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Proximal femoral focal deficiency (PFFD) is a rare congenital anomaly of the femur
ranging from mild shortening to total agenesis. If left untreated, it could lead to
impaired child growth, abnormal gait, vertebral abnormalities, cosmetic problems, and
behavioral changes. We report on an Egyptian female, presenting to us at the age of
15 days with a short left lower limb. Both upper limbs and the right lower limb were
normal and she was not dysmorphic. The skeletal survey showed an isolated short left
femur. At the age of 11 months, clinical reexamination confirmed left femur shorten-
ing. Echocardiogram and abdominal sonography revealed no abnormality. Magnetic
resonance imaging (MRI) of the pelvis and lower limbs revealed isolated left proximal
femoral focal deficiency. Her developmental milestones were normal. She was referred
to pediatric orthopaedics for early intervention and proper management. To our
knowledge and after reviewing the literature, this patient represents the first case of
unilateral isolated proximal focal femoral deficiency in Egypt. In conclusion, PFFD
diagnosis needs a systemic skeletal-facial-genital phenotyping to differentiate from
overlapping genetic disorders. Early diagnosis and radioimaging are highly important
for proper management.

presence of the femoral head, a stable hip joint, or acetabular
hypoplasia and classifying the abnormality in A to D types

Proximal femoral focal deficiency (PFFD) is a rare congenital
defect of the proximal femur, which manifests as hypoplasia of
the femur resulting in a shortening of the affected limb. The
mode of inheritance of PFFD is sporadic; however, few familial
cases were reported.1 PFFD incidence is 1.1 to 2 in 100,000 live
births with unilateral limb affection in 85 to 90%, although
bilateral PFFD may occur.> PFFD is caused by the deficient
formation of the subtrochanteric part of the femoral shaft
affecting its length with subsequent deformity ranging from
mild femoral shortening to absent femur and acetabulum.?
X-rays are useful for diagnosis. Various PFFD classifica-
tions have been proposed. However, the most commonly
used classification is that described by Aitken and modified
by Amstutz, which is based primarily on X-ray data of the
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according to severity.“’5

The condition may be accurately classified at the age of
1 or 2 years. Magnetic resonance imaging (MRI) is used for
definitive subtype classification, which is needed for accu-
rate prognosis and management.® Congenital hypoplasia of
the femur is part of several medical conditions. However,
PFFD should be differentiated from the following
three overlapping genetic syndromes: (1) femoral hypo-
plasia-unusual facies syndrome (FH/UFS), also called fem-
oral-facial syndrome (FFS; MIM: 134780); (2) femur/
fibula/ulnar hypoplasia syndrome (FFU: MIM: 228200);
and (3) limb/pelvis-hypoplasia/aplasia syndrome (LPHA),
also called Al-Awadi/RAAS-Rothschild’s  syndrome
(AARRS; MIM: 276820).4°
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Here, we report a female infant with proximal focal FH
and differentiate her clinical manifestations from other
genetic and nongenetic conditions. A short review of the
PFFD classification and future counseling is also presented.

Patient and Results

A 15-day old, Egyptian girl infant patient presenting with a
short left lower limb was referred to the Developmental
Assessment and Genetic Disorders Clinic, National Research
Centre (NRC), for diagnosis and genetic counseling. This
research was reviewed and approved by the Research Ethics
of the National Research Centre according to the “World
Medical Association Declaration of Helsinki” in 1995 (as
revised in Seoul 2008) and written informed consent was
obtained.

The infant was the third child of healthy nonconsangui-
neous parents. At her birth, the father and mother were 33
and 25 years, respectively. The mother did not take any
medications, was not diabetic, and did not suffer from any
other medical conditions all through her pregnancy. The
pregnancy period was uneventful and delivery was by Cae-
sarian section due to a contracted pelvis at 39 weeks of
gestation. The proband’s older sister and brother were
healthy. The mother was first prenatally examined at the
prenatal and fetal diagnosis clinic when she was at her 8th to
9th weeks’ gestation. She was asked to come back for regular
visits to follow-up during the pregnancy but she discontin-
ued the visits. After delivery of the baby, she came for clinical
assessment, diagnosis, and genetic counseling.

On examination, the index case height, weight, and head
circumference were 50 cm (mean), 3.4 kg (mean), 33 cm (-0.8
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standard deviation [SD]), respectively. She was not dysmor-
phic. Chest, heart, abdominal, neurological, and genital exam-
ination showed no abnormality. Both upper limbs and right
lower limb were normal. The left lower limb was short. The left
thigh was bulky and flexed. The left hip joint was laterally
rotated and abducted (~Fig. 1). The skeletal survey showed a
hypoplastic left femur with a relatively shallow left acetabu-
lum. An Echocardiogram detected small patent foramen oval
(PFO). Chromosomal analysis by G-banding technique
revealed normal female karyotype (46, XX).

Reexamination at the age of 11 months showed that her
height, weight, and head circumference were 73 cm (mean,
SD), 9.2 kg (—0.5 SD), 45.6 cm (—0.7 SD), respectively. Chest,
heart, abdominal, neurological, and genital examinations
came out normal. Echocardiogram and the abdominal ultra-
sound revealed no abnormality. The patient’s developmental
milestones were assessed using Bayley’s scales of infant and
toddler development (third edition) and were normal Devel-
opmental Quotient (DQ = 82). Her left lower limb was short
(=Fig. 1). Plain X-ray of the pelvis and both lower limbs
showed a short left femur, normal tibia and fibula, and normal
right lower limb long bones (=Fig. 2). MRI of the pelvis and
both hip joints showed the following: left small femoral head,
markedly shortened left femur with subtrochanteric varus
deformity, well-developed left acetabulum, acartilagenous
plate connecting the distal femur with the femoral neck and
head, intact left femoroacetabular joint, and normal size left
upper thigh muscles (~Fig. 3). These findings classified the
patient’s PFFD as Aitken’s B mild dysplasia.* Ophthalmological
and audiological examination showed no abnormality. Audi-
tory brain response (ABR) and electroencephalogram (EEG)
examinations were normal.

Fig. 1 (A) The patient at 15 days showing short left lower limb. The left thigh is bulky with flexion, lateral rotation and abduction at the left hip
joint (arrow). (B) The patient at 11 months showing the same feature (short left lower limb and short externally rotated left thigh (arrow) (lower

limb discrepancy).
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Fig. 2 (A) A plain X-ray anteroposterior view of whole body of the
patient at 15 days showing hypoplasia of left femur (arrow) with
bowing of residual shaft and symmetrical length of both tibiae and
fibulae, with normal appearance and texture of all the other skeletal
bones. (B) A plain X-ray lateral view of whole body of the patient at
15 days showing normal appearance and texture of all the other
skeletal bones. (C) A plain X-ray anteroposterior view of pelvis and
both lower limbs of the patient at 11 months showing the same
skeletal changes reported at 15 days of age (=Fig. 2A).

=Table 1 summarizes the findings in our patient com-
pared with three genetic syndromes.

Discussion

PFFD is a congenital developmental disorder of the subtro-
chanteric region of the femur with variable degrees of
shortening of the proximal femoral segment leading to hip
deformity and dysfunction of the affected lower limb.’
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Full pedigree analysis revealed unaffected nonconsangui-
neous parents with negative family history. This was in
agreement with previous studies reporting the sporadic
inheritance pattern of PFFD with no parental age effect.’

PFFD cases commonly present with limb discrepancies
and short flexed, abducted, and externally rotated thigh.®-°
Our index patient presented with left lower limb shortening
with strikingly short flexed, abducted, and externally rotated
thigh. Clinical presentation of PFFD could be significantly
variable depending on the degree of FH.'? Bilateral femoral
shortening is less commonly seen in cases with PFFD with
varying degrees of severity.!' PFFD has a wide range of
presentation starting from a mild degree of shortening to
severe hypoplasia of the acetabulum, femoral head, and
femoral shaft.® Our index patient showed severe shortening
(more than 50% of normal length) of the left femur on plain X-
ray. Also, she exhibited subtrochanteric varus deformity with
a well-developed left acetabulum and intact left femoroace-
tabular joint. This could be attributed to a failure of forma-
tion due to damage of the neural crests of L4 and L5 very early
in embryonic life resulting in a defective proliferation of
chondrocytes with subsequent immaturity of the proximal
femoral growth plate.” Embryologically, Irx3 and Irx5 (Irx3/5)
genes are essential in initiating the limb bud to specify
progenitors of the femur, tibia, and digit 1. Limb bud initia-
tion is negatively regulated by sonic hedgehog (Shh) signal-
ing.'? Premature activation of Shh signaling during the early
limb development phase disturbs the establishment of limb
progenitors and signaling centers affecting the normal out-
growth of the limb."?

Several classification systems described congenital anoma-
lies of the femur based on radiological findings. Aitken’s is the
most used. Other classifications provided detailed radiologic
descriptions of the various forms of PFFD.>'*1° [t is worthy to
mention that these classifications are mainly descriptive and
do not help in determining the final femoral morphology or
treatment strategies which stimulated Paley to publish a
classification that is more focused on pathologic factors deter-
mining management strategies.'® Each type in the Paley
classification has a different operative treatment. The Paley
classification system is based on the degree of deficiency to
design surgical reconstruction strategies. »Table 2 summa-
rizes the most common classifications. Since the diagnosis and
classification of PFFD was mainly based on radioimaging'’; our
case was classified according to Aitken* as class B by pelvic
MRI, and was classified according to Paley as type 1B.'®
Accordingly, radiological assessment is mandatory for accurate
classification and future management which should be started
as early as possible to allow for the best clinical outcome.®
Different studies demonstrated the importance of MRI in
accurate diagnosis for proper management of cases with
PFFD.8:9.18.19

Our index patient did not have antenatal care, although
antenatal ultrasound findings of similar cases were reported
in many studies between 18 and 32 weeks gesta-
tion.":27:11:20-22 Kydla et al?> reported a fetus as early as
the 12th week of gestation whose ultrasound evaluation
detected lower limb asymmetry and was diagnosed with
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Fig.3 (A-C) MRl of pelvis, right and left femur of the patient at 11 months showing hypoplasia of left femur. MRI, magnetic resonance imaging.

Table 1 Summary of our patient data with comparison to clinically overlapping genetic syndromes

Proband FHUFS FFU LPHA PFFD
Other known name for condition — FFS - Al-Awadi/ -
RAAS_Rothchild
syndrome (AARS)
OMIM number - 134780 228200 276820 -
Mode of inheritance Unknown Unknown Unknown AR Unknown
Dysmorphic facies - + - + _
Hypoplastic femur + (unilateral) + (bilateral) + (unilateral) + (bilateral) + (unilateral)
Pelvic dysplasia - + - T _
Hypoplastic/absent fibula —/- +/— +/— ++ —/-
Club foot — + — _ _
Lumbar spine abnormalities - + - _ _
Short/absent humerus —[- +/— +/+ +/+ —|-
Hypoplastic/absent ulna —[- - +/— +]+ —/-
Finger/toe anomalies - + +]+ _
Skull defects - - - + _
Thoracic cage deformity - - T _
Genitourinary anomalies — + - + _

Abbreviations: AR, autosomal recessive; FFU, femur/fibula/ulnar hypoplasia; FHUFS, femoral hypoplasia-unusual facies syndrome; LPHA,

limb/pelvis-hypoplasia/aplasia syndrome; OMIM, online Mendelian inheritance in man; PFFD, proximal femoral focal deficiency.

Note: (+) represents present and (—) represents absent.
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isolated PFFD. Almost all cases of PFFD reported to date are in
young children or diagnosed during the antenatal period.
Also in the current literature, few cases of PFFD were diag-
nosed in adulthood. Ozdemir et al®* reported isolated uni-
lateral PFFD presenting in a young woman.

Many risk factors for PFFD were documented in the litera-
ture such as hypoxia, ischemia, diabetes mellitus, irradiation,
chemical toxins, microbiological agents, and hormones. Other
risk factors included mechanical injuries, thermal injuries,
thalidomide exposure, and fetal trauma between the 4th
and 8th weeks of gestation.>” However, none of these factors
were present in the patient or her mother. This was in
agreement with Uduma et al?®> who did not report any risk
factors in their study on two patients with PFFD.

Our case was not associated with other congenital skeletal
abnormalities. Previous studies reported the association of
other skeletal abnormalities with PFFD in approximately 30
to 60% of the reported cases like fibular agenesis (22%), club
foot deformity (17%), and bowed tibia (17%)."" Other de-
scribed skeletal anomalies included congenital talipes equi-
novarus, hypoplastic patella, oligodactyly, absence of knee
cruciate ligaments, and spinal deformity.'8:21:26:27

In addition, PFFD could be a finding of other genetic syn-
dromes including FH-unusual facies syndrome, femur/fibula/
ulnar hypoplasia syndrome, and limb/pelvis-hypoplasia/apla-
sia syndrome as summarized in =Table 1. FH-unusual facies
syndrome is characterized by unilateral or bilateral FH and
dysmorphic facies in the form of micrognathia, cleft lip and/or
palate, upward slanting of the palpebral fissure, short nose with
abroad tip, thin upper lip, and long philtrum.?2%8 As for femur/
fibula/ulnar hypoplasia syndrome; there is an affection of the
femur, fibula, and ulna with finger and/or toe anomalies. The
affection is more common on the right side and is encountered
more frequently in males.???° The limb/pelvis-hypoplasia/
aplasia syndrome usually affects both upper and lower limbs
with pelvic affection and characteristic facies in the form of
large dysplastic ears and high palate.3° On the contrary, PFFD
only presents with short and unequal femur length excluding
its association with other genetic syndromes.

Management of PFFD requires integration between pros-
thetists, pediatric orthopaedic surgeons, and physical thera-
pists to equalize the limb length as early as the child starts
walking (at 1-2 years).3' Management mainly depends on
the degree of severity, the association of other anomalies, and
lower limb discrepancy when achieving maturity. The pre-
dicted length of the femur at maturity and pelvic-femoral
stability are the most essential factors in determining treat-
ment plans for PFFD. Treatment aims at the establishment of
the hip stability, lengthening of the affected lower limb, and
accomplishment of the normal anatomic alignments.?’ Sec-
ondary deformities are not commonly associated with PFFD
patients except for the development of asymmetric lower
limbs. Consequent negligence and/or delay in management
interference could result in functional impairment and scolio-
sis causing back pain.? Patients with PFFD class-A encounter
very few side effects, while patients with classes B, C, and D
usually need surgical correction. Therefore, our index case that
was classified as class B may require surgical procedure steps
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to achieve leg lengthening and hip-joint stability and accord-
ing to the Paley classification, our case that was classified as
type 1B could be managed with complex reconstruction
surgery. She was referred to a pediatric orthopaedic who
examined her and recommended reevaluation at an older
age (> year), and after achieving adequate standing to decide
on the proper interference according to her orthopaedic find-
ings. He also described to her especial crutches to achieve equal
leg lengths and allow optimum standing and walking to be
followed by multiple staged lengthening procedures using
extension prosthesis to be started at 3 years of age depending
on the predicted limb discrepancy (<20 cm) at maturity and
functioning knee, ankle, and foot, and good muscle power.3'-32
If the predicted discrepancy is more than 20 cm, or if the child
is not suitable for limb lengthening, ambulation with surgical
prosthesis and reconstruction surgeries should be considered.
Valgus osteotomy, knee arthrodesis, distal femoral epiphy-
siodesis, the van Nes rotationplasty, the Syme amputation, and
femoral lengthening operations are the most commonly used
procedures. Many studies revealed a good long-term prognosis
after surgical orthopaedic correction.1%17

Prenatal diagnosis of PFFD is helpful to early recognize the
deformity and provide parents and physicians with useful
information on management and future therapeutic planning.

Conclusion

Proximal femoral focal deficiency (PFFD) is one of the
commonest causes of congenital lower extremity shortening.
Conventional radiographic evaluation by X-ray, ultrasound,
and MRI are considered as the main diagnostic imaging
modality for diagnosis and classification. They also help to
put suitable management plans that positively affect the
prognosis and long-term prospects of the patients.
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