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Implications of ALS focality
Rostral–caudal distribution of lower motor neuron loss postmortem

John Ravits, MD,
FAAN

Patrick Laurie, BS, HT
(ASCP)

Yuxin Fan, MD, PhD
Dan H. Moore, PhD

ABSTRACT Background: Because motor manifestations of ALS begin focally and progress contigu-
ously, the anatomic distribution of underlying lower motor neuron and upper motor neuron degenera-
tion should correlate to onset. Objectives: To assess the rostral–caudal distribution of lower motor
neuron loss in relation to the region of clinical onset. Methods: We evaluated 19 ALS postmortem
nervous systems from patients whose motor manifestations had begun in different body regions. In
each, we looked at four neuraxis levels: hypoglossal nucleus and cervical, thoracic, and lumbar spinal
cord. We used light microscopy and devised a technique of particle counting that indexed lower motor
neuron loss. Results: The average overall loss of lower motor neurons in ALS nervous systems was
55%, and the range of loss had a normal distribution that ranged between 8% and 90%. The distribu-
tion of lower motor neuron loss was graded within the nervous system relative to onset (p � 0.02 by
analysis of variance). In 14 of the 19 nervous systems, the regional lower motor neuron loss within the
nervous systems was graded radially away from the region of onset. In 1, radial degeneration seemed
likely but did not meet significance. In 2, radial degeneration was apparent but loss was greatest in a
region different than that identified as the region of onset. In the remaining 2, lower motor neuron loss
was minimal and not graded (both from patients whose motor manifestations had been predominantly
upper motor neuron). Conclusion: Lower motor neuron degeneration in ALS is a focal process that
advances contiguously, summates over time, and creates graded loss. Stage of degeneration in the
nervous system is a function of anatomic location. NEUROLOGY 2007;68:1576–1582

Motor manifestations of ALS begin focally and progress contiguously outward.1-3 Because
they are caused by simultaneous degeneration of upper motor neurons (UMNs) and lower
motor neurons (LMNs), throughout the course of the disease including at the time of death,
there should be a relationship between clinical onset and distribution of motor neuron loss—
for LMNs, a rostral–caudal gradation; for UMNs, a lateral–medial gradation. It is difficult if
even possible to do this for UMNs because of difficulties with identification, localization,
standardization, and quantification.4-8 But it is feasible to do this for LMNs because they are
distinctly located in motor columns, readily identified, obviously correlated with body re-
gions, and well characterized morphometrically. We therefore did so for LMN loss in a
sample of nervous systems from patients whose disease had begun in different body regions.
We found that LMN loss was usually radial—greatest at the region of onset and decreased
outward. This supports the idea that ALS motor neuron degeneration is a focal process that
advances contiguously and summates over time and suggests that stage of degeneration in the
nervous system is relative to anatomic location.
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METHODS Selection and demographics. We evaluated
19 ALS and 8 control nervous systems from our ALS tissue re-
pository. Inclusion criteria for the ALS nervous systems were as
follows: nervous systems came from patients who had met
modified El Escorial criteria for definite ALS9; disease was spo-
radic; disease had no atypical clinical or neuropathologic fea-
tures; disease onset was from representative regions of the body
(bulbar, arm, trunk, and leg); and histology was available for
all four neuraxis levels—medulla, cervical, thoracic, and lum-
bar regions. Demographics are shown in table 1. In the ALS
group, nervous systems were from 12 men and 7 women; the
mean age was 67 years (range 41 to 84 years). In the control
group, nervous systems were from 7 men and 1 women; the
mean age was 63 years (range 38 to 80 years). Postmortem inter-
vals averaged 5.25 hours (range 2.0 to 12 hours). All nervous
systems had been acquired with an Investigational Review
Board and Health Insurance Portability and Accountability
Act–compliant informed consent process.

Histologic sampling. We used 6-�m-thick sections from
formalin-fixed, paraffin-embedded tissues stained with cresyl
violet acetate. We studied four neuraxis levels: hypoglossal nu-
cleus at the midmedulla, midcervical spinal enlargement,

midthoracic spinal region, and midlumbar spinal enlargement.
We standardized rostral–caudal sampling of the hypoglossal
nucleus by its relation to the medial longitudinal fasciculus and
by the morphology of the fourth ventricle.10 We standardized
rostral–caudal sampling of spinal cord regions by choosing
middle segments—the cervical region has uniform counts be-
tween C4 and C8,11,12 the lumbar region has uniform neuron
counts between L3 and S2,13-15 and we assume the midthoracic
region has uniform counts. Because motor neuron presence var-
ies from one histologic section to another,11,15-17 we evaluated a
total of eight sections from each neuraxis level, choosing every
10th section for a sampling interval of 60 �m from a series of 84
consecutive sections spanning 504 �m, a sampling technique
modified from Method 1 of Tomlinson et al.16 We separately
imaged each side of the spinal anterior horns and hypoglossal
nucleus under 50� with a Leica DM2500 microscope with a
Spot Insight 4 digital camera and Spot Advanced version 4.5.7
software (Diagnostic Instruments, Inc., Sterling Heights, MI)
and stored each image in Tagged-Image File Format.

Counting. To meet the realities of the counting task, we de-
vised a method of counting neuron “particles” to index relative
neuron presence rather than determining absolute neuron

Table 1 Demographics

Dx Clinical onset Sex Age, y Initial UMN and LMN clinical character Disease duration, y ID no.

Control NA Male 61 NA NA 7

Control NA Male 78 NA NA 10

Control NA Female 80 NA NA 19

Control NA Male 38 NA NA 20

Control NA Male 77 NA NA 23

Control NA Male 49 NA NA 26

Control NA Male 67 NA NA 31

Control NA Male 57 NA NA 37

SALS Bulbar Male 45 LMN � UMN 1.5 6

SALS Bulbar Male 81 LMN � UMN 2 9

SALS Bulbar Female 73 LMN � UMN 1.5 14

SALS Bulbar Female 80 LMN �� UMN 2 18

SALS Bulbar Female 81 LMN �� UMN 1 34

SALS Bulbar Female 74 LMN � UMN 5.75 35

SALS Arm Female 70 LMN �� UMN 3 5

SALS Arm Male 41 LMN � UMN 4.5 11

SALS Arm Male 61 LMN � UMN 2.5 16

SALS Arm Male 55 LMN � UMN 2 17

SALS Arm Male 53 LMN �� UMN 4.75 25

SALS Arm Female 49 LMN � UMN 3.5 28

SALS Arm Male 54 LMN � UMN 6.5 33

SALS Trunk Male 84 LMN � UMN 1.25 21

SALS Trunk Male 72 LMN � UMN 3.25 22

SALS Trunk Male 71 LMN �� UMN 1.5 32

SALS Leg Female 77 LMN �� UMN 3 29

SALS Leg Male 73 LMN �� UMN 1 36

SALS Leg Male 81 LMN � UMN 0.75 41

Dx � diagnosis; UMN � upper motor neuron; LMN � lower motor neuron; ID � identification; NA � not applicable; SALS � sporadic
ALS.
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