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Relationship between Physical Disability and Black Holes in Multiple
Sclerosis: Upper Extremity Functions - an Important Parameter
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Objective: Typical lesion locations in multiple sclerosis (MS) and hypointense lesions that persist >6 months on T1-weighted magnetic resonance
imaging (MRI) are known as black holes. This study aimed to investigate the potential relationship between brain MRI lesion localization and the
presence of black holes and upper extremity function in patients with MS in remission.

Materials and Methods: The nine-hole peg test (NHPT), timed 25-foot walk test (T25FWT), and expanded disability status scale (EDSS) scores were
calculated with neurological examinations in the period when MRI was performed (+1 week).

Results: This study included 47 patients diagnosed with MS.The mean patient age was 34.24+8.38 (19-54) years. The mean EDSS score of the study
group was 1.74£0.85 (0-3). The mean NHPT time was 17.274+2.70 s (13.74-27.23 s). The mean T25FWT time of the study group was 4.35+0.62 s (3.30-
6.05 s). Juxtacortical lesions were present in 46 (97.0%) patients, cortical lesions in 2 (4.3%), brain stem lesions in 38 (80.9%), and cerebellar lesions
in 16 (34%). Permanent black holes were found in 37 (78.7%) patients, with more than one black holes being detected in 33 of these patients. The
mean NHPT time was significantly longer in patients with permanent black holes detected by MRI of the brain than in those without black holes
(p=0.034). A weak correlation was found between the EDSS score and NHPT time (r=0.192, p=0.046).

Conclusion: The presence and number of permanent black holes can be used as a marker of disability. Upper extremity functions may well

represent disability, especially in patients with low EDSS scores.
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Introduction

Various clinical symptoms may be seen in multiple sclerosis
(MS), depending on the affected region of the central nervous
system, such as weakness in one or more extremities, optic
neuritis, paresthesia, diplopia, and bladder problems (1). The
first clinical manifestation that produces findings such as
medulla spinalis involvement, isolated optic neuropathy, or
hemisphere involvement in which MS-specific lesions are
observed by magnetic resonance imaging (MRI), but the spread
Criteria are not met at that time, is known as a clinically isolated
syndrome (CIS) (1,2). MRI is crucial in the timing of diagnosis
of conversion from CIS to MS and in monitoring the disease
course and effectiveness of treatment (3). While lesions can
be seen in different locations, periventricular, corpus callosum,

juxtacortical, brainstem, spinal cord, temporal lobe, optic nerve,
cerebellum, and cerebellar peduncle involvement is typical
for MS (4). Although the morphological characteristics of the
lesions have been described in greater detail in recent years
(5), typical features are an ovoid shape, perpendicularity to the
ventricle, and size >3 mm (4).

In addition to the typical lesion locations in MS, hypointense
lesions persisting for >6 months on T1-weighted MRI are known
as "black holes, and these show permanent axon loss (6). The
Barkhof-Tintore criteria employed to evaluate MRI lesions in the
diagnosis of MS were subsequently revised, and the Swanton
criteria began its implementation through a modification of
the 2010 McDonald criteria. However, black holes were not
included in either the McDonald or MAGNIMS MRI diagnostic
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criteria. However, the presence, numbers, and volume of black
holes are thought to be important in patient follow-up because
of their relatively simple evaluation and close association with
a physical disability. Although upper and lower extremity
functions are closely related to physical disability in MS, lower
extremity functions are more markedly affected at higher
expanded disability status scale (EDSS) scores, while upper
extremity functions are often overlooked. In a previous study,
EDSS and upper extremity functions were found to be more
significantly associated with lower extremity functions (7). The
present study investigated the potential relationship between
brain MRI lesion localization and the presence of black holes
and both upper and lower extremity functions in patients with
MS in remission.

Materials and Methods

Patient Enrolment

Patients under follow-up in our MS clinic and diagnosed with
relapsing-remitting MS (RRMS) according to the McDonald
2017 criteria but in the remission period were included in the
study. The remission period is defined as MS that is not in the
attack or progression period, at least 3 months after the attack.
In this cross-sectional study, patients who underwent brain MRI
performed with a 1.5 Tesla scanner were routinely evaluated
in the remission period using T2-weighted axial, sagittal, fluid-
attenuated inversion recovery (FLAIR) axial, and T1 axial sections.
Lesion localizations at MRI were classified as periventricular,
juxtacortical, cortical, brainstem, and cerebellar lesions, and the
presence of black holes was also assessed. Spinal lesions were
not included in the study, since not all patients had cervical MRI
data, and the relationship between black hole presence and
disability was investigated.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The data was obtained from our
hospital records prospectively for the study. Ethics approval was
obtained from the ethics committee of Dokuz Eylul University
and written informed consent was obtained from the patients.

Various scales were employed to evaluate disability during
patient follow-up, and the most widely used was the EDSS (8).
EDSS scores were calculated as a value between 0 and 10 based
on functional scoring, including visual, brainstem, cerebellar,
pyramidal, bowel, and bladder functions, sensory functions, and
ambulation (9). One of the principal disadvantages of the EDSS,
used in MS for many years, is that upper and lower extremity
functions cannot be separately evaluated.

The nine-hole peg test (NHPT) is regarded as the gold standard
in the assessment of upper extremity skills and is frequently
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applied to patients with MS (10). The timed 25-foot walk test
(T25FWT) is employed to evaluate the lower extremity skills
of patients with MS (11). In this study, the EDSS scores of the
patients were calculated with neurological examinations in the
period when MRI was performed (£1 week). Moreover, NHPT
was assessed for upper extremities, and the mean times were
noted. The T25FWT was repeated twice, and the mean times
were recorded. All patients were examined and physically
evaluated by a single physician, and MR images were evaluated
blindly by another physician (both physicians are MS specialists).

Statistics Analyses

Obtained data were statistically analyzed using the SPSS 19.0
package program. Descriptive statistics of the study variables are
shown as mean, standard deviation, and minimum-maximum
values, and descriptive statistics of categorical variables are
shown as frequency and percentage. The conformity of the
variables to the normal distribution was examined by both
visual and normal distribution tests. Independent sample t-test
analysis was used for two-group comparisons of normally
distributed variables, and the chi-square test was used for
categorical variables. The relationship between continuous
variables was analyzed by Pearson or Spearman correlation
analysis when necessary, according to its suitability for normal
distribution; p-value <0.05 indicated significance.

Results

The study included 47 patients diagnosed with MS based on
the McDonald 2017 criteria and currently in remission (F/M,
38/9). The mean patient age was 34.24+8.38 (19-54) years. The
first clinical event was polysymptomatic in 59.6% of the patients.
Disease onset with brainstem, motor, cerebellar, and sphincter
involvement, a poor prognostic factor marker, was noted in 31
(66%) cases. The mean disease duration of the study group was
19.08+12.22 months, and the mean EDSS score was 1.7+0.85 (0-
3) points. Upper and lower extremity functions were evaluated
using the NHPT and T25FWT, respectively. The mean NHPT time
of the patients was 17.2742.70 (13.74-27.23). The mean T25FWT
time of the study group was 4.35+0.62 s (3.30-6.05 ).

Brain MRI examinations were performed using T2-weighted
axial, sagittal, FLAIR axial, and T1 axial sections. Periventricular
lesions were present in all patients. Juxtacortical lesions were
found in 46 (97.0%) patients, cortical lesions in 2 (4.3%), brain
stem lesions in 38 (80.9%), and cerebellar lesions in 16 (34%).
Permanent black holes were found in 37 (78.7%) patients,
with more than one black holes being detected in 33 of these
(89.1%) (Figure 1). When the group with black holes and the
group without black holes were compared in terms of disease
duration, no significant difference was observed between the
two groups (p=0.08).
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Figure 1. Brain MRI lesion characteristics of the study group
MRI: Magnetic resonance imaging

The mean NHPT time was significantly longer in patients
with permanent black holes detected by brain MRI than in
those without black holes (p=0.034). A weak correlation was
determined between the EDSS score and NHPT (r=0.192,
p=0.046). No significant difference was found in the T25FWT
times between patients with and without permanent black
holes (p=0.062). No significant correlation was observed
between EDSS and T25FWT time (p=0.058). In addition, no
significant difference was found in lesion localization and
physical parameters in MRI.

Discussion

MRI'is crucial in the diagnosis and follow-up of MS and is one of
the main guides in both prognosis and evaluation of treatment
response. Although T2 hyperintense lesions detected at MRl are
criticalin the diagnosis of MS, their correlation with both physical
and cognitive disability is low (12-14). Moreover, although the
number of T2 hyperintense lesions at disease onset gives some
indications about the prognosis, the association of lesion burden
with clinical manifestations decreases as the disease progresses
(12). T1 hypointense lesions, a powerful indicator of axonal
damage and demyelination, that exist >6 months are known
as black holes, and studies have revealed a closer relationship
between physical disability and T2 hyperintense lesions (15).
A relationship has been shown between the intensity of the
hypointensity and axonal damage, and a study concluded
that axonal damage increases in line with hypointensity (16).
In addition, a potential association was found between the
intensity of T1 hypointense lesions and EDSS (16). Previous
studies have shown that an increase in the number or volume
of black holes is associated with a poor clinical course, the T1
lesion burden is associated with EDSS scores, and increasing T1
lesions are associated with a worsening clinical course (17).

Although physical disability in MS is most frequently evaluated
using the EDSS, this system has several limitations, such as the
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fact that it does not assess the cognitive field or upper and
lower extremity functions. However, the evaluation and regular
monitoring of both upper and lower extremity functions
are significant in clinical follow-up. In addition, lower upper
extremity functions can be used in combination with the EDSS
when evaluating physical disability in MS. In a previous study,
patients with MS (pwMS) with two fundamental motor tasks
were evaluated and compared with healthy controls; pwMS
performed worse than HC on both tasks. Moreover, upper
and lower extremity motor skills in pwMS worsen as disability
increases (18). In another study, progressive decline in lower
extremity motor performance and hand functions with each
increase in EDSS score suggests that 9-HPT is a good marker of
decreased hand function and should be included in the clinical
monitoring of patients (19).

In the present study, upper and lower extremity functions
were evaluated with 9-HPT and T25FWT. These parameters
and the relationship between EDSS and presence of black
holes were examined. In this study, while no connection
was detected between black holes, regarded as evidence of
neurodegeneration, and EDSS, a significant correlation was
found between the presence of permanent black holes and
NHPT used to assess upper extremity functions. The absence
of any association between EDSS and permanent black holes
may be due to the inadequacy of EDSS in evaluating upper
extremity functions. Alternatively, this may be due to our
patient’s low physical disability scores assessed using the EDSS.
In the present study, no relationship was determined between
black holes and lower extremity functions, an important
physical status parameter. While this can be explained by the
low physical disability scores of the study group, it can also
be regarded as a finding: although T25FWT is used for lower
extremity functions, it is insufficient for showing lower limb
capacity despite indicating lower extremity performance. A
study evaluating the association of several imaging modalities
with worsening clinical disability scores over 10 years in RRMS
showed that the number and volume of permanent black holes
exhibited the best performance (20).

In addition, imaging and neuropathology comparisons of more
than 100 MS lesions revealed a powerful association of the
degree of hypointensity with axonal density (15).

Contrast-enhancing lesions detected by MRI are also significant
in the diagnosis and follow-up of MS since they are employed
as evidence of spread over time in MS diagnostic criteria and as
an indicator of disease activation. However, when performing
contrast-enhanced MRI, it is difficult to evaluate betweenwhiles
because of challenges in the application, such as the dose
and timing of administration of contrast agent. No biomarker
of neurodegeneration, which plays an important role in the
progression and for which treatments are often inadequate,
has emerged other than contrast-enhancing lesions, regarded
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as evidence of disease activation and inflammation in MS. The
presence of permanent black holes has the potential for use as
a marker of neurodegeneration and as an outcome measure in
trials of potential protective agents. In a previous study, black
hole development was evaluated over the course of 3-year
interferon beta-1b therapy in an RRMS group, and the number of
contrast-enhancing lesions after 1 year of treatment was found
to predict the change in black hole volume over the following
2 years. In that study, the black hole volume remained stable
in patients without contrast-enhancing lesions but increased
in the patient group with contrast-enhancing lesions (21). In
the present study, contrast-enhancing lesion analysis could not
be performed because not all patients had contrast-enhanced
imaging, and this was considered as a limitation of this study.

Greater use of the detection of permanent black holes and even
their degree of intensity are expected, which can be performed
using standard T1-weighted images and commercial imaging
software when performing MRI in the follow-up of the disease
course or treatment of MS. An assembly of MS specialists in 2008
concluded that black holes, optical coherence tomography,
brain volume, and magnetization transfer rate are criteria
that can show neurodegeneration (22). These criteria may be
employed more frequently for follow-up purposes and as a
progression indicator in the future clinical follow-up of patients
with MS. However, a standardized approach can be established
by demonstrating the correlation of black holes, indicators
of permanent axonal loss, with both physical and cognitive
parameters by studies involving large sample sizes.

Study Limitation

Beside of the small number of patients in this study is that spinal
lesions cannot be included when assessing upper extremity
functions because not all patients have undergone a spinal MRI.

Conclusion

Upper extremity functions are often overlooked during routine
evaluation. This may be related to the need for equipment for
its assessment and the insufficient attention to upper extremity
functions. However, the contribution of upper extremity
functions, which significantly affect the daily life of an individual,
to the disability of the disease should not be ignored. In addition,
showing the relationship between upper extremity functions
and the presence of black holes, which is a poor prognostic
marker, is important, especially in pwMS with low EDSS, and our
findings can draw attention to upper extremity functions.
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