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INTRODUCTION

ABSTRACT

OBJECTIVE

This study aimed to determine the diagnostic accuracy of cranial ultrasound
in detecting craniosynostosis in infants using computed tomography (CT) as
the reference standard.

METHODOLOGY

This cross-sectional validation study was conducted in the Department of
Radiology, MTI-Hayatabad Medical Complex, Peshawar. A total of 125
infants aged 2—6 months with clinical suspicion of craniosynostosis were
enrolled through non-probability consecutive sampling. All infants underwent
cranial ultrasound followed by CT scan. Ultrasound findings were compared
with CT results, which were taken as the gold standard. Sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV),
and overall diagnostic accuracy were calculated.

RESULTS

The mean age of infants was 4.02 = 140 months. CT confirmed
craniosynostosis in 120 (96.0%) cases. Ultrasound demonstrated a sensitivity
of 79.17% (95% CI: 71.05-85.47%,), specificity of 80.00% (95% CI: 37.55—
96.38%), PPV 0f 98.96% (95% CI: 94.33-99.82%), NPV of 13.79% (95% CI:
5.50-30.56%), and overall diagnostic accuracy of 79.20% (95% CI: 71.27—
85.39%).

CONCLUSION

Cranial ultrasound shows acceptable diagnostic accuracy with very high
PPV, supporting its use as a useful adjunct first-line imaging tool for
craniosynostosis in settings with a high pre-test probability of disease,
particularly in resource-limited settings; however, its low NPV in this high -
prevalence referral cohort means a negative ultrasound cannot reliably
exclude the diagnosis, and CT remains essential for equivocal cases and

surgical planning.
KEYWORDS:  Craniosynostosis;,  Cranial  Ultrasound;  Computed
Tomography; Diagnostic Accuracy, Infant Imaging, Radiation-Free

Screening; Pediatric Radiology

accounts for nearly 75% of cases, commonly involving
sagittal, coronal, metopic, or lambdoid sutures. Genetic

Craniosynostosis is a congenital craniofacial anomaly
characterised by premature fusion of one or more
cranial sutures, resulting in abnormal skull morphology
and potential restriction of normal brain growth.' If not
identified and treated early, craniosynostosis may lead
to raised intracranial pressure, neurodevelopmental
delay, wvisual impairment, and psychosocial
consequences. Early diagnosis is therefore critical to
facilitate timely surgical intervention and optimise
neurodevelopmental outcomes.’ Recent
epidemiological data estimate the global incidence of
craniosynostosis to be approximately 1 in 2,000-2,500
live births, with an apparent rise in reported cases
attributed to improved diagnostic awareness and
imaging availability.’Craniosynostosis can occur as an
isolated, non-syndromic condition or as part of a
genetic syndrome. Non-syndromic craniosynostosis

mutations, often involving fibroblast growth factor
receptor pathways, contribute to approximately 20% of
cases, many arising de novo. Environmental factors
such as intrauterine constraint, maternal smoking, and
teratogen exposure have also been implicated.
Regardless of actiology, early radiological confirmation
is essential once clinical suspicion arises.* Computed
tomography (CT) with three-dimensional reconstruction
remains the gold standard imaging modality for
diagnosing craniosynostosis due to its superior spatial
resolution and detailed depiction of cranial sutures. CT
also plays a vital role in surgical planning.” However,
CT exposes infants to ionising radiation, which has
been associated with an increased lifetime risk of
malignancy.  Contemporary  pediatric  imaging
guidelines emphasise minimising radiation exposure
and adhering to the ALARA (As Low As Reasonably
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Achievable) principle, particularly in early infancy
Cranial ultrasound has emerged as an attractive
alternative imaging modality in this context.® It is non-
invasive, radiation-free, widely available, and cost-
effective. The presence of open fontanelles in early
infancy allows high-frequency linear probes to visualise
cranial sutures directly. Normal sutures appear as
hypoechoic gaps between hyperechoic bony margins,
whereas fused sutures demonstrate narrowing, bridging,
or complete absence of this gap.” Over the past five
years, several studies have reported promising
diagnostic performance of ultrasound, particularly for
sagittal and coronal sutures, when performed by trained
radiologists using standardised protocols.® In low- and
middle-income countries such as Pakistan, the burden
of unnecessary CT scans is particularly significant.
Limited access to advanced imaging, financial
constraints, and lack of paediatric anaesthesia services
further complicate timely diagnosis.” Establishing
ultrasound as a reliable first-line screening tool could
substantially reduce radiation exposure, healthcare
costs, and diagnostic delays. Despite growing
international evidence, local data on the diagnostic
accuracy of cranial ultrasound remain limited. This
study was therefore designed to evaluate the diagnostic
accuracy of cranial ultrasound in detecting
craniosynostosis in infants using CT scan as the
reference standard. By providing local evidence from a
tertiary care centre, this study aims to support safer,
more accessible diagnostic pathways and inform
imaging practices in resource-constrained settings.

METHODOLOGY

This cross-sectional validation study was conducted at
the Department of Radiology, MTI-Hayatabad Medical
Complex, Peshawar, after approval from the Hospital
Ethical Review Board (Approval No. 1725) and the
Research Evaluation Unit, CPSP Karachi. Written
informed consent was obtained from parents or legal
guardians. Infants aged 2-6 months referred with
clinical suspicion of craniosynostosis were enrolled
through non-probability consecutive sampling. Infants
outside the specified age range, those without consent,
and those who did not undergo both ultrasound and CT
during the same diagnostic work-up were excluded. As
recruitment was limited to clinically suspected cases at
a tertiary referral centre, the study population
represented a high-pretest-probability cohort. Cranial
ultrasound was performed before CT using a high-
frequency 14 MHz linear transducer. Major cranial
sutures were systematically examined in accessible
longitudinal and transverse planes. Patent sutures were
identified as hypoechoic gaps between echogenic bony

margins, while narrowing, loss of the normal gap, or
osseous bridging was considered suggestive of
premature fusion. Ultrasound was considered positive
when fusion of at least one cranial suture was detected.
CT of the skull served as the reference standard, with
suture patency assessed on bone-window images and
multiplanar or three-dimensional reconstructions where
available. Ultrasound interpretation preceded CT;
however, formal blinding of CT readers to ultrasound
findings was not prospectively documented. All 125
infants with paired ultrasound and CT results were
analysed. A formal a priori sample-size calculation was
not documented. The 120 CT-positive cases provided
adequate precision for estimating sensitivity, whereas
the small number of CT-negative cases limited the
precision of specificity and negative predictive value.
Sensitivity, specificity, positive and negative predictive
values, overall diagnostic accuracy, and disease
prevalence were calculated from a 2x2 table with 95%
exact binomial confidence intervals. Data were
analysed using SPSS version 23. Suture-specific
diagnostic accuracy was not calculated because
complete paired suture-level ultrasound and CT data
were unavailable.

RESULTS

A total of 125 infants were included. The mean age was
4.02 = 1.40 months, with 61 (48.8%) males and 64
(51.2%) females (Table 1I). CT confirmed
craniosynostosis in 120 (96.0%) infants (Table II).
Ultrasound correctly identified 95 true-positive and 4
true-negative cases. There were 25 false-negative and 1
false-positive cases (Table III). Sensitivity, specificity,
PPV, NPV, and overall diagnostic accuracy were
79.17%, 80.00%, 98.96%, 13.79%, and 79.20%,
respectively (Table IV).

Table 1: Demographic Characteristics of Study Population

(n=125)
V ariable Value
Mean age(months) 4.02+1.40
Gender (Male/Female) 61 (48.8%) / 64 (51.2%)
Total Infants 125

Table 2: CT-Confirmed Craniosynostosis (n=125)

CT Finding Frequency (%age)
Craniosynostosis Present 120 (96.0%; 95% C190.91-98.69)
Absent 5 (4.0%)

T able 3: Ultrasound Vs CT Diagnostic Comparison

CT Positive CT Negative
US Positive 95 1
US Negative 25 4
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T able 4: Diagnostic Performance of Ultrasound

Parameter Estimate 95% age CI
Sensitivity 79.17% 70.80-86.04
Specificity 80.00% 28.36-99.49
PPV 98.96% 94.33-99.97
NPV 13.79% 3.89-31.66

Overall Accuracy 79.20% 71.03-85.94

DISCUSSION

The present study demonstrates that cranial ultrasound
has acceptable diagnostic accuracy with a very high
positive predictive value for detecting craniosynostosis
in infants when compared with CT scan. These findings
support the growing body of evidence advocating
ultrasound as a useful adjunct first-line imaging tool in
early infancy for infants with a high pre-test probability
of craniosynostosis; however, given the low NPV
observed in this high-prevalence cohort, a negative
ultrasound finding alone should not be considered
sufficient to exclude the diagnosis when clinical
suspicion persists, and such cases should proceed to
CT. The sensitivity and specificity observed in this
study are consistent with recent international
literature.'” Martino et al. (2022) reported sensitivity
exceeding 80% for ultrasound in detecting sagittal and
coronal suture fusion, while Najmi et al. (2023)
demonstrated comparable diagnostic accuracy in a
multicenter cohort. High PPV in our study indicates
that a positive ultrasound finding strongly correlates
with true craniosynostosis, allowing clinicians to
proceed with referral and management.'"'> The low
negative predictive value observed in this study
warrants careful interpretation. This finding is primarily
attributable to the very high prevalence of CT-
confirmed craniosynostosis in our cohort, reflecting
referral bias inherent to a tertiary care setting. Negative
predictive value is known to be highly influenced by
disease  prevalence rather than intrinsic test
performance. The 96% prevalence of CT-confirmed
craniosynostosis observed in this cohort is markedly
higher than the estimated population prevalence of
approximately 1 in 2,000-2,500 live births, and reflects
the fact that infants were drawn exclusively from a
tertiary-care radiology referral pathway in which
clinical pre-selection for craniosynostosis was already
high, rather than from an unselected or primary-care
population.’ By Bayes' theorem, NPV falls as pre-test
prevalence rises, even when the underlying sensitivity
and specificity of a test remain constant; the very low
NPV reported here is therefore a predictable
consequence of this referral-driven prevalence rather
than evidence of poor intrinsic test performance.
Consequently, these findings are most directly
applicable to tertiary-referral populations with a
similarly high pre-test probability of disease, and

should not be extrapolated to lower-prevalence settings
such as primary-care or population-based screening,
where the same sensitivity and specificity would be
expected to yield a substantially higher NPV. Similar
trends have been reported in high-prevalence referral
populations.”” False-negative ultrasound cases in our
study were mainly associated with partial suture fusion
and posterior suture involvement, particularly lambdoid
sutures. These limitations have been consistently
documented in prior studies and highlight the
importance of operator expertise and systematic
scanning  protocols."  Suture-specific  diagnostic
performance (i.e., separate sensitivity and specificity
for the sagittal, coronal, metopic, and lambdoid sutures)
is not reported in the present analysis. Consequently,
CT remains indispensable in cases with negative or
equivocal ultrasound findings when clinical suspicion
persists, as well as for detailed preoperative planning."
Future multicenter studies should recruit a broader
spectrum of referred and non-referred infants, pre-
specify sample-size targets for both sensitivity and
specificity, use standardised ultrasound acquisition and
interpretation criteria, document reader experience and
blinding, and report suture-specific performance. Such
studies would better define where ultrasound can safely
reduce CT use without delaying diagnosis.

CONCLUSIONS

Cranial ultrasound showed moderate sensitivity and a
high positive predictive value for craniosynostosis in
this highly selected tertiary-referral cohort. However,
the low negative predictive value and the wide
confidence interval around specificity mean that
ultrasound should not be used as a stand-alone rule-out
test. It may be used as a radiation-free initial adjunct or
triage examination in selected clinically suspected
infants, while CT remains the reference standard when
ultrasound is negative or equivocal despite persistent
clinical suspicion and for surgical planning.

LIMITATIONS

The single-centre tertiary-referral design, extreme
disease prevalence, the very small CT-negative
subgroup, and the resulting imprecision of specificity
and NPV. Operator experience was not stratified
analytically, CT-reader blinding to ultrasound was not
prospectively documented, and suture-specific paired
accuracy could not be assessed. Although the number
of CT-positive cases provides reasonable precision for
the sensitivity estimate, the study is underpowered for a
precise estimate of specificity.
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