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Abstract: Backround: Primordial dwarfism is a rare disease pattern that is notable due to its clinical appearance. The first
description was made in 1960 and created the initial image of the "bird-like" face with severe growth retardation. The condition
then was called Seckel syndrome. However, not every child with primordial dwarfism met the criteria of Seckel syndrome; hence
a sub-classification of microcephalic osteodysplastic primordial dwarfism (MOPD) was introduced. This in turn caused
far-reaching confusion because many of the mentioned manifestations overlapped. Objectives: By this study the authors try to
identify syndrome specific features for the respective clinical pictures with focus on skeletal changes and the associated
neurological risks. Method: Medical Databases search was done for the Keywords: Seckel Syndrome, MOPD and Microcephalic
Osteoplastic Primordial Dwarfism. All Articles until 2020 were included with special attention to case and case control studies.
Results: Some clinical features or the common appearance of features appear to make a clear differentiation of Seckel syndrome,
MOPD I/IIl and MOPD II possible. Conclusion: This review aims to highlight the differences in the morphological and skeletal
appearances and to represent possible associated neurological co-morbidities that require special observation. Although for
detailed differentiation genetic analyses of associated mutations might be the only.
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The initial description of primordial dwarfism was mainly
applied to children with Seckel syndrome. But it is quite
heterogeneous in its expression and later three more types
were defined and named microcephalic osteodysplastic
smallness of skull and face, severe mental retardation and ~ Primordial dwarfism (MOPD). They have similar aspects, but
some other anomalies that are observed in addition to the  different radiological findings. [2] Later MOPD I and III were
“bird-like” shape of the face. “Bird-like” describes the classified as possible variants of the same disorder. [3—6] Only
a small number of the cases in the literature meet all the
diagnostic criteria.

1. Introduction

Primordial dwarfism is defined as severe intrauterine and
postnatal dwarfism, severe microcephaly, proportionate

protrusion of the nose, narrowness of the face and recession of
the lower jaw and chin. [1]
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More than 200 cases of Seckel syndrome, more than 70
cases of MOPD I/III and over 120 cases of MOPD II have
been described in the literature so far. [2, 7, 8]

In addition to the obvious changes, primordial dwarfism has
also been linked to numerous cerebral vascular anomalies.
These play an important role in the follow-up and risk
assessment of patients.

This study aims to identify typical features of the four
entities by highliting the morphological and neurological
changes in every disease pattern.

Prenatal diagnosis

For all classifications of MOPD, intrauterine growth
retardation (IUGR) is reported in the prenatal ultrasound. [9—
12] Brain anomalies such as microcephaly, hypoplastic
cerebrum with porencephalic cyst, dilated ventricles,
arachnoid cysts and hydrocephalus have been described. [10,
13, 14] In cases of Seckel syndrome, even facial
dysmorphisms such as beaked nose, hypotelorism and
micrognathia are seen in prenatal scans. [10, 15] Furthermore,
low-set ears, small long bones and clindodactyly of the little
finger can be observed before birth. [12] Magnetic resonance
imaging (MRI) of an unborn baby suspected to have MOPD
can show smooth gyri and multiple brain cysts. [10, 11, 15]

Dysmorphism

All syndromes show heterogeneous but similar “bird-like”
facial dysmorphisms. [4—6] Nevertheless, the combination of
a narrow face, a prominent beak-like nose and recession of the
lower jaw and chin is most common in Seckel syndrome.
Additionally, these patients often show abnormally shaped or
hypoplastic low-set ears and receding or sloping foreheads.
[16-23] A MOPD 1II patient typically presents with a
prominent nose that exhibits a prominent nasal root and bridge,
and a receding forehead. Patients with MOPD I/IIl most
frequently show small, abnormally shaped low-set ears;
prominent, large, protruding eyes; prominent noses; and
frequently, sparse eyebrows and lashes. Anomalies of the ears
are described less often in patients with MOPD II and Seckel
syndrome. However, the facial dysmorphisms of all three
syndromes are quite similar, so that patients with forms of
microcephalic primordial dwarfism cannot be differentiated
by their facial appearances alone.

2. Skeletal Features
2.1. Seckel Syndrome

On physical examination, patients with Seckel syndrome
show characteristically proportionate short statures. [20, 24—
26] Some patients show a particular stance that is
characterised by flexion at the hips and pronation of the
forearms. [27] Contractures of the hips, the knees and the
elbows have been described, as well as dysplastic or/and
luxation of the hips and coxa vara and valga. [10, 24,28-31] A
variety of foot anomalies such as congenital talipes
equinovarus, pes planus, metatarsus adductus, sandal toe
deformity and syndactyly of the second and third toes have
been described. [25, 30, 32-35] Clinodactyly of the little

finger is one of the most commonly found anomalies in
children with Seckel syndrome. [15] Some patients show
brachydactyly, arachnodactyly or a simian crease. Early
closure of anterior and posterior fontanelles, and as a result
fontanelles that are not palpable, are often seen. [27, 31, 36]
Pectus excavatum, scoliosis, posteriorly angulated ribs, short
sternum and 11 pairs of ribs are common trunk anomalies. [26,
31, 33, 37, 38] Delayed bone age and osteoporotic changes are
often seen on radiographic examination. [20, 25, 33, 37,39] In
some cases, there have been reports of mild bowing of the
radius head, chevron deformity of the lower end of the femora,
narrow iliac blades, radius hypoplasia, epiphysiolysis in the
distal femur, slight clubbing and ill-defined epiphysis in the
tubular bones, and deformed acetabular roofs; however, these
are more characteristic of MOPD. [17, 27, 40]

2.2. MOPD 11

Small skulls with hypoplasia of the mandibles and
precocious closure of the cranial sutures are described in
patients with MOPD 11. [31, 41-44] The stature of a MOPD II
patient appears short with disproportional short limbs that can
be hypermobile. The hands, fingers and underarms show ulnar
deviation and sometimes a bilateral simian crease, syndactyly,
or clinodactyly of the fifth digit. Brachydactyly,
brachytelephalangia [-V, brachymesophalangia II-V,
brachymetacarpalia, as well as other anomalies such as
pseudoepiphysis of the metacarpals, irregular shape of the
epiphyses, ivory epiphyses, hypoplastic distal phalanges and
anomalies of the carpal bones, are common characteristics of
MOPD 1I. [41, 42, 45] The long bones appear slender and
overtubulated. The pelvis may be hypoplastic with narrow
iliac wings, and in some cases the acetabular angle is
dysmorphic. Affected individuals frequently show coxa vara
and, more rarely, coxa valga. Dislocations of the knees, the
elbows and especially of the hips are quite typical. [31, 42, 44,
45]

In a MOPD 11 patient, the femoral metaphyses flares is
widened and is irregularly formed (V-shaped or delta-shaped),
while the femoral epiphyses are described as irregular and as
triangular or cone-shaped. The radius and ulna bones are short
and mildly bowed. [41, 46, 47] Anomalies of the trunk are less
common in MOPD II, but in some cases the clavicles are
elongated, the scapula is hypoplastic, the chest is narrow, and
the number of ribs is decreased from the normal. [43, 48]

2.3. MOPD 111

Patients with MOPD I/IIT show small skulls with steep and
sclerotic cranial bases. [49, 50] The anterior fontanelles may
be small or missing due to early closure. [43, 51]
Disproportionately short limbs are quite common, with small
hands or feet and short fingers and toes, as well as short and
broad necks. [7, 49, 50, 52, 53] The hands and feet may show
dorsal oedema and give the impression of loose skin. The
fingers are described as fusiform or tapering and the thumbs as
hypoplastic or low-set. Single transverse palmar creases,
clinodactyly (of the little fingers), and dysplastic nails are
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other anomalies seen, as well as rocker-bottom feet and
equinovalgus feet. [49, 50, 52-55] Contractures of the knees,
elbows and necks are described, as well as genu valgum and
ulnar deviation at the wrists. [3, 7, 43]

In radiographic examination the long bones appear short
and bowed. The metaphysis of femora, tibiaec and humeri seem
broad with irregular ends, and the ossification of several bones
(as femora, tali, calcanei, pubic bones, and sternal segments)
is missing or inadequate. [49, 50, 53, 56] Bone aging is in
general delayed. [43, 48] Platyspondyly, horizontal acetabular
roofs, elongated clavicles as well as narrow pelvises with
hypoplastic iliac wings are characteristics of MOPD I/III.
Pectus excavatum, pectus carinatum and abnormal ribs have
also been described in patients with MOPD I/I11, but they are
rarer than the previously described anomalies. [49, 53, 56, 57]
More common than thoracic anomalies are the dislocations of
knees, hips and elbows. [3, 6]

3. Neurological Findings and Brain
Anomalies

3.1. Seckel Syndrome

A Seckel syndrome patient quite often presents with a small
cerebrum that exhibits cerebral atrophy, a simplified gyral
pattern, dilated ventricles and/or hypoplastic corpus callosum
in radiological examination. [22, 23, 58, 59] The cerebrum is
hypoplastic or atrophic and may seem even comparatively
large. [60] There are at least two reports regarding patients
with Seckel syndrome who have shown cerebellar tonsillar
herniation, as well as two reports about semilobar
holoprosencephaly in patients with the syndrome and one that
describes non-cleavage of the basal ganglia and the frontal
lobe. [36, 59, 61, 62] MRI has shown reduction of the white
matter, in contrast with the grey matter that has been described
as thickened. Just as in patients with MOPD I/III, brain cysts
have been found. Clinically, patients may present with
generalised hypotonia, hypertonia and/or hyperreflexia.
Occurrences of seizures not related to fever or to cerebral
haemorrhage have been reported. [22, 23,29, 63] The absence
of the adenohypophysis has been reported in autopsies, as well
as cortical neuronal migration disorder, white matter tract
hypoplasia, and premature depletion of the germinal matrix
with cystic transformation and patchy absence of the external
granular cell layer of the cerebellum. [64] Seckel syndrome in
general shows a large range of manifestations of brain
anomalies, but the brain imaging has also been described as
normal. [17, 18, 24, 29] Seckel syndrome is quite often
associated with vascular anomalies of the central nervous
system. Aneurysms are common in Seckel syndrome patients,
and are detected mostly by the symptoms of cerebral
haemorrhage. Some patients have shown acute respiratory
failure, seizures or abrupt-onset coma. Others have presented
with headaches, numbness in the limbs or hemiparesis. So far
in three cases the angiographic findings have been consistent
even with “moyamoya” disease, but this consistency is rare
compared with that shown for MOPD II. Patients have even

shown infarction in the right frontal region due to polyarteritis
nodosa, but this is very rare; indeed, it has been described only
once. [34, 35, 40, 72-74]

3.2. MOPD 11

The most common radiological anomalies that have been
reported are the enlargement of the ventricles, the hypoplasia/
thinning of the corpus callosum (especially of the anterior
part), and anomalies of the gyral pattern such as pachygyria
and polymicrogyria. [65—67] The ventricular system may also
seem dysmorphic. Overall, the cerebellum is small or atrophic,
while the cerebrum may be of normal size or slightly atrophic.
The myelination may be delayed, and the cortical thickness
increased. The basic structure of the cerebral cortex is normal.
[66—68]

Neurological examination may show hypertonia. Due to
premature fusion of the cranial sutures, patients may show
signs of increased intracranial pressure. In all cases that have
been analysed, there is only one report regarding a
non-haemorrhagic seizure disorder. [65, 69]

Vascular anomalies such as “moyamoya” disease seem to
be common in patients with MOPD II. These patients are
detected mostly by clinical symptoms of stroke, but may be
detected by routine scanning. Detection is not always easy;
typical vascular anomalies such as narrowing of the bilateral
intracranial supraclinoidal internal carotid arteries and the
“moyamoya” collaterals have been found to become
prominent only at follow-up examinations. Some patients
show intracranial haemorrhage caused by ruptured aneurysms
without having intracranial vascular changes that would be
consistent with “moyamoya” disease, or they have become
symptomatic through stenosis of intracranial arteries. [75-77]

3.3. MOPD I/1I1

MOPD I/III patients often show small cerebra with atrophy
and prominent abnormal gyral patterns, particularly
pachygyria. In a MOPD I/I1I patient, the cerebellum may seem
malformed and hypoplastic with cortical atrophy. Anomalies
of the corpus callosum are typical in MOPD I/III; a partial or
complete agenesis is especially frequent, or at least a
significant reduction in size is observed, although less often.
An agenesis or a hypoplasia of the vermis, an interhemispheric
cyst and dilated ventricles are also seen in affected people. [3,
6,7, 26, 49, 52, 54] On neurological examination, hypotonia
or hypertonia and brisk reflexes may be noticed. Seizures that
are not related to fever or to cerebral haemorrhage are more
common in MOPD I/III than in MOPD II. [70, 71] In
pathological biopsies, it is often seen that the cortical
architecture is abnormal with irregular and disorganised
distribution of neurons and acute infarction areas; quite often
necrotic foci can be found as well. [70] At least two cases of
MOPD I/IIl have been reported in which intracranial
aneurysms were associated with the condition, and two other
MOPD /111 patients have been reported to have suffered acute
infarctions that showed up in cranial computed tomography or
autopsy. [6, 51, 55] To our knowledge, no reported case has
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been associated with “moyamoya” disease.

4. Genetic Background

Recently a large study identified several genes that could
help to divide primordial dwarfism into its sub-groups.
However, even with knowledge about these genes, a clear
distinction between the groups seems to be impossible as
some of the genes were found in more than one of the
examined individuals who were classified as belonging to
different subtypes through use of the clinical differentiations.
[78]

4.1. Seckel Syndrome

In contrast with MOPD I/III and MOPD II, more than one
gene has been identified as being involved in causing Seckel
syndrome. The first mutation to be described was in the
SCKLI gene. Later the mutation of the gene in that locus that
encodes for ataxia telangiectasia and Rad3-related protein
(ATR) was described as the cause of Seckel syndrome. [27, 29]
Another locus was identified in 2001 in the Ct/P (RBBPS)
gene, which is involved in the repair of DNA double-strand
breaks. [79] Further mutations were found on the CENPJ,
CEP152 and CEP63 genes. [17, 33, 80] Shaheen et al.
described in 2014 a new mutation that caused Seckel
syndrome; this mutation was found in the DNA2 gene. [64]
Pericentrin  (PCNT) mutation, which was described
previously in MOPD II patients, was subsequently found in
five of 16 families who were analysed as they showed clinical
symptoms of Seckel syndrome. The Seckel syndrome patients
identified with PCNT mutations showed more severe growth
retardation, but nonetheless their retardation was less severe
than that observed in the MOPD II patients. [31]

Mutations in the TRAIP and PLK4 genes have also been
revealed to be part of the cause of Seckel syndrome. [71, 81]

Other mutations in patients with primordial dwarfism have
been seen on chromosome 8q24 in the NSMCE2 gene, the
knockout of which has induced dwarfism in zebrafish, and on
chromosome 14q22.1 in the NIN gene. The NIN gene mutation
was identified in two siblings who presented with clinical
features of microcephalic primordial dwarfism that were not
consistent with MOPD 1II or Seckel syndrome. It has been
shown in zebrafish that a reduced function of the ninein
protein encoded by the NIN gene leads to specific deficiencies
of brain and skull development. [82]

4.2. MOPD I1

In several studies and case reports, genomic analyses of
patients and families with clinical diagnoses of MOPD II have
revealed mutations in the PCNT gene. Other patients
diagnosed with MOPD I/I11, Seckel syndrome or unclassified
growth retardation syndromes have not shown any PCNT
mutations. [31, 83]

4.3. MOPD /111

In 2011, a mutation in the RNU4ATAC gene was described
for the first time in patients with MOPD I/III. This gene was
later described as mutated in reports of several patients and
families. [7, 54, 84]

5. Conclusion

Some clinical features or the common appearance of
features appear to make a clear differentiation of Seckel
syndrome, MOPD I/IIT and MOPD 1I possible (Table 1).
Although for most symptoms, this report shows that the
clinical manifestations overlap and that a clear assignment to
one of these subgroups sometimes does not seem possible.

Table 1. Common Skeletal and Neurological Findings.

Common Skeletal Findings

Seckel Syndrom MOPD /111

MOPD I1

disproportionately short limbs
small hands or feet

short fingers and toes
short and broad neck
dislocation of knees
dislocation of the hip
dislocation of the elbows
platyspondyly

horizontal acetabular roofs
elongated clavicles
narrow pelvis

fifth finger clinodactyly

pseudoepiphysis of the metacarpals
irregular shape of the epiphyses
ivory epiphyses

hypoplastic distal phalanges
anomalies of the carpal bones
dislocation of the hip
disproportional short limbs

Common Neurological Findings

Seckel Syndrom MOPD /111

MOPD 11

small cerebrum with atrophy
small cerebrum with cerebral atrophy prominent abnormal gyral pattern

pachygyria

enlargement of the ventricles
hypoplasia/ thinning of the corpus callosum (especially of the anterior part)

pachygyria and polymicrogyria

All three syndromes show significant similarities; however,
they also display substantial differences. These differences are

mostly seen in their skeletal features as disproportionately
short limbs in MOPD II, or as platyspondyly, horizontal
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acetabular roofs, elongated clavicles, and a narrow pelvis in
MOPD I/111.

It is important to note that MOPD II patients have been
initially misdiagnosed with Seckel syndrome, due to their
displays of intrauterine growth retardation and typical facial
features. Therefore, one should consider re-evaluation of
Seckel syndrome cases that have been described with
osteodysplastic features and perform genomic tests if not
already done. In general, differential diagnosis of
microcephalic dwarfism as LIG4 syndrome, Russell-Silver
syndrome, 3-M syndrome, Antley-Bixler syndrome or Faconi
syndrome should be considered and excluded before offering
a diagnosis of one of the three discussed syndromes.

The large number of genes that has been found to be
involved in causing MOPD offers promise in the
differentiation of the syndromes through genetic analysis. An
evaluation of the influence of the causal gene mutation and
additional clinical features seems promising. An evaluation of
this type was performed by Willem et al. with Seckel
syndrome patients whose PCNT status was studied.
Furthermore, such an evaluation could offer further
information regarding the chances of occurrence of
accompanying diseases, such as pancytopenia, intracranial
haemorrhages or cardiac disease, that are often associated in
these patients.

This review underlines the importance of extensive
examination of patients to seek the right diagnoses, which are
necessary for the correct risk analysis of cerebral vascular
comorbidities such as infarction or “moyamoya” disease.
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