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1 | INTRODUCTION

We report on a girl with Bardet-Biedl syndrome (BBS)
harboring a novel MKKS/BBS6 mutation who developed
Legg-Calvé-Perthes disease (LCPD). Although she was ad-
equately treated with surgical containment, the proximal
femur significantly deformed. There exists a possibility that
the prognosis of LCPD had been adversely affected by the
concomitant BBS.

Bardet-Biedl syndrome (BBS; MIN#209900) is an au-
tosomal recessive disorder characterized by genetically and
phenotypically heterogeneity with a prevalence of about 1
case per 125 000 live births." The syndrome belongs to the
group of ciliopathies that is caused by dysfunction and/or
structural deficiency of the primary cilium. Reflecting ver-
satile biological functions of the cilia, BBS compromises
multiple organs and tissues, primarily manifesting as retinal
dystrophy, obesity, renal malformation, and hypogonadism.2
Orthopedic presentation of BBS mainly includes congenital
hand anomalies, especially postaxial polydactyly, and some-
times syndactyly, brachydactyly, and/or clinodactyly. Legg-
Calvé-Perthes disease (LCPD) is a juvenile form of idiopathic
femoral head osteonecrosis due to compromise of blood sup-
ply to the osseous epiphysis with an annual incidence of 0.9
per 100 000 children aged <15 years inJ apam.3 To our knowl-
edge, there has been only one previously identified case of
LCPD in a patient diagnosed with BBS.* In this paper, we
report on a Japanese patient with BBS complicated by LCPD
who had a novel homozygous mutation in the BBS6/MKKS
gene. The patients and their families were informed that data
from the case would be submitted for publication and gave
their consent.

2 | CASE PRESENTATION

The patient was born by vaginal delivery at forty weeks of
gestational age. She was the first child of healthy noncon-
sanguineous parents. The family history was unremarkable
for any genetic conditions, and no prenatal abnormalities
were identified through routine sonographic assessments.
At birth, she showed no signs of birth asphyxia with a
weight of 2545 g and a length of 49 cm, but she exhibited
bilateral postaxial synpolydactyly in the lower limbs. She
could walk independently before the age of one year, but
growth retardation was gradually apparent, with her body
falling below —2SD of the Japanese standard. At thirteen
months of age, she underwent resection of the additional
6th digit in the right foot and the hypoplastic 5th digit in
the left foot (Figure 1A,B). Speech and cognitive develop-
ment were normal. At three years of age, she was referred
to a pediatric ophthalmologist for strabismus and ambly-
opia, where she was diagnosed as early stage of retinitis

pigmentosa. Although growth hormone (GH) deficiency
had not been confirmed, she had received GH therapy for
—3SD shorter than the mean since the age of five years. She
was referred to our institution for continued growth distur-
bance and various skeletal malformations at four years of
age. Facial appearance was dysmorphic with a round face,
midface hypoplasia, and micrognathia. She had malaligned
or malformed teeth and a high-arched palate (Figure 1C).
Physical examination revealed proportionate short stature
with increased lumber lordosis and genu recurvatum in ad-
dition to hairiness of the back and hypoplastic digits. A
full radiographic skeletal survey demonstrated mild gener-
alized epiphyseal dysplasia of the long bones and brachy-
dactyly in the hands and feet (Figure 1D,E,F). Based on the
physical findings such as postaxial polydactyly, brachy-
dactyly, and dysplastic teeth, Weyers acrofacial dysostosis,
a similar but milder form of Ellis-van Creveld syndrome
(EvC), was first considered in the differential diagnosis.
Subsequent cardiovascular examination demonstrated no
congenital cardiac defects, commonly seen in EvC. At the
age of seven years, she was suspected to have Bardet-Biedl
syndrome (BBS) through investigation by a medical ge-
neticist based on the presence of retinitis pigmentosa, con-
genital anomalies of the hands and feet, and obesity trends.
Whole-exome sequencing, which was performed as pre-
viously described,” and conventional Sanger sequencing
revealed that the presence of a novel homozygous and het-
erozygous nonsense mutation (NM_018848:¢c.589G>T:p.
Gly197%) in exon 3 of the MKKS/BBS6 gene, a causative
gene of McKusick-Kaufman syndrome and BBS, in the pa-
tients and her parents, respectively (Figure 2).

She showed a dull pain in the right thigh and limp-
ing without a history of trauma at eight years of age. The
range of motion (ROM) of the right hip was limited in
all planes except for flexion. Anteroposterior and frog-leg
lateral radiographs of the hip demonstrated sclerosis, loss
of height, and subchondral radiolucent zone (ie, crescent
sign) in the right proximal femoral epiphysis. Magnetic
resonance imaging (MRI) revealed homogenous hy-
pointensity of the entire capital epiphysis on T1-weighted
images and intra-articular joint effusion associated with
lateralization of the femoral head on STIR-images, which
was compatible with the diagnosis of LCPD (Figure 3).
She was immediately hospitalized to undergo skin traction
of the lower limbs for the purpose of reducing intracap-
sular synovitis. After the improvement of the ROM of the
affected hip, we performed Salter innominate osteotomy
with tenotomies of the adductor longus and the iliopsoas,
which we have adopted as a method of containment for
school-age children with LCPD.® Postoperatively, the hip
was immobilized in one and one-half hip spica cast for
three weeks, followed by aggressive ROM exercises, and
partial weight bearing was commenced eight weeks after
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FIGURE 1 Clinical and radiological features of the patient. Radiographs of the patient's feet at 9 mo of age, indicating postaxial
synpolydactyly (arrow) of the right foot (A) and left foot (B). Dental photographs of the patient at 10 y of age (C). Note an abnormally formed
dentition. Radiographs of the upright full-length lower limbs (D), hands (E), and feet (F) at 4.5 y of age, showing mild multiple epiphyseal
dysplasia of the long bones (arrow) and distal phalangeal hypoplasia

the surgery. The patient gradually became obese during radiographs at the fragmentation period demonstrated di-
the postoperative rehabilitation period and reached more = minished epiphyseal height of the lateral portion of the
than 2 SD of the mean value by age of nine years. Hip femoral head, representing the modified lateral pillar
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FIGURE 2 Partial sequence chromatograms of PCR products from the patient and her parents. The position of the homozygous or
heterozygous mutation in exon 3 is marked by arrows in the chromatograms
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FIGURE 3 X-ray and MRI images of the patient made at diagnosis of Legg-Calvé-Perthes disease. Anteroposterior radiograph (A), coronal

T1- (B) and STIR- (C) MR images at eight years of age, showing sclerosis and flattening (A, arrow) and homogenous hypointensity (B, arrow) of

the right femoral head and an abundant intracapsular effusion (C, arrow)

type C hip,” and metaphyseal cyst formation spanning
the growth plate had occurred in the anterolateral portion
(Figure 4A,B). Ten months after the surgery, she was al-
lowed full weight bearing following the implant removal.
At latest follow-up of twelve years of age (four years after
diagnosis), she showed an ovoid right femoral head with
preserved joint congruency, equivalent to Stulberg class
3 intermediate hip.” When quantitatively determining the
sphericity of the affected femoral head using the spheric-
ity deviation score (SDS),8 on the other hand, its value of
45 agreed with the mean of the Stulberg class 4 unfavor-
able hip (Figure 4C,D). She was clinically asymptomatic,
restoring a full painless ROM of the right hip without ap-
parent gait abnormalities.

FIGURE 4 X-ray images of the patient
made during the fragmentation (A and B)
and healing (C and D) stages of Legg-Calvé-
Perthes disease. Anteroposterior radiographs
immediately (A) and six months (B) after
the surgery. The right femoral head is fully
contained within the displaced acetabulum
(A). The lateral pillar height is decreased by
<50% associated with a metaphyseal cyst
formation (B, arrow). Anteroposterior (C)
and frog-leg lateral (D) radiographs at latest
follow-up, showing the right femoral capital
epiphysis to be enlarged, confluent, and
nonfragmented. Premature physeal closure
and epiphyseal extrusion are evident

3 |

DISCUSSION

The BBS is a genetically and phenotypically heterogene-
ous disorder characterized by up to 21 disease-causing
BBS genes identified to date and six major defects such as
retinal dystrophy, polydactyly, obesity, mental retardation,
hypogonadism, and renal dysfunction called primary fea-
tures, with secondary features that include hepatic fibrosis,
diabetes mellitus, dental irregularities, and behavioral ab-
normalities. The proposed diagnostic criteria for BBS are
defined as the presence of either four primary features or
three primary and two secondary features,” which the pre-
sent case did not meet at first presentation. A subset of the
ciliopathy has been categorized as the skeletal ciliopathy
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that share common skeletal features such as a narrow tho-
rax, short ribs, polydactyly, and short limbs. It includes the
short rib-polydactyly group, asphyxiating thoracic dyspla-
sia, Ellis-van Creveld syndrome, Weyers acrofacial dys-
ostosis, and cranioectodermal dysplasia.9 In the present
case, the first presumptive diagnosis had been Weyers
acrofacial dysostosis on the basis of the presence of post-
axial polydactyly of the feet, mild short stature with short
limbs, and dental anomalies. As opposed to other skeletal
ciliopathies, the absence of a narrow thorax associated with
short ribs and congenital heart defect in this case had also
underpinned this entity.10 Because the skeletal ciliopathies
generally lack of retinal involvement, clinicians should
pay attention to visual acuity in addition to the presence of
night blindness and peripheral visual field defects indica-
tive of retinal abnormalities when encountering patients
with suspected skeletal ciliopathies.

To our best knowledge, there has only one previously
identified case exhibiting bilateral changes of the femoral
head that were compatible with LCPD in a patient with ge-
netically confirmed BSS caused by a mutation in the BBS/
gene. Although it is likely that the occurrence of these
two disorders in a single patient is a coincidence, despite
successful surgical containment during the earlier phase
of the disease, remodeling to a bigger mushroom-shaped
femoral head than expected with marked shortening of the
neck may be partly attributable to disruption of the basal
body of ciliated chondrocytes within articular cartilage
and growth plate in this patient. In mammalian cells, de-
pletion of BBSI, BBS4, and BBS6/MKKS, which encode
the basal body proteins of the cilium, has been shown to
activate Wnt/fB-catenin signaling.“ In a genetic mouse
model in which chondrocyte-specific activation of Wnt/f3-
catenin signaling can be induced for specific periods of
time, abnormal growth plate closure and articular carti-
lage thickening were observed in postnatal mice,'*Carti-
lage-specific activation of p-catenin signaling promoted
perichondrial bone formation surrounding the growth plate
as well."® These changes of the cartilaginous tissues could
have unfavorably affected the vulnerable head during the
fragmentation and reossification stages by causing pro-
gressive extrusion of the femoral head, growth retardation
of the capital femoral physis, and excessive metaphyseal
widening, which may eventually retard successful remod-
eling of the hip. Metaphyseal cyst formation in the early
stage of the disease, one of the five head-at-risk signs,
could somewhat contribute to proximal femoral physeal
growth disturbance that have been demonstrated in a piglet
model of LCPD.'*!> Metabolic propensity toward obesity
during a period of partial weight bearing could have an
adverse impact on preservation of the lateral pillar height
of the capital femoral epiphysis.” We cannot conclude that
a ciliopathy BBS had an appreciably negative effect on the
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clinical course of LCPD in this case. Nonetheless, if di-
agnosed early with LCPD, combined pelvic and femoral
osteotomy or triple pelvic osteotomy for more advanced
containment and strict nonweight bearing management
during the early phase of the disease may be preferable for
patients with a ciliopathy.
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