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An Observational Study on Pre-natal Diagnosis of Congenital Talipes
Equinovarus

Gaurav Vatsa', Saurabh Suman', Siddharth Kumar Singh1

Learning Point of the Article:
Congenital talipes equinovarus, commonly known as clubfoot, is a prevalent developmental disorder, with pre-natal ultrasound being an
effective diagnostic tool that aids in early treatment and better outcomes.

Introduction: Congenital talipes equinovarus (CTEV), or clubfoot, is a common congenital lower limb disorder. Pre-natal diagnosis using
ultrasound (US) enables early identification, facilitating timely intervention and improving outcomes. Understanding the diagnostic accuracy
andimplications of pre-natal CTEV detection is essential for effective clinical management.

Materials and Methods: This observational cohort study evaluated pre-natal US accuracy in detecting CTEV. Two thousand singleton
pregnancies between 18 and 24 weeks of gestation were included. Exclusions applied to complicate and multiple pregnancies. Participants
underwent anomaly scans, with fetal lowerlimbs assessed for clubfoot indicators. Follow-up included post-natal examinations and Pirani scoring
for confirmed cases. Diagnostic accuracy metrics, including sensitivity, specificity, and predictive values, were calculated.

Results: Among live births, pre-natal US identified CTEV cases, with final confirmation distinguishing structural from positional deformities.
The study found high sensitivity and specificity, reinforcing US’s reliability for early detection. All affected cases were successfully treated using
the Ponseti method, avoiding surgical intervention.

Discussion: Despite its effectiveness, US remains operator-dependent, necessitating standardized protocols to reduce misdiagnosis. Early
detection benefits psychological preparedness and treatment planning. Future research should assess long-term functional outcomes and
optimize pre-natal screening protocols, particularly in resource-limited settings, to ensure comprehensive CTEV management.

Keywords: Congenital talipes equinovarus, clubfoot, ankle equinus, hindfoot varus, forefoot adductus, midfoot cavus, pre-natal ultrasound.

Introduction The forefoot adductus involves the front part of the foot curving

Congenital talipes equinovarus (CTEV), commonly known as inward, creating a pigeon-toed appearance. Midfoot cavus is
clubfoot is a prevalent developmental disorder of the lower limb. marked by an excessively high arch, reducing shock absorption
Its components include ankle equinus, hindfoot varus, forefoot and increasing pressure on the balland heel of the foot [1].

adductus, and midfoot cavus. Ankle equinus involves the ankle In low- and middle-income countries, the birth prevalence of
being fixed in a downward-pointed position, restricting upward CTEV ranges from 0.5 to 2/1,000 live births [2]. Approximately
motion. Hindfoot varus is characterized by the heel tilting half of the cases affect both feet, which is referred to as bilateral
inward, causing weight to be borne on the outer edge of the foot. clubfoot. In cases where only one foot is affected, known as

Author’s Photo Gallery

Access this article online

Website:

. . Dr. Gaurav Vatsa Dr. Saurabh Suman Dr. Siddharth Kumar Singh
WWW.jocr.co.in

‘Department of Orthopaedics, Narayan Medical College and Hospital, Sasaram, Bihar, India.
DOI:

https://doi.org/10.13107 /jocr.2025.v15.i07.5844 Address of Correspondence:

Dr. Gaurav Vatsa,

Department of Orthopaedics, Narayan Medical College and Hospital, Sasaram, Bihar, India.
E-mail: vatsagaurav07@gmail.com

Submitted: 26/04/2025; Review: 19/05/2025; Accepted: June 2025; Published: July 2025

DOTI: https://doi.org/10.13107/jocr.2025.v15.i07.5844
© The Author(s). 2025 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/),
which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http: //creativecommons.org/publicdomain/zero/1.0/ ) applies to the data
made available in this article, unless otherwise stated.

2025 Journal of Orthopaedic Case Reports| Published by Indian Orthopaedic Research Group




Vatsa G, etal

www.jocr.co.in

Foot

.

Figure 1: (aandb) Anultrasound at 19 weeks showing potential clubfoot deformity.

unilateral clubfoot, the right foot is more commonly involved
than the left. The reasons for this right-side predominance are
not entirely understood, but it is a notable pattern observed in
clinical practice [3].

In some instances, cases of CTEV have been diagnosed later in
gestation, despite initially normal ultrasound (US) findings in
earlier scans. This delayed diagnosis suggests that the
abnormality may develop later in fetal development. It’s
important to note that these cases almost always correspond to
CTEV of postural origin. CTEV of postural origin refers to
deformities that arise due to the fetus” positioning within the
womb rather than intrinsic structural abnormalities. Factors
such as limited space, intrauterine crowding, or the fetus
adopting a specific posture can contribute to the development
of these deformities. Therefore, while late-diagnosed cases of
CTEV may initially present with normal early USs,
understanding the distinction between postural and structural
origins is essential for guiding clinical management and
counseling expectant parents appropriately. Misdiagnosing a

Figure 3: (a and b) Bilateral clubfeet patients detected on ultrasound,
confirmed clinically.

Figure 2: An ultrasound at 21 weeks showing a normal leg,
ankle, and foot.

structural anomaly like CTEV as a postural deformity could
delay necessary treatment, leading to complications and poorer
outcomes [4].

At present, US is the only reliable method for pre-natal
diagnosis of CTEV.Itis the safest and most effective method for
diagnosing CTEV pre-natally. Accurate pre-natal diagnosis
through US allows parents and healthcare providers to plan for
appropriate treatment and management immediately after
birth, improving the prognosis for affected infants [S].
However, the role of 3D US in enhancing diagnostic accuracy is
not discussed despite its potential advantages in visualizing
complexanatomical structures.”

Pre-natal diagnosis of CTEV holds significant importance in
developing countries, where there has been limited prior
research on the condition. Including CTEV diagnosis in routine
antenatal anomaly scans can greatly impact the management
and prevention of clubfoot in the country by reducing the
overall burden of clubfoot-related disabilities in developing
countries. Future research initiatives focusing on pre-natal
CTEV diagnosis could further advance knowledge, refine
screening protocols, and ultimately improve the quality of care
provided to affected infants and families nationwide.

Herein, we state our report on fetuses with a pre-natal diagnosis
of CTEV and a post-natal follow-up to evaluate the precision of
USin foretelling the post-natal diagnosis and outcome.

Materials and Methods

This study follows a cohort design to assess pre-natal diagnosis
and outcomes related to CTEV using US. The level of evidence
shown here is of Level IV, an observational cohort (descriptive
study), that evaluates outcomes based on pre-natal US without
any experimental intervention or randomization. 1935 or more
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samples are needed
to have a
confidence level of
99.999% that the
real value iswithin +
' 1% of the measured
value. Hence, 2000
pregnant females
between April 2022
and March 2024
were included in the
study. The
inclusion criterion
for this study was
singleton

pregnancies
Figure 4: Ponseti cast application in bilateral between 18 and 24

clubfeet. weeks of gestation.

Exclusions
included complicated pregnancies and multiple pregnancies.
Informed consent was obtained from all participants after
explaining the purpose and procedures of the study.
Participants underwent an anomaly scan between 18 and 24
weeks of gestation. The lower limb of the fetus was specifically
examined for signs of clubfoot (CTEV) during these scans.
Participants’ progress and outcomes were tracked through
pregnancy follow-up notes and newborn records. Women who
were lost to follow-up or who underwent treatment at other
centers were contacted by telephone to gather information on
the pregnancy outcome and any diagnoses made at birth. For
stillbirths, obstetric records were reviewed to identify any cases
of CTEV. Routine examinations by Orthopedicians at birth
were scrutinized to confirm the presence of structural or
positional CTEV. Documentation was made on whether the
diagnosis of CTEV was established pre-natally or post-natally.
The number of affected feet was recorded (unilateral or
bilateral). The Pirani score [6], which assesses the severity of
clubfoot, was recorded at the initiation of Ponseti treatment [ 7]
in affected children. The data collected were analyzed to
determine the accuracy and timing of pre-natal CTEV
diagnoses.

Data analysis focused on determining the accuracy and timing
of pre-natal CTEV diagnoses. Descriptive statistics were
employed to summarize demographic characteristics, such as
the number of pregnancies, live births, and gender distribution
among neonates. The prevalence rate of CTEV was calculated
based on live births. Diagnostic performance metrics including
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were computed to assess the
reliability of pre-natal US in detecting CTEV. These metrics

were derived from cross-tabulations comparing antenatal US
findings with post-natal diagnoses, confirming cases of
structural versus positional CTEV.

Results

Out of the 2000 pregnancies, there were 1970 live births, with
an overall incidence of CTEV at 0.355/100 live births. The
median gestational age at the time of US was 19.64 weeks. Fetal
anomaly scanning identified CTEV in 12 fetuses pre-natally.
(Fig. 1 & 2) Upon a review scan after 6 weeks, 2 patients were
informed that the initial diagnosis was a misinterpretation, and
the fetuses were normal. At birth, 7 cases were confirmed to
have structural (bilateral) CTEV, while 3 cases were found to be
positional deformities. (Table 1) During the study period, 10
feet were affected by clubfoot, with 3 cases being bilateral (6
feet) (Fig. 3) and 4 cases being unilateral (4 feet). Among the
neonates, 1039 (52.74%) were male and 931 (47.26%) were
female. Post-delivery, all affected feet (10 out of 10) were
treated using the Ponseti technique (Fig. 4), and no additional
open surgeries (posterior or posteromedial release) were
performed on any of the patients.

CTEVpatients
Totalpopulation

Prealance = x100 = 0.355

With a prevalence of 0.355, out of every 100 live-born infants,
approximately 0.35S infants are born with CTEV. This means
that in a population of 1,000 live births, approximately 3.55
infantswould be expected tohave CTEV.

TruePositives
AntenatalScanPositives

x100 =58.33%

PositivePredictiveValue =

The PPV of the screening is $8.33%, meaning that when the test
indicates a fetus has CTEYV, there is a 58.33% chance that the
fetus actually has a structural deformity that will require
treatment using the Ponseti method. This indicates that about
half of the positive diagnoses made by the US are confirmed as
true positives upon further examination.

TrueNegatives
AntenatalScanNegatives

NegativePredictiveValue = x100 =100%

The NPV of the testis 100%, indicating that when the screening
test shows no signs of CTEV, it is certain that the fetus does not
have the deformity. This high NPV demonstrates the test’s
reliability in ruling out CTEV, ensuring no cases are missed.

TruePositives
CTEVpatients

Sensitivity = =100%
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The sensitivity of the test is 100%, which measures the test’s
ability to correctly identify all fetuses with CTEV. A sensitivity
of 100% means that the screening test detected every case of
CTEV, with no false negatives. This ensures that all affected
fetuses are identified early.

TrueNegatives

=09.75%
NonCTEVBabies

Specificity =

The specificity of the test is 99.75%, which indicates the test’s
effectiveness in correctly identifying fetuses without CTEV. A
specificity of 99.75% means that the test correctly identified
99.75% of the fetuses that did not have the deformity, with very
few false positives.

Discussion

The sensitivity and specificity of US detection of clubfoot are
not extensively documented in the literature. Tillett reported a
sensitivity of 0.95, indicating that 95% of affected feet were
detected. However, this study involved a small, selected group
of patients and was not a comprehensive population survey [ 8].
Other researchers have suggested that talipes associated with
other abnormalities have a very low false positive rate (0%), but
when talipes appears isolated, the false positive rate is higher,
especially if the US is performed in the third trimester. This
variability highlights the need for cautious interpretation of pre-
natal US findings in diagnosingisolated clubfoot [9, 4].

Another study by Ruzzini et al. indicates that US has a high level
of accuracy comparable to magnetic resonance imaging (MRI).
However, the US is more cost-effective and non-invasive. While
karyotyping can be helpful in excluding other diseases, MRI
does not add additional information for diagnosing congenital
clubfoot. There is a need for international guidelines for the pre-
natal diagnosis of clubfoot, and based on the present review, US
appears to be the most appropriate diagnostic method [ 10].

Despite the high sensitivity and specificity observed in our
study, it is important to acknowledge that US remains an

operator-dependent modality. Variability in imaging quality
and interpretation — stemming from differences in equipment,
operator expertise, and technical proficiency - can influence
diagnostic accuracy. This operator-dependent variability may
lead to false positive or false negative results. False positives can
result in unnecessary parental anxiety and potentially
unwarranted follow-up, whereas false negatives may delay
essential post-natal treatment. Recognizing these factors, there
isa pressing need to standardize imaging protocols and enhance
training for sonographers to mitigate such variability and ensure
consistent diagnostic performance.

This study was conducted on 2,000 singleton pregnancies,
which may not fully represent diverse populations. The
incidence rate of CTEV in the study (0.355 per 100 live births)
may differ from global or regional averages due to selection bias
or geographic variations. These factors could influence the
generalizability of the findings, underscoring the need for larger,
more diverse studies to validate the observed results.

Pre-natal diagnosis of CTEV, while not altering its in utero
progress, is valued by most mothers for its psychological
preparednessand potentialimpact on pregnancy planning [11].
While pre-natal diagnosis may leave some questions unresolved
and carries a risk of false positives, it enables early treatment
initiation and genetic counseling, with early treatment being the
key factor for successful outcomes. The Ponseti method
achieves excellent results, with an initial correction rate of
around 90% in idiopathic clubfoot cases [7]. The most
common cause of relapse is non-compliance with bracing. The
present best practice for treating CTEV remains the original
Ponseti method, with minimal modifications such as
hyperabduction of the foot in the final cast and the necessity for
longer-term bracing, up to 4 years. Larger comparative studies
are needed before other methods canbe recommended [12].

This high level of accuracy in the screening process allows
healthcare providers to effectively plan for post-natal treatment
and intervention, improving outcomes for affected infants. This
study confounds with a study by Faldini et al., which states that

5

pre-natal diagnosis of clubfoot is useful for

early detection, parental counseling, and
timely treatment at birth, with

ultrasonography being the most reliable

method despite its dependence on various
factors. Although MRI provides high-

resolution images that can reveal detailed
foot abnormalities, its routine use during

pregnancy is approached with caution.

0 -
Unilateral Structural CTEVBilateral Structural CTEV

Positional

This cautious stance stems from the fact

Misinterpretation

Table 1: Antenatal ultrasound positive cases.

that the effects of strong magnetic fields,
radiofrequency energy, and acoustic noise
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on the developing fetus — especially during the critical first
trimester — remain insufficiently studied. Moreover, while
tissue heating is typically minimal in deeper regions where the
fetus resides, there is still concern over exceeding specific
absorption rate limits, which could theoretically pose risks. In
addition, the use of gadolinium-based contrast agents is
generally discouraged, as they cross the placental barrier and
have been associated with a slight increase in adverse neonatal
outcomes. Therefore, in the absence of robust long-term safety
data, MRIin pregnancy should be reserved for situations where
the diagnostic benefits clearly outweigh these potential risks
[13].

However, although numerous reports support the effective use
of US for the pre-natal diagnosis of clubfoot, a systematic review
of the literature reveals no clear evidence of a correlation
between the timing of the US examination and the severity of
the foot malformation. Consequently, US analysis does not
provide sufficient information to assist the pediatric orthopedic
surgeon in pre-natal counseling [ 14].

In our view, the primary benefit of pre-natal diagnosis is
enabling early treatment initiation, which our studies indicate is
a crucial factor in achieving favorable patient outcomes. It can
identify patterns and potential relationships between variables,
but it does not establish a direct cause-and-effect link, as other
underlying factors may influence the observed outcomes.
Furthermore, this study does not assess long-term functional
outcomes, such as gait abnormalities, deformity recurrence, or
the necessity for surgical intervention. Future research should
focus on post-treatment follow-up to better understand the
impact of early detection and intervention on these critical
aspects of CTEV management.

In rural areas where there is a lack of services, early treatment
may be delayed due to multiple issues (traveling, financial,
social), and antenatal diagnosis can help in preparing children
for early treatment. While the test is highly reliable in detecting
true cases and ruling out false ones, it also highlights the
importance of further evaluation and monitoring when a
positive diagnosis is made. The pre-natal diagnosis helps in
early rectification of deformity and evasion from surgical
intervention. However, it is important to note that the findings
of this study may not be generalizable to settings where US
technology or trained personnel are limited, particularly in

remote areas. In addition, the study does not address the post-
effectiveness or the feasibility of integrating routine CTEV
screening into standard pre-natal care in resource-limited
settings.

Conclusion

Prenatal ultrasonography is a highly sensitive and specific
modality for the early detection of congenital talipes
equinovarus (CTEV). In our cohort, it demonstrated 100%
sensitivity, 99.75% specificity, and a perfect negative predictive
value, confirming its reliability in ruling out CTEV when not
detected. Although the positive predictive value was 58.33%, all
confirmed structural cases were effectively treated with the
Ponsetimethod, avoiding the need for surgical intervention.

Early prenatal diagnosis allows for timely counseling,
psychological preparedness, and planned postnatal care,
especially crucial in rural and resource-limited settings. Despite
its diagnostic utility, ultrasonography remains operator-
dependent, which may lead to false positives and unnecessary
parental anxiety. Therefore, standardized imaging protocols
and improved sonographer training are essential to enhance
diagnostic consistency.

While prenatal diagnosis does not influence the intrauterine
progression of CTEV, it significantly impacts postnatal
outcomes by enabling early initiation of treatment. Our study
supports the integration of routine CTEV screening into
anomaly scans as a cost-effective measure with considerable
clinical value.

Further studies involving larger and more diverse populations
with long-term post-treatment follow-up are warranted. These
should focus on evaluating the functional outcomes of early-
detected cases and assessing the practicality of implementing
routine screeninginlow-resource settings.

Clinical Message

CTEYV, or clubfoot, is a common lower limb disorder that can be
identified before birth through US. Early diagnosis allows timely
treatment, improving outcomes and reducing complications. The
Ponseti method is an effective non-surgical approach for correction.
In rural areas, early detection is particularly important to ensure
prompt care. Standardized imaging and further research are needed
to enhance diagnosis and management.
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