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Early differential diagnosis of motor neuropathies (MN)
and lower motor neuron diseases (LMND) is important,
as prognosis and therapeutic approaches are different.
We evaluated the diagnostic contribution of the biopsy
of the motor branch of the obturator nerve and gracilis
muscle in 21 consecutive patients in which, after proper
clinical and neurophysiological studies, the differential
diagnosis was still open. At baseline, motor biopsy was
performed; diagnostic confirmation was obtained by
2-year clinical follow-up. Our results support the
usefulness of this diagnostic procedure for selected
cases of MN and LMND.
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otor neuron disecase (MND) indicates a group of
Mneurological disorders characterized by degenera-
tion of motor neurons. Amyotrophic lateral sclerosis
(ALS) is the most common form, involving both lower
motor neurons (LMN) and upper motor neurons
(UMN), whose biological, psychological, and social
impacts are devastating." ALS diagnosis is generally
fairly simple,” but may be less certain in patients pre-
senting with sporadic progressive disease of LMN.
These patients were diagnosed as “suspected ALS”
according to the 1994 El-Escorial criteria but this cate-
gory no longer exists in the 2000 revised criteria.” The
term lower MND (LMND) is more appropriately used
to indicate this heterogeneous group of diseases, which
includes progressive muscular atrophy (PMA). A sub-
stantial proportion of PMA patients develop ALS or
Notably, the
reported percentage of misdiagnosis is 19% for PMA,’

have an “ALS-like” disease course.”

and up to 10% for ALS (1% rediagnosed as neuropa-
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thy).>® Therefore, in some cases, only follow-up can
lead to a certain diagnosis.

Motor neuropathies (MN) are an heterogeneous
group of diseases primarily affecting the motor nerves.
In most MN cases the absence of UMN signs and
demyelinating features at nerve conduction studies
lead to a straightforward diagnosis. However, demyeli-
nating features may not always be demonstrated and
purely axonal electrophysiologic findings are found
in selected cases, some responding to intravenous
immunoglobulin therapy.”™""

Early differential diagnosis between LMND and
MN is important, as prognosis and therapeutic approach
are different; moreover, current and future therapies
might be more effective in the first stages of disease.'”

The morphological aspects of the motor branch of
the obturator nerve have been shown to differ in patients
with a definite diagnosis of MN or MND; however, the
clinical value and potential diagnostic contribution of
this investigation in the early stages of disease are still
unknown and are therefore the focus of our study."?

Patients and Methods

Patients

We studied 21 consecutive patients over about 900 screened
(neuropathies ~ 630; MND =~ 270). Patients provided
informed consent to the study, approved by the local ethic
committee. We included patients presenting with sporadic,
recent-onset LMN syndrome in which, after extended clinical,
neurophysiological and hematochemical examination, a conclu-
sive diagnosis could not be reached. Neurophysiological find-
ings were consistent with pure motor axonal neuropathy/neu-
ronopathy at limbs. Follow-up neurological examination was
performed at 6, 12, 18, and 24 months (see Supplementary
Material and Supplementary Table S1 and S3).
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Neuropathology
All patients underwent biopsy of the motor branch of the obtu-
rator nerve and gracilis muscle.

Light and electron microscope examinations were per-
fomed."*"> Nerve morphometric analysis included fiber density
and g-ratio (axonal/fiber diameter); the regeneration parameter
was calculated as the number of regenerating clusters per mm®
(cluster density [CD]) and as the ratio of clusters to fibers.'®

Nerve and muscle morphological examination were per-
formed by 3 blinded independent examiners. Inter-reader agree-
ment was evaluated with Cohen’s kappa index.

Criteria for nerve biopsy analysis:

1. Signs of myelin pathology: nerve fiber demyelination/remye-
lination, onion bulbs.

2. Signs of axonal pathology: reduction of myelinated fibers,
signs of active axonal degeneration.

3. Pathological signs suggesting a known cause of neuropathy.'®

4. Nerve regeneration parameter. The only previous study on
the obturator nerve found a mean CD of 19.2/mm” in
patients with a definite clinical diagnosis of MND (standard
deviation (SD)= 8.4)."> CD <27.6/mm”*(mean + SD) was
chosen as a supportive criterion for LMND (CD > 27.6/
mm? for MN).

Based on these findings, patients were divided into 2
groups: 1) Group I, suspected LMND; and 2) Group II, sus-
pected MN.

Follow-Up: Clinical Diagnosis
MND or peripheral neuropathy/MN diagnosis was performed

. . . ,5,1
according to standard criteria.>>"”

Statistical Analysis and Development of
Neuropathological Diagnostic Criteria
Statistical analysis of morphometric data was performed after
clinical diagnostic confirmation at 2 years of follow-up using
SPSS software (Chicago, IL); for group comparisons, the
Mann-Whitney U-test was applied (statistical significance
threshold: p < 0.05%).

We propose neuropathological criteria for motor nerve
biopsy interpretation. CD (and cluster/fiber ratio) reference
intervals have been defined as follows:

e Upper CD limit for LMND: mean LMND-CD + SD;
e Lower CD limit for MN: mean MN-CD — 1SD.

(CD obtained from compound descriptive statistic analy-
sis including morphometric data from our previous study per-
formed in patients with a definite clinical diagnosis at
biopsy)."?

Results

Baseline: Histopathological Diagnosis

Inter-reader agreement was 100%(Cohen’s kappa).
Twelve patients (1-12; mean age: 51.8 years, range:

43-62 years) were classified in Group I (suspected

LMND). Morphological examination showed reduction
of myelinated fibers, sometimes associated with signs of
active axonal degeneration, poor/no signs of nerve regen-
eration, and no signs of demyelination/remyelination
and/or inflammatory cell infilcration. Notably, the reduc-
tion in fiber density tended to be a focal/multifocal dis-
tribution among and within fascicles (Fig 1).

Eight patients (14-21; mean age: 55.6 years; range:
45-65 years) were classified in Group II (suspected
MN). Morphological examination showed a reduction of
myelinated fibers uniformly distributed within and
between the fascicles; in 6 patients (16-21) the diagnosis
was supported by high CD, in 3 patients (19, 20, and 21)
it was associated with signs of demyelination/remyelina-
tion. In 2 patents (14 and 15) nerve biopsy showed low-
moderate signs of nerve regeneration, associated in one
(14) with amyloid deposits on Congo-red staining, and in
the other (15) with sign of demyelination/remyelination.

Muscle biopsy did not help in differentiating MN
from LMND, in all patients showing small angulated de-
nervated fibers, variable degree of type grouping, type II
fiber hypertrophy in 2 patients (10 and 12) and fiber I
hypertrophy in 3 (14, 17, and 18).

In 1 patient (13) nerve and muscle biopsy showed
normal pathological findings. This patient did not have
clinical/neurophysiological abnormalities of lower limbs
at time of biopsy.

Differences in clinical characteristics between group
I and II were unremarkable.

Follow-Up: Clinical Diagnosis
Two years of clinical follow-up confirmed the baseline
histopathological diagnosis in all patients (see Supple-
mentary Table S1 and S2).

Group I: in 8 patients (1, 3, 4, 5, 8, 10, 11, and 12)
the final diagnosis was ALS. Four patients (2, 6, 7, and 9)
developed diffuse LMN signs and a rapidly progressive dis-
ease leading to respiratory failure: LMND was diagnosed.

Group II: in 5 patients (14, 15, 18, 19, and 21) a
final diagnosis of motor-sensory axonal neuropathy was
made, while in 3 patients (16, 17, and 20) the final diag-
nosis was axonal MN. The patient with amyloid neurop-
athy died within 1 year.

Patient 13 developed ALS.

We obtained an overall sensibility for disease detec-
tion of 0.95 (95% confidence interval: 0.74—0.99). No
patient complained of adverse symptoms related to biopsy.

Morphometric Analysis and Neuropathological
Diagnostic Criteria

Morphometric studies showed increased CD in MN
patients nerves (p < 0.001), a border-line reduction of g-
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ratio in LMND (p < 0.05) but no group differences in
myelinated fiber density (Table 1).

The proposed pathological diagnostic criteria
should be applied in the appropriate clinical context
(namely, recent-onset LMN syndromes)(Table 2; Supple-
mentary Table S4 and S5).

Signs of axonal pathology and low CD should lead
to suspicion of LMND, which is also suggested, in our
experience, by focal fiber loss. Signs of demyelination/
remyelination and/or high CD support a pathological di-
agnosis of MNj rarely, specific findings can be demon-
strated, such as pathologic deposits or axonal inclusions.

Discussion

As main result of this study, motor nerve pathologic ex-
amination was helpful for early differential diagnosis of
LMN syndromes. At morphometric examination, CD
was the best parameter for differendating MN from
MND patients and was also a prognostic factor,
independently from the diagnosis. As expected from neu-
rophysiological inclusion criteria, neuropathological ex-
amination showed scant signs of demyelination/remyeli-
nation in MN. These results are consistent with a
previous study, which was performed, unlike the present
study, on patients with a definite diagnosis of MND or
MN."? We observed a tendency toward a relatively focal/
patchy fiber loss in MND motor nerves. However, this
observation was not included as a diagnostic criterion for
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FIGURE: Representative neuropathological cases. Transverse semi-thin sections of biopsy of motor nerve from case 1 (A: MND)
and 19 (B: MN). Focal decreased density of myelinated nerve fibers (A*) is evident. In A, axonal degeneration is present at higher
magnification (arrows). (B) Mild reduction of large myelin nerve fibers is present in representative sections from patients with
definite diagnosis of MN. There are many clusters of small myelinated fibers (arrowheads) indicating axonal regeneration. In

addition a thinly myelinated nerve fiber (arrow), indicating remyelination, and poliglucosan bodies inclusions (white arrows) are
present. Bar: 50 um; high magnification: 15 um. MN = motor neuropathies; MND = motor neuron diseases.

2 reasons. First, this observation has never been reported
before. This might be explained by the different timing
of motor nerve biopsy, performed in this study at an
early stage, while in previous reports in patients at an
advanced stage of disease or postmortem.'”'®'? Second,
a varying degree of focal/multifocal fiber loss is seen in a
variety of neuropathies, including vasculitis or demyeli-
nating neuropathies and has recently been described in
biopsies of upper limb nerves obtained at sites of con-
duction block from long-lasting cases of MMN.?*

In this study, muscle biopsy, considered by the El-
Escorial criteria as a possible diagnostic investigation for
ALS, did not help in differentiating MN from MND.’
Type grouping percentage was similar, in spite of the
marked increase in CD observed in MN patients (see Ta-
ble 2). Different re-enervation mechanisms in fact take
place in MN and LMND." Collateral re-enervation
through sprouting of surviving distal motor fibers can be
observed both in MN and MND, underlying type
grouping formation on muscle pathological inspection
and increased motor unit potential amplitude on needle
examination, while cluster formation underlies nerve
regeneration, requires a vital LMN, and is more promi-
nent in MN.

We avoided the introduction of the pathologic
diagnostic category “definite LMND” because for a path-
ologic confirmative diagnosis, an extensive central nerv-

ous system examination, including motor neuron cell
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TABLE 1: Results of Morphometric Studies and Comparison with Previous Literature Results

Present Study + Corbo et al.’?

Corbo et al.®

Diagnosis

Present Study

Diagnosis

Diagnosis

MND

MN

MND

MN

MND

MN

21

25

12

Patients (n)

NS

4358 (1093)
0.54 (0.04)
13.6 (8.8)
31.8 (20.8)

4761 (1502)
0.58 (0.03)
75.4 (33.2)

NS

4788 (1291)
0.51 (0.04)
19.2 (8.4)
43.0 (20.4)

4684 (1714)
0.56 (0.03)
92.7 (25.8)

NS

4350 (933)
0.57 (0.03)

9.4 (6.7)

4819 (1443)

0.60 (0.02)
62.5 (33.7)

Fiber density (mm?)*

0.02

0.03

0.02

G ratio®

<0.001
<0.001

<0.001

<0.001

<0.001
<0.001

Cluster density (mm?)*

172.4 (83.4)

208.4 (53.4)

23.4 (17.4)

145.3 (94.0)

Cluster/fiber ratio (%)*
*Values are mean (SD).

MN = motor neuropathy; MND = motor neuron disease; NS = not significant; SD = standard deviation.

TABLE 2: Proposed Neuropathological Diagnostic
Criteria for Motor Nerve Biopsy

Inclusion Criteria

1. Recent onset lower motor neuron syndrome

2. Informative biopsy
Pathologic Diagnostic Criteria

1. Signs of axonal pathology
2. Regeneration parameter

a. Low regeneration: cluster density < 22.4mm”
(or cluster/fiber ratio < 0.52%)

b. Intermediate regeneration: cluster density
between 22.4 and 42.2mm>(or cluster/fiber
ratio between 0.52% and 0.89%)

c. High regeneration cluster density > 42.2 mm?

(or cluster/fiber ratio > 0.89%)
3. Signs of demyelination/remyelination, pathologic
deposits, or other potential causes of neuropathy
Pathologic Diagnostic

Categories

Definite MN

Pathologic Diagnostic
Criteria Required

1+2b+3
1+2c+3
2b + 3
2c+3

3

Probable MN 14+2c

Possible MN (LMND 1+2b
not excluded)

Probable LMND 1+ 2a

bodies, should be performed.3 LMND remains, there-
fore, a diagnosis of exclusion because a disease morpho-
logical marker in the peripheral nerve is still lacking.
However, a definite diagnosis of MN is possible.

The biopsy of the motor branch of the obturator nerve

should be considered as a potential diagnostic tool for early
differendal diagnosis of selected cases of LMND and MN.
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