Spine and Spinal Cord Problems in Bone Dysplasias
By Dr. Richard M. Pauli, M.D., Ph.D.

The spine (or spinal column) has four major functions. First, it is the primary supporting
structure of our body. While most animals are principally supported by their four legs
(with the spinal column holding the internal organs, that hang down from it) humans,
having assumed an upright pattern of walking, are far more dependent on the strength and
straightness of the spine for support. Secondly, the bones which make up the spinal
column, called the vertebrae, provide protection for the spinal cord; the spinal cord
carries the nerve tracts which transmit signals from our brain to the rest of our body and
are critical, for example, in the control of our muscles, in sensation (pain, touch) and so
forth. The vertebrae enclose the spinal cord in a bony, protective case. That case is
jointed, however, and that is important in terms of the third major function of the spinal
column. That it is made up of lots of different vertebrae rather than a single, solid piece
of bone, means that a person's trunk has mobility - can bend forward and back and side to
side and can twist. Finally, the backbones grow and much of a person's growth is
dependent on the increasing size of those vertebrae.

So, if a person has a disorder of bone growth, it may affect any or all of the functions of
the spine. (Likewise, necessary medical treatment for one of these functional problems
can result in problems in other areas of function of the spinal column.)

A diagram of the human spinal column is shown in Figure 1. Of the various levels of the
column, most often problems, arise in individuals with bone dysplasias (various kinds of
dwarfing conditions) either in the cervical (neck) or the lumbar (waist) regions. I have
chosen to use an example or two of possible problems that may develop in each of those
regions related to the functions of the spine which we've already talked about.

Stenosis.

Stenosis means narrowing. Because the spinal cord is completely surrounded by bone
(see Figure 2) it shouldn't be surprising that abnormalities of bone growth can result in
pressure on the spinal cord or the nerves coming from it. That is, the cord is of normal
size but its ‘container'- the vertebrae - grow more slowly. When we talk about spinal
stenosis generally what is implied is that such bony narrowing is sufficiently severe that it
is or will in the future cause medically important problems.

Example 1: Cervical cord stenosis in infants with achondroplasia. A few years ago, with
the help of many colleagues, I recognized that a small number of infants with
achondroplasia appeared to have risk of sudden and unexpected breathing problems that
could be life threatening. Ultimately it became evident that those risks are related to
abnormal stenosis at the foramen magnum - the opening in the skull between the base of
the brain and the spinal cord. Such stenosis apparently can sometimes damage the
breathing control centers in the base of the brain. Babies can't tell us if they are having
symptoms of cervical spine stenosis. Evaluations done here and elsewhere suggest that
infants at special risk can be identified, however, with certain special evaluations. For this
reason I recommend that every baby with achondroplasia be seen in a clinic specializing



in bone dysplasias and have an evaluation including careful neurologic examination,
overnight sleep study (called a polysomnogram), neuroimaging (using CT scan or MRI
scan to look at the region of the foramen magnum) and so forth. Figure 3 shows an MRI
scan of a baby with achondroplasia; the arrow points to the area that is of concern where,
in some infants, compression of the brainstem and upper cervical cord may be present.
Certain precautions to protect the neck - neck support with movement, use of a rear
facing car seat, avoidance of swing-o-matics, johnie-jumpups and umbrella strollers may
decrease risk. If a baby is clearly developing indicators of cord compression then a
neurosurgical procedure called suboccipital decompression can be done to remove a
piece of bone in the region and decrease those risks. No one yet knows how many babies
are at risk for this complication. Certainly it is a small number. Probably considerably
less than 10% of all infants with achondroplasia have sufficient indications to undergo
such decompression.

Example 2: Lumbosacral stenosis in adults with achondroplasia. All adults with
achondroplasia have narrowing of the spinal canal in the lumbar and sacral region (low
back). Many develop temporary symptoms, such as leg pain associated with exercise,
which seems to be because of temporary pressure on the nerves from the spinal cord of
blood vessels that become engorged with blood during physical activity. This ‘spinal
claudication' goes away with rest. That kind of symptom does need to be evaluated but
usually is not an emergency. In contrast, if bone is pressing on those same nerves then
permanent damage could result. So, if an individual with this or other bone dysplasias is
experiencing constant leg pains, ‘shooting' pains down the legs, evidence for weakness or
asymmetry of strength, persisting numbness, tingling or pins and needles sensations, or
problems with bowel or bladder control, then it's possible that [umbosacral spinal stenosis
is present and should be evaluated quickly. If severe and uncontrolled pain or evidence of
bony compression is present, then treatment is through removal of the compressing bone
from the back part of the vertebrae, called lumbar laminectomy.

Curvature.

Spine curvature in people with bone dysplasias may be due to scoliosis or kyphosis or a
combination of the two. Scoliosis is side-to-side curvature while kyphosis refers to an
abnormal backwards curve in the spine. (Lordosis is an abnormal forward curvature or
‘sway-back’ that usually isn't a major medical concern.) When mild, such curvatures may
not have much importance. But if they progress, then mechanical, neurologic and heart
and lung complications can be exceedingly serious. Early evaluation and monitoring is
crucial in making sure that such curves are appropriately treated.

Example 1: Kyphoscoliosis in spondyloepiphyseal dysplasia (SED). Most forms of SED
carry a markedly increased risk of spinal curvature, usually in the thoracic and lumbar
region. Unlike the scoliosis in many individuals with average stature, the curves in people
with SED more often progress, and progress faster. Without treatment kyphoscoliosis can
eventually result in problems of balance, in risks for nerve related complications and in
breathing or heart problems. Children and adolescents with these disorders (and others)
need to be watched for development of such curvature. And, very often, bracing and/or
surgery will be needed to prevent the serious secondary effects.



Example 2: Cervical kyphosis in diastrophic dysplasia. Infants with diastrophic dysplasia
seem to have a special and marked risk to develop backwards curvature of the vertebrae
of the neck. This kyphosis is sometimes harmless, but if sufficiently severe it can cause
nerve related pressure problems and nerve and muscle problems of sufficient severity to
require surgery. So far there seems to be no clear cut way of preventing this kyphosis, nor
has there been any way to predict which individuals have high risk beforehand.

Example 3: Thoraco-Lumbar kyphosis in achondroplasia. Most babies with
achondroplasia develop a 'hump' in their lower back (sometimes referred to as a gibbus).
For most of these that early kyphosis will go away by itself without any symptoms
resulting. An x-ray of early thoraco lumbar kyphosis in a baby with achondroplasia is
shown in Figure 4. In few percent of individuals with achondroplasia, however, that
kyphosis will become stiff and angulated. And in those individuals, nerve damage can
arise later on in life that, if not cared for, can result in paralysis. Rather than having to
treat the kyphosis at that stage, what we would like to be able to do is prevent those
severe kinds. Evaluations done here (and similar assessments carried out at other centers)
suggest that some simple interventions may be effective in preventing those
complications. It seems that if one can prevent gravity from exerting abnormal pressures
on the bones of this region then much less frequently will the severe curves develop. How
can those effects of gravity be minimized? It seems that prohibiting any unsupported
sitting in the first year of life and always providing good back support markedly
decreases the risk of serious and rigid curves developing. About 85% of all babies
develop some kyphosis. With careful prohibition of such unsupported sitting all but about
15% of those will take care of themselves. In our clinic the remainder are braced for a
time and in that group none have gone on to have worrisome curves.

Instability.

The spine bones are bound to each other by connective tissues. Usually those connective
tissues allow just enough movement for bending, stretching and twisting but are tight
enough that slipping between the vertebrae doesn't occur. In quite a few bone dysplasias
the connective tissues are also affected and, therefore, in quite some number of these
there is a risk of abnormal slippage between the vertebrae. This is particularly so in the
neck and can result in either acute or chronic nerve damage. In addition, sometimes the
neck bones themselves are abnormally formed and more easily allow such slipping to
occur with neck movement.

Example: Cervical spine instability in Morquio syndrome. Individuals with Morquio
syndrome almost always have some abnormal movement between the bones of the neck.
Similarly, people with metatrophic dysplasia, various SEDs and other bone dysplasias
have such risks. A physician with special expertise in bone dysplasias knows which have
this risk and can assess whether a particular person needs to be evaluated more
thoroughly. All individuals with any of these disorders need to have x-rays of the cervical
spine taken looking for this kind of instability. (In fact, the DAAA requires such x-rays
before anyone with these kinds of causes of their short stature can participate in sports.) If
sufficiently severe, surgical fusion of the bones of the neck can be carried out.



As for any other part of the body, the specific kind of spine problems for which a person
may have risk is diagnosis specific. Only with a specific diagnosis can we use the
experience with other individuals with exactly the same diagnosis to predict, evaluate and
prevent. It's through the continued cooperation of LPs that such experience has and,
hopefully, will continue to be accumulated in order to help others in the future.

Note: Figures 1,2,3 and 4 are not shown.
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