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ABSTRACT
Background
Thermo sensitivity (TS), characterized by 
worsening of neurological symptoms due 
to increased body temperature, is com-
mon in individuals with multiple sclerosis 
(MS). Fatigue is also a common complaint. 
Both TS and fatigue can lead to decreased 
participation in physical activity (PA) in this 
population.
Purpose
 The primary purpose of this study was to 
determine through self-report if TS and 
fatigue have any effect of PA levels in indi-
viduals diagnosed with MS.
Methods
Seventy seven men and women between 
the ages of 22 and 69 with a diagnosis of 
Multiple Sclerosis according to McDonald 
criteria participated in this study (μ = 45.2 ± 
1.4).  Physical activity level was measured 

by Godin Leisure-Time Exercise Question-
naire, and fatigue by the Fatigue Severity 
Scale (FSS). TS was recorded by self-report. 
Results
Eighty-three percent of the group reported 
TS (91.8% of females and 65.2% of males).  
Individuals that reported TS participated 
significantly less in physical activity than 
individuals who did not report TS (p<.05). 
There was a moderate negative correlation 
(p<.01) between physical activity and FSS.  
Significant gender differences were seen 
for FSS (p<.05), and PA (p<.05), with men 
reporting less fatigue and more participation 
in PA than women.  Classification of MS 
did not influence participation in PA or FSS 
(p>.05).
Conclusion
Individuals with MS that scored higher on 
FSS and those that reported TS had lower 
participation in PA.  As for gender dif-
ferences, men reported less fatigue, more 
participation in PA, and less occurrence of 
TS than women (p<.05).  According to our 
results, both TS and fatigue have a negative 
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effect on participation in PA in individuals 
diagnosed with MS.   

INTRODUCTION
Multiple sclerosis (MS) is a chronic 

neuro-degenerative inflammatory disease of 
the central nervous system, and is the most 
common cause of neurological disability 
in young adults 1.  Historically, people 
with MS were encouraged not to exercise, 
as it was observed that symptoms such as 
fatigue worsened after exercise 2.  Although 
recommendations for physical activity in the 
healthy population have gained considerable 
attention, this is not the case for the disabled 
population 3.  Regular physical activity has 
been recognized as one of the most consis-
tent positive interventions in patients with 
MS 4 resulting in improved cardiovascular 
function 5 , muscular strength 6, and delay-
ing the early onset of fatigue 7.  Therefore, 
although there have been studies examining 
the role exercise could potentially play in the 
treatment and prevention of MS symptoms, 
the link between exercise and MS has yet to 
be fully explored. 

Intolerance to heat resulting from physi-
cal activity or increased ambient temperature 
is very common in MS.  As many as 60-80% 
of people with MS report clinical deteriora-
tion resulting from thermo sensitivity 8.  An 
increase of 0.5°C may slow or even block 
nerve impulse conduction in demyelin-
ated fibers 8.  This phenomenon, also called 
Uhthoff’s, manifests as a temporary worsen-
ing of neurological function with increased 
body temperature 9.  This worsening usually 
subsides within 30 minutes following cool 
down.  Although there has been an interest 
in the role of heat-intolerance 10, the effect 
of heat-intolerance on exercise in MS still 
remains somewhat undetermined.

Excessive fatigue, described as the feel-
ing of lassitude or lack of energy, is one of 
the most common complaint in individuals 
with MS,11 often leading to a loss of moti-
vation for physical exercise, which in turn 
results in greater muscle weakness12 and 
decreased bone mineral density.13This in turn 
may further result in increased risk of injury 

through falls and fractures.  Indeed, some 
MS patients feel they need to preserve their 
energy for essential activities of daily living. 
The way in which fatigue is both perceived 
and influences exercise in MS remains 
largely unexplored.  There is a need to better 
understand the mechanisms responsible for 
fatigue in patients with MS.  

This study sought to examine the effect 
fatigue and perceived thermo sensitivity 
has on participation in physical activity 
in patients with MS.  We hypothesize that 
fatigue and perceived thermo sensitivity will 
result in decreased participation in physical 
activity.

METHODS
Participants
Participants in this study consisted of 77 
men and women between 22 and 69 years of 
age with a diagnosis of Multiple Sclerosis 
according to the McDonald criteria 14.   All 
participants were volunteers from the MS 
Center of Oklahoma, Mercy NeuroScience 
Institute in Oklahoma City.  
Research Design
This was a correlational study requiring 
participants to fill out self-report question-
naires in a single session lasting approxi-
mately 30 minutes.  The study protocol was 
approved by the institutional review board at 
Mercy Health Center, and all participants in 
the study provided written informed consent 
before testing. 
Assessments
Physical Activity level (PA)
Physical activity level was measured by the 
Godin Leisure-Time Exercise Questionnaire, 
which consisted of two main questions.15  .  
It determined the average number of times 
an individual participated in strenuous, 
moderate and mild exercise, for more than 
15 minutes during their free time in a typical 
7-day period.   

Strenuous exercise is considered when 
the heart beats rapidly and includes activities 
such as running, jogging, vigorous swim-
ming, and vigorous long distance bicycling. 
Moderate exercise is considered not ex-



The Journal of Applied Research • Vol.10, No. 3, 2010. 110

hausting, and includes activities such as fast 
walking, baseball, tennis, easy bicycling, 
and easy swimming. Mild exercise is con-
sidered minimal effort such as yoga, archery, 
bowling, golf, and easy walking. It also 
determines how often during a typical 7-day 
period an individual engages in any regular 
activity long enough to work up a sweat.  
Each participant could answer: “1-often,” 
“2-sometimes,” or “3-rarely/never.”  Total 
weekly leisure activity is calculated by us-
ing the weekly frequencies of “strenuous,” 
“moderate,” and “light” activities multiplied 
by nine, five, and three METs, respectively. 
Fatigue
Fatigue was measured by the Fatigue Sever-
ity Scale (FSS) 16.  The FSS is a method that 
evaluates fatigue in individuals diagnosed 
with MS and others that also have conditions 
such as chronic fatigue immune dysfunction 
syndrome and systemic lupus erythemato-
sus.  FSS is widely used in MS studies and 
shows high reliability, validity and internal 
consistency 16.  This scale is specifically de-
signed to differentiate fatigue from clinical 
depression, since both may share common 
symptoms.  A score of 4.5 is on average seen 
in people with depression alone, but people 
with fatigue-related MS, score an average 
of 6.5 16.  The FSS is a 9-item questionnaire, 
each item rating from 1-7, and requires the 

subject to rate his or her own level of fa-
tigue.  Each participant was asked to answer 
the questions depending on how appropriate 
they felt the statement applied to them over 
the preceding week.  A low value indicates 
low agreement with the statement whereas a 
high value indicates high agreement 16.  The 
score is calculated by adding all 9-items and 
dividing it by 9.  
Thermo Sensitivity (TS)
Thermo sensitivity was recorded by self-re-
port as to whether they experienced thermo 
sensitivity or not on a “yes-or-no” basis 
while participating in physical activity.  
Demographic Data Questionnaire
A questionnaire recording demographic data 
such as age, height, weight, gender, type of 
MS, and duration since MS diagnosis was 
obtained from each participant. 
Statistical Analysis
The results of all descriptive analyses were 
reported as mean ± standard error for the 
group.  A univariate analysis of variance was 
used to determine thermo sensitivity group 
differences in physical activity (ie, Group 1 
did experience thermo sensitivity; Group 2 
did not experience thermo sensitivity).  Chi-
square analysis was used to examine gender 
differences in thermo sensitivity.   Pearson 
product moment correlation coefficients 

Age (yrs) 77 45.2 ± 1.4
Height (cm) 77 169.0 ± .01
Weight (kg) 77 79.7 ± 2.7
BMI (kg/m²) 77 26.9 ± .78

MS (yrs) 77 7.6 ± .82
Type of MS

RR-MS (n) 61
PP-MS (n) 3
SP-MS (n) 12

CIS (n) 1

Table I. Subject Characteristics (n = 77; 23 males/54 females)

Mean ± Standard Error (SE), BMI; body mass index, MS; multiple sclerosis,
RR-MS; relapsing remitting MS, PP-MS; primary progressive MS,
SP-MS; secondary progressive MS, CIS; clinical isolated syndrome
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were computed for physical activity and 
FSS measures.  Finally, univariate analysis 
of variance was used to determine gender 
differences in PA, TS, and FSS, and whether 
differences in PA or FSS existed between 
individuals with different types of MS.     

Univariate analysis of variance was also 
used when filtering FSS scores into “low” 
and “high” levels of fatigue.  Everyone scor-
ing 0- 4.4 got coded 0 (or not selected) and 
everyone scoring 4.5 and above got coded 1 
(or selected) in the analysis.  All statistical 
analysis was performed using SPSS, version 
16.0 (SPSS Inc, Chicago, IL, USA).  Statis-
tical significance was defined as P-value < 
0.05. 

RESULTS
Clinical Characteristics
Participants consisted of 77 individuals 
(23 males/54 females), ranging in age from 
22 to 69 years (μ=45.2), with an average 
disease duration of 7.6 years (range 1 month 
to 30 years).  Subject demographic data are 
displayed in table I. 
Thermo Sensitivity (TS)
Overall, 83.3% of the participants reported 
TS (91.8% of females and 65.2% of males).  
Individuals that reported “yes” to TS also 
reported higher FSS scores compared to 
individuals that reported “no” to TS (4.9 
vs 3.3), indicating a trend that people with 

TS experience more fatigue  compared to 
people that do not have TS.  Individuals that 
reported TS had significantly lower rates of 
physical activity participation compared to 
individuals who did not report TS (p<.05), 
(Graph I).
Fatigue 
There was a negative correlation (p<.01) be-
tween physical activity and FSS, indicating 
that as levels of fatigue increase, participa-
tion in physical activity decrease, (Graph II).  
Individuals that scored 4.5 or higher on FSS 
reported significantly less participation in 
PA (p< .05) compared to those who reported 
fatigue less than 4.5 on the FSS test.  
Gender Differences and Type of MS
Significant gender differences were seen 
for FSS (p< .05) and PA (p< .05), with men 
reporting less fatigue and more participa-
tion in PA than women. There were gender 
differences with women reporting occur-
rence of TS significantly more often that 
men (p<.05).  Type of MS did not influence 
participation in PA or FSS (p>.05).

DISCUSSION
This study examined whether individuals di-
agnosed with MS participated less in physi-
cal activity if they reported being bothered 
with fatigue or thermo sensitivity. 
Thermo Sensitivity

Participants who reported 
experiencing thermo sensitivity 
during physical activity showed 
markedly less participation in 
physical activity when compared 
to individuals who reported not 
experiencing it.  An increase in 
body temperature, either pas-
sively or by exercise, even only 
by a few degrees, has shown 
to cause a reduction in CNS 
activation with core temperature 
reaching 39.5˚C and thereby 
slowing down the central motor 
drive to the working muscles 17.  
There is evidence of decreased 
maximal motor unit firing rates 
18  and inadequate motor unit re-

Graph I. Physical Activity and Thermo sensitivity
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cruitment 19 during maximal voluntary con-
tractions in MS muscles compared to that 
of normal subjects.  This suggests that the 
neural mechanisms are responsible for the 
deficit in muscular strength that is seen in 
MS 20.  Combining this with increased body 
temperature could possibly reduce physical 
functionality and thereby hasten fatigue, 
causing greater difficulties with engaging in 
physical activity. 

 In areas of demyelination, even a small 
increase (e.g. 0.5˚C) in core temperature 
could completely block action potentials and 
the affected axons can only transmit single 
or low frequency impulses 8, 21.  Individu-
als that have a greater fitness level, seem 
to acclimatize faster and are able to sweat 
more 22.  Studies involving MS response to 
sweating are scarce even though autonomic 
dysfunction has been reported 23, as well as 
lower sweat rate and sweat gland output fol-
lowing aerobic training along with patients 
with more disease severity compared to that 
of controls 24,25.  

An added element is the potential for 
decreased sweat gland output, which can 
have a potentiated effect on thermo regula-
tion. The hypothalamus is the temperature-
regulating center, and hypothalamic lesions 
within the CNS could possibly play a role on 
how well the autonomic temperature regula-
tion functions in an individual with MS.24  

Fatigue 
 Fatigue is one of the most com-

mon complaint in individuals with 
MS 11, with sudden feeling of extreme 
fatigue for no specific reason, often 
occurring as the day progresses.  The 
exact etiology of fatigue is unknown, 
but it might be multifactorial, affecting 
functioning on several levels and not 
only by muscular strength weakness26.  
The weakness, disability and fear of 
aggravating their clinical state, may 
lead these chronically ill patients, who 
already suffer from fatigue, to magnify 
this symptom.  Both asthenia (fatigue 
at rest) and pathological fatigability 
(fatigue upon physical loading) may be 
translated into a sensation of increased 

effort to perform even the slightest activity27.  
Feelings like these may be a deterrent for 
patients to participate in any physical activ-
ity program. 

The relationship between physical activ-
ity and fatigue however, have shown equivo-
cal results, with some studies reporting no 
increase in fatigue with physical activity 28 
and others reporting increased fatigue with 
physical activity participation 29.  A 24% re-
duction in self-reported fatigue was reported 
in a study by White et al. 30 following an 
eight week progressive resistance training 
program focusing on lower extremity.  This 
was further supported in a study by Dodd 
et al. 31 whom also reported reduced fatigue 
following a progressive resistance exercise 
program twice weekly for 10 weeks in MS 
individuals.  

Fatigue may affect participation in 
physical activity, which coincides with the 
results of our study that showed significantly 
less participation in physical activity with 
increased fatigue in individuals with MS.  
Induction of fatigue with increased body 
temperature was demonstrated by Baker32 in 
a study in which MS patients exercising in a 
pre-heated pool experienced greater symp-
toms of exhaustion.  Significant improve-
ment in 25-ft walk performance and fatigue 
scores were demonstrated in a different 

Graph II. Pearson correlation between Physical 
Activity and Fatigue severity scale
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study following pre-cooling in a pool prior 
to exercise.33  Although, with sudden onset 
of MS-related fatigue, any physical task may 
take considerable effort to execute, so reduc-
ing the thermal strain may help attenuate 
fatigue and also the reduction of participa-
tion in physical activity. 
Gender Differences
In relation to gender differences and heat-
related issues, reports have suggested, 
although with some controversy, that most 
women appear to be less heat tolerant than 
men, which coincides with the results of this 
study.  A possible explanation is that women 
generally have higher percentage of body 
fat, which reduces heat loss.34

Type of MS
Type of MS did not influence PA or FSS in 
our study.  However, a study by Cartlidge25  
found impaired sweat function in MS 
patients with more severe disease progres-
sion. In our study, we demonstrated that MS 
individuals that reported issues with thermo 
regulation also reported significantly less 
participation in PA. 

CONCLUSION
These findings provide a framework for 

future studies of physical activity and the 
relationship to fatigue and thermo sensitivity 
in the MS population. With both thermo sen-
sitivity and fatigue negatively affect partici-
pation of physical activity, future research 
should include ways to prevent thermo sen-
sitivity in order to increase participation in 
physical activity in this population. Cooling 
equipment to minimize heat related prob-
lems, such as cooling vests or pre-cooling 
by water immersion, have shown beneficial 
results with balance and gait 35, improved 
visual field in individuals with acute optic 
neuritis 36, reduced spasticity 37, as well as 
improvement in fatigue 38.  Since it has been 
proven that cooler temperatures improves 
both neurologic function and fatigue, ex-
ercise programs should be monitored and 
performed in a cool controlled environment 
to be most beneficial.  Another way to con-
trol for minimal increase in core temperature 

is with resistance training as the chosen type 
of physical activity, as it does not result in 
the same increases in core temperatures that 
is seen with endurance training 20.  Further, 
pharmaceuticals such as potassium chan-
nel blockers like 4-aminopyridine (4-AP) 
have shown to improve motor and visual 
function 39-41 and walking speed 42  in MS 
patients by increasing the conduction of 
action potentials in demyelinated fibers 43.  
Another way to control for minimal increase 
in core temperature is with resistance train-
ing as the chosen type of physical activity, 
as it does not result in the same increases in 
core temperatures that is seen with endur-
ance training.20  Further, pharmaceuticals 
such as potassium channel blockers called 
4-aminopyridine (4-AP) haveshown to 
improve motor and visual function39-41  and 
walking speed42  in MS patients by increas-
ing the conduction of action potentials in 
demyelinated fibers.43 This may be even 
more important to follow for female MS 
patients, as women may be less tolerant to 
heat compared to men, which also coincides 
with this study with more women reporting 
heat sensitivity than what men did.
Study Limitations and Future Studies
Paragraph Number 23 
This study was based on results of self-
report and can therefore not be generalized 
to the entire MS population and can have 
the bias of improper recollection.  How-
ever, the sample size was large enough to 
draw general conclusions on what affects 
participation in physical activity in an 
MS population.  Future studies should be 
done to include objective measures of heat 
sensitivity and fatigue by perhaps measur-
ing force generation or maximal voluntary 
muscle contraction, in order to get a better 
understanding of more effective therapeutic 
strategies to treat MS symptoms, reduce 
the incidence of secondary diseases such as 
cardiovascular diseases and obesity and also 
improve functional independence. 

REFERENCES
1. Kraft AM, Wessman HC. Pathology and etiology 

in multiple sclerosis: a review. Phys Ther. 1974 



The Journal of Applied Research • Vol.10, No. 3, 2010. 114

Jul;54: 7:716-20.
2. Petajan JH, White AT. Recommendations for physical 

activity in patients with multiple sclerosis. Sports 
Med. 1999 Mar;27 (3): 179-91.

3. Ginis KA, Hicks AL. Considerations for the develop-
ment of a physical activity guide for Canadians 
with physical disabilities. Can J Public Health. 
2007;98 Suppl 2: S135-47.

4. Kos D, Kerckhofs E, Nagels G, D’Hooghe M B, 
Ilsbroukx S. Origin of fatigue in multiple sclerosis: 
review of the literature. Neurorehabil Neural 
Repair. 2008 Jan-Feb;22 (1): 91-100.

5. Mostert S, Kesselring J. Effects of a short-term ex-
ercise training program on aerobic fitness, fatigue, 
health perception and activity level of subjects 
with multiple sclerosis. Mult Scler. 2002 Apr ;8 
(2): 161-8.

6. White LJ, Castellano V, Mc Coy SC. Cytokine 
responses to resistance training in people with 
multiple sclerosis. J Sports Sci. 2006 Aug;24 (8): 
911-4.

7. Sheean GL, Murray NM, Rothwell JC, Miller DH, 
Thompson AJ. An electrophysiological study of the 
mechanism of fatigue in multiple sclerosis. Brain. 
1997 Feb;120 ( Pt 2): 299-315.

8. Guthrie TC, Nelson DA. Influence of temperature 
changes on multiple sclerosis: critical review of 
mechanisms and research potential. J Neurol Sci. 
1995 Mar; 129 (1): 1-8.

9. Selhorst JB, Saul RF. Uhthoff and his symptom. J 
Neuroophthalmol. 1995 Jun;15 (2): 63-9.

10. van Diemen HA, van Dongen MM, Dammers JW, 
Polman CH. Increased visual impairment after 
exercise (Uhthoff’s phenomenon) in multiple 
sclerosis: therapeutic possibilities. Eur Neurol. 
1992;32 (4): 231-4.

11. Freal JE, Kraft GH, Coryell JK. Symptomatic fa-
tigue in multiple sclerosis. Arch Phys Med Rehabil. 
1984 Mar ;65 (3): 135-8.

12. Krupp LB, Alvarez LA, LaRocca NG, Scheinberg 
LC. Fatigue in multiple sclerosis. Arch Neurol. 
1988 Apr;45 (4): 435-7.

13. White LJ, Dressendorfer RH. Exercise and multiple 
sclerosis. Sports Med. 2004;34 (15): 1077-100.

14. McDonald WI, Compston A, Edan G, et al. Recom-
mended diagnostic criteria for multiple sclerosis: 
guidelines from the International Panel on the 
diagnosis of multiple sclerosis. Ann Neurol. 2001 
Jul ;50 (1): 121-7.

15. Godin G, Shephard RJ. A simple method to assess 
exercise behavior in the community. Can J Appl 
Sport Sci. 1985 Sep;10 (3): 141-6.

16. Krupp LB, LaRocca NG, Muir-Nash J, Steinberg 
AD. The fatigue severity scale. Application to 
patients with multiple sclerosis and systemic lupus 
erythematosus. Arch Neurol. 1989 Oct;46 (10): 
1121-3.

17. Saboisky J, Marino FE, Kay D, Cannon J. Exercise 
heat stress does not reduce central activation to 
non-exercised human skeletal muscle. Exp Physiol. 
2003 Nov;88 (6): 783-90.

18. Rice CL, Vollmer TL, Bigland-Ritchie B. Neuro-

muscular responses of patients with multiple scle-
rosis. Muscle Nerve. 1992 Oct;15 (10): 1123-32.

19. Sharma KR, Kent-Braun J, Mynhier MA, Weiner 
MW, Miller RG. Evidence of an abnormal intra-
muscular component of fatigue in multiple sclero-
sis. Muscle Nerve. 1995 Dec;18 (12): 1403-11.

20. Dalgas U, Stenager E, Ingemann-Hansen T. Mul-
tiple sclerosis and physical exercise: recommenda-
tions for the application of resistance-, endurance- 
and combined training. Mult Scler. 2008 Jan;14 
(1): 35-53.

21. Schauf CL, Davis FA. Impulse conduction in multi-
ple sclerosis: a theoretical basis for modification by 
temperature and pharmacological agents. J Neurol 
Neurosurg Psychiatry. 1974 Feb;37 (2): 152-61.

22. Pandolf KB. Effects of physical training and 
cardiorespiratory physical fitness on exercise-heat 
tolerance: recent observations. Med Sci Sports. 
1979 Sping;11 (1): 60-5.

23. Noronha MJ, Vas CJ, Aziz H. Autonomic dysfunc-
tion (sweating responses) in multiple sclerosis. J 
Neurol Neurosurg Psychiatry. 1968 Feb;31 (1): 
19-22.

24. Marino FE. Heat reactions in multiple sclerosis: 
an overlooked paradigm in the study of compara-
tive fatigue. Int J Hyperthermia. 2009 Feb;25 (1): 
34-40.

25. Cartlidge NE. Autonomic function in multiple 
sclerosis. Brain. 1972;95 (4): 661-4.

26. Comi G, Leocani L, Rossi P, Colombo B. Phys-
iopathology and treatment of fatigue in multiple 
sclerosis. J Neurol. 2001 Mar;248 (3): 174-9.

27. Fragoso YD, Santana DL, Pinto RC. The positive 
effects of a physical activity program for multiple 
sclerosis patients with fatigue. NeuroRehabilita-
tion. 2008;23 (2): 153-7.

28. DeBolt LS, McCubbin, J.A. The Effects of Resis-
tance Training on Fatigue and Depression in Adults 
With Multiple Sclerosis.  Medicine & Science in 
Sports & Exercise  Volume 35, 2003:S232.

29. Andreasen AK, Jakobsen J, Petersen T, Andersen 
H. Fatigued patients with multiple sclerosis have 
impaired central muscle activation. Mult Scler. 
2009; Jul 15 (7): 818-27.

30. White LJ, McCoy SC, Castellano V, et al. Resis-
tance training improves strength and functional 
capacity in persons with multiple sclerosis. Mult 
Scler. 2004 Dec;10 (6): 668-74.

31. Dodd KJ, Taylor NF, Denisenko S, Prasad D. A 
qualitative analysis of a progressive resistance 
exercise programme for people with multiple 
sclerosis. Disabil Rehabil. 2006 Sep 30;28 (18): 
1127-34.

32. Baker DG. Multiple sclerosis and thermoregulatory 
dysfunction. J Appl Physiol. 2002 May;92 (5): 
1779-80.

33. White AT, Wilson TE, Davis SL, Petajan JH. Effect 
of precooling on physical performance in multiple 
sclerosis. Mult Scler. 2000 Jun;6 (3): 176-80.

34. Powers S, Howley, ET. Exercise Physiology. 
Therory and Application to Fitness and Perfor-
mance. Third ed 1997.



Vol.10, No.3 , 2010 •The Journal of Applied Research.115

35. Syndulko K WA, Baumhefner RW, Tourtellotte 
WW. Preliminary evaluation of lowering tympanic 
temperature for the symptomatic treatment of mul-
tiple sclerosis. J Neuro Rehab. 1995;9: 205-15.

36. Heider W, Gottlob I. [A differential diagnostic test 
for optic neuritis]. Klin Monbl Augenheilkd. 1987 
May;190 (5): 420-3.

37. Harlaar J, Ten Kate JJ, Prevo AJ, Vogelaar TW, 
Lankhorst GJ. The effect of cooling on muscle 
co-ordination in spasticity: assessment with the 
repetitive movement test. Disabil Rehabil. 2001 Jul 
20;23 (11): 453-61.

38. Flensner G, Lindencrona C. The cooling-suit: case 
studies of its influence on fatigue among eight 
individuals with multiple sclerosis. J Adv Nurs. 
2002 Mar;37 (6): 541-50.

39. Davis FA, Stefoski D, Rush J. Orally adminis-
tered 4-aminopyridine improves clinical signs in 
multiple sclerosis. Ann Neurol. 1990 Feb;27 (2): 
186-92.

40. Jones RE, Heron JR, Foster DH, Snelgar RS, Mason 
RJ. Effects of 4-aminopyridine in patients with 
multiple sclerosis. J Neurol Sci. 1983;60: 353-62.

41. Stefoski D, Davis FA, Faut M, Schauf CL. 4-Ami-
nopyridine improves clinical signs in multiple 
sclerosis. Ann Neurol. 1987 Jan;21 (1): 71-7.

42. Goodman AD, Brown TR, Krupp LB, Schapiro RT, 
Schwid SR, Cohen R, et al. Sustained-release oral 
fampridine in multiple sclerosis: a randomised, 
double-blind, controlled trial. Lancet. 2009 Feb 
28;373 9665: 732-8.

43. Judge SI, Bever CT, Jr. Potassium channel blockers 
in multiple sclerosis: neuronal Kv channels and 
effects of symptomatic treatment. Pharmacol Ther. 
2006 Jul;111 (1): 224-59.


