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ABSTRACT: Proximal focal femoral deficiency (PFFD)
is a rare musculoskeletal malformation that occurs in
0.11-0.2 per 10,000 live births. This congenital anom-
aly involves the pelvis and proximal femur with
widely variable manifestations, from mild femoral
shortening and hypoplasia to the absence of any
functional femur and acetabular aplasia. Prenatal
diagnosis of PFFD is still a challenge, but early recog-
nition of this malformation could provide useful infor-
mation to both parents and physicians concerning
management and therapeutic planning. For this
review, we analyzed all the cases of prenatally diag-
nosed PFFD that were reported in the literature from
1990 to 2014 and provide a description of the most
common prenatal sonographic findings. © 2015 Wiley
Periodicals, Inc. J Clin Ultrasound 00:000-000, 2015;
Published online in Wiley Online Library (wileyonline-
library.com). DOI: 10.1002/jcu.22306
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INTRODUCTION

Prenatal ultrasound (US) examinations are
widely used to screen for fetal anomalies in the
general population of pregnant women. Standard
US examinations require fetal femur biometry to
estimate prenatal growth.! Today, high-resolution
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US imaging enables the detection of skeletal mal-
formations, which is advantageous for providing
genetic counseling and pregnancy management.?

Proximal focal femoral deficiency (PFFD), a rare
skeletal disorder that occurs in 0.11-0.2 per 10,000
live births,>* involves the pelvis and proximal
femur with widely variable manifestations. It is the
consequence of a failure in normal femur develop-
ment and can range from limb shortening to a com-
plete absence of the proximal femur and
acetabulum. It can cause hip deformity with mal-
function of iliofemoral articulation, limb malrota-
tion, and leg length discrepancy.*® The diagnosis of
PFFD is usually made at birth, but if the disturb-
ance is less obvious, it may not be diagnosed until
the child begins to walk.>® Its bilateral manifesta-
tion is rare; the unilateral form occurs in 85-90% of
cases. The malformation is sporadic, but familial
cases have been reported.”® Several etiologic fac-
tors for PFFD have been proposed, including poorly
controlled diabetes, drug exposure, viral infections,
radiation exposure, focal ischemia, chemical toxic-
ity, and trauma between the fourth and eighth
weeks of gestation.’™ The disorder is not related
to mental impairment and chromosomal
abnormalities.?

Different classification systems have been pro-
posed to stratify PFFD. The most widely used is
Aikten’s classification,'® which separates this dis-
order into four categories according to the sever-
ity of the findings: the presence or absence of
cartilaginous continuity of the proximal femur
and development of the hip joint. Another
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TABLE 1

Two Classification Systems for Proximal Focal Femoral Deficiency

Classification System

Anatomic Feature

Aikten™ Amstutz* Femoral Head Acetabulum Femoral Segment
A Present Normal Short
1 Present Coxa vara Short
2 Subtrochanteric Normal Short
pseudoarthrosis
B 3 Present Adequately developed or Short, usually proximal
moderately dysplastic bony tuft
C 4 Absent or very small Severely dysplastic Short, usually proximally
tapered
D 5 Absent Absent Short, deformed
Preliminary Search
PUBMED/Medline
(literature 1990 - 2014)
84
citations containing
“proximal focal femoral deficiency”
Add “Prenatal diagnosis™ '
to keywords >
v
Studies retrieved for further Studies without prenatal
screening > diagnosis case of PFFD
- - n. 11 (13%)
Articles with PFFD
prenatal diagnosis cases
that elude > |
the second step research v
n. 4

Studies with information
included in the review
n. 14

A4

* 2 small series
a. 3 cases
b. 3 cases

® 12 case reports

Total : n.18 cases

FIGURE 1. Flow chart depicts the search strategy we used in our systematic literature review for prenatally diagnosed cases of proximal focal

femoral deficiency (PFFD).

classification system, proposed by Amstutz,* sep-
arates all the anatomic types, from a mild degree
of femoral hypoplasia to subtotal absence of the
femur (Table 1). Although radiography is the
first imaging technique used to evaluate the
grade of PFFD, MRI is useful in classifying a
case as a definitive subtype and seems to be
more accurate for predicting the prognosis and
guiding surgery.’* Treatment for PFFD depends
on the degree of discrepancy in leg length.”'®
Prenatally diagnosing PFFD is still a chal-
lenge, but early recognition of this malformation
could provide useful information to both parents
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and physicians concerning management and
therapeutic planning. In an attempt to provide
a description of the most common findings of
PFFD on prenatal US examination, we per-
formed this review of all cases of prenatally
diagnosed PFFD that were reported in the liter-
ature from 1990 through 2014.

METHODS

We searched PubMed, EMBASE, Medline, and ref-
erence lists to identify articles published from
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TABLE 2
Summary of Demographic, Obstetric, Imaging, and Out-
come Characteristics of 18 Published Cases of Prenatally
Diagnosed Proximal Focal Femoral Deficiency

No. of Patients

Characteristic (%)*
Mean maternal age, years (range) 33 (24-39)
Mean GA at diagnosis, weeks (range) 23 (14-35)
Race or ethnicity
Reported 2(11)
(Japanese, Muslim)

Not reported 16 (89)
Parity

Nulliparous 2(11)

Multiparous 11(61)

Not reported 5(28)
Risk factor

Yes 2 (11) (Diabetes)

No 16 (89)
Trimester at initial US finding

First 0

Second 15 (83)

Third 3(17)
Invasive procedures

performed for karyotyping

Yes 5(28)

No 13(72)
Imaging modality used for prenatal diagnosis

us 17 (94.4)

US + CT 1(5.6)
Fetal outcome

Elective termination of pregnancy 8 (44)

Cesarean section delivery 3(17)

Vaginal delivery 7 (39)

(1 preterm)

Imaging modality used for postnatal examination

Radiograph 10 (55.6)

Radiograph + MRI 1(5.6)

Radiograph + MRI + US 1(5.6)

Radiograph + arteriography 1(5.6)

Not reported 4(22)

Not possible 1(5.6)

Abbreviations: GA, gestational age; US, ultrasound.
*Unless otherwise specified.

January 1990 through December 2014 that
described the prenatal diagnosis of PFFD. The
preliminary search was performed using
“proximal focal femoral deficiency” as keywords.
In a second step, the keyword “prenatal diagnosis”
was added to the search terms.

Our criteria for including reports in our analy-
sis were a singleton pregnancy, a prenatal diag-
nosis of PFFD, information about the imaging
technique used for the prenatal investigation,
and the presence of data about the fetal and/or
neonatal outcomes. Reports were excluded from
our study if at least one inclusion criterion was
omitted or if the diagnosis of a short femur was
related to different syndromes.

Maternal characteristics and obstetric and
outcome data were also extracted. We then
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analyzed the individual US findings and other
prenatal characteristics to identify any features
or patterns that may facilitate making a correct
prenatal diagnosis of PFFD.

RESULTS

Our preliminary literature search identified 84
publications. When we added the keywords
“prenatal diagnosis,” we obtained 11 results. One
study that described a postnatally diagnosed
case of PFFD was excluded from the review. We
added to our analysis four further articles that
had eluded the second step of our search but did
meet the review inclusion criteria. In total, we
included 14 qualifying studies, with a final popu-
lation of 18 patients, in our analysis (Figure 1).

The patients’ general and obstetric characteris-
tics are summarized in Table 2. The mean gesta-
tional age of the fetuses at the time of the first
US finding was 23 weeks (range, 14-35 weeks).
PFFD was suspected in the second trimester in
15 of the 18 cases (83%); in the remaining three
(17%), the suspicion did not arise until the third
trimester. No cases were identified in the first
trimester. Invasive procedures for karyotyping
were performed on five patients (28%), and in all
five, the results were normal.

The prenatal diagnosis was made using only
the US results in 17 of the 18 cases (94%); in
the other one (6%), three-dimensional CT was
also used. A short femur was found bilaterally
in 4 of the 18 patients (22%) and unilaterally in
the remainder (78%). The defect was isolated in
10 patients (55.5%), whereas other skeletal
anomalies were also present in seven (39%),
and one fetus (5.5%) had ventriculomegaly and
oligohydramnios. The other skeletal anomalies
included three cases of a bowed ipsilateral tibia,
four cases of agenesis of the ipsilateral fibula,
three cases of clubfoot, and one case of a twisted
ipsilateral foot. In one case, oligodactyly of the
right hand was noted (Table 3).1-3:10:11,16-24

Elective pregnancy termination was performed
in 8 of the 18 women (44%). Among the remainder,
three patients (17%) delivered by cesarean section
at term, and seven (39%) delivered vaginally, 1 of
whom had a preterm vaginal delivery (33 weeks)
for premature membrane rupture. Postnatal
examination confirmed the prenatal diagnosis of
PFFD in 16 cases (89%); in one case (5.5%), a
femoral--facial syndrome (FF'S) was found, and in
one (5.5%) case, postnatal analysis was not possi-
ble. In 10 of the 18 cases (56%), a postnatal diag-
nosis was made only on radiograph (XR); in one
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TABLE 3
Prenatal Sonographic Findings in Fetuses with Proximal Focal Femoral Deficiency Reported in Literature 1990-2014: Associated
Skeletal and Nonskeletal Anomalies

Publication, Unilateral or Other Skeletal Other
Case  Reference No. Bilateral Tibia Fibula Foot Anomalies Face Anomalies
1 Ashkenazy et al, U N N N No Not reported No
1990""
2 Bronstein and U N N N No Not reported Ventriculome-
Deutsch, 1992¢ galy,
Oligoamnios
3 Camera et al, U bowed absent N No Not reported No
1993"
4 Hadi and Wade, U N N clubfoot No Not reported No
1993
5 Gongcalves et al, B N N N No Not reported No
19968
6 La Torre et al, U N absent Twisted right foot No Not reporter No
2003
7 Filly et al, U bowed absent N No N No
2004%°
8 B N N clubfoot No N No
9 B bowed absent clubfoot No N No
10 Cuillier et al, U N N N No N No
20052
11 Parakh and ] N N N No Not reported No
Nagar, 2006%"
12 Oh et al, 2008’ u N N N No Not reported No
13 U N N N No Not reported No
14 U N N N No Not reported No
15 Otera et al, B N N N Oligodactyly of N No
2009%? right hand
16 Mailath- U N N N No N No
Pokorny et al,
2011%
17 Lin et al, 2013° u N N N No N No
18 Doger et al, U N N N No N No
2013%

Abbreviations: U, unilateral; N, normal; B, bilateral.

case (5.5%), on XR and MRI; in one (5.5%), on XR,
MRI, and US; and in one (5.5%), on XR and aorto-
arteriography. In another four (22%), the imaging
techniques used for postnatal diagnosis were not
described.

DISCUSSION

Prenatal diagnosis of skeletal dysplasia is a
major challenge for obstetric US examination
because one must rule out a long list of possible
disorders---more than 200---in considering the
differential diagnosis (DD).'® However, improve-
ments in US imaging technology have given
sonographers important tools to use in recogniz-
ing and differentiating even the rarest skeletal
malformations. Through our data analysis, we
could identify the most common features of
PFFD found on US examination, which can be
useful for making a prenatal diagnosis.

The most common prenatal finding in the
case of unilateral PFFD is a difference in the
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biometry of the two femora.'® US imaging
allows the detection of subtle discrepancies in
the length of long bones between the right and
left sides.?* This skeletal alteration may be the
only sign of the disease. In many cases
described in the literature (30-60%), other bony
abnormalities were associated with PFFD,
including fibular agenesis (22%), clubfoot defor-
mity (17%), and bowed tibia (17%) (Figure 2).
Oligodactyly was also reported as an associated
manifestation.?? In the bilateral form of PFFD,
the femora may both be short but with varying
degrees of severity.

The diagnosis is usually possible during the
second trimester of pregnancy. Earlier, the iden-
tification of femoral hypoplasia is less feasible
because discrepancies between the measure-
ments of the femora may consist of only a few
millimeters, a difference that is not easily
detectable.?1172° However, the suspicion of a
severe manifestation of the disorder may arise
in the first trimester; in such cases, we suggest
the use of the transvaginal approach to US,
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FIGURE 2. Sonograms depict fetal unilateral proximal focal femoral deficiency (PFFD) associated with other skeletal anomalies. (A) Two-
dimensional sonogram depicts a short left femur. (B) Two-dimensional sonogram shows a normal right femur. FL, femur length; GA, gestational
age. (C) Two-dimensional sonogram of the left lower extremity demonstrates fibular agenesis and clubfoot. (D) Mid-sagittal view shows a normal

fetal profile.

which allows the greatest accuracy in long bone
measurement during the first trimester.®

If PFFD is suspected prenatally, it is manda-
tory to consider the other possible disorders in
making a DD, because a short femur could be
the first sign of many forms of skeletal dyspla-
sia.?® In the bilateral form of PFFD, one should
also consider kyphomelic dysplasia, campomelic
dysplasia, osteogenesis imperfecta, achondropla-
sia, achondrogenesis, thanatoforic dysplasia,
and short limb polydactyly.>"?® To exclude
these global dysplasias, one must measure all of
the other long bones and explore the chest,
spine, and skull, which are often compromised.
If they appear normal, the diagnosis of bilateral
PFFD should be highly suspected. Moreover, in
PFFD, demineralization is never described.??

Three other rare overlapping conditions that
involve femoral development must also be
excluded, especially in the unilateral form of
PFFD: the femur—fibula—ulna (FFU) complex,
the FFS, and limb/pelvis—hypoplasia/aplasia
syndromes.>%2%2*¢ The FFU complex is a spo-
radic limb disorder involving the femur, fibula,
and ulna in highly variable combinations. A
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further typical feature is the association of fin-
ger and/or toe anomalies. All malformations of
the FFU complex are most often unilateral, and
the right side is more commonly involved. It
occurs more frequently in males than in females
(M:F ratio, 1.9).2” Some authors have stated
that the FFU complex and PFFD are the same
entity, but others consider them to be two sepa-
rate conditions.?®>?® In general, if the upper
extremities are normal, the FFU complex can
be excluded.

The FFS is a rare condition characterized by
unilateral or bilateral femoral hypoplasia that is
associated with facial dimorphism that can range
from evident micrognathia with or without a cleft
lip and/or palate to more subtle features, such as
upslanting palpebral fissures, a short nose with a
broad tip, a long philtrum, a thin upper lip, max-
illary asymmetry, and an isolated cleft palate.
Additional malformations have been described
occasionally in neonates, including genitourinary
and central nervous system anomalies.? Some-
times the diagnosis of FFS is made after delivery
because prenatal detection of a subtle facial
defect is not guaranteed; therefore, we suggest
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careful exploration of the fetal face on two-
dimensional imaging and, if it is available, taking
advantage of three-dimensional imaging. Today’s
high-quality three-dimensional sonography may
be able to show more subtle facial aberrations.>°
If the fetal profile looks normal, FFS should be
excluded.

The limb/pelvis—hypoplasia/aplasia syndrome,
also known as the Al-Awadi/Raas—Rothschild
syndrome, is a rare autosomal-recessive disor-
der that is characterized by severe skeletal mal-
formations involving the wupper and lower
extremities and the pelvis. Additional features
may include thoracic dystrophy, unusual facies
(eg, dysplastic and large ears, high and narrow
palate), and genital malformations.? It is easy
to distinguish between the limb/pelvis—hypopla-
sia/aplasia syndrome and PFFD because the lat-
ter does not usually manifest with secondary
skeletal deformities, and the primary problem is
short and unequal femur lengths. Additional
imaging techniques could be used for prenatal
investigation in suspected cases of PFFD for
example, in one case reported in the publica-
tions we reviewed, helical CT was performed for
a better evaluation of the disease severity. That
imaging modality allows the identification of
such associated features as absence of the femo-
ral head, hip dislocation, acetabular dysplasia,
and oligodactyly.?? In one recent study, Macé
et al®®> considered helical CT with three-
dimensional reconstruction to be a key examina-
tion in diagnosing skeletal dysplasia after 26
weeks’ gestation, when fetal ossification has
reached a good level. (The issues related to irra-
diation’s being detrimental for the fetus are
overcome by the low dose used [2-3 mGyl],
which is far from the 100 mGy considered
potentially teratogenic in international recom-
mendations.?®) Macé et al®? suggested reserving
helical CT for cases of severe micromelia in the
presence of associated skeletal signs, and when
the results of standard cytogenetic, virologic,
and molecular examinations are negative.

We suppose that in the future, fetal MRI
could contribute to making a diagnosis of com-
plex skeletal dysplasia, especially when joints
are involved. To date, innovations in sequence
technologies and results of animal studies have
been promising. Further research on fetal MRI,
including technical refinements and clinical
studies, will be necessary.*

When a PFFD is identified prenatally, physi-
cians should exclude the possibility of terato-
genic and vascular insults from the fourth to
eighth weeks of gestation, the critical period in
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limb development.! There is no need to alter
standard pregnancy management because the
disease is not associated with obstetric compli-
cations. Multidisciplinary counseling of the
parents is mandatory, however, and should
involve an expert in fetal medicine, a geneticist,
and a pediatric orthopedist. Parents should be
reassured that PFFD is not related to chromo-
somal defects and does not impair intelligence.'®
Orthopedic management is highly individual-
ized and depends on the developmental pattern
of the length discrepancy; it may require surgi-
cal correction or amputation and a prosthesis,
but the long-term prognosis after orthopedic
correction is good.”!® In countries where abor-
tion is legal, and when the condition is demon-
strated to be severe, the option of pregnancy
termination may be offered to the family.

The data we analyzed for this review con-
firmed that a prenatal diagnosis of PFFD is pos-
sible and revealed what the most common US
findings are. We suggest that all sonographers
be cautious and not hasty in diagnosing this
disease, considering its low frequency. When a
short femur is found, one must consider poten-
tial sources of errors in measurement. First, it
is important to pay attention to the inclination
angle of the transducer: if the measurement is
taken on an oblique plane, a difference varying
from 4-10 mm is probable.?® It is also possible
that one end of the bone is shadowed by
another bony fetal segment.'® When measuring
femur length, one should follow the interna-
tional US guidelines: a scan must clearly visual-
ize both ends of the ossified metaphysis with
the probe perpendicular to the longest axis of
the femur (angle inclination between 45 and 90
degrees). The calipers must be placed at both
ends of the ossified diaphysis, excluding the dis-
tal femoral epiphysis if it is visible. This mea-
surement should also exclude triangular spur
artifacts, which can falsely extend the length of
the diaphysis.?® If isolated short femurs are
found bilaterally, one should initially consider
more common etiologic factors, including ethnic
variation, soft markers for aneuploidies, or fetal
growth restriction.’ If all of these conditions
(including those previously analyzed for making
a DD) were to be excluded, the suspicion of
PFFD could fairly arise.

We conclude that although subtle cases of PFFD
will likely continue to go undetected, given experi-
enced examiners and advances in US imaging tech-
nology, a prenatal diagnosis is feasible in most
cases. Prenatal US findings are important in strati-
fying cases of PFFD according to severity. Early
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recognition of this condition will not only prepare
the parents but also yield information for physi-
cians specifically concerning the management,
therapeutic planning, and long-term follow-up of
affected fetuses.
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