
Two mutations, D1152H and L997F, deserve further
comment. Neonate 2B (table 2) carried, on diVerent alle-
les, 1717-1G→A and D1152H. His IRT value at birth was
unusually high, even for CF, and remained raised at the
time of the sweat test as well; also, his sweat chloride level,
even though under 40 mEq/kg, was the highest among the
neonates under study. D1152H has been reported in
association with isolated CBAVD, but also with mild, late
onset lung disease and pancreatitis in conjunction with
normal sweat values.24

Another peculiar result of the study was the finding on
four occasions of L997F, a mutation usually rare in CF, but
perhaps more common in idiopathic disseminated bron-
chiectasis,12 as well as in idiopathic pancreatitis. Unpub-
lished data from our group show that L997H was found in
four cases from a subset of 32 subjects suVering from idio-
pathic pancreatitis, but in none of 100 ÄF508 carriers.

In conclusion, standard mutation panels can detect a
high prevalence of CFTR mutations among subjects with
neonatal hypertrypsinaemia and negative sweat chloride,
but even more mutations can be found by a more thorough
gene search. Close clinical follow up should help in clarify-
ing the extent of the disease, if any, in compound
heterozygous newborns.

This work was supported by grants from the Italian Ministry of University and
Research and the Italian Ministry of Public Health, CF Project, law 548/93. M
G Benetazzo received a fellowship from the Cystic Fibrosis Centre of Verona.

CARLO CASTELLANI*
MARIA GIOVANNA BENETAZZO†

ANNA TAMANINI*
ANGELA BEGNINI†

GIANNI MASTELLA*
PIERFRANCO PIGNATTI†

*Cystic Fibrosis Centre, Ospedale Civile Maggiore, Piazzale Stefani 1,
37126 Verona, Italy
†Department of Mother and Child, Biology and Genetics, Section of
Biology and Genetics, University of Verona, Verona, Italy

Correspondence to: Dr Castellani, carlocastellani@yahoo.com

1 Dankert-Roelse JE. Neonatal screening. In: Dodge JA, Brock DJH, Widdi-
combe JH, eds. Cystic fibrosis - current topics. Chichester: Wiley, 1994:303-
18.

2 Laroche D, Travert G. Abnormal frequency of nF508 mutation in neonatal
transitory hypertrypsinaemia. Lancet 1991;337:55.

3 Castellani C, Bonizzato A, Mastella G. CFTR mutations and IVS8-5T vari-
ant in newborns with hypertrypsinaemia and normal sweat test. J Med
Genet 1997;34:297-301.

4 Lecoq I, Brouard J, Laroche D, Ferec C, Travert G. Blood immunoreactive
trypsinogen concentrations are genetically determined in healthy and cystic
fibrosis newborns. Acta Paediatr 1999;88:338-41.

5 Chillon M, Casals T, Mercier B, Bassas L, Lissens W, Silber S, Romey MC,
Ruiz-Romero J, Verlingue C, Claustres M, Nunes V, Ferec C, Estivill X,
Mutations in the cystic fibrosis gene in patients with congenital absence of
the vas deferens. N Engl J Med 1995;332:1475-80.

6 Chin S, Ranieri E, Gerace RL, Nelson PV, Carey WF. Frequency of intron 8
CFTR polythymidine sequence variant in neonatal blood specimens. Lan-
cet 1997;350:1368-69.

7 Castellani C, Benetazzo MG, Bonizzato A, Pignatti PF, Mastella G. Cystic
fibrosis mutations in heterozygous newborns with hypertrypsinemia and
low sweat chloride. Am J Hum Genet 1999;64:303-4.

8 Gibson LE, Cooke RE. A test for concentration of electrolytes in sweat in
cystic fibrosis of the pancreas utilizing pylocarpine by iontophoresis. Pediat-
rics 1959;23:544-9.

9 Rock MY, Mischler EH, Farrell PM, Bruns WT, Hassemer DJ, Laessig RH.
Immunoreactive trypsinogen screening for cystic fibrosis: characterization
of infants with false-positive screening test. Pediatr Pulmonol 1989;6:42-8.

10 Herson VC, LaFreniere J. Elevated immunoreactive trypsinogen (IRT) in
premature infants. Pediatr Pulmonol 1999;suppl 19:214.

11 Pignatti PF, Bombieri C, Marigo C, Benetazzo MG, Luisetti M. Increased
incidence of cystic fibrosis mutations in adults with disseminated
bronchiectasis. Hum Mol Genet 1995;4:635-9.

12 Bombieri C, Benetazzo MG, Saccomani A, Belpinati F, Gilè LS, Luisetti M,
Pignatti PF. Complete mutational screening of the CFTR gene in 120
patients with pulmonary disease. Hum Genet 1998;103:718-22.

13 Cuppens H, Lin W, Jaspers M, Costes B, Teng H, Vankeerberghen A, Joris-
sen M, Droogmans G, Reynaert I, Goossens M, Nilius B, Cassiman JJ.
Polyvariant mutant cystic fibrosis transmembrane bioconductance regula-
tor genes. J Clin Invest 1998;101:487-96.

14 Strasberg PM, Friedman KJ, McGlynn-Steele L, Zielenski J, Ray PN. Rapid
characterization of both the variable length 5, 7 or 9 polythimidine (T) tract
in intron 8 and the adjacent CA repeat unit of the CFTR gene: use in DNA
diagnostic. Am J Hum Genet 1997;suppl 61:A2038.

15 Sharer N, Schwarz M, Malone G, Howard H, Painter J, Super M, Braganza
J. Mutations of the cystic fibrosis gene in patients with chronic pancreatitis.
N Engl J Med 1998;339:645-52.

16 Cohn JA, Friedman KJ, Noone PG, Knowles MR, Silverman LM, Jowell
PS. Relation between mutations of the cystic fibrosis gene and idiopathic
pancreatitis. N Engl J Med 1998;339:653-8.

17 Weiner Miller P, Hamosh A, Macek M Jr, Greenberg PA, MacLean J, Wal-
den SM, Slavin RG, Cutting GR. Cystic fibrosis transmembrane conduct-
ance regulator (CFTR) gene mutations in allergic bronchopulmonary
aspergillosis. Am J Hum Genet 1996;59:45-51.

18 Sheppard DN, Rich DP, Ostedgaard LS, Gregory RJ, Smith AE, Welsh MJ.
Mutations in CFTR associated with mild disease form Cl- channels with
altered pore properties. Nature 1993;362:160-4.

19 Chu CS, Trapnell BC, Curristin S, Cutting GR, Crystal RG. Genetic basis
of variable exon 9 skipping in cystic fibrosis transmembrane conductance
regulator mRNA. Nat Genet 1993;3:151-6.

20 Estivill X. Complexity in a monogenic disease. Nat Genet 1996;12:348-50.
21 Cuppens H, Teng H, Jaspers M, Willems T, Jorissen M, Cassiman JJ. Func-

tional characterisation of the M470V locus within the CFTR gene. Isr J
Med Sci 1996;32(suppl):S226.

22 Cuppens H, Teng H, Raeymaekers P, De Boeck C, Cassiman JJ. CFTR
haplotype backgrounds on normal and mutant CFTR genes. Hum Mol
Genet 1994;3:607-14.

23 Rosenstein BJ, Cutting GR, Cystic Fibrosis Foundation Consensus Panel.
The diagnosis of cystic fibrosis: a consensus statement. J Pediatr 1998;132:
589-95.

24 Friedman KJ, Highsmith WWE Jr, Zhou Z, Noone PG, Spock A, Cohn JA,
Silverman LM, Knowles MR, D1152H: a common CFTR mutation asso-
ciated with highly variable disease expression. Pediatr Pulmonol 1999;suppl
19:207.

J Med Genet 2001;38:205–208

A heterozygous endothelin 3 mutation
in Waardenburg-Hirschsprung disease:
is there a dosage eVect of
EDN3/EDNRB gene mutations on
neurocristopathy phenotypes?

EDITOR—Hirschsprung disease and Waardenburg syn-
drome are congenital malformations involving neural crest
derivatives. Several genes are involved in these diseases,
defining a complex pattern of inheritance. Hirschsprung
disease (HSCR) is characterised by the absence of
intramural ganglia in the distal bowel. This lack of enteric
innervation results in intestinal obstruction or severe con-
stipation. The incidence of HSCR is 1 per 5000 live births
and both genetic and environmental factors are thought to
contribute to the phenotype. The mode of inheritance is

dominant in some families and recessive or multifactorial
in others.1 In a number of cases, mutations of the RET
proto-oncogene, a tyrosine kinase receptor, result in a
dominant disease with incomplete penetrance.2–4 Muta-
tions in the RET ligand GDNF (glial cell line derived neu-
rotrophic factor) may also aVect the phenotype.5–7 A few
patients with HSCR were found to have heterozygous
mutations in the genes encoding the endothelin B receptor
(EDNRB)8–10 or its ligand endothelin 3 (EDN3).11 12

Waardenburg syndrome (WS) is characterised by a
combination of sensorineural deafness and abnormal
pigmentation, including a white forelock and eyelashes,
heterochromia irides, and areas of skin depigmentation.
Four subtypes of WS have been described on the basis of
clinical features.13 Types 1 and 3 and type 2 are associated
with mutations in the PAX3 and microphthalmia associ-
ated transcription factor (MITF) genes,14 respectively.
Patients with type 4 WS (WS4, Waardenburg-
Hirschsprung disease or Shah-Waardenburg syndrome)
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have features of both WS and HSCR.15 Several WS4 sub-
jects have homozygous EDNRB or EDN3 gene
mutations,12 16–19 whereas other patients have heterozygous
mutations in the gene encoding SOX10,20 a transcription
factor expressed in emerging neural crest cells.

Endothelins are a family of three vasoactive peptides
recognised by two G protein coupled heptahelical
receptors. Endothelin 3 preferentially binds the endothelin
B receptor. Endothelin mRNAs are first translated into
preproendothelin, which undergoes two step enzymatic
cleavage that generates the active endothelin peptide21 22

(fig 1). This peptide is composed of 21 amino acids, and
contains four cysteines involved in two disulphide bonds.
Targeted or spontaneous homozygous mutations of the
Ednrb or Edn3 gene in mice generate a strikingly similar
phenotype, with white coat spotting and aganglionic mega-
colon,24 25 suggesting that endothelin 3 is a physiological
ligand for the endothelin B receptor. The phenotype is
reminiscent of WS4 in humans, in whom homozygous
mutations of EDNRB and EDN3 were first described.16–19

Heterozygous mutations were later reported in patients
with isolated HSCR.8–12 Following these observations, WS4
was described as a recessive condition, and isolated HSCR
as a dominant disease with incomplete penetrance when
the result of EDN3 or EDNRB mutations.

However, contrary to this simple model, a homozygous
EDNRB mutation was found in a patient with isolated
HSCR26 and a heterozygous mutation was identified in a
patient with WS4, whose aVected sibs only had features of
WS.27 EDNRB mutations manifest themselves in a more
complex manner than previously believed. In their study of
a large Mennonite family, PuVenberger et al16 showed that
both homozygotes and heterozygotes for a EDNRB muta-
tion exhibited the intestinal phenotype, but with very
diVerent penetrance (21% in heterozygotes, 74% in
homozygotes). They suggested that the EDNRB mutation
found in this family was dosage sensitive and neither fully
dominant nor fully recessive. This explanation for the vari-
able penetrance in homozygotes and heterozygotes might
also apply to features of WS. However, it would not predict
whether a particular EDNRB mutation would be more
strongly associated with HSCR or with WS, as modifier
genes could also contribute to determining whether a het-
erozygote develops one syndrome or the other.

Similarly, heterozygous EDN3 mutations have been
identified in patients with HSCR and homozygous EDN3

mutations in patients with WS4.12 28 We report a novel
EDN3 mutation carried in the heterozygous state by a girl
with WS4, showing that, like EDNRB, heterozygous EDN3
mutations can result in either WS4 or isolated HSCR.

The index case (III.2) was born in a well nourished state
after a pregnancy marked by sonographic diagnosis of an
intestinal obstruction at 33 weeks. The karyotype was nor-
mal (46,XX). Laparotomy on day 3 of life established the
diagnosis of HSCR involving the colon and ileum. Multiple
biopsy specimens of the distal ileum and colon showed no
ganglion cells in the submucosa or intermuscular nerve
plexuses and no increase in nerve fibres. An ileostomy in
the dilated ileum failed to function and jejunostomy was
carried out on day 15, 40 cm from the duodenum. The
child required almost total parenteral nutrition. During the
neonatal period the baby had a white forelock, which
gradually disappeared over a period of months. Mild
sensorineural hearing loss was diagnosed when she was 4
months old. Chronic intestinal infection with cholangitis
and liver dysfunction occurred, together with several
episodes of septicaemia requiring antibiotics (including
aminoglycosides). Physical examination at 1 year of age
showed areas of hypopigmentation on the hands, and an
electrophysiological hearing test showed severe, bilateral,
sensorineural hearing loss. Heterochromia of the irises and
dystopia canthorum were absent. The child failed to thrive
and liver failure necessitated liver and intestinal transplan-
tation at the age of 5 years. She died six weeks later of sep-
tic shock.

Pregnancy III.3 (fig 2) was terminated at 29 weeks, in
accordance with French law, after an intestinal obstruction
was identified sonographically. Necropsy showed the same
pattern of HSCR aVecting the ileum and colon. There
were no other discernible morphogenic defects. The
mother (II.4) and father (II.5) are non-consanguineous.
I.1, I.2, II.4, and III.1 (9 years old) are healthy. Their
physical examination showed no malformations or dysmor-
phism. Their audiograms were normal. I.1 and I.2 are of
Yugoslavian origin. II.2 was born at term in a well
nourished state, but died in Yugoslavia in the neonatal
period from congenital intestinal obstruction (no medical
records are available). The father (II.5) and his family (of
French origin) had no relevant history.

The coding sequences of the three genes involved in
WS4 (EDN3, EDNRB, and SOX10) were screened by
means of single strand conformation polymorphism
(SSCP) analysis in the index case, as previously de-
scribed12 20 (the sequences of the EDNRB primers were
kindly provided by J Amiel). A band shift was observed in
a fragment corresponding to exon 3 of the EDN3 gene.
Sequencing of the variant fragment showed a heterozygous
C→A transition, which introduces a stop codon at position
169 (fig 2B). This mutation, C169X, was inherited from
the healthy mother (fig 2A) and was not found in 100 con-
trol chromosomes. As WS4 is classically considered to
result from homozygous EDN3 mutations, we investigated
this family further.

The coding sequence of the RET proto-oncogene was
screened for mutations on III.3 fetal DNA by SSCP analy-
sis (exons 1 and 2) and denaturing gradient gel
electrophoresis (DGGE) (all other exons) as previously
described.29 No causative substitutions or neutral variants
were detected. Haplotypes inherited at the RET locus were
reconstructed by genotyping the parents’ DNA for six
known intragenic polymorphisms in exons 2, 7, 11, 13, 14,
and 15.30 31 A single nucleotide polymorphism (SNP) of
intron 19 and a microsatellite marker located 80 kb
upstream of the RET gene (MS, unpublished results) were
also analysed. The presence of an interstitial microdeletion

Figure 1 Enzymatic processing of preproendothelin into proendothelin
(also termed “big endothelin”) and into mature endothelin, according to
Yanagisawa et al.23
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was ruled out in the most proximal portion, but loss of het-
erozygosity (LOH) analysis was not fully informative for
the rest of the gene.

Other mutations in the EDN3, EDNRB, and SOX10
genes were sought by directly sequencing genomic DNA
extracted from the girl’s blood cells (III.2) and from a lym-
phoblastoid cell line established from III.3 fetal cells. No
other mutation was found. The absence of partial deletion
or rearrangement of the EDN3 gene was shown by South-
ern blotting. The girl’s (III.2) and control DNA was
digested with BamHI or BclI, and human EDN3 cDNA32

was used as a probe (ATCC). Finally, to detect possible
extinction of the normal EDN3 allele in the girl, we ampli-
fied exon 3 and the junction with exon 4 by reverse
transcription from the lymphoblastoid cell line RNA and
nested PCR using the following conditions: 20 pmol of
each primer, 1.5 mmol/l Mg, annealing temperature 55°C,
35 cycles. First round PCR primers: F 5'CGAACAGACG-
GTGCCCTATGGAC3', R 5'ATGAGCTTTGGAT-
GGTGGAGGTC3'. Nested primers: F 5'GACTGTC-
CAACTACAGAGGAAGC3', R 5'CCTGCTTGCTTT
GTTGGTCCTTG3'. The PCR products were analysed
on 2% agarose gel before sequencing. Several amplification
products corresponding to some of the previously de-
scribed alternatively spliced mRNAs were observed.32 33

The normal and mutated EDN3 alleles could be amplified
from both the mother and the girl (not shown).

The C169X mutation of the EDN3 gene lies in a region
of the distal preproendothelin called the ET-like peptide
(fig 2B). This 15 amino acid peptide shows a very high
degree of homology with the mature endothelin peptide,
and also with the three preproendothelins from various
species. In particular, the four cysteines are conserved. The
ET-like peptide might play a role in the first enzymatic
cleavage step. The absence of this first cleavage step
impairs the final clipping step by endothelin conversion
enzyme (ECE-1).34 As a result, the C169X mutation, by
substituting the third cysteine of the ET-like peptide,
prevents the disulphide bonds and probably generates an
inappropriately cleaved, inactive proendothelin. It is note-
worthy that another of the three EDN3 mutations
described to date in WS4 disrupts the disulphide bonds of
the ET-like peptide. This defect, C159F, described in the
homozygous state,18 modifies the first cysteine. A func-
tional in vitro assay has been used to show that this muta-
tion results in a virtual absence of the mature endothelin 3
product, supporting the hypothesis of impaired cleavage
(Yanagisawa, cited in Hofstra et al28).

To date, three heterozygous EDN3 gene mutations have
been described in isolated HSCR, and three homozygous
mutations have been observed in WS4. Interestingly, in one
of the WS4 families, certain members who are heterozygous
for the EDN3 gene C159F mutation have one or more WS
features but are free of megacolon.18 This is incompatible
with a recessive mode of WS inheritance and with a
dominant mode of HSCR transmission. Another patient,
with a congenital central hypoventilation syndrome (CCHS)
but free of HSCR and pigmentation defects, carries a
heterozygous EDN3 frameshift mutation involving the
carboxy-terminal region of the prepropeptide.35 However, a
functional in vitro test failed to show any eVect of this muta-
tion on preproendothelin processing, raising questions as to
the deleterious nature of the mutation.

The aborted fetus III.3, which was heterozygous, also
had severe intestinal disease, but the presence of WS fea-
tures could not be assessed. The maternal grandfather and
a healthy brother were also heterozygous. It is likely that a
maternal uncle, who died at birth from intestinal obstruc-
tion, also carried the mutation. As in most other cases
described, penetrance was incomplete. Two of the three
heterozygous EDN3 mutations so far identified in isolated
HSCR were inherited from an asymptomatic mother,12

while one was inherited from a mother with a mild intes-
tinal phenotype.11 Incomplete penetrance and phenotypic
variability are frequent in neurocristopathies, particularly
in HSCR. This could be explained by environmental fac-
tors, multigenic inheritance (see for example Bolk et al36),
or modifier genes, or by stochastic events acting on cell
fate or cell diVerentiation in early embryogenesis. The
EDN3/EDNRB ligand/receptor interaction is essential for
the development of two diVerent cell lineages, melano-
cytes and enteric neurones, derived from the neural crest.
It is unclear whether this interaction is required by early
progenitors of both lineages or only after the lineages
diverge. DiVerences in the chronological order and sites of
emergence of distinct subsets of cells derived from the
neural crest could partly account for the variable manifes-
tations associated with EDN3 and EDNRB mutations.

This characterisation of the EDN3 C169X mutation
shows that features of both WS and HSCR can result from
a heterozygous EDN3 mutation. One possible explanation
for this observation includes multigenic inheritance.
Indeed, involvement of an unidentified gene cannot be
ruled out in this family. A mutation of the endothelin con-
version enzyme gene (ECE1) has been described in a
patient with a very particular phenotype, including cardiac
defects, craniofacial abnormalities, other dysmorphic

Figure 2 (A) Pedigree of the family. Subjects for whom a DNA sample
was available are represented, along with the results of EDN3 genotyping.
II.2 is thought to have been aVected, as he died from neonatal intestinal
obstruction, but no medical records are available. An intestinal obstruction
was detected prenatally in the male fetus III.3 and the pregnancy was
terminated. (B) The C169X mutation. Results of direct sequencing of
EDN3 exon 3 from genomic DNA of a control (above) and the index case
III2 (below); consequences of the mutation for preproendothelin 3
structure. The mature endothelin 3 peptide (ET3) is in grey and the
ET-like peptide is striped.
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features, and autonomic dysfunction,37 which were not
found in the family investigated here. Another possibility in
keeping with our findings is a mode of inheritance which is
not fully recessive and not fully dominant, with diVerent
penetrance in homozygotes and heterozygotes, as sug-
gested for EDNRB mutations. Alternatively, the ET-like
peptide mutations could have a particular mode of
transmission and phenotypic expression.

This description of a heterozygous EDN3 mutation in a
severe case of Waardenburg-Hirschsprung disease under-
lines the diYculty in predicting the phenotypic manifesta-
tions of EDN3 mutations. This situation complicates
genetic counselling and requires care when assessing the
recurrence risk in a family.
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The small patella syndrome: description
of five cases from three families and
examination of possible allelism with
familial patella aplasia-hypoplasia and
nail-patella syndrome

EDITOR—The small patella syndrome (SPS, *MIM
14789), also known as ischiopatellar dysplasia, coxopodo
patellar syndrome, or Scott-Taor syndrome, is a rare auto-
somal dominant disorder, characterised by a/hypoplasia of
the patellae and various anomalies of the pelvis and feet.
This syndrome was first described by Scott and Taor1 in
1979 in a large family with bilateral small or absent patel-
lae accompanied by anomalies of the pelvic girdle and
upper femora in most of the aVected subjects. To our
knowledge, 42 patients have been reported with this
disorder,1–9 comprising 35 cases from five families and
seven sporadic cases. This bone dysplasia is characterised
by patellar a/hypoplasia and pelvic anomalies, including
bilateral absent or delayed ossification of the ischiopubic
junction and infra-acetabular axe cut notches. Other major
signs are a wide gap between the first and second toes,
short fourth and fifth rays of the feet, and pes planus. Vari-
ous other skeletal anomalies have been reported, such as
elongated femoral necks, flattened and widened proximal
femoral epiphyses, hypoplasia of the lesser trochanter, and
tarsal anomalies. SPS should be clinically diVerentiated
from disorders with a/hypoplastic patellae, in particular the
autosomal dominant disorders isolated familial patella

aplasia-hypoplasia (PTLAH) syndrome10 and the more
severe nail-patella syndrome (NPS).11 The latter is caused
by mutations of the LMX1B gene on chromosome 9q34.
Recently, a locus for PTLAH has been identified on chro-
mosome 17q21-22. As yet, it is unknown whether SPS and
PTLAH are allelic disorders. Here we report on five cases
from three families with SPS, compare their clinical and
radiological anomalies with those of previously reported
cases, and propose minimal diagnostic criteria for SPS.
Given the clinical overlap between SPS, PTLAH, and
NPS, we have studied the possible involvement of
candidate regions for these syndromes on chromosome
17q21-22 and 9q34, respectively, by linkage analysis.

Family A, case 1. This male patient, aged 9 years 10
months at the time of examination, was referred because of
bilateral absence of the patellae. He was the third child of
non-consanguineous Dutch parents. He was born at 37
weeks’ gestation after an uneventful pregnancy. Birth
weight was 2750 g (10th-25th centile). At birth, talipes
equinovarus was noted. Motor milestones were delayed; he
sat at 13 months and walked at 24 months. Mental devel-
opment was normal. At the age of 6 and 8 years, surgery for
flat feet was performed, but without success. At the time of
examination he complained of unstable knees, muscle
weakness of the lower extremities, fatigue on moderate
exertion, and inability to run or to stand up from sitting
without support. At the age of 9 years 10 months, weight
was 30.2 kg (10th-25th centile), height 146.5 (50th-90th
centile), and head circumference 51.5 cm (10th-50th cen-
tile). The ears were low set and posteriorly angulated. He
had a wide gap between the first and second toes
bilaterally, short fourth and fifth rays of the feet, and pes
planus (fig 1A). The patellae were not palpable. Normal

Figure 1 (A) Anterior view of the feet of the proband of family A (case 1) showing an increased space between the first
and second toes and short fourth and fifth rays. (B) Radiograph of the knee at the age of 12 years 11 months. Note the
absence of the patellae and dysplasia of the epiphyses of the proximal fibula. (C) Radiograph of the pelvis at the age of 12
years 11 months showing the absent ossification of the ischiopubic junction, infra-acetabular axe cut notches (arrows), and
elongated femoral necks.
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