










EFFECTS OF FLEXION-EXTENSION OF HEAD ON SPINAL CORD

Bosanquet, and Russell (1952) in a case with dural
adhesions to the posterior common ligament.
Degenerative changes were indeed considered to be
due to traction on the ligamenta. It was claimed by
Allen (1952) that one of the chief objects of surgical
removal of bony spurs in cervical spondylosis was
to restore soft tissue glide and that relief ofsymptoms
was proportional to the movements regained. This
may act by allowing a greater distribution of stretch.
It may not be too speculative to enquire whether
more extensive pathological changes in the lateral
columns owe such localization to the stresses of
up-and-down movements acting through the liga-
menta denticulata.

Pressure against the anterior wall of the canal
deserves further investigation. If longitudinal
tension were equally distributed throughout the
entire length of the cord and dura it would be possible
to state in general terms that the anterior component
of force would be proportional to the degree of
convexity of the spine at any point. However,
information on the degree of spinal curvature and
changes in flexion at different levels and for different
ages is not available apart from the statement that
the maximum depth of the normal thoracic kyphus
is at the sixth thoracic vertebra. Further, tension
is not equally distributed, since the cervical dura
may be much more taut in flexion than that at lower
levels. Actual measurements are required. From
the few observations made here it would seem that
in normal posture and over a 3 mm. projection into
the canal, an anterior pressure of about 2 lb. to the
square inch is exerted by the cord and dura. In
flexion, pressures of 30 to 40 lb. per square inch
may be obtained. Degenerative shortening of the
spine or any factors tending to slacken the dura
would reduce the pressures possible against osteo-
phytes and this may account for the fact that
symptoms of spondylosis present chiefly in middle-
aged groups (Clarke and Robinson, 1956) rather
than increase steadily with age.
Not only may movements and pressure inflict

direct trauma on the cord but, by interference with
its blood supply, they may conceivably cause
indirect damage. Intermittent spasm, mechanical
occlusion, or thrombosis of the anterior spinal
artery might well occur. Such mechanisms have been
implicated, particularly in cervical spondylosis.
Flattening and blanching of the cord in cervical
flexion and obliteration of venous channels over
spondylitic spurs were noted by Allen (1952). The
pattern of pathological changes in cervical myelo-
pathy with spondylosis was thought by Mair and
Druckman (1953) to correlate with the distribution
of the anterior spinal artery. Vascular factors were
felt to be important by Brain (1954 and 1956) and

by Logue (1952 and 1957) who suggested in effect
that they could be the most important and final
common mechanism causing damage from a variety
of predisposing factors.
Nerve roots resemble the cord in that they also

show movement and stretch, varying in different
sections of the spine, and can be held against pro-
trusions from the anterior wall of the canal. They
are also affected by spinal movements which open
and narrow the intervertebral foramina. In exten-
sion, as pointed out by Frykholm (1951), narrowing
of the foramina may increase root pain when intra-
foraminal protrusions are present. Maximal flexion-
extension movements in the vertebral column occur
from joints C2-3 to C6-7, according to data quoted
by Smith (1956). Apposition of pedicles from
osteoporosis and disc degeneration has been seen
in the present dissections and would presumably
also predispose to development of such symptoms.
Up-and-down movements of the roots are pivoted,

as it were, from the region of the dorsal root ganglia
and are of greatest amplitude medially at their
origin from the cord dura. As shown in Figs. 3 and
4 they may ride over uncovertebral processes or
other projections. Depending upon their original
direction and proximity to the margins of their
foramina, varying degrees of contact with pedicles
can be produced. Should their course be ascending,
then they may appear to be held up or hooked over
the inferior pedicles in the lower cervical spine.

In Fig. 3 (in extension) roots C6 and 7 may be
seen to run closely over the inferior pedicles, while
in flexion (Fig. 4) they lie well away and towards
the upper margins of the foramina. Lateral move-
ments of a very small order are also produced by
flexion of the neck when upward movement of the
dura and cord produces tightening of roots and
slight inward shift. More marked lateral move-
ments, although not more than 1-2 mm. in extent
in the cadaver, may be observed in the cervical roots
on abduction of the arm at the shoulder or on
pulling the arm downwards. The marked anterior
direction of cervical roots and their increased tension
with flexion of the neck make for firm contact in
up-and-down movements over lateral spurs or
protrusions. Knight (1955) felt that friction was
the major cause of rhizalgia in cervical spondylosis.
The effects of lateral and up-and-down movements
of roots over or against pedicles, uncovertebral
processes, osteophytic, or disc protrusions might
well result in root-sleeve fibrosis as described by
Frykholm. Should the major cervical contribution
to the anterior spinal artery be involved, serious
cord damage again could be envisaged (Fig. 5).
Among factors reported to predispose to root and

cord damage in cervical spondylosis have been
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FIG. 3 FIG. 4

FIGS. 3 and 4.-Case 57, M., 54 years.

Ascending roots from C8 to TIO in normal posture. Fig. 3, in slight extension. Fig. 4, flexion of head and neck.
The upward movement of dura and roots and altered relation to pedicles are well shown. Below root C7 on the left a

large osteophytic protrusion is seen. In extension this is covered by the root.

narrowing of the canal in extension (Symonds, 1953)
or infolding of the ligamenta flava (Taylor, 1953)
as well as congenital or spondylitic narrowing
(Clarke and Little, 1955; Payne and Spillane, 1957).
None of these can be questioned as real factors,
although their general importance may be difficult
to evaluate.

Other mechanisms holding the cord anteriorly in
the canal, such as the tethering action of nerve roots
and rootlets (O'Connell, 1956) or the ligamenta
denticulata (Kahn, 1947), are less certain and the

role of the ligamenta denticulata, although accepted
by a number of writers, has been questioned by
Logue (1957) and by Bradshaw (1957). In the
present investigation their normal function has
appeared to be the transmission of up-and-down
stresses between the cord and dura rather than pro-
viding a mechanism to hold the cord in any particular
dorso-ventral position within the dura. Nor has
any evidence been found to incriminate the roots as
means whereby the cord is held forward. Rather it
is suggested that in flexion of the head and neck,
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FIG. 5.-Excised cervical spine, illustrating the possibility of vascular
damage in spondylosis. The major radicular contribution to the
anterior spinal artery runs along the ventral rootlets of C7 and
lies directly over a prominent osteophytic ridge. Vessels were

injected with barium via the vertebral arteries, before dissection,
and the cord has been turned[over to the right side. Clinical
diagnosis was amyotrophic lateral sclerosis with bulbar involve-
ment.

movements and stretch of cord and roots and the
development of anterior components of force over a
convex spine are likely to be more important factors
in causing myelopathy and radiculitis. Conversely
the absence of neurological changes in gross
examples of spondylosis may be related to loss of
spinal movements or to laxity of the dura, or to any
combination of factors whereby stretching and
anterior pressure on the cord are minimised.

Summary
Up-and-down movements of the spinal cord

and dura were examined in flexion-extension
movements of the head and spine. They were found
to be of greatest extent and up to 1 8 cm. in range
at the levels of roots C8 to T5. In flexion the
length of the spinal canal was increased and there
was stretching of the cord and dura, chiefly between
levels of roots C2 to TI, and up to a maximum of
17 6%. An attempt was made to measure the
anterior component of force exerted by the cord and
dura under various degrees of tension. This was
found to reach maximum values of 30 to 40 lb.
per square inch for a displacement of 3 mm. The
effects produced in the cord and roots by movements,
stretch, and pressure against the spinal canal and
any projections within it were considered and
thought probably to have significance in the pro-
duction of myelopathy and radiculitis, particularly
in cervical spondylosis.
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