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Background. Up to 80% of people with MS experience worsening of their condition upon an increase in body temperature.
Therefore, various options of cooling are being evaluated to help improve physical performance in people with MS. Most
previous studies used active cooling methods. Our aim was to study the effect of simple device providing passive cooling.
Methods. A randomized crossover study was conducted in 21 thermosensitive people with mild to moderate disability. Subjects
were tested immediately before and after intervention (experimental or sham cooling). The assessment included timed 25-foot
walk test, the 2- and 6-minute walk test, nine-hole peg test, and symbol digit modalities test. Results. A significant
improvement was found in the experimental group in timed 25-foot walk test (p=0.011) and in nine-hole peg test for
dominant hand (p = 0.033). No significant improvement was found in the control group (sham cooling). Conclusions. Wearing
cooling cap can improve short-term functional performance (walking and fine motor skills) in thermosensitive people with
MS. This passive cooling method can be considered as a symptomatic treatment for some people with MS. This trial is

registered with ISRCTN56350227.

1. Introduction

Multiple sclerosis (MS) is a chronic disease of the central
nervous system with various symptoms, including gait disor-
ders, balance impairment, sensory impairment, sphincter
dysfunctions, fatigue, vision impairment, muscle weakness,
spasticity, and depression. These symptoms are highly vari-
able among patients but may also fluctuate in time in indi-
vidual patients [1]. However, up to 80% of people with MS
experience worsening of their condition upon an increase
in body temperature or ambient temperature [2]. This heat
sensitivity is a common symptom in MS. Symptom deterio-
ration usually appears after 8 minutes of heating, when the

body temperature has increased by 0.8°C and is reduced
approximately after 15 minutes after heating is ended [3].
Worsening of neurological symptoms due to impaired
conduction of impulses on demyelinated fibres with
increased body temperature is called the Uhthoff phenome-
non. In 1890, the German ophthalmologist first described
this phenomenon of temporary deterioration of vision in
patients after optic neuritis [2]. In addition to demyelinated
fibres, the presence of inflammatory lesions in the areas of
brain responsible for body temperature regulation can also
contribute to thermoregulation disorders. This causes
changes in the function of the sweat glands and sudomotor
pathway, which is why people with MS may experience a
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decrease in sweating [4]. A slightly higher body temperature in
people with MS compared to the healthy population has also
been described, apparently due to impaired thermoregulation
[5, 6]. Due to this worsening of disease symptoms after an
increase in body temperature, most people with MS do not tol-
erate sauna sessions, which can temporarily lead to deteriora-
tion in their physical and mental function [7, 8].

An increase in body temperature is a problem and limita-
tion, especially while performing physical activities [9]. This is
also the reason why patients were rather discouraged from
exercising in the past. However, many studies have recently
shown the benefit of regular exercise [10, 11]. Since the body
temperature increases more during aerobic exercise, it is rec-
ommended for more thermosensitive people to perform resis-
tance exercise or a slower type of exercise activity instead [12].
An alternative to preventing temperature rise is to cool down
or take a cold bath before exercise [13, 14].

Especially during the hot summer months, an increase in
body temperature can cause difficulties in normal daily func-
tioning. In previous studies, different techniques and equip-
ment have been used to provide cooling. Active cooling
techniques (usually a vest or other liquid condition garment)
achieve a greater effect than passive ones [15], while active
cooling mainly uses cooled fluid flowing to the body surface
(and can therefore achieve a higher degree of cooling of the
body surface but require more complex equipment). The main
limitations of these garments are the lack of transportability
and large power source. Other options represent passive cool-
ing based on the principle of evaporation [15]. In most cases,
cooling the centre of the body, i.e., the torso area, is achieved
with various types of vests [16-18]. However, it is also possible
to cool the limbs, e.g., forearms or thighs [19-21]. Head and
neck cooling is also an alternative, as cooling this relatively
small area of the skin also results in reduction in core temper-
ature [22]. In clinical practice, we sometimes meet patients
who have had a positive experience with simple (passive) cool-
ing devices based on the principle of evaporation (manufac-
tured, for example, for athletes or motorcyclists).

The aim of this study was therefore to verify whether
these simple and cheap cooling aids can really affect func-
tional performance in thermosensitive people with MS.

2. Methods

2.1. Participants. Participation in the study was offered to
patients treated at the MS centre of the Neurological Clinic
of the 1st Faculty of Medicine and General University Hospital
in Prague who suffered from subjectively perceived thermo-
sensitivity. Thus, a convenience sampling technique was used
to select the sample. Patients who expressed interest had to
meet the following criteria to be included in the study.

The inclusion criteria were as follows: (a) clinically stable
MS (at least 60 days since the last attack), (b) with stable
medication (no changes in treatment in last 90 days), (c)
without the presence of another serious somatic disease (dis-
ease of musculoskeletal system, internal disease, etc.), and
(d) without significant limitation of cognitive function.

The study was approved by the Ethics Committee of the
General University Hospital in Prague and registered with
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number ISRCTN56350227. All participants were informed
about the course of the study and had provided signed
informed consent. For randomization, the random number
generator was used.

2.2. Cooling Procedure

2.2.1. Cooling Aid. Local negative thermotherapy was imple-
mented through a cooling cap. This simple, commercially
available cooling aid is a one-size-fits-all accessory made of
multilayer polyester, able to retain moisture, with the pro-
cess of evaporation cooling the wearer. Among the advan-
tages of the cooling cap are its low cost and low weight. It
weighs only a few grams, so it does not limit the wearer’s
mobility (Figures 1(a) and 1(b)). This simple device is used
to cool the body temperature, for example, in industry, the
armed forces or by motorcyclists (they use it to cool down
under the helmet). For the study, we used a more common
type of such tool (purchased at a job shop), which is made
of polyester and has a purchase value of less than 10 euros.
According to the manufacturer’s instructions, the device
can be used repeatedly and worn for several hours a day if
the user is comfortable with it (with the need to rewet it as
it dries to ensure evaporation). The aid could probably be
used repeatedly by several people, but for hygiene reasons,
each patient in this study got his own cap.

2.2.2. Procedure. Participants were examined during warm
summer days (with a temperature > 20°C, average tempera-
ture 25°C) using functional tests commonly used in clinical
practice. To evaluate the effect of local cooling, the participants
were randomly divided into the experimental and control
groups. The experimental group underwent an assessment
first with local cooling and then with sham cooling. The con-
trol group (with sham cooling) completed the same in reverse
order. The assessment took place on two different days. The
study procedure is schematically displayed in Figure 2.

During the local cooling (true-negative thermotherapy),
the cooling cap was soaked in cold water and wrung out
according to the manufacturer’s instructions. In the sham
cooling group, the cap was only placed into the freezer for
a few seconds (without soaking in water). This only gave
to the participants in the control group a short-term cooling
sensation, but there was no cooling effect by the gradual slow
evaporation of water from the fabric. The effect of both real
and sham-negative thermotherapy lasted at least for 15
minutes each time; during that time, the participants were
at rest (sitting in the waiting room).

2.3. Assessment. A crossover study design with randomized
assignment to the experimental or control group was con-
ducted between July and August 2020. All study participants
completed both the experimental and the control interven-
tion. The experimental group underwent an assessment first
with local negative thermotherapy and then with sham cool-
ing. The control group (with sham cooling) completed the
same in reverse order. The assessment of effect these two dif-
ferent conditions took place on two different days. To evalu-
ate the effect of local negative thermotherapy, the following tests
commonly used in clinical trials with MS were chosen: the
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FIGURE 1: (a, b) Cooling cap.
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FIGURE 2: Study procedure.

timed 25-foot walk test (T25FW) [23] and the endurance walk-
ing test for 2 minutes (2MWT) [24] to evaluate functional
mobility. To assess fine motoric function, the nine-hole peg test
(9HPT) [25] was selected. Cognitive functions were assessed
using the symbol digit modalities test (SDMT) [26]. After each
assessment, the participants were given a study-specific ques-
tionnaire to report subjective perceived effect. All assessments
were performed in the Department of Neurology. The baseline
assessment of patients was performed before and immediately
after the 15-minute cooling procedure (during the assessment
procedure, they were still wearing the cap).

2.4. Statistical Analysis. The data were evaluated using SPSS.
A within-subject comparison of the two conditions was per-
formed, and the difference between performance after local

negative thermotherapy (baseline assessment versus after
procedure) and sham cooling (baseline assessment versus
after procedure) was compared. Since the differences were
not normally distributed, nonparametric tests were used
for comparison between the experimental and the control
assessment, specifically the Wilcoxon signed ranked test.
The threshold for significance was set at p < 0.05, and differ-
ences with p < 0.010 were described as “trends.”

3. Results

A total number of 21 people with MS with mild to moderate
disability participated in the study. Most participants were
women (19 (90.5%). The mean age of the participants was
46.8 years, the mean disease duration was 13.8 years, and
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TaBLE 1: Demographic characteristics of the 21 participants.

Parameter Mean (SD) Median (range)

Age (years) 46.8 (8.17) 45 (34-66)

Disease duration (years) 13.8 (9.33) 10 (1-34)

Neurological disability (EDSS—Expanded Disability Status Scale) 4.2 (1.56) 4.5 (2-6.5)

MS type (RR/SP/PP) 18/2/1

MS type: RR = relapsing remitting MS; SP = secondary progressive MS; PP = primary progressive MS.

the median neurological disability assessed by EDSS was 4.5
points. Detailed characteristics of the participants are dis-
played in Table 1.

When comparing neurological performance after local
cooling of the head versus sham cooling, a significant
improvement was found in the short brisk walking tests
assessed by T25FW (p = 0.011) and in the functional mobility
of the dominant upper limb assessed by 9HPT (p =0.033)
(Figure 3). There was also a trend for improvement in 2-
minute walk test (p = 0.086). Other parameters were without
significant changes between the groups. A total of 4 subjects
in the experimental group achieved clinically significant
improvement in the short fast walk test (T25FW) and 3 in
the 9HPT in the dominant hand. In contrast, only 1 patient
achieved improvement in the short fast walk test in sham cool-
ing. The mean values of the investigated parameters in both
groups are shown in Table 2.

A total of 14 participants (74%) subjectively perceived a
positive effect of experimental cooling to reduce fatigue.
Wearing a cooling cap was well tolerated, without any com-
plications. No side effects have been reported with the use of
the aid. Hair wetting or possible water dripping (if the device
was not wrung out sufficiently) could be considered an
adverse event, but none of the participants complained
about this. In total, 16 participants (84%) would recommend
the purchase of a cooling cap to other patients as well.

4. Discussion

Our study brings the novel finding that even a simple
cooling aid (cooling the head area by evaporation) can
improve short-term performance in functional mobility
such as walking and fine motor skills in thermosensitive
people with MS.

Another study that also examined the effect of head and
neck cooling on gait performance (6-minute walking test),
grip strength, and visual acuity in six patients (a study by
Reynolds et al.) found a significant improvement in gait per-
formance after 60 minutes of active cooling only in the walk-
ing test [22]. A significant improvement in short walking
tests (10- and 30-meter walk test) was also found in a study
using a cooling vest in 43 thermosensitive people with MS.
The largest study to date investigating the effect of cooling
demonstrated an improvement in the timed 25-foot walk
test, but not in the 9-hole peg test. In this study, an active
cooling system for the head and upper body [17] was used.
Another Swiss study also mentions a positive effect of active
cooling of the thigh area on the timed 25-foot walk test and
the nine-hole peg test [20]. In contrast to our results, no pos-
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FIGURE 3: Parameters with significant changes.

itive effect of cooling on fine motor skills was noted in a pre-
vious study [27]. Similarly to our work, a study by Gossman
et al. using cooling with a vest did not improve cognitive
functions [28]. In addition, a positive effect of local cooling
on subjectively perceived fatigue reported in previous studies
is in agreement with our results [16-18].

In was shown that cooling can help patients not only in
better daily functioning, but it seems that training with a
cooling vest can have a more significant training effect, e.g.,
in terms of improving walking distance and reducing fatigue,
as demonstrated in a study on 18 patients after 7 weeks of
training [29]. In general, training in a cooler, ideally air-
conditioned environment is recommended for people with
MS [30]. It is also described in non-MS people that training
in a hot environment reduces voluntary power input [31].
Cooling down in a cold bath or with active cooling vest
and cap before exercise can also be an option, to limited
increase of body temperature during exercise. This is
followed by better gait performance after exercise load [13,
14]. Peripheral cooling of the forearm may also help people
with ataxia to reduce limb tremor [19, 21].



mavica

Acta Neurologica Scand

-a8ueyp nySurueawr Apuesyrudis 2JedIpuUI P[oq UT san[ep

1L£°0 (8¢) 9% (S8'11) LSS (Lzom) 118 (07%) 69 (€8°TT) 60°LS (syurod) LNAS
9510 (S %0 (9€'%1) 8£'8¢ (10°ST) 1T°6T (T1) €71 (£8°TT) #99¢ (99s) yueurwop uou-J1JH6
€€0°0 () g0 (zrer) 678 (86'CT) 88°8¢C (g9) 1€ (89'8) 6£'ST (09s) yueUTWOP- T JH6
980°0 (€L) 6% (60'1%) €8°€T1 (9%'0%) 16611 (Ten 16 (17°6€) LE6TT (1¢7ev) 0L 1CT (s1o30mr) LMINT
110°0 (977) 200~ (8%'9) 556 (65L) €56 (e 611 (£86) €58 (998) MdASTL
onfea d (@s) uesw dUAIPIQ moﬁmmwh””uﬁw (@s) uesw surppseqg  ((S) UedW UYL couﬁwuﬁuﬁ”wuﬁ% (@s) ueaw aurpseqg

SOOUITIPIP 1Z=N =N Iopuwered

o) Surredwo) (JTonuod) 3urj00o ureys (reyuswurradxe) Adersyownrayy aanjedou [eoo

“3urj00o wreys pue [ejusurLadxa jo uostredwo)) g 414V,



Negative thermotherapy is also used in a cryochamber,
where patients undergo a stay at a temperature of -110°C
for 2-3 minutes. After 10 therapies, a significant improve-
ment in fatigue and mobility was found [32]. However, there
are only a few studies evaluating the effect of cryotherapy
[33]. Therefore, nowadays the cryotherapy is not a common
nonpharmacological treatment for people with MS. It is
worth mentioning that not only major reduction in body
temperature but also mild lowering of body temperature by
0.5°C can help to alleviate the symptoms of the disease in
heat-sensitive people. In our sample, we did not measure
the effect of cooling on the core temperature, but it has been
reported that 30 minutes of head and neck cooling can
reduce rectal temperature by 0.26°C [22].

Compared to previous studies using different methods of
cooling, such as active cooling with liquid immersion [34] or
liquid condition garments [15, 16, 18, 20, 28], a cooling bath
[13, 21, 35], or simple passive cooling with evaporation [27],
our study brings new knowledge to clinical practice and
demonstrates that even a simple cooling cap based on the
principle of evaporation can help to improve physical per-
formance in people with MS.

Limitations of the study include a smaller sample of
patients, lack of blinding of investigators, and absence of
body temperature measurements. The disadvantage of this
aid can also be considered the relatively fast evaporation,
so repeated soaking of the cap is necessary. Some patients
may also find it uncomfortable to get their hair wet when
using the device (although none of the probands in our
study complained of this). On the other hand, the strength
of this study compared to the previous research is inclusion
of the control group and a randomized crossover study
design. Some previous studies did not include cooling [14,
15, 35] or use warmer water in the control group [17, 28].
Apart from the two studies [17, 27], most previous works
included a smaller number of participants than our study.

5. Conclusion

Wearing a cooling cap is a simple, well-tolerated method
that can help people with heat-sensitive MS improve short-
term functional performance. In contrast to sham cooling,
local negative thermotherapy (cooling via evaporation)
improved walking and fine motor skills in heat-sensitive
people with MS. Cooling aids, especially portable ones, can
therefore be considered a simple means of symptomatic
treatment for thermosensitive people with MS.
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