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Short report

Neurological involvement in X-linked
hypophosphataemic rickets
P G BRADBURY, D P BRENTON, G M STERN
From University College Hospital, London, UK

SUMMARY X-linked hypophosphataemic rickets is a familial form of Vitamin D resistant rickets in
which gross bony and ligamentous changes may occur. Two patients showing severe spinal disease
with evidence of spinal cord compression requiring neurosurgical intervention are reported. The
management of such lesions may be problematic as cord compression may be found at several levels
at presentation, and further difficulties develop after neurosurgical treatment.

X-linked hypophosphataemic rickets is characterised
by (1) X-linked dominant pattern of inheritance, (2)
decreased renal tubular reabsorption of inorganic
phosphate, (3) resistance to treatment with calciferol
or cholecalciferol, (4) an absence of proximal myopa-
thy, (5) a probable reduced formation of 1,25 dihy-
droxycholecalciferol in the renal tubule.'

Vitamin D resistant rickets was first described by
Albright et al.2 Christensen3 later described familial
Vitamin D resistant rickets occurring in a mother, son
and daughter. Initially an autosomal dominant inher-
itance was proposed but later an X-linked dominant
mode of inheritance was demonstrated. The disease
is regarded as a genetic defect of renal tubular
phosphate transport but the relationship of that
defect to the impaired formation of 1,25 dihydroxy-
cholecalciferol is unclear and the cause of the liga-
mentous calcification is unexplained.

In its mildest form, the only abnormality may be
the hypophosphataemia. Bony abnormalities, when
present, are always relatively severe in males. Females
may show a spectrum from absent bone disease to
changes as severe as the males. Typically affected
adults are of short stature with deformed legs and
other typical rachitic bony changes. The skull may be
deformed and there may be maxillo-facial abnormal-
ities in particular.
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In some adults there is active osteomalacia with
pseudo-fractures and raised alkaline phosphatase.
Serum calcium is normal but the urinary calcium
excretion may be normal or low. Parathormone levels
are normal or high. Secondary hyperparathyroidism
is uncommon, however, unless high oral phosphate
treatment has depressed the plasma calcium. Para-
thyroid adenomas are very rare. Bony overgrowth at
sites of major muscle attachment and around joints
may cause significant limitation ofmovement particu-
larly at the elbows, shoulders and hips. There may be
associated muscle atrophy, weakness and pain. The
EMG and serum CK are normal.
We present two cases with severe bony spinal dis-

ease and spinal cord compression. Their clinical and
biochemical features are summarised in the table.

Table Clinical and biochemicalfeatures in Cases 1 and 2

Case I Case 2

Sex F M
Age at onset of bony disease 4 21/2
Age at onset of neurological
symptoms 47 42

Affected relatives 2 daughters Mother
I granddaughter

Final height 147 cm 142 cm
Weight at operation (kg) 75 45
Biochemical findings at time

of operation-
U and E's Normal Nonnal
Serum Ca Normal Normal
Serum PO, Reduced Reduced

Serum alkaline phosphatase Slightly raised Slightly raised
Urinary Ca Normal Nonnal
Urinary PO NorTnal Normal
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Neurological involvement in X-linked hypophosphataemii

Fig (A) Tomogram ofcervical spine showing hyperostosis
ofthe posterior longitudinal ligament with narrowing of the
spinal canal. (B) CTscan ofcervical spine showing
calcification and hypertrophy ofposterior longitudinal
ligament with thickened vertebral laminae.

Case I
A female now aged 55 years, first presented to this hospital
in 1973, hypophosphataemic rickets having been diagnosed
in childhood. Bilateral osteotomies of the hips and knees
had been performed at the age of 7 years. When first seen she
was of short stature (4 ft 10 ins, 147 cm) with genu varus
deformities of her legs. The patient had two affected daugh-
ters and one affected granddaughter. In 1976 at the age of 47
she complained of intermittent tingling in the fingers of both
hands and both feet. Tomograms of the cervical spine per-
formed at that time showed hyperostosis of the posterior
longitudinal ligaments with narrowing of the cervical canal
(fig, a). The patient's condition improved spontaneously and
no further action was taken.

Three years later, whilst attending a magicians' conference
in the USA, a friend greeted her with a "bear hug". Immedi-
ately she developed severe pain around the lower thorax,
sagged on to her knees and lost all feeling in her legs. For the
rest of the day she was unable to walk without support. She
returned to this country with a spastic paraparesis with a
sensory level between D7 and DIO. Two initial attempts at
myelography were unsuccessful owing to calcification of the
spinal ligaments. At the third successful attempt the theca
was found to be compressed in its anterior aspect by a
calcified longitudinal ligament between C3 and C5, but more
significantly, partial obstruction of the dorsal theca at
D7/D8 level due to constriction from the posterior aspect
was demonstrated. A dorsal laminectomy was performed at
which the laminae were found to be thickened and a calcified
ligamentum flavum was found to be indenting the theca.
After operation the patient was able to walk normally.
At review I year later, plain radiographs of the lumbar

spine showed marked osteophyte formation and loss of lum-
bar lordosis. In 1981 the patient developed pain and weak-
ness in the right leg. On examination she was found to have
a sensory level at D8/9. A further myelogram was performed
which showed no new abnormality. Her symptoms
improved after the myelogram. One year later, the patient
returned with further difficulty in walking associated with
urinary frequency. On examination she showed a pyramidal
weakness of the right leg with sensory levels at D10 on the
right and L12 on the left. A lumbar myelogram revealed
compression of the dorsal cord by a hypertrophied and
calcified ligamentum flavum at the lower end of the previous
laminectomy. Spinal CT scanning demonstrated a thickened
and densely calcified posterior longitudinal ligament with
associated laminal thickening (fig, b). A subsequent cervical
myelogram showed a bony plaque anterior to the theca, dis-
placing it posteriorly with compression of the cord at C3 and
obstruction at C4/5. The patient subsequently underwent C3
to Dl laminectomy and further dorsal laminectomy below
the site of the previous decompression. At operation the
bone was found to be rock hard. The canal was narrowed in
the anteroposterior diameter by a calcified posterior longi-
tudinal ligament and thickened laminae. After operation the
patient developed a quadraparesis but is now able to walk
with two tripods. On examination she shows generally brisk
reflexes with bilateral extensor plantar responses. There is a
sensory level to approximately D8.

Case 2
A male now aged 51 years was diagnosed as having rickets
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when aged two and a half years. He was initially treated with
ultraviolet light and standard doses of Vitamin D without
benefit. Bilateral subtrochanteric osteotomies were per-
formed at the age of 4 years. He began to walk aged 6 with
marked bowing of his legs. He first attended this hospital
in 1945 aged 12 when a diagnosis of X-linked hypo-
phosphataemic rickets was made. He was treated with high
doses of Vitamin D. Osteotomies to the left and right tibiae
were performed in 1952 and 1953 respectively. He reached a
final height of 4 ft 8 ins (142 cm).

In 1975 aged 42 he developed intermittent numbness of his
legs, and 2 weeks later he experienced a sudden loss ofpower
in his legs lasting for approximately 1 hour. This improved
spontaneously. Later the same year when admitted to this
hospital he was found to have a spastic paraplegia with a
sensory level at DIO. Plain spine radiographs then showed
syndesmophytes joining the vertebral bodies from DIO
downwards and calcification of the anterior and
posterior spinal ligaments. Myelography was attempted by
both the lumbar and cisternal roots but failed because of
calcification in the spinal ligaments. The patient's condition
improved spontaneously.
He returned to work and remained well until 1981 when

his right arm became stiff and his legs became increasingly
weak with associated flexor spasms. At that time he was
found to have a spastic quadraparesis, the legs being more
severely affected than the arms. Myelography showed com-
pression of the cord at C3/4 with total obstruction at C4/5.
Cloward's operation at C3/4 and C4/5 with subsequent
fusion of C3/4 and 5 was performed without noticeable
improvement. A second myelogram one month later showed
flattening of the cord at C3/4 and occlusion of the theca at
C4/5. A C3-7 laminectomy was performed. After operation
the patient developed increasing weakness in the legs and a
dense weakness in the right arm. Despite some improvement
in these deficits, he remains unable to walk at the present
time.

Discussion

Spinal cord compression associated with familial
Vitamin D resistant rickets is secondary to thickening
of the laminae and calcification and hypertrophy of
the spinal ligaments.4-7 This complication usually
occurs in affected males. In the present cases the
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role of calcification and hypertrophy of the spinal
ligaments was clearly demonstrated by tomography
and CT scanning.
The investigation of spinal cord compression by

myelography may be made difficult or even impos-
sible by the bony overgrowth and ligamentous
calcification. CT scanning and presumably MRI may
be valuable in such cases facilitating early diagnosis
and intervention.
Our cases demonstrated a particular problem in the

management of spinal cord lesions in this condition,
in that compression may occur at several levels over a
period of time. Both cases had experienced periods of
spontaneous remission and both deteriorated
significantly after surgery. In case 2, on one occasion,
an acute deterioration and subsequent rapid
improvement was suggestive of an acute vascular
spinal cord lesion.
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