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T h e term craniostenosis was coined by Vir-
chow1 in 1851. He suggested that when prema-
ture fusion of the cranial vault occurs, there is 
an inhibition of the normal growth of the skull 
in the direction perpendicular to the suture 
which is fused. This results in a compensatory 
growth in a direction parallel to the fused su-
ture. 

Because not much is known about the patho-
genesis of craniostenosis, there is much confu-
sion concerning the need for , the timing of, and 
the forms of treatment. Treatment is directed 
usually at the closed suture. This is not the 
origin of the problem but the result. Because of 
this lack of understanding, the cranial sutures 
often reclose prematurely. Many attempts have 
been made to prevent this occurrence. No pro-
cedure is universally successful; hence the great 
number of variations. These include painting 
the dura with Zenker's solution, applying poly-
ethylene film to the suture line, and removing 
the suture. It is our impression that reclosure 
following craniosynostectomy can be prevented. 
Attention must be given to the underlying path-
ology which will be discussed. 

The normal cranial sutures are closed in a 
fibrous union by 6 months of age. By 20 
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months, the anterior fontanelle has 
closed. At approximately 8 years of 
age, the bones are completely ossi-
fied . Craniosynostosis by definition is 
present shortly af ter birth. 

Craniosynostosis is not an uncom-
mon problem. T h e incidence is ap-
proximately 5 per 10,000 births.2 

Matson3 reported on 519 cases col-
lected between 1930 and 1966. Sagit-
tal synostosis, the most common 
form, is much more common in boys; 
coronal synostosis is more common 
in girls. Craniosynostosis is rare in 
blacks. There are associated anomal-
ies of other organ systems in 26% of 
children with sagittal synostosis and 
in 33% of children with coronal syn-
ostosis. If both coronal sutures are 
involved, the number with associated 
anomalies increases to 59%. Mental 
retardation is reported in approxi-
mately 5% of children with sagittal 
synostosis.2 

It is not our intention to discuss the 
various terms given each form of 
suture closure. It is sufficient to note 
that all variations exist f rom partial 
closure of one cranial suture to pre-
mature closure of all sutures. More 
and more syndromes are being de-
scribed with craniosynostosis as one 
of the features. T h e common ones 
are Crouzon's, Apert 's, and Carpen-
ter's; these syndromes account for 
approximately 10% of all cases of 
craniosynostosis. 

T h e cause of craniosynostosis is not 
known. It is believed to be due to a 
prenatal event. T h e abnormality may 
not be fully expressed until after de-
livery. Intrauterine infection, radia-
tion dur ing pregnancy, syphilis, rick-
ets, birth t rauma, and anoxia have 
been incriminated, but are rarely 
present. Hyperthyroidism and hypo-
phosphatemia have been reported to 

cause premature suture closure. No 
etiologic agent has been definitely 
identified. 

Heredity is a factor in craniosynos-
tosis associated with Crouzon's, 
Apert 's, and Carpenter 's syndromes. 
Cohen4 has reviewed the subject in 
detail. 

All forms of craniostenosis dem-
onstrate an abnormal relationship of 
the basal skull bones. Moss5 has pro-
posed a theory relating this finding 
to premature suture closure. Using 
this concept one can suggest a rea-
sonable surgical approach to the 
problem. 

Moss has suggested that abnormal 
tension within the dura causes pre-
mature suture closure. T h e dura is 
anchored in five places: the crista 
galli, the lesser wings of the sphen-
oid, and the petrous pyramids. 
These attachments produce tension 
in the dura . This tension transmits to 
the sutural area the appropriate mes-
sages concerning closure. How this is 
done is not known. T h e relationships 
of the sutures to the attachments are 
crista galli to sagittal suture, sphen-
oid bone to coronal suture, and pe-
trous bone to lambdoid suture. 

If there is a deformity at the point 
of attachment, tension within the 
dura is altered. T h e result is early 
closure of the suture line. For exam-
ple, if there is a malformation of one 
sphenoid wing, there will be a unilat-
eral closure of the coronal suture. 
This is confirmed by roentgenogra-
phy. 

Support for the Moss theory has 
been produced by Kontokollias6 and 
Markens.7 Markens was able to show 
the effect of basal dysplasia on the 
maturation of fibers in the dural cap-
sule and its relation to closure of the 
sutural edges. 
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Bennett8 and Seeger and Gabriel-
sen9 have reported that cranial base 
dysplasia has a primary role in pre-
mature craniosynostosis. However, 
this idea is not widely accepted. In 
fact, many radiology texts do not 
describe abnormalities of the base in 
reviewing craniosynostosis. If the fa-
cial, sphenoid, and petrous bones are 
examined, aberrations are apparent . 
Matson3 stated that "skull roentgeno-
grams frequently also demonstrate 
associated abnormalities of the or-
bital, nasal, sphenoid, and maxillary 
bones." We suggest that if a close 
examination is made, abnormalities 
of the basal bones will be noted in 
most of these children. Abnormali-
ties of the facial bones are character-
istic of Crouzon's, Apert 's, and Car-
penter's syndromes. However, with 
sagittal synostosis, the frontal fossa is 
foreshortened and the orbits appear 
elevated (Fig. 1). 

Campbell10 described the findings 
in premature closure of the coronal 
or lambdoid suture. He pointed out 
that the classic signs of obliteration 
and ridging of the suture were fre-
quently lacking. Coronal synostosis is 
characterized by asymmetric eleva-

Fig. 1. Lateral roentgenogram of skull with 
sagittal craniosynostosis. Note foreshortening 
of frontal fossa and apparent elevation of 
orbital roof. 

tion of the lesser sphenoid wing and 
orbital roof on the affected side in 
the frontal projection (Fig. 2). The 
nasal septum and crista galli are often 
deviated to the side of closure. 

With unilateral lambdoid suture 
closure, there is deepening of the 
posterior fossa with shortening of the 
ipsilateral wall of the occipital fossa. 
These are the classic findings. Ob-
viously, all varieties and combina-
tions may coexist. 

Accepting this idea, there are two 
ways to correct the craniosynostosis. 
The cranial base or dural forces must 
be changed. An attempt to recon-
struct the basal skull bones would be 
a large undertaking. However, re-
pair of Crouzon's anomalies requires 
this type of approach. 

Changing the dural forces can be 
done easily. Jane1 1 has described a 
simple maneuver of plicating the 
dura across the lines of tension. This 

Fig. 2. Elevation of lesser sphenoid wings. 
The child has coronal synostosis bilaterally. 
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creates a new set of information for 
the induction of suture closure. 

A craniectomy is done in the form 
of the Greek letter 7t. The limbs are 
made on either side of the sagittal 
suture, and the suture is left in place. 
The horizontal portion of the cran-
iectomy is carried along the coronal 
suture line bilaterally (Fig. 3). The 
dura is then plicated as shown in 
Figure 4. This alters the tension 
within the dura produced by the ab-
normal attachment areas. This pro-
cedure is useful for sagittal, unilat-
eral, or bilateral coronal synostosis. 
The horizontal limb is placed at the 
lambdoid suture for premature clo-
sure in this area. The dura is plicated 
as before. 

The alteration of the dura changes 
the tensile forces within it. Informa-
tion is no longer transmitted to the 
suturai area and reclosure of the su-
ture does not occur. 

Fig. 3. Craniectomy defects shown at opera-
tion. T h e horizontal limb is across the coronal 
suture line at the top of the photograph. 
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Fig. 4. Intraoperative photograph showing 
durai plication. 

To date, this approach has been 
used in over 40 cases of craniosynos-
tosis. The re has been no reclosure of 
suture lines. The re have been three 
cases of increasing size of the craniec-
tomy defect; these children required 
cranioplasties. 

The indications for surgery remain 
debatable. There are two accepted 
indications: prevention of neurologic 
deficit associated with constriction 
and/or distortion of the growing 
brain and prevention of cosmetic de-
formity. The neurologic findings 
caused by constriction of the growing 
brain may include raised intracranial 
pressure, optic atrophy (either pri-
mary or secondary to raised intracra-
nial pressure), bilateral pyramidal 
tract signs, and strabismus. 

Andersson and Gomes12 stated that 
when two or more sutures are in-
volved, surgery is a virtual certainty. 
Increased intracranial pressure with 
or without ocular symptoms will de-
velop in most of these patients. 

We suggest treating these children 
as early as possible. Ideally the surgi-
cal decompression should be done 
before 3 months of age. There has 
been no need for reoperation for 
reclosure of the suture with this 
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method . T h e mortality is less than 
0.5%. Morbidity consists of wound 
hematoma and infection and is less 
than 1%. As noted , three children 
required cranioplasties to close surg-
ical defects. As we learn more about 
the dural forces, this g r o u p will be 
eliminated. 

Summary 

A unified approach to the treat-
men t of children with craniosynosto-
sis and related problems has been 
presented . Correct ion of the prema-
ture suture closure requires altera-
tion of the tensile forces within the 
d u r a , not removal of the o f fend ing 
suture . T h e indications for surgery 
are cosmetic deformi ty or neurologic 
deficit or both result ing f r o m the 
synostosis. If necessary, surgical cor-
rection should be done as early as 
possible. 
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