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Midcervical central cord syndrome: numb and
clumsy hands due to midline cervical disc
protrusion at the C3-4 intervertebral level

Masashi Nakajima, Keizo Hirayama

Abstract
Eight patients with midline cervical disc
protrusion at the C3-4 intervertebral
level showed unusual clinical signs:
numbness in the finger tips and palms,
clumsiness of the hands, and a tightening
sensation at the midthoracic level. The
proprioceptive and cutaneous sensory
afferents essential for motor control of
the upper limbs were preferentially
involved, tactile discrimination of pas-

sively given stimuli being spared.
Somatosensory evoked potentials subse-
quent to median nerve stimulation
showed conduction failure through the
fasciculus cuneatus, as evidenced by
absent or delayed and attenuated
medullary and scalp potentials. The
potential originating in the lower cervical
cord (N13a) had a low amplitude, indica-
tive of the caudal extension of the lesion.
On the basis ofthe functional anatomy of
the intraspinal pathways, especially of the
dorsal columns, it is concluded that involve-
ment of the central cord at the C3-4
intervertebral level and its caudal exten-
sion is responsible for the syndrome.

(7 Neurol Neurosurg Psychiatry 1995;58:607-6 13)

Keywords: numb and clumsy hands; C3-4 disc;
central cord syndrome

"Numb and clumsy hands" has been
described as a sign of high cervical spinal cord
compression,'-5 but whether selective involve-
ment of lower cervical segments may be
caused by a higher lesion is not clear. We
investigated the transverse and longitudinal
extent of cord lesions clinically and electro-
physiologically in eight patients who had numb
and clumsy hands due to midline cervical disc
protrusion at C3-4.
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Patients and methods
PATIENTS
Table 1 gives clinical findings for the eight
patients tested. The case records of five have
been published elsewhere in preliminary
form.6 Numbness of both hands, especially of
the finger tips and palms, was an early clinical
manifestation. A similar sensation was noted
in the soles of five of the patients. Clumsiness
of the fingers and hands restricted daily activi-
ties, especially in vision deprived situations.
They could not fasten a collar button or pick

up a corn in a pocket. In the later stage of the
condition, seven patients noticed tight, band
like sensations of deep pain at the midthoracic
level that were circumferential in three and
frontal in four. Neck pain that occasionally
radiated to the back was experienced by three
patients. Five complained of unsteady gait,
which was severe enough that patient 2
required assistance; the others did not.

Homer's syndrome was present in six of
the patients and two had acrocyanosis.
Sensory and motor impairment that essen-
tially was symmetric, predominated in the
upper limbs. Pin prick and thermal sensations
were mildly diminished below the C3 derma-
tome. Hypoalgesia occasionally was limited to
the lower cervical segments. Impairment of
crude touch and vibration predominated in
the hands, but sometimes occurred up to the
shoulders. Atrophy of the shoulder girdle and
hands was noted in patient 4. Details of the
hand dysfunctions are given in the results.

In the lower limbs, vibration sense was
preferentially impaired. Diminished pain sen-
sation, weakness, and ataxia were present in
various combinations. These long tract signs
were mild when present, except for the ataxia
of patient 2. Bladder disturbances were
absent, except for patient 3, who had frequent
urination. Muscle stretch reflexes were exag-
gerated below the cervical segments in five of
the patients, but were normal in patient 1 and
diminished in patient 2. Patient 6 had exag-
gerated finger jerks but normal reflexes in the
lower limbs.

All the patients showed a midline cervical
disc protrusion at C3-4 with or without
spondylotic changes on myelography or MRI.
Spinal cord compression was anteroposterior
at this level (fig 1A left and 1B), being massive
in five and moderate in three of the patients.
At the lower cervical level, five patients had
mild spondylotic cord compression, the other
three having no pathological findings.
Electromyography showed chronic denerva-
tion of the C5 innervated muscles in five
patients, two of whom had changes that
extended to the lower cervical segments.
Patient 7 had neurogenic changes in the lower
C8 rather than in C5.

Anterior cervical discectomy and fusion at
C3-4 was performed for four of the patients.
The outcome was excellent for two, paraes-
thesia remaining only at the finger tips, and
they became free from clumsiness of the
hands. Patient 2, who had a history of neck
trauma and had the most severe compression,
could undertake independent daily activities
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Table 1 Clinical and laboratory findings

History Signs in the upper limbs
Patient Signs in the lower limbs
AgelSex Onset Evolution Hypoalgesia Others and bladder

1 Numbness of finger Clumsiness of hands, tight band at C3-C8 Diminished vibration in Abolished vibration
53 y/F tips T5, for 4 months hands

2 Numbness of Clumsiness of hands, gait C3-C8 Diminished touch, pressure, Diminished pain, vibration,
58 y/M palms and soles 2 unsteadiness, tightness in abdomen and vibration below touch, and joint movement

months after neck at T10, then at T8, for 1 month elbows, mild weakness sense below knees, Romberg
trauma sign, ataxic gait

3 Nuchal pain and its Numbness and clumsiness of hands, C4-C8 Diminished touch and Diminished pain below cervical
52 y/M electrical radiation gait unsteadiness, tightness of vibration below shoulders, level, abolished vibration

to back chest at T5, for 6 months mild weakness below knees, weakness and
spasticity, Babinski sign,
frequent micturition

4 Numbness of finger Dull aching around neck, clumsiness C4-C6 Diminished touch and Diminished vibration, mild
48 y/F tips of hands, weakness of right arm, vibration in hands, spasticity

tightness of chest at T6, for 32 acrocyanosis, weakness
months and atrophy

5 Numbness and Acrocyanosis (right), numbness below C6-C8 Diminished touch and Diminished vibration and touch
47 y/M clumsiness of knees, gait unsteadiness, tight band vibration in hands; mild in feet, mild spasticity,

hands at T8-9, for 3 months weakness and spasticity, Babinski sign
acrocyanosis

6 Dullness of neck Numbness and clumsiness of hands, C4-C8 Diminished touch and Diminished pain and vibration
59 y/F and shoulders tight band at T6, numbness of vibration in hands, mild below cervical level

soles, for 8 months weakness

7 Numbness of palms Clumsiness of hands, gait C6-C8 Diminished vibration in Diminished pain below cervical
55 y/M and soles unsteadiness, tightness of chest hands level, mild spasticity

at T6, for 36 months

8 Gait unsteadiness Numbness of palms and soles, C7-C8 Diminished touch in hands Ataxic gait, Romberg sign,
76 y/F clumsiness of hands, for 12 months diminished vibration in feet,

Babinski sign

after surgery but considerable neurological
deficits remained. Generalised hyporeflexia
was converted to hyper-reflexia after decom-
pression. For patient 4, the outcome for
laminectomy from C3 to C7 with foraminec-
tomy at C5-6 on the right was fair. The tight,

Figure 1 MRI and
metrizamide CT ofpatient
2. (A) MRIs before (left)
and after (right)
discectomy, showing the
level of cord compression.
(B) Preoperative
metrizamide CT at the
C3-4 level shows massive
compression of the cervical
cord by a protruding soft
disc.

band like sensation at the midthoracic level
disappeared in all the patients who underwent
surgery.

EXAMINATION OF PROPRIOCEPTIVE AND
DISCRIMINATIVE HAND FUNCTIONS

Proprioception in the hands was examined
with respect to the sense of passive and active
movements and position.7-9 The sense of
passive movement was evaluated by the
perception of the direction of movement
given passively to the fingers. The sense of
active movement was examined by the
finger-to-nose test with the eyes open. The
sense of position was evaluated with the eyes
closed using the finger-to-nose test and the
wandering of outstretched fingers (pseudo-
athetosis).

Tests of tactile discrimination included two

point discrimination and graphaesthesia"° in
the palms and finger tips. Stereoaesthesiall
was used to assess both proprioceptive and
tactile discrimination in the hands.'2 In the
stereoaesthesia test, the ability to identify the
shapes, consistencies, and textures of small
objects, and dexterity in manipulating an

object placed on the palm were evaluated.

SOMATOSENSORY EVOKED POTENTIALS

Somatosensory evoked potentials (SEPs) were
recorded after median nerve stimulation at the
wrist (median SEPs) with a connected ears
reference.'3 In addition, bipolar recordings of
short latency SEPs'4 were made. Recording
electrodes on the scalp at C3 and C4 (the
international 10-20 system), the seventh
cervical spine (Cv7), and Erb's point were ref-
erenced to connected ears (A +). Antero-
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Midcervical central cord syndrome: numb and clumsy hands due to midline cervical disc protrusion at the C3-4 intervertebral level

Homer's C3-C4 discl Electrodiagnostic Surgery and outcome
Reflexes syndrome Spondylosis Additional radiologicalfindings findings Postsurgicalfindings
Normal No Massive/No None Normal EMG Anterior, excellent.

Tingling of finger tips

Decreased in No Massive/No Venous angioma on the lumbar EMG not done; Anterior, fair.
four limbs ampulla normal H reflexes Exaggerated reflexes, numbness and

clumsiness, diminished pain from C5 to C8

Exaggerated Yes (left) Massive/Yes C2-3 vertebral fusion; spondylotic Neurogenic EMG Anterior, good.
below C5 narrow canal at C5-6 in C5 Diminished touch and vibration in hands

without hypoalgesia, residual leg dysfunction

Decreased in Yes Massive/Yes Narrow cervical canal; multiple Neurogenic EMG Posterior, fair.
upper, and (bilateral) discs at C4-5 and C5-6 from C5 to C7 Numbness and clumsiness,
increased in hypoalgesia in C6, diminished vibration inlower limbs hands and legs, weakness and atrophy in right

arm

Exaggerated Yes (left) Moderate/Yes Atlantoaxial dislocation without Neurogenic EMG Anterior, excellent.
below C5 cord compression in C5 Tingling of finger tips

Exaggerated Yes (left) Massive/Yes Mild canal stenosis from C4-5 to Neurogenic EMG Not done
finger jerks C6-7 from C5 to TI

Exaggerated Yes (right) Moderate/Yes Narrow cervical canal; dynamic Neurogenic EMG Not done
below C5 dislocation at C5-6 in C8

Exaggerated Yes (right) Moderate/Yes Narrow cervical canal Neurogenic EMG Not done
below C7 in C5

posterior bipolar leads connected Cv7 to the
anterior neck just above the thyroid cartilage.
Longitudinal bipolar leads connected Cv2 to
a point 3 cm rostral to the inion. In the bipolar
recordings, negativities at the posterior or
caudal electrodes were shown upward. For
the SEPs subsequent to posterior tibial nerve
stimulation at the ankle (tibial SEPs), the
recording electrodes were placed on the scalp
at Fz, Cz, and Pz together with a connected
ears reference, and on the 12th thoracic spine
(T12) with a reference on the iliac crest con-
tralateral to the stimulated limb.'5 Silver-silver
chloride disc electrodes were attached to the
skin, and the impedance maintained at less
than 3000 ohms. Square wave pulses of
0-2 ms duration were delivered at the rate of
four per second to a unilateral nerve trunk.
The stimulus intensity was adjusted to pro-
duce a minimal twitch. Potentials were ampli-
fied and filtered between 10 and 1500 Hz
(3dB down). One thousand to 2000 epochs
were averaged for an analysis time of 30 ms
with a 2 ms delay between the shock and the
sweep onset.

Somatosensory evoked potentials of age
matched normal controls were obtained from
32 median nerves of 22 subjects (13 women
and nine men) who had a mean age of 52-4
(range 38 to 74) years, and 17 tibial nerves of
16 subjects (11 women and five men) who
had a mean age of 55 9 (range 38 to 81) years.
Figure 2 shows median SEPs of a normal sub-
ject. The first small diphasic negative-positive
wave with a positive peak (P10) and subse-
quent large negative wave (N13a) were identi-
fied in the anteroposterior bipolar leads. A
large negative potential (N13b), identified in

the longitudinal bipolar leads, had a peak
latency similar to N13/P13 in SEPs with a
connected ears reference. The absolute laten-
cies of the median and tibial SEPs and the
interpeak latency between lumbar N20 and
scalp P37 in the tibial SEPs increased linearly
in proportion to the subject's height.

Results
PROPRIOCEPTIVE AND DISCRIMINATIVE HAND
FUNCTIONS (TABLE 2)
Sense of position was invariably impaired.
The exploring hand wandered about and
repeatedly missed the nose when the eyes

2 12 22 32ms

C3-A+

C4-A+

Cv7-A+

Cv2-IN
Cv7-AN

Erb-A+
1:35 sV

Figure 2 Median SEPs ofa normal subject. PIO, Nl3a,
and N13b in the bipolar leads, and N13/P13 and Nl9 in
the earlobe reference leads are shown by arrow heads.
Vertical dashed lines represent the latencies ofN13a and
Nl3b in thisfigure and in figures 3 and 4.
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Table 2 Hand dysfunction

Position Discriminative functions

FNT with Pseudo- Passive Graphaes- Stereo- Dexterity of
Patientlagelsex eyes closed athetosis movement Two point thesia aesthesia manipulation
1/53/F 2* Yes* 0 1* 0 2* 2*
2/58/M 2 Yes 2* 2 1* 2 2
3/52/M 2* Yes* 1* 1 1 * 2* 2*
4/48/F 2 Yes 2* 2 1* 2 2
5/47/M 1* No 0 1 0 1* 2*
6/59/F 2 Yes 1 2 1 2 2
7/55/M 1 No 0 1 0 1 1
8/76/F 1 No 0 1 0 1 1

*Signs profoundly diminished after surgery; FNT = finger-to-nose test; 0 = normal; 1 = mildly impaired; 2 = severely impaired or
lost.

were closed. Five patients who had severe tar-
get pointing errors also had pseudoathetosis.
Perception of passive movement and target
pointing with the eyes open were less affected.
In the discriminative sensory functions, loss of
stereoaesthesia was remarkable by contrast
with the relative preservation of two point and
tactile directional discrimination. Two point
discrimination was possible at distances of 5
to 10 mm on the finger tip and 20 to 30 mm
on the palm in the mildly impaired patients.

Recognition of numerical symbols outlined
on the finger tips or palms was possible, occa-
sional errors being made by the mildly
impaired patients.
As well as the inability to identify small

objects, dexterity of manipulation was
impaired. The patients had difficulty in bring-
ing an object into a position between the
index finger and thumb, the manner by which
normal subjects identify such objects.'6 They
clenched and opened the fist, and pressed the
object to the palm using the fingers, but with
no rolling of the thumb and index fingers.
They sometimes lost the object but continued
their exploring movements, perception of the
given tactile stimuli being preserved.
Awkwardness of manipulation was an essen-
tial feature of their hand clumsiness.

SOMATOSENSORY EVOKED POTENTIALS
In the median SEPs, the absolute latencies of
Erb's potential and P10 in the anteroposterior
bipolar lead (figs 3 and 4) adjusted to
160-0 cm were always within the normal
means plus 3 SD. Table 3 shows interpeak

Figure 3 Median SEPs
in patient 7. N13b and
subsequent components are
delayed. All the
components except Erb 's
potential and the first
diphasic wave in Cv7-A +
and Cv7-AN leads have
low amplitudes.

2

2 12 22 32 ms
C3-A+

C4-A+

Cv2-1N

Plo
Cv7-AN 0.25 sV

2 12 22 32i

C3-A+

C4-A+ N19

Ni3b

Cv2-IN

Cv7-AN NISA

ms

Figure 4 Median SEPs in patient 2 before (top) and
after (bottom) surgery. Pl0 and Nl3a of low amplitudes
are present with no subsequent activities (top). After
discectomy, small, delayed N13b and N19 are present and
N13a remains low in amplitude (bottom). In Cv7-AN
leads, thefirst diphasic wave is larger than subsequent
N13a.

12 22 32 ms

C3-A+

C4-A+

Cv7-A+

Cv2-IN
Cv7-AN

latencies of N13a and Nl3b from P10, and of
N19 from N13b. In the preoperative record-
ings, although P10 was always identified,
N13a, N13b, and N13/P13 were occasionally
absent. In patient 2, N13a was present but
without identifiable N13b and scalp potentials
(fig 4 top). In the other recordings showing
both N13a and N13b, the prolonged P10-
N13b interpeak latency was remarkable in
comparison with the normal P10-N13a
interpeak latency. N19 evoked in the scalp
electrodes contralateral to the stimulus side
was attenuated (figs 3 and 4 bottom) orErb-A+
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Midcervical central cord syndrome: numb and clumsy hands due to midline cervical disc protrusion at the C3-4 intervertebral level

Table 3 Interpeak latencies ofsomatosensory evoked potentials

Median SEPs (ms) Tibial SEPs (ms)

P10-N13a P10-N13b N13b-N19 N20-P37*
Patientl
Height Left Right Left Right Left Right Left Right

1/152-5 2-64 2-82 7-44 7-14 5-52 6-06 16-0
(2-82) (3 00) (4 08) (4-14) (5 70) (6 00)

2/159-0 3-18 25-0
(3-38) (3 66) (6 60) (5 94) (624) (6-36) (21 1)

3/168-2 - 3-66 - 7-02 0 6-66
(3-18) (2 58) (6-42) (5 64) (6 36) (5 70)

4/148-8 - - - - - -
(2 70) (2-58) (3-96) (7 80) (5 79) (5-89) (19-3)

5/160-0 3-00 2-52 5-58 - 6-55 -
(3-00) (2 70) (3 84) (4 02) (6-72) (6-18) (18-0) (18-2)

6/154-0 2-28 2-22 6-00 5-46 - 6-18 19.1
7/166-6 3 00 2-76 4-98 5-46 6-36 5 94 20-6 20 2
8/147-0 2-76 6-24 5-94 21-9

Normal values:
Mean (SD) 2-64 (0 35) 3 03 (0 43) 5-94 (0-47) 17-1 (1-27)
Upper limitst 3-69 4-32 7-35 20-9

*N20-P37 IPL is adjusted to 160-0 cm; its normal value is at that height; tNormal mean + 3SD. Values for SEPs after surgery are given in parentheses. - = The
later components (N13a, N13b, or N19) were not evoked.

Figure 5 Preoperative
(closed circles) and
postoperative (open circles)
P10-N13a amplitude
values for median SEPs.
Data on left stimulation
are arranged on the left of
each patient's number.
Data on the zero line show
that no N13a was evoked.
The stippled area indicates
the normal limits within 2
SDfrom the mean.

4 0
>

o 3-0-------
Z::
r2 2.0---
z

° 1 0-CD
10

-

1 2 3 4 5

Patients

absent (fig 4 top), but when 1
normal interpeak latency from c
Postoperatively, N13a, N13b, a

evoked in all the nerves tested (
In each patient who had pi
operative P10-N13b interpeak
interpeak latency was shortened
mal values in patients 1 and 5.
The peak to peak amplitude

P10 (P10-N13a amplitude) wa

the preoperative and postoper
except for a significant postopei
in patient 5 (fig 5). When the al
tude of P10-Nl3a was low, t
ratio of P10-Nl3a to the first d
was low as well (figs 3 and 4)
SEPs, the lumbar potential (N;
P37 were evoked. The N20-1
latency was normal or mildly pr
the nerves tested (table 3).

Discussion
The eight patients with chronic
compression at the C3-4 inter
had stereotypical clinical n

Dissociated impairment of th
lower limbs, of the propriocep
criminative senses in the upper I

sense of vibration and other fw
lower limbs were pronounced.
the palms and finger tips, and c

the soles, was an early symptom. A tight, band
like sensation at the midthoracic level was a
notable complaint.
Hand dysfunction without significant

involvement of the lower limbs is an outstand-
ing feature of cervical spondylotic myelo-

* pathies. The SEPs showed more prominent
abnormalities after median stimulation than
after tibial stimulation. The cervical N13 in
the median SEPs has at least two separate

-- generators,'4 one of which originates low in6 7 8 the cervical cord.'7 18 On the basis of results of

bipolar recordings, Kaji and Sumner'4 divided
cervical N13 into N13a of lower cervical cord
origin and N13b of medullary origin. Their
technique showed that the P10-N13a

present had a interpeak latencies were normal and the P10-
:ervical N13b. N13b interpeak latencies greatly prolonged
and N19 were with attenuated or absent scalp potentials in
fig 4 bottom). our patients. The interpeak latencies of N13b
rolonged pre- were reduced after decompressive surgery and
latencies, the accompanied regenerated scalp potentials.
and had nor- These findings, which suggest conduction

failure through the fasciculus cuneatus, are
of N13a from compatible with a cord lesion level at the
Is low in both C3-4 disc, which is of the C4 or C5 cord seg-
-ative periods, ment.19-21 By contrast, conduction through the
rative increase fasciculus gracilis is relatively preserved, as
bsolute ampli- shown by the normal or mildly increased
the amplitude N20-P37 interpeak latencies.
Liphasic wave'7 Clumsiness of the hands is an early mani-
. In the tibial festation of, and a cardinal sign in, the syn-
20) and scalp drome. In proprioceptive modalities, the
P37 interpeak sense of position in the upper limbs-most
rolonged in all evident in the hands-was affected.

Impairment of proprioception is responsible
for the clumsiness shown by the uncoordi-
nated handling of a small object with the eyes
closed in the test of stereoaesthesia. Stereo-

cervical cord aesthesia itself may be caused by disturbances
vertebral level of active touch and proprioception."2 2223 By
nanifestations. contrast, tactile discrimination of passively
Le upper and given stimuli, graphaesthesia in particular, is
)tive and dis- relatively preserved. A similar dissociation
limbs, and the between stereoaesthesia and graphaesthesia in
nctions in the high cervical cord disorders has been
Numbness in described by Boshes and Padberg."
ccasionally in Functional lamination of the dorsal
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columns has been shown in animal experi-
ments24 and human studies,25 as reviewed by
Ross.26 These studies suggest that the discrim-
ination of given tactile stimuli is anatomically
related to the outermost layer of the dorsal
column, vibration sense to the innermost layer
close to the commisure, and proprioception to
the area between them. In our patients, sen-
sory dissociation in the hands denoted lesion
localisation in the inner aspect of the fasciculi
cuneati. According to the topographical
anatomy of the human dorsal column estab-
lished by Smith and Deacon,27 the fasciculus
cuneatus occupies most of the ventral aspect
of the column adjacent to the commisure
from the second to sixth cervical cord seg-
ment. The proposed lesion in the inner aspect
of the dorsal column may affect the innermost
part of the fasciculi graciles that is responsible
for vibration, but spare the middle part
responsible for proprioception within the
fasciculi.

In conclusion, our patients' various dissoci-
ated forms of impairment are explained by a
lesion to the inner aspect of the dorsal column
at the C3-4 intervertebral level. Homer's syn-
drome in six patients indicates involvement of
the deeper lateral funiculus, where the sympa-
thetic tract descends.28
Numbness at the distal ends of the upper

limbs, sometimes associated with numbness
of the lower limbs, is the earliest manifestation
of illness. Tingling in the finger tips remained
in two patients who had excellent surgical
outcomes. In general, the initial symptom has a
localising value; therefore, the probable site of
the lesion responsible for the paraesthesiae is
in the cervical cord at C3-4. This peripheral
neuropathy type sensory presentation is well
recognised but ill defined in cervical spondy-
lotic myelopathy. The band like tightness with
the character of deep pain at the thoracic cord
level was a later complaint, which disappeared
after surgery. Schvarcz29 stimulated the base
of the dorsal columns of conscious patients at
the cervicomedullary junction and obtained a
basic response pattern that consisted of
paraesthesiae starting at the soles of both feet.
In a stimulation study, bilateral burning trun-
cal sensations were sometimes described
when "the central canal region" was stimu-
lated.30 Involvement of the dorsal column or
afferent propriospinal fibres explains these
caudal sensory phenomena. The somatotopic
organisation of the dorsal column at a higher
cervical cord level3' accounts for the paraes-
thesiae of the extremities. The propriospinal
system within the central grey matter or in the
perigriseal white matter that connects the dif-
ferent segments of the body32 33 probably con-
tributes to truncal tightness.

Whether there is profound and enduring
impairment of motor acts after dorsal cordo-
tomy is a matter of controversy.'234 In our
patients dysfunctions within the grey matter
contributed to some manifestations. Dimin-
ished pain and temperature sense, neurogenic
changes in electromyography extending to the
lower cervical segments, and decreased ampli-
tudes of the lower cervical P10-NI 3a indicate

the involvement of the cord caudal to C3-4.
These findings for patients 1, 2, and 5, who
showed no lower spondylotic changes, are
strong evidence of lower grey matter involve-
ment due to higher cord compression.
Dysfunctions of the dorsal grey matter may
also contribute to hand clumsiness. There are
propriospinal neurons in cats that function in
forelimb target reaching that are located in the
cervical cord at C3 and C4, called "C3-C4
propriospinal neurons".35 The propriospinal
system is considered to receive impulses from
both cutaneous and group I muscle afferents,
and their deafferentation results in hyperme-
tria in forelimb target reaching.36 37 In primate
experiments, dorsal column lesion extending
to the neighbouring grey matter or the peri-
canal region at the C3-4 level was shown to
impair motor performance.38 39

Central cord involvement due to compres-
sive myelopathy4' has been explained as being
caused by border zone arterial insufficiency,4'
or by direct compressive and shearing forces.42
Caudal involvement of the grey matter caused
by a higher compression has been explained
by venous stagnation,43 or dynamic propaga-
tion of the compressive force.44 Our conclu-
sion, based on clinicoelectrophysiological
evidence of the transverse and longitudinal
extents of the lesion, is that involvement of
the central cord and its caudal extension,
which is caused by high cervical compression
at the C3-4 intervertebral level, is responsible
for the syndrome.

We thank Dr Seisuke Watanabe for his advice on the SEP
techniques, and Dr Mitsuru Kawamura for the referral of
patient 2. We also deeply appreciate the suggestions made by
Dr Ryuji Kaji, Department of Neurology, Faculty of
Medicine, Kyoto University.
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