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Abstract

Congenital vertebral synostosis (CVS) is a rare developmental condition due to failure of vertebral
segmentation. Vertebrae and their intervertebral discs differentiate and resegment at the time of
organogenesis during fetal life. Failure of this embryological process can result in the limitation of mobility
of the involved segment. This inappropriate segmentation thus results in vertebral fusion or a block vertebra
with subsequent vertebral synostosis. Long-term, such segmental fusion can increase osteoarthritis at levels
below and above the fused segment due to excessive wear on these joints. Presentations can include
congenital kyphosis and scoliosis. Patients may present with back and radicular pain, and possible
myelopathy CVS usually occurs, in order of frequency, in the cervical, lumbar, and thoracic vertebral levels.
This paper reviews congenital lumbar synostosis with associated findings and its clinical implications and
embryological significance. A case illustration is also included.
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Introduction And Background

Congenital vertebral synostosis (CVS) is a rare developmental condition due to failure in the process of
segmentation or metamerism, which usually occurs (in order of frequency) in the cervical, lumbar, and
thoracic vertebral levels. Vertebrae and their intervertebral discs differentiate and resegment at the time of
organogenesis during fetal life [1,2]. Resegmentation is the hallmark of vertebral development and involves
metamerism, whereby vertebrae can be fused completely, both anterior and posterior elements being
involved, or partially [1,3,4]. Inappropriate vertebral fusion results in block vertebra or vertebral synostosis.
Although there is continuous trabeculation through the fused segment, a remnant of the intervertebral disc
is commonly present [3,4].

CVS can be isolated or result from syndromic manifestations such as Klippel-Feil syndrome (KFS), which
causes spine deformity. Acquired vertebral synostosis (AVS) is due to an underlying pathology such as
fibrodysplasia or progressive juvenile rheumatoid arthritis, follows an infection such as tuberculosis, or is
posttraumatic or postsurgical [5,6]. CVS is usually asymptomatic and is found incidentally; however, in some
cases, it presents with neck and back pain owing to alteration and stress of the spinal biomechanics leading
to premature adjacent level degeneration, spinal canal stenosis and spine deformity [2]. This paper reviews
congenital lumbar synostosis with associated findings and its clinical implications and embryological
significance.

Review
Embryology, timing and complete versus partial CVS

The vertebral column derives primarily from the notochord and the paraxial mesoderm, which segments into
somites during weeks 3-5 of gestation to form the future levels of the spine. The timing of spine
development also explains the associated renal, cardiac, neuronal, musculoskeletal and other

anomalies [7,8]. Each somite's sclerotomal component subdivides into cranial and caudal halves, which form
the vertebral body, while the intervening spaces ultimately become the intervertebral disc. The sclerotome
then migrates bilaterally around the neural tube to form the pedicles, laminae, and spinous processes [7].
Ablation studies have demonstrated that both the notochord and neural tube are essential for proper
segmentation of the sclerotomes [9]. Cases in which the intervertebral disc fails to form and subsequent
sclerotomal migration also fails can lead to CVS, which are estimated to occur in 0.5-1.0 per 1000
individuals [10]. Furthermore, right and left segments can progress independently, leading to asymmetric
malformation. Even though CVS is commonly referred to as fusions, they are more accurately described as
developmental unions between unseparated sclerotome segments [11].

The anatomy of complete versus partial fusion involves the timing of union during fetal development.
Completely fused vertebrae and absence of articular facets suggest a failure of normal development and
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differentiation of vertebrae during the pre-cartilaginous stage [12], while partial union with independent
pedicle and transverse process and a ridge on the dorsal surface of fused arches indicates normal initial
development followed by synostosis.

Clinical presentation / Association

While CVS is usually asymptotic and found incidentally, it can have minimal functional consequences with a
notable fraction leading to clinically relevant pathologies, including congenital kyphosis and

scoliosis [13,14] or stenosis of the neural canal with back and radicular pain and possible

myelopathy [11,15] owing to alteration and stress of the spinal biomechanics resulting in premature
degeneration of adjacent levels [16].

Congenital vertebral synostosis versus acquired vertebral synostosis

Radiographically, congenitally fused vertebrae exhibit the following: The intervertebral foramina involved
become ovoid, and their diameters can be normal, larger, or smaller as in our case. The anteroposterior
diameter of the vertebral body is often diminished, resulting in a "wasp waist" appearance on lateral images,
often seen at the intervertebral disc level between the fused segments, which is usually absent in acquired
synostosis [3,4]. However, the associated intervertebral disc is rudimentary or smaller than normal. As seen
in our case, the associated facet joints are fused in up to half of all patients. The spinous processes can be
malformed or fused [3]. Finally, the combined height of the block vertebra fused segments can be equal to or
greater than the combined height of the involved bodies and their associated disc; those dimensions are less
in acquired synostosis [3,4].

Case Presentation

Congenital fusion of the L3 and L4 vertebrae is shown in an adult female spine (Figure I, 2). This specimen
was from our university's osteological teaching collection. Posteriorly, the facet joints, laminae, and anterior
parts of the spinous processes are fused at this level. No segmental anomalies such as sacralization are
found. On the right side, the transverse process of L5 forms a distinct articulation with the ala of the sacrum.
Anteriorly, the anterolateral aspect of the bodies of L3 and L4 are fused. The intervertebral foramen at the
L3/L4 level is 5 x Tmm in diameter on the left and 10 x 5mm in diameter on the right. The spinal canal at
these two levels is stenotic. No other bony anatomical variations such as spina bifida are noted, and the
remaining spine is within normal limits.

FIGURE 1: Photographs of the CVS presented herein, posterior, anterior,
left lateral, and right lateral views. In the second panel, note the variant
lateral articulation between the sacrum and L5 vertebra (*).

Source: Images of skeletons preserved at the Tulane University School of Medicine
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FIGURE 2: Zoomed in view of the left lateral view noting the degree of
intervertebral foramina stenosis at L3/L4 and the anterior fusion of the
bodies of these vertebrae (arrow)

Source: Images of skeletons preserved at the Tulane University School of Medicine.

Syndromic association and clinical implications

CVS can be isolated or can result from syndromic manifestations such as KFS, MURC (Mullerian duct aplasia,
renal aplasia, cervicothoracic somite dysplasia), Escobar (autosomal recessive cervical vertebral fusion,
ptosis, hypertelorism of neck, axillae, genital anomalies, and small stature), VACTERL (vertebral, anal,
cardiovascular, tracheoesophageal, renal and limb abnormalities or single umbilical artery), hemifacial
macrosomia, diabetic embryopathy, segmentation syndrome 1 with laryngeal malformation, Trisomy 18,
Alagille, Joubert, and Jarcho-Levin syndromes . KFS is on the locus Chromosome 8q and is associated
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with inversion inv [15] (q22.2 q23.3), which is associated and segregated with congenital vertebral fusion [5].
There are currently two main classification systems for patients with KFS: the original KFS subtypes (I, II,
and III) and the more recent KFS classes (KF1-4).

The original classification system, described by Maurice Klippel and Andre Feil in 1912, focused on cervical
fusion. Patients with KFS type I present with an extensive fusion of the cervical and upper thoracic
vertebrae. KFS type II is defined by a fusion of one or two cervical or thoracic vertebrae. Finally, KFS type III
is characterized by a fusion of the cervical and the thoracic or lumbar vertebrae [17].

The more recent classification described by Clarke and colleagues distinguishes individuals based on three
main criteria: patterns of inheritance, axial level of the most anterior fusion, and common anomalies
associated with KFS. KF1 exhibits a recessive inheritance pattern, C1-2 fusion, and a type I, II, or III fusion
pattern. KF2 is autosomal dominant, C2-3 fusion, and a type I, II, or III pattern. KF3 is characterized by
isolated fusions between cervical vertebrae (except C1-2) and exhibits a recessive or diminished penetrance
inheritance pattern. Finally, patients with KF4 show signs of Wildervank and Duane syndromes [17].

A third classification system was introduced even more recently by Samartzis and colleagues to differentiate
KFS patients further. In this system, type I patients present with a single cervical vertebra fusion, type II
patients exhibit multiple noncontiguous fused segments, and type III patients demonstrate multiple
contiguous fused cervical segments [18,19]. This system has already been used in practice to classify various
blocked vertebral specimens [20].

Although KFS typically refers to the congenital fusion of cervical vertebrae, vertebral synostosis in the
thoracic and lumbar spines has also been observed. In one population, the frequency of lumbar CVS was
0.75%. This included one L1-L2 fusion associated with kyphosis and two thoracolumbar (T12-L1) synostoses
associated with kyphosis and lordosis. Also, this region's CVS was associated with ligaments' ossification
and osteophytic growths extending from the margins of vertebral bodies [20].

The classic clinical triad of KFS includes a short neck, limited head and neck movements, and low posterior
headlines. However, specific anomalies have been reported in patients with type III KFS, which involves
synostosis of the thoracic and lumbar regions [21,22]. These anomalies can also include scoliosis, fused
crossed renal ectopia, and various rib and craniofacial anomalies [22]. There can also be hypermobility of the
interspace above the site of vertebral fusion, rendering these areas more susceptible to adjacent level
disease and stenosis of the neural canal with associated neurological deficits due to alteration of spinal
mechanics [21]. Clinicians need to be aware of these anomalies when diagnosing, characterizing, and
treating patients with KFS. The authors sincerely thank those who donated their bodies to science so that
anatomical research could be performed. Results from such research can potentially increase humankind's
overall knowledge that can then improve patient care. Therefore, these donors and their families deserve
our highest gratitude [23].

Conclusions

CVS is a rare developmental condition resulting from the failure of vertebral resegmentation during fetal
life. It is mostly found incidentally and can be associated with other congenital anomalies; however, it can
represent underlying syndromic manifestations of Klippel Feil syndrome, which can progress to spinal
deformity and spinal stenosis. Early diagnosis and thorough workup will help establish the diagnosis and
document long-term changes caused by these conditions.
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