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Focality of upper and lower motor neuron
degeneration at the clinical onset of ALS

John Ravits, MD, FAAN
Piper Paul, RN
Cathy Jorg, BA

ABSTRACT Objective: To localize and analyze the anatomic distribution of upper motor neuron (UMN)
and lower motor neuron (LMN) loss in patients with ALS early in their disease when motor manifesta-
tions were still relatively focal using clinical examination signs. Methods: We reviewed records of 100
patients with ALS who were evaluated when the diagnosis was first established or suspected. From
the patient history, we ascertained the body region of first symptoms and the time course. From the
physical examination, we separately graded severity of UMN and LMN signs in each body region,
indexed these to the body region of first symptoms, and sorted and analyzed the data. Results: Motor
manifestations began in one body region in 98% of patients. UMN and LMN signs were both maximal
in these same body regions, but they were independent of each other in severity and their outward
distribution, which conformed to neuronal anatomy. The outward distribution of both UMN and LMN
signs seemed more directed to caudal body regions than to rostral ones. Conclusions: Motor neuron
degeneration in ALS is a focal process at both upper and lower motor neuron levels of the motor
system. At each level, it begins corresponding to the same peripheral body region and then advances
contiguously and separately to summate over time. NEUROLOGY 2007;68:1571–1575

Motor manifestations of ALS are focal and discrete at the clinical onset and then progress
contiguously outward over time to become diffuse and complex.1-6 Because motor manifesta-
tions are caused by simultaneous and progressive degeneration of upper motor neurons
(UMNs) and lower motor neurons (LMNs), analysis of motor focality should start with
localization of the underlying pathologic anatomy. This can be done through the physical
examination of the motor system and motor signs,7,8 which probably localizes more easily,
reliably, comprehensively, and evenly balanced between UMN and LMN than other meth-
ods.9 We used the clinical examination as the basis for evaluation of early motor manifesta-
tions, early being the first symptoms noted by patients and the first physical examination
signs noted by neurologists, because that is when they are still relatively focal and discrete.
We found that motor neuron degeneration may be an orderly and sequential process at both
levels of the motor system.
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METHODS General methods, patient selection, and
excluded patients. We chose charts from patients followed
up serially through their disease in the ALS Neuro-
Rehabilitation Clinic at Virginia Mason Medical Center until
we reached 100 patients who met inclusion criteria. The inclu-
sion criteria were that patients had been seen within 6 months
of suspected diagnosis and met the modified El Escorial criteria
for probable or definite ALS at the time or in the course of their
disease.10 The exclusion criteria were patients who had major
nonmotor or atypical ALS features, patients who had other dis-
eases that could cause motor deficits, and patients 6 months
beyond diagnosis. All patients had been examined by the same
neurologist who specialized in ALS (J.R.), and all received sim-
ilar initial evaluations that consisted of a history routinely as-
certaining first symptoms and the time course of these first
symptoms and a physical examination routinely seeking, grad-
ing, and recording motor signs. UMN signs routinely evaluated
were spastic dysarthria, jaw jerk, hyperactive gag, emotional in-
continence, limb reflexes � 2 on a four-point scale,11 spread of
limb reflexes, Hoffmann sign, increased muscle tone, and clonus.
LMN signs routinely evaluated were atrophy, fasciculation, and
weakness. EMG data were not used for determination of LMN
involvement because needle examinationwas not performed on all
regions or standardized for all patients. UMNor LMNsigns of the
truncal and axialmuscleswere not analyzed. Although LMNsigns
could potentially mask UMN signs, determining their coexistence
is routine for ALS clinicians. Charts were reviewed with an Inves-
tigational Review Board andHealth Insurance Portability and Ac-
countability Act–compliant process (BRI IR3029600).

Indexing disease topography, severity, and duration.
We used both nominal and ordinal scales.12 Motor manifesta-
tions were focal when one particular region or side was clearly
noticed to have had early (or first) motor symptoms, and we
determined this by patient history. These regions or sides estab-
lished the index region, and the other body regions were then
arranged relative to this as ipsilateral or contralateral and as

rostral or caudal. Bulbar or truncal/respiratory index regions
were not themselves lateralized. The duration of symptoms was
the interval from the first symptoms to the time of the initial
evaluation. UMN and LMN signs were determined by physical
examination as described above. The severity of UMN and
LMN signs was established by retrospective grading severity of
UMN and LMN signs in each body region from review of the
recorded physical examination and the severity of motor signs
by the following scale: 0 � no involvement; � � definite but
trace involvement; �� � moderate involvement; and ��� �

significant and severe involvement.

Data processing and disease indices. The UMN and
LMN scores in each body region as indexed to the body region
of first symptoms were entered into a database (Excel:mac, Mi-
crosoft® Excel 2004, Microsoft, Redmond, WA) and were sorted
to analyze the anatomic distribution signs. UMN and LMN sever-
ity indices were UMN or LMN severity scores summated by body
regions; total severity index was the sum of both of these indices;
%LMN index was LMN severity index divided by total severity
index expressed as a percent. One-third of the charts were re-
viewed twice, and abstracted data were highly reproducible.

RESULTS Demographics and overall data.The mean
age was 62 years (range 26 to 85 years). Fifty-eight
percent of patients were men and 42%were women.
Ninety-two percent were sporadic and 8% were fa-
milial, including 2 unrelated patients with SOD1
gene mutations (A4V and G93A). The average time
from onset of symptoms to the examination was 11
months (range 2 to 35 months). The average Func-
tional Rating Scale score in the 77 patients for
whom it was available within 4 months of the initial
evaluation was 32.5 out of 40 (range 22 to 40).13 The
composite data are presented in table, and the full

Table Composite severity scores showing distribution of motor neuron deficits indexed to region of onset

Body region of onset Body region evaluated Composite LMN severity scores Composite UMN severity scores

Bulbar (n � 29) Bulbar* 102 94

Both arms 40 40

Both legs 8 41

Arms (n � 34) Onset arm (focus) 85 38

Contralateral arm 41 13

Ipsilateral leg 14 25

Contralateral leg 6 20

Bulbar 6 4

Trunk (n � 6) Trunk* 24 NA

Both arms 17 4

Both legs 8 7

Legs (n � 29) Onset leg (focus) 66 34

Contralateral leg 37 24

Ipsilateral arm 19 17

Contralateral arm 16 14

Bulbar 4 3

*Scores are doubled to normalize with limbs.
LMN � lower motor neuron; UMN � upper motor neuron; NA � not applicable.

1572 Neurology 68 May 8, 2007  by JOHN RAVITS on May 7, 2007 www.neurology.orgDownloaded from 

http://www.neurology.org


data separated by region of onset and sorted by se-
verity of UMN deficits and of LMN deficits are pre-
sented in the tables E-1 through E-7 on the
Neurology Web site at www.neurology.org.
Twenty-nine patients had onset in the bulbar mus-
cles, usually predominant in one specific muscle
group such as masticatory or pharyngeal or laryn-
geal or tongue muscles. Thirty-four patients had on-
set in the arms, 24 in right arm and 10 in left arm.
Twenty-nine patients had onset in the legs, 13 in right
leg, 15 in left leg, and 1 in both. Six patients had onset
primary in truncal or respiratorymuscles, usually with
respiratory and postural problems at the outset. Two
patients had nonlocalizable onset. In ascertainment,
we excluded 18 patients for the following reasons:
neuropsychiatric impairment (3 with frontotemporal
dementia and 4with schizoaffective disorder), medical
problems (2 with diabetes, 1 with alcoholism, 1 with
multiple sclerosis, and 1 with chronic pain syndrome),
and disease beyond 6 months of diagnosis.

Bulbar onset patients. Distribution of UMN signs (table

E-1). Twenty-four of 29 bulbar onset patients had
evidence of UMN deficits (5 had pure LMN defi-
cits). Four of these 24 had UMN deficits confined to
bulbar muscles, 7 also had UMN deficits in the
arms, and 13 also had UMN deficits in arms and
legs. Severity of deficits was greater rostral than
caudal and often asymmetric.

Distribution of LMN signs (table E-2). Twenty-
seven of 29 bulbar onset patients had LMN deficits
(2 had pure UMN deficits or pseudobulbar palsy).
Twelve had LMN deficits confined to bulbar mus-
cles, 11 also had LMN deficits in the arms, and 4
also had LMN deficits in arms and legs. Severity of
deficits was generally greater rostral than caudal
and asymmetric.

UMN and LMN severity. There was no correlation
between severity of UMN and LMN involvement.

Arm onset patients. Distribution of UMN signs (table

E-3). Twenty-three of 34 arm onset patients had
UMN deficits (1 other had suspected but not defi-
nite UMN deficits, and 10 had pure LMN deficits).
Six had UMN deficits confined to arm of onset; 16
also had UMN deficits in the ipsilateral leg—12 of
whom also had it in the contralateral leg and one
of whom had it in the contralateral arm. Severity of
deficits was generally worse in the arm of onset.

Distribution of LMN signs (table E-4). All 34 arm
onset patients had LMN deficits (none had pure
UMN deficits). Five had LMN deficits confined to
the arm, 18 also had LMN deficits in the contralat-
eral arm, 4 also had LMN deficits in the ipsilateral
leg without deficits in the contralateral arm, 1 also
had LMN deficits in both the contralateral arm and

the ipsilateral leg, 4 also had LMN deficits in all
other limbs, 2 also had LMN deficits in bulbar mus-
cles as well as all other limbs, and no patients had
LMN deficits in the contralateral leg without defi-
cits in the ipsilateral leg. Severity of deficits was gen-
erally worse in the arm of onset. In the legs, it was
usually asymmetric, always worse ipsilateral.

UMN and LMN severity. There was no correlation
between severity of UMN and LMN involvement.

Leg onset patients. Distribution of UMN signs (table

E-5). Nineteen of 29 leg onset patients had UMN
deficits (10 had pure LMN deficits). Seven had
UMN deficits in the contralateral leg but not in the
ipsilateral arm, 2 had UMN deficits in the ipsilateral
arm but not in the contralateral leg, and 10 had dif-
fuse UMN deficits. UMN deficits were never seen in
the contralateral arm without concurrent deficits in
contralateral leg and ipsilateral arm. Severity of def-
icits was generally worse in the leg of onset.

Distribution of LMN signs (table E-6). Twenty-
seven of 29 leg onset patients had LMN deficits (2
had pure UMN deficits). Four had LMN deficits
confined to the index leg, 8 also had LMN deficits in
the contralateral leg, 2 also had LMN deficits in
both the contralateral leg and the ipsilateral arm,
none had LMN deficits in the ipsilateral arm with-
out deficits in the contralateral leg, 1 also had LMN
deficits in the contralateral arm but not in the ipsi-
lateral arm, 8 also had LMN deficits in all limbs,
and 4 also had LMN deficits in bulbar muscles as
well as all or most limbs. Severity of deficits was
generally worse in the leg of onset. When LMN def-
icits were in the arms, it was often asymmetric, usu-
ally worse ipsilateral.

UMN and LMN severity. There was no correlation
between severity of UMN and LMN involvement.

Truncal or respiratory and diffuse onset patients (ta-

ble E-7). Of the 6 patients with truncal or respira-
tory onset symptoms, 3 had LMN deficits in the
arms and 3 had LMN deficits in arms and legs.
None had bulbar deficits. Two had no UMN defi-
cits in the limbs, and 4 had various patterns of
UMN deficits in the limbs. Two patients had “dif-
fuse onset” in that they were unable to localize a
region of onset. Their clinical examinations showed
diffuse LMN and UMN deficits, but one had a pat-
tern of deficits suggesting bulbar onset.

Severity indices, progression indices, and survival.

The frequency histograms of UMN, LMN, and to-
tal severity indices had essentially normal distribu-
tions (data not shown). The frequency histogram of
percent of deficits due to LMN deficits showed
“pure” LMN deficits in 25%, “pure” UMN deficits
in 9%, and a variable mix of UMN and LMNwith a
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normal distribution in the remaining 66% (figure).
There was no correlation between UMN severity
and LMN severity.

DISCUSSION In 98% of patients, the early motor
manifestations were focal and involved virtually
any body region and sometimes discrete sites within
those regions. They frequently had progressed to in-
volve contiguous body regions where they appeared
with decreasing severity. When they began in the
limbs, they were virtually always unilateral. In the
arms, the right side predominated over the left side,
whereas in the legs, theywere equally divided, suggest-
ing use may be a risk factor, an observation that has
not beenmade by others who have reported on this.3,14

The distribution of body regions was approximately
equal in bulbar, arm, and leg regions, and there was a
small percent that began in truncal or respiratorymus-
cles, a distribution that suggests a relationship either to
the number of motor neurons or to their use.

Both UMN and LMN signs of these early focal
motor manifestations were maximal in the same pe-
ripheral body region and had spread outward into
contiguous body regions. The outward spread of
signs, however, was different between UMN and
LMN, either to different peripheral body regions or
to the same peripheral body region but to different
extents. This incongruity may be explained by the
observation that they each seemed to conform to
underlying neuronal anatomy, which is somatotopi-
cally arranged, rather than to body region anatomy.
Three of the important differences between UMN
and LMN anatomy are 1) arms are contiguous at
the LMN level but not at the UMN level; 2) bulbar
regions are relatively contiguous at the LMN level
but not at the UMN level, and bilaterality at the
UMN level is required for signs; and 3) anatomic

distances between body regions are different for
UMN and LMN: UMNs span 11 to 12 cm along the
motor cortex, and LMNs span 50 cm along the
brainstem and spinal cord.15,16 This likely also ex-
plains the complexity of motor manifestations as
disease progresses, manifestations resulting from
summation of the outward spread of motor neuron
degeneration at both levels over time.

Outward spread of both UMN and LMN signs
seemed to be weighted toward caudal body regions
over rostral ones, suggesting underlying motor neu-
ron degeneration had preferential directions of out-
ward spread rather than simple radial or centrifugal
directions. This suggests that there may be differ-
ences in motor neuron vulnerability, a possibility
previously raised by Swash17,18 and by Brooks et
al.6,14 Although the study by Brooks et al. evaluated
this longitudinally, in contrast to our cross-sectional
study, and found symptom accrual with similar
preferential directions of spread, their data are
based on patient questionnaires and therefore
tracked functional change of body region, not UMN
and LMN anatomic change.6,14

The severity of UMN and LMN signs were es-
sentially independent of each other except for a
slight predominance of LMN signs over UMN
signs, likely explained by LMN signs masking UMN
signs. Charcot named ALS based on his belief that
lateral sclerosis is amyotrophic, i.e., UMN degener-
ation causes LMN degeneration.19,20 But Gowers be-
lieved that UMN and LMN degenerations are
simultaneous and independent.1 Most21-23 but not
all24 neuropathologic studies that have sought corre-
lation have found none, supporting Gowers’ view of
UMN and LMN independence. Our findings sug-
gest that in early disease, there is linkage between
UMN and LMN degenerations in terms of the cor-
responding body region that manifests motor defi-
cits but independence between them in terms both
of severity of involvement and of outward spread.

Because the clinical phase of ALS is a continua-
tion of a latent preclinical phase,25-29 progressive
motor neuron degeneration might have a highly dis-
crete true onset and might be a focally advancing
and summating process. If so, advancement would
be within UMN and LMN anatomic levels and also
possibly between UMN and LMN anatomic levels,
the latter possibly advancing by convergence (one
LMN receiving input from many UMNs) and diver-
gence (one UMN innervating many LMNs).30 In this
regard, it is reasonable at least to consider that the
shared focal peripheral body region,31 as well as its
UMN32,33 and LMN34 innervations, may be signifi-
cant in the initiation of disease because it too defines
onset anatomy, before degeneration becomes dif-

Figure Frequency histogram of the percent of overall deficit attributable to lower
motor neuron deficit

The relative contributions of
lower motor neuron and
upper motor neuron deficits
to the overall deficits are
highly variable and not likely
related to each other. The
slight preponderance of
lower motor neuron deficits
is likely explained by their
masking of upper motor
neuron deficits.
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fuse and complex. It may be that the focality and
contiguity that are observed in the three dimensions
of the motor system are not as simple as presented
here, but nonetheless, they are both remarkable
phenomena and require study.

Received June 23, 2006. Accepted in final form December 7,
2006.

ACKNOWLEDGMENT
The authors thank Dr. Lewis Rowland for many valuable suggestions
and comments.

REFERENCES
1. Gowers WR. Manual of diseases of the nervous system.

London: Churchill, 1886–1888 (reprinted special edition,
Birmingham, AL: Classics of Medicine Library, 1981).

2. Jokelainen M. Amyotrophic lateral sclerosis in Finland II:
clinical characteristics. Acta Neurol Scandinav 1977;56:
194–204.

3. Mulder DW. Clinical limits of amyotrophic lateral sclero-
sis. In: Rowland LP, ed. Human motor diseases. New
York: Raven Press, 1982, pp 15–22.

4. Gubbay SS, Kahana E, Zilber N, et al. Amyotrophic lat-
eral sclerosis: a study of its presentation and prognosis.
J Neurol 1985;232:295–300.

5. Caroscio JT, Mulvihill MN, Sterling R, et al. Amyotro-
phic lateral sclerosis: its natural history. Neurol Clin
1987;5:1–8.

6. Brooks BR. The role of axonal transport in neurodegen-
erative disease spread: a meta-analysis of experimental
and clinical poliomyelitis compares with amyotrophic lat-
eral sclerosis. Can J Neurol Sci 1991;18:435–438.

7. DeJong RN. The neurologic examination. incorporating
the fundamentals of neuroanatomy and neurophysiology.
4th ed. Hagerstown: Harper & Row, 1979.

8. Cwik VA. ALS clinical motor signs and symptoms, Chap-
ter 5. In: Mitsumoto H, Przedborski S, Gordon PH, eds.
Amyotrophic lateral sclerosis. New York: Taylor & Fran-
cis, 2006:99–115.

9. Tourtellotte WW, Syndulko K. Quantifying the neuro-
logic examination: principles, constraints, and opportuni-
ties, Chapter 2. In: Munsat TL, ed. Quantification of
neurologic deficit. Boston: Butterworths, 1989:7–16.

10. Brooks BR, Miller RG, Swash M, et al. El Escorial revis-
ited: Revised criteria for the diagnosis of amyotrophic lat-
eral sclerosis. Amyotroph Lateral Scler Other Motor
Neuron Disord 2000;1:293–299.

11. DeJong RN. The stretch reflexes, Chapter 33. In: The
neurologic examination: Incorporating the fundamentals
of neuroanatomy and neurophysiology. 4th ed. Hagers-
town: Harper & Row, 1979:431–445.

12. LaRocca NG. Statistical and methodologic considerations
in scale construction, Chapter 5. In: Munsat TL, ed.
Quantification of neurologic deficit. Boston: Butter-
worths, 1989:49–68.

13. The ALS CNTF Treatment Study (ACTS) Phase I-II
Study Group: The Amyotrophic Lateral Sclerosis Func-
tional Rating Scale: assessment of activities of daily living
in patients with amyotrophic lateral sclerosis. Arch Neu-
rol 1996;53:141–147.

14. Brooks BR, DePaul R, Tan YD, et al. Motor neuron dis-
ease, Chapter 18. In: Schoenberg BS, Porter R, eds. Con-

trolled clinical trials in neurology. Norwood: Marcel
Dekker, 1990:249–281.

15. Ono M, Kubik S, Abernathey C. Atlas of the cerebral
sulci. Stuttgart: Verlag, 1990:151–161.

16. Ravits J, Fan Y, Laurie P, Cheteni F. Personal observa-
tions.

17. Swash M. Vulnerability of lower brachial myotomes in
motor neurone disease: a clinical and single fibre EMG
study. J Neurol Sci 1980;47:59–68.

18. Swash M, Leader M, Brown A, Swettenham KW. Focal
loss of anterior horn cells in the cervical cord in motor
neuron disease. Brain 1986;109 (pt 5):939–952.

19. Charcot J-M. Des amyotrophies chroniques—atrophie
musculaire progressive spinale prototypique. In: Oeuvres
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