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INTRODUCTION
Craniosynostosis (CS) is a common congenital anomaly result-
ing from the premature fusion of the cranial sutures, chang-
ing the skull’s growth pattern. It is relatively common in the 
general population, occurring in 1 in 2,000–2,500 live births.1,2 
CS can be classified into two broad categories, syndromic and 
nonsyndromic. Syndromic CS accounts for ~25% of reported 
cases and can result from more than 180 identified monogenic 
syndromes.3,4 The remaining nonsyndromic/idiopathic cases 
are hypothesized to represent a multifactorial trait with genetic 
and environmental influences.1 Nonsyndromic CS can be sub-
divided on the basis of cranial suture involvement as sagittal, 
coronal, metopic, lambdoid, and complex types.

Sagittal CS is the most common type of nonsyndromic CS. 
It occurs in approximately 1 in 5,000 births and constitutes 
40–55% of recognized nonsyndromic cases.5,6 It occurs pre-
dominantly in males at a male-to-female ratio of 3.5:1.7 Most 
of the cases occur sporadically, with 6% hypothesized to be 
familial.7

Coronal synostosis is the second most common nonsyn-
dromic CS, accounting for 20–25% of cases and occurring in 
approximately 1 in 10,000 births.5,8 It can occur unilaterally 
(unicoronal CS) or bilaterally (bicoronal CS). Coronal synostosis 

occurs more frequently (60–75% of cases) in females.9 Coronal 
CS is more likely to be associated with a known genetic syn-
drome or gene mutation.4 In addition, nonsyndromic coronal 
synostosis is believed to have a strong genetic influence. Studies 
have identified that 8–15% of nonsyndromic coronal synostosis 
patients have a positive family history.8,9

The incidence rate of metopic synostosis is approximately 
1 in 15,000 births.1 It accounts for ~14% of nonsyndromic CS 
cases and has a male-to-female ratio of 3.3:1.5,10 Seventy per-
cent of metopic synostosis patients have isolated occurrence 
with no other clinical malformations.10 Moreover, 5–10% of 
nonsyndromic metopic synostosis cases have a positive familial 
history.10,11

Lambdoid synostosis represents 3–5% of nonsyndromic 
CS.5,12,13 It occurs in approximately 1 per 33,000 births.14 The 
genetics are largely unknown, and it is rare to have a positive 
family history with lambdoid synostosis.15

Five percent of the nonsyndromic CS cases involve multiple 
distinct sutures (two or more), also referred to as complex CS.5 
Complex CS patients are observed to have an increased intra-
cranial pressure in 67% of cases, and 75% of patients have a 
Chiari I malformation.16 The increased intracranial pressure 
often results in chronic headaches. In addition, there is a higher 
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incidence of developmental delay, and these patients are more 
likely to have CS resynostosis requiring additional surgeries.17

The precise cause, factors, and molecular mechanisms that 
cause nonsyndromic CS are not fully understood, although there 
is evidence that genetic factors play a role. A genetic role is sug-
gested due to the higher rate of concordance in monozygotic 
compared with dizygotic twins (30 vs. 0% in sagittal nonsyn-
dromic CS; and 43 vs. 5%, in metopic CS),18 increased male-to-
female ratio in metopic and sagittal CS,7,10 and higher recurrence 
risk in affected families.19 Several environmental factors have also 
been associated with sagittal nonsyndromic CS, including par-
ity, prematurity, intrauterine constraint, and maternal tobacco or 
nitrosatable drug use.20–23 In addition, more recently, a genome-
wide association study identified susceptibility loci near BMP2 
and BBS9 that may influence sagittal CS development.24

The recurrence of nonsyndromic CS varies depending on 
the suture type and complexity. To date, only two families 
with lambdoid synostosis recurrence have been documented 
in the literature; therefore, this suture class is hypothesized 
to have a weaker genetic component. It has been previously 
hypothesized that there is a sibling recurrence risk of 2% for 
sagittal and metopic synostosis, 5% for unicoronal synosto-
sis, and 10% for bicoronal and multisuture CS.7,9,10,25 However, 
these epidemiological studies predate advances in molecular 
diagnosis and include individuals in whom a gene mutation 
can now be identified. Therefore, further investigation using 
updated molecular testing information and classifications 
is important to provide families with more accurate assess-
ments of risks.

Individuals with nonsyndromic CS can develop associated 
findings in addition to or secondary to CS. The published stud-
ies are limited due to their small sample sizes and absence of 
long-term follow-up. The associated symptoms that have been 
observed include increased rate of psychomotor delays, learn-
ing disabilities, visual defects, and maladaptive behaviors.26–31 
How these symptoms are influenced by suture type is unclear.

The purpose of the present study was twofold. The first aim 
was to determine the incidence rate for first-degree relatives 
of patients diagnosed with suture-specific nonsyndromic CS. 
Second, we aimed to further investigate the associated symp-
toms in patients with suture-specific nonsyndromic CS. It is 
hypothesized that incidence rates and symptoms vary among 
suture types.

MATERIALS AND METHODS
This study is part of a larger study with many collaborating cen-
ters, collectively known as the International Craniosynostosis 
Consortium (ICC; https://genetics.ucdmc.ucdavis.edu/icc.
cfm), whose study center is at the University of California (UC), 
Davis.

The ICC database includes patients enrolled between 1993 
and 2011. Informed consent was obtained for all patients. This 
study was approved by the institutional review boards of UC 
Davis and all participating institutions, including UC Irvine, 
and was conducted in accordance with institutional guidelines. 

CS was documented by computerized skull tomography and/
or the protocol of the surgical correction. A clinical geneticist 
clinically assessed all patients, and patients with associated 
extracranial congenital anomalies or developmental delays 
were excluded.

Molecular analysis data were available through the ICC data-
base. For patients without targeted molecular sequencing already 
performed as part of clinical management, hotspot-mutation 
analysis for FGFR1 exon IIIa, FGFR2 exons IIIa and IIIc, FGFR3 
exon IIIa, and the entire coding sequence of TWIST was per-
formed by DNA isolation, polymerase chain reaction amplifica-
tion, and Sanger sequencing at UC Davis. Any sequence varia-
tion identified as being pathogenic was confirmed, documented, 
and entered in the comprehensive database.

The previously enrolled patients in the ICC were recontacted 
via e-mail or mail and invited to participate in a 20-minute 
follow-up survey. The survey asked patients or their parents 
to update their medical, family, and developmental histories. 
Those patients in the ICC database without e-mail or mailing 
addresses could not be recontacted.

Patients diagnosed with a genetic syndrome were excluded 
from analysis. In addition, patients with an identified mutation 
in FGFR1, FGFR2, FGFR3, or TWIST1 were also excluded and 
classified as syndromic. In addition, families with three gen-
erations of affected individuals were removed from analysis. 
Monozygotic or unknown-zygosity twins to the proband were 
excluded.

Results were grouped on the basis of suture diagnosis: sagit-
tal, coronal, metopic, lambdoid, and complex. Individuals with 
a diagnosis of bilambdoid CS were grouped into the lambdoid 
category. Individuals with a diagnosis of bicoronal CS were 
grouped into the coronal category. All suture diagnoses were 
ascertained from the ICC database.

Lifetime incidence rates were estimated using the informa-
tion available in the existing ICC database and the updated 
family history information ascertained from the follow-up sur-
vey. All incidence rates are expressed per 100 persons. Affected 
status of parents, full siblings, and children was available in the 
ICC database. For those who completed the update survey, their 
information was updated in the database to reflect the patient’s 
current family structure and disease status. An incidence rate 
for affected parents, affected full siblings, and all first-degree 
relatives was calculated for each suture category and across all 
sutures. The observed incidence rate was calculated using the 
following formula:

Symptom data were collected from the ICC database of 
patients who responded to the follow-up survey. All patient 
symptoms were self- or parent-reported. The frequency of each 
symptom was calculated within each suture category. Patients 
with unspecified sutures were excluded from analysis. No sta-
tistical correction was made for multiple comparisons.

Incidence rate Number affected
Total number

=
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Statistical analysis was conducted using SAS version 9.3 (SAS 
Institute, Cary, NC). Statistical significance was defined as a P 
value < 0.05. Pearson’s χ2 test and Fisher exact analysis were used 
to calculate significance between groups. One-way analysis of 
variance was used to analyze the statistical associations across 
groups. A McNemar–Bowker statistical test was performed to 
estimate the significance of symmetry between the suture cat-
egories of the patient and the affected relative.

RESULTS
The ICC database contained 716 CS patients. Of these, 660 
(92%) met our inclusion criteria and comprised the primary 
study population. The excluded patients consisted of 53 with an 
identified syndrome or CS mutation and three with CS in three 
generations (consistent with an autosomal dominant etiology). 
A total of 197 enrolled patients (28%) in the ICC database com-
pleted the follow-up survey. Of these, 189 (96%) met our inclu-
sion criteria and comprised the study population for associated 
symptoms. Demographic information by suture category is 
provided in Table 1 for the main study population (n = 660).

Patients were grouped into six suture categories: sagittal, cor-
onal, metopic, lambdoid, complex, and unspecified. Forty-six 
percent of patients had sagittal CS (n = 301), 19% had coronal 
CS (n = 126), 15% had metopic CS (n = 99), 5% had lambdoid 

CS (n = 31), and 11% had complex CS (n = 70); 5% reported an 
unspecified suture (n = 33; Table 1).

The mean age of the primary population at enrollment into 
the ICC database was 5.1 years (SD: 6.5); median age was 3.0 
years. The unspecified suture group had the youngest median 
age (1.5 years), followed by the sagittal (2.9 years), coronal (3.0 
years), complex (3.0 years), metopic (3.5 years), and lambdoid 
suture groups (4.7 years; Table 1). Age did not vary significantly 
by suture category (P = 0.26).

Patients in the primary study population, across all suture 
categories except coronal, were more likely to be male. The 
male-to-female ratio across all suture types was 1.8:1, with the 
ratio of male-to-female patients in sagittal, coronal, metopic, 
lambdoid, complex, and unspecified suture types being 2.9, 0.6, 
3.7, 6.8, 1.1, and 1.1, respectively (Table 1). The suture catego-
ries significantly varied by gender (P < 0.001).

Across all suture types, most of the patients identified them-
selves as Caucasian (71%), with African Americans (2%), 
Asians (2%), Hispanics (2%), and American Indians (1%) also 
represented. A portion of the patients self-identified as other or 
mixed race/ethnicity (16%), and another portion declined to 
specify their race/ethnicity (7%; Table 1). African American, 
Asian, Hispanic, American Indian, and other racial cat-
egories were combined for this analysis, yielding a two-group 

Table 1  Demographic information of craniosynostosis patients in the primary study population by suture category

All sutures Sagittal Coronal Metopic Lambdoid Complex Unspecified suture

N (%) 660 (100) 301 (46) 126 (19) 99 (15) 31 (5) 70 (11) 33 (5)

Gender

  Male 427 (65) 223 (74) 45 (36) 78 (79) 27 (87) 37 (53) 17 (52)

  Female 233 (35) 78 (26) 81 (64) 21 (21) 4 (13) 33 (47) 16 (48)

  Male:female 1.8:1 2.9:1 0.6:1 3.7:1 6.8:1 1.1:1 1.1:1

Age at data collection (years)

  Mean ± SD 5.1 ± 6.1 4.6 ± 5.7 5.3 ± 6.1 5.0 ± 4.8 7.0 ± 6.5 6.4 ± 8.8 5.5 ± 7.5

  Median 3.0 2.9 3.0 3.5 4.7 3.0 1.5

  <0.5 73 (12) 43 (15) 12 (10) 6 (7) 0 (0) 8 (12) 4 (18)

  0.5–0.99 94 (16) 43 (15) 19 (16) 15 (17) 5 (23) 8 (12) 4 (18)

  1–1.99 82 (14) 35 (12) 16 (14) 10 (11) 3 (14) 13 (20) 5 (23)

  2–2.99 57 (9) 31 (11) 12 (10) 10 (11) 0 (0) 4 (6) 0 (0)

  3–4.99 85 (14) 42 (15) 17 (14) 15 (17) 3 (14) 5 (8) 3 (14)

  5–9.99 118 (20) 59 (21) 21 (18) 18 (20) 5 (23) 14 (21) 1 (5)

  10–19.99 74 (12) 27 (9) 13 (11) 15 (17) 6 (27) 10 (15) 3 (14)

  ≥20 19 (3) 7 (2) 6 (5) 1 (1) 0 (0) 3 (5) 2 (9)

Race/ethnicity

  Caucasian 470 (71) 225 (75) 79 (63) 81 (82) 25 (81) 47 (67) 13 (39)

  African American 10 (2) 4 (1) 2 (2) 2 (2) 0 (0) 2 (3) 0 (0)

  Asian 10 (2) 4 (1) 4 (3) 0 (0) 1 (3) 1 (1) 0 (0)

  American Indian 4 (1) 4 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

  Hispanic 13 (2) 5 (2) 2 (2) 2 (2) 0 (0) 2 (3) 1 (3)

  Other or mixed 106 (16) 47 (16) 30 (24) 11 (11) 1 (3) 14 (20) 2 (6)

  Declined to answer 47 (7) 12 (4) 8 (6) 2 (2) 4 (13) 4 (6) 17 (52)

 Volume 16  |  Number 4  |  April 2014  |  Genetics in medicine



305

Nonsyndromic craniosynostosis incidence and symptoms  |  GREENWOOD et al Original Research Article

comparison (Caucasian and other). The suture categories sig-
nificantly varied by Caucasian race (P < 0.001).

Among patients who responded to the survery, there was 
no difference by suture category (P = 0.674) or gender (P = 
0.38). However, the response rate did differ significantly by 
Caucasian ancestry (P < 0.001), with a higher response rate 
among Caucasians compared with non-Caucasians (35 vs. 15%, 
P < 0.0001). The age distribution was also significantly differ-
ent, with older participants responding to the survey, compared 
with those who did not respond (P = 0.0001). The mean age of 
responders at survey distribution was 9.0 years (SD: 6.7), and 
the mean age of nonresponders was 3.2 years (SD: 4.9).

Lifetime incidence rates
In our study, 7.3% of enrolled families had two or more first-
degree relatives affected with CS. The incidence rates are pro-
vided in Table 2 for all combinations of suture categories and 
by the affected relative’s relationship to proband. The overall CS 
incidence rate for all suture types combined was 3.86 (reported 
per 100 patients). These rates were dependent on the suture 
type, in addition to the relationship and gender of the affected 
relative (Table 2).

The CS incidence rate was the highest for first-degree rela-
tives of probands with metopic CS (6.4), followed by those with 
complex CS (4.9), sagittal CS (3.8), lambdoid CS (3.9), and 
coronal CS (0.7; Table 2). Across all suture types, siblings had a 
greater CS incidence rate than parents did (7.5 vs. 2.3, respec-
tively). In all suture categories except coronal and lambdoid 
types, male relatives had a higher incidence rate than female 
relatives. Overall, male relatives were more frequently diag-
nosed with CS than female relatives (4.9 vs. 2.9, respectively). 
The incidence rate among first-degree relatives did not differ 
significantly by gender of the proband.

The affected relative’s suture category was analyzed for sym-
metry with the patient’s suture category (Table 3). Sixty-eight 
percent of sagittal patients had relatives with sagittal CS (n = 
13), 55% of metopic patients had relatives with metopic CS (n = 
6), and 29% of complex patients had relatives with complex CS 
(n = 2). There was no significant difference between the suture 
types of the relative and the patient (P = 0.988). Unspecified 
suture cases were excluded from analysis.

Associated symptoms
A total of 189 patients were included in the associated symptoms 
data set. They were grouped on the basis of their affected suture 
as sagittal, coronal, metopic, lambdoid, or complex type. The 
frequency of symptoms by suture category and P values for each 
symptom across all suture categories are provided in Table 4.

Symptoms that significantly differed between suture categories 
include chronic fatigue (P = 0.02), chronic ear infections (P = 
0.03), hearing problems (P = 0.009), palate abnormalities (P = 
0.007), vision problems (P < 0.001), chronic cough (P = 0.03), 
incontinence (P = 0.003), and patient/parent-reported psychi-
atric concerns (P = 0.019). Sagittal CS had a significantly lower 

Table 2  Observed lifetime incidence of craniosynostosis in 
relatives of probands with all sutures combined

Relationship to 
patient

Observed 
(no.)

Total  
population 

(no.)

Observed  
incidence rate 

(per 100)
Parent 23 1,022 2.25
  Mother 9 538 1.67
  Father 14 484 2.89
Sibling 34 456 7.46
  Male sibling 20 213 9.39
  Female sibling 14 243 5.76
All first-degree 
relatives

57 1,478 3.86

Sagittal
Parent 12 496 2.42
  Mother 3 264 1.14
  Father 9 232 3.88
Sibling 14 192 7.29
  Male sibling 10 98 10.20
  Female sibling 4 94 4.26
All first-degree 
relatives

26 688 3.78

Coronal
Parent 0 195 0.00
  Mother 0 101 0.00
  Father 0 94 0.00
Sibling 2 89 2.25
  Male sibling 1 48 2.08
  Female sibling 1 41 2.44
All first-degree 
relatives

2 284 0.70

Metopic
Parent 5 143 3.50
  Mother 2 75 2.67
  Father 3 68 4.41
Sibling 9 77 11.69
  Male sibling 5 28 17.86
  Female sibling 4 49 8.16
All first-degree 
relatives

14 220 6.36

Lambdoid
Parent 2 52 3.85
  Mother 1 27 3.70
  Father 1 25 4.00
Sibling 1 26 3.85
  Male sibling 0 12 0.00
  Female sibling 1 14 7.14
All first-degree 
relatives

3 78 3.85

Complex
Parent 3 118 2.54
  Mother 3 61 4.92
  Father 0 57 0.00
Sibling 4 65 6.15
  Male sibling 6 25 24.00
  Female sibling 3 40 7.50
All first-degree 
relatives

9 183 4.92
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portion of patients who reported chronic fatigue (2 vs. 13%, P = 
0.02) and psychiatric concerns (0 vs. 6%, P = 0.029) compared 
with other sutures. Coronal CS had the highest percentage of 
patients with vision problems compared with other sutures (45 
vs. 18%, P = 0.002). Metopic CS had a significantly higher por-
tion of patients who reported chronic cough compared with 
other sutures (22 vs. 4%, P = 0.002). Patients with complex CS 
were significantly more likely than those with other suture types 
to report chronic ear infections (43 vs. 20%, P = 0.026), hearing 
problems (29 vs. 5%, P = 0.002), palate abnormalities (24 vs. 4%, 
P = 0.003), or incontinence (14 vs. 0%, P = 0.001).

Across all sutures, each patient reported an average of three 
distinct symptoms (Table 5). There was a significant difference 
in the number of symptoms each patient reported by suture 
category (P = 0.018). Patients with complex CS reported, on 
average, the greatest number of symptoms (mean: 5.1) followed 
by those with coronal CS (mean: 4.2), metopic CS (mean: 3.9), 
lambdoid CS (mean: 3.1), and sagittal CS (mean: 2.5).

DISCUSSION
As expected, the sagittal suture was the most commonly affected 
suture, followed by coronal, metopic, complex, and lambdoid 
types. This pattern is consistent with that in the literature.7,9,10 
Complex CS was more frequently observed in our study popu-
lation (11%) than previously reported (5%).1,12

The study population overall and for sagittal, metopic, and 
lambdoid CS types had a male majority, and the coronal CS 
group had a female majority. This finding agrees with previous 
published reports that observed a higher incidence rate of CS in 
males, particularly the sagittal and metopic CS types.7,10,32 This 
suggests that, overall, males are more susceptible to develop-
ing CS. Coronal CS has been found to occur predominantly 
in females.9,33 This indicates a different underlying etiology for 
coronal CS compared with other suture categories. There is lim-
ited research available on why this gender difference is consis-
tently observed.

This study found a significant difference in Caucasian race by 
suture category. Metopic and lambdoid CS patients were more 
likely to be Caucasian, whereas coronal and complex CS patients 

were less likely to be Caucasian. No literature was found sup-
porting this finding, and with our limited study group in some 
suture categories it is difficult to draw conclusions.

Three unrelated nonsyndromic CS patients had a striking 
family history of CS, with three generations of affected indi-
viduals. This suggests a yet-to-be-identified single-gene, auto-
somal dominant genetic etiology. It is possible that these fami-
lies represent familial aggregation of a multifactorial condition, 
in a pattern that mimics autosomal dominant inheritance; 
the observed incidence rate of CS among first-degree rela-
tives is slightly higher if these three families are included (4.23 
vs. 3.86 per 100), but the overall conclusions do not change. 
Additionally, 6.8% of all nonsyndromic patients have a first-
degree relative affected with CS. These percentages are within 
the rate of 5–10% suggested in previous studies.7,10,11

Sagittal, metopic, and lambdoid CS had a higher familial rate 
than that reported by previous studies. Previous studies pre-
dicted that 6% of patients with sagittal CS would have a positive 
family history of the disease,7 as opposed to our study's finding 
of 8%. The percentage of metopic CS patients with a positive 
family history in our study was larger, at 12%, than previously 
reported (6%).10 Lambdoid CS, due to its rarity and limited case 
reports, was not previously believed to have a familial trend. We 
found that 6% of lambdoid CS patients had positive CS family 
history. These differences may be partially explained by ascer-
tainment bias because families with more than one affected 
individual may be more likely to seek enrollment in research, 
although this study did not specifically seek to enroll multiplex 
families. In addition, our data are only as accurate as the family 
histories reported.

In all suture types combined, 3.9 per 100 of first-degree rela-
tives of CS probands were reportedly diagnosed with CS. We 
suggest that family members of an affected patient have higher 
CS incidence rate compared with the general population fre-
quency of 0.05%. The observed incidence rate in relatives of 
patients with metopic CS was the highest among all the suture 
types (6.4), followed by those with complex CS (4.9), sagittal CS 
(4.3), lambdoid CS (3.8), and coronal CS (0.7). Previous stud-
ies predict patients with coronal and complex CS to have the 

Table 3   Suture category of the patient by suture category of affected relative

Suture category of patient

All sutures Sagittal Coronal Metopic Lambdoid Complex Unspecified suture

N (%) 43 (100) 19 (44) 2 (5) 11 (26) 2 (5) 7 (16) 2 (5)

Suture category of affected relative

Sagittal 16 (37) 13 (68) 1 (50) 1 (9) 0 (0) 1 (14) 0 (0)

Coronal 2 (5) 1 (5) 0 (0) 1 (9) 0 (0) 0 (0) 0 (0)

Metopic 8 (19) 1 (5) 0 (0) 6 (55) 0 (0) 1 (14) 0 (0)

Lambdoid 2 (5) 0 (0) 0 (0) 0 (0) 0 (0) 2 (29) 0 (0)

Complex 5 (12) 2 (11) 0 (0) 0 (0) 1 (50) 2 (29) 0 (0)

Unspecified suture 10 (23) 2 (11) 1 (50) 3 (27) 1 (50) 1 (14) 2 (100)

There was no evidence to reject the hypothesis of symmetry between patient’s and affected relative’s suture categories (P = 0.988). Unspecified suture cases were excluded 
from analysis.
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Table 4  Associated symptoms by suture category
All sutures 
189 (100)

Sagittal 
92 (49)

Coronal 
33 (18)

Metopic 
32 (17)

Lambdoid 
8 (4) Complex Exact P value

Constitutional

Chronic fatigue 15 (8) 2 (2) 4 (12) 4 (13) 1 (13) 3 (14) 0.02

Unexplained weight loss/gain 5 (3) 1 (1) 3 (9)* 1 (3) 0 (0) 0 (0) 0.13

Chronic fevers 3 (2) 2 (2) 0 (0) 1 (3) 0 (0) 0 (0) 0.87

Head, eyes, ears, nose, throat

Chronic ear infections 43 (23) 15 (16) 6 (18) 11 (34) 1 (13) 9 (43)* 0.03

Hearing problems 14 (7) 5 (5) 1 (3) 1 (3) 1 (13) 6 (29)* 0.009

Swallowing difficulty 7 (4) 3 (3) 1 (3) 1 (3) 0 (0) 2 (10) 0.66

Chronic nasal congestion 48 (25) 18 (19) 9 (27) 13 (41)* 2 (25) 6 (29) 0.18

Palate abnormality 11 (6) 2 (2) 3 (9) 1 (3) 0 (0) 5 (24)* 0.007

Vision problems 43 (23) 11 (12)* 15 (45)* 11 (34) 0 (0) 6 (29) <0.001

Cardiovascular

Heart problems 11 (6) 3 (4) 3 (9) 3 (9) 0 (0) 1 (5) 0.68

Chest pains 3 (2) 1 (1) 1 (3) 0 (0) 0 (0) 1 (5) 0.44

Palpitations 3 (2) 1 (1) 0 (0) 0 (0) 0 (0) 2 (10)* 0.14

Pulmonary

Breathing difficulty 26 (14) 13 (14) 3 (9) 4 (13) 0 (0) 6 (29) 0.30

Chronic cough 13 (7) 4 (4) 1 (3) 7 (22)* 0 (0) 1 (5) 0.03

Gastrointestinal

Chronic vomiting 3 (2) 1 (1) 1 (3) 0 (0) 0 (0) 1 (5) 0.44

Chronic constipation 12 (6) 4 (4) 3 (9) 3 (9) 0 (0) 2 (10) 0.55

Chronic diarrhea 1 (1) 0 (0) 0 (0) 1 (3) 0 (0) 0 (0) 0.32

Unexplained abdominal pain 10 (5) 4 (4) 4 (12) 2 (6) 0 (0) 0 (0) 0.36

Chronic jaundice 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) —

Renal abnormality 3 (2) 0 (0) 1 (3) 1 (3) 0 (0) 1 (5) 0.16

Incontinence 3 (2) 0 (0) 0 (0) 0 (0) 0 (0) 3 (14)* 0.003

Neurologic

Seizures 4 (2) 1 (1) 0 (0) 2 (6) 1 (13) 0 (0) 0.08

Chronic headaches 44 (23) 21 (22) 8 (24) 6 (19) 2 (25) 6 (30) 0.89

Musculoskeletal

Hypotonia 16 (9) 6 (6) 4 (12) 4 (13) 1 (13) 1 (5) 0.44

Orthopedic concerns 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) —

Endocrine

Growth abnormality 10 (5) 4 (4) 2 (6) 0 (0) 1 (13) 3 (14) 0.10

Endocrine concerns 3 (2) 0 (0) 2 (6) 0 (0) 0 (0) 1 (5) 0.07

Psychiatric

Emotional or behavioral concerns 35 (19) 14 (15) 5 (15) 6 (19) 2 (25) 6 (29) 0.23

Psychiatric concerns 7 (4) 0 (0)* 1 (3) 3 (9) 0 (0) 2 (10) 0.02

Skin

Skin abnormality 14 (7) 9 (10) 3 (9) 1 (3) 0 (0) 1 (5) 0.84

Hematological

Prolonged bleeding/easy bruising 6 (3) 2 (2) 2 (6) 1 (3) 0 (0) 1 (5) 0.65

Other

Learning disabilities 24 (13) 8 (9) 6 (18) 5 (16) 1 (13) 4 (19) 0.37

Speech abnormality 27 (15) 10 (11) 8 (24) 4 (13) 2 (25) 3 (14) 0.28

Adaptive education 32 (17) 10 (11)* 7 (21) 6 (19) 3 (38) 5 (24) 0.28

Autism spectrum disorder 8 (4) 4 (4) 1 (3) 1 (3) 0 (0) 2 (10) 0.78

The values are given as n (%).

*Indicates significant P values for specified suture type compared with all other suture types.
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highest rates among affected relatives and patients with metopic 
and sagittal to have the lowest rates.7,9,10,15

Further, 8–15% of patients with coronal CS were formerly 
found to have a positive family history.8,9,34 Coronal CS patients 
are the most likely CS category to have a known causative gene 
mutation or syndrome.12 In this study, 46% of excluded patients 
had coronal suture involvement. These patients had a diag-
nosed syndrome, a known gene mutation, or three generations 
of CS-affected individuals. Only 2% of coronal CS patients were 
identified to have affected relatives, most probably due to the 
exclusion criteria.

Our study did find a difference in incidence rate between 
genders of relatives and types of relatives. Overall, siblings had 
a higher CS incidence rate than parents did (7.5 vs. 2.3 per 100 
patients). This difference in incidence rate between parents and 
siblings has not been identified in previously published litera-
ture and may be a reflection of ascertainment bias because fam-
ilies with more than one affected child may seek participation 
in research studies more than parents who are also affected. 
Alternatively, there may be a subset of the families in this study 
with sibling recurrence explained by autosomal recessive inher-
itance or germline mosaicism. To date, the autosomal recessive 
causes of CS include Baller–Gerold syndrome, Antley–Bixler 
syndrome, Opitz C syndrome, Lin–Gettig syndrome, IL11RA 
mutations, and Carpenter syndrome, all of which have many 
associated findings in addition to CS.35–37 Currently, little is 
known about the recessive genetic or germline mosaicism 
causes of nonsyndromic CS.

It is also likely that although some of the observed familial 
incidence rates can be explained by a recessive or dominant 
genetic etiology, others may be due to a multifactorial inheri-
tance pattern. Many shared genes and environmental factors 
probably play a role in the development of nonsyndromic CS.20 
More specifically, our data are consistent with a multifactorial 
threshold model in which males may have a lower threshold 
than females in sagittal, metopic, and lambdoid CS.

The gender of the CS patient’s relative also shows an asso-
ciation with CS incidence rate. Overall, male relatives were 
more likely to be affected than female relatives for all suture 
categories combined (4.2 vs. 1.7 per 100 patients). As pre-
viously discussed, males appear to be more susceptible in 
developing sagittal, metopic, and lambdoid CS than females. 
Therefore, we would expect more male relatives to have these 
CS types than female relatives. It is predicted that familial 
incidence rate among female probands would be greater than 
that among male probands in this multifactorial threshold 
model. However, our study did not find a significant differ-
ence in incidence rates by proband gender.

The suture category of the affected patient did not differ 
significantly from the suture category of the affected relative. 

Sixty-seven percent of metopic and 76% of sagittal CS patients 
had the same suture CS as their relative. This finding of simi-
lar suture type in the affected patient and their affected relative 
supports the hypothesis that each suture synostosis has suture-
specific genetic/environmental factors.

The second component of this study investigated the symp-
toms of CS patients. There was a significant difference in the 
number of symptoms patients reported by suture type. Sagittal 
CS patients reported the lowest average number of symptoms, 
whereas complex CS patients reported the greatest number. 
Complex CS patients have a higher incidence of ear infections, 
hearing problems, palate abnormalities, and incontinence than 
those in the other suture categories. This coincides with pre-
vious literature that found patients with complex CS to have 
the highest rate of complications compared with those patients 
with single suture CS.38 For some complex CS patients, multi-
ple symptoms may suggest an undiagnosed syndrome. Sagittal 
CS patients had a lower incidence of fatigue, visual problems, 
psychiatric concerns, and need for adaptive education than the 
other suture categories. These patients did not have an increase 
in the incidence rate of any symptom when compared with 
the other suture categories. These findings suggest that sagittal 
CS is associated with the lowest number of complications and 
complex CS has the highest number.

Our study found coronal CS patients to be at the greatest 
increased risk for visual problems compared with all other 
suture categories (45 vs. 18%). This finding is consistent with 
a previous report that found 45% of synostotic plagiocephaly 
(unilateral coronal CS) patients to have visual field abnormali-
ties and an additional 10% of patients to report abnormal eye 
movements.28 An additional study observed an increase inci-
dence of strabismus in a population of patients with unilateral 
coronal CS compared with the general population (58 vs. 4%).39 
This is thought to occur because the eye orbit is sometimes ele-
vated on the affected suture side, thus affecting the visual field.

Learning disabilities and/or intellectual disability were 
reported less frequently in CS than expected but were more 
prevalent in CS patients than in the general population, by a 
difference of 9.7%.40 Our study found that, overall, ~20% of CS 
patients had some form of learning disability and/or intellectual 
disability. Previous studies had observed learning or cognitive 
disabilities at a 30–50% rate in nonsyndromic CS patients.26,27,40 
Many learning disabilities or cognitive deficits are not diagnosed 
until children are observed to have difficulties in school. Thirty-
three percent of our patients were less than 5 years of age and 
had yet to begin elementary school. However, this is unlikely 
to account for our lower-than-expected incidence rate because 
patients younger than 5 years did not have a significantly differ-
ent incidence rate than those older than 5 years. Alternatively, 
our study only analyzed nonsyndromic CS patients, whereas 

Table 5   Mean number of distinct symptoms reported by patients by suture category

All sutures Sagittal Coronal Metopic Lambdoid Complex P value

Mean number of symptoms reported ± SD 3.4 ± 3.7 2.5 ± 2.9 4.2 ± 3.9 3.9 ± 4.0 3.1 ± 3.5 5.1 ± 5.2 0.018
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other studies may not have used such strict exclusion criteria. 
Other studies may have included a significant proportion of 
patients that we excluded as syndromic, and the rate of learning 
disabilities may be higher in syndromic patients.

The strengths of this study include a well-characterized and 
large study population of patients with idiopathic CS. To date, 
this large-scale study is the first to analyze this specific popula-
tion of CS patients. Limitations in this study include the pos-
sibility of unidentified ascertainment bias. Our study design 
may have favored reports from patients with more significant 
family history and/or clinical symptoms. In addition, the study 
includes multiple statistical comparisons, thereby increasing 
the probability that any specific statistically significant finding 
may have arisen by chance.

The results of this study support our hypothesis that first-
degree relatives of CS patients are at increased risk of CS as 
compared with the general population. Our study suggests that 
suture type, relationship, and the gender of the relative may 
have an effect on these risks. This information has the potential 
to be used in the genetic counseling setting to provide fami-
lies with more current risk assessments. Additionally, our study 
also supported our hypothesis that the clinical symptoms can 
be influenced by suture diagnosis. Clinicians may choose to use 
this information to help determine appropriate medical evalua-
tions and recommendations. However, this information should 
be used cautiously due to the possibility that these data may not 
accurately reflect the targeted patient population.

From the distinct and overlapping associations in our data, 
we suggest that the etiology of each suture synostosis has 
both unique and common underlying factors. Each suture CS 
represents a distinct disease and phenotype as supported by 
varying familial incidence rates and specific associated symp-
toms. However, there appears to be some shared mechanism 
between suture types as evidenced in families with relatives 
affected with different suture CS types. Future studies to iden-
tify the differing mechanisms of each suture category would 
provide further insight into overall recurrence risks and symp-
tom management.
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