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and Sato® suggests that the defect lies at a supra-
nuclear level, while the other supported by Hoyt
and Nachtigiller'? and Huber'® proposes that the
defect is peripheral, there being a developmentally
defective innervation of the lateral rectus by the
abducens nerve with a variable pattern of innerva-
tion of the other ocular muscles.

The existence of a supranuclear pontine centre
for lateral gaze was postulated by Crosby.! Carpen-
ter et al® suggested that in monkeys this centre is
near or within the abducens nucleus. They showed
that unilateral stereotactic destruction of the abdu-
cens nucleus was followed by gaze deviation to the
opposite side. In the tissue studies of the same
animals the preterminal degeneration was most
marked in the contralateral medial longitudinal
fasciculus and distributed preferentially to the
ventral nucleus of the contralateral oculomotor
nuclear complex (cells whose axons innervate the
contralateral medial rectus). Similarly, Graybiel
and Hartweig® showed that *H proline injected into
the abducens nucleus of cats appeared within the
contralateral ventral nucleus of the oculomotor
nuclear complex. They proposed that these inter-
neurons are the cells essential in conjugate lateral
gaze. A theory that seeks to explain Duane’s
syndrome on the basis of a supranuclear lesion
must therefore account for the normal action of the
contralateral medial rectus.

The innervational theory suggested by Huber
et al® and expanded by Hoyt and Nachtigiller!2
proposed that a maldevelopment of the abducens
nucleus occurs, resulting in innervation of the
lateral rectus by fibres of the oculomotor nerve, the
variable electromyographic features reflecting the
innervation of the lateral rectus by different branches
of the oculomotor nerve. Unfortunately the ana-
tomical evidence for substitute innervation is
inconclusive, since no case of Duane’s syndrome
has been examined at necropsy with both histo-
logical examination of the brain stem and dissection
of the nerves as far as the eye muscles.

The post-mortem study of a case of Duane’s
syndrome by Matteuci” showed aplasia of the
abducens nucleus. A case of bilateral abducens
nerve palsy® showed the absence of both abducens
nerves with diminutive nuclei. Some anatomical
support for substitute innervation has been drawn'2
from cadaver dissections (cases without information
regarding eye movements in life) in which absence
of the abducens nerve was associated with inner-
vation of the lateral rectus by the oculomotor
nerve.1*-22

However, these findings must be interpreted
with caution. Svitzer®® in cadaver dissections and
Kimmel* in histological studies of embryo rabbits
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have shown that ‘anastomosis’ between the oculo-
motor nerve and the abducens nerve sometimes
occurs within the cavernous sinus and orbit. Absence
of the abducens nerve in cadaver dissections must
also be interpreted with caution. Kimmel** and
Bremer?*2¢ showed that in some cases the fibres
from the abducens nucleus do not emerge from the
brains stem at the classical site. The innervation of
the lateral rectus by a branch of the oculomotor
nerve in the cadaver dissections of Generali,'®
Tillack and Winer,?® Munnicks,?? and Fasebeck??
may reflect only an abnormal route by which
abducens motoneurons reach their destination. In
Tillack and Winer’s case the abducens nucleus was
reported as normal, which might be taken to suggest
that although the ‘abducens nerve’ could not be
found the motoneurons must have existed.

Bremer?® suggested that absence of the abducens
nerve might arise through a delay in the develop-
ment of the ocular musculature, allowing the fibres
of the abducens nerve to pass caudally, attracted
by the postotic musculature. These fibres would
disappear with the involution of the postotic meso-
derm. Pfaffenbach et all® suggested that a terato-
genic stimulus at an early stage of embryogenesis
caused Duane’s syndrome and its associated anoma-
lies. Of 55 children with thalidomide embryopathy
studied by Papst,>” 4 had Duane’s syndrome, and
of those with eye movement disturbances many had
facial pareses and ear deformities. He suggested
that these disorders occurred between 34 and 39
days after the mother’s last menstrual period. The
other abnormalities associated with these cases of
Duane’s syndrome are comparable to those des-
cribed by Pfaffenbach et al.** Trieschmann?® reported
3 patients with thalidomide embryopathy who
showed crocodile tears, abducens nerve palsy, or
Duane’s syndrome and facial paresis, and 2 showed
deformities of the pinnae of the ears.

If Duane’s syndrome is of teratogenic origin the
presence of crocodile tears in some cases sheds
light on the site of the lesion. The close association
of the eye movement disorder with the lacrimal
disorder, respecting laterality in the unilateral cases
and being bilateral in bilateral cases, suggests that
a single teratogenic lesion is responsible for both.
While the site of the lacrimal centre within the
brain stem is uncertain, the similar embryological
origin of lacrimal and salivary glands suggests that
the centres controlling both lie in the same area. A
centre controlling salivation exists in the lower
brain stem, but its exact location is uncertain.

Kohnstamm?®® and Yagita and Hayama,* using
the technique of retrograde degeneration, suggested
a centre in the lateral reticular formation at the
level of the facial nucleus. Using stereotactic
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stimulation Magoun and Beaton® in monkeys and
Chatfield®> and Wang® in cats identified 2 areas in
the lower brain stem that yield largely ipsilateral
salivary secretion. They confirmed that salivation
followed stimulation in the lateral area demon-
strated by Kohstamm? and Yagita and Hayama,*
but in addition a similar response was obtained
from the dorsal paramedian reticular formation.
Stimulating the intervening area of the reticular
formation gave a limited response. Different inter-
pretations were put on these findings. Chatfield
and Wang thought that the salivary centre lay
ventrolaterally near the facial nucleus and that
secretion following stimulation in the dorsomedially
placed area represented the stimulation of efferent
fibres lying within the genu of the root of the facial
nerve. Magoun and Beaton,® however, felt that
secretion produced by stimulation more laterally
in the brain stem reflected the passage of efferent
fibres from dorsomedial cells.

In the embryo rabbit Kimmel?*3* found a genu
only in fibres from cells of the special visceral
efferent column that contribute to the motor root
of the facial nerve. This suggests that it is incorrect
to ascribe secretion from stimulation in the dorso-
medial area to stimulation of efferent neurones, and
thus the interpretation of Magoun and Beaton®
seems more plausible, that is, that the salivary
centre lies dorsomedially with efferents passing
laterally through the reticular formation. A dorso-
medial centre mediating parasympathetic function
would not be surprising in view of the position of
the Edinger-Westphal nucleus and the dorsal motor
nucleus of the vagus. The cells lying rostrally in
this dorsomedial column (that is, in closest asso-
ciation with the abducens nucleus) would subserve
lacrimal secretion (indeed in the series of Magoun
and Beaton 1 animal showed ipsilateral lacrimation
on stimulation in this area).

The most logical explanation of the lacrimal and
eye movement disorders in Duane’s syndrome
would be a lesion causing a nuclear degeneration
or dysgenesis in the immediate vicinity of the
abducens nucleus, the paradoxical aspects of
Duane’s syndrome and the lacrimal disorder being
the result of a substitute innervation of the lateral
rectus by fibres from the oculomotor nerve and the
lacrimal gland by fibres subserving salivation.

The authors thank Dr Michael Gresty and Dr Michael
Halmagyi for carrying out the eye movement recordings
on both patients.
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