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Figure 5 The comparison of frequencies between fibrillation
potentials, positive sharp waves (Fib/PSWs) and fasciculation potentials
(FPs) of each muscle in all patients. Blue bar: Fib/PSWs, Red bar: FPs.
FPs, known to precede Fib/PSWs, were shown more frequently than Fib/
PSWs in the all lumbosacral segments but L5, suggesting that L5
segment was involved earlier than other lumbosacral segments.

In 14 of 17 patients, after excluding patients with the diffuse
pattern, the abnormalities were distributed non-contiguously
from the onset site, with skipping of intermediate spinal seg-
ments. The non-contiguous distribution of nEMG abnormalities
may merely represent false-negative nEMG results in the
‘skipped’ segments where LMNs have in fact been involved.
Two kinds of false negatives are conceivable: that based on
methodological limitations, and that due to the time lag from
molecular disease onset. First, given that a needle electrode has
a limited pick-up area, evaluating all motor units (MU) in a
muscle is practically impossible. Second, a time lag must exist
because many molecular changes occur before they reach a
threshold at which spontaneous EMG activities can be detected.
Individual LMNs have different vulnerabilities in ALS;® 22!
more vulnerable LMNs will degenerate faster than more resist-
ant ones even if the pathological molecular process begins sim-
ultaneously. Therefore, the failure to detect abnormal EMG
activities in skipped spinal segments may simply have been
caused by the lower vulnerability of neurons at these sites, if less
vulnerable LMNs are radially sandwiched by the highly vulner-
able LMNs of more rostral and caudal segments.

However, we consider it unlikely that they alone could
produce the non-contiguous pattern. The sensitivities for detect-
ing spontaneous EMG activity should be very similar in the two
thigh muscles (VM and BF) and in the paraspinal muscles (T10
and L5) we examined. First, this is because the total number of
insertions was fixed in every muscle by the same examiner.
Second, the motoneuronal vulnerabilities as well as the sensitiv-
ities are expected to be nearly identical between the paired
muscles because the lengths of their innervating motor axons
are very similar and they have similar proportions of type I/II
muscle fibres. Taken together, the probability of false negatives
should be nearly same between the paired muscles. Therefore,
the segmental distribution of ALS lesions can be non-contiguous
along the spinal cord in the eatly stage of the disease (see online
supplementary figure S3B).

Krarup claimed that abnormal spontaneous activities in
nEMG are not as sensitive as changes in MUPs.** We have
searched these chronic neurogenic changes in VM/RF of the
four patients who showed non-contiguous pattern in thigh pair
of muscles. Although one patient (patient 28) showed

polyphasic MUPs in RE, the other three patients are still classi-
fied as non-contiguous pattern with evaluating chronic changes,
and therefore, our conclusion remains unchanged. In fact,
which kind of neurogenic changes appears the earliest in nEMG
of ALS vpatients still remains controversial. Recently, de
Carvatho et al*® have reported that FPs are the earliest changes
in ALS patients.

Both the spreading mechanisms of toxic factors, namely,

" simple diffusion of soluble toxic factors and cell-to-cell propaga-

tion from the only onset site are inconsistent with these non-
contiguous distributions. The former mechanism should show
abnormalities in anatomically proximal segments to onsets such
as T10/L3 earlier than L5/S1. Assuming the latter mechanism, it
is important to note that the lateral motor columns of the anter-
ior horn innervating distal limb muscles are not structurally con-
tiguous between the cervical and lumbosacral spinal cords.>® By
contrast, the medial motor column, which innervates axial
muscles, extends contiguously from the lower medulla to the
lumbar spinal cord. This indicates that regional spread from FDI
to TA needs to have three steps; (1) disease transfer from lateral
to medial motor column in cervical segment, (2) caudal propa-
gation along the medial column and (3) disease transfer from
medial to lateral motor column in lumbosacral segments. If ALS
lesions spread along the medial column in the rostrocaudal dir-
ection by cell-to-cell propagation, our results showing the skip-
ping of T10PS or L3PS in 11 of the 14 patients with
non-contiguous pattern cannot be explained. Taken together,
whatever mechanisms can underlie the consequent spread, we
conclude that ALS progression is not explained by single onset
site, but by multiple onset sites. This speculation is consistent
with the fact that there are ALS patients who have onsets in two
regions simultaneously.**

Rostral lesions were found to spread significantly more fre-
quently to the TA and LSPS than L3/4 innervating muscles.
Other investigators also demonstrated that abnormal spontan-
eous EMG activities were detected more frequently at the TA
than at the quadriceps in ALS.>* 3% It is noteworthy that the
L5PS was also highly involved in our study. Some electromyo-
graphers claim that the paraspinalis at the lower lumbar spine
may show Fib/PSWs even in healthy subjects.>® However, Fib/
PSWs were not detected in normal subjects who did not have
any abnormality of the lumbar spine on MRL3” and we also
selected ALS patients without lumbar spine abnormalities on
MRI. The fact that the involvement was almost identical
between the TA and L5SPS was unexpected, although a previous
report showed a similar result in the early stage of ALS,*®
because LMNs of L5PS are generally considered less vulnerable
than those of TA in ALS; LMNs innervating paraspinal muscles
have shorter axons and smaller cell bodies than LMNs innervat-
ing distal muscles. These considerations imply a horizontal
spread of ALS pathology from the more vulnerable neurons
innervating the TA to the less vulnerable neurons innervating
the LSPS within the LS segment.

Another possible explanation for the frequent involvement of
LMNs in the TA and LSPS is that LS itself as a segment might
be more vulnerable to ALS than other lumbosacral segments.
ALS patients have lumbar spondylosis more frequently than the
general population at corresponding ages,?” * although lumbar
spondylosis was carefully excluded in our study by detailed MRI
examinations. The L5 segment accounted for 90.3% of 112 ver-
tebrae in Japanese patients with lumbar spondylosis.*® Daily
repetitive movements of the lumbar spine may cause weight-
bearing biomechanical stresses particularly on LS, possibly indu-
cing chronic minor trauma of the nerve root. Experimentally,
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injuries to the anterior root have been demonstrated to produce
mislocalisation of TDP-43 in spinal motoneurons.** These con-
siderations suggest an L5 segmental vulnerability to ALS lesions,
but among cervical segments, the segment C8 innervating FDI
which is the most vulnerable in ALS,” ? 0 3* s different from
the segment that is commonly affected in cervical spondylosis.**

Kiernan and his colleagues have reported that cortical hyper-
excitability is an early feature in ALS, and UMN and LMN dys-
function coexists.** We cannot take account of the influence of
UMN impairments by spontaneous EMG activities we have
investigated, hence we reviewed the clinical UMN features of
the 14 patients who showed ‘non-contignous pattern’ at nEMG
examination (see online supplementary table S1). We can
assume that they should show UMN features in both onset and
lumbosacral regions if the non-contiguous pattern of nEMG is
driven by the preceding UMN involvements. However, our
results showed no UMN features were revealed in cervical
regions in five patients (patients 23, 24, 30, 32, 35) and in lum-
bosacral regions in three patients (patients 24, 30, 33), neither.
This result indicates the existence of some skipping mechanisms
of LMN involvements regardless of UMN in propagation of
ALS. On the other hand, UMN features were widespread in the
rest of the patients of non-contiguous pattern. Especially, hyper-
reflexia was simultaneously shown in both patella tendon (quad-
riceps femoris; L3/4) and Achilles tendon (GC and soleus; S1)
to almost the same degree even in the patients with L3/4 skip-
ping pattern. From these findings, we could not indicate that
cortical hyperexcitability is driving the non-contiguous spread
of LMN involvement in ALS. However, it is well documented
that cortical hyperexcitability evaluated by short intracortical
inhibition with threshold tracking transcranial magnetic stimula-
tion techniques precedes clinical UMN features,** which is sup-
ported by the neuropathological examination that 50% of
progressive muscular atrophy patients had pyramidal tract
degeneration.** Therefore, more detailed electrophysiological
analysis is needed for elucidating the role of upper motor
neuron dysfunction on this non-contiguous spread, because it is
a potential target of therapeutic intervention, especially rilu-
zole.® #

FPs are considered to appear in the muscles which are in the
earlier stage of involvement and are involved more slightly, espe-
cially the muscles which is located away from onset region, while
Fib/PSW's tend to appear later than FPs and tend to appear in the
onset muscle.®? 3* *7 The fact that only LS innervating muscles in
the lumbosacral regions show Fib/PSWs less rarely than FPs sug-
gests that LS segment is involved at first in the lumbosacral regions
and then neighbouring segments are subsequently involved.

We also analysed the anatomical distribution of the involved
motoneuron pools of the lumbosacral segments in the eight
patients with non-contiguously affected lumbosacral lesions.
The involved motoneuron pools were located in close proximity
to one another horizontally or radially, appearing to form a
cluster in four patients. Local propagation of pathology between
motor columns can exist after the second hit in the lumbosacral
cord following the first hit at the rostral onset site (see online
supplementary figure S3B). If it is true, for explanation for hori-
zontal spread between distinct motor columns, we have to
assume a different mechanism from neuron-to-neuron protein
transfer; for example, diffusion of a secreted toxic soluble factor
or glia-to-neuron interaction which is known in the mutant
SOD1 transgenic mouse*® may play a role in a transmission
between motor columns.

In conclusion, the results of our prospective study and
detailed nEMG results in 36 ALS patients showed that LMN

involvement in many early stage ALS patients was distributed
non-contiguously in the rostrocaudal direction of the spinal seg-
ments, indicating that the onset site is not single even with con-
sideration of difference in motoneuronal vulnerability. On the
other hand, local involvements of the anterior horn lesions
tended to be formed as some clusters, and therefore, we here
propose ‘multifocal hits and local propagation’ as a new hypoth-
esis for one of the mechanisms of ALS progression.
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Effects of Dorsi and Plantar Flexion of the Ankle on
the Ankle Mortise and Syndesmosis in CT Imaging

TERAMOTO Atsushi, YOSHIMOTO Shota, KH Yuichiro,
WATANABE Kota, YAMASHITA Toshihiko
Department of Orthopaedic Surgery, Sapporo Medical University School of Medicine

SUGI Akira

Department of Orthopaedic Surgery, Kushiro Red Cross Hospital

Abstract

The purpose of this study was to investigate the effects of dorsi and plantar flexion of the ankle oh the arikle
mortise:and syndesmosis in CT imaging.

CT images were taken of fifteen healthy volunteers with the ankle in three positions: plantar flexion, neutral
position, and dorsi flexion, Three observers measured ankle medial joint space and syndesmiosis diastasis in each
CT image.

The mean medial joint space was 49+08mm with ankle plantar flexion, 27+ 05mm in neutral position, and
2.7+04mm with dorsi flexion. Ankle plantar flexion significantly increased the medial joint space (9<0.001).
Syndesmosis diastasis was 2.4 +0.5mm with ankle plantar flexion, 3.3+06mm in neutral position, and 3.9 +0.8 mm
with dorsi flexion. Significant differences were observed between plantar flexion and neutral position (p=0.003),
neutral and dorsi flexion (»=0.028), and plantar and dorsi flexion (p<0.001).

Dorsi and plantar flexion of even the normal ankle changed the ankle medial joint space and syndesmosis
diastasis in CT images. Thus, the ankle should be maintained in a neutral position for diagnosis of deltoid
ligament and syndesmosis injuries in CT imaging.
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Abstract

Purpose We devised a testing apparatus for in vivo analysis
of ankle stability. The purpose of the study was to test the
reliability of this apparatus and to determine the stability
pattern of the ankle~hindfoot complex in healthy, asymp-
tomatic velunteers and in patients with ankle instability.
Methods Ten healthy individuals were studied, and testing
was repeated on the same day and different days. Three
patients with symptomatic, unstable ankles were also tested on
both invelved and uninvolved sides. Constant inversion
torque was applied, then internal rotation torque, while
moving the ankle throughout the range of sagittal motion.
Three-dimensional kinematics of the ankle—hindfoot complex
were measured by an electromagnetic tracking system..
Results Measurements were repeatable, with intraclass
correlation coefficients 0.9 or better. Variability was
observed among controls, but motion curve patterns were
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consistent. Motion curve slopes were sensitive in differen-
tiating between unstable and stable ankles.

Conclusions Most previous reports are in vitro studies
conducted with the ankle in one position, manual stress
applied, or joint positions estimated with planar radio-
graphs. Our study indicated that more accurate diagnosis of
severity of ankle ligament injuries may be possible.

Introduction

Ankle ligament sprains are common injuries. One epidemi-
ological study revealed that the estimated incidence rate of
ankle sprains in the general population presenting to
emergency departments in the United States is 2.15 per
1,000 person-years, and nearly half of all ankle sprains
occurred during athletic activity [1]. The most common risk
factor for ankle sprains in sports is a previous history of an
ankle sprain [2]. Yeung et al [3] reported the recurrence rate
of ankle sprains for athletes with a previous history of ankle
sprains was as high as 73%. Progression to chronic
problems, such as pain, giving-way, instability, and ulti-
mately degenerative changes is not uncommon in patients
with previous ankle sprains [3, 4].

A clear understanding of ankle—hindfoot motion is
important for both evaluation and treatment of ankle
disorders. Many investigators have studied and reported
the roles of ankle structures in joint stability and mobility,
which are functions of both extrinsic (i.e., ligaments) and
intrinsic (i.e., articular geometry) elements. Studies have
been conducted to determine the range of motion, contribution
of lateral ligaments to stability, and the effects of ligament
rupture on mobility in both in vitro and in vivo
experiments. In spite of these efforts, the clinical
assessment of patients with ankle instability still has some
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