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Abstract. Trigonocephaly is the result of premature fusion of the metopic suture and
its severity can vary widely. However, there is no gold standard for quantification of
the severity. This study was performed to quantify severity using the Utrecht
Cranial Shape Quantifier (UCSQ) and to assess forehead symmetry. Nineteen
preoperative non-syndromic trigonocephaly patients (age �1 year) were included
for the analysis of severity and symmetry. Severity according to the UCSQ was
based on the following combined variables: forehead width and relative skull
elongation. The UCSQ was compared to the most established quantification
methods. A high correlation was found between the UCSQ and visual score
(r = 0.71). Moderate to negligible correlation was found between the UCSQ and
frontal angle, binocular distance, inter-ocular distance, and frontal stenosis.
Additionally, correlation between the visual score and these established
quantification methods was negligible. Assessment of the frontal peak (a)symmetry
(ratio of right to left triangle area in the curve) showed a mean right versus left
triangle area ratio of 1.4 (range 0.9–2.4). The results suggest that the UCSQ is
appropriate for the quantification of severity based on the high correlation with
clinical judgement. Furthermore, a larger triangle area right than left was
unexpectedly found, indicating forehead asymmetry.
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In a physiological situation, the metopic
suture starts to close as early as 3 months
and is completed when the child is 9
months of age. The metopic suture is
the first skull suture to close1,2. When
the metopic suture fuses prematurely,
growth of both frontal bones is restricted
in width and compensatory growth of the
other open sutures and expansion of the
skull occurs3. Due to these growth pat-
terns, a typical triangular shape of the
forehead (trigonocephaly), anterior cranial
fossa, anterior cranial base, and orbits can
be seen; the forehead is pushed forward
due to growth from the coronal sutures
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without growth in width from the metopic
suture4. Furthermore, due to the central
position of the metopic suture, trigonoce-
phaly is assumed to be a symmetrical
condition.
The diagnosis trigonocephaly is based

on clinical examination and can be con-
firmed by computed tomography (CT).
Clinical examination focuses on the clas-
sical clinical features, which include
straight, narrowed frontal bones, orbital
narrowing, biparietal widening, and tem-
poral constriction. However, these and
other features are not pathognomonic for
trigonocephaly, but can be present as a
normal variation in children with different
malformations5,6. Therefore, CT scanning
can be used to confirm the diagnosis. The
recent literature has focused on reducing
the radiation load of CT scans for (young)
children, and several studies have proven
that CT examination is not routinely nec-
essary for the accurate diagnosis of trigo-
nocephaly and that the diagnosis can be
made by clinical examination alone7–9.
However, in order to quantify the defor-
mity objectively, additional examinations
are needed, and CT scanning is currently
the most commonly used method for this
purpose. Therefore, the present study fo-
cused on CT scan data, although there are
emerging trends in preoperative diagnosis
and planning without a radiation load,
such as three-dimensional (3D) photo-
grammetry, ultrasound examination, and
magnetic resonance imaging (MRI)10–12.
There is currently no universally used

method for the quantification of severity,
however severaldifferent methods aremen-
tioned in the literature13–17. The severity of
the deformity depends on the timing of
suture closure and its extent. In mild trigo-
nocephaly, only mild prominence of the
fused metopic suture is seen, while in severe
cases, involvement of the forehead with a
triangular or wedge-shaped frontal bone
secondary to the growth restriction of the
two frontal bones, deficient lateral supraor-
bital rims, and hypotelorism are found18–21.
Two proposed methods for quantification
are the frontal angle method and the frontal
stenosis method, both of which take the
supra-orbital retrusion in trigonocephaly
into account19,22–24. However, these meth-
ods are based on calculations of linear dis-
tances between selected anatomical
landmarks. Therefore, a surface-based ap-
proach may be particularly useful for the
quantification of the complex geometric
head shape associated with trigonocephaly.
The aim of this study was to quantify the

severity of isolated trigonocephaly using
the Utrecht Cranial Shape Quantifier
(UCSQ) and to compare it to the afore-
mentioned quantification methods25. Ad-
ditionally, (a)symmetry of the forehead
was assessed in patients with trigonoce-
phaly.

Materials and methods

Inclusion

Patients with CT-confirmed non-syndro-
mic trigonocephaly (age �1 year) were
included in this study. The patients were
diagnosed at the Erasmus Medical Center,
Sophia Children’s Hospital, Rotterdam.
Measurements were performed using pre-
operative 3D CT scans and these scans
needed to contain the complete skull, in-
cluding the orbits and ears.
For the development of a severity score

and for illustrative purposes, control
patients were included; these patients were
recruited in a previous study25. To be
eligible as a control patient, the CT scan
needed to have been obtained at 6 years of
age or younger and needed to contain the
orbits and ears. These patients underwent
CT scanning for suspected neurotrauma.
The scans were negative for congenital
and traumatic craniofacial malformations
including craniosynostosis, facial frac-
tures, and soft tissue swelling.
The study was approved by the local

medical ethics review committee (MEC-
2016-467). The study was deemed a ret-
rospective clinical study and did not re-
quire formal research ethics approval
under the Medical Research Involving
Human Subjects Act.

Classification of severity

Different parameters (UCSQ, visual score,
frontal angle, frontal stenosis, inter-ocular
distance, and binocular distance) were
measured, calculated, and determined to
qualify the severity of the trigonocephaly.
All parameters were measured on (3D) CT
scans.

UCSQ

The methodology for the quantification of
craniosynostosis is described in our previ-
ous study25. Curves resulting from the
UCSQ were used to extract values needed
for the calculations (Fig. 1). In patients
with trigonocephaly, a specific pattern of
the curve can be seen, corresponding to the
typical and recognizable clinical features
in this deformity25.
Different aspects of the curve were

measured and calculated (Fig. 1, Table
1). For quantification with the UCSQ,
the following variables were ranked: the
relative elongation of the head as mea-
sured by DY peak and the width of the
forehead as measured by the width of the
frontal peak at F � 0.05 (‘F�0.05’). These
variables were given rank numbers, where
the lowest rank (1) is given to the lowest
value (least severe) and the highest rank is
given to the highest value; rank numbers
ranged between 1 and 18. The rank num-
bers were added in order to quantify the
severity of the trigonocephaly.
In order to differentiate between the

different levels of severity of trigonoce-
phaly, the most distinctive variables of
trigonocephaly were used, namely the rel-
ative elongation of the head as measured
by DY peak and the width of the forehead
as measured by the width of the frontal
peak at F�0.05. As stated before, the
trigonocephalic skull has a typical trian-
gular shape of the forehead, compared to
the normal skull. Therefore, the difference
between the mean values of a control skull
for the previous variables and those of a
trigonocephaly patient is indicative of the
severity. The mean values from the control
patients, as reported in our previous study,
were used25. The following calculation
was developed in order to determine
cut-off values and the different classes
of severity (mild, moderate, severe):
(width of frontal peak at
F � 0.05 � 66) � �2.9 + (DY
peak � 0.26) � 8300. In this calculation,
the values 66 and 0.26 are the values for
width of the frontal peak and DY peak in
the control patients. In the calculation, the
differences between the variables in trigo-
nocephaly patients and control patients are
multiplied (by �2.9 and by 8300) in order
to give each variable the same weight in
the resulting outcome. Cut-off values for
each subgroup of severity were then pro-
posed.

Visual score of skull shape

The (3D) CT scan was evaluated for the
following visual features of trigonoce-
phaly: presence of a closed metopic su-
ture, straight frontal bone, narrowed
frontal bone, posteriorly displaced frontal
bone, temporal constriction, orbital nar-
rowing, and severity of the wedge-shape
skull.
The following scoring system was

assigned for each of the features: score
0 = normal, 1 = moderate deformity, and
2 = severe deformity. The maximum score
is 14 points, representing the most severe
presentation of trigonocephaly. Visual
scoring was performed by three raters:
one experienced craniofacial plastic sur-
geon and two trained medical students.
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Fig. 1. The resulting sinusoid curve; the different variables are marked.
Abbreviations: F = maximum of the forehead; F�0.05 = height of the forehead at maximum minus 0.05; L = minimum value of the left side of the
head; R = minimum value of the right side of the head; XF = X-value of the maximum forehead value; XL = X-value of the minimum value of the
width on the left side; XR = X-value of the minimum value of the width on the right side; XFL0.05 = X-value for the maximum forehead minus
0.05 on the left side; XFR0.05 = X-value for the maximum forehead minus 0.05 on the right side.
Frontal angle

The frontal angle was measured on axial
CT slices. This represents the angle be-
tween two lines drawn through the nasion
and both pterions (Fig. 2A). The frontal
Table 1. Variables extracted and calculated from

Extracted variable Abbrevi

Maximum value of the peak of the
forehead

F 

Minimum value of the left side of
the head (trough)

L 

X-value (in degrees) for maximum
value of the forehead minus 0.05
(F�0.05) on the left side

XFL0.0

X-value (in degrees) of the
minimum value of the width on the
left side

XL 

Calculated variable Formula

Width of the frontal peak at F�0.05 XFL0.0
Triangle area right (TAR) (F � R)
Ratio triangle area TAR/TA
angle classifies the severity of the trigo-
nocephaly: a ‘normal’ skull presents an
angle of �104�, a mild presentation has an
angle between 96� and 103�, moderate
between 90� and 95�, and the most severe
cases an angle �89�23.
 the curve.

ation Extracted variable 

X-value (in degrees) o
maximum value of the
Minimum value of the 

the head (trough)
5 X-value (in degrees) fo

value of the forehead 

(F�0.05) on the right 

X-value (in degrees) o
minimum value of the 

right side

 Calculated variable 

5 � XFR0.05 DY peak
 � (XF � XR) � 0.5 Triangle area left (TA
L

Frontal stenosis

Frontal stenosis was measured on axial CT
slices. This is the ratio of the inter-parietal
distance (IPD) to the inter-coronal dis-
tance (ICD) (Fig. 2B). These measure-
Abbreviation

f the
 forehead

XF

right side of R

r maximum
minus 0.05
side

XFR0.05

f the
width on the

XR

Formula

F � ((R + L)/2))
L) (F � L) � (XL � XF) � 0.5
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Fig. 2. Visualization on a CT scan. (A) Frontal angle; A = nasion, B = pterion, red line = frontal
angle. (B) Frontal stenosis; A = inter-coronal distance (ICD), B = inter-parietal distance (IPD).
(For interpretation of the references to colour in the figure legend, the reader is referred to the
web version of this article.)
ments are made through the most antero-
lateral point of the ventricles. IPD was
measured at the widest point of the skull;
ICD was measured between the outlines of
the skull at the level of the anterolateral
corners of the lateral ventricles19,22.
Inter-ocular distance and binocular

distance

The inter-ocular distance (IOD) and bin-
ocular distance (BOD) were measured on
axial CT slices. IOD is the distance be-
tween the medial canthi of the eyes. BOD
is the distance between the lateral canthi of
the eyes. Measuring the IOD and BOD can
assess hypotelorism (in which both the
IOD and BOD are reduced)26.

(A)symmetry of trigonocephaly

In order to assess (a)symmetry of the
forehead in patients with trigonocephaly,
the ratio (right to left) of the triangle areas
of the frontal peak was calculated using
the created curves (Table 1). Additionally,
the cranial vault asymmetry index (CVAI)
was calculated on CT scans in order to
diagnose potential accompanying posi-
tional plagiocephaly. The CVAI was cal-
culated from dual cranial diagonal
diameters as follows: CVAI = absolute
difference in cranial diagonal diameters/
largest cranial diagonal � 10027. Addi-
tionally, the CVAI was divided into five
categories according to severity, with a
CVAI < 3.5 indicating normal symmetry
and a CVAI >11.0 indicating the most
severe asymmetry (category 1: <3.5; cat-
egory 2: 3.5–6.25; category 3: 6.25–8.75;
category 4: 8.75–11.0; category 5:
>11.0)27,28.

Statistical analysis

First, the level of agreement between
observers was assessed for the visual score
by calculation of the intra-class correla-
tion coefficient (ICC) for each variable of
the visual score. The ability of a test to
show inter-observer reliability was evalu-
ated using the two-way random-effects
model assuming an average measurement
and absolute agreement. An ICC of 1
means perfect reliability and an ICC of
0 shows poor reliability. The average of
the visual score (per patient) given by the
three observers was calculated and used in
further statistical evaluations. The calcu-
lated averages of each of the seven evalu-
ated items were summed, resulting in an
overall visual score, which could range
from 0 to 14.
Second, Pearson’s correlation coefficient

or Spearman’s rank correlation coefficient
(choice of statistical test based on the nor-
malityof thedata)wasused todetermine the
correlation between quantification accord-
ing to theUCSQand thevisual score, frontal
angle, frontal stenosis, ratio triangle area,
IOD, and BOD. Additionally, the visual
score was correlated to each of the afore-
mentioned variables.
Third, an independent-samples t-test

was conducted to compare group means
of the UCSQ in the groups CVAI <3.5 and
CVAI �3.5.
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Fig. 3. Mean curves for trigonocephaly patients (n = 19) and control patients (n = 5).
The accepted guidelines for interpret-
ing the correlation coefficients are as
follows: +1 indicates a perfect positive
linear relationship, �1 indicates a perfect
negative linear relationship, and 0 indi-
cates no linear relationship29. The corre-
lation coefficient can be interpreted as
negligible correlation (0.00 to 0.30),
low correlation (0.30 to 0.50), moderate
correlation (0.50 to 0.70), high correla-
tion (0.70 to 0.90), and very high corre-
lation (0.90 to 1.00)30.
The statistical analyses were performed

using IBM SPSS Statistics for Windows,
version 21.0 (IBM Corp., Armonk, NY,
USA). A P-value �0.05 was considered
statistically significant.

Results

A total of 19 children with non-syndromic
trigonocephaly were included. Mean age
at CT scan was 5.5 months (range 2–12
months). Of the 19 patients, 15 were male
(79%) and four were female (21%).
Five control patients were included.

Their mean age at CT scan was 49 months
(range 37–66 months); all five were male
(100%).

ICC

The ICC for visual score was calculated.
The level of agreement between the three
observers for closed metopic suture
(ICC = 0.91), posteriorly displaced frontal
bone (ICC = 0.88), orbital narrowing
(ICC = 0.85), and severity of wedge-shape
skull (ICC = 0.87) showed perfect reliabil-
ity. The presence of straight frontal bone
(ICC = 0.72), narrowed frontal bone
(ICC = 0.63), and temporal constriction
(ICC = 0.74) showed good reliability.

UCSQ

Figure 3 shows the mean curves for both
trigonocephaly patients (n = 19) and con-
trol patients (n = 5).
The variables used for the quantification

of trigonocephaly according to the UCSQ
were DY peak (mean 0.3, range 0.2–0.4)
and width of the frontal peak at F�0.05
(mean 31.8, range 22–44). The mean added
rank number was 10.0 (range 1.8–18.0).
The mean value of the calculation of the

severity of trigonocephaly ((width of fron-
tal peak at F � 0.05 � 66) � �2.9 + (DY
peak � 0.26) � 8300) was 2.40 (range
�622.65 to 1279.75). The mean (width
of frontal peak at F�0.05 � 66) was
�34.21 (range �44.00 to �22.00) and
mean (DY peak � 0.26) was �0.01 (range
�0.09 to 0.14).

Other variables

Figure 4 shows the patient with the lowest
visual score and Fig. 5 the patient with the
highest visual score. The mean visual
score was 10.0 (range 3–13.7).
The mean frontal angle was 95.6�

(range 85.5–103.7�) and mean frontal ste-
nosis was 1.2 (range 1.1–1.3). The mean
IPD was 11.4 (range 10.0–13.5) and mean
ICD was 9.8 (range 8.3–11.1). Mean IOD
was 2.7 (range 2.2–3.3) and mean BOD
was 7.3 (range 6.5–8.4).

(A)symmetry of trigonocephaly

Additionally, the triangle area ratio was
calculated: mean 1.4 (range 0.9–2.4); tri-
angle area left mean 8.2 (range 4.0–16.4),
triangle area right mean 11.2 (range 4.6–
18.6). Table 2 shows the calculated values
of CVAI. The mean CVAI was 3.3 (range
0.0–12.2) and the majority of CVAI were
category 1 (CVAI < 3.5).
There was no significant difference in

UCSQ between those with CVAI < 3.5
(mean UCSQ = �40.95, SD = 599.29)
and those with CVAI � 3.5 (mean
UCSQ = 62.00, SD = 627.48); t(17)
= �0.36, P > 0.05.

Correlation

A high correlation was found between the
UCSQ and visual score (r = 0.71). A mod-
erate correlation was found between the
UCSQ and frontal angle (r = �0.57) and a
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Fig. 4. 3D CT scan of the patient with the
lowest visual score of 6.3 (mean of three raters
for the presence of closed metopic suture 1,
straight frontal bone 1, narrowed frontal bone
1, posteriorly displaced frontal bone 0.67,
temporal constriction 1, orbital narrowing
0.67, and severity of wedge-shape skull 1).
This patient was classified as a mild case of
trigonocephaly according to the severity score
(�620.93). (A) Frontal view; (B) axial view;
(C) lateral view.

Fig. 5. 3D CT scan of the patient with the highest visual score of 13.7 (mean of three raters for
the presence of closed metopic suture 2, straight frontal bone 2, narrowed frontal bone 2,
posteriorly displaced frontal bone 2, temporal constriction 2, orbital narrowing 1.67, and severity
of wedge-shape skull 2). This patient was classified as a severe case of trigonocephaly according
to the severity score (511.25). (A) Frontal view; (B) axial view; (C) lateral view.
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Table 2. Calculated values of CVAI.

Category Number % Mean ratio triangle area

<3.5 11 57.9 1.3
3.5–6.25 6 31.6 1.7
6.25–8.75 1 5.3 1.0
8.75–11.0 0 0 N/A
>11.0 1 5.3 2.4

CVAI, cranial vault asymmetry index; N/A, not applicable.
low correlation between the UCSQ and
BOD (r = �0.33). A negligible correlation
was found between the UCSQ and IOD
and frontal stenosis (r = �0.29 and
r = �0.05, respectively).
A negligible correlation was noted be-

tween visual score and frontal angle
(r = �0.26), frontal stenosis (r = 0.25),
and BOD (r = �0.21). A negligible corre-
lation was found between visual score and
ratio triangle area (r = �0.17) and IOD
(r = �0.06).

Discussion

The aim of this study was to evaluate and
quantify the severity of isolated trigono-
cephaly using the UCSQ25. The UCSQ
was compared with various frequently
used quantification methods. Additional-
ly, the assumed symmetry of the forehead
in trigonocephaly was examined.
The presentation of metopic synostosis

can vary widely. On the less severe side of
the spectrum, an isolated metopic ridge
can be found, a normal variant seen in 10–
25% of children. However on the more
severe side, a prominent triangular shape
of the forehead in combination with hypo-
telorism is seen31. It is necessary to quan-
tify the true trigonocephaly according to
its severity. It should be noted that existing
methods focus on the aesthetic and visual
components of trigonocephaly, but none
of these methods capture the whole skull
shape.
For quantification of trigonocephaly

using the UCSQ, the following two vari-
ables were selected: DY peak and width of
frontal peak at F � 0.05. DY peak repre-
sents the difference between the most
prominent part of the forehead and the
mean of both sides of the head. By analys-
ing curves of different craniosynostosis
patient groups, the width of frontal peak
at F � 0.05 was found to be most distinc-
tive for both the diagnosis of trigonoce-
phaly and its severity.
Based on the calculation of the severity

of trigonocephaly ((width of frontal
peak at F � 0.05 � 66) � �2.9 + (DY
peak � 0.26) � 8300), the following cut-
off values are proposed in order to classify
the severity: mild, less than �500; mod-
erate, �500 to 0; severe, �0. However,
these cut-off values are only based on 19
patients and further validation is needed in
future research.
The strongest correlation was found

between the UCSQ and visual score,
indicating a numerical expression of
the visual severity by the UCSQ. Moder-
ate to negligible correlations were found
between the UCSQ and the other vari-
ables. It is notable that only low and
negligible correlations were found be-
tween both the UCSQ and visual score
and IOD and BOD. This indicates that
neither IOD nor BOD is directly related
to the severity of trigonocephaly. This is
in contrast to the results of previous
studies, which have indicated that the
severity of the orbital deformity seems
to be related to the angular (wedge shape)
deformation of the forehead32,33. Addi-
tionally, frontal angle and frontal steno-
sis only showed moderate and negligible
correlation with both the UCSQ and vi-
sual score, possibly indicating that both
the frontal angle and frontal stenosis are
suitable for diagnosing but not for quan-
tification.
Trigonocephaly is known as a symmet-

rical deformity, however we found a larger
triangle area right than left, indicating
forehead asymmetry19. This is mostly
due to an increased distance between
XF and XR (in relation to XL and XF),
and not due to an increased value of F � R
(in relation to F � L). This asymmetry of
the forehead in patients with trigonoce-
phaly is remarkable and could be caused
by an accompanying positional plagioce-
phaly, as for example can be seen in the
two patients in Figs 4 and 5 on the right
side of the occiput. It should be noted that
the trigonocephaly UCSQ scoring system
addresses metopic synostosis only and
does not evaluate positional deformities.
Eight of the total 19 included patients
(42.1%) had a calculated CVAI of >3.5,
which is described as aberrant and indi-
cates an accompanying positional plagio-
cephaly. The patient with the highest ratio
triangle area (2.4) also had the highest
CVAI (12.2). No statistically significant
difference in mean UCSQ between the
groups with CVAI < 3.5 and CVAI � 3.5
was found, indicating that positional pla-
giocephaly is no confounder. However, no
further conclusions can be drawn due to
the relatively small sample size. Future
research can focus on the skull shape
analysis of both the forehead and occiput
regarding this asymmetry and possible
accompanying positional plagiocephaly.
No correlation between the ratio triangle
area and severity according to the UCSQ
was found.
Several limitations should be considered

when interpreting the results. First, this
study will include the general drawbacks
of any retrospective study. Second, data
from only one craniofacial centre were
used, resulting in an apparent relatively
small patient group. However, a homoge-
neous group of patients was included with
regards to age and preoperative status.
Third, it should be noted that in the current
(retrospective) study, CT scans, which have
an accompanying radiation load, were used
in order to assess severity according to the
UCSQ. Considering the emerging trend in
preoperative diagnosis and planning to use
lower, and preferably zero, radiation, one
could see the present study as an important
first step towards future implementation
and use of the UCSQ on 3D photogramme-
try. However, for the purposes of thecurrent
study, CT scans were used due to their
availability. While performing this study,
the future goal of zero radiation load in the
diagnostic and follow-up process was kept
in mind. Therefore, external landmarks and
the external outline of the skull were used,
and it is expected that the UCSQ can well be
applied on 3D photogrammetry.
Using the UCSQ, it was possible to

quantify trigonocephaly according to its
severity using external landmarks and dis-
tinctive variables: width of the forehead
and relative skull elongation. For future
research, the UCSQ can be used and the
external landmarks applied to 3D photo-
grammetry, which is less invasive and not
damaging for children (no radiation load,
no need for sedation). Furthermore, the
UCSQ is suitable, and can be implemen-
ted, for quantification of the surgical
results and growth changes in patients
with trigonocephaly. It was found that
the UCSQ had the strongest correlation
with clinical judgement, and this method
objectifies clinical features into numbers
and is therefore suited to quantify severity.
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Additionally, an unexpected forehead
asymmetry in trigonocephaly was found
using the UCSQ, which was not correlated
to the severity of trigonocephaly.
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