral asymmetry – 

directional asymmetry, antiasymmetry, fluctuating asymmetry – 
the first two ones are genetically or developmentally directed 
while only the last one has an environmental origin, which means 
that it is the result of so-called developmental noise (Palmer & 
Strobeck, 1992). 

 
(105) Developmental stability of the community of striped 

dolphins, Stenella coeruleoalba (Meyen, 1833), that died during 
the Mediterranean epizootic of 1990 was compared with that of the 
population prior to and after the epizootic, to assess whether 
animals that died were the developmentally less stable individuals 
in the population. Significantly, higher levels of fluctuating 
asymmetry (FA) were found in those individuals that died. Tissue 
levels of organochlorine pesticide residues and PCBs were 
determined and the correlation between contaminant concentration 
and FA was tested. No correlations were found between the 
contaminant level and FA (Fluctuating asymmetry) and 
concentrations of contaminants (Pertoldi, C. et al. 2000). 

1.5.2. - Directional Asymmetry. 

(106) Highly significant DAs of the harbor porpoise 
appendicular skeleton were detected. The bones on the right side 
were on average longer, heavier, and had a larger diameter than 
those on the left side. The asymmetries were found to be consistent 
across males and females, yearlings, juveniles, and adults, as well 
as populations (Danish Z.T. West Greenland samples). It seems 
that relative DA is constant over the life-span of the porpoises, and 
that it is probably innate, judging from the lack of difference 
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between yearlings and older specimens. This does not mean that 
the observed DAs cannot be caused by differential mechanical 
loading (Galatius, A. 2005).  

 
(107) In humans, 85% of the fetuses at 10 week gestational 

age move their right arm more than their left (Hepper et al. 1998). 
Lack of data on young specimens in the other species where DA of 
the appendicular skeleton has been reported makes it difficult to 
compare the ontogeny of DA in the harbor porpoise with those 
species. The only data are from humans, and they are somewhat 
ambiguous. Bareggi et al. (1994) found DA favoring the right side 
in the lengths of the three long bones of the arm in 58 aborted 
embryos, and Schultz (1926) found longer right humerii in 52 of 
100 fetuses and longer left bones in 2 1. On the other hand Steele 
and Mays (1995) found larger left humerii in 12 of 14 neonates, 
and Bagnall et al. (1982) found DA favoring the right humerus and 
no significant DA of the radius and ulna in a large sample of 
fetuses (n = 728) ranging from the 9th to the 27th week of 
gestation. In juvenile and adult humans there is consensus 
concerning the pattern of DA described in the Introduction (Steele 
2000). Distributions of R > L, R =L and R < L in human studies 
(Plochocki 2002, 2004) show distributions similar to those found 
here for harbor porpoises. The greatest length DA in this study was 
found in the scapula. The larger muscle groups that act to raise and 
lower the flipper, i.e., the infraspinatus, deltoideus, and 
subscapularis attach to the surface of the scapula (Stricklet 1978), 
and so the greater length of the right scapula may well indicate a 
greater muscle mass associated with the right flipper. The 
diameters of the humerus and ulna showed large asymmetries, and 
the diameterilength ratio also showed strongly significant DA for 
these bones, indicative of a construction built for higher levels of 
mechanical stress (Dawson 1994). 

 
(108) Latimer & Lowrance (1965) found DA of length 

ranging from 0.8% (humerus) to 1.1 % (radius) in a human 
population (calculation on the basis of their data), so the relative 
asymmetries are somewhat larger for humans than for harbor 
porpoises for which the asymmetries for these bones were between 
0.2% (ulna) and 0.7% (humerus). The DA of mass in humans for 
the four bones weighed in this study ranged from 2.1% (radius) to 
4.2% (scapula) (calculation on the basis of Latimer & Lowrance 
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1965), while in harbor porpoises it ranged from 2.9% (humerus) to 
4.5% (ulna), somewhat larger than the DA of humans and rats 
(Fox et al. 1995). There is, of course, a great difference in the 
design and use of the pectoral appendages in humans and 
cetaceans which means that these figures are not directly 
comparable.  

 
(109) In the light of the many recordings of lateralized 

behavior in cetaceans and the nature of the DAs detected in the 
harbor porpoise it seems probable that they are caused by 
differential mechanical loading and hence lateralized use of the 
flippers, though this needs to be verified through behavioral 
studies. However, the limited data available do not in any way 
contradict such a hypothesis. The only direct study of flipper use 
in cetaceans suggests a right-flipper preference for “flippering” in 
the humpback whale (Clapham et al. 1995). Besides such 
specialized behaviors, cetacean flippers are used for directional 
control of swimming and tactile organs in most species (Dawson 
1994), as well as stabilizing the body during swimming (Fish et al. 
2003). If the results of this study are mirrored in actual behavior, it 
may be manifested as lateralized swimming and turning behavior 
which has been recorded in several captive odontocetes (Ridgway 
1986, Sobel et al. 1994, Marino & Stowe, 1997a, b). 
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1.6. – Sex and Stranding condition. 

 
(110) Strandings of cetaceans (whales and dolphins) is 

probably the result of a sequence of events rather than a simple 
cause-and-effect relationship. Strandings of solitary animals are 
more common than massed and generally thought to be due to 
severe disease. Mass strandings (three to several hundred 
individuals) are less common, but very spectacular. Mass 
strandings are considered to be due to a complex of factors in 
which behavioural factors are probably important, severe disease 
making an unimportant or negligible contribution. There may be 
interaction of physical conditions (weather, tides, currents, and 
coastline) and biological conditions (predators, feeding, 
disturbance of echolocation and disease) which result in stranding. 
One postulated reason for stranding is that it is dependent on 
instinctive behaviour, deeply located in subcortical areas of the 
brain, which provokes cetaceans to seek refuge ashore when under 
stress (Cordes, D.O. 1982). 

 
(111) Necropsy and histologic examinations were 

performed in 23 pygmy sperm whales (Kogia breviceps) and 6 
dwarf sperm whales (Kogia simus) that had been stranded singly 
or in cow-calf pairs along the southeastern coastline of the United 
States. At necropsy, the gross findings in the adult whales included 
pale, flabby right ventricles. Microscopically, lesions in the hearts 
of the whales were characterized by moderate to extensive 
myocellular degeneration, atrophy, and fibrosis. Similar changes 
were not seen in 5 of 6 sexually immature whales or in the whale 
calves. Hepatic changes were consistent with heart failure. The 
cause of the myocardial lesions was not determined. The systemic 
effects of failing myocardium probably were a major reason for 
the stranding of the adult whales (Bossart, G.D. et al. 1985). 
 

(112) Hearing organs of the Odontoceti from two mass 
strandings in 1983 and 1986 were examined histopathologically. In 
the 1983 stranding, two of three pilot whales (Globicephala 
macrorhynchus) were necropsied and numerous Nasitrema sp. 
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were found close to the eighth cranial nerve (nervus vistibulo 
cochlearis) in both animals. Patchy degeneration of the eighth 
cranial nerve in and out of the modiolus of the cochlea was 
observed. In the 1986 stranding, five of 125 false killer whales 
(Pseudorca crassiclens) were examined and numerous trematodes 
(Nasitrema gondo) were found in the tympanic cavities. Severe 
degeneration of the eighth cranial nerve was discovered and there 
were many trematode eggs in the nervous and surrounding tissues. 
Parasitogenic eighth neuropathy is proposed again as the cause of 
mass stranding of the Odontoceti (Morimitsu, T. et al. 1987). 
 

(113) Seventeen striped dolphins, Stenella coeruleoalba, 
were found stranded on a West Australian beach. Three animals 
died before a rescue attempt was made and a further three died 
during the rescue. The remaining dolphins were released 24 km 
offshore and were not seen again. One dolphin was noted to have a 
broken mandible. Evidence of physical trauma to the other 
dolphins was minimal; one adult female was observed with some 
peeling skin. Blood was collected for analysis. All dolphins were 
slightly dehydrated and had a leukogram typical of a stressed 
animal. Plasma biochemistry reflected primary muscle trauma. 
There were no clues to the cause of the stranding; observed 
pathology reflected damage that occurred as a direct consequence 
of stranding (Gales, N.J. 1992). 

 
(114) The first case of lymphangiomyomatosis in a marine 

mammal is reported from a stranded male Atlantic bottlenose 
dolphin (Tursiops truncatus). This progressive proliferative 
disease involved the lungs and the mediastinal and probably 
mesenteric lymph nodes. An extraordinarily low level of 
testosterone may have been pathologically significant since all 
reported cases of this disease in humans occur in females (Rawson, 
A.J. et al. 1992).  

 
(115) Four cases of amyloidosis were recognized in a study 

population of 21 (19%) bottlenose dolphins (Tursiops truncatus) 
examined as part of an investigation of the causes of cetacean 
strandings along the Texas Gulf Coast. Amyloid deposition was 
mainly and most prominently in the corticomedullary regions of 
the kidneys and less consistently in the vessels of the spleen, lung, 
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and heart and around acini of the palatal salivary gland and the 
thyroid gland (Cowan, D.F. 1995). 

 
(116) The term contraction band necrosis describes focal 

hypercontraction and lysis of small groups of myocardial cells. 
Contraction band necrosis of the myocardium was identified in 
100% of 52 whales and dolphins (cetaceans) stranded along the 
western coast of the Gulf of Mexico between April 1991 and 
November 1996. The myocardial lesions in the cetaceans were 
identical, both grossly and histologically, to those previously 
described in man and other animals. Such lesions may contribute 
to the high mortality rate in stranded cetaceans (Turnbull, B.S. & 
Cowan, D.F. 1998). 

 
(117) A new disease, angiomatosis, was recognized in 25 

of 54 (46.3%) Atlantic bottlenose dolphins (Tursiops truncatus) 
necropsied after being stranded along the Texas Gulf coast during 
1991-1996. Angiomatosis was first recognized by the authors in 
1992 and has increased in incidence and severity, affecting 100% 
of juveniles and adults. This disease is characterized by 
proliferation of small, thick-walled blood vessels diffusely 
throughout the lungs, without inflammation, exudation, or alveolar 
hemorrhage. The vascular proliferation also occurs in lung-
associated and other visceral lymph nodes. Hemangiomas 
frequently occur in affected lymph nodes and occasionally in the 
lungs. The vascular proliferation reduces airspace and may occlude 
small airways. Angiomatosis appears to be a broad-field defect of 
vascular endothelium. Although this process appears to be an 
increasingly important factor in the morbidity of T. truncatus, its 
etiology has not been determined (Turnbull, B.S. & Cowan, D.F. 
1999). 

 
(118) Morphology of the lymph nodes was examined in six 

bottlenose dolphins (Tursiops truncatus) and three striped dolphins 
(Stenella coeruleoalba) from the Adriatic Sea. All animals had 
been found dead in nature. One group of the nodes was taken from 
the tracheal branching area and was marked as bifurcational lymph 
node, and the other group was taken from the mesenteric root and 
was marked as mesenteric lymph node. Microscopic analysis 
showed that the lymph nodes in both dolphin species were 
surrounded by a connective tissue capsule comprising smooth 
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muscle cells. The parenchyma of the mesenteric and bifurcational 
lymph nodes in bottlenose dolphin was divided into the 
peripherally situated cortex with the lymphatic nodules and diffuse 
lymphatic tissue, and the centrally situated medulla structured of 
the medullary cords separated by the medullary sinuses. These 
lymph nodes structurally correspond to the lymph nodes in the 
majority of terrestrial mammals. The mesenteric lymph node of 
striped dolphin also had a peripherally situated cortex and a 
centrally positioned medulla as the majority of terrestrial 
mammals. In the bifurcational lymph nodes of striped dolphin, 
there was a central dense lymphatic tissue with the lymphatic 
nodules and a peripheral less dense lymphatic tissue structured of 
the cell cords and sinuses. The bifurcational lymph node in striped 
dolphin resembled porcine lymph nodes and belonged to the 
inverse lymph nodes (Vukovic, S. 2005). 

 
(119) The primary bone pathology diagnoses recognized in 

cetacea are osteomyelitis and spondylosis deformans. In this study, 
we determined the prevalence, type, and severity of vertebral 
pathology in 52 pilot whales, a mass stranding species that 
stranded on Cape Cod, Massachusetts, between 1982 and 2000. 
Eleven whales (21%) had hyperostosis and ossification of tendon 
insertion points on and between vertebrae, chevron bones, and 
costovertebral joints, with multiple fused blocks of vertebrae. 
These lesions are typical of a group of interrelated diseases 
described in humans as spondyloarthropathies, specifically 
ankylosing spondylitis, which has not been fully described in 
cetacea. In severe cases, ankylosing spondylitis in humans can 
inhibit mobility. If the lesions described here negatively affect the 
overall health of the whale, these lesions may be a contributing 
factor in stranding of this highly sociable species (Sweeny, M.M et 
al. 2005). 

 
(120) Fresh thyroid glands from Atlantic bottlenose 

dolphins that died after stranding along the Texas coast between 
1991 and 2005 were examined. In infancy, the gland tended to be 
compact, relatively homogeneous, and sometimes partly lobular, 
but with advancing age it became more lobular, the lobules being 
defined by fibrous bands. Lobulation was not necessarily 
accompanied by increased weight, distinguishing it from 
hyperplasia.With age, variation in follicle size and colloid density 
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tended to increase. Other abnormalities included patchy or difuse 
interstitial fibrosis (six cases, 10%) amyloidosis (two cases), 
thyroiditis (one case) and vasculitis (one case). No malignant 
neoplasms were found (Cowan, D. F. & Tajima, Y. 2006).  

 
(121)  Schnell, G. D. et al. (1985) suggested that the degree 

of sexual dimorphism varies geographically for a few characters 
(although in no discernible geographic pattern). Sexual 
dimorphism was demonstrated for 23 of the 36 characters, with 
differences ranging from 0.00 to 5.88 percent. Females 
characteristically had a longer rostrum, while males generally had 
larger skulls overall. In terms of number of characters, the extent 
of sexual dimorphism demonstrated for skulls of spotted dolphins 
goes considerably beyond that shown for any other small delphine. 
A discriminant function involving a combination of 10 characters 
enabled us to identify correctly the sex of more than 75 percent of 
the specimens.  

Analysis of 137 skulls of Fraser's dolphins from the 
Philippines, Japan, Taiwan, Australia, Indonesia, Malaysia, South 
Africa, France, the U.S., St. Vincent and the Grenadines, and the 
eastern tropical Pacific revealed sexual dimorphism in 5 of 26 
measurements (difference of 1.9%-5.8% between males and 
females), similar to levels of cranial dimorphism in other small 
pelagic delphinids (Perrin, W.F. et al. 2003). 
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2. - METHODS AND MATERIALS: 

2.1. – Previous Studies. 

The Laboratory of Animal Anatomy has been researching 
for many years in the Biometry field, we have developed a 
database of craniometrical measurements, among them the related 
to Delphinus delphis and Tursiops truncatus. These data were 
obtained from the National Museums of Scotland; The National 
Museum of Natural History of Paris and The National Museum of 
Natural History of London.  

 
From this database we processed the measurements of 70 

skulls of Delphinus delphis and the results obtained are the 
following: 

    
Table1 Total Explained Variance of the four Principal Components that resume the 
forty- three measurements of the skull in Delphinus delphis. 
 
Principal Component Initial Autovalues 
  Total % of variance % Accumulated 
1 22,160 51,535 51,535 
2 3,115 7,243 58,779 
3 2,539 5,904 64,683 
4 2,113 4,913 69,596 
 
  
Table2 Matrix of correlation values of the three Principal Components Extracted by 
Principal Components Analysis resuming the forty-three measures of the skull in 
Delphinus delphis.  
 
 Principal Components 1 2 3 4 
1 Width of the Postorbital bone ,940    
2 Width of  the Exoccipital bone ,930    
…………… ……..    
24 Width of the Occipital  bone ,730    
……………. ……..    
36 Transverse Diameter of the Foramen Magnum  ,487   
37 Length of the left Orbit    ,691   
38 Length of the right Orbit    ,632   
39 Anteroposterior Diameter of the Foramen Magnum    ,490  
40 Width of the left Parietal    ,667 
41 Width of the right Parietal    ,644 
42 Degree of Calcification of the Right Premaxillary 
Foramina 

   ,580 

43 Degree of Calcification of the Left Premaxillary 
Foramina 

   ,490 
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All measures:  1 Width of the Postorbital bone,  2 Width 
of  the Exoccipital bone, 3 Minimum Width of the Preorbital 
bone, 4 Maximum distance between the Opistion and right 
Ectorbital, 5 Maximum distance between the midpoint of the 
Frontal Suture and the right Frontal Apophysis, 6 Maximum Left 
Length beween the Basion and the Squamous suture, 7 Maximum 
right Length between the Basion and the Squamous suture, 8 
Condylo-basal Length, 9 Length of the left Squamous process, 10 
Maximum distance between the Opistion and the left Ectorbital, 11 
Length of the right Squamous process, 12 Distance between the 
Supraorbital recesses, 13 Length of the Neurocranium, 14 Total 
Body Length, 15 Maximum distance between the midpoint of the 
Frontal Suture and the left Frontal Apophysis, 16 Distance 
between the Basion and the left Premaxillary Foramina, 17 
Distance between the pterigo-basioccipitalis sutures, 18 Maximum 
Width of the right Maxilar, 19 Distance between the Basion and 
the right Premaxillary Foramina, 20 Length of the Occipital bone, 
21 Distance between the Carotid canal and the Sphenopalatine 
foramen (right side), 22 Distance between the Maxilla and the 
Premaxillary  Foramina (left side), 23 Right Parietal Length, 24 
Width of the Occipital  bone, 25 Distance between the 
Hypoglossal Canals of Cranial Nerve XII, 26 Distance between the 
Carotid Canal and the Sphenopalatine foramen (left side), 27 
Maximum Width of the left Maxilar, 28 Left Parietal Length, 29 
Distance  between the Maxilla and the Premaxillary Foramina 
(right side), 30 Maximum Breadth of the Occipital Condyles, 31 
Breadth of the Braincase, 32 Maximum lower Width of the 
Ethmoid bone, 33 Length of the Supraoccipital bone, 34 Width of 
the right Occipital Condyle, 35 Width of the left Occipital 
Condyle, 36 Transverse Diameter of the Foramen Magnum, 37 
Length of the left Orbit, 38 Length of the right Orbit, 39 
Anteroposterior Diameter of the Foramen Magnum, 40 Width 
of the left Parietal, 41 Width of the right Parietal, 42 Degree of 
Calcification of the Right Premaxillary Foramina, 43 Degree of 
Calcification of the Left Premaxillary Foramina. 
 

 
 



71 
 

 
 
 
 
 
Our hipothesis is that a great percentage of the stranding 

cases can be explained by an ossification process problem related 
to osteopetrosis so we have considered the Degree of Calcification 
of  the Premaxillary Foramina an important variable in 
concordance with variations of the Occipital bone. 
 

 
Figure13 Premaxillary Foramina of Delphinus delphis: on the left side the arrow shows a 
high Degree of Calcification, on the right side the arrow shows a low Degree of 
Calcification (Miramontes Sequeiros, L.C. 2007). 
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2.2. – Sample Methods.   

 
The skull measurements where obtained from the marine 

mammals collections of two museums: The Smithsonian National 
Museum of Natural History of Washington (NMNH) and The 
Museum of Natural History of Los Angeles County (MNH). All 
specimens were examined in detail, their morphologic characters 
were recorded, and all the morphometric measurements were taken 
with a digital calliper to the nearest 0.1 mm. 
 

The supply information complementary to our 
measurements was registered in the database of the NMNH: 
Catalogue number, Genus, Family, Current Identification, 
Published Type Name(s), Type Citation(s), Date Collected, 
Sorting Date, Ocean, Sea, Bay, Island, Continent, Country, 
State/Province, County/District, Precise Location, Latitude, Lat 
(Dec.), Longitude, Long (Dec.), Collector(s), Preparation(s), Sex: 
Stage, Physical Maturity, Sexual Maturity, Absolute Age, 
Collection Method, Condition, Reproductive Data, Injury, 
Parasites, Stomach Contents, Weight, Measurements, 
Bibliography, Inventory Status, Donor, Remarks (stranding 
condition, Captured, stomachal contents, etc.).  

 
The supply information complementary to our 

measurements was registered in the database of the MNH:  
Catalogue number, Collection date,  Sex, Specimen 
morphometrics, Genus/Species/Subespecies, Country, State, 
County, Locality, Collector, Preparation Number, Measurements, 
Weight, Remarks (stranding condition, Captured, stomachal 
contents, etc.), Lat (Dec), Long (Dec), Max. Error Distance, 
Extent, Max. Error Units, Radiographs of the skull, flippers and 
spinal cord, Morphometrics, Parasits, Histologycal preparations.  
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2.3. – Materials and measurements. 

We reviewed 652 specimens deposited in marine mammal 
collections of the NMHN and NHM, and their catalogue number 
are in Table 3. 
 
Table3 Catalogue number of the specimens measured (NMNH Washington D.C.; NHM, 
Los Aangeles County).  
NMNH NMNH  NMNH NHM            NHM  NHM  
A0000021917      572776          487834          31491            72407            91919            
A0000021918      572859          487835          52320            72413            91917            
A0000021919      572777          487836          54071            72414            91914            
267478                572871          487837          54068            72412            91912            
267968                572872          487821          54073            72411            91921            
267969                572877          487822          54565            72417            91920            
300191                572875          487823          54568            72418            91922            
395120                572890          487826          54621            72416            91944            
395121                572885          487825          54622            72415            91943            
395768                572893          487828          54626            72420            91932            
395773                572894          487829          54625            72419            91931            
395858                572895          487850          54627            72425            91949            
395859                572900          487849          54628            72423            91947            
395860                572901          487853          54631            72426            91946            
395861                572911          500047          54629            72428            91945            
395862                572927          500048          54632            72495            91957            
395863                572950          500049          54633            84067            91955            
395865                572930          487840          54634            84134           91953            
395923                572972          487839          54635            84171            91952            
470545                572973          487843          54636           84155            91963            
484902                572974          487847          54640            84172            91964            
500272                572975           54641           84178            91961            
500273                572977           54642            84208            91960            
550261                572978           54643            84209           91968            
550262                572979           54644            84207            91969            
550450                572981           54732            84222            91967            
550470                572980           54736            84224            91974            
550475                482780           54738            84229            91973            
550476                482779           54741            84226            91971            
550478                482783           54743            84225            91970            
550755                482784           54744            84255            91979            
504107                482785           54745            84231            91980            
504138                482786           54746            84257            95678            
504202                482797           54748            84279            95675            
504219                482798           72121            84283            95692            
504240                482787           72120            85953            95691            
504241                482788           72119            84280            95693            
504263                482796           72126            86048            95695            
504262                482795           72125            86003            95702            
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504264                482790           72124            86067            95697            
504266                482789           72123            86070            95736            
504268                482791           72130            86069            95723            
504269                482792           72128            86068            95714            
504270                482794           72127            86075            95704            
504271                482799           72133            86076            95744            
504272                482800           72131            86077            95740            
504276                482801           72138            86082            95739            
504277                500081           72136            86083            95825            
504278                500084           72142            86081            95829            
504280                500083           72141            86080            95831            
504281                500086           72139            86086            95830            
504283                500085           72181            86087            95832            
504284                500088           72144            86085            95833            
504285                500087           72293            86084            95957            
504407                500073          72304            88926            95965            
504421                500074           72299            88945            95964            
504616                500075           72333           91304            95966            
504631                500076           72308            91318            95978            
504838                500077           72307            91315           96431            
504840                500078           72306            91317            96433            
504839                500079           72336            91368            96435            
504846                500080           72337            91369            96437            
504878                487848           72335            91370            96438            
504958                500066           72334            91373            96440            
550003                500067           72340            91372            96442            
550004                500068          72341            91371            96444            
550006                500070           72339            91377            91981            
550005                500069           72338            91378            91985            
550007                500071           72345            91375            91982            
550014                500072           72344            91376            91983            
550041                500050           72343            91381            91987            
550015                500060           72342            91382            91988            
550206                500062           72348            91380            91990            
550065                500061           72347            91379            92003            
550211                500065           72346            91385            92001            
550207                500063           72353            91386            92000            
550205                500082           72352            91384            92008            
550192                500099           72351            91383            92004            
550201                500097           72350            91389            92007            
550239                500129           72357            91390            92006            
550240                500131           72355            91388            92012            
550841                500089           72354            91387            92009            
550819                500092           72361            91391            92011            
550846                500091           72358            91394            92026            
550849                500095           72359            91392            92025            
550847                500096           72364            91397            92023            
550875                500142           72365            91398            92015            
550916                500141           72363            91396            92013            
550938                500144           72362            91395            92028            
571232                500143          72368            91751            92029            
571233                500146           72369            91752            92035            
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571234                500148           72367           91400            92037            
571235                500147           72366            91399            92038            
500269                500133           72372            91763           92055            
504877                500134           72373            91764            92064            
504849                500135           72370            91754            92075            
504654                500136           72376            91753            92076            
504820                500137           72377            91775            92090            
504614                500138           72375            91776            92089            
504323                500139           72374            91765            92078            
571438                500140          72380            91783            92097            
571489                500149           72381            91784            92091            
571598                500263           72379           91778            92096            
571620                500264           72378            91777            92092            
571491                500266           72385            91859            92094            
571621                500267           72382            91860            95669            
571635                500256           72383            91853             
571655                487766           72388            91866             
572039                487767           72389            91867             
572110                487768           75387            91865             
572175                487769           72386            91861             
572128                487774           72392            91873             
572176                487773           72393            91872             
572256                487776           72391            91871             
572328                487775           72396            91870             
572338                487777           72397            91878             
572339                487778           72395            91879             
572371                487779           72394            91877            
572415                487780           72398            91874             
572416                487781           72399            91881             
572617                487782           72400            91882             
572618                487791           72401            91891             
572619                487806           72402            91880             
572640                487807           72405            91896             
572632                487809           72406            91904             
572650                487810           72404            91893            
572652                487811           72403            91892             
572655                487830           72409            91909             
572714                487831           72410           91906             
572775                487833  72408            91905             
 
 

The measures where selected from the point of view of 
their significance in the matrix of correlation values (Table2), and 
their relation with the occipital bone. All the datasets were 
measured to the nearest 0.01 mm using a digital calliper. 

 
The measures taken are: 24 Width of the Occipital bone, 36 

Transverse Diameter of the Foramen Magnum (see 1.2.1, 78, 80, 
81 and 82), 39 Anteroposterior Diameter of the Foramen Magnum 
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(see 1.2.1, 80, 81 and 82), 42 Degree of Calcification of the Right 
Premaxillary Foramina, 43 Degree of Calcification of the Left 
Premaxillary Foramina.  

 
The advice on morphometry of Gállego, L. (2005) was 

taken into account in our measures. 
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2.4. – Data Process. 

 
We calculated: 
 
1. - The “Area of the Foramen Magnum” by using the 

formula: 1/4 WH, where W = width and H = height of the foramen 
magnum (see 1.2.1, 77).  

 
2. - The “Index of the Foramen Magnum” was calculated 

by dividing the AP diameter of the FM by the transverse diameter 
(see 1.2.2, 83). 

 
3. - The “Actual Area of the Foramen Magnum” of the 

occipital bone using the formula of Radinsky (1967): Area = π × 
1/4 × W × H. Where W is the maximum width of the foramen 
magnum and H is its maximum anteroposterior diameter in the 
median plane (see 1.2.2, 84). 

 
4. - The “Relative Index of the Foramen Magnum” 

width/height x 100 (see 1.2.2, 85). 
 
5. - The “Inverse Index of the Foramen magnum”, defined 

as the ratio between the maximal width and the total height of the 
foramen, (see 1.2.2, 86). 

 
6. - The Kalya Index (our index): %  of Width of the Right 

+ Left Occipital bone, excluding the FM + Transverse Diameter of 
the Foramen Magnum respect to Width Occipital bone. 

 
We used the Stadistic Package SPSS 15.0 for Windows, 

Version 15.0.1 (22 Nov 2006) Copyright [c] SPSS Inc., 1989 – 
2006 to conduct the data Statistical Analysis.  

 
The indexes 1 to 5 did not arise any significant results so 

we did not include them in the present redaction. 
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3. – RESULTS AND DISCUSSION: 

3.1. - Stranding condition. 

 
Strandings of solitary animals in cetaceans are probably the 

result of a sequence of interactions of physical conditions 
(weather, tides, currents, and coastline) and biological conditions 
(disturbance of echolocation and disease). 

 
Mass strandings involving several hundred of animals 

may be due to other problems and we are not going to study 
them in this work. 

 
 We have recorded some recurrent anomalies reported in 
many works (see 1.6., 110-120) that study the stranding condition 
among cetaceans. The most important and frequent anomalies can 
be listed as follows: 
 
 
Amyloidosis: the association of Budd-Chiari's syndrome with 

amyloidosis may be related to the increased risk of 
thrombosis (Paliard, P. et al. 1983). Amyloidosis in cystic 
fibrosis has been also reported by Mc. Laughlin, A. M. et 
al. (2006). 

 
Angyomatosis: cystic angiomatosis of the craniocervical junction 

associated with Chiari I malformation has been reported by 
Pavanello, M. et al. (2007). 

 
Corticomedullary differentiation: X-ray of long bones revealed 

increased bone density with loss of corticomedullary 
differentiation. Osteopetrosis has been associated with an 
Arnold Chiari malformation, neurological complications 
like spastic quadriparesis, IX, X and XII cranial 
neuropathies and cerebellar signs. The neurological effects 
of osteopetrosis result from a restriction of growth of the 
foramina, through which cranial nerves, spinal cord and 
major blood vessels traverse the skull. Skull also showed 
increased bone density and osteosclerosis more so in the 
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base of skull with non pneumatisation of frontal sinuses 
and sclerosis of mastoid bones. Sclerosis was also noticed 
in the vertebral bodies and pelvis (Kulkarni, M.L. et al. 
2007).  

 
Degeneration eighth cranial nerve: pathological changes in the 

cerebello-pontine angle region and right side deafness 
revealed cochleovestibular nerve compression syndrome on 
the same side. Arnold-Chiari malformation type I, right 
side deafness and left side sensorineural hearing loss 
occurred at high frequencies, as well as, episodes of vertigo 
with nausea and vomit. Arnold-Chiari malformation type I 
and degeneration eighth cranial nerve occurring 
simultaneously might be responsible for deafness in the 
right ear (Urban, I. et al. 2004). 

 
Cystic Fibrosis (CF): suggest that Chiari type I malformation is 

more common in CF than in the general population. The 
possibility of Chiari type I malformation should be 
included in the differential diagnosis of unexplained 
neurologic complaints in patients with CF (Needleman, J. 
P. et al. 2000). 

Flabby and pale right ventricle:  as a possible result of the 
tricuspid atresia associate to Chiari malformations. It is a 
heart lesion. (Bhatnagar, K. P. 2005; Gibson, J. B. 2005; 
Ragland, M. M. 2006). 

 
Heart failure: the most common cause of edema of the legs and 

dyspnea is congestive heart failure. Further differential 
diagnosis such as renal or hepatic failure have to be 
considered. Imaging studies showed a thrombosis of the 
inferior vena cava (IVC) caused by a tumor between the 
right kidney and the IVC. Histological examination 
revealed a leiomyosarcoma of the IVC. Hepatic failure due 
to venous outflow obstruction (Budd-Chiari syndrome, 
BCS) was diagnosed (Eckel, F. et al. 2002). 

Hepatic changes: hepatic parenchymal changes associated with 
Budd-Chiari syndrome (BCS) have been tentatively 
explained by combined arterial and portal perfusion 
disturbances in addition to the complete occlusion of 
hepatic veins (Cazals-Hatem, D. et al. 2003). 
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Osteomyelitis: has been reported in ssociation with Arnold-Chiari 

type II (Aristizábal, A. 2002). 
 
Peeling skin: there is a few reports of skin ulcers and Budd–Chiari 

syndrome associated with PS deficiency (Dillmon, M. S.et 
al.  2005).  

 
Salivary gland: histology of a liver biopsy sample revealed 

findings of chronic nonsuppurative destructive cholangitis 
consistent with PBC. In addition, decreased salivation was 
observed and sialography showed points and spotty pooling 
in the right salivary gland. Based on the clinical and 
histological findings, the diagnosed was a PBC with 
Sjögren’s syndrome complicated by syringomyelia and 
Chiari I malformation (Ohira, H. et al. 2003). 

 
Thyroid gland: Orguc, S. et al. (2004) hypothesized that the 

occurrence of C2 malformation and a thyroglossal cyst is 
not totally independent; their association shown may be 
related to incomplete embryonic development.  

 
 
 

The 99% of the anomalities described in Stranded dolphins 
can be associated with a typical clinical expression of the Chiari’s 
disease. 
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3.2. – Occipital bone. 

3.2.1. – Data Reduction. 

Using the computer program SPSS for all morphological 
analyses, we examined the skull variables individually and tested 
them for significance using F-tests and Levene test. Those 
variables without missing data, which gave the most significant 
differences, were then put into a stepwise discriminant function 
analysis. The order in which this analysis chose the variables 
enabled us to determine the variables’ order of importance in 
discriminating between different groups of dolphins, while taking 
into account correlation between the variables. The best 
discriminating variables were examined individually using pairs of 
means plots. We took the best discriminating variables, derived the 
values of foretold belonging groups, tested for different 
percentages of separation, and estimated the separation between 
the different populations. 

 
Principal component analysis (PCA) is a well-known 

multivariate technique, which reduces the information of many 
variables into fewer, orthogonal dimensions. These principal 
components (PCs) are created so that they account for the 
maximum amount of possible variance and are a useful tool for 
finding the source of variation in the data. An important aspect of 
PCA, as opposed to discriminant analysis, is that it does not use 
any information on group membership and, thus, only accounts for 
the variation observed in the data. Various PCs were investigated 
and the percentage separation was estimated. 
 

Factor loadings (unrotated solution) for the first three 
principal components; analysis was done on a matrix of correlation 
values, with all settings at default. 
 
Table4 Descriptive Statistics of considered specimens of Delphinus delphis. 
 
Samples of Delphinus delphis N 
Stranded 227 
Captured 421 
Unknown 4 
Total 652 
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Table5 Total Explained Variance obtained from the Principal Components Analysis of 
the measures taken in the Captured specimens of Delphinus delphis. 
 
Principal Component Initial Autovalues 
  Total % of Variance % Accumulated 
1 3,274 46,765 46,765 
2 1,821 26,013 72,779 
3 1,097 15,668 88,447 
 
 
Table6 Matrix of correlation values of the three Principal Components Extracted by 
Principal Components Analysis of the measures taken in the Captured specimens of 
Delphinus delphis.  
 
  
 

Principal Components 
1 2 3 

Width of the Occipital bone ,959    
Width of the Left Occipital bone, excluding the FM ,907    
Width of the Right Occipital bone, excluding the FM ,890    
Transverse Diameter of the Foramen Magnum ,716    
Degree of Calcification of the Left Premaxillary Foramina   ,952   
Degree of Calcification of the Right Premaxillary Foramina  ,950   
Anteroposterior Diameter of the Foramen Magnum    ,790 

 
Table7 Total Explained Variance obtained from the Principal Components Analysis of 
the measures taken in Stranded specimens of Delphinus delphis. 
 
Principal Component Initial Autovalues 
  Total % of Variance % Accumulated 
1 2,689 38,419 38,419 
2 1,955 27,925 66,344 
3 1,453 20,756 87,100 
 
Table8 Matrix of correlation values of the three Principal Components Extracted by 
Principal Components Analysis of the measures taken in the Stranded specimens of 
Delphinus delphis. 
 
 Principal Components 

1 2 3 
Width of the Left Occipital bone, excluding the FM ,924   
Width of the Right Occipital bone, excluding the FM ,904   
Width of the Occipital bone ,895   
Degree of Calcification of the Left Premaxillary Foramina  ,809  
Degree of Calcification of the Right Premaxillary Foramina  ,802  
Anteroposterior Diameter of the Foramen Magnum  ,520 -,674 
Transverse Diameter of the Foramen Magnum  ,571 -,666 
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There are significative differences in the values of the 
Transverse Diameter of the Foramen Magnum between the 
Stranded and Captured specimens.  
 

3.2.2. – ANOVA: Stranded and Captured 
specimens in general. 

Testing the normality:  
 

To test the normality of these three most significant 
variables of our data we used the Kolmogorov-Smirnov Test 
among Stranded and Captured specimens of Delphinus delphis: 
Transverse Diameter of the Foramen Magnum, Anteroposterior 
Diameter of the Foramen Magnum and Width of the Occipital 
bone. 
 
Table9 Kolmogorov-Smirnov Test of the Transverse Diameter of the Foramen Magnum 
in the measures obtained from the Stranded and Captured specimens of Delphinus 
delphis. 
 
Stranded N 219 
  Normal parameters  Mean 36,1235 
    Standard deviation 3,27427 
  More extreme differences Absolute ,031 
    Positive ,021 
    Negative -,031 
  Z of  Kolmogorov-Smirnov ,463 
  Asympt. sig. (bilateral) ,983 
Captured N 416 
  Normal parameters  Mean 34,8591 
    Standard deviation 3,08004 
  More extreme differences Absolute ,025 
    Positive ,015 
    Negative -,025 
  Z of  Kolmogorov-Smirnov ,508 
  Asympt. sig. (bilateral) ,959 
Total 636 
Normal parameters  Mean 35,3009 
  Standard deviation 3,20353 
More extreme differences Absolute ,021 
  Positive ,013 
  Negative -,021 
Z of Kolmogorov-Smirnov ,523 
Asympt. sig. (bilateral) ,947 
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In all the cases, the Transverse Diameter of the Foramen 

Magnum in the Stranded and Captured specimens of Delphinus 
delphis measured fits the normal distribution (Table 9).  
 
Table10 Kolmogorov-Smirnov Test of the Anteroposterior Diameter of the Foramen 
Magnum in the measures obtained from the Stranded and Captured specimens of 
Delphinus delphis. 
 
 
Stranded 

 
N 

 
207 

  Normal parameters  Mean 32,8403 
    Standard deviation 3,58149 
  More extreme differences Absolute ,071 
    Positive ,051 
    Negative -,071 
  Z of Kolmogorov-Smirnov 1,021 
  Asympt. sig. (bilateral) ,248 
Captured N 416 
  Normal parameters  Mean 33,0133 
    Standard deviation 3,20650 
  More extreme differences Absolute ,024 
    Positive ,024 
    Negative -,024 
  Z of Kolmogorov-Smirnov ,499 
  Asympt. sig. (bilateral) ,965 
Total 624 
Normal parameters  Mean 32,9606 
  Standard deviation 3,33332 
More extreme differences Absolute ,032 
  Positive ,023 
  Negative -,032 
Z of  Kolmogorov-Smirnov ,788 
Asympt. sig. (bilateral) ,564 
 
 

In all the cases, the Anteroposterior Diameter of the 
Foramen Magnum fits the normal distribution in the whole sample 
and in the Stranded and Captured specimens (Table 10).  
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Table11 Kolmogorov-Smirnov Test of the Width of the Occipital bone in the measures 
obtained from the Stranded and Captured specimens of Delphinus delphis. 
 
Stranded N 221 
  Normal parameters  Mean 140,5062 
    Standard deviation 7,24789 
  More extreme differences Absolute ,048 
    Positive ,029 
    Negative -,048 
  Z of Kolmogorov-Smirnov ,717 
  Asympt. sig. (bilateral) ,683 
Captured N 419 
  Normal parameters  Mean 136,3495 
    Standard deviation 9,50120 
  More extreme differences Absolute ,098 
    Positive ,049 
    Negative -,098 
  Z of Kolmogorov-Smirnov 2,013 
  Asympt. sig. (bilateral) ,001 
Total 641 
Normal parameters  Mean 137,8003 
  Standard deviation 9,00422 
More extreme differences Absolute ,075 
  Positive ,045 
  Negative -,075 
Z of Kolmogorov-Smirnov 1,900 
Asympt. sig. (bilateral) ,001 
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Graphic1 Histogram of the Width of the Occipital bone of the Stranded and Captured 
specimens in general with accumulated frequencies and normal curve. 
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If we consider the Width of the Occipital bone, the 
Stranded specimens are a subgroup with a distribution of 
frequencies close to the normality and very different to the 
Captured specimens that have a high influence in the joint 
distribution because of their greater number and include possible 
future Stranded specimens (possible bimodal curve). 
 
 
 
Table12 Statistics summary of Mean, Variance, Levene’s test (L) and Fisher’s ANOVA 
(F) significance among the three measures studied: Transverse Diameter of the Foramen 
Magnum, Anteroposterior Diameter of the Foramen Magnum and Width of the Occipital 
bone. 
 
 Stranded Captured p-values 

N Mean Variance N Mean Variance L F 
Transverse Diameter 
of the Foramen 
Magnum 

219 36,1 10,72 416 34,8 9,48 ,65 ,00 

Anteroposterior 
Diameter of the 
Foramen Magnum 

207 32,8 12,82 416 33,0 10,28 ,54 ,54 

Width of the 
Occipital bone 

221 140,5 52,53 419 136,3 90,27 ,00 ,00 

N valid 203   414     
 

There are significant differences in the Width of the 
Occipital bone between the Stranded and Captured specimens of 
Delphinus delphis. 
  
 
Table13 Factorial ANOVA using the Ln of the Width of the Occipital bone among both 
Stranded and Captured specimens of Delphinus delphis.   
 
  Sum of squares gl Quadratic mean F Sig. 
Inter-groups ,141 1 ,141 31,822 ,000 
Intra- groups 2,831 638 ,004     
Total 2,972 639      
 

The stranding factor divides the dolphins in two different 
subgroups. 
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3.2.3. – Data Reduction: Stranded and Captured 
specimens taking into account the Geographical 
Distribution. 
Table14 Geographical distribution of the studied specimens of Delphinus delphis. 
  
 N valid 
North Atlantic 
  

Stranded 82 
Captured 11 

North Pacific 
  

Stranded 122 
Captured 403 

Unknown  30 
  

 
The Captured specimens from the North Atlantic Ocean 

have a low valid number so they were not included in the analysis.  
 
 

Table15 Total Explained Variance obtained from the Principal Components Analysis of 
the Stranded specimens of Delphinus delphis from the North Atlantic Ocean. 
 
Principal Component Initial Autovalues 
  Total % of variance % Accumulated 
1 2,952 42,170 42,170 
2 1,772 25,316 67,486 
3 1,291 18,447 85,933 
 
Table16 Matrix of correlation values of the three Principal Components Extracted by 
Principal Components Analysis of the measures taken in the Stranded specimens of 
Delphinus delphis from the North Atlantic Ocean. 
 
 Principal Components 

1 2 3 
Width of the Occipital bone ,905    
Width of the Left Occipital bone, excluding the FM ,902   
Width of the Right Occipital bone, excluding the FM ,862   
Degree of Calcification of the Right Premaxillary Foramina -,441 ,789  
Degree of Calcification of the Left Premaxillary Foramina -,528 ,664  
Anteroposterior Diameter of the Foramen Magnum  ,601 -,552 
Transverse Diameter of the Foramen Magnum  ,511 -,667 
 

There seems to be the same behavior of the Foramen 
Magnum in Stranded specimen’s measures from the North Atlantic 
Ocean (Table 18) and in the analysis of both North Pacific and 
North Atlantic Oceans (Table 8).  
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Table17 Total Explained Variance obtained from the Principal Components Analysis of 
the measures taken in the Stranded specimens of Delphinus delphis from the North 
Pacific Ocean. 
 
Principal Component Initial Autovalues  
  Total % of variance % Accumulated 
1 2,689 38,415 38,415 
2 1,882 26,890 65,306 
3 1,606 22,942 88,248 

 
Table18 Matrix of correlation values of the three Principal Components Extracted by 
Principal Components Analysis of the measures taken in the Stranded specimens of 
Delphinus delphis from the North Pacific Ocean. 
  
  Principal Components 

1 2 3 
Width of the Left Occipital bone, 
excluding the FM 

,953    

Width of the Right Occipital bone, 
excluding the FM 

,934   

Width of the Occipital bone ,879   
Degree of Calcification of the Left 
Premaxillary Foramina 

 ,883  

Degree of Calcification of the Right 
Premaxillary Foramina 

 ,874  

Anteroposterior Diameter of the 
Foramen Magnum 

   ,847 

Transverse Diameter of the 
Foramen Magnum 

   ,807 

 
 
 
Table19 Total explained Variance obtained from the Principal Components Analysis of 
the measures taken in the Captured specimens of Delphinus delphis from the North 
Pacific Ocean. 
 
Principal Component Initial Autovalues 
  Total % of variance % Accumulated 
1 3,261 46,584 46,584 
2 1,823 26,049 72,633 
3 1,105 15,786 88,419 
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Table20 Matrix of correlation values of the three Principal Components Extracted by 
Principal Components Analysis in the measures taken in the Captured specimens of 
Delphinus delphis from the North Pacific Ocean. 
 
 
  Principal Components 

1 2 3 
Width of the Occipital bone ,959    
Width of the Left Occipital bone, 
excluding the FM 

,909    

Width of the Right Occipital bone, 
excluding the FM 

,893    

Transverse Diameter of the 
Foramen Magnum 

,715    

Degree of Calcification of the Left 
Premaxillary Foramina 

  ,952   

Degree of Calcification of the Right 
Premaxillary Foramina 

  ,950   

Anteroposterior Diameter of the 
Foramen Magnum 

   ,799 

 
There are evident differences in the measure of the 

Transverse Diameter of the Foramen Magnum between the 
Stranded and Captured specimens of Delphinus delphis. 
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3.2.4. - ANOVA: Captured and Stranded 
specimens taking into account the Geographical 
Distribution. 

a) Captured versus  Stranded specimens in North Pacific: 
 

Table21 Statistics summary of Mean,Variance, Levene’s test (L) and  Fisher's ANOVA 
(F) significance between the Stranded and Captured specimens of Delphinus delphis 
from the North Pacific Ocean. 
   
 Stranded Captured p-values 

N 
valid 

Mean Variance N 
valid

Mean Variance L F 

Transverse 
Diameter of the 
Foramen 
Magnum 

120 34,7 9,10 399 34,8 9,07 ,41 ,732 

Anteroposterior 
Diameter of the 
Foramen 
Magnum 

119 138,0 43,18 402 136,2 91,05 ,14 ,004 

Width of the 
Occipital bone 

119 32,0 14,63 399 33,0 10,15 ,00 ,049 

N valid 116   397     
 

There are significant differences in the Anteroposterior 
Diameter of the Foramen Magnum and the Width of the Occipital 
bone between the means of Stranded and Captured specimens of 
Delphinus delphis in the North Pacific. 
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b) Stranded specimens in North Pacific versus Stranded 
specimens in North Atlantic: 

 
 
Table22 Statistics summary of Mean, Variance, Levene’s test (L) and Fisher’s ANOVA 
(F) significance between the Stranded specimens of Delphinus delphis from the North 
Pacific and North Atlantic Ocean. 
 
 Stranded North Pacific Stranded North Atlantic p-values 

N 
valid 

Mean Variance N 
valid

Mean Variance L F 

Transverse 
Diameter of the 
Foramen 
Magnum 

120 34,70 9,10 77 37,86 6,59 ,63 ,000 

Anteroposterior 
Diameter of the 
Foramen 
Magnum 

119 32,01 14,63 66 33,82 8,78 ,10 ,001 

Width of the 
Occipital bone 

119 138,07 43,18 79 144,17 47,57 ,67 ,000 

N valid 116   65     
  

There are significant differences in the three measures 
between the Means of Stranded specimens of Delphinus delphis 
from the North Pacific and North Atlantic Ocean despite their 
similar variances. 
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3.2.5. - ANOVA: Captured and Stranded 
specimens taking into account the Geographical 
Distribution and sex.  

 
 
Table23 Descriptive Statistics of the Geographical Distribution and Sex among the 
Stranded and Captured studied specimens of Delphinus delphis.  
  
  Sex N 
North Atlantic 
  
  
  

Stranded 
  

Female 27 
Male 43 

Captured 
  

Female 5 
Male 5 

North Pacific 
  
  
  

Stranded 
  

Female 45 
Male 58 

Captured 
  

Female 194 
Male 207 

 
 
a) Sex versus Captured and Stranded specimens from North 

Pacific Ocean: 
 

Table24 Homogeneity of Variance of  the Transverse and Anterioposterior Diameter of 
the Foramen Magnum and the Width of the Occipital bone, in the Stranded and Captured 
specimens of Delphinus delphis from the North Pacific Ocean versus Sex.  
 
   Measurements Levene’s 

test 
gl1 gl2 Sig. 

Stranded 
  
  

Transverse Diameter of the Foramen 
Magnum 

,017 1 99 ,896 

Anteroposterior Diameter of the 
Foramen Magnum 

1,036 1 99 ,311 

Width of the Occipital bone 4,934 1 99 ,029 
Captured 
  
  

Transverse Diameter of the Foramen 
Magnum 

1,564 1 395 ,212 

Anteroposterior Diameter of the 
Foramen Magnum 

,466 1 395 ,495 

Width of the Occipital bone 1,352 1 398 ,246 
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Table25 Fisher's ANOVA of the Tranverse and Anterioposterior Diameter of the 
Foramen Magnum and the Width of the Occipital bone, in the Stranded and Captured 
specimens of Delphinus delphis from the North Pacific Ocean versus Sex. 
 
   

 Measurements 
 Sum of 
squares  

gl Quadratic 
mean 

F Sig. 

Stranded 
  
  
  
  
  
  
  
  

Transverse 
Diameter of the 
Foramen 
Magnum 
  
  

Inter-
groups 

22,80 1 22,80 2,66 ,10 

Intra- 
groups 

848,35 99 8,56     

Total 871,16 100      

Anteroposterior 
Diameter of the 
Foramen 
Magnum 
  
  

Inter- 
groups 

19,80 1 19,80 1,34 ,25 

Intra- 
groups 

1461,64 99 14,76     

Total 1481,45 100      

Width of the 
Occipital bone 
  
  

Inter- 
groups 

21,79 1 21,79 ,47 ,49 

Intra- 
groups 

4546,60 99 45,92     

Total 4568,39 100      
Captured 
  
  
  
  
  
  
  
  

Transverse 
Diameter of the 
Foramen 
Magnum 
  
  

Inter- 
groups 

16,49 1 16,49 1,83 ,17 

Intra- 
groups 

3553,43 395 8,99     

Total 3569,93 396      

Anteroposterior 
Diameter of the 
Foramen 
Magnum 
  
  

Inter- 
groups 

37,32 1 37,32 3,68 ,05 

Intra- 
groups 

4002,92 395 10,13     

Total 4040,24 396      

Width of the 
Occipital bone 
  
  

Inter- 
groups 

741,19 1 741,19 8,292 ,004 

Intra- 
groups 

35576,23 398 89,38     

Total 36317,42 399      
 

 
There are not significant differences due to sex in the North 

Pacific Ocean specimens.
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b) Sex versus Stranded specimens from the North Pacific and 
North Atlantic Ocean: 

 
 
 

Table26  Homogeneity of Variance of the Transverse and Anterioposterior Diameter of 
the Foramen Magnum and the Width of the Occipital bone, in the Stranded specimens of 
Delphinus delphis from the North Pacific/North Atlantic Ocean versus Sex. 
 
  Measurement Levene’s test gl1 gl2 Sig. 
North 
Atlantic 
  
  

Transverse Diameter of the 
Foramen Magnum 

1,154 1 64 ,287 

Anteroposterior Diameter of the 
Foramen Magnum 

,109 1 54 ,742 

Width of the Occipital bone ,026 1 65 ,872 
North 
Pacific 
  
  

Transverse Diameter of the 
Foramen Magnum 

,017 1 99 ,896 

Anteroposterior Diameter of the 
Foramen Magnum 

1,036 1 99 ,311 

Width of the Occipital bone 4,934 1 99 ,029 
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Table27  Fisher's ANOVA of the Tranverse and Anterioposterior Diameter of the 
Foramen Magnum and the Width of the Occipital bone, in the Stranded specimens of 
Delphinus delphis from the North Pacific/North Atlantic Ocean versus Sex. 
  
     Sum of 

squares 
gl Quadratic 

mean 
F Sig. 

North 
Atlantic 
  
  
  
  
  
  
  
  

Transverse 
Diameter of the 
Foramen 
Magnum 
  
  

Inter-
groups 

37,301 1 37,301 6,034 ,017 

Intra- 
groups 

395,663 64 6,182     

Total 432,964 65      

Anteroposterior 
Diameter of the 
Foramen 
Magnum 
  
  

Inter- 
groups 

23,682 1 23,682 2,910 ,094 

Intra- 
groups 

439,507 54 8,139     

Total 463,189 55      

Width of the 
Occipital bone 
  
  

Inter- 
groups 

371,758 1 371,758 12,962 ,001 

Intra- 
groups 

1864,184 65 28,680     

Total 2235,942 66      
North 
Pacific 
  
  
  
  
  
  
  
  

Transverse 
Diameter of the 
Foramen 
Magnum 
  
  

Inter- 
groups 

22,804 1 22,804 2,661 ,106 

Intra- 
groups 

848,358 99 8,569     

Total 871,162 100      

Anteroposterior 
Diameter of the 
Foramen 
Magnum 
  
  

Inter- 
groups 

19,809 1 19,809 1,342 ,250 

Intra- 
groups 

1461,644 99 14,764     

Total 1481,453 100      

Width of the 
Occipital bone 
  
  

Inter-
grupos 

21,792 1 21,792 ,475 ,493 

Intra-
grupos 

4546,600 99 45,925     

Total 4568,392 100      
 

There are not significant differences due to sex in the North 
Pacific and North Atlantic Ocean specimens.  

 
Other authors (see 1.6, 121) reported the existence of 

morphometric characters related to sexual dimorphism but our 
measures do not support their results. 
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3.2.6.  – Total Length assessment. 
 
Table28 Descriptive Statistics of the Total Length measurements in the specimens of 
Delphinus delphis taken in the museums among the groups: Stranded and Captured 
specimens, Geographical Distribution and Sex. 
  
 
 Sex N Mean SE Variance 
North 
Atlantic 
  
  
  

Stranded 
  

Female 25 206,3 4,7 556,3 
Male 43 214,6 2,2 225,3 

Captured 
  

Female 3    
Male 2    

North 
Pacific 
  
  

Stranded 
  

Female 44 174,9 2,7 335,4 
Male 52 186,1 2,2 260,1 

Captured 
  

Female 187 168,6 1,9 696,4 
Male 199 175,1 2,0 798,8 

 
 

We found geographical differences in the means of the Total 
Length, as it was reported in the literature (see 1.4, 97-99). We 
also found significant differences within the same Ocean between 
Stranded and Captured specimens of Delphinus delphis.  
 

a) Stranded vesus Captured in North Pacific 
 

Table29 Homogeneity of Variance of the Total Length measured in the Stranded and 
Captured specimens of Delphinus delphis from the North Pacific Ocean.  
   
 

Levene’s test gl1 gl2 Sig. 
25,634 1 485 ,000 

 
Table30 Fisher's ANOVA of the Total Length measured in the Stranded and Captured 
specimens of Delphinus delphis from the North Pacific Ocean.  
 
 Sum of 

squares  
gl Quadratic 

mean 
F Sig. 

Inter-groups 6292,211 1 6292,211 9,416 ,002 
Intra-groups 324100,964 485 668,249    
Total 330393,175 486     
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b) North Pacific Stranded vesus North Atlantic Stranded 
 
  
Table31 Homogeneity of Variance of the Total Length measured in the Stranded 
specimens of Delphinus delphis from the North Pacific/North Atlantic Ocean.  
 

Levene’s test gl1 gl2 Sig. 
1,044 1 170 ,308 

 
 
Table32 Fisher's ANOVA of the Total Length measured in the Stranded specimens of 
Delphinus delphis from the North Pacific/North Atlantic Ocean. 
 
 
 

Sum of 
squares 

gl Quadratic 
mean 

F Sig. 

Inter-groups 34238,314 1 34238,314 91,353 ,000 
Intra-groups 63714,287 170 374,790    
Total 97952,601 171     
 
 
 
c) Male Stranded vesus Male Captured in North Pacific 
  
Table33 Homogeneity of Variance of the Total Length measured in the female Stranded 
versus female Captured specimens of Delphinus delphis from the North Pacific Ocean.  
  
  

Levene’s test gl1 gl2 Sig. 
18,823 1 249 ,000 

 
Table34 Fisher's ANOVA of the Total Length measured in male Stranded versus male 
Captured specimens of Delphinus delphis from the North Pacific Ocean. 
  
 

 

 Sum of 
squares 

gl Quadratic 
mean 

F Sig. 

Inter- groups 4962,541 1 4962,541 7,208 ,008 
Intra- groups 171438,482 249 688,508    
Total 176401,023 250     
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d) Female Stranded vesus Female  Captured in North Pacific 
 
Table35 Homogeneity of Variance of the Total Length measured in the female Stranded 
versus female Captured specimens of Delphinus delphis from the North Pacific Ocean.  
 
 

Levene’s test gl1 gl2 Sig. 
10,719 1 229 ,001 

 
Table36 Fisher's ANOVA of the Total Length measured in the female Stranded versus 
female Captured specimens of Delphinus delphis from the North Pacific Ocean. 
 
 Sum of 

squares 
gl Quadratic 

mean 
F Sig. 

Inter- groups 1453,658 1 1453,658 2,312 ,130 
Intra- groups 143967,234 229 628,678    
Total 145420,892 230     
 
 
e) Male North Pacific Stranded vesus Male North Atlantic 
Stranded 
 
Table37 Homogeneity of Variance of the Total Length measured in the male Stranded 
specimens of Delphinus delphis from the North Pacific Ocean versus North Atlantic 
Ocean. 
 

Levene’s test gl1 gl2 Sig. 
,269 1 93 ,605 

 
Table38 Fisher's ANOVA of the Total Length measured in the male Stranded specimens 
of Delphinus delphis from the North Pacific Ocean versus North Atlantic Ocean. 
 
 Sum of 

squares 
gl Quadratic 

mean 
F Sig. 

Inter- groups 19070,969 1 19070,969 78,023 ,000 
Intra- groups 22731,665 93 244,427    
Total 41802,633 94     
 
 
f) Female North Pacific Stranded vesus Female North Atlantic 
Stranded 
 
Table39 Homogeneity of Variance of the Total Length measured in the female Stranded 
specimens of Delphinus delphis from the North Pacific Ocean versus North Atlantic 
Ocean.  
 

Levene’s test gl1 gl2 Sig. 
,059 1 67 ,808 
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Table40 Fisher’s ANOVA of the Total Length measured in the female Stranded 
specimens of Delphinus delphis from the North Pacific Ocean versus North Atlantic 
Ocean.  
 
 Sum of 

squares 
gl Quadratic 

mean 
F Sig. 

Inter- groups 15685,000 1 15685,000 37,836 ,000 
Intra- groups 27775,028 67 414,553    
Total 43460,028 68     
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3.2.7. – Premaxillary foramina 

 
Table41 Descriptive Statistics of the Degree of Calcification of the Premaxillary 
Foramina in the measured Stranded and Captured specimens of Delphinus delphis. 
. 
 
  Degree of calcification  % of population N 
Stranded 
  
  

High 49,0 % 81 
Low  43,6% 72 
Intermediate 7,4% 12 

Captured 
  
  

High 27,1% 106 
Low 65,8% 257 
Intermediate 7,1% 28 

 
 
Table42 Contingency table of the Degree of Calcification of the Premaxillary Foramina 
in the measured Stranded and Captured specimens of Delphinus delphis. 
  

 Degree of calcification Total 
High Low Intermediate   

Stranded 105 102 18 225 
Captured 117 269 31 417 

Total 222 371 49 642 
 
Table43 χ- square tests of the Degree of Cacification of the Premaxillary Foramina in the 
Stranded and Captured specimens of Delphinus delphis. 
 
 Value gl Asympt. Sig. 

(bilateral) 
Pearson's χ -square test 23,996(a) 2 ,000 
Maximum Likelihood  23,773 2 ,000 
Linear by Linear Association 13,592 1 ,000 
N valid 642    
 

The Degree of Calcification of the Premaxillary Foramina 
(see 2.1, Figure 13) is a character with significant differences 
between Stranded and Captured specimens of Delphinus delphis. 
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3.2.8. – Indexes calculation and final data process. 

We have calculated several Indexes used by other authors 
(see 2.4). 
 

Our new Index is the only one that optimizes most 
variables of the Occipital bone area of the skull.  
 

The Kalya Index is: % of Width of the Right + Left 
Occipital bone, excluding the FM + Transverse Diameter of the 
Foramen Magnum respect to Width Occipital bone. 
 
Table44 Pearson’s correlation coefficient between the Total Length and Width of the 
Occipital bone, Sum of theLeft and Right Width of the Occipital bone (S_LR_occ), 
Transverse Diameter of the Foramen Magnum and Kalya Index.** Correlation is 
significative at the level 0,01 (bilateral). 
  
  
  

Total Length 

Width of the Occipital bone 
  
  

Pearson’s correlation ,798(**) 
Sig. (bilateral) ,000 
N 563 

S_LR_occ 
  
  

Pearson’s correlation ,709(**) 
Sig. (bilateral) ,000 
N 548 

Transverse Diameter of the Foramen Magnum 
  
  

Pearson’s correlation ,591(**) 
Sig. (bilateral) ,000 
N 559 

Kalya Index 
  
  

Pearson’s correlation ,128(**) 
Sig. (bilateral) ,003 
N 543 
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Table45 Homogeneity of Variance of the Total Length, Width of the Occipital bone, 
Sum of the Left and Right Width of the Occipital bone (S_LR_occ), Transverse Diameter 
of the Foramen Magnum, and Kalya Index among the Stranded and Captured specimens 
of Delphinus delphis.  
 
  Levene’s test gl1 gl2 Sig. 
Total Length 6,833 1 568 ,009 
Width of the Occipital bone 9,348 1 638 ,002 
S_LR_occ 17,457 1 621 ,000 
Transverse Diameter of the 
Foramen Magnum 

,198 1 633 ,656 

Kalya Index ,088 1 616 ,766 
 

 
Table46 Fisher's ANOVA of the Total Length, Width of the Occipital bone, Sum of the 
Left and Right Width of the Occipital bone (S_LR_occ), Transverse Diameter of the 
Foramen Magnum, and Kalya Index among the Stranded and Captured specimens of 
Delphinus delphis. 
 
  
  

Sum of 
squares 

gl Quadratic 
mean 

F Sig. 

Total Length Inter-
groups 

49994,990 1 49994,990 70,763 ,000 

Intra- 
groups 

401302,060 568 706,518     

Total 451297,050 569      
Width of the Occipital 
bone 

Inter- 
groups 

2499,852 1 2499,852 32,357 ,000 

Intra- 
groups 

49291,055 638 77,259     

Total 51790,907 639      
S_LR_occ Inter- 

groups 
1162,585 1 1162,585 13,981 ,000 

Intra- 
groups 

51640,179 621 83,156     

Total 52802,764 622      
Transverse Diameter 
of the Foramen 
Magnum 

Inter- 
groups 

229,370 1 229,370 23,141 ,000 

Intra- 
groups 

6274,102 633 9,912     

Total 6503,471 634      
Kalya Index Inter- 

groups 
,023 1 ,023 ,002 ,962 

Intra- 
groups 

6361,168 616 10,327     

Total 6361,191 617      
 
 

Total Length shows a significative positive correlation with 
the Width of the Occipital bone, Sum of the Left and Right Width 
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of the Occipital bone (S_LR_occ), Transverse Diameter of the 
Foramen Magnum and Kalya Index (Table 52). 

 
The Levene test was used to assess the variance 

homogeneity among the samples. It demonstrated that the sample 
values for the Total Length, Width of the Occipital bone, Sum of 
the Left and Right Width of the Occipital bone (S_LR_occ) were 
not homogeneous but statistically significant (p<0.05), while for 
the Kalya Index and the Transverse Diameter of the Foramen 
Magnum the sample values were homogeneous and statistically 
significant (p>0.05). The variances were not significant 
homogeneous when comparing Stranded/Captured specimens of 
Delphinus delphis in the following variables: the Total Length, 
Width of the Occipital bone, Sum of the Left and Right Width of 
the Occipital bone (S_LR_occ). We found equal variances when 
comparing Stranded/Captured specimens of Delphinus delphis in 
the Transverse Diameter of the Foramen Magnum and Kalya 
Index. 
 

The study of the measures means by one-way ANOVA 
reported significant results for mean differences in the Total 
Length, Width of the Occipital bone, Sum of the Left and Right 
Width of the Occipital bone (S_LR_occ), Transverse Diameter of 
the Foramen Magnum among Stranded and Captured specimens of 
Delphinus delphis. The Kalya Index has a different significant 
Anova result with an equal Mean among Stranded and Captured 
specimens of Delphinus delphis (Table 54).  

 
This Index is constant in all the specimens and allows us to 

make a comparative base to study the other variables involved 
with the Occipital bone the topic of this Thesis. It compens the 
other variables fluctuation (Width of the Right + Left Occipital 
bone, excluding the FM + Transverse Diameter of the Foramen 
Magnum, and the Width Occipital bone) converting them in one 
constant that could be interpreted as a first Anatomic Concordance 
Law. 

We tried to discriminate between Stranded and Captured 
dolphins taking into account the following variables: Total Length, 
Width of the Occipital bone, S_LR_occ, Degree of Calcification of 
the Premaxillary Foramina, Transverse Diameter of the Foramen 
Magnum. 
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Table47 Autovalues of the canonical discriminant functions employed in the analysis of 
the Stranded and Captured specimens as the gathering variable, and as independent 
variables the Total Length, Width of the Occipital bone, S_LR_occ, Degree of 
Calcification of the Premaxillary Foramina and Transverse Diameter of the Foramen 
Magnum. 
 
Function Autovalue % of variance % Accumulated Canonical  

correlation 
1 ,137 100,0 100,0 ,347 
 
 
Table48 Wilks' lambda distribution corresponding to the analysis made in the Table 49.  
 
Contrast of 
Functions 

Wilks’ 
Lambda 

χ-Square gl Sig. 

1 ,880 68,687 5 ,000 
 
Table49 Matrix of structure showing the combined intra-group correlations among the 
discriminant variables (Total Length, Width of the Occipital bone and Sum of the Left 
and Right Width of the Occipital bone (S_LR_occ), Degree of Calcification of the 
Premaxillary Foramina, Transverse Diameter of the Foramen Magnum) and the 
typificated canonical  discriminant functions. These variables were arranged by their 
correlation with the function. 
 
  Function 

1 
Total Length ,853 
Width of the Occipital bone ,556 
S_LR_occ ,446 
Degree of Calcification of the Foramina -,394 
Transverse Diameter of the Foramen Magnum ,313 
 
 

The foretold belonging group values have been used 
successibly as a gathering variable until the Wilks’ lambda 
distribution was minimized (Table 52). 
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Table50 Auto-values of the canonical discriminant functions employed in the analysis of 
the foretold Stranded and Captured specimens as the gathering variable, and as the 
independent variables the Total Length, Width of the Occipital bone, S_LR_occ, Degree 
of Calcification of the Premaxillary Foramina and Transverse Diameter of the Foramen 
Magnum. 
 
Function Autovalue % of variance % Accumulated Canonical  

correlation 
1 4,129 100,0 100,0 ,897 
 
Table51 Wilks’ lambda distribution corresponding to the analysis made in the Table 52. 
 
Contrast of 
Functions 

Wilks’ 
Lambda 

Chi-Square gl Sig. 

1 ,195 875,509 5 ,000 
 
 
 
 
Table52 Matrix of structure showing the combined intra-group correlations among the 
discriminant variables (Total Length, Width of the Occipital bone, Sum of the Left and 
Right Width of the Occipital bone (S_LR_occ), Degree of Calcification of the  
Premaxillary Foramina, Transverse Diameter of the Foramen Magnum) and the 
typification of the canonical discriminant functions. The variables were arranged 
according to their correlation with the function. 
 

 
 
  
 The Degree of Calcification of the Premaxillary Foramina, 
as a sinonim of osteopetrosis, is the principal variable that 
discriminates the Stranded and Captured dolphins. Taking into 
account that almost 99% of the anomalities described in Stranded 
dolphins can be associated with a typical clinical expression of the 
Chiari’s disease (see 3.1), and that osteopetrosis is a typical 
symptom of Chiari’s disease, we can conclude that at least the 
50% of the Stranded dolphins (see Graphic 4) are due to this 
disease. 
 

   Function 
1 

Degree of Calcification of the Premaxillary Foramina ,997 
Transverse Diameter of the Foramen Magnum -,059 
Total Length -,049 
Width of the Occipital bone -,039 
S_LR_occ -,029 
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3.2.9. – FA calculation 

AF is the difference among Right and Left width of the 
occipital bone in absolute value (the mean is the Fluctuant 
Asymmetry of a population). 

 
Random deviation from the perfect symmetry of normally 

symmetrical characters for an individual with a given genotype 
occurs during individual development due to the influence of 
multiple environmental factors. 

 
Fluctuating asymmetry is often used as a measure of 

developmental instability and can be estimated as the variance of 
the distribution of differences between the left and right sides. 
(Oleksyk, T.K et al. 2004). 
 
 
Table53 Descriptive Statistics of the Fluctuant Asymmetry of the Width of the Occipital 
bone (FA_occ) measured in the Stranded and Captured specimens of Delphinus delphis. 
. 

 
 
Table54  Homogeneity of Variance of the Fluctuant Asymmetry of the Width of the 
Occipital bone among the Stranded and Captured specimens of Delphinus delphis. 
 

Levene’s test gl1 gl2 Sig. 
,593 1 621 ,441 

 
 
Table55 Fisher's ANOVA of the Fluctuant Asymmetry of the Width of the Occipital 
bone measured among the Stranded and Captured specimens of Delphinus Delphis. 
 
 Sum of 

squares 
gl Quadratic 

mean 
F Sig. 

Inter-groups 3,603 1 3,603 1,191 ,276 
Intra- groups 1878,885 621 3,026    
Total 1882,488 622     
 
 

 
 

 N valid AF_occ 
Stranded 208 2,1988 
Captured 415 2,0375 
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There are no significative differences in the results of 
Fluctuant Asymmetry calculated in the Width of the Occipital 
bone between Stranded and Captured specimens of Delphinus 
delphis. Therefore, the stranding condition in our dataset is not 
depending on the environmental stress. 
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3.3. – Beyond the Results. 

As we have exposed in the paragraphs 1.1.2, 52-76, 
Achondroplasia is a bone disorder affecting about one in every 
10,000 newborns. It is caused by a mutation in the FGFR3 gene 
that impairs the growth of bone in the limbs and causes abnormal 
growth in the spine and skull.  
 
 Approximately 20 to 50 percent of all subjects with 
achondroplasia will experience a neurological impairment. This is 
caused by compression created as they literally grow faster than 
their bones. 
 

We think that Dolphins could have evolved through a 
process of Achondroplasia that affected their ancestors. The 
problems derived from Achondroplasia remain, although with 
mitigated effects, in the actual dolphins. 

 
Actual Dolphin’s Anatomy presents possible features of 

achondroplasia: 
 
1. - Significantly smaller frontal lobe depths (see 54). 
 
2. - Significantly smaller foramen magnum diameters (see 

54). 
 
3. - Achondroplastic subjects experience dynamic changes 

in brain morphometry resulting in a rostral displacement of the 
brainstem with gradual compression of the frontal lobes due to 
enlargement of the supratentorial ventricular spaces commensurate 
(54). 

 4. - Foramen magnum stenosis (see 56). The 
achondroplastic foramen magnum is small at birth, and during the 
first year, it has a severely impaired rate of growth especially in 
the transverse dimension (see 57). 

 
5. - Osseus overgrowth with foraminal obstruction 

problems (see 62).  
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6. - Micromelic: entire limb shortened (see 65). 
 

 
 
 
 
 
 
  

               Figure15 Bottlenose Dolphin with 
                    vestigial hind  flippers, captured 
                    in Japan in 2006 (News, 2006). 
 

      Figure 14 Picture of a dolphin  
      forelimb bones (Palanca Soler, A. 1990). 
 

7. - The limb bones are short with abnormally wide ends 
(see 66). 

 
8. - Extension and rotation are limited at the elbow (see 

67). 
 
9. - A thoraco-lumbar gibbus is typically present, but 

usually gives way to exaggerated lumbar lordosis (see 67). 
 
10. - The characteristic "trident" deformity is present, 

consisting of separation of the first and second as well as the third 
and fourth digits. Notice the shortened tubular bones of the hand, 
particularly the proximal phalanges (see 68). 

 
 
 
 
 
 
 
 
 
Figure 16 Radiograph of Delphinus delphis forelimbs bones (Miramontes 

Sequeiros, L.C.  2007).   
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11. - Frequent features of Chiari’s diseases are coexistent 

with Chiari malformation (see 76). 
 
12. - Sackett, J.F. et al. 1997, reported patients with 

coexistence of Chiari disease and Achondroplasia. 
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4. – SUMMARY AND CONCLUSIONS: 
 

 
Graphic 2 Linear correlation between the Width of the Occipital bone and Total Length, 
Sum of the Left and Right Width of the Occipital bone (S_LR_occ), Transverse Diameter 
of the Foramen Magnum and Kalya Index. 
 

The Kalya Index is constant in all the specimens and allows 
us to make a comparative base to study the other variables 
involved with the Occipital bone the topic of this Thesis. It 
compensates the other variables fluctuation (Width of the Right + 
Left Occipital bone, excluding the FM + Transverse Diameter of 
the Foramen Magnum, and the Width Occipital bone) converting 
them in one constant that could be interpreted as a first Anatomic 
Concordance Law. 
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Graphic3  Changes in the Degree of Calcification of the Premaxillary Foramina 
according to the classes of the Width of the Occipital bone. 
 
 
 

Lambda of Wilks
,195,203,262,288,304,316,330,345,355,384,406,880

Pe
rc

en
ta

ge
 %

200

150

100

50

0

Stranded Specimens

Acidental Stranded Specimens

Captured Specimens with probability of 
Stranding

Captured Specimens

 
Graphic 4  Results in percentage of the canonical discriminant functions employed in the 
analysis of the foretold Stranded and Captured specimens as the successive gathering 
variables, and as the independent variables: Total Length, Width of the Occipital bone, 
S_LR_occ, Degree of Calcification of the Foramina and Transverse Diameter of the 
Foramen Magnum. 
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The Degree of Calcification of the Premaxillary Foramina, 
as a sinonim of osteopetrosis, is the principal variable that 
discriminates the Stranded and Captured dolphins. Taking into 
account that almost 99% of the anomalities described in Stranded 
dolphins can be associated with a typical clinical expression of the 
Chiari’s disease (see 3.1), and that osteopetrosis is a typical 
symptom of Chiari’s disease, we can conclude that at least the 
50% of the Stranded dolphins (see Graphic 4) are due to this 
disease. 

 
With the data optimized we can see the great differences 

between the Stranded and Captured dolphins. 
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Graphic5 Mean and Variance of the Total Length in the foretold Stranded and Captured 
specimens of Delphinus delphis. 
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Graphic6 Mean and Variance of the Width of the Occipital bone in the foretold Stranded 
and Captured specimens of Delphinus delphis. 
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Graphic7 Mean and Variance of the Transverse Diameter of the Foramen Magnum in 
the foretold Stranded and Captured specimens of Delphinus delphis. 
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Graphic8 Mean and Variance of the S_LR_occ in the foretold Stranded and Captured 
specimens of Delphinus delphis. 
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Graphic9 Mean and Variance of the Degree of Calcification of the Premaxillary 
foramina  in the foretold Stranded and Captured specimens of Delphinus delphis. 
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Graphic10  Mean and Variance of the proportional ratio of the Transverse Diameter of 
the Foramen Magnum and the Total Length in the foretold Stranded and Captured 
specimens of Delphinus delphis. 
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Graphic 11  Mean and Variance of the relation between the Degree of Calcification of 
the Premaxillary Foramina and the Total Length in the specimens of Delphinus delphis. 
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Amaral, A. R. et al. (2007) discuss the possibility for the 
existence of two divergent lineages that have evolved 
independently, as separate subspecies or as events of introgressive 
hybridization. One possibility for this apparent non-supporting in 
their results may be due to the fact that Chiari’s diseases, as they 
are genetics malformations, were not taken into account in the 
recent genetic studies in the Delphinus sp.  

 
We suggest that the difference between Stranded and 

Captured specimens should be considered in future studies. 
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Glossary 
 
 
Achondroplasia: is the most common short-limbed dwarfism 

syndrome.  
Acromelic dwarfism: distal shortening (hand). 
Adenotonsillar hypertrophy: hypertrophy of the adenoid tonsil 

(the mat of lymphoid tissue is called adenoids) is the 
unusual growth of the tonsils (lymphoepithelial organs at 
the opening of the upper aerodigestive tract).  

Amyloidosis: amyloid refers to a particular insoluble form that 
many different proteins can take, due to an alteration in 
their secondary structure. This characteristic alteration in 
the protein shape is called the beta-pleated sheet. 
Amyloidosis refers to a variety of conditions in which 
amyloid proteins are abnormally deposited in organs and/or 
tissues, causing disease. Approximately 25 different 
proteins are known that can form amyloid in humans, most 
of them are constituents of the plasma. Different 
amyloidoses can be systemic-affecting many different 
organ systems, or organ specific. Some are inherited, due to 
mutations in the precursor protein. Other, secondary forms 
are due to different diseases causing overabundant or 
abnormal protein production-such as with over production 
of immunoglobulin light chains in multiple myeloma 
(termed AL amyloid), or with continuous overproduction 
of acute phase proteins in chronic inflammation (which can 
lead to AA amyloid). 

Angiomatosis: is a general term employed to describe a spectrum 
of rare benign conditions characterized by thinwalled 
ectatic vascular channels, lined with banal endothelial cells 
and filled with lymph or blood. Jacobs and Kimmelstiel 
were the first to describe cystic angiomatosis in 1953. 

Ankylosing spondylitis: also known as Bechterew's disease; 
Bechterew syndrome; Marie Strümpell disease / Marie 
Struempell disease / Spondyloarthritis) is a chronic, 
painful, degenerative inflammatory arthritis primarily 
affecting spine and sacroiliac joints, causing eventual 
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fusion of the spine; it is a member of the group of the 
autoimmune spondyloarthropathies with a probable genetic 
predisposition. Complete fusion results in a complete 
rigidity of the spine, a condition known as bamboo spine. 

Ball-in-socket deformity of the knee: consisting of a broad 
indented metaphysis with a rounded femoral epiphysis and 
the greater shortening of the tibia relative to the fibula 
(Fig.11). 

Brain stem compression: consisits in an increased intracranial 
pressure may include headaches, vomiting, nausea, 
papilledema, sleepiness, or coma, or death. Elevated 
intracranial pressure may result in uncal and/or cerebellar 
tonsill herniation.  

Budd-Chiari syndrome: consists in the obstruction of 
intrahepatic veins leads to congestive hepatopathy. This 
results from obstruction of either large- or small-caliber 
veins, which leads to hepatic congestion as blood flows 
into, but not out of, the liver. Hepatocellular injury results 
from microvascular ischemia due to congestion. Portal 
hypertension and liver insufficiency result. 

Cerebellar tonsill herniation: in tonsillar herniation, the 
cerebellar tonsils herniate downward through the foramen 
magnum. 

Chiari malformation: is a complex abnormality consisting of 
various combinations of brainstem and cerebellar 
malformations usually associated with spinal defects.  

Dorsal notch of the foramen magnum: variation in the degree of 
ossification of the ventromedial part of the supraoccipital 
bone, Fig.2. 

Embryonic development: organs originating from 
neuroectodermal tissues may show dysgenesis resulting 
from the same or simultaneous insult during development. 
During the 4th week of gestation, a process of folding 
called neurulation converts the neural plate to a hollow 
neural tube, and then the neural tube begins to differentiate 
into the brain and spinal cord. Neurulation begins in the 
occipitocervical region as the neural folds fuse and the 
fused neural tube detaches from the surface ectoderm. This 
fusion continues towards the cranial and caudal regions. 
The abnormal development of the neural tube in the 3rd 
and 4th weeks may result in arachnoid, pia, vertebra and 
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calvarium malformations. During this period, neural crest 
cells detach from the neural plate or neural tube and 
migrate to many specific locations in the body, where they 
differentiate into a remarkable variety of structures. Neural 
crest cells from the mesencephalon and rhombencephalon 
regions give rise to structures in the eveloping pharyngeal 
arches of the head and neck. These structures include the 
dermis, smooth muscle and fat of face and ventral neck, the 
odontoblasts of developing teeth and C cells of the thyroid. 
Abnormal development of the pharyngeal arches causes 
head and neck abnormalities. During embryogenesis, the 
thyroglossal cyst may occur during thyroid gland 
migration. The thyroid gland primordium first appears in 
the late 4th week as a small, solid mass of the endoderm 
proliferating at the apex of the foramen cecum of the 
developing tongue. The thyroid primordium descends 
through the tissues of the neck at the end of the slender 
thyroglossal duct. The thyroglossal duct starts to close at 
the end of the 5th week and closes completely by the 7th 
week. Normally, the only remnant of the thyroglossal duct 
is the foramen cecum itself. Thyroglossal cysts may occur 
anywhere along the thyroglossal duct from the base of the 
tongue to the anterior part of the neck. In the neck, they 
may be symptomatic, gradually enlarging, round, midline 
or off-midline masses that move with swallowing because 
of their attachment to the hyoid bone. Sinuses or fistulae 
that drain clear or purulent fluid may be associated with the 
anterior part of the neck. These cysts, their typical location 
and cystic signal characteristics can be demonstrated using 
MRI. Neural crest cells from the mesencephalon and 
rhombencephalon regions give rise to structures in the 
developing phayrngeal arches of the head and neck. Hence, 
it may be assumed that the neural tube and pharyngeal arch 
development may be affected by the same or simultaneous 
insult, which may result in abnormal induction of the 
notochord on the ectoderm and mesoderm. 

Fibrosis: is the formation or development of excess fibrous 
connective tissue in an organ or tissue as a reparative or 
reactive process, as opposed to a formation of fibrous tissue 
as a normal constituent of an organ or tissue. 
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Foramen magnum stenosis: consists in a smaller than average 
foramen magnum Fig.7. 

Hydrocephalus: abnormal accumulation of cerebrospinal fluid 
(CSF) in the ventricles, or cavities, of the brain. This may 
cause increased intracranial pressure inside the skull and 
progressive enlargement of the head, convulsion, and 
mental retardation. 

Hypochondroplasia: is a milder form of achondroplasia which 
presents in late childhood. 

Lymphangiomyomatosis (LAM):  a rare disease characterized by 
progressive proliferation of spindle cells, resembling 
immature smooth muscle, in the lung parenchyma and 
along lymphatic vessels in the chest and abdomen. 
Proliferation of spindle cells along the bronchioles leads to 
air trapping and the development of thin-walled cysts. 
Rupture of these cysts can result in pneumothorax. The 
spindle cell proliferation can also involve the hilar, 
mediastinal and extrathoracic lymph nodes, sometimes 
resulting in dilatation of intrapulmonary lymphatics. 
Involvement of the lymphatics can lead to chylous pleural 
effusion.  

Megaencephalia: is a type of cephalic disorder. It is a condition in 
which there is an abnormally large, heavy, and usually 
malfunctioning brain. By definition, the brain weight is 
greater than average. Head enlargement may be evident at 
birth or the head may become abnormally large in the early 
years of life.  

Mesenteric lymph nodes: are present near mesenteric vessels and 
between bowel loops. They normally appear flattened, 
ovoid, or disc-shaped, and they have a characteristic fatty 
central hilum and a solid peripheral cortex. Vessels enter 
and exit the node at the hilum and branch within the node 
in a fashion similar to that of the kidney. The normal 
mesenteric lymph node vary in size, but, in general, the 
short-axis diameter is 4 mm or shorter. 

Mesomelic dwarfism: middle shortening (tibia/fibula or radius 
/ulna). 

Micromelic dwarfism: entire limb shortened.  
Midface hypoplasia: the midfacial bones are somewhat small 

Fig.8. 
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Myelopathy: is a disturbance of the spinal cord that results in loss 
of sensation and/or mobility.  

Occipital bone dysplasia:  is an incomplete ossification of the 
supraoccipital bone, resulting in the widening of the 
foramen magnum, Fig.3.  

Occipital bone hypoplasia: results in reduced volume of the 
caudal fossa, leading to overcrowding of the neural 
structures and, in severe cases, development of 
syringomyelia. 

Occipitalization of the atlas: is the result of a bilateral 
obliteration of the atlanto-occipital joints and the stability 
of the asymmetrical atlanto-axial joints is ensured by the 
additional articular area and the configuration of the facets 
as seen in Fig.5.  

Osteomyelitis: is an infection of bone or bone marrow, usually 
caused by pyogenic bacteria or mycobacteria. It can be 
usefully subclassifed on the basis of the causative 
organism, the route, duration and anatomic location of the 
infection.  

Osteopetrosis: is a collective term for a range of sclerosing bone 
diseases resulting from an absence or defective function of 
osteoclasts. The clinical expression is variable and includes 
skeletal, hematological and neurological manifestations. 
The common neurological manifestation includes cranial 
neuropathies involving optic, cochlear, facial and 
trigeminal nerves. Type 1 Arnold Chiari malformation can 
be associated with osteopetrosis resulting in brain stem 
compression syndrome. 

Peeling skin syndrome:  is an extremely rare inherited disorder 
characterized by continual, spontaneous skin peeling 
(exfoliation). Other findings may include reddening of the 
skin (erythema) and itching (pruritus). Based on its 
occurrence peeling skin syndrome is likely to be 
transmitted as an autosomal recessive genetic trait. 

Rhizomelic dwarfism: proximal shortening (humerus or femur). 
Right ventricle: is one of four chambers (two atria and two 

ventricles) in the human heart. It receives de-oxygenated 
blood from the right atrium via the tricuspid valve, and 
pumps it into the pulmonary artery via the pulmonary 
valve. It is triangular in form, and extends from the right 
atrium to near the apex of the heart. 
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Skeletal dysplasias: are bone and cartilage disorders that affect 
the growth and development of the skeleton and result in 
short stature and dwarfism. Most of these are genetic 
conditions. 

Syringomyelia: is a tubular cavity in the spinal cord, Fig.4.  
The caudal fossa: is part of the intracranial cavity, located 

between the foramen magnum and tentorium cerebelli. It 
contains the brainstem and cerebellum. This is the most 
inferior of the fossa. It houses the cerebellum, medulla and 
pons. Anteriorly it extends to the apex of the petrous 
temporal. Posteriorly it is enclosed by the occipital bone. 
Laterally portions of the squamous temporal and mastoid 
part of the temporal bone form its walls. It contains critical 
motor and sensory areas and houses cranial nerves III 
through XII. 

The mediastinum: is a non-delineated group of structures in the 
thorax, surrounded by loose connective tissue. It is the 
central compartment of the thoracic cavity. It contains the 
heart, the great vessels of the heart, esophagus, trachea, 
thymus, and lymph nodes of the central chest. 

Tricuspid atresia: in this condition, there's no tricuspid valve so 
no blood can flow from the right atrium to the right 
ventricle. As a result, the right ventricle is small and not 
fully developed. 

Trident deformity: separation of the first and second as well as 
the third and fourth digits (Fig.9).  

Ventricular shunt: is a tube that is surgically placed in one of the 
fluid-filled chambers inside the brain (ventricles). The fluid 
around the brain and the spinal column is called 
cerebrospinal fluid (CSF). When infection or disease 
causes an excess of CSF in the ventricles, the shunt is 
placed to drain it and thereby relieve excess pressure. 

Vestibulocochlear nerve: also known as the auditory or acoustic 
nerve is the eighth of twelve cranial nerves, and is 
responsible for transmitting sound and equilibrium 
(balance) information from the inner ear to the brain. 

 
 


