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Abstract
Background—Evaluating the integrity of white matter tracts with diffusion tensor imaging may
differentiate primary lateral sclerosis from progressive supranuclear palsy.

Methods—Thirty-three prospectively recruited subjects had standardized evaluations and
diffusion tensor imaging: 3 with primary lateral sclerosis who presented with features suggestive
of progressive supranuclear palsy, 10 with probable or definite progressive supranuclear palsy,
and 20 matched controls. We compared fractional anisotropy of the corticospinal tract, superior
cerebellar peduncle and body of the corpus callosum between groups.

Results—Both the primary lateral sclerosis and progressive supranuclear palsy subjects showed
reduced fractional anisotropy in superior cerebellar peduncles and body of the corpus callosum
compared to controls, but only primary lateral sclerosis subjects showed reductions in the
corticospinal tracts. A ratio of corticospinal tract/superior cerebellar peduncle best distinguished
the disorders (p<0.02).

Conclusions—The corticospinal tract/superior cerebellar peduncle ratio is a marker to
differentiate primary lateral sclerosis from progressive supranuclear palsy.
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INTRODUCTION
Progressive supranuclear palsy (PSP) and primary lateral sclerosis (PLS) are
neurodegenerative disorders that affect white matter tracts and may present with motor and
bulbar symptoms1–3. PSP is a slowly progressive syndrome with axial rigidity, gait and
postural instability with early falls, and vertical supranuclear gaze palsy2, 4. Often, early
clinical features are subtle and may overlap with other neurodegenerative diseases1, 5. One
such disease is PLS, a progressive disorder of upper motor neurons that typically manifests
with spastic gait and bulbar weakness; eye movement abnormalities may be present2, 6, 7.

In PSP, white matter tracts of the brain stem and cerebellum are primarily affected8, 9. In
PLS, the most common pathologic finding is degeneration of the corticospinal tract with
cerebellar tracts affected to a lesser extent6, 10. Diffusion tensor imaging studies use
fractional anisotropy to assess the integrity of white matter tracts and have demonstrated
specific abnormalities in both PSP and PLS11–17. Therefore, the aim of this study was to
determine whether DTI could differentiate PLS presenting like PSP, from PSP. In addition
to clinical features, we compared fractional anisotropy of the superior cerebellar peduncle,
corticospinal tract, and body of the corpus callosum in 3 subjects with PLS who presented
with features suggestive of PSP to subjects with probable or definite PSP and controls.

METHODS
Participants

We assessed three patients that were referred for a second opinion regarding a prior
diagnosis of possible PSP but after neurological and imaging evaluation were diagnosed as
PLS1, 18, and 10 subjects who met clinical research criteria for probable or definite PSP4.
All participants underwent a detailed neurological evaluation including assessment for
motor neuron disease features (spastic dysarthria, limb spasticity or hyperreflexia with
clonus) and pseudobulbar affect. Parkinsonian features were assessed with the Movement-
Disorder Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale (part
III) (MDS-UPDRS)19. All 13 subjects had standardized behavioral and cognitive
assessments including Mini-Mental State Examination (MMSE)20, Frontal Behavioral
Inventory (FBI)21 and Frontal Assessment Battery22. Electromyography (EMG) had been
performed in all 3 PLS subjects, 2 at our institution and 1 elsewhere. Twenty prospectively
recruited healthy controls were age and gender matched to the PLS and PSP subjects. The
study was approved by the Mayo IRB. Informed consent was obtained from all subjects.

Image acquisition and analysis
All participants underwent DTI at 3.0T. Details regarding DTI acquisition and processing
have been previously published11. For this study, regions-of-interest were placed on selected
white matter tracts on color-coded fractional anisotropy maps using Analyze software
(Biomedical Imaging Resource, Mayo Clinic, Rochester, Minnesota) by one rater (J.L.W)
blinded to clinical diagnosis. Regions-of-interest were placed on corticospinal tract at the
level of the pons, in the superior cerebellar peduncle at the level of the decussation, and on
the body of the corpus callosum using axial images, with coronal and sagittal images viewed
simultaneously to guide placement. In order to validate the manual measurements,
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automated voxel-wise statistical analyses of fractional anisotropy were also performed
comparing PLS to PSP using Tract-Based Spatial Statistics23, as previously described11.

Statistical Analysis
Statistical analyses were performed utilizing the JMP computer software (JMP Software,
version 6.0.0; SAS Institute Inc, Cary, NC) with statistical significance set at p<0.05.
Kruskal-Wallis analysis was used for continuous data across all three groups followed by
Mann-Whitney U test to compare PLS and PSP, if significant. Fisher’s exact test was used
to compare nominal data.

RESULTS
Brief clinical histories of PLS subjects

Patient 1: A 69 year-old woman sought a second opinion regarding a diagnosis of possible
PSP by a movement disorders specialist elsewhere. She had a 3 year history of speech and
gait difficulties with one fall. On examination she had a severe spastic dysarthria and
pseudobulbar affect. Extraocular testing revealed eye movement abnormalities which were
determined to be oculomotor impersistence. Vertical saccadic eye movements, when
observed, were of normal velocity and amplitude (video). In the left upper extremity she was
spastic with brisk reflexes and clonus. Head MRI revealed mild generalized cerebral atrophy
and FDG-PET showed focally reduced uptake in motor cortices, greater on the right. One
year after initial evaluation, she was anarthric. She began falling multiple times per week
with pronounced dysphagia, spasticity and weakness in all limbs.

Patient 2: A 68 year old man developed progressive balance dysfunction, a shuffling gait
and frequent falls at age 68. He was told elsewhere that he had a “parkinsonian variant” and
tried on carbidopa/levodopa. At presentation to our clinic 18 months later, he reported stiff
legs with difficulty rising from a chair and loss of fine motor movements. Neurologic
examination revealed spastic dysarthria with pseudobulbar affect and loss of vertical
optokinetic nystagmus but normal velocity and amplitude of saccadic eye movements. He
had marked Gegenhaulten-type rigidity with spastic lower extremities, hyperreflexia and
normal strength. Lower extremity apraxia, occasional myoclonic jerks and hyperekplexia
was observed. Prior evaluation included multiple normal MRIs. A FDG-PET study showed
generalized decrease in cerebral metabolic activity with focal decrease in the medial
superior frontal regions. Over the ensuing 9 months, his spasticity and motor function
worsened.

Patient 3: A 63 year-old man with a 4 year history of gait difficulties presented after
receiving a diagnosis of progressive akinesia of gait freezing variant of PSP by a movement
disorders specialist elsewhere. He was falling frequently; reporting 50 falls within 1 month.
He noted slow movements, difficulty turning in bed, muscle stiffness and weakness.
Neurological examination demonstrated hypomimia, spastic dysarthria and normal
extraocular movements. He had mild axial and limb rigidity and slowed rapid alternating
movements. He had difficulty rising from a chair and was stooped with a slow spastic gait
and absent arm swing. At 1 year, he had worsening dysarthria, dysphagia and motor
function.

Group Comparisons
Demographics, clinical test scores and DTI results are presented in Table 1. The PSP
subjects scored worse on the FBI (p=0.07) and FAB (0.02) compared to PLS subjects, but
no such difference was observed on MMSE or UPDRS III. PLS subjects were more likely to
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exhibit pseudobulbar affect (p=0.01) and features of motor neuron disease (p=0.01)
compared to PSP subjects.

None of the PLS or PSP subjects had a family history of neurodegenerative disease and
laboratory examination of serum and cerebrospinal fluid was negative. PLS subjects 1 and 2
had normal EMGs. PLS subject 3 had 2 EMGs performed 11 months apart showing reduced
recruitment of large motor unit potentials in extremity, cranial and paraspinal muscles with
sparse fibrillation potentials.

Fractional anisotropy was decreased in the corticospinal tract (p=0.02), superior cerebellar
peduncle (p=0.02) and body of the corpus callosum (p=0.02) in the PLS group compared to
controls. PSP subjects had decreased fractional anisotropy in the superior cerebellar
peduncle (p<0.0001) and body of the corpus callosum (p=0.04), but not the corticospinal
tract (p=0.40) compared to controls. Significantly lower fractional anisotropy in the
corticospinal tract was observed in PLS compared to PSP (p=0.04). The ratio of
corticospinal tract/superior cerebellar peduncle fractional anisotropy was lower in PLS
compared to PSP (p<0.02). Tract-Based Spatial Statistics demonstrated reduced fractional
anisotropy throughout the corticospinal tracts in PLS compared to PSP (Figure 1).

DISCUSSION
We demonstrate clinical, neuropsychometric and DTI results that distinguish PLS when
presenting like PSP, from PSP. Both diseases tend to occur during middle age or later7, 24

which was the case in this study. Initial bulbar symptoms of dysarthria and dysphagia are
common in PLS and were present in our PLS subjects though these symptoms can also
occur in PSP4, 7. Extraocular abnormalities, while classic in PSP, also can occur in PLS.
Saccadic break down of smooth pursuit and progressive supranuclear paralysis is reported in
PLS1, 6 which overlaps with slowing of vertical saccades that precedes supranuclear gaze
palsy in PSP2, 25–27. While 2 PLS subjects in our study had an abnormal extraocular
examination, neither had supranuclear gaze palsy. Therefore careful oculomotor
examination is important in order to different PLS from PSP. Cognition is usually preserved
in PLS28 while a majority of PSP patients develop mild executive dysfunction and some
behavioral changes, early in disease25, 27, 29, 30 consistent with our cognitive and behavioral
results.

Our DTI analysis confirmed involvement of the corticospinal tract in those diagnosed with
PLS but also identified involvement of the superior cerebellar peduncle, not previously
described in PLS17, 31–33. Involvement of the superior cerebellar peduncle is almost
pathognomonic for PSP2, 9, 11, 34–37 and hence the superior cerebellar peduncle involvement
in our PLS subjects may explain the overlap in features with PSP. It should be noted that
early post mortem studies in PLS describe mild degeneration of the cerebellar tracts and
fasciculus gracilis in addition to the corticospinal tract loss but involvement of the superior
cerebellar peduncle has not been described7, 17, 38. Given the greater involvement of the
corticospinal tract in our PLS subjects, and the greater involvement of the superior
cerebellar peduncle in our PSP subjects, we calculated a corticospinal tract/superior
cerebellar peduncle ratio and found this ratio to be very good discriminator between both
groups suggesting that this may be a good marker to differentiate between PLS and PSP.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Decreased fractional anisotropy (red) in the superior corona radiata, posterior limb of the
internal capsule and cerebral peduncles in PLS versus PSP using Tract-Based Spatial
Statistics (uncorrected for multiple comparisons, p<0.05). Results also survived correction
using family-wise error at p<0.05.
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Table 1

Demographic, Clinical and Imaging Characteristics of the PLS, PSP and Control Groups

Median (range)

Characteristic Controls (n=20) PLS (n=3) PSP (n=10) P value (PLS vs. PSP)

Demographics

Female sex, No. (%) 11 (55) 1 (33) 6 (60) 0.60

Age at disease onset, y NA 67 (60–68) 65 (54–75) 0.93

Age at examination, y 71.5 (51–78) 70 (64–70) 69 (58–79) 0.93

Disease duration, y NA 4 (2–4) 4 (2–9) 0.55

Clinical features

FBI (/72)a NA 0 (0–4) 9 (0–28) 0.07

FAB (/18) a NA 17 (16–18) 13 (10–16) 0.02

MMSE (/30) a NA 30 (29–30) 29 (22–30) 0.19

UPDRS III (/132) a NA 51 (25–70) 46 (18–59) 0.80

Pseudobulbar affect, No. (%) NA 3 (100) 1 (10) 0.01

MND features NA 3 (100) 2 (20) 0.01

Fractional anisotropy of white matter tracts

CST 0.63 (0.50–0.81) 0.49 (0.43–0.55) 0.60 (0.51–0.70) 0.04

SCP 0.86 (0.72–0.91) 0.75 (0.68–0.78) 0.63 (0.53–0.80) 0.09

BCC 0.72 (0.61–0.83) 0.66 (0.56–0.73) 0.60 (0.45–0.75) 0.50

CST/SCP ratio 0.72 (0.58–0.94) 0.66 (0.55–0.81) 0.89 (0.76–1.17) 0.02

Abbreviations: BCC, body of the corpus callosum; CST, corticospinal tract; FAB, frontal assessment battery; FBI, frontal behavioral inventory;
MMSE, mini mental status examination; MND, motor neuron disease; NA, not applicable; PLS, primary lateral sclerosis; PSP, progressive
supranuclear palsy; SCP, superior cerebellar peduncle; UPDRS III, United Parkinson’s disease rating scale.

a
Highest possible score on the scales represented as (/score).
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