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Abstract
Background  In amyotrophic lateral sclerosis (ALS), heterogeneity of motor phenotypes is a fundamental hallmark of 
the disease. Distinct ALS phenotypes were associated with a different progression and survival. Despite its relevance 
for clinical practice and research, there is no broader consensus on the classification of ALS phenotypes.

Methods  An expert consensus process for the classification of ALS motor phenotypes was performed from May 
2023 to December 2024. A three-determinant anatomical classification was proposed which is based on the (1) 
region of onset (O), (2) the propagation of motor symptoms (P), and (3) the degree of upper (UMN) and/or lower 
motor neuron (LMN) dysfunction (M). Accordingly, this classification is referred to as the “OPM classification”.

Results  Onset phenotypes differentiate the site of first motor symptoms: O1) head onset; O2d) distal arm onset; 
O2p) proximal arm onset; O3r) trunk respiratory onset; O3a) trunk axial onset; O4d) distal leg onset; O4p) proximal 
leg onset. Propagation phenotypes differentiate the temporal propagation of motor symptoms from the site of 
onset to another, vertically distant body region: PE) earlier propagation (within 12 months of symptom onset); PL) 
later propagation (without propagation within 12 months of symptom onset), including the established phenotypes 
of “progressive bulbar paralysis” (O1, PL), “flail-arm syndrome” (O2p, PL), and “flail-leg syndrome” (O4d, PL); PN) 
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Background
In amyotrophic lateral sclerosis (ALS), heterogeneity of 
motor phenotypes is a fundamental hallmark of the dis-
ease and is determined by variability of three anatomical 
determinants: the region of onset; the spatial and tem-
poral propagation of motor dysfunction from the site of 
onset to other body regions; and the relative involvement 
of upper (UMN) and lower (LMN) motor neuron degen-
eration [1–7]. Distinct ALS phenotypes were associated 
with different progression and survival [8–15]. Given its 
predictive capacity, clinical phenotyping is of relevance in 
both, clinical practice and research [8–17].

The history of ALS can be traced back to the descrip-
tion of clinical phenotypes and their anatomical cor-
relates [18–32]. It included progressive muscle atrophy 
(PMA), a pure LMN involvement phenotype, and con-
versely a pure UMN variant, which was named primary 
lateral sclerosis (PLS) [19–26]. The meaning of distinct 
propagation patterns was already recognized when pro-
gressive bulbar palsy (PBP), the flail-arm syndrome 
(FAS), the thoracic-onset variant, and the flail-leg syn-
drome (FLS) were distinguished [27–35]. In principle, 
the specific motor phenotype is determined by the initial 
focality at the onset of motor neuron degeneration and 
the subsequent spread through the anatomy of the UMN 
and/or LMN [1–3, 36–38]. Clinical assessment remains 
the gold standard for describing the individual pheno-
type that evolves over the course of the disease in terms 
of localization and the highly variable extent of UMN 
and LMN dysfunction [1–3]. From a clinical perspective, 
classification of phenotypes can improve the prognostic 
information and may be associated with specific needs 
and treatment options [16]. Furthermore, phenotypes 
have implications for case selection and randomization 
in clinical trials with the assumption that distinct sub-
cohorts progress differently and respond specifically to 
treatments [4, 6, 7].

Despite the relevance of this topic for care and clinical 
trials, there is no broader consensus on the classification 
or even naming of ALS phenotypes. In the absence of a 

clinically useful phenotypic classification system, many 
neurologists, researchers, and trialists employ informal, 
non-systematic approaches to the classification of ALS 
[16, 39–41]. In a previous study, a two-determinant clas-
sification of motor ALS phenotypes was introduced, dif-
ferentiating phenotypes of onset region and the degree 
of UMN/LMN involvement [42]. This classification was 
found to correlate with NfL, the ALS progression rate 
(ALSPR), and survival. Based on the phenotyping expe-
rience in this large multicenter study, a revision of the 
phenotype classification and an even more differentiated 
three-determinant classification is being proposed. The 
objective of the revision of the phenotype classification 
was to (i) collect common and rare ALS motor pheno-
types in its various names and wordings, (ii) to categorize 
existing phenotypes in a three-determinant classification 
system, (iii) to linguistically adapt and harmonize the 
newly defined phenotypes, iv) to provide guidelines for 
motor phenotyping in clinical practice (v) to address 
the advances and limitations of ALS motor phenotype 
classification.

Methods
Setting
An expert consensus process for the classification of ALS 
motor phenotypes was performed from May 2023 to 
December 2024. The initiative was carried out by a con-
sensus group of the NfL-ALS consortium – a multicenter 
natural history study aiming at the systematic assessment 
of clinical characteristics, serum NfL, and ALS motor 
phenotypes [42, 43]. In this observational study, 16 spe-
cialized ALS centers are organized. This consensus group 
encompassed 20 ALS experts, each with expertise in ALS 
motor phenotyping.

Design
A consensus group design was used to evolve consen-
sus for ALS motor phenotypes. The consensus process 
encompassed the (1) compilation of circulating pheno-
type classifications including the variable naming and 

propagation not yet classifiable as time since symptom onset is less than 12 months. Phenotypes of motor neuron 
dysfunction differentiate the degree of UMN and/or LMN dysfunction: M0) balanced UMN and LMN dysfunction; 
M1d) dominant UMN dysfunction; M1p) pure UMN dysfunction (“primary lateral sclerosis”, PLS); M2d) dominant 
LMN dysfunction; M2p) pure LMN dysfunction (“progressive muscle atrophy”, PMA); M3) dissociated motor neuron 
dysfunction with dominant LMN and UMN dysfunction of the arms and legs (“brachial amyotrophic spastic 
paraparesis”), respectively.

Conclusion  This consensus process aimed to standardize the clinical description of ALS motor phenotypes in clinical 
practice and research – based on the onset region, propagation pattern, and motor neuron dysfunction. This “OPM 
classification” contributes to specifying the prognosis, to defining the inclusion or stratification criteria in clinical trials 
and to correlate phenotypes with the underlying disease mechanisms of ALS.

Keywords  Amyotrophic lateral sclerosis, Motor phenotypes, Classification, OPM
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synonymous terms of phenotypes; (2) ordering of exist-
ing and newly described phenotypes; (3) iterative discus-
sion of renamed and ordered phenotypes; (4) linguistic 
harmonization; (5) consensus finding, and (6) release of 
guidelines for the use of the three-determinant pheno-
type classification.

Use cases of phenotyping
The phenotypes are intended to support the following 
use cases in clinical practice and research: (1) specify-
ing diagnosis in clinical practice; (2) predicting the dis-
ease course in patient counseling; (3) defining inclusion, 
exclusion, and stratification in clinical trials; (4) associa-
tion with specific genotypes, etiologies, or pathophysi-
ological mechanisms.

Exclusion of non-motor phenotypes
The classification of phenotypes was limited to those 
associated with ALS and motor function. Non-motor 
phenotypes, including cognitive, behavioral, and meta-
bolic symptoms, were not within the scope of this clas-
sification nor were they subject to the corresponding 
consensus process.

Results
Assessment of region of onset
Phenotypes of onset differentiate the site of first symp-
toms including the head, arm, trunk or leg region. 
First symptoms are defined as impaired motor func-
tion including weakness or/and slowed, poorly coordi-
nated voluntary movement, dysarthria, dysphagia, and 
hypoventilation. Motor neuron signs and symptoms 
without motor functional impairment (such as fascicula-
tions, muscle wasting, increased or pathological reflexes) 
are not classified as first symptoms. The assessment is 
based on the patient history (Figs. 1 and 2; Table 1).

Assessment of Temporal and Spatial propagation
Phenotypes of propagation differentiate the temporal 
and spatial pattern in which motor neuron dysfunction 
spreads from the region of onset to another body region. 
The assessment is based on the patient history and/or 
neurological physical examinations in a follow-up of at 
least 12 months (Figs. 1 and 2; Table 1).

Fig. 1  Assessment of ALS motor phenotypes. Phenotypes of the region of onset (O1-4) are assessed by patient history. Phenotypes of propagation (PE, 
PL, PN) pattern are determined by follow-up of the patient history and/or neurological investigation during the disease course. Some propagation phe-
notypes can be classified with certainty only after 12 months of follow-up. This includes the phenotypes of late propagation (PL), including the historic 
descriptions of progressive bulbar palsy (PBP), flail-arm syndrome (FAS) or flail-leg syndrome (FLS), respectively. Phenotypes of the motor neuron dysfunc-
tion (M0-M3) are assessed by neurological investigation of the degree of upper (UMN) and/or lower (LMN) neuron involvement. Some motor neuron 
dysfunction phenotypes can be classified with certainty only after 48 months of follow-up. This includes the phenotypes of pure UMN (M1p) and LMN 
dysfunction (M2p) in its historic descriptions of primary lateral sclerosis (PLS) and progressive muscle atrophy (PMA). In principle, phenotypes of the motor 
neuron dysfunction can be changing during the complete disease course. Therefore, motor neuron dysfunction phenotypes need to be re-evaluated as 
the disease progresses. O1) head onset; O2) arm onset; O3) trunk onset; O4) leg onset; PE) earlier propagation; PL) later propagation; PN) propagation not 
yet classifiable; M0) balanced UMN and LMN dysfunction; M1d) dominant UMN dysfunction; M1p) pure UMN dysfunction; M2d) dominant LMN dysfunc-
tion; M2p) pure LMN dysfunction; M3) dissociated motor neuron dysfunction with dominant LMN and UMN dysfunction of the arms and legs. Arrow, 
retrospective assessment period
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Assessment of motor neuron dysfunction
A neurological examination is performed to assess the 
symptoms and signs of UMN and/or LMN dysfunction. 
The clinical criteria for UMN and LMN dysfunction are 
related to the Gold Coast criteria for the diagnosis of 
ALS and are summarized in Table 2 [44]. The evaluation 
is limited to a physical examination and excludes electro-
physiologic, laboratory, and imaging studies. The assess-
ment is based on a neurological examination follow-up 
(Figs. 1 and 2; Table 1).

Three-determinant classification of ALS motor phenotypes
Phenotypes were classified according to three anatomi-
cal determinants: (1) onset region (O); (2) temporal and 
spatial propagation of motor symptoms (P); and (3) the 
degree of UMN and/or LMN dysfunction (M) (Tables 1 
and 2; Fig.  2). Accordingly, this ALS motor phenotype 
ordering system is referred to as the “OPM classification”. 
Examples of practical application of the OPM classifica-
tion are provided in Table 3.

Discussion
This consensus process took the initiative to further 
evolve the classification of ALS motor phenotypes. 
Several common and rare ALS phenotypes are cur-
rently distinguished in everyday diagnosis and patient 

management. However, the description of phenotypes 
is informal, unsystematic and open to interpretation. 
Existing classifications were reported as inconsistent and 
insufficient to accurately describe ALS phenotypes [16, 
17, 39]. Thus, phenotypes are mostly listed in the same 
rank order although they belong to different anatomi-
cal determinants. For example, “LMN dominant ALS”, 
“PMA” and “flail-arm syndrome” is often given as equal 
options for phenotype classification although the LMN 
dominant phenotype (M2d) and PMA (M2p) refer to the 
degree of motor neuron dysfunction, whereas flail-arm 
syndrome describes a different anatomical determinant – 
the propagation pattern (PL). From a research and trial 
perspective, it is imperative to clearly distinguish the ana-
tomical axis of the phenotyping. As such, it is conceivable 
that investigational drugs will target selected phenotypic 
determinants (e.g. drugs acting on muscle cells, requir-
ing inclusion of M2d, M2p and exclusion of M1d, M1p). 
Conversely, other phenotypes can be excluded to reduce 
clinical heterogeneity in clinical trials (e.g. exclusion of 
O3 and PL phenotypes). For both aspects, ensuring ana-
tomical target engagement and controlling for heteroge-
neity, improved phenotype classification is needed.

Fig. 2  Classification of ALS motor phenotypes. Onset region (O): Phenotypes of onset differentiate the site of first symptoms including the bulbar region, 
arm, trunk and leg; phenotypes of propagation (P) differentiate the earlier (within 12 months), later (after 12 months) or unclassifiable (monitoring of 12 
months not completed) propagation of motor neuron dysfunction from the region of onset to another, vertically distant body region; phenotypes of 
motor neuron dysfunction (M) differentiate the degree of clinical upper (UMN) and lower motor neuron (LMN) dysfunction
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ALS motor 
phenotype

Code Synonymous Guidance for assessment Commentary

Onset region
head region 
onset

O1 bulbar/pseudobul-
bar onset

Dysarthria or/and dysphagia are first 
motor symptoms which reflect weak-
ness or/and slowed, poorly coordinat-
ed voluntary movement of the tongue 
and palatal muscles.

A common phenotype referred to as “bulbar ALS” in previ-
ous phenotype classifications [7–13]. However, the term of 
“bulbar” does not describe a body region as such and has 
been replaced by “head region”. This term is linguistically 
consistent with arm, trunk and leg onset.

distal arm onset O2d – Weakness or/and slowed, poorly co-
ordinated voluntary movement in the 
hand muscles are first symptoms.

A common phenotype referred to as “limb ALS” in prior 
phenotype classifications [7–13]. However, previous classifi-
cations have not differentiated between distal vs. proximal 
arm onset. It addresses research on the patterns of propaga-
tion following distal vs. proximal arm onset.

proximal arm 
onset

O2p – Weakness in the shoulder muscles are 
first symptoms.

This phenotype is associated with an increased probabil-
ity of developing the O2p, PL phenotype (syn.: flail-arm 
syndrome) [31, 43].

trunk respiratory 
onset

O3r diaphragmatic 
ALS, thoracic onset 
ALS

Weakness of respiratory muscles 
and hypoventilation presenting 
with orthopnea or dyspnea are first 
symptoms.

A rare phenotype which is difficult to classify clinically, as 
hypoventilation may be the only symptom. Previous clas-
sifications of trunk onset have rarely distinguished between 
respiratory and axial onset [32].

trunk axial onset O3a dropped head 
syndrome; 
camptocormia

Weakness of axial l muscles of the 
neck and/or dorsal muscles are first 
symptoms.

A rare phenotype that is observed in clinical practice but 
rarely differentiated in previous phenotype classifications 
[32].

distal leg onset O4d – Weakness or/and slowed, poorly co-
ordinated voluntary movement in the 
foot muscles are first symptoms.

A common phenotype referred to as “limb ALS” in prior 
phenotype classifications [7–13]. However, previous classi-
fications did not distinguish between distal vs. proximal leg 
onset. It addresses research on the patterns of propagation 
following distal vs. proximal leg onset.

proximal leg 
onset

O4p – Weakness or/and slowed, poorly coor-
dinated voluntary movement onset in 
the hip muscles are first symptoms.

See above.

Propagation pattern
earlier 
propagation

PE classic ALS Propagation of slowed, poorly 
coordinated voluntary movements or 
weakness from the region of onset to 
another vertically distant body region 
within 12 months of symptom onset.

A common phenotype that was subsumed under “bulbar 
ALS” or “spinal ALS” in prior phenotype classifications [7–13].

later 
propagation

PL It includes “pro-
gressive bulbar 
paralysis (PBP)”, 
“flail arm-syn-
drome”, and “flail 
leg-syndrome” (see 
below).

Propagation of slowed, poorly 
coordinated voluntary movements or 
weakness from the region of onset to 
another, vertically distant body region 
later than 12 months of symptom 
onset.

Rare phenotypes previously referred to as “progressive 
bulbar paralysis (PBP)”, “flail arm-syndrome”, and “flail leg-
syndrome” [4, 9, 25, 43] (see below).

Table 1  ALS motor phenotypes – guidance for assessment
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ALS motor 
phenotype

Code Synonymous Guidance for assessment Commentary

progressive bulbar 
or pseudobulbar 
paralysis

Refers to O1, PL A rare phenotype previously referred to as “progressive 
bulbar paralysis (PBP)”. Previous classifications have not con-
sistently defined the time criterion to differentiate between 
“bulbar ALS” (O1, PE) and “PBP” (O1, PL). Several authors 
suggested the absence of limb involvement in the first 6 
months as a criterion for P1l [9]. However, a median time of 
12 months was found to distinguish “bulbar ALS” (O1, PE) 
from “PBP (O1, PL)” [25].

flail arm syndrome, 
brachial amyo-
trophic diplegia; 
Vulpian-Bernhardt 
syndrome, hang-
ing-arm syndrome, 
person-in-a-barrel 
syndrome, bra-
chial amyotrophic 
diplegia [43]

Refers to O2d, PL and O2dp, PL A rare phenotype previously referred to as “flail arm-syn-
drome”. Most authors have suggested that this phenotype 
begins with proximal muscle weakness and atrophy [4]. 
However, distal onset and asymmetric presentations 
have been observed and can be classified as part of this 
phenotype. The main criterion to distinguish O2d/p, PE from 
O2d/p, PL is motor neuron dysfunction in the arms without 
relevant propagation to other regions within 12 months of 
symptom onset [4, 9, 43].

flail leg syndrome, 
wasted leg 
syndrome, pseu-
dopolyneuritic 
variant [30, 31].

Refers to O4d, PL and O4dp, PL A rare phenotype previously referred to as “flail leg-syn-
drome”. Most authors have suggested that this phenotype 
begins with distal muscle weakness and atrophy. However, 
proximal onset has been observed and can be classified 
as part of this phenotype. The main criterion to distinguish 
O4d/p, PE from O4d/p, PL is motor neuron dysfunction 
in the legs without relevant propagation to other regions 
within 12 months of symptom onset [4, 9, 43].

propagation not 
classifiable

PN – Propagation of slowed, poorly 
coordinated voluntary movements or 
weakness from the region of onset to 
another, vertically distant body region 
not yet classifiable as time since symp-
tom onset is less than 12 months.

An operational classification for a phenotype that is sug-
gestive of PL with a disease duration of less than 12 months 
since symptom onset and therefore does not yet meet the 
time criterion to make the formal phenotype classification 
of PL [4, 9, 25, 43].

Motor neuron dysfunction
balanced 
motor neuron 
dysfunction

M0 classic ALS [6–16] A balanced combined MN dysfunction 
of the upper motor neuron (UMN) and 
the lower motor neuron (LMN) in any 
of the affected body regions is found.

A common phenotype referred to as “classic ALS” in previous 
phenotype classifications [6–16].

dominant 
upper motor 
neuron (UMN) 
dysfunction

M1d pyramidal ALS [4] Dominant UMN dysfunction is found, 
presenting mainly with slowed, poorly 
coordinated voluntary movements, 
whereas discrete LMN dysfunction is 
also present. Each weakness is MRC 
grade 4 or greater [49].

A rare phenotype previously referred to as “pyramidal ALS” 
[4]. This phenotype can be distinguished from M0 (classic 
ALS) by the extent of LMN signs. M0 shows weakness (MRC 
4 or lower), whereas M1d is limited to discrete LMN dysfunc-
tion with low-grade atrophy and/or weakness (MRC 4 or -5) 
[4, 49].

pure UMN 
dysfunction

M1p primary lateral 
sclerosis, (PLS) [24, 
25]

Pure UMN dysfunction is found, 
presenting mainly with slowed, poorly 
coordinated voluntary movements 
without apparent LMN dysfunction. 
The historic phenotype of PLS can 
diagnosed with certainty only after 
monitoring for LMN dysfunction for 48 
months (M1p for 48 months) [6, 49].

A rare phenotype previously referred to as primary lateral 
sclerosis, (PLS) [24, 25]. Bulbar symptoms, pseudobulbar 
affect, atrophy, weight loss, and any weakness are more 
predictive of M1d or M0 than M1p. Symmetry at presenta-
tion is possible in M1p and would be uncommon in M1d. 
The development of marked asymmetry over the course of 
the disease is expected [49].

dominant 
lower motor 
neuron (LMN) 
dysfunction

M2d – Dominant LMN dysfunction is found, 
presenting mainly with weakness and 
associated atrophy, whereas discrete 
UMN dysfunction is also present.

A rare phenotype that can be distinguished from M1 by the 
extent of UMN signs. M3d is limited to preserved reflexes in 
atrophic and/or weak muscles. In contrast, hyperreflexia, and 
spread of reflexes to adjacent muscles are suggestive for M1.

Table 1  (continued) 
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Three-determinant anatomical classification of 
phenotypes
This OPM classification was derived from an ongo-
ing, large-scale multicenter biomarker study in which a 
two-determinant phenotype classification is being used 
[42]. The need for a revision of the current classification 

was driven by the practical experience of strengths and 
weaknesses inherent to the two-determinant classifi-
cation. The OPM classification overcomes most of the 
constraints and incorporates several notable changes. 
These include the listing of agreed UMN/LMN symp-
toms, a more precise delineation of regions of onset, 
the addition of temporal criteria for the classification of 
propagation patterns, and the provision of a commented 
practical guideline for the classification of motor pheno-
types (Tables 1 and 3).

Phenotypes of onset region
Previous classifications distinguished between bulbar, 
limb, and respiratory onset [4–17]. The term “bulbar” has 
been replaced with the term “head region”. This change 
was made for consistency, as the term “bulbar” does not 
describe a body region as such. “Head region” is linguisti-
cally consistent with arm, trunk, and leg onset. Another 
reason to abandon the term bulbar onset is the incon-
sistency that two different anatomical determinants, the 
region of onset and the (lower) motor neuron involve-
ment, are intertwined in this term. On the same note, the 
wording of “bulbar onset” can be used for both, bulbar 
and pseudobulbar symptoms. In this revised classifica-
tion, a more differentiated and, admittedly, “technical” 
terminology is introduced. Instead of the established 
term bulbar onset, it now reads “O1”, meaning onset in 
the head region (with dysarthria/dysphagia). The differ-
entiation between balanced (M0), bulbar (M2) or pseu-
dobulbar (M1) symptoms can be made in the phenotype 
determinant of motor neuron involvement. This dis-
tinction is of clinical relevance, as bulbar (M2) or pseu-
dobulbar (M1) phenotypes have been associated with 
different prognoses and probabilities of concurrent fron-
totemporal dementia [28]. Furthermore, limb onset has 
been further differentiated, as it is conceivable that arm 
and leg onset, as well as distal (O2d, O4d) and proximal 
onset (O2p, O4p), may be associated with different dis-
ease courses and therefore of predictive value. In addi-
tion, trunk onset was subdivided into diaphragmatic and 

Table 2  Motor neuron signs and symptoms (according to gold 
Coast criteria [41])
Region Upper motor neuron (UMN) Lower motor 

neuron (LMN)
Head • slowed, poorly coordinated voluntary 

movement of the tongue (reduced 
range of motion, difficulty with lateral 
movements)
• hyperreflexia of mandibular reflex (jaw 
jerk positive)
• palatal spasticity (abnormal, uncoor-
dinated or excessive movement of the 
palate)
• snout reflex (pathological reflex)

• tongue 
wasting
• palatal 
weakness and 
fasciculations

Arm • Increased velocity-dependent tone 
(spasticity) in hand and arm
• slowed, poorly coordinated voluntary 
movement in hand, arm or shoulder
• hyperreflexia
• preserved reflexes in wasted or weak 
muscles
• spread of reflexes to adjacent muscles
• Hoffman´s sign (pathological reflex)

• weakness 
of hand, arm 
or shoulder 
muscles and 
muscle wasting
• absent reflexes

Trunk • slowed, poorly coordinated voluntary 
movement during respiration or trunk 
movements
• pathological paraspinal and abdominal 
reflexes

• weakness of 
paraspinal, cos-
tal and abdomi-
nal muscles and 
muscle wasting

Leg • Increased velocity-dependent tone 
(spasticity) in foot, leg or hip
• slowed, poorly coordinated voluntary 
movement of foot, leg or hip
• hyperreflexia
• preserved reflexes in wasted or weak 
muscles
• spread of reflexes to adjacent muscles
• Babinski sign (commonly not present)
• crossed adductor reflex

• weakness of 
foot, leg or hip 
muscles and 
muscle wasting
• absent reflexes

ALS motor 
phenotype

Code Synonymous Guidance for assessment Commentary

pure LMN 
dysfunction

M2p progressive 
muscle atrophy 
(PMA) [19–21]

Pure LMN dysfunction is found, 
presenting mainly with weakness and 
associated atrophy, without appar-
ent UMN dysfunction. The historic 
phenotype of PMA can diagnosed 
with certainty only after monitoring for 
UMN dysfunction for 48 months (M2p 
for 48 months) [4, 6].

A rare phenotype previously referred to as progressive 
muscle atrophy (PMA) [19–21]. UMN dysfunction may 
develop in the later stages of the disease. Difficulties remain 
in correctly identifying the signs of UMN, especially in cases 
of mild involvement [16, 22, 23].

dissociated 
motor neuron 
dysfunction

M3 brachial amyo-
trophic spastic 
paraparesis variant 
of ALS [46, 47]

Dissociated MN dysfunction is found, 
presenting mainly with dominant LMN 
dysfunction of the arms and dominant 
UMN dysfunction of the legs.

A rare phenotype that is observed in clinical practice but 
not distinguished in previous phenotype classifications.

Table 1  (continued) 
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Example Clinical description Coded clas-
sification

“Classic ALS, 
bulbar onset”, 
example #1

History: onset with dysarthria → O1
Follow-up history: progressive dysarthria and, after 10 months from onset, weakness of right arm → PE
Investigation: weakness (LMN) and slowed, poorly coordinated voluntary movement (UMN) of the tongue and of 
right arm → M0

O1, PE, M0

“Classic ALS, 
bulbar onset”, 
example #2

History: onset with dysarthria → O1
Follow-up history: progressive dysarthria and, after 14 months from onset, weakness of right arm → PL
Investigation: weakness of tongue and of right arm (LMN), discrete UMN symptoms → M2d

O1, PL, M2d

“Progressive 
bulbar paralysis 
(PBP)”,
example #1

History: onset with dysarthria → O1
Follow-up history: progressive dysarthria and, after 20 months from onset, no limb involvement → PL
Investigation: weakness and atrophy (LMN) of tongue; no UMN symptoms → M2p

O1, PL, M2p

“Progressive 
(pseudo)bulbar 
paralysis (PBP)”,
example #2

History: onset with dysarthria → O1
Follow-up history: progressive dysarthria and, after 8 months from onset, no limb involvement → PN
Investigation: slowed, poorly coordinated voluntary movement of the tongue; hyperreflexia of mandibular reflex; 
palatal spasticity (UMN); discrete wasting and fasciculations of the tongue (LMN) → M1d

O1, PN, 
M1d

“Classic ALS, arm 
onset”,
example #1

History: onset with weakness of left hand → O2d
Follow-up history: progressive weakness of left arm and, after 6 months from onset, dysarthria → PE
Investigation: weakness (LMN) and slowed, poorly coordinated voluntary movement (UMN) of the arm and weak-
ness, atrophy of the tongue → M0

O2d, PE, M0

“Classic ALS, arm 
onset”,
example #2

History: onset with weakness of left hand → O2d
Follow-up history: progressive weakness of left arm and, after 22 months from onset, dysarthria → PL
Investigation: weakness (LMN) and slowed, poorly coordinated voluntary movement (UMN) of the arm and weak-
ness, atrophy of the tongue → M0

O2d, PL, M0

“Classic ALS, arm 
onset”,
example #3

History: onset with weakness of left hand → O2d
Follow-up history: progressive weakness of left arm and, after 5 months from onset, weakness of left leg → PE
Investigation: weakness and atrophy (LMN) of the left arm and leg; preserved reflexes (discrete UMN) → M2d

O2d, PE, 
M2d

“Classic ALS, arm 
onset”,
example #4

History: onset with “stiffness” of left hand → O2d
Follow-up history: progressive slowed, poorly coordinated voluntary movement of left arm and, after 5 months 
from onset, “stiffness” of left leg → PE
Investigation: slowed, poorly coordinated voluntary movement and hyperreflexia (UMN) of the left arm and leg; 
discrete atrophy of the left hand and generalized fasciculations (discrete LMN) → M1d

O2d, PE, 
M1d

“Flail-arm syn-
drome”, example 
#1

History: onset with weakness of the proximal right arm → O2p
Follow-up history: progressive weakness of the right arm and, after 24 months from onset, weakness of the left 
shoulder → PL
Investigation: weakness and atrophy of bilateral shoulders (LMN), no UMN symptoms; no involvement of head, 
trunk and legs → M2p

O2p, PL, 
M2p

“Flail-arm 
syndrome”,
example #2

History: onset with weakness of the proximal right arm → O2p
Follow-up history: progressive weakness of the right arm and, after 10 months from onset, weakness of the left 
shoulder → PN
Investigation: weakness and atrophy of bilateral shoulders (LMN), no UMN symptoms; no involvement of head, 
trunk and legs → M2p

O2p, PN, 
M2p

“Respiratory ALS”,
example #1

History: onset with hypoventilation → O3r
Follow-up history: progressive hypoventilation and, after 7 months from onset, weakness of left arm → PE
Investigation: weakness and atrophy of the respiratory muscles and the arm (LMN); no UMN symptoms → M2p

O3r, PE, 
M2p

“Respiratory ALS”,
example #2

History: onset with hypoventilation → O3r
Follow-up history: progressive hypoventilation and, after 14 months from onset, weakness/instability of the trunk 
→ PL
Investigation: weakness and atrophy of the respiratory muscles and the trunk (LMN); no UMN symptoms; no 
involvement of head, arms and legs → M2p

O3r, PL, 
M2p

“Dropped head 
syndrome”

History: onset with weakness/instability of the neck (dropped head) → O3a
Follow-up history: progressive weakness/instability of the neck and trunk and, after 6 months from onset, weakness 
of both arms → PE
Investigation: weakness and atrophy of axial muscles and bilateral shoulders (LMN); no UMN symptoms; no involve-
ment of head and legs → M2p

O3a, PE, 
M2p

“Classic ALS, leg 
onset”,
example #1

History: onset with weakness of right foot → O4d
Follow-up history: progressive weakness of right leg and, after 8 months from onset, weakness of left arm → PE
Investigation: weakness (LMN) and slowed, poorly coordinated voluntary movement and hyperreflexia (UMN) of 
left arm and leg; weakness and atrophy of left leg → M0

O4d, PE, M0

Table 3  ALS motor phenotype classification – examples of assessment
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Example Clinical description Coded clas-
sification

“LMN predomi-
nant ALS, leg 
onset”,
example #2

History: onset with weakness of left hip muscles → O4p
Follow-up history: progressive weakness of left leg and, after 13 months from onset, weakness of right leg and left 
arm → PL
Investigation: weakness and atrophy (LMN) of bilateral legs and left arm; preserved reflexes in wasted muscle of the 
left hand → M2d

O4p, PL, 
M2d

“Classic ALS, leg 
onset”,
example #3

History: onset with weakness of right foot → O4d
Follow-up history: progressive weakness of right leg and, after 8 months from onset, weakness of left leg → PE
Investigation: weakness (LMN) and slowed, poorly coordinated voluntary movement and hyperreflexia (UMN) of 
the arm; weakness and atrophy of left leg → M0

O4d, PE, 
M2p

“Flail-leg syn-
drome”, example 
#1

History: onset with weakness of left foot → O4d
Follow-up history: progressive weakness of left leg and, after 20 months from onset, weakness of right leg → PL
Investigation: weakness and atrophy (LMN) of bilateral legs; no UMN symptoms → M2p

O4d, PL, 
M2p

“Flail-leg 
syndrome”,
example #2

History: onset with weakness of left foot → O4d
Follow-up history: progressive weakness of left leg and, after 11 months from onset, weakness of right leg → PN
Investigation: weakness and atrophy (LMN) of bilateral legs; preserved reflexes in wasted muscle of the left leg → 
M2d

O4d, PN, 
M2d

“pyramidal ALS”, 
example #1

History: onset with “stiffness” of left hip and leg → O4p
Follow-up history: progressive slowed, poorly coordinated voluntary movement of left leg and, after 8 months from 
onset, “stiffness” of left arm and left leg → PE
Investigation: spasticity, and asymmetric, slowed, poorly coordinated voluntary movement and hyperreflexia (UMN) 
of the left arm and both legs; discrete atrophy of both hand muscles (discrete LMN) → M1d

O4p, PE, 
M1d

“pyramidal ALS”, 
example #2

History: onset with dysarthria → O1
Follow-up history: progressive dysarthria and, after 10 months from onset, slowed, poorly coordinated voluntary 
movement of bilateral arms and legs → PE
Investigation: hyperreflexia of mandibular reflex; palatal spasticity, slowed, poorly coordinated voluntary movement 
of the tongue, arms and legs (UMN); discrete wasting and fasciculations of the tongue and hand muscles; asym-
metric, low-grade weakness (MRC grade 4) of hip muscles (discrete LMN) → M1d

O1, PE, M1d

primary lateral 
sclerosis, (PLS),
example #1

History: onset with “stiffness” of both legs → O4d
Follow-up history: progressive slowed, poorly coordinated voluntary movement of both legs and, after 20 months 
from onset, asymmetric “stiffness” of both arms → PL
Follow-up investigation (after 48 months from onset): discrete dysarthria; hyperreflexia of mandibular reflex; palatal 
spasticity; high-grade spasticity, and asymmetric, highly slowed, poorly coordinated voluntary movement and 
hyperreflexia of all limbs; no LMN symptoms → M1p

O4p, PL, 
M1p

primary lateral 
sclerosis, (PLS),
example #2

History: onset with dysarthria → O1
Follow-up history: progressive dysarthria and, after 10 months from onset, slowed, poorly coordinated voluntary 
movement of bilateral arms and legs → PE
Follow-up investigation (after 48 months from onset): severe dysarthria; hyperreflexia of mandibular reflex; palatal 
spasticity; high-grade spasticity, and asymmetric, highly slowed, poorly coordinated voluntary movement and 
hyperreflexia of all limbs; no LMN symptoms → M1p

O1, PE, M1p

progressive 
muscle atrophy 
(PMA),
example #1

History: onset with weakness of right foot → O4d
Follow-up history: progressive weakness of left leg and, after 14 months from onset, asymmetric weakness of both 
legs and hands → PL
Follow-up investigation (after 48 months from onset): asymmetric weakness and wasting of foot, leg, hip, hand, arm 
and shoulder muscles; absent reflexes; no UMN symptoms → M2p

O4d, PL, 
M2p

progressive 
muscle atrophy 
(PMA),
example #2

History: onset with weakness of right left hand → O2d
Follow-up history: progressive weakness of left hand and, after 8 months from onset, asymmetric weakness of both 
arms, trunk, legs → PE
Follow-up investigation (after 14 months from onset): slight dysarthria, atrophy and weakness of the tongue; severe 
asymmetric weakness and wasting of limbs and trunk muscles; hypoventilation; absent reflexes; no UMN symptoms 
→ M2p

O2d, PE, 
M2p

“brachial amyo-
trophic spastic 
paraparesis vari-
ant” of ALS

History: onset with weakness of right left hand → O2d
Follow-up history: progressive weakness of left hand and, after 14 months from onset, asymmetric weakness of 
both hands→ PL
Follow-up investigation (after 20 months from onset): slight dysarthria, atrophy and weakness of the tongue; severe 
asymmetric weakness and wasting of hands and arms; no UMN symptoms of the upper limbs; high-grade spastic-
ity, and asymmetric, highly slowed, poorly coordinated voluntary movement and hyperreflexia of both legs; no 
LMN symptoms of lower limbs → M3

O2d, PL, M3

Table 3  (continued) 
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paravertebral onset – a differentiation that has not been 
realized in previous classifications. These rare variants 
may have different outcomes and need to be differenti-
ated. Assessing the region of onset can be difficult. This 
information depends on the patient’s reflection, recol-
lection, and interpretation. Also, the assessment is influ-
enced by the neurologist’s interviewing skills to elicit the 
first symptoms. From the variety of early and prodromal 
signs and symptoms, the investigator is selecting the 
agreed onset symptom (dysarthria, dysphagia, limb pare-
sis, or hypoventilation), and excluding symptoms that do 
not apply (fasciculations, cramps, and atrophy). Once the 
first symptom has been defined, the patient is asked for 
the onset date (year and month) of the agreed symptom. 
Given the retrospective nature of this assessment, there 
may be some level of uncertainty about the order of body 
regions involved, particularly in patients with faster pro-
gression and almost parallel motor neuron dysfunction in 
different regions. In general, phenotypes of onset regions 
have both, an investigator and a patient-reported compo-
nent (Fig. 1).

Phenotypes of propagation pattern
Basically, two main dynamics of propagation are distin-
guished – earlier vs. later propagation. Earlier propaga-
tion represents the typical course of disease in which 
motor dysfunction spreads from the site of onset to other 
regions within 12 months. In contrast, later propaga-
tion includes phenotypes in which motor symptoms are 
confined to the region of onset for at least 12 months. 
These temporal criteria for earlier vs. later propagation 
is related to the diagnostic criteria of flail-arm (O2p, 
PL) and flail-leg (O4p, PL) syndromes which represent 
the major phenotypes for later propagation [45]. In both 
phenotypes, a follow-up period of at least 12 months 
has been defined to exclude the propagation of motor 
symptoms from the initially affected limb to other body 
regions. Also, in PBP (O1, PL), the same observation 
interval has been proposed [28]. Given the agreed tem-
poral criteria for phenotyping later propagation (PL), 
these phenotypes cannot be assessed before 12 months 
after disease onset. In patients with symptoms confined 
to the region of onset and no clinical evidence of spread 
to other regions, the phenotype must be assessed as “not 
classifiable” (PN). This classification must also be applied 
to patients with unclear propagation pattern. In general, 
once the propagation phenotype has been assessed, the 
classification remains unchanged.

In the prior two-determinant classification, region of 
onset and propagation, were combined as one phenotype 
[42]. In the OPM classification, the propagation phe-
notype has been separated from the onset axis and has 
been introduced as an independent anatomical deter-
minant (Table 1; Fig. 2). This distinction is based on the 

prognostic impact of both, the onset region, and the tem-
poral propagation of motor neuron dysfunction. Thus, 
the region of onset alone does not predict the clinical 
course and prognosis. It is the temporal and spatial pat-
tern in the spreading of motor dysfunction that is most 
relevant for the prognosis. For example, onset in the arm 
may result in rapid vertical spreading to the head, trunk 
or leg region (O2p/d, PE) or, conversely, to a horizontal 
spreading to the contralateral arm with protracted verti-
cal spreading to other regions (O2p/d, PL; synonymous: 
flail-arm syndrome). Both scenarios start from the same 
region but are associated with significantly different 
trajectories. The predictive relevance of topography in 
terms of propagation pattern has also been described for 
head onset (O1, PE vs. O1, PL; synonymous: bulbar onset 
ALS vs. PBP) and leg onset (P4d/p, PE vs.P4p/d, PL; syn-
onymous: classic ALS vs. flail-leg syndrome) [28, 45]. The 
temporal criteria for distinguishing between early vs. late 
vertical propagation in its historic descriptions are based 
on several observational studies [6, 11, 45]. However, the 
defined time frame of 12 months is rather arbitrary. Fur-
ther studies will contribute to specify the point at which 
the trajectories of early and late propagation begin to 
bifurcate. Anatomical phenotypes were reported to have 
different contributions to the elevation in NfL that were 
independent of the different progression rates being 
associated with phenotypes. This observation contrib-
uted to the notion that phenotypes may be considered for 
future predictive models [42]. Thus, to reduce complex-
ity in clinical trials, it may be conceivable to exclude the 
phenotypes with dominant horizontal spreading and pro-
longed vertical spread (O2p/d, PL, flail-arm syndrome; 
O4p/d, PL, flail-leg syndrome), which are known to have 
significantly different trajectories, including longer sur-
vival [8–15, 42].

Phenotypes of motor neuron dysfunction
Previously reported phenotypes of motor neuron dys-
function included balanced, dominant, and pure UMN 
and/or LMN involvement [42]. In this revised classifi-
cation, the phenotype of dissociated motor neuron dys-
function (M3) has added. The M3 phenotype presents 
with dominant or pure LMN dysfunction of the arms and 
dominant or pure UMN dysfunction of the legs – pre-
viously referred to as the brachial amyotrophic spastic 
paraparesis variant of ALS [46, 47]. In clinical practice, 
this phenotype is mostly found in patients with early 
adult onset being associated with a prolonged disease 
course. However, systematic data on the frequency, the 
correlation with NfL levels, and the prognosis of this 
phenotypic variant are lacking and will be the subject of 
future investigations.

The historic terms of PMA and PLS are widely used 
and established. However, in this classification, a more 
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systematic ordering was introduced in which PMA and 
PLS were only listed as secondary terms. The assessment 
of the motor neuron involvement phenotype is based on 
the neurological examination. As such, the classification 
of UMN and/or LMN dysfunction may be subject to con-
siderable interobserver variability. For example, a reflex 
that is objectively reduced in the context of severe muscle 
atrophy might be regarded as brisk by an experienced 
neurologist [16]. Thus, the determinant of motor neuron 
involvement may be influenced by the level of clinical 
experience of the phenotype rater. The greatest inter-
rater variability is expected in the distinction between 
balanced (M0) vs. UMN dominant (M1d) and LMN 
dominant (M2d), respectively. As a limitation, no clinical 
grading of UMN and LMN symptoms exists. However, 
the implementation of this revised phenotype classifica-
tion in controlled studies will determine the differences 
in grading between experienced and less experienced rat-
ers and the extent to which interrater variability of motor 
neuron involvement appears to be a challenge.

As the disease progresses, motor neuron symptoms 
change. Therefore, follow-up examinations are expected 
to reveal evolving degrees of UMN and LMN involve-
ment, leading to a different phenotype classification 
(Fig. 1). In advanced disease stages, LMN symptoms may 
dominate and mask UMN symptoms. Thus, a previously 
balanced phenotype (M0) may change to a dominant 
(M2d) or even pure (M2p) LMN involvement phenotype. 
Conversely, patients with pure LMN (M2p) or UMN 
(M1p) may later develop combined motor neuron 
symptoms resulting in the phenotype of M2d or M1d, 
respectively.

Monitoring for combined symptoms has been required 
before the phenotype of PLS or PMA can be classi-
fied in its historical description. Thus, for the diagnosis 
of PLS a monitoring of LMN symptoms between 3 and 
5 years has been proposed, while Singer and Gordon´s 
recommendation of monitoring for 48 months has been 
incorporated into the guidelines of this classification 
(Table 1) [48, 49]. Similarly, in the phenotyping of PMA, 
a monitoring period of 48 months (for UMN symptoms) 
has been defined [6]. These temporal criteria result in a 
more homogenous definition of PLS and PMA but at the 
same time, these phenotypes are tilted towards a longer 
course, less progression and higher survival. In a more 
open approach, the OPM classification allows to clas-
sify pure UMN/LMN independent of the temporal PLS/
PMA criteria of 48 months. Therefore, this revised classi-
fication will be more inclusive for M1p and M2p patients 
of higher progression and shorter disease duration. In 
general, few studies have focused on the proportions of 
patients with dominant or pure UMN/LMN symptoms 
and the dynamics of phenotypes in terms of evolving 
degrees of motor neuron dysfunction. Implementation 

of the revised classification in trials or clinical practice 
will generate longitudinal data on changing motor phe-
notypes. These data may be relevant in the context of tri-
als of investigational drugs that more specifically target 
upper or lower motor neurons.

Challenges and further research in motor phenotyping
This OPM classification addresses a long-standing need 
for harmonization of motor phenotypes in ALS. The 
advantage of this classification lies in the generic nature 
of this ordering system, which also allows flexible modi-
fication and, if necessary, further differentiation of addi-
tional phenotypes. The authors acknowledge that the 
OPM phenotyping is constrained to motor phenotypes, 
with all non-motor phenotypes remaining unconsid-
ered. The restriction to motor phenotypes has been 
instrumental in mitigating the complexity inherent in 
the development of a novel phenotypic classification. 
The main challenge is the implementation of the OPM 
phenotypes in clinical practice and trials. Thus, accep-
tance of the new, more technical terminology (e.g. M2p 
for PMA, M1p for PLS) among neurologists remains 
uncertain. This general concern and potential limitation 
also apply to other historical phenotypic variants of ALS, 
known as flail-arm (O2p/d, PL) and flail-leg (O4p/d, PL) 
syndromes. In general, historic names were preserved 
in respect to the achievement of prior generations and 
to support clinicians to aligning the new, more techni-
cal terms, with the historical descriptive wording. A 
further rationale for integrating the OPM classification 
with the historical terms pertains to the retrospective 
classification of phenotypes from existing data, wherein 
solely the historical terms were employed. The semantic 
alignment is the basis for manual retrospective classifica-
tion, and even more importantly, in leveraging AI-based 
large language models to undertake this task. The his-
toric terms (PMA, PLS, flail-arm and flail-leg syndrome) 
are expected to be continuously used in clinical practice. 
Realistically, a longer-term consensus and adjustment 
process is required to integrate the OPM phenotype clas-
sification in clinical practice. In the more formalized set-
ting of clinical trials, a faster integration of the revised 
phenotypes is realistic. A first application of the revised 
classification is planned in an amendment of an ongoing 
multi-center study in which the OPM classification will 
be associated with ALS progression, serum NfL and sur-
vival [42]. This phenotype classification is limited to the 
symptomatic period of ALS where weakness is the defin-
ing criterion [50]. The definition of onset as weakness 
and/or slow and uncoordinated movements was linked to 
the ALS progression rate, also calculated with reference 
to the first motor symptoms or deficits [42, 43]. In further 
iterations of ALS phenotype classifications, the inclusion 
of the presymptomatic period (atrophy, fasciculations, 
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spasms), laboratory findings (EMG, MRI) and biomarker 
signals (prodromal elevation of NfL) must be considered. 
Furthermore, the restriction to motor symptoms and 
the omission of the non-motor dimension of the disease 
spectrum must be understood from an operational point 
of view to reduce the complexity in the implementation 
of this classification. For this OPM classification alone, a 
step-by-step process of adaptation and improvement is 
expected. In further steps of the ALS phenotype classifi-
cation, the integration of behavioral and cognitive pheno-
types must be achieved.

Conclusions
The OPM classification corresponds to a long-term 
objective of structuring the variable ALS motor pheno-
types, with a value proposition on three different levels. 
First, in clinical practice, the phenotypes should contrib-
ute to further individualize the prognosis in the expected 
course, complementing other established prognostic fac-
tors such as the ALS progression rate, NfL, body mass 
index, or respiratory parameters. Second, in clinical tri-
als, phenotypes will be helpful to decipher the different 
trajectories of ALS. This distinction may be increasingly 
important to reduce clinical heterogeneity of trial popu-
lations or, conversely, to target drug trials to specific phe-
notypes. Consequently, specific phenotypes in the OPM 
classification may be of interest for predictive models 
used for inclusion, exclusion, or stratification criteria in 
clinical trials. Third, focality and spreading are central 
features of ALS and important for the precise under-
standing of the disease whereas two basic mechanisms 
of spreading are discussed: contiguous and distant axo-
nal spreading [1–3, 36]. The differentiation of phenotypes 
may also facilitate the link between clinical presentation, 
pathological anatomy and underlying molecular spread-
ing mechanisms.

Abbreviations
ALS	� Amyotrophic lateral sclerosis
FAS	� Flail–arm syndrome
FLS	� Flail–leg syndrome
LMN	� Lower motor neuron
OPM	� Onset, propagation, motor neuron dysfunction
PBP	� Progressive bulbar palsy
PLS	� Primary lateral sclerosis
PMA	� Progressive muscle atrophy
UMN	� Upper motor neuron

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​4​2​4​6​6​-​0​2​5​-​0​0​3​8​9​-​w.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
The authors wish to thank the Boris Canessa ALS Stiftung (Düsseldorf, 
Germany) for funding this work and continuous support.

Author contributions
TM, MB, JG, AL, AM and TG made substantial contributions to the conception 
of the work; TM, MB, JG, PW, SB, PR, RS, AR, JW, UW, AL, JW, SP, PL, RG, WL, MW, 
CM, AM and TG contributed to the interpretation of existing data; TM, MB, 
JG, AL, PW, PR, AR, SP, PL, RG, WL, MW, AM and TG have drafted the work or 
substantively revised it.

Funding
Open Access funding enabled and organized by Projekt DEAL.
This work was supported by the Boris Canessa ALS Stiftung (Düsseldorf, 
Germany).

Data availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors of the paper agree with the manuscript and meet the criteria for 
authorship.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Neurology, Center for ALS and other Motor Neuron 
Disorders, Charité – Universitätsmedizin Berlin, Corporate Member of 
Freie Universität Berlin, Humboldt-Universität zu Berlin, Berlin Institute of 
Health, Augustenburger Platz 1, 13353 Berlin, Germany
2APST Research GmbH, Berlin, Germany
3Department of Neurology, Münster University Hospital, Münster, 
Germany
4Department of Neurology, Universitätsmedizin Schleswig-Holstein, 
Campus Lübeck, Lübeck, Germany
5Department for Neurodegenerative and Neuromuscular Disorders, Bonn 
University, Bonn, Germany
6Research Site Bonn, Deutsches Zentrum für Neurodegenerative 
Erkrankungen (DZNE), Bonn, Germany
7Department of Neurology, LMU University Hospital, Munich, Germany
8Department of Neurology, Jena University Hospital, Jena, Germany
9Zentrum für Seltene Erkrankungen (ZSE), Jena University Hospital, Jena, 
Germany
10Department of Neurology, Diako Mannheim, Mannheim, Germany
11Department of Neurology, Berufsgenossenschaftliches 
Universitätsklinikum Bergmannsheil, Bochum, Germany
12Department of Neurology, Ulm University, Ulm, Germany
13Research Site Ulm, Deutsches Zentrum für Neurodegenerative 
Erkrankungen (DZNE), Ulm, Germany
14Department of Neurology, Diakovere Henriettenstift and 
Friederikenstift, Hannover, Germany
15Department of Neurology, Hannover Medical School, Hannover, 
Germany
16Department of Neurology, Technical University of Munich, Klinikum 
rechts der Isar, Munich, Germany
17Research Site Munich, Deutsches Zentrum für Neurodegenerative 
Erkrankungen (DZNE), Munich, Germany
18Department of Neurology, Technische Universität Dresden, University 
Hospital Carl Gustav Carus, Dresden, Germany
19Research Site Dresden, Deutsches Zentrum für Neurodegenerative 
Erkrankungen (DZNE), Dresden, Germany
20Department of Neurology, Unit for Neuromuscular Disorders and 
Clinical Neurophysiology, Medical University of Innsbruck, Innsbruck, 
Austria

https://doi.org/10.1186/s42466-025-00389-w
https://doi.org/10.1186/s42466-025-00389-w


Page 13 of 14Meyer et al. Neurological Research and Practice            (2025) 7:27 

21Neuromuscular Diseases Unit/ALS Clinic, HOCH Health Ostschweiz, St. 
Gallen, Switzerland
22Department of Neurology, Center for ALS and other Motor Neuron 
Disorders, Alfried Krupp Krankenhaus, Essen, Germany

Received: 21 January 2025 / Accepted: 10 April 2025

References
1.	 Ravits, J. M., & La Spada, A. R. (2009). ALS motor phenotype heterogeneity, 

focality, and spread: Deconstructing motor neuron degeneration. Neurology, 
73(10), 805–811. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​1​2​​/​W​​N​L​.​​0​b​0​​1​3​e​3​​1​8​​1​b​6​b​b​b​d

2.	 Brettschneider, J., Del Tredici, K., Toledo, J. B., Robinson, J. L., Irwin, D. J., Gross-
man, M., Suh, E., Van Deerlin, V. M., Wood, E. M., Baek, Y., Kwong, L., Lee, E. B., 
Elman, L., McCluskey, L., Fang, L., Feldengut, S., Ludolph, A. C., Lee, V. M., Braak, 
H., & Trojanowski, J. Q. (2013). Stages of pTDP-43 pathology in amyotrophic 
lateral sclerosis. Annals of Neurology, 74(1), 20–38. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​n​a​
.​2​3​9​3​7

3.	 Braak, H., Brettschneider, J., Ludolph, A. C., Lee, V. M., Trojanowski, J. Q., & 
Del Tredici, K. (2013). Amyotrophic lateral sclerosis–a model of corticofugal 
axonal spread. Nature Reviews Neurology, 9(12), 708–714. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​
3​8​​/​n​​r​n​e​u​r​o​l​.​2​0​1​3​.​2​2​1

4.	 Feldman, E. L., Goutman, S. A., Petri, S., Mazzini, L., Savelieff, M. G., Shaw, 
P. J., & Sobue, G. (2022). Amyotrophic lateral sclerosis. Lancet, 400(10360), 
1363–1380. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​0​1​4​0​-​6​7​3​6​(​2​2​)​0​1​2​7​2​-​7

5.	 Maranzano, A., Verde, F., Colombo, E., Poletti, B., Doretti, A., Bonetti, R., 
Gagliardi, D., Meneri, M., Maderna, L., Messina, S., Corti, S., Morelli, C., Silani, 
V., & Ticozzi, N. (2023). Regional spreading pattern is associated with clinical 
phenotype in amyotrophic lateral sclerosis. Brain: a Journal of Neurology, 
146(10), 4105–4116. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​b​​r​a​i​n​/​a​w​a​d​1​2​9

6.	 Goutman, S. A., Hardiman, O., Al-Chalabi, A., Chió, A., Savelieff, M. G., Kiernan, 
M. C., & Feldman, E. L. (2022). Recent advances in the diagnosis and prognosis 
of amyotrophic lateral sclerosis. The Lancet Neurology, 21(5), 480–493. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​1​4​7​4​-​4​4​2​2​(​2​1​)​0​0​4​6​5​-​8

7.	 Turner, M. R., & Swash, M. (2015). The expanding syndrome of amyotrophic 
lateral sclerosis: A clinical and molecular odyssey. Journal of Neurology Neuro-
surgery and Psychiatry, 86(6), 667–673. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​j​​n​n​p​-​2​0​1​4​-​3​0​8​
9​4​6

8.	 Turner, M. R., Parton, M. J., Shaw, C. E., Leigh, P. N., & Al-Chalabi, A. (2003). 
Prolonged survival in motor neuron disease: A descriptive study of the King’s 
database 1990–2002. Journal of Neurology Neurosurgery and Psychiatry, 74(7), 
995–997. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​j​​n​n​p​.​7​4​.​7​.​9​9​5

9.	 Talman, P., Forbes, A., & Mathers, S. (2009). Clinical phenotypes and natural 
progression for motor neuron disease: Analysis from an Australian database. 
Amyotrophic Lateral Sclerosis & Frontotemporal Degeneration, 10(2), 79–84. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​7​4​8​2​9​6​0​8​0​2​1​9​5​8​7​1

10.	 Talman, P., Duong, T., Vucic, S., Mathers, S., Venkatesh, S., Henderson, R., Rowe, 
D., Schultz, D., Edis, R., Needham, M., Macdonnell, R., McCombe, P., Birks, C., 
& Kiernan, M. (2016). Identification and outcomes of clinical phenotypes 
in amyotrophic lateral sclerosis/motor neuron disease: Australian National 
motor neuron disease observational cohort. BMJ Open, 6(9), e012054. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​m​j​o​​p​e​n​​-​2​0​1​​6​-​​0​1​2​0​5​4

11.	 Chio, A., Calvo, A., Moglia, C., Mazzini, L., Mora, G., & PARALS study group. 
(2011). Phenotypic heterogeneity of amyotrophic lateral sclerosis: A popula-
tion based study. Journal of Neurology Neurosurgery and Psychiatry, 82(7), 
740–746. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​j​​n​n​p​.​2​0​1​0​.​2​3​5​9​5​2

12.	 Chiò, A., Moglia, C., Canosa, A., Manera, U., D’Ovidio, F., Vasta, R., Grassano, 
M., Brunetti, M., Barberis, M., Corrado, L., D’Alfonso, S., Lazzolino, B., Peotta, 
L., Sarnelli, M. F., Solara, V., Zucchetti, J. P., De Marchi, F., Mazzini, L., Mora, G., 
& Calvo, A. (2020). ALS phenotype is influenced by age, sex, and genetics: A 
population-based study. Neurology, 94(8), e802–e810. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​1​2​​
/​W​​N​L​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​8​8​6​9

13.	 Ganesalingam, J., Stahl, D., Wijesekera, L., Galtrey, C., Shaw, C. E., Leigh, P. N., 
& Al-Chalabi, A. (2009). Latent cluster analysis of ALS phenotypes identifies 
prognostically differing groups. PloS One, 4(9), e7107. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​
j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​0​0​7​1​0​7

14.	 Requardt, M. V., Görlich, D., Grehl, T., & Boentert, M. (2021). Clinical determi-
nants of disease progression in amyotrophic lateral Sclerosis-A retrospective 
cohort study. Journal of Clinical Medicine, 10(8), 1623. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​j​​
c​m​1​0​0​8​1​6​2​3

15.	 Wolf, J., Safer, A., Wöhrle, J. C., Palm, F., Nix, W. A., Maschke, M., & Grau, A. J. 
(2014). Variability and prognostic relevance of different phenotypes in amyo-
trophic lateral sclerosis - data from a population-based registry. Journal of the 
Neurological Sciences, 345(1–2), 164–167. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​n​s​.​2​0​1​4​.​0​7​
.​0​3​3

16.	 Al-Chalabi, A., Hardiman, O., Kiernan, M. C., Chiò, A., Rix-Brooks, B., & van den 
Berg, L. H. (2016). Amyotrophic lateral sclerosis: Moving towards a new clas-
sification system. The Lancet Neurology, 15(11), 1182–1194. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​1​6​​/​S​​1​4​7​4​-​4​4​2​2​(​1​6​)​3​0​1​9​9​-​5

17.	 Rosenfeld, J., & Swash, M. (2006). What’s in a name? Lumping or splitting ALS, 
PLS, PMA, and the other motor neuron diseases. Neurology, 66(5), 624–625. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​1​2​​/​0​​1​.​w​​n​l​.​​0​0​0​0​​2​0​​5​5​9​7​.​6​2​0​5​4​.​d​b

18.	 Charcot, J. M., & Joffroy, A. (1869). Deux Cas d’atrophie musculaire progressive 
avec lésions de La substance Grise et des Faisceaux antéro-latéraux de La 
Moelle Épinière. Arch Physiol Neurol Path, 2, 744.

19.	 Aran, F. A. (1850). Recherches Sur Une maladie Non encore décrite du 
système musculaire (atrophie musculaire progressive). Arch Gén Méd, 24, 
172–214.

20.	 Duchenne de Boulogne, G. B. A. (1849). Recherches faites à L’ordre des gal-
vanisime Sur l’état de La contractilité et de La sensibilité électromusculaires 
Dans les paralysies des membres supérieurs. CR Acad Sci (Paris), 29, 667.

21.	 Cruveilhier, J. (1852). Sur La paralysie musculaire, progressive, atrophique. Bull 
Acad Med (Paris), 18, 490–546.

22.	 Visser, J., van den Berg-Vos, R. M., Franssen, H., van den Berg, L. H., Wokke, J. H., 
de Jong, J. M., Holman, R., de Haan, R. J., & de Visser, M. (2007). Disease course 
and prognostic factors of progressive muscular atrophy. Archives of Neurology, 
64(4), 522–528. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​a​​r​c​h​n​e​u​r​.​6​4​.​4​.​5​2​2

23.	 Kim, W. K., Liu, X., Sandner, J., Pasmantier, M., Andrews, J., Rowland, L. P., & 
Mitsumoto, H. (2009). Study of 962 patients indicates progressive muscular 
atrophy is a form of ALS. Neurology, 73(20), 1686–1692. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​1​
2​​/​W​​N​L​.​​0​b​0​​1​3​e​3​​1​8​​1​c​1​d​e​a​3

24.	 Strümpell, A. (1894). Über einen Fall von primärer systematischer Degen-
eration der Pyramidenbahnen mit den Symptomen einer allgemeinen 
spastischenLähmung. Deutsche Zeitschrift für Nervenheilkunde, 5, 225–246.

25.	 Spiller, W. G. (1904). Primary degeneration of the pyramidal tracts: A study of 
eight cases with necropsy. Univ Penn Med Bull, 17, 390–395.

26.	 Turner, M. R., Barohn, R. J., Corcia, P., Fink, J. K., Harms, M. B., Kiernan, M. C., 
Ravits, J., Silani, V., Simmons, Z., Statland, J., van den Berg, L. H., Delegates of 
the 2nd International PLS Conference, & Mitsumoto, H. (2020). Primary lateral 
sclerosis: consensus diagnostic criteria. Journal of neurology, neurosurgery, and 
psychiatry, 91(4), 373–377. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​j​​n​n​p​-​2​0​1​9​-​3​2​2​5​4​1

27.	 de Duchenne, G. B. A. (1860). Paralysie musculaire progressive de La Langue, 
du voile du palais et des Lèvres: Affection Non encore décrite comme espèce 
morbide distincte. Arch Gén Méd, 16, 283–431.

28.	 Karam, C., Scelsa, S. N., & Macgowan, D. J. (2010). The clinical course of 
progressive bulbar palsy. Amyotrophic Lateral Sclerosis & Frontotemporal 
Degeneration, 11(4), 364–368. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​1​0​9​​/​1​​7​4​8​2​9​6​0​9​0​3​5​1​3​1​5​9

29.	 Vulpian, A. (1886). Maladies du systéme nerveux (Moelle Épiniére). Paris: 
Octave Dion, 346.

30.	 Hu, M. T., Ellis, C. M., Al-Chalabi, A., Leigh, P. N., & Shaw, C. E. (1998). Flail arm 
syndrome: A distinctive variant of amyotrophic lateral sclerosis. Journal of 
Neurology Neurosurgery and Psychiatry, 65(6), 950–951. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​
/​j​​n​n​p​.​6​5​.​6​.​9​5​0

31.	 Gamez, J., Cervera, C., & Codina, A. (1999). Flail arm syndrome of Vulpian-Bern-
hart’s form of amyotrophic lateral sclerosis. Journal of Neurology Neurosurgery 
and Psychiatry, 67(2), 258. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​j​​n​n​p​.​6​7​.​2​.​2​5​8

32.	 Patrikios, J. S. (1918). Contribution à l’étude des formes cliniques et de 
l’anatomie pathologique de la sclérose latérale amyotrophique: étude 
clinique de 21 cas de sclérose latérale amyotrophique dont 5 avec autopsie: 
travail du laboratoire et de la clinique Charcot de la Salpêtrière (Doctoral dis-
sertation). Paris: Paris University.

33.	 Schito, P., Ceccardi, G., Calvo, A., Falzone, Y. M., Moglia, C., Lunetta, C., Marinou, 
K., Ticozzi, N., Scialo, C., Sorarù, G., Trojsi, F., Conte, A., Tortelli, R., Russo, M., Zuc-
chi, E., Pozzi, L., Domi, T., Carrera, P., Agosta, F., Quattrini, A., & Filippi, M. (2020). 
Clinical features and outcomes of the flail arm and flail leg and pure lower 
motor neuron MND variants: A multicentre Italian study. Journal of Neurology 
Neurosurgery and Psychiatry, 91(9), 1001–1003. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​j​​n​n​p​-​2​
0​2​0​-​3​2​3​5​4​2

34.	 Kandler, K., Witzel, S., Eder, K., Rothenbacher, D., Nagel, G., Peter, R. S., Schuster, 
J., Dorst, J., Rosenbohm, A., Ludolph, A. C., & ALS Registry Study Group. (2022). 
Phenotyping of the thoracic-onset variant of amyotrophic lateral sclerosis. 

https://doi.org/10.1212/WNL.0b013e3181b6bbbd
https://doi.org/10.1002/ana.23937
https://doi.org/10.1002/ana.23937
https://doi.org/10.1038/nrneurol.2013.221
https://doi.org/10.1038/nrneurol.2013.221
https://doi.org/10.1016/S0140-6736(22)01272-7
https://doi.org/10.1093/brain/awad129
https://doi.org/10.1016/S1474-4422(21)00465-8
https://doi.org/10.1016/S1474-4422(21)00465-8
https://doi.org/10.1136/jnnp-2014-308946
https://doi.org/10.1136/jnnp-2014-308946
https://doi.org/10.1136/jnnp.74.7.995
https://doi.org/10.1080/17482960802195871
https://doi.org/10.1080/17482960802195871
https://doi.org/10.1136/bmjopen-2016-012054
https://doi.org/10.1136/bmjopen-2016-012054
https://doi.org/10.1136/jnnp.2010.235952
https://doi.org/10.1212/WNL.0000000000008869
https://doi.org/10.1212/WNL.0000000000008869
https://doi.org/10.1371/journal.pone.0007107
https://doi.org/10.1371/journal.pone.0007107
https://doi.org/10.3390/jcm10081623
https://doi.org/10.3390/jcm10081623
https://doi.org/10.1016/j.jns.2014.07.033
https://doi.org/10.1016/j.jns.2014.07.033
https://doi.org/10.1016/S1474-4422(16)30199-5
https://doi.org/10.1016/S1474-4422(16)30199-5
https://doi.org/10.1212/01.wnl.0000205597.62054.db
https://doi.org/10.1212/01.wnl.0000205597.62054.db
https://doi.org/10.1001/archneur.64.4.522
https://doi.org/10.1212/WNL.0b013e3181c1dea3
https://doi.org/10.1212/WNL.0b013e3181c1dea3
https://doi.org/10.1136/jnnp-2019-322541
https://doi.org/10.3109/17482960903513159
https://doi.org/10.1136/jnnp.65.6.950
https://doi.org/10.1136/jnnp.65.6.950
https://doi.org/10.1136/jnnp.67.2.258
https://doi.org/10.1136/jnnp-2020-323542
https://doi.org/10.1136/jnnp-2020-323542


Page 14 of 14Meyer et al. Neurological Research and Practice            (2025) 7:27 

Journal of Neurology Neurosurgery and Psychiatry, 93(5), 563–565. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​3​6​​/​j​​n​n​p​-​2​0​2​1​-​3​2​6​7​1​2

35.	 Pinto, S., Gromicho, M., Oliveira Santos, M. O., Swash, M., & De Carvalho, M. 
(2023). Respiratory onset in amyotrophic lateral sclerosis: Clinical features and 
spreading pattern. Amyotrophic Lateral Sclerosis & Frontotemporal Degenera-
tion, 24(1–2), 40–44. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​2​​1​6​7​​8​4​2​​1​.​2​0​​2​2​​.​2​0​6​7​7​7​7

36.	 Eisen, A., Vucic, S., & Kiernan, M. C. (2024). Amyotrophic lateral sclerosis repre-
sents corticomotoneuronal system failure. Muscle & Nerve. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​0​2​​/​m​​u​s​.​2​8​2​9​0Advance online publication.

37.	 Ludolph, A. C., Dietrich, J., Dreyhaupt, J., Kassubek, J., Del Tredici, K., & 
Rosenbohm, A. (2024). Clinical spreading of muscle weakness in amyotrophic 
lateral sclerosis (ALS): A study in 910 patients. Journal of Neurology, 271(8), 
5357–5367. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​4​1​5​-​0​2​4​-​1​2​4​0​8​-​y

38.	 Gromicho, M., Figueiral, M., Uysal, H., Grosskreutz, J., Kuzma-Kozakiewicz, M., 
Pinto, S., Petri, S., Madeira, S., Swash, M., & de Carvalho, M. (2020). Spreading 
in ALS: The relative impact of upper and lower motor neuron involvement. 
Annals of Clinical and Translational Neurology, 7(7), 1181–1192. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​0​2​​/​a​​c​n​3​.​5​1​0​9​8

39.	 Turner, M. R. (2019). The reunification of amyotrophic lateral sclerosis. Journal 
of Neurology Neurosurgery and Psychiatry, 90(2), 122–123. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​
3​6​​/​j​​n​n​p​-​2​0​1​8​-​3​1​9​4​7​0

40.	 Rutter-Locher, Z., Turner, M. R., Leigh, P. N., & Al-Chalabi, A. (2016). Analysis of 
terms used for the diagnosis and classification of amyotrophic lateral sclerosis 
and motor neuron disease. Amyotrophic Lateral Sclerosis & Frontotemporal 
Degeneration, 17(7–8), 600–604. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​2​​1​6​7​​8​4​2​​1​.​2​0​​1​6​​.​1​1​8​1​
7​6​6

41.	 Swash, M., & Desai, J. (2000). Motor neuron disease: Classification and nomen-
clature. Amyotrophic Lateral Sclerosis & Frontotemporal Degeneration, 1(2), 
105–112. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​4​6​6​0​8​2​0​0​5​0​5​1​5​4​0​3

42.	 Meyer, T., Dreger, M., Grehl, T., Weyen, U., Kettemann, D., Weydt, P., Günther, 
R., Lingor, P., Petri, S., Koch, J. C., Großkreutz, J., Rödiger, A., Baum, P., Hermann, 
A., Prudlo, J., Boentert, M., Weishaupt, J. H., Löscher, W. N., Dorst, J., Koc, Y., & 
Maier, A. (2024). Serum neurofilament light chain in distinct phenotypes of 
amyotrophic lateral sclerosis: A longitudinal, multicenter study. European 
Journal of Neurology, 31(9), e16379. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​e​​n​e​.​1​6​3​7​9

43.	 Meyer, T., Salkic, E., Grehl, T., Weyen, U., Kettemann, D., Weydt, P., Günther, R., 
Lingor, P., Koch, J. C., Petri, S., Hermann, A., Prudlo, J., Großkreutz, J., Baum, P., 
Boentert, M., Metelmann, M., Norden, J., Cordts, I., Weishaupt, J. H., Dorst, J., 
& Körtvélyessy, P. (2023). Performance of serum neurofilament light chain in 

a wide spectrum of clinical courses of amyotrophic lateral sclerosis-a cross-
sectional multicenter study. European Journal of Neurology, 30(6), 1600–1610. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​e​​n​e​.​1​5​7​7​3

44.	 Shefner, J. M., Al-Chalabi, A., Baker, M. R., Cui, L. Y., de Carvalho, M., Eisen, A., 
Grosskreutz, J., Hardiman, O., Henderson, R., Matamala, J. M., Mitsumoto, H., 
Paulus, W., Simon, N., Swash, M., Talbot, K., Turner, M. R., Ugawa, Y., van den 
Berg, L. H., Verdugo, R., Vucic, S., & Kiernan, M. C. (2020). A proposal for new 
diagnostic criteria for ALS. Clinical Neurophysiology, 131(8), 1975–1978. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​l​​i​n​p​​h​.​2​0​​2​0​​.​0​4​.​0​0​5

45.	 Wijesekera, L. C., Mathers, S., Talman, P., Galtrey, C., Parkinson, M. H., Ganesalin-
gam, J., Willey, E., Ampong, M. A., Ellis, C. M., Shaw, C. E., Al-Chalabi, A., & Leigh, 
P. N. (2009). Natural history and clinical features of the flail arm and flail leg 
ALS variants. Neurology, 72(12), 1087–1094. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​1​2​​/​0​​1​.​w​​n​l​.​​0​0​
0​0​​3​4​​5​0​4​1​.​8​3​4​0​6​.​a​2

46.	 Hemmer, R. (1953). Beitrag Zur krankheitsdauer verschiedener formen der 
amyotrophischen lateralsklerose [Duration of various forms of amyotrophic 
lateral sclerosis]. Archiv Für Psychiatrie Und Nervenkrankheiten, 190(2), 127–133. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​B​​F​0​0​3​4​3​9​0​4

47.	 Sabatelli, M., Madia, F., Conte, A., Luigetti, M., Zollino, M., Mancuso, I., Lo 
Monaco, M., Lippi, G., & Tonali, P. (2008). Natural history of young-adult amyo-
trophic lateral sclerosis. Neurology, 71(12), 876–881. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​1​2​​/​0​​
1​.​w​​n​l​.​​0​0​0​0​​3​1​​2​3​7​8​.​9​4​7​3​7​.​4​5

48.	 Gordon, P. H., Cheng, B., Katz, I. B., Pinto, M., Hays, A. P., Mitsumoto, H., & 
Rowland, L. P. (2006). The natural history of primary lateral sclerosis. Neurology, 
66(5), 647–653. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​1​2​​/​0​​1​.​w​​n​l​.​​0​0​0​0​​2​0​​0​9​6​2​.​9​4​7​7​7​.​7​1

49.	 Fullam, T., & Statland, J. (2021). Upper motor neuron disorders: Primary lateral 
sclerosis, upper motor neuron dominant amyotrophic lateral sclerosis, and 
hereditary spastic paraplegia. Brain Sciences, 11(5), 611. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​
0​​/​b​​r​a​i​n​s​c​i​1​1​0​5​0​6​1​1

50.	 Benatar, M., Wuu, J., & Turner, M. R. (2023). Neurofilament light chain in drug 
development for amyotrophic lateral sclerosis: A critical appraisal. Brain: a 
Journal of Neurology, 146(7), 2711–2716. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​9​3​​/​b​r​​a​i​n​/​a​w​a​c​3​
9​4

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1136/jnnp-2021-326712
https://doi.org/10.1136/jnnp-2021-326712
https://doi.org/10.1080/21678421.2022.2067777
https://doi.org/10.1002/mus.28290
https://doi.org/10.1002/mus.28290
https://doi.org/10.1007/s00415-024-12408-y
https://doi.org/10.1002/acn3.51098
https://doi.org/10.1002/acn3.51098
https://doi.org/10.1136/jnnp-2018-319470
https://doi.org/10.1136/jnnp-2018-319470
https://doi.org/10.1080/21678421.2016.1181766
https://doi.org/10.1080/21678421.2016.1181766
https://doi.org/10.1080/14660820050515403
https://doi.org/10.1111/ene.16379
https://doi.org/10.1111/ene.15773
https://doi.org/10.1111/ene.15773
https://doi.org/10.1016/j.clinph.2020.04.005
https://doi.org/10.1016/j.clinph.2020.04.005
https://doi.org/10.1212/01.wnl.0000345041.83406.a2
https://doi.org/10.1212/01.wnl.0000345041.83406.a2
https://doi.org/10.1007/BF00343904
https://doi.org/10.1007/BF00343904
https://doi.org/10.1212/01.wnl.0000312378.94737.45
https://doi.org/10.1212/01.wnl.0000312378.94737.45
https://doi.org/10.1212/01.wnl.0000200962.94777.71
https://doi.org/10.3390/brainsci11050611
https://doi.org/10.3390/brainsci11050611
https://doi.org/10.1093/brain/awac394
https://doi.org/10.1093/brain/awac394

	﻿Motor phenotypes of amyotrophic lateral sclerosis – a three-determinant anatomical classification based on the region of onset, propagation of motor symptoms, and the degree of upper and lower motor neuron dysfunction
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Setting
	﻿Design
	﻿Use cases of phenotyping
	﻿Exclusion of non-motor phenotypes

	﻿Results
	﻿Assessment of region of onset
	﻿Assessment of Temporal and Spatial propagation
	﻿Assessment of motor neuron dysfunction
	﻿Three-determinant classification of ALS motor phenotypes

	﻿Discussion
	﻿Three-determinant anatomical classification of phenotypes
	﻿Phenotypes of onset region
	﻿Phenotypes of propagation pattern
	﻿Phenotypes of motor neuron dysfunction
	﻿Challenges and further research in motor phenotyping

	﻿Conclusions
	﻿References


