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INTRODUCTION
Craniosynostosis is sometimes hidden from view due to 

cranial deformation. However, very few cases with intrinsi-
cal bone fusion are known to exist in cranial deformity of 
infants. In 115 infants presenting with unilateral posterior 
cranial flattening, only 1 child had synostotic posterior 
plagiocephaly (lambdoid synostosis).1 Most of them had 
deformational plagiocephaly with no bony fusion and no 

increase in intracranial pressure. In recent years, helmet 
therapy has been used in deformational plagiocephaly for 
cosmetic purposes.2,3 The correction rate of plagiocephaly 
with helmet therapy decreases as the infant’s age increas-
es.4,5 On the other hand, in the case of craniosynostosis it 
is necessary to perform surgery at an early stage. A delay 
in surgery beyond the first 9–12 months of life leads to 
progressive deformity of the cranial base, resulting in ab-
normal facial growth.6,7

Endoscopic suture resection surgery and postoperative 
helmet therapy has attracted attention in recent years for 
the treatment of craniosynostosis.8 The benefits include a 
short operation time, a short hospitalization period, and 
prompt recovery.9,10 However, considering the rate of im-
provement due to the age of helmet therapy, it is desir-
able to start treatment within 6–8 months of age.4,5 The 
importance of the early discovery of cranial suture fusion 
is increasing as treatment methods are changing.

Methods for craniosynostosis diagnosis currently 
rely entirely on radiographic images such as x-rays 
and computed tomographic (CT) scans. Risk of can-
cer from diagnostic x-rays has been estimated.11–14 
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Children are much more radiosensitive than adults. A 
1-year-old infant is 10–15 times as likely as a 50-year-old 
adult to develop a malignancy from the same dose of 
radiation.12 We believe that reliable screening methods 
that are safer than x-rays and CT scans are necessary 
to differentially diagnose the infants who have cranio-
synostosis given the large number of those with skull 
deformities.

Ultrasound examination of the head is used by pediatric 
neurosurgeons and pediatricians to perform intracranial 
assessment.15–17 In these examinations, echocardiographic 
probes are used to inspect the anterior fontanel, which is 
widely patent. In 1998, Soboleski et al.18 examined excised 
synostosed suture specimens by high-resolution sonogra-
phy and reported that the high-resolution sonographic 
images provided easy means to assess sutural width. Since 
that report, ultrasound in the diagnosis of craniosynostosis 
has been reported.19–22 It was applied to infants with head 
deformity or craniosynostosis and shows that ultrasound is 
a highly specific and sensitive imaging technique. Sonog-
raphy was found to be operator dependent with special 
technologist training required and not feasible in infants 
older than 13 months.20 Also, they reported that patency 
is reliably confirmed by ultrasound in sutures wider than 
0.5 mm21. In 2017, Pogliani et al.22 reported ultrasound 
assessment of infants with head deformity or small head 
circumference and that ultrasound is a highly specific and 
sensitive imaging technique.

In the abovementioned reports, very little is written 
about the ultrasonographic findings of the normal cranial 
suture. To obtain a diagnosis of abnormal sutures in cra-
niosynostosis, it is necessary to know the ultrasonographic 
findings of normal sutures. Also, ultrasound diagnostic 
methods have not been established. Therefore, we decid-
ed to observe the cranial sutures of normal infants with 
echocardiographic ultrasound. We were able to recognize 
sutures with small gaps, and we reported our findings. 
Moreover, to establish a screening method for craniosyn-
ostosis, we developed a 2-point method as a simple evalua-
tion method and confirmed its usefulness.

METHODS

Patients
This study was performed at an outpatient clinic of 

the Department of Plastic and Reconstructive Surgery in 
Osaka Medical College and the Department of Pediatric 
Neurosurgery in Takatsuki Hospital from March 2016 to 
June 2018. The ethical committees of both hospitals ap-
proved this study.

The subject of the study is 43 patients with deforma-
tional plagiocephaly, 18 patients with normal skulls, and 
8 patients with craniosynostosis (Tables 1 and 2). Infants 
with deformational plagiocephaly visited Takatsuki hospi-
tal every month for helmet therapy. We chose 45 infants 
of them randomly. Two infants were excluded from the 
study because they stopped outpatient visits early. The 
mean patient age was 6.1 months (range, 4–14 months), 
and the mean follow-up period was 4.8 months (range, 

2–8 months). Children with normal skulls routinely visited 
Osaka Medical College Hospital for the treatment of cleft 
lip and polysyndactyly. Children with normal skulls rou-
tinely visited Osaka Medical College Hospital for the treat-
ment of cleft lip and polysyndactyly. We chose 20 infants of 
them randomly. Two infants were excluded from the study 
because they were suspected of having the syndrome. The 
mean patient age was 7.1 months (range, 1–24 months), 
and the mean follow-up period was 4.5 months (range, 
1–8 months). Children with deformational plagiocephaly 
and normal skulls underwent echocardiographic exami-
nations at regular intervals. All cases of craniosynostosis 
underwent surgery after diagnosis by echocardiographic 
and CT scan examinations (Table 2). The 8 patients con-
sisted of 2 coronal, 2 lambdoid, 2 metopic, and 2 complex 
craniosynostoses. Bone fusion was also confirmed in in-
traoperative findings, and ultrasound was also performed 
directly on the periosteum after elevating the scalp flap. 
The mean age of patients undergoing the operation was 
6.3 months (range 2–14 months).

All infants were assessed with cranial ultrasound of the 
sutures. The procedure was well-tolerated by all the infants, 
without any sedation. The bilateral coronal, metopic, sag-
ittal, and bilateral lambdoid sutures were searched. Chil-
dren with deformational plagiocephaly and normal skulls 
underwent ultrasound examinations at regular intervals 
after outpatient clinic. Children with craniosynostosis un-
derwent ultrasound examination after preoperative CT di-
agnosis. Bone fusion was also confirmed in intraoperative 
findings, and ultrasound was also performed directly on 
the periosteum after elevating the scalp flap.

Echocardiographic Devices
Since the examinations took place in 2 hospitals, 2 

echocardiographic instruments were used, and linear 
probes for observing the surface layer were used. Assess-
ments using echocardiographic devices Venue 50 (GE 
Healthcare, Wuxi City, China) and NanoMaxx (SonoSite, 

Table 1. Patient Series of Deformational Plagiocephaly and 
Normal Infants

Deformational Plagiocephaly Normal

No. patients 43 18
Male infants 26 7
Female infants 17 11
Age (mean) in mo 4–14 (6.1) 1–24 (7.1)
Length of follow-up 

(mean) in mo
2–8 (4.8) 1–8 (4.5)

Table 2. Patient Series of Craniosynostosis

No. Patients 8

Male infants 4
Female infants 4
Types of craniosynostosis  
  Coronal craniosynostosis 2
  Sagittal craniosynostosis 0
  Lambdoid craniosynostosis 2
  Metopic craniosynostosis 2
  Complex craniosynostosis 2
Patient age of operation (mean) in mo 2–14 (6.3)
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Bothell, Wash.) were performed immediately after the 
clinical examination at Osaka Medical College hospital 
and Takatsuki hospital, respectively. Linear transducers of 
16 and 10 MHz were used with the following parameters: 
field of view, 1.5 cm; depth of focus, 3 mm; gain, 80 dB. Gel 
was used as contact medium. All children were examined 
by the author to avoid interobserver variability.

MEASUREMENT AND EVALUATION 
METHODS

Measurement Index and Order
While observing with echocardiographic ultrasound, 

we focused on the following measurement indices and de-
cided the observation order so that evaluation could be 
made more easily in a short time (Fig. 1).

The child was seated on the mother’s knee and faced 
the examiner. First, the examiner confirmed the posi-
tion of 6 cranial fontanels (anterior fontanel, posterior 
fontanel, sphenoid fontanels, and mastoid fontanels), 
and these fontanels were used as measurement indica-
tors. It is faster to minimize changes in the patient’s 
posture and to examine from the sutures around the 
anterior fontanel which is easiest to identify. Therefore, 
the examination was begun in the order of the right 
coronal, left coronal, metopic, and sagittal suture. Only 
when observing the lambdoid suture, the direction of 
the patient’s seating was changed so that the child faced 
the mother’s chest.

Two-point Method
Furthermore, we have developed an evaluation meth-

od, which is easy to visualize (Fig. 2). Whether the suture 
was normal or fused was judged by using 2 observation 
points for each suture and was recorded in the table. If 
the suture was closed at 1 of the 2 points, a judgment was 
made that the suture was fused.

Measuring the Width of the Suture
The distance of the normal suture was measured 

for evaluation (Fig. 3). The line connecting the cortical 
epiphysis with a straight line was taken as the horizontal 

direction of the upper end. The straight line connecting 
the boundary between the cortex and medulla was taken 
as the horizontal direction of the lower end. The average 
value of the 2 widths (upper end and lower end) was taken 
as the horizontal width of the suture. The line connecting 
the vertical distance between the epiphyseal leanings was 
taken as the vertical direction of the upper end. The line 
connecting the cortex and medulla border in the vertical 
direction at the same leanings was taken as the vertical di-
rection of the lower end. The average value of the 2 widths 
of the upper and lower ends was taken as the vertical width 
of the suture.

Ultrasounds Images of the Suture in Craniosynostosis
Craniosynostosis was diagnosed by CT examination be-

fore surgery (Table 2). Similarly, we investigated patency or 
closure of all sutures by echocardiographic examination. 
Sutures were also observed with echocardiography when 
the bones were exposed during surgery and were directly 
visible. Four patients underwent endoscopic resection with-
out ultrasound assessment on the periosteum, and closure 
of the suture was confirmed only by direct observation.

Fig. 1. the ultrasound probe is vertically placed on 2 trisected points 
of the suture line between the 2 fontanels (red lines). the examiner 
faces the front of the child’s head and observes the sutures in order 
of right coronal, left coronal, metopic, and sagittal sutures. the posi-
tion of the child’s head is reversed only when observing the lamb-
doid sutures.

Fig. 2. each observation point is evaluated as open (○) or closed 
(×) and recorded. if only 1 of the 2 points is marked as closed, it is 
judged that the suture is fused. From this table, it can be immedi-
ately recognized whether the suture is normal or fused.

Fig. 3. the average of the upper end and the lower end was taken as 
the horizontal and vertical width of the suture, respectively.
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Evaluation of Sensitivity
The ultrasonic examination results were compared 

with the CT examination as to whether the diagnostic sen-
sitivity was sufficient by our proposed evaluation method 
(Table 3). The CT results were evaluated as true positive 
(TP) or true negative (TN). Sensitivity and specificity were 
calculated, respectively, using the common formula as fol-
lows: sensitivity = TP/[TP + false-negative (FN) results] 
and specificity = TN/[TN + false-positive (FP) results]. 
Positive predictive values and negative predictive values 
were calculated using TP/(TP + FP) and TN/(TN + FN).

RESULTS

Ultrasound Images of the Normal Sutures
In all the normal and deformational plagiocephaly 

cases, the patency of the sutures was clearly confirmed by 
echocardiographic ultrasound (Fig. 4). When each fonta-
nel, especially the anterior fontanel, was widely patent, the 
entire suture lines could be identified from the fontanels 
at both ends of the suture. Normal cranial sutures were 
patent if no bridging was found and an anechoic gap was 
present throughout their entire length. The periosteum, 
cortical bone, medulla bone, and dural layer could also be 
identified. In the coronal sutures and lambdoid sutures, 
bone overlap phenomenon was not particularly regular. 
Sedation was unnecessary for the patients.

Measuring the Width of the Suture
Furthermore, it was possible to observe suture width 

over time in normal and deformational plagiocephaly. 
The value of the normal suture was larger in the horizon-

tal direction than in the vertical direction, and the dis-
tance in the horizontal direction could be measured easily 
(Fig. 5). Therefore, the width of the suture was defined as 
the horizontal direction with the greatest change depend-
ing on age.

In normal and deformational plagiocephaly, the suture 
width was narrowing with age (Fig. 6). Among all the su-
tures, the coronal sutures tended to be narrow. The width 
of the suture exceeded the echocardiographic resolution 
even at 2 years of age at the cortical suture measurement 
point.

Ultrasound Images of the Sutures in Craniosynostosis
On the other hand, there was no anechoic gap in 

craniosynostosis and the bone was fused continuously 
(Fig. 7). The echocardiographic results of craniosynosto-
sis were consistent with all the CT examinations. Results 
of CT findings, preoperative echogenic findings, intraop-
erative findings, and echogenic findings on periosteum 
did not differ. Furthermore, in 4 of 8 cases it was con-
sistent with intraoperative findings and the results when 
performed directly on the periosteum. The table can be 
entered quickly in order of measurement and is easy to 
visualize later.

Two-point Method and Evaluation of Sensitivity
According to the evaluation method for the 2-point 

method that we devised, all the sutures could be inspected 
in about 2 minutes. Sensitivity was 100% and specificity was 
95.1% in the evaluation of 2 points between sutures (Ta-
ble 3). Two cases of deformational plagiocephaly seemed 
to have cross-links in the coronal suture at 11 months. 
However, when observations were made at 12 months, it 

Table 3. Statistical Analysis of Ultrasonography in the Diagnosis of Craniosynostosis

Test Outcome of Craniosynostosis  
by Ultrasonography Patient-diagnosed Craniosynostosis  

Condition Positive Condition Negative PPVs and NPVs
Positive TP, 8 FP, 3 PPV, 8/(8 + 3) = 72.7%
Negative FN, 0 TN, 58 NPV, 58/(0 + 58) = 100%
Sensitivity and specificity Sensitivity, 8/(8 + 0) = 100% Specificity, 58/(3 + 58) = 95.1%  
NPV indicates negative predictive value; PPV, positive predictive value.

Fig. 4. a 2-month-old girl with a normal cranium. all the sutures are clearly open. the 
sutures have no bridging image and an anechoic gap is present throughout the en-
tire bone. the periosteum, cortical bone, medulla bone, and dura mater could also be 
identified.
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was confirmed that both cases were clearly patent. One 
case of deformational plagiocephaly seemed to have cross-
links in the coronal suture at 18 months. Because we could 
not follow the patient, we could not confirm the patency 
of the suture.

DISCUSSION
It is rare for a patient to receive a first-time diagnosis 

for craniosynostosis as an outpatient. Even when clinical 
findings do not lead to diagnosis, follow-up observations 
are necessary. Although x-ray examination is used as the 
first choice, it cannot be performed frequently due to 
the risk of irradiation. Although the 2015 guideline for 
craniosynostosis recommends repeating x-rays after 1 or 
2 months, it says x-rays are not always reliable because 
of the very young age of the patient.23 In addition, x-rays 
have low sensitivity, varying from a high of 80% to a low of 
60%.24 Although CT examination is high in sensitivity and 
specificity, it is not recommended for follow-up because 
of the increased risk of fetal cancer and childhood leuke-
mia by radiation exposure and the sedation necessary.13,14 
A 1-year-old infant is 10–15 times as likely as a 50-year-old 
adult to develop a malignancy from the same dose of ra-
diation.12 The use of helical CT is increasing faster in chil-
dren than in adults because of the advantage of a short 
exposure time. This leads to the temptation to use it for 
screening.12 In cases where cranial deformation is slight 

or almost no doubt of craniosynostosis, examination with 
radiation images is high risk. Ultrasound following outpa-
tient examination can easily exclude craniosynostosis, and 
showing ultrasound findings to the patients’ mothers can 
give them a sense of security.

Our present studies showed that we could clearly 
judge the patency or closure of cranial sutures and mea-
sure their width. Ultrasound is easy to use because it can 
be performed over time and does not require sedation. 
Our 2-point method enabled us to perform examinations 
quickly—in as little as 2 minutes. There are no reports 
mentioning how to evaluate ultrasound. Sze et al.19 report-
ed that the entire course of the bilateral lambdoid sutures 
from the posterior fontanel to the mastoid fontanelle was 
scanned if visible. Pogliani et al.22 reported that for older 
infants, the cooperation of parents with songs, toys, or sto-
ries was successful as well. It took >15 minutes to observe 
the whole suture lines as preliminary review before evalu-
ating with the 2-point method. Our method was devised so 
that anyone can evaluate in a short time. First, the anterior 
fontanel which is widely patent can be easily found as an 
indicator. For the other fontanels, if we palpate or place 
the probe where they are likely to exist, we can identify 
them because they are wider than the suture width. There-
fore, the suture line between the 2 fontanels can be de-
termined. However, observing each suture along the line 
takes a considerable amount of time due to the infant’s 
movement. By evaluating the fixed points instead of a line, 

Fig. 5. the average widths of the coronal sutures of the normal infants are shown. the 
values were larger in the horizontal direction than in the vertical direction at both the 
proximal and distal sites.
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Fig. 6. Suture widths of infants with normal skulls and deformational plagiocephaly are gradually narrowing with increasing age. the 
coronal sutures were the narrowest of all sutures. the widths of the sutures exceeded the echocardiographic resolution (dotted line) even 
at 2 years of age.

Fig. 7. a 5-month-old girl with metopic craniosynostosis. a, three-dimensional Ct confirmed abnormal 
closure of the metopic suture. B, Ultrasound image showed disappearance of the hypoechogenic gap 
between the metopic bones. C, Ultrasound results are easy to visualize by filling out the table.
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it was possible to shorten the inspection time. The reasons 
for making the evaluation by our 2-point method are as 
follows. One theory states that suture fusion will start from 
a certain point.25 Craniosynostosis begins in 1 area of a su-
ture and fusion progresses along the suture line (Fig. 8). 
By observing the 2 fixed points over a period of time, it is 
possible to capture the partially fused suture at a certain 
time. If ≥3 points are measured, it will take a long time to 
evaluate all the sutures. If only 1 point is used, it may take 
time to diagnose the fusion.

Also, our studies showed there was no rule to the direc-
tion and order of the 2 overlapping bones. These find-
ings showed that bone overlap could not be considered 
a criterion for diagnosis. It was thought that the fractal 
figure would proceed early26 (Fig. 9). At birth, sutures are 
relatively wide and straight. During growth, they gradually 
wind and the adjacent bones intertwine with each other 
while maintaining a narrow width. It seems that the pro-
cess of pattern formation is not clear due to extensive in-
dividual variation, and the age at which suture complexity 
increases is not clear. Therefore, it is not necessary to per-
form inspection along the suture line. For the ultrasound 
assessment, the complexity and narrowness of suture do 
not become much troublesome. Since only the evaluation 
of patency or closure is performed, the examiner will soon 
get accustomed to ultrasound.

High levels for sensitivity and specificity of ultrasound 
are reported in the literature. Sze et al.19 reported that 
mean sensitivity and specificity of ultrasound in distin-
guishing a patent from a fused suture was 100% and 

89%, respectively. Also, Pogliani et al.22 reported that 
 ultrasound displayed a sensitivity of 100% and a speci-
ficity of 86%. The 2-point method we developed yielded 
nearly the same results. Sensitivity and specificity were 
sufficiently high at 100% and 95.1%, respectively. On the 
other hand, Regelsberger et al.21 reported x-rays led to 
misdiagnosis in >13% of the patients in their cohort. It 
would be undesirable to use x-ray examination with low 
sensitivity and the risk of exposure as the first-line choice 
of imaging. Due to the age restrictions for ultrasound 
examination of suture anatomy, according to a previous 
study it is difficult to interpret images for infants older 
than 12–13 months due to narrowing of the suture from 
<0.5 to 0.6 mm.20,21 In our study, ultrasound resolution ex-
ceeded the suture width by ≥0.3 mm, and it was possible 
to evaluate persons older than 24 months. One case of 
deformational plagiocephaly has not been followed up 
after a clear image was displayed at 18 months, and so it is 
considered that ultrasound evaluation is possible up to 18 
months at the present stage.

Medina et al. reported a diagnostic approach algo-
rithm for suspected craniosynostosis.19 While referring to 
their protocol, we developed the protocol for this study 
(Fig. 10). Performing ultrasound using this protocol can 
reduce x-ray exposure time.

This study enabled us to recognize the opening or clos-
ing of the cranial suture. In addition, our 2-point method 
was considered to be sufficiently useful as a screening meth-
od. In the future, echocardiographic screening for cranial 
deformation can lead to early detection of craniosynostosis.

CONCLUSIONS
Screening by ultrasound examination for craniosynos-

tosis is useful, and evaluation is possible in a shorter time 
by applying the 2-point method.

Fig. 8. Points of fusion that can be captured by ultrasound in cra-
niosynostosis. a, Fusion was localized, affecting only 1 region of the 
suture. B, it is possible to determine closure of the suture at a certain 
time by using the 2-point method. C, evaluation of 3 points in each 
suture takes time. evaluating only 1 point may also take time to di-
agnose suture fusion.

Fig. 9. new bone suture is straight and relatively wide. During de-
velopment, suture is thin, winding, and interdigitated. increasing 
suture complexity is correlated with osteoclast activated at sutures 
as bone grows.
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Fig. 10. the diagnostic algorithm we proposed. Screening by ultrasonography can reduce the number 
of x-rays and Ct scans. it is considered useful until 18 months of age at the present stage.
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