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Abstract

Objectives: Demonstration of the advantage of 3D/4D ul-
trasound compared to 2D imaging in the precise detection
and parental counseling of isolated fetal limb defects.
Methods: Prospective observational study of 201 fetal limb
defects over a 30-year period (1994-2023) in a level III center.
Results: Comparison of 2D and 3D ultrasound showed a
benefit in the precise demonstration of isolated limb
abnormalities in 154 of the 201 cases (76.6 %), particularly
in subtle malformations. In the demonstration of the defects
to the parents-to-be, 3D/4D ultrasound was superior to 2D
ultrasound in 100 % of cases by the fact that the abnormal-
ities could be better understood by the parents when using a
spatial presentation.

Conclusions: 3D/4D ultrasound is superior to 2D sonogra-
phy in the demonstration of isolated limb defects, particu-
larly in subtle limb defects.

Keywords: prenatal diagnosis; fetus; limb anomalies; 3D/4D
ultrasound

Introduction

Limb malformations can be structural or functional, isolated
or non-isolated. They may affect bones, joints, muscles
and soft tissue. The sonographic detection of isolated limb
abnormalities during a routine examination is a challenge
and depends on various factors: gestational age, amniotic
fluid conditions, location of the fetus, quality of the ultra-
sound device, experience of the examiner and a systematic
examination of the entire fetus. While an examination in
the first trimester provides a good overview of the fetal
limb anatomy under normal amniotic fluid conditions, the
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assessment of the extremities in the second or third
trimester may be significantly more difficult or even
impossible if the fetus is in an unfavourable position or if the
amount of amniotic fluid is reduced.

In contrast to 2D ultrasound examination, 3D/4D
sonography offers a variety of imaging modes (Table 1) [1]. The
surface mode allows an almost photographic representation
ofisolated defects or axial deviations in the extremities as well
as the detection of supernumerary digits in hands and feet.
The demonstration of the long limb bones in the multiplanar
mode allows precise measurement of the bone length in the
correct adjusted biometric axis [2]. With the transparency
mode, bone abnormalities, such as missing bones, fractures
and axial deviations, can be displayed in a targeted manner.
4D ultrasound enables the operator to depict the entire ex-
tremities from the outer aspect or just the skeleton in motion.

Detection of isolated fetal limb
anomalies using 3D/4D ultrasound

The etiology of limb defects is very complex [3-7] (Table 2).
Nowadays for many of those anomalies a genetic defect is
known [4]. However, in several cases no identifiable cause
for the limb defect can be found.

Description of limb deficiencies

For a precise description of limb deficiencies, several
parameters should be taken into account (Table 3).

Nomenclature for limb
abnormalities

Table 4 gives an overview of the most common terminology
for limb abnormalities.

There is some concern to use terms derived from Greek
or Latin roots, such as meromelia, hemimelia, ectromelia,
and peromelia, since these terms are not universal nor easily
translated into languages that have no relation to the clas-
sical languages [9].
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Table 1: Overview of 3D/4D visualization modes applicable to prenatal
diagnosis [1].

3D display mode 4D display mode

Multiplanar mode
Multislice/tomographic ultrasound im-
aging (TUI)

3D surface mode

Transparent mode

Glass body mode

Inversion mode

Multiplanar mode
Multislice/TUI

3D surface mode
Transparent mode
Glass body mode
Inversion mode

Volume contrast imaging (VCI) VCI

OmniView OmniView

3D animation (cine) Spatio-temporal image correla-
tion (STIC)

HDlive (high definition) HDlive

HDlive silhouette HDlive silhouette

HDlive studio HDlive studio

Table 2: Known causes of isolated limb defects.

-Exposure to a teratogen (thalidomide, valproic acid)

-Vascular accident

-Maternal diabetes

-Amniotic band syndrome (strands of amnion entangle or fuse with fetal
tissue)

-Genetic abnormalities (single gene disorders, including autosomal
dominant, autosomal recessive, and X-linked recessive disorders)
-Component of various congenital syndromes/chromosome abnormalities

Table 3: Description of limb deficiencies [8].

Total or partial - amelia/meromelia

Axis of the defect - transverse/longitudinal

Limb involved - upper/lower

Side involved - right/left

Deficient bone(s) - femur/radius/metacarpal 2-5 etc.
Portion of bone deficient - proximal, middle, distal

Sonographic classification

From the sonographic aspect, four groups can be
distinguished:

(1) Limb deficiency disorders

(2) Fusion defects

(3) Supernumerary structures

(4) Limb/bone abnormalities with axis deviation
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Table 4: Descriptive terms for limb abnormalities.

Amelia Absence of one or more limbs

Phocomelia Hands and feet are directly attached to the trunk

Peromelia Absence or deformity of the terminal part of a limb or
limbs

Hemimelia Absence of the distal portion of one limb (form of
peromelia)

Meromelia Partial absence of a limb

Ectromelia Hypoplasia of the long bones of the limbs

Acheira Absence of one or both hands

Apodia Absence of one or both feet

Acheiropodia  Absence of hands and feet

Adactyly Absence of fingers or toes

Oligodactyly ~ Subnormal number of fingers or toes

Polydactyly Supernumerary fingers or toes

Preaxial - Extra digit on radial or tibial side

Postaxial - Extra digit on ulnar or fibular side

Brachydactyly ~Abnormal shortness of the fingers or toes

Ectrodactyly ~ Absence of all or part of a digit (split hand, lobster claw)

Sirenomelia Anomaly in which the lower extremities are fused

Syndactyly A fusion of two or more fingers or toes

Clinodactyly Permanent medial or lateral deflection of one or more
fingers

Camptodactyly Permanent flexion of fingers or toes

Talipes varus
Talipes valgus

Clubfoot (heel and foot are turned inward)
Valgus deformity (heel and foot are turned outward)

Limb deficiency disorders (LDDs)

The incidence of limb deficiency disorders is approximately
1:1,300 to 2,000 births [4]. LDDs are classified based on the
type and location of the deficiency. The two main categories
include longitudinal and transverse deficiencies.

Longitudinal defects

Longitudinal defects extend along the long axis of the
limb, such as the absence of the radius or fibula. Typical
longitudinal defects are amelia (Figure 1A), phocomelia,
peromelia (Figure 1B), aplasia of radius (Figure 2),
split hand (Figure 3A) and split foot (Figure 3B). Although
most longitudinal deficiencies are genetic or sporadic,
some are teratogenic [4]. The most severe defects
have been found during thalidomide therapy. Longitudi-
nal deficiencies can involve one limb or may be
symmetric [4].

An absent or hypoplastic middle phalanx of digit 5
has been shown to be a sonographic marker for trisomy
21 [10] (Figure 4).
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Figure 1: (A) Surface view of amelia on the right side (red arrow),
22 weeks’ gestation. The left arm shows a normal appearance. (B) Surface
view (HDlive) of peromelia on the left side. 30 weeks’ gestation.

Figure 2: (A) Dorsal surface view (HDlive) of hemimelia right with severe
angulation of the hand with only four fingers. (B) The transparent view of
the same arm reveals radius aplasia. 23 weeks’ gestation.

Transverse defects

Transverse defects are across the long axis of the limb, such
as a complete amputation of the hand or foot. The main
cause for such defects is seen in the amniotic band syn-
drome [4, 11, 12], in which severe entanglement of the limb
by an amniotic strand leads to severe damage of the distal
part or even to complete amputation.
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Figure 3: (A) Surface view (HDlive) of ectrodactyly (split hand), showing
only two fingers. 21 weeks’ gestation. (B) Frontal surface view (HDlive) of
split foot with only two toes. 22 weeks’ gestation.

Figure 4: Transparent view of the left hand from dorsal, demonstrating
absent middle phalanx of digit 5 (red arrow), typical for trisomy 21.
22 weeks’ gestation.

Fusion defects

Fusion defects are caused by a failure in the separation of
developing structures during organogenesis. They represent
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rare malformations with an estimated incidence of 1/2,500
live births [13].

Syndactyly may occur as complete syndactyly (fingers
joined all the way to tip) (Figure 5A and B) or incomplete
syndactyly (fingers joined part way up). Common conditions
involving syndactyly are oro-facial-digital syndrome, Apert
syndrome, Jeune syndrome and Trisomy 13.

Sirenomelia sequence (mermaid syndrome), is a
defect of the lower body characterized by the apparent
fusion of the legs into a single lower limb. The reported
incidence of human sirenomelia varies between 1.1 and 4.2
per 100,000 births [14]. According to Stocker and Heifetz
[15] seven different types can be differentiated. Figure 6
shows sirenomelia type VI (Sympus apus). Owing to visceral

Figure 5: (A) Frontal HDlive surface view of the left hand, showing
complete syndactyly between digit 2 and 3 (red arrows). 23 weeks’
gestation. (B) Dorsal HDlive view of the left hand, showing complete
syndactyly between digit 3 and 4. 35 weeks’ gestation (red arrows).

Figure 6: HDlive surface view sirenomelia type VI, 14 weeks’ gestation.
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abnormalities, sirenomelia is usually incompatible with
life [14].

Supernumerary structures

Supernumerary structures are characterized by a total or
partial duplication of structures.

Polydactyly is the most common defect, occurring in 4—
8 out of 10,000 live births [13].

Postaxial hexadactyly (extra digit on the ulnar or
fibular side) is the most common form and is generally an
isolated defect (Figure 7A and B).

Preaxial hexadactyly (extra digit on the radial or tibial
side) is most likely a part of a syndrome [13].

Limb abnormalities with axis
deviation

Limb abnormalities with axis deviation may occur in hands,
feet and in long bones. Overlapping fingers are seen in
trisomy 18 and 13. In particular overlapping of the index
finger over the middle finger and the fifth finger over the
ring finger is characteristic of trisomy 18 (Figure 8A).

Overlapping toes can be found in several deletion
syndromes, Nager syndrome, Smith-Lemli-Opitz syndrome
and Kniest syndrome (Figure 8B).

Clinodactyly represents a permanent medial or lateral
deflection of one or more fingers [16] (Figure 9).

Camptodactyly is a digital flexion deformity in the
proximal interphalangeal joint. It involves predominantly
the 4th and 5th fingers [16].

Figure 7: (A) HDlive surface view of the left hand, showing postaxial
hexadactyly (red arrow). 13 weeks’ gestation. (B) Plantar surface view of
the right foot with postaxial hexadactyly (red arrow). 23 weeks’ gestation.
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Figure 8: (A) HDlive surface view of the left hand with overlapping of the
index finger over the middle finger and the fifth finger over the ring
finger, characteristic of trisomy 18. 31 weeks’ gestation. (B) HDlive surface
view of the left foot with overlapping of the second toe over the first toe.
31 weeks’ gestation.

A hitchhiker thumb represents a malposition of the
thumb, where the thumb is abnormally abduced. A hitch-
hiker thumb is typically found in diastrophic dysplasia [17].

Clubfoot is the most common congenital malformation
of the foot with an incidence of 1 per 1,000 births [18]. The

Figure 9: HDlive surface view of the left hand with clinodactyly (index
finger) (blue arrow) and syndactyly between finger 3 and 4 (red arrows).
18 weeks’ gestation.

Merz and Pashaj: Detection of isolated fetal limb anomalies using 3D/4D —— 5

foot is rotated inwards and downwards. In approximately
50 % of cases, clubfoot affects both feet (Figure 10A and B).
80% of cases are idiopathic and include environmental,
vascular, positional, and genetic factors [19]. Clubfoot occurs
as an isolated anomaly or in association with spina hifida,
several syndromes (e.g., Down syndrome, Edwards syn-
drome, Meckel-Gruber syndrome, Pena-Shokeir syndrome,
Seckel syndrome, Smith-Lemli-Opitz syndrome and Campo-
melic syndrome) and arthrogryposis multiplex congenita
[20, 21]. In trisomy 18, it is found in approxmately 15 % of
cases [20]. Clubfoot is also seen in cases with severe
oligohydramnios.

Anisolated joint contracture is defined when only one
joint is fixed in a flexed or a straightened position, If two or
more joints are affected it is defined as arthrogryposis
multiplex congenita (Figure 11). This is not a specific diag-
nosis but is more a descriptive term for many pathologic
processes (e.g., neuropathies, myopathies, connective tissue
disorders or severe oligohydramnios) that cause immobili-
zation of the fetal limbs in different joints [22].

An axis deviation of the forearm or lower leg is found in a
bending or fracture of a long tubular bone (Figure 12A and B).

Figure 10: (A) HDlive surface view of a unilateral clubfoot right (view
from plantar). 21 weeks’ gestation. (B) HDlive surface view of bilateral
clubfoot (frontal view). 19 weeks’ gestation.

Figure 11: HDlive surface view of the left hand with fixed position of the
wrist and fingers, due to arthrogryposis multiplex congenita, 22 weeks’
gestation.
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Materials and methods

In a time period of 30 years (1994-2023), 201 isolated fetal limb
malformations between 13 and 35 weeks of gestation could be
diagnosed in our level III center (Table 5). All patients were of
Caucasian origin and had been referred for a general anomaly
scan. All suspicious findings were controlled by an experi-
enced level III operator (medical doctor). Osteochon-
drodysplasias were excluded in this study.

All examinations were initially performed with 2D
ultrasound and in addition with 3D/4D ultrasound (Voluson
530, Voluson 730, Voluson E8, Voluson E10) using abdominal
and transvaginal 3D/4D probes.

2D and 3D/4D results were compared for a more accu-
rate representation. Better visualization was defined as a
more precise demonstration of the anomaly in the

Figure 12: (A) HDlive surface view of the left leg with bowing of the lower
leg. 19 weeks’ gestation. (B) Transparent view of the same fetus, revealing
bowing of tibia (red arrow) and aplasia of fibula. 19 weeks’ gestation.

Table 5: Isolated limb anomalies detected with 3D/4D ultrasound.

Amelia n=3
Phocomelia n=5
Ectromelia n=6
Peromelia n=18
Hemimelia/radial aplasia n=17
Apodia n=1
Sirenomelia n=4
Split hand/split foot n=6
Polydactyly n=28
Syndactyly n=12
Clinodactyly n=7
Camptodactyly/overlapping fingers or toes n=13
Hitchhiker thumb n=2
Missing middle phalanx digit V n=18
Club foot n=53
Joint contractures n=8
Total n=201
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multiplanar, surface or transparency mode, resulting in an
increased confidence in the diagnosis.

In addition, the parents were shown the pathological
findings with 2D and 3D images and the parents were asked
to decide which image representation was more informative
for them.

The study protocol was approved by the local Ethics
Committee. All participants gave written informed consent.

Results

In the comparison of 2D and 3D ultrasound, 3D/4D sonog-
raphy with the different visualization modes provided the
level III operator with a better representation of the limh
abnormalities in 154 of 201 cases (78.2 %) than 2D sonogra-
phy. In four cases the diagnosis could even with 3D/4D ul-
trasound not be clarified during the first examination due to
an unfavourable position of the fetus. However, the correct
diagnosis could be made during the follow-up examination.
In all cases the prenatal findings were confirmed post-
natally. No false positive or negative results could be
observed.

With regard to parents counseling 3D images were
appreciated by the parents in understanding the severity of
the malformations in 100 %.

Discussion

The prenatal detection of limb defects, particulary isolated
limb defects, during routine 2D scan is generally low since
complete examination of all extremities is not required in
current second trimester screening programs. Arduc [6]
reported estimated prenatal detection rates of 57% for
transverse reduction defect, 46 % for longitudinal reduction
defect, 31% for polydactyly, and 17% for syndactyly.
Abnormalities of the limbs can only be exactly recognized
with a targeted examination of all four limbs which is time
consuming when the fetus is in an unfavorable position or in
case of oligohydramnios. Particularly the demonstration of
defects of the fingers is only possible when the fetus shows
the hand with extended digits. An optimal time for exam-
ining the fetal extremities is during the first trimester
screening, as this provides a good overview of all four limbs.
In contrast to 2D ultrasound, 3D/4D sonography offers the
advantage of storing volumes instead of only images. As soon
as the volumes with the limbs or parts of the limbs are stored
in the memory of the ultrasound device, the limbs are in a
fixed position and the volumes can be rotated in all three
dimensions to demonstrate the limbs/bones in the preferred
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axis. This allows correct measurement of all long limb bones
in their maximum length [2], recognition of limb defects or
axis deviations. In general, if a limb defect is found, a careful
sonographic search for further abnormalities should be
carried out. The presence of associated malformations may
indicate a chromosome abnormality or a syndrome. Early
prenatal detection allows for genetic counseling, fetal
karyotyping, molecular testing and delivery planning.

Conclusions

3D/4D ultrasound is an excellent technique to assess the fetal
limbs. The different visualization modes allow the detection
of both surface and bone abnormalities. Particularly in the
exact demonstration of small structures 3D ultrasound is
superior to 2D sonography. Abnormalities in the extremities
can be demonstrated to the expectant parents as if in a
photo. Likewise, in cases where there is a risk of recurrence
of a limb abnormality, normal findings can be more
convincingly shown to the expectant parents, particularly
with the 3D surface mode which allows the parents to have a
clear view of the normal fetal anatomy.
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