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Sagittal craniosynostosis is the most common of the 
single-suture synostoses, with an incidence between 
1 in 2000 and 1 in 5000 live births. Reported rates 

of metopic synostosis vary between 1 in 10,000 and 1 in 
100,000 live births, and the incidence of this synostosis is 
on the rise. While premature fusion of the sagittal suture 
results in scaphocephaly, characterized by biparietal nar-
rowing, frontal bossing, and occipital prominences, iso-
lated metopic synostosis results in the well-recognized 
frontal bone deformity, trigonocephaly. The combination 
of these 2 forms of craniosynostosis yields a skull shape 
that is long and narrow (scaphocephaly), but the defor-

mity may appear less severe due to the metopic synos-
tosis–induced inability to develop compensatory frontal 
bossing. In truth however, this combined form may be 
less benign than sagittal synostosis alone due to greater 
restriction on the growing brain (Fig. 1).

In the normal pediatric skull, ICV, BTV, and CSF 
volume continually increase through early childhood. 
Yet, this increase is most rapid during the first 2.5 years 
of life, allowing the brain to reach more than 80% of its 
adult size in this period. Untreated craniosynostosis may 
lead to an inhibition of brain growth and in some cases an 
increase in intracranial pressure. It has been previously 
demonstrated that infants with sagittal craniosynostosis 
have higher intracranial pressure and an increased inci-
dence of learning disabilities.10,13

Of note, the surgical technique for correcting these 
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Results. In patients with isolated sagittal synostosis and in those with combined metopic and sagittal synostosis, 
there was a trend toward smaller ICV than in controls (p < 0.1). In female patients older than 4.5 months of age, there 
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tal and combined metopic and sagittal synostoses and the possibility that this volume reduction may be associated 
with brain dysfunction. Because the ICV reduction is greater in combined metopic and sagittal synostosis in patients 
older than 4.5 months of age than in sagittal synostosis in this age group, the potential for brain dysfunction may be 
particularly true for these younger infants. (DOI: 10.3171/2011.6.FOCUS11100)
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Abbreviations used in this paper: BTV = brain tissue volume; 
HSD = Honestly Significant Difference; ICV = intracranial volume; 
VV = ventricle volume.
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conditions can vary significantly. In scaphocephaly, a 
multitude of techniques have been employed. Strip cra-
niectomies are often performed either as open surgical 
procedures or endoscopically.8 However, concerns over 
lack of complete and early correction of the restrictive 
nature of the deformity have led to more extensive pro-
cedures being used. These include the modified pi-plasty 
and more comprehensive cranioplasty.3,6 In trigonocepha-
ly, strip craniectomy or bifrontal craniotomy with orbital 
rim advancement have been used to correct for the lack of 
lateral frontal orbital projection.

Previous studies by Posnick et al.,12 Hill et al.,7 and 
Lee et al.9 demonstrated normal or increased preopera-
tive mean ICV (relative to controls) in patients with sagit-
tal synostosis who were older than 6 months of age. The 
degree of difference appears to be age dependent.7,9,12 The 
older the patient, the greater the increase in ICV com-
pared with normal values.

Currently, no data exist regarding ICV in patients 
with combined metopic and sagittal synostosis. It is also 
unknown whether timing of surgery, specifically early 
surgical intervention, or alternatively, a different surgical 
technique may prove beneficial in these patients. Intracra-
nial volume measurements may aid in this determination 
and can be calculated noninvasively using CT scans. Such 
techniques have already been employed to measure ICV 
in patients with isolated sagittal synostosis. Using these 
CT-based techniques, we sought to clarify the volumetric 
changes associated with the combined form of metopic 
and sagittal craniosynostosis versus isolated sagittal syn-
ostosis and compare these to each other as well as to val-
ues obtained in specific age- and sex-matched controls, 
who were evaluated using the same methods at the same 
institution.

Methods
Patient Population

Between November 1998 and October 2006, 77 con-
secutive children with previously untreated sagittal syn-
ostosis underwent whole-vault cranioplasty at Yale–New 
Haven Hospital. These children presented with scapho-
cephaly and a palpable ridge along the sagittal plane. Pre-
operative CT scans were obtained to confirm the diagno-
sis of sagittal craniosynostosis and determine the patency 
of other calvarial sutures. Fifty-three patients (15 female, 
38 male) had pre- and postoperative CT scans available 
for review.

Based on both radiographic data (omega sign present 
in the metopic area) and direct observation at the time of 
surgery, a subset of these patients was identified as hav-
ing concurrent metopic and sagittal synostosis. Because 
the metopic suture normally closes at approximately 9 
months of age, only patients who were 9 months of age or 
younger were included in this study.

After applying these criteria, 16 patients (7 female, 9 
male) with combined metopic and sagittal synostosis (the 
M/S group), and 19 (5 female, 14 male) with sagittal syn-
ostosis alone (the S group), were included in the analysis. 
Additionally, data from age- and sex-matched controls 
(39 children) from the same institution, were compared 
with these groups; the control data had been obtained us-
ing the same data acquisition methodology as was used in 
the synostosis cases. Available data included preoperative 
ICV, BTV, CSF space, and VV. Data were analyzed using 
a combination of R (www.R-project.org) and Microsoft 
Excel software. The research protocol was approved by 
the Human Investigation Committee at Yale University 
School of Medicine.

Fig. 1. A–C: Frontal (A), lateral (B), and birds-eye (C) views of a patient with isolated sagittal craniosynostosis showing promi-
nent frontal bossing and scaphocephaly with superimposed deformational plagiocephaly.  D and E: Frontal (D) and lateral (E) 
views of a patient with combined sagittal and metopic craniosynostosis showing a deceivingly less severe–appearing deformity.
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Computed Tomography and Volume Measurement
All patients underwent axial CT scanning on a Light-

speed-16 CT scanner (General Electric) with a 3-mm 
pitch and slice thickness at Yale–New Haven Hospital. 
Some patients underwent CT scanning at a higher resolu-
tion preoperatively with a 1.25-mm pitch and slice thick-
ness. Volume determination was based on measuring the 
area in each CT section.

The ImageJ software package, downloaded from the 
Internet (National Institutes of Health, http://rsb.info.nih.
gov/ij/download.html) was used to measure the CT im-
age. The ImageJ software read the CT data and calibrated 
the images automatically. The threshold was set at the in-
tensity that corresponded to the interface between brain 
tissue and the signal void caused by the dense bone of 
the inner table of the cranium. The software outlined the 
bone inner cortex contour in each slice at the specified 
soft-tissue–bone threshold automatically. Also, it provid-
ed tools for selecting and editing the contours. Manual 
editing was used to define the intracranial border where 
the automatic threshold was questionable. The CT slices 
were processed individually for volume measurement to 
obtain the area of intersection of the region of interest 
with each slice. The volume of the intracranial cavity was 
measured by S.S.L. on a slice-by-slice basis. Results of 
measurements were copied into Excel (Microsoft Corp.). 
The ICVs were calculated at the end of each slice by mul-
tiplying the cumulative area by the CT scan thickness (for 
example, 3 or 1.25 mm). The accuracy and reliability of 
this measurement paradigm have been shown previously 
by Posnick et al.12

To measure the CSF space and VV, we used the tools 
of ImageJ to convert the CT image into a black/white 
mode, then adjusted the threshold of the system to allow 
black color to just fully fill the ventricle space. The thresh-
old number for each different CT series was recorded. The 
rater used the tools of the ImageJ system to define the ap-
propriate area for measurement. Again, CT slices were 
processed individually for measuring the area of inter-
section of the region of interest\ with each slice. The CSF 
space volumes and VVs were calculated at the end of each 
slice by multiplying the cumulative area by the CT scan 
thickness. Finally, these measurement results were put into 
Excel to record for further analysis of the CSF space or 
VV. The BTV was calculated by subtracting the CSF space 
volume from the ICV.

The reliability and accuracy of these measurements 
were tested. We randomly selected 15 T series to check 
the interrater error (accuracy). The interrater error be-
tween 2 was on average 0.755% ± 0.65% (range 0.1%–
2.47%). Seven T series were remeasured 1 week later to 
check for intrarater error. The intrarater error was on av-
erage 0.77% ± 0.46% (range 0.15%–1.45%).

Results
Data were available for analysis from 19 patients with 

sagittal craniosynostosis (S group: 5 girls and 14 boys), 16 
patients with combined metopic and sagittal synostosis 
(M/S group: 7 girls and 9 boys), and 39 unaffected infants 

(controls: 16 girls and 23 boys) under the age of 9 months. 
Data acquired included preoperative ICV, BTV, CSF space, 
and VV. Data were analyzed using a combination of R, 
JMP (SAS Institute, Inc.), and Excel software.

Preoperative ICV
A 1-way ANOVA was conducted to compare the pre-

operative ICV of the patients in the S group with that of 
the patients in the M/S group. The results of this initial 
test were significant (p = 0.029), and the differences be-
tween the 3 groups (S, M/S, and control) were then ex-
plored using the Tukey HSD test. This subsequent step 
showed a trend for both the S and M/S groups to have, 
on average, smaller preoperative ICV than controls (p = 
0.086, p = 0.065, respectively).

A multiple linear regression model was applied, and 
sex and age were both found to be important influences 
on ICV (p = 0.001 for sex, p < 0.0001 for age). The groups 
were subdivided to account for both age and sex (Table 1). 
In this case, a 1-way ANOVA demonstrated a statistically 
significant difference only for females between 4.5 and 9 
months of age (p = 0.0165). The Tukey HSD test revealed 
that the preoperative ICV for the female patients in the 
M/S group was, on average, smaller than that of controls 
(p = 0.022). The preoperative ICV for the female patients 
in the M/S group also demonstrated a trend toward be-
ing smaller than that of their S group counterparts (p = 
0.065). No differences were found between the S and con-
trol groups in this case (female infants between 4.5 and 9 
months of age, p = 0.682).

Preoperative BTV
A similar analysis was conducted to compare the pre-

operative BTV of the S, M/S, and control groups (sum-
marized in Table 2). In this case, the results of a 1-way 
ANOVA considering all patients, regardless of age or sex, 
were statistically significant (p = 0.007). The Tukey HSD 
test showed that BTV was significantly smaller in both 
the M/S and the S groups than in the controls regard-
less of age or sex (p = 0.031 and p = 0.022, respectively). 
However, no significant differences could be determined 
between the M/S and S groups (p = 0.997).

When considering male infants alone in both groups, 
the results of a 1-way ANOVA remained statistically sig-
nificant (p = 0.004). In male infants, we still observed 
that the BTV for the S group was, on average, smaller 
than that of controls (p = 0.003). However, in this case, no 
statistically significant differences between the M/S and 
control groups (p = 0.243), or the M/S and S groups (p = 
0.387), were observed. When considering female infants 
alone, the significance was reduced, although a 1-way 
ANOVA still demonstrated a trend toward significance (p 
= 0.088). In this case, there was a trend for the BTV of fe-
males in the M/S group to be smaller than that of controls 
(p = 0.073). No statistically significant differences could 
be found between the S and control groups (p = 0.917) or 
the M/S and S groups (p = 0.399).

In terms of age, when considering patients 4.5 months 
old or younger, a 1-way ANOVA demonstrated a trend 
toward significance (p = 0.058), and the Tukey HSD test 
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showed a trend for the infants in the M/S group to have 
a smaller BTV than controls (p = 0.053). Differences be-
tween the S group and controls and between the M/S and 
S groups in this age category could not be established (p 
= 0.917 and p = 0.107, respectively). When considering 
patients between 4.5 and 9 months of age, we obtained 
similar results (ANOVA, p = 0.084). The M/S group dem-
onstrated a trend toward a smaller BTV on average than 
controls (p = 0.069), while no statistically significant dif-
ferences could be found between the S and control groups 
(p = 0.953), or between the M/S and S groups (p = 0.649).

The groups were once again further subdivided to ac-
count for age and sex. Focusing on female patients older 
than 4.5 months of age, the results of a 1-way ANOVA 
comparing the M/S, S, and control groups were statisti-
cally significant (p = 0.042). The Tukey HSD test revealed 
a trend for the BTV of female infants in the M/S group 
to be, on average, smaller than that of controls in this age 
group (trend toward significance, p = 0.055); there were 
no statistically significant differences between the M/S 
and S groups.

Ventricular Volume and CSF Space
In terms of VV, when all patients were considered, a 

1-way ANOVA yielded no significant results (p = 0.232). 
When only infants 4.5 months of age or younger were 
considered (regardless of sex), the results of a 1-way 
ANOVA were significant (p = 0.032), and the Tukey HSD 
test revealed that the VV of patients in the S group was, 
on average, larger than that of unaffected controls (p = 
0.026); no statistically significant differences could be 

found between controls and the M/S group (p = 0.262) or 
between the S and M/S groups (p = 0.800). Ventricular 
volumes for the different age and sex subgroups are sum-
marized in Table 3.

In terms of CSF space overall, when infants 4.5 months 
of age or younger were considered, once again, the results 
of a 1-way ANOVA were significant (p = 0.001). This time, 
the Tukey HSD test revealed that the CSF volume of pa-
tients with combined metopic and sagittal synostosis in 
this age group was larger than that of controls (p = 0.002), 
and that the CSF volume of patients with isolated sagittal 
synostosis was also larger than that of controls on average 
(p = 0.015). No statistically significant differences could be 
found between the M/S and S groups in this category (p = 
0.320). Table 4 presents a summary of the CSF space aver-
ages for all age and sex subgroups.

Discussion
Van der Meulen et al.14 reported an increase in 

prevalence of metopic craniosynostosis between 1997 
and 2006; although no clear explanation was provided 
for these findings, the authors also noted an increasing 
number of cases of combined metopic and sagittal cra-
niosynostosis. This trend is particularly concerning as 
multisuture craniosynostosis has been shown to be as-
sociated with more negative neurological sequelae than 
single-suture synostosis (that is, unilateral vs bilateral 
coronal synostosis).13 Renier et al.5 concluded that intra-
cranial pressure was increased in proportion to the num-
ber of involved sutures. Additionally, the prevalence of 

TABLE 1: Intracranial volume in different age subgroups*

Characteristics S Group M/S Group Controls

≤4.5 mos of age at CT
 male
  ICV (cm3) 724.7 ± 107.8 687.6 ± 75.2 736.238 ± 96.8
  no. of CT scans 12 4 8
  female
  ICV (cm3) 718.9 ± 94.2 591.0 ± 95.5 681.350 ± 81.1
  no. of CT scans 4 3 8
  total
  ICV (cm3) 723.2 ± 101.5 646.2 ± 92.4 708.8 ± 90.8
  no. of CT scans 16 7 16
4.5–9 mos of age at CT
  male
  ICV (cm3) 922.2 ± 128.7 899.0 ± 67.4 980.0 ± 112.2
  no. of CT scans 2 5 15
  female
  ICV (cm3) 947.3 686.0 ± 51.5 865.652 ± 103.03
  no. of CT scans 1 4 8
  total
  ICV (cm3) 930.6 ± 92.1 821.5 ± 140.7 940.2 ± 120.4
  no. of CT scans 3 9 23

* Data are presented as mean values (± SD) unless otherwise indicated.
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TABLE 2: Brain tissue volume in different age subgroups

Characteristics S Group M/S Group Controls

≤4.5 mos of age at CT
  male
  BTV (cm3) 669.8 ± 101.0 616.3 ± 52.9 710.9 ± 89.6
  no. of CT scans 12 4 8
  female
  BTV (cm3) 636.5 ± 61.8 529.8 ± 75.1 640.5 ± 75.0
  no. of CT scans 3* 3 8
  total
  BTV (cm3) 663.2 ± 93.5 579.2 ± 73.6 675.7 ± 87.7
  no. of CT scans 15* 7 16
4.5–9 mos of age at CT
  male
  BTV (cm3) 819.0 882.1 ± 92.9 930.1 ± 109.6
  no. of CT scans 1* 5 14*
  female
  BTV (cm3) 910.2 652.0 ± 52.7 825.9 ± 121.7
  no. of CT scans 1 4 8
  total
  BTV (cm3) 864.6 ± 64.5 776.9 ± 139.3 892.2 ± 122.5
  no. of CT scans 2* 9 22*

* Data were missing for some patients in this subgroup, and thus the total number of CT scans is smaller than the number pre-
sented in Table 1, in which all patients were included.

TABLE 3: Ventricular volume in different age subgroups

Characteristics S Group M/S Group Controls

≤4.5 mos of age at CT
  male
  VV (cm3) 9.78 ± 5.21 10.7 ± 8.66 4.55 ± 3.11
  no. of CT scans 12 4 6*
  female
  VV (cm3) 8.95 ± 2.25 4.90 ± 2.04 4.77 ± 3.03
  no. of CT scans 4 3 6*
  total
  VV (cm3) 9.57 ± 4.59 8.21 ± 6.96 4.66 ± 2.93
  no. of CT scans 16 7 12*
4.5–9 mos of age at CT
  male
  VV (cm3) 10.15 ± 5.73 11.1 ± 9.94 9.74 ± 8.51
  no. of CT scans 2 5 7*
  female
  VV (cm3) 12.3 6.10 ± 2.16 7.63 ± 4.75
  no. of CT scans 1 4 6*
  total
  VV (cm3) 10.87 ± 4.24 8.88 ± 7.62 8.77 ± 6.84
  no. of CT scans 3 9 13*

* Data were missing for some patients in this subgroup.
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learning disabilities is noted to be increased in those with 
metopic or sagittal craniosynostosis compared with the 
general public (Magge SN, unpublished data, 2002).10 
Subsequently, Becker et al.2 found that 57% of patients 
with nonsyndromic metopic craniosynostosis presented 
with speech, cognitive, or behavioral abnormalities, con-
firming the findings of earlier studies in which 39% of 
patients with nonsyndromic sagittal craniosynostosis had 
similar learning dysfunction.

In this study, we evaluated only infants ranging in 
age from newborn to 9 months, as this is the time of nor-
mal physiological metopic fusion. We were especially 
interested in those measures of ICV, BTV, VV, and CSF 
space. A previous study by Lee et al.9 showed that there is 
expanded skull and brain volume in patients with sagittal 
synostosis preoperatively, and increased or normal ICV 
in younger patients (7–12 months of age). As the patients 
grew (to > 30 months of age), their ICV increased but 
BTV decreased compared with normal controls.

In terms of ICV, this study shows a trend toward an 
initial smaller ICV in patients with isolated sagittal syn-
ostosis (the S group) as well as in those with combined 
metopic and sagittal synostosis (the M/S group) compared 
with nonaffected controls. This pattern was statistically 
significant in female infants older than 4.5 months of age 
with combined metopic and sagittal synostosis. Of note, 
we found a trend toward smaller ICV in patients with 
combined metopic and sagittal synostosis than in those 
with isolated sagittal synostosis in the group between 4.5 
and 9 months of age. This is important, as this trend does 
not exist in the younger age group, perhaps indicating 

that as these infants develop, their ICV becomes further 
reduced. This differs from previous work done by Lee 
et al.:9 even when the S and M/S groups were combined 
into one, we found that the combined group had a smaller 
ICV than controls (p = 0.05). This contrast is due to the 
difference between the 2 studies in the subdivision of age 
groups: Lee et al. noted increased ICV in patients 7–12 
months of age. Because we were interested in looking at 
the S and M/S groups independently, we only included 
infants up to 9 months of age in our analysis. Our group-
ing of patients between 4.5 and 9 months of age resulted 
in a subgroup of patients in which ICV tends to be smaller 
than that of controls. It is likely that the results found by 
Lee et al. are most applicable to the older infants in their 
7- to 12-month-old group. It is also important to consider 
the notion of global volume versus regional compres-
sion. Although in some age groups, the overall ICV is 
increased, with craniosynostosis, there is concern over 
regional compression because the fused suture restricts 
growth perpendicular to it.

We also considered VV and CSF space. Here, we 
found that patients in the S group initially had signifi-
cantly larger VVs than controls. Also, the CSF space was 
larger in both subject groups compared with controls, es-
pecially in the younger age group.

When considering the constellation of findings 
here—decreased BTV and ICV with increased VV and 
CSF space—a pattern similar to hydrocephalus is noted. 
External hydrocephalus has a relatively subtle clinical 
course characterized by an isolated increase in subarach-
noid space and intracranial pressure often associated with 

TABLE 4: Cerebrospinal fluid space in different age subgroups

Characteristics S Group M/S Group Controls

≤4.5 mos of age at CT
  male
  CSF (cm3) 54.88 ± 23.01 71.28 ± 38.64 25.34 ± 15.03
  no. of CT scans 12 4 8
  female
  CSF (cm3) 44.35 ± 5.32 61.27 ± 23.41 32.81 ± 23.79
  no. of CT scans 4 3 8
  total 
  CSF (cm3) 52.24 ± 20.40 66.99 ± 30.95 29.07 ± 19.61
  no. of CT scans 16 7 16
4.5–9 mos of age at CT
  male
  CSF (cm3) 12.20 53.16 ± 39.50 54.27 ± 46.79
  no. of  CT scans 1* 5 14*
  female
  CSF (cm3) 37.10 33.95 ± 21.12 39.75 ± 35.33
  no. of CT scans 1 4 8
  total
  CSF (cm3) 24.65 ± 17.61 44.62 ± 32.40 48.99 ± 42.69
  no. of CT scans 2* 9 22*

* Data were missing for some patients in this subgroup.
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macrocephaly.1 Although we did not record intracranial 
pressure, it is important to note the similarities here, indi-
cating that there may be some impact of craniosynostosis 
on CSF absorption.

Additionally, we considered BTV in the S and M/S 
groups compared with nonaffected controls. We found 
that in both synostosis groups, the BTV was significantly 
smaller than in the control group. As above, it is important 
to consider that brain mass is reduced in both synostosis 
groups, a finding that is apparent even in the younger in-
fants, perhaps indicating an important component of cog-
nitive maldevelopment in children with sagittal synostosis.

The relationship between decreased ICV and smaller 
brain mass in those infants with isolated sagittal synos-
tosis or combined metopic and sagittal synostosis is es-
pecially concerning in light of the documented effects 
on neurodevelopment. A more comprehensive surgical 
approach also may be more prudent as it has the capa-
bility of immediately correcting the skull constraint on 
brain growth. This is especially true for patients with 
combined metopic and sagittal synostosis, as a trend was 
noted for an even smaller ICV than in patients with iso-
lated synostosis counterparts. A number of reports have 
presented the utility of early surgery, whether in refer-
ence to skull shape and growth or neurodevelopment.11 
That reduced ICV is more apparent in the older age group 
(4.5–9 months of age) may be more evidence that surgery 
at a younger age may prevent later negative neurocogni-
tive sequelae. Our study suggests that 4.5 months of age 
is a particularly important cut-off point, after which we 
begin to see some differences between affected infants 
and controls. Though it is tempting to recommend sur-
gery specifically prior to 4.5 months of age, follow-up 
studies with larger samples should be undertaken before 
such a specific recommendation is given. In summary, 
there is mounting evidence that craniosynostosis has 
important effects not only on skull growth, but also on 
brain growth and development. These trends were noted 
in all parameters examined, including ICV, BTV, VV, and 
CSF space. Although in several parameters the combined 
form of craniosynostosis did not differ significantly from 
the isolated sagittal form, the trend toward a difference 
in ICV, and importantly BTV, may indicate an important 
process at play, which is worth examining further. One 
important note is that the analysis in this study is not a 
functional test, but rather a volumetric one. As effects on 
neurodevelopment are subtle learning disabilities, it is not 
surprising that marked changes in brain volume are not 
seen in this study. The marginal difficulties are not likely 
to be associated with major visible structural brain dam-
age. Further research considering neurocognitive assess-
ment and comparison of patients with isolated sagittal 
synostosis and those with combined metopic and sagittal 
synostosis would be beneficial.

Conclusions
This study shows a trend toward smaller ICV in pa-

tients with isolated sagittal synostosis as well as those 
with combined metopic and sagittal synostosis compared 
with nonaffected controls, a pattern which is significant 

in female patients with combined metopic and sagittal 
synostosis who are older than 4.5 months of age. Also, 
there was a trend toward a smaller ICV in the M/S group 
as compared with the S group. Furthermore, the BTV of 
both groups was significantly smaller than that of con-
trols. Additionally, in patients younger than 4.5 months of 
age, the VV (for patients in the S group) and CSF space 
(for patients in the S group and those in the M/S group) 
were noted to be larger than in controls. That not all mea-
sures show significance, but rather trends, is consistent 
with findings that these patients do not have gross devel-
opmental delay. We emphasize that the effects on brain 
growth and development are subtle, and thus more subtle 
learning disabilities will reflect this fact.

Is the combination of metopic and sagittal synosto-
sis worse than the presence of sagittal craniosynostosis 
alone? A recent study by Domeshek et al.4 found that, 
although there were morphological differences between 
isolated sagittal synostosis and combined metopic and 
sagittal synostosis, these differences were not statistically 
significant. Despite this and our small sample size, we did 
find some trends indicating that combined metopic and 
sagittal synostosis may indeed be worse than sagittal syn-
ostosis alone, at least for some subgroups. It is important 
to note that the major influence, it seems, continues to be 
the sagittal suture. This observation is compatible with 
findings of previous work, given that the metopic suture 
fusion is not expected to have as much an influence on 
volume, as it has an earlier closure, and there is potential 
for accommodation elsewhere. Still, in the present study, 
patients in both the S and M/S groups had smaller vol-
umes than unaffected controls, and this restriction may 
be enough to affect brain growth.
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