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Fig Artist's drawing showing the intraneuralganglion (white arrowhead) of the posterior
tibial nervejust proximal to its division into medial and lateralplantar nerves. Theflexor
retinaculum has been divided, and its edges (black arrowheads) retracted. (1) posterior
tibial nerve. (2) posterior tibial artery. (3) medial plantar nerve. (4) lateral plantar nerve.

(5) calcaneal branch piercing theflexor retinaculum.

Descriptions of intraneural ganglia have Neurology,* University ofBologna, Bologna,
almost all been of the peroneal nerve,24 Italy
although involvement of other nerves has Address for correspondence: Dr Massimo

occasionally been reported. In a review ofthe Poppi, Division of Neurosurgery, Ospedale
English literature concerming intraneural Bellaria, via Altura 3, 40139, Bologna, Italy.

ganglia, we found less than 50 cases; the
posterior tibial nerve was involved twice in Refereoces
the popliteal fossa,5 6but never at the ankle.
On the other hand, in a review of the I Rosenfalck P. Electromyography. Sensory and
literature concerning the causative lesions of Motor Conduction Findings in Normal
the tarsal tunnel syndrome, Matricali' in Subjects. Copenhagen/Laboratory of Clin-
1980 found only four ganglia plus one per-

ical Neurophysiology, Rigshospitalet,1stouconytour gnglla us on per- 1975:1-49.
sonal observation; none was intraneurally 2 Sherman BM, Bilbao JM, Hudson AR, Briggs

located. To the best of our knowledge, the SJ. Intraneural ganglion: a case report

only instance of intraneural ganglion of the with electron microscopic observations.

posterior tibial nerve at the ankle has been Neurosurgery 1981;8:487-90.
described by Loeffler and Volkmann8 in 3 Katz MR, Lenobel MI. Intraneural ganglionic
1920. Intraneural ganglia will appear grossly cyst of the peroneal nerve. Case report. J
as a dilatation of the nerve trunk. With Neurosurg 1970;32:692-4.
longitudinal neurotomy, the cyst can be 4 Cobb CA III, Moiel RH. Ganglion of the
enteredanditselainosmterperoneal nerve. Report of two cases. J

entered and its gelatinous material evacuated Neurosurg 1974;41:255-9.
by gentle irrigation. Most authors agree that s Friedlander HL. Intraneural ganglion of the

the destruction of nerve tissue to allow tibial nerve. A case report. J Bone Joint Surg

excision of the cyst wall is not advisable346 1967;49A:519-22.
and even if the cyst wall is left behind, 6 Mahaley MS Jr. Ganglion of the posterior tibial
recurrence is rare. Surgical results are gen- nerve. Case report. J Neurosurg 1974;40:
erally good, as in the present case. 1204.

7 Matricali B. Tarsal tunnel syndrome caused by
M POPPI ganglion compression. J Neurosurg Sci

G GIULIANI 1980;24:183-5.
E POZZATI 8 Loeffler F, Volkmann J. Ein seltener Befund bei

N ACCIARRI angeblichen Plattfussbeschwerden (ganglion
A FORTI* des Nervenscheide des Tibialis). Zbl Chir

From the Division ofNeurosurgery, 1920;47:1339-40.
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Neopterin: biopterin ratios in Down's syn-
drome
Sir: Urinary neopterin:biopterin ratios are
elevated in senile dementia of the Alzheimer
type (SDAT) compared with age matched
controls, due to a reduced conversion of
dihydroneopterin triphosphate to tetra-
hydrobiopterin. 2 There is a similar elevated
neopterin:biopterin ratio in Down's syn-
drome, a condition producing a similar
dementia to SDAT.
Morning urines were collected into ascor-

bic acid (2% final concentration) from a
group of 53 Downs sufferers of mixed sex
aged between I to 70 years without any other
disease and, following storage at - 20°C, the
neopterin and biopterin levels were deter-
mined by HPLC after acid iodine oxidation.3
Compared with a group of 35 healthy con-
trols ofmixed sex and aged 23 to 93 years, the
neopterin:biopterin ratio was significantly
elevated 3 44, 1 73 vs 1-12, 0 55 (mean, SD) p
< 0-2% (table). Against a creatinine baseline
biopterin levels were unaffected but the urin-
ary neopterin levels were significantly
increased (Table). No age trend was
observed suggesting that these metabolic
effects precede dementia onset. The elevated
neopterin:biopterin ratio could be due to a
disease related immune response causing
stimulation of neopterin biosynthesis,' alth-
ough all disease states known to produce
such were absent and the rise is less pronoun-
ced that in such conditions. It is known that
there are disturbances in the immune system
of Down's patients,5 and it could be sugges-
ted that these disturbances are causing the
rise in urinary neopterin in a similar manner
to viral and malignant disorders. However, it
has been found that interferon gamma
(IFNg) production is lower in Down's
patients than in normal patients with infec-
tion.6 It is IFNg which stimulates the macro-
phages to produce neopterin in infectious
disorders,' so any decrease in IFNg levels
should result in similar or reduced levels of
urinary neopterin and not the increased
levels observed. A second possibility is the
presence of greater levels of guanosine tri-
phosphate in the purine pool from an
increased biosynthesis of purines as a result
of the extra chromosome 21, which has the
locus for some of the enzymes for purine
biosynthesis.
The levels of neopterin and biopterin are

measured against a creatinine baseline. In the
Downs subjects creatinine clearance is repor-
tedly lower, reflecting a reduced glomerular
filtration rate,8 and this could be causing a
distortion in the results. However, creatinine
clearance has a positive linear correlation
with both neopterin and biopterin9 so any
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Table Neopterin and biopterin levels in Down's subjects and healthy controls

Neopterinl Biopterinl Creatinine
creatinine creatinine (mmol/1) N:B

N (mean, SD, (mean, SD) (mean, SD) (mean, SD)

Downs syndrome 53 0 47, 0-32 0-17, 014 8-22, 5-3 3-44, 1-7
Control 32 0-14,0-17 0-11,0-1 12 3,11 8 1-12,0 55
p <0 2% NS NS <0-2%

Units jmol pteridine/mmol creatinine.

reduction in the baseline will be compensated
for by reduced pterin excretion. This would
also account for the elevated levels of biop-
terins in the plasma of such subjects.'"
There is a greater incidence of Alzheimer

type changes in Down's syndrome patients
than in the normal population," and Down's
syndrome has been suggested as a model for
accelerated ageing.'2 However, there is no
correlation between age and urinary N/B
ratio in Down's syndrome from birth and
not one acquired with age.
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Magnetic resonance imaging in patients with
progressive myelopathy following spinal
surgery

Sir: Post operative cervical myelopathy is a
poorly recognised but important condition.
The article by Avrahami et al demonstrat-
ing by magnetic resonance imaging spinal
cord cavitation and atrophy, is an excellent
contribution to this subject. I suspect sur-
geons underdiagnose this condition prefer-
ring to blame the preoperative diagnosis
rather than their operation. Bradshaw2 was
one of the first to describe this condition and
Aboulker et al3 opined that it was due to the
development of progressive post-operative
kyphosis.
Avrahami and colleagues pointed out that

post-operative myelopathy develops more
slowly after surgery for spinal stenosis or disc
disease (15 months to 5 years) than after
intra-medullary surgery but do not speculate
on the mechanism. Eighteen years ago I
published data on delayed post-operative
myelopathy.4 The onset ofdeterioration was,
on average, 2-3 years after the operation.
There was no statistically significant
relationship between post-operative
kyphosis (or lordosis) in this group com-
pared with other groups; there was a highly
significant relationship between the post-
operative range ofmovement ofthe head and
neck, and the development of post-operative
deterioration. If the dura was opened, and
especially if left open, then this condition
occurred even in the presence of a lower
range ofmovement ofthe head and neck, less
than 40°.

I felt, and still feel, the mechanism is due to

the disruption of the normal physiological
movement of the cord and dura which has to
adapt to this extremely mobile part of the
spinal column.5 After laminectomy the dura
becomes adherent to the muscle (or after
anterior surgery, to the posterior longi-
tudinal ligament if severed). Normally the
dural sheath is fixed at the foramen magnum.
Hence this dual dural fixation produces
during flexion a severe traction injury to the
dura (and cord), if and when a high range
of post operative movement develops.
Obviously if the dura is opened, and
especially if left open, the cord becomes
directly adherent to the muscle with an even
greater vulnerability to traction damage.4
Not surprisingly, Avrahami et al find that
this condition develops more rapidly and
seriously after intradural rather than
extradural operations. This is my experience
too.
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