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ABSTRACT

BACKGROUND: Oceans of Hope is an initiative enabling peo-
ple with multiple sclerosis (MS) to participate in ocean sail-
ing. Long-term ocean sailing has been hypothesized to pro-
mote physical performance and cognitive function in people
with MS. However, the effects and feasibility of ocean sailing
for rehabilitation purposes remain unexplored. The aim of
this study was to evaluate the feasibility of ocean sailing to
improve mechanical muscle function, physical capacity, and
fine motor control in people with MS.

METHODS: In this exploratory study, 15 people with MS
participated in 10 days of ocean sailing. Mechanical muscle
function, gait speed, postural balance, and fine motor control
were tested before and after the intervention. No control
group was included. Feasibility was evaluated using adverse
events, serious adverse events, drop-outs, and adherence.

RESULTS: No serious adverse events were reported, but
10 participants experienced mild or moderate seasickness.
Adherence was excellent. Manual dexterity improved, and
body weight was reduced after the intervention (P<.os5). No
other statistically significant pre- to postintervention changes
were found.

CONCLUSIONS: Ocean sailing for 10 days is feasible in
people with MS, as none of the participants reported serious
adverse events, and seasickness was the only adverse event.
No deteriorations were observed in physical or cognitive
function. Thus, initial evidence suggests ocean sailing may
represent a feasible and safe form of physical activity for
people with MS.

Int) MS Care. 2026;28(1):55-64. d0i:10.7224/1537-2073.2025-045

ultiple sclerosis (MS) is a chronic inflammatory and

neurodegenerative disorder that affects the central

nervous system, resulting in a progressive loss of
motor, sensory, and cognitive function.* A sailboat circum-
navigation initiative was conducted in 2014-2015 (ie, Oceans of
Hope, Around the World, Back to Life)? to promote health and
quality of life for people with MS. Approximately 100 people
with MS from 16 countries embarked on offshore sailing jour-
neys that lasted from 2 to 8 weeks. A study later analyzed per-
sonal reports that underscored positive effects of ocean sailing
for people with MS, such as increased self-confidence, concur-
rent quality of life, and decreased symptoms of depression,
anxiety, and stress.? Participants had subjective perceptions of
increased levels of physical well-being after weeks of sailing.
However, no objective data on physical function were available
to support this. Hypothetically, neuromuscular training effects
may be elicited through sustained exposure to an unstable
environment (ie, continuous perturbations in posture) during
sailing, potentially evoking adaptive gains in lower-limb muscle
strength, neuromuscular activation, and postural balance.

It is well known that exercise and physical training can have
beneficial effects for people with MS.+¢ Conventional training
activities for people with MS are usually effective, and typi-
cally consist of 2 to 3 training sessions of 30 to 60 minutes each
per week.” Speculatively, however, exercise interventions of
longer duration, which can enable greater training volume
combined with low loading intensities, may be even more
beneficial and/or easier to tolerate for people with MS due to
the lower intensity of exercise and the potential avoidance of
exercise-induced heat sensitivity.®

Although the physical strain of ocean sailing has not been
thoroughly investigated, previous studies have reported relatively
high metabolic demands during long-term (weeks of) ocean sail-
ing or racing on offshore sailing yachts (typically 50-100 feet in
length) along with high demands on muscle strength and physi-
cal fitness during small-boat sail racing (Olympic class racing
dinghies, eg, 49er, 49erFX, Nacra 17, and 470 crew).®*® Although
boat handling primarily consists of strength-dominant muscle
activity, postural balance is chronically challenged at sea, and
even off-watch activities require a continuous demand for pos-
tural balance. Perception of joint position (proprioception) and
anticipation of and reaction to constant external perturbations
related to waves and ship movements likely impose a challenge
to the central nervous system (CNS) through the constant stream
of afferent input from the peripheral nervous system (PNS),
along with a sustained efferent motor output. Sailing could
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thus be seen as a high volume,

low-intensity training modality,

Order Test name

which may potentially have ben-
eficial adaptive effects for people
with MS. Rehabilitation through 2

1 BICAMS (SDMT, CVLT-Il, BVMT-R)
Nine-Hole Peg Test

The Oceans of Hope Project

TABLE 1. Overview of Experimental Laboratory Session

Variables
Score

Time-to-finish (seconds)

sailing has only rarely been stud- 3 Body height Height (meters)

1e,jd in people with nel{rologlc.al 4 Body weight Weight (kg)

disorders, and the physical strain

of sailing has not been quantified 5-minute cycling warm-up

in people with MS. Previous stud- 5 Timed 25-Foot Walk Test Walking speed (m/s)

es have investigated simulated 6 Hand-grip strength Hand-grip strength (kg)
sailing based on a virtual real- )

ity methodology, and found that a 7 Static postural balance See Table 3

sailing intervention is indeed fea- 8 Maximal isometric leg extensor muscle strength Maximal muscle strength (N)

sible and expedient in people with
spinal cord injuries.”*? Although
previous activities with Oceans
of Hope have shown that long- 9
term ocean sailing is technically 10
feasible in people with MS, there

Leg extensor force steadiness

Maximal leg extensor muscle power

Rate of force development
(0-50, 0-100, 0-200 ms [N/ms])

Force steadiness (N)

Muscle power (watt/kg)

is a lack of empirical evidence to
support this, as no formal assess- Ve ar

Symbol Digit Modalities Test.
ment of safety and efficacy has yet
been performed.

The present study aimed to
explore the effect of ocean sailing on mechanical lower-limb
muscle function, functional performance, cognitive capacity, and
postural balance in people with MS and to evaluate the feasibility
of ocean sailing as an intervention for people with MS.

METHODS

Study Design

In this exploratory study, 15 people with MS (5 men, 10 women)
volunteered to participate in a continuous 10-day ocean sailing
intervention. Participants underwent a protocol of neuromuscular
and biomechanical assessments 1 to 3 days prior to departure (PRE),
which were repeated within 2 to 3 days of their return (POST). The
sailing intervention was carried out in 3 separate rounds due to lim-
ited space on the vessel. A 3-month follow-up assessment was con-
ducted for the first 2 groups of participants (n=8) using the same
measurement methods as described for PRE and POST.

Participants

Participants were recruited from among people with MS who took
part in a 4-week summer expedition on board the Oceans of Hope
67-ft sailboat; however, participation in the summer expedition
was not required for participation in the current study. The study
inclusion criteria were as follows: no relapses in the previous
6 months, Expanded Disability Status Scale (EDSS) score between
2.5 and 5.5, no alterations in medication in the previous 8 weeks,
cognitively able to fill out the questionnaires, functionally
independent in activities of daily living, ability to swim
300 meters, and no prior experience with ocean sailing. Study
participants were provided with verbal and written information
about the study and submitted their written informed consent
prior to inclusion. The study was approved by the National
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BICAMS, Brief International Cognitive Assessment for MS; BVMT-R, Brief Visuospatial Memory Test revised; CVLT-II:
California Verbal Learning Test Il; N, Newton; POST, 2 to 3 days after return; PRE, 1 to 3 days prior to departure; SDMT,

Note: All measurements were taken PRE and POST intervention.

Committees on Health Research Ethics in Denmark (S-1904818)
and was conducted in accordance with the World Medical
Association Declaration of Helsinki. Data handling adhered to
the requirements stated in the European Union’s General Data
Protection Regulation.

Intervention

The 3 rounds of sailing, each lasting 10 days, entailed cruis-
ing in Scandinavian waters (North Sea, Skagerrak, Kattegat),
sailing from Denmark to Scotland, and sailing from Scotland
to Denmark. Participants spent an average of 107.5 hours at
sea (16 hours on light seas, 28 hours on moderate seas, and
63.5 hours on heavy seas) acting as crew members under
the supervision of 3 experienced and licensed sailors. Daily
onboard tasks included helming, navigation, on-watch duty,
boat maneuvers (eg, trimming, hoisting and lowering sails,
handling of anchor and moorings), cooking, and clean-
ing. All boat-handling tasks were performed manually; no
electronic or hydraulic aids were available. Aside from the
study participants, additional people were on board, includ-
ing a medical doctor, members of the research team, and
people with MS who were not participating in the study. All
crew members performed 9-hour watch cycles of 3 hours
of on-deck watch duty, 3 hours as standby/lookout, and
3 hours off duty. Participants who were unable to stay on deck
(eg, due to seasickness or fatigue) were allowed to switch shifts
with other participants. Adverse events were monitored during
the sailing intervention. The severity of seasickness was report-
ed subjectively by the participants. Intervention adherence was
evaluated by the number of completed work sessions (on-deck
duty or standby/lookout). No minimum adherence threshold
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FIGURE 1. Signal Traces From Muscle Mechanical Function Tests
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Note: Examples of raw data (signal traces) from tests of mechanical muscle function. (A) Force-time signal from the leg extensor muscle strength test using a custom-
built dynamometer; (B) Force-time signal from the leg extensor force steadiness test (green lines indicate the 20-second epoch used in the analysis); (C) contractile
muscle power trajectories from the Nottingham Power Rig; and (D) Center of pressure sway path from the postural sway analysis.

was defined; the data for all participants have been included in
the analysis.

Experimental Protocol

Participants visited the laboratory for a single test session 1 to
3 days prior to sailing (PRE), with another session performed fol-
lowing the intervention period (POST; 1-3 days after return). Each
laboratory session lasted approximately 2 hours. Upon arrival
at the laboratory, participants were allowed to rest, then were
familiarized with the tests by performing submaximal attempts
of all tasks. The testing sequence was standardized to minimize
the accumulation of fatigue, ie, no/low fatiguing tests performed
prior to highly fatiguing tests (TABLE 1).

Leg Extensor Muscle Strength and Rapid Force Capacity

Maximal isometric unilateral leg extensor contractions (MVC) were
performed with the participants seated in a rigid custom-built
leg-press device.”® The subjects were seated (with hip joint angle
at approximately 90°, knee joint angle at 60° flexion [0°=full

58 Vol. 28 | 2026

extension] measured with a manual goniometer), with 1 foot
in a standardized position on a fixed footplate instrumented
by force transducers. Participants kept their arms crossed over
their chests and were instructed to avoid movements with their
arms or upper bodies. They were instructed to push as hard and
fast as possible,* and to maintain their maximal effort for 3 to
5 seconds, while receiving strong verbal encouragement from
the test leader. Online visual feedback of the force signal was
provided on a computer screen. Three MVC trials were performed
for each leg, separated by 45- to 60-second rest periods; however,
additional trials were carried out if the peak force was 5% greater
than that of the previous trial. Data were sampled digitally
(1000-Hz sampling frequency) and filtered using a digital,
zero-lag, fourth-order, 15-Hz lowpass Butterworth filter. The trial
with the greatest peak force was selected for subsequent data
analysis (peak force and rate of force development).

Rapid force capacity, assessed as contractile rate of force devel-
opment (RFD), was determined as the average slope of the force-
time curve in predetermined time intervals of 0 to 50 ms, 0 to

International Journal of MS Care



100 ms, and o to 200 ms following onset of contraction (0 ms),’s
which in turn was determined as the time point at which the force
exceeded 2% of peak force above the baseline (FIGURE 1).*5

Force Steadiness

Following MVC testing, 2 unilateral sustained leg extensor con-
tractions (30 sec, 10% of peak force) were carried out for each
leg (Figure 1).” While receiving online feedback on the computer
screen, participants were instructed to produce a constant force
(10% MVC force) by matching a horizontal line (target force) on
the monitor.”® For the post hoc analysis of steadiness, force data
(signal treatment, as described above) were extracted from a
20-second period after the onset of steadiness (the time point at
which the force output exceeded the median force of the entire
signal), with force steadiness subsequently calculated as the SD
of the mean force within the 20-second time interval.”” All force
signals were visually inspected for irregularities, and the trial for
each leg with the lowest 20-second average SD (ie, the highest
degree of steadiness) was reported.

Contractile Power

Maximal unilateral leg extensor muscle power (LEP) was assessed
with the Nottingham Power Rig (Figure 1), as previously reported.”
In brief, the seat was individually adjusted to achieve an end posi-
tion of 10° knee-joint flexion. Participants were sitting upright with
arms crossed over their chests and with 1 foot resting on the pedal.
Participants were instructed to push as hard and as fast as possible*
on the pedal connected to an inertial flywheel while receiving
strong verbal encouragement and visual feedback. Trials were dis-
carded if any countermovement was observed. Each trial was sepa-
rated by 45 to 60 seconds, and additional trials (up to 6) were given
until a drop in power occurred (on average, 4.2 + 0.8 trials were car-
ried out). The trial with the greatest average power (W) normalized
to body weight (W/kg) was selected for statistical analysis.

Postural Balance

Postural balance was assessed during 30-second static bilat-
eral standing on a force platform (Kistler 9281 B, Winterthur,
Switzerland; Figure 1).2° Participants were instructed to stand
still for 30 seconds while focusing on a fixed point (elevated
1.65 meters and 3 meters in front of the participant), with feet at
hip width and arms akimbo. Participants performed 2 attempts
separated by 1 to 2 minutes of rest. The trial with the shortest total
sway length of the center of pressure (COP) was selected for post
hoc analysis. The analogue force signals were sampled using an
external 16-bit A/D converter. They were later processed to calcu-
late the following sway variables: total COP sway length, COP sway
area, and confidence ellipse area.?® Further, postural balance was
evaluated by calculating the variability (SD) in anterior-posterior
(A-P/SDy) and medio-lateral (M-P/SDx) COP displacement.?

Hand-Grip Strength

Maximal unilateral hand-grip strength was measured for both
hands with a hydraulic hand dynamometer (Baseline LiTE,
Fabrication Enterprises). Participants were positioned upright
against a wall with the elbow at 90° flexion, such that the upper
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arm and elbow were supported by the wall. The participants
squeezed as hard as possible™* without countermovement, while
strong verbal encouragement was provided. A minimum of
3 trials were performed with 60 seconds of rest between succes-
sive trials, and additional trials were carried out if a significant
improvement occurred on the last trial. The trial with the highest
measured strength (kg) was noted.

Walking Capacity

The Timed 25-Foot Walk test was used for the assessment of
walking function.? A 25-foot course was set up with participants
standing behind the starting line and walking past the finish line
to prevent deceleration toward the end. The time was recorded
from when the participant first lifted their foot until the first foot
crossed the finish line. Two trials were performed, and the aver-
age of these trials was reported.*

Manual Dexterity

Participants were also asked to complete the Nine-Hole Peg Test
(9-HPT) test.? In brief, participants were asked to take pegs from
the box and, as quickly as possible, place the pegs onto a board until
completely full and subsequently relocate pegs to the box as fast as
possible. Two trials were conducted with each hand. The time to
complete the task was registered, and the fastest time was recorded.

Cognitive Assessments

We used the Brief International Cognitive Assessment for MS
(BICAMS), which consists of 3 cognitive tests that we carried
out as recommended: Symbol Digit Modalities Test, California
Verbal Learning Test II, and Brief Visuospatial Memory Test
revised. Scores for each individual subcomponent of BICAMS
were included for further statistical analysis.

Statistical Analysis

PRE to POST changes in various outcome variables were assessed
using a paired t test or Wilcoxon signed rank test, depending
on the presence of Gaussian or non-Gaussian data distribution,
respectively, as assessed visually using quantile-quantile plots and
Shapiro-Wilk testing in cases of uncertainty. Data are presented
as group means plus or minus SD or median (interquartile range),
depending on distribution for both the strongest and weakest
extremity. Effect sizes were calculated and interpreted using
Cohend.

RESULTS

Adverse events included mild or moderate seasickness (n=10).
No serious adverse events or dropouts were reported. Adherence
was 100%, as all participants completed all their scheduled work
sessions, although 2 individuals had to switch work schedules
on 2 occasions due to moderate seasickness. A 0.6% reduction
in body weight was observed from PRE (78.8 * 17.3 kg) to POST
(78.3 +17.2kg) (95% CI, 0.01-0.96; P=.046) (TABLE 2).

No significant PRE to POST changes in MVC, RED, LEP, or force
steadiness were observed (FIGURE 2). No significant changes
in maximal gait speed or hand-grip strength were found from
PRE to POST (cf. FIGURE 3). As shown in Figure 3, a significant
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Ocean sailing is a feasible and safe activity
for people with multiple sclerosis.

Ocean sailing is a novel, experience-based
approach to rehabilitation outside traditional
clinical settings.

TABLE 3. Postural Sway
Total sway length (mm) 133 (125:183)
Sway area (mm>) 115 (80:222)

Sway area confidence ellipse (mm?) 14.5 (10.3:33.0)

SDx (mm) 3.4 (3.0:5.0)
SDy (mm) 1.2 (1.0:2.5)
Mean sway velocity (mm/s) 8.9(8.3:12.2)
Mean x velocity (mm/s) 7.2 (6.5:8.5)
Mean y velocity (mm/s) 4.4 (3.2:6.0)
SD velocity x (mm/s) 5.6 (5.1:7.5)
SD velocity x (nm/s) 3.6 (2.6:5.1)
Vertical Fz force range min max (N) 4.6 (3.8:5.1)

TABLE 2. Descriptive Characteristics

Age, years 48.1£10.2
Sex, male/female 5/10
Height, m 171.3£8.7
Weight PRE, kg 78.8417.3
Weight POST, kg 78.3¢17.2'
Body mass index PRE 27.06.4
EDSS score 3.0£0.8
MS type, RRMS/PPMS 14/1

MS disease duration, years 1.4%7.6

EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; POST, 2 to
3 days after return; PPMS, primary progressive multiple sclerosis; PRE, 1 to
3 days prior to departure; RRMS, relapsing remitting multiple sclerosis.

*Statistically significant difference from weight at PRE.
Note: Data are mean + SD except for sex and MS type.

PRE (n=13) POST (n=11)

116 (93:152)
123 (89:182)
17.5 (16.4:28.0)
3.8(3.4:5.2)
1.6 (1.4:2.2)
7.7 (6.2:10.2)
5.8 (4.8:7.2)
3.4(2.3:5.3)
4.9 (4.0:6.0)
2.9 (2.2:4.4)
3.4(2.6:5.5)

POST, 2 to 3 days after return; PRE, 1 to 3 days prior to departure; X, medio-lateral center of pressure displacement; Y, anterior-posterior center of pressure displacement.
Note: Data are median (interquartile range). Number of observations were 13 at PRE and 11 at POST.

improvement was observed PRE to POST for the strongest
hand during the dexterity test (9-HPT) (-1.52 seconds; 95% CI,
-2.35 t0-0.68; P<.01), while absent for the weakest hand
(P = .93). No significant changes were found from PRE to POST
for any of the postural sway parameters (TABLE 3). Likewise,
no significant changes were observed for the BICAMS tests
(FIGURE 4). No statistically significant changes were observed in
any outcome measurements from the POST test to the 3-month
follow-up assessment (data not shown).

DISCUSSION

The present study explored the effects of a 10-day continuous
ocean sailing intervention for improving lower-limb mechani-
cal muscle function, functional capacity, fine motor control,
postural balance, and cognitive function in people with MS.
Notably, no systematic changes in mechanical muscle function,
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functional capacity, postural balance, or cognition were
observed in response to the intervention protocol. However,
no deteriorations in these parameters were observed either,
and there were only a few minor adverse events during the
sailing intervention (seasickness), with no serious adverse
effects and no participants who dropped out. Additionally,
adherence (assessed as the number of completed sched-
uled work sessions) was 100% for all participants. Taken
together, this indicates that ocean sailing may be consid-
ered to be feasible for mildly to moderately impaired adults
with MS (age 48.1 + 10.2 years, EDSS 3.0 + 0.8), as it does
not seem to produce impairments in functional capacity or
lower-limb mechanical muscle function, respectively. Whether
more prolonged intervention protocols may evoke positive
changes or if more severely impaired people with MS can
engage safely in ocean sailing remains unknown.

International Journal of MS Care



MS causes impaired sensorimo-
tor function, thus compromising

The Oceans of Hope Project

FIGURE 2. PRE and POST Measures of Muscle Mechanical Function
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To the best of our knowledge,
on-water sailing intervention stud-

ES, effect size; MVC, maximal isometric leg extensor strength; n, number of observations; POST, 2 to 3 days after
return; PRE, 1to 3 days prior to departure; RFD, rate of force development.

Note: (A) n=12; (B) n=14; (C) n=15; (D-F) RFD assessed at 0-50, 0-100, and 0-200 ms (N/ms) for the strongest leg
(n=11) and weakest leg (n=9). Data are group means SD.

ies have never been performed in
people with neurological disorders.
One sailing-simulation-based rehabilitation study in people with
spinal cord injury showed improvements in balance and ques-
tionnaire-assessed mobility and quality of life after 30 to 40 min-
utes of virtual sailing 3 times a week for 6 weeks.? Interestingly,
their training program was more similar to classic aerobic condi-
tioning or resistance training programs (in terms of volume, fre-
quency, and intensity), which previously have been successfully
applied in this population.®? Previous findings in reports regard-
ing people with MS have demonstrated increases in RFD after
24 weeks of resistance training® and improvements in dynamic
balance after 10 weeks of resistance training or balance

International Journal of MS Care

training.* In contrast, no changes were observed in RFD or pos-
tural balance in the present study. Thus, while ocean sailing
mainly consists of low-intensity yet high-volume (chronic) peri-
ods of physical activity, a higher intensity of afferent sensory
input and efferent motor output may be required in future sail-
ing intervention protocols to induce measurable adaptations in
sensory-motor function and maximal muscle strength, power,
and RFD in people with MS.

A minor (=1%), albeit significant, decrease in body weight
occurred, which likely reflects the elevated energy expenditure
associated with offshore sailing.** Although this decrease in
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FIGURE 3. PRE and POST Measures
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ES, effect size; POST, 2 to 3 days after return; PRE, 1 to 3 days prior to departure.
(A) Manual dexterity assessed by the Nine-Hole Peg Test (time taken to
complete); (B) Maximal hand-grip strength (N); (C) Maximal walking speed (m/s)
recorded during the Timed 25-Foot Walk test (T25-FWT).

*Indicates a statistically significant difference.

FIGURE 4. PRE and POST Measures of the
3 BICAMS Subcomponents
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BICAMS, Brief International Cognitive Assessment for Multiple Sclerosis;
BVMT-R, Brief Visuospatial Memory Test Revised; CVLT-Il, California Verbal
Learning Test II; POST, 2 to 3 days after return; PRE, 1 to 3 days prior to
departure; SDMT, Symbol Digit Modalities Test.

body weight is too small to be considered clinically relevant,
it highlights the elevated nutritional requirements during
ocean sailing.

It is commonly stated that people with MS enter a vicious
cycle of decreased functional capacity as a result of their MS
symptoms, resulting in an associated decline in physical activ-
ity levels. It was hypothesized that a positive experience during
sailboat circumnavigation would enhance physical well-being,
thereby increasing physical activity and exercise engagement
during and following the intervention period. Although pre-
vious studies have found improvements in self-efficacy and

62 vol.2s8 | 2026

quality of life after specific sailing intervention protocols in
people with psychosocial disabilities,?*3 increases in MS-related
fatigue following the intervention could counter such effects by
reducing physical activity levels. In the present study, compari-
sons between the POST intervention and the 3-month follow-up
assessment did not reveal any significant changes for any of the
outcome parameters; however, measurements of physical activ-
ity, physical well-being, and other psychosocial outcomes were
not included. Thus, it is unknown how long-term ocean sailing
affects physical activity levels and psychosocial outcomes fol-
lowing return to land.
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Study Limitations

The present exploratory study was limited by the lack of a
non-sailing control group and a small sample size (ie, low statisti-
cal power), as well as a lack of physical activity measurements in
the period following the intervention protocol. Given the small
sample size, the reported effect sizes should be interpreted cau-
tiously. Larger and/or more prolonged studies are needed to
examine whether levels of physical activity or fatigue are elevated
during more prolonged ocean sailing interventions and to clarify
if this may be associated with gains in physical well-being, physi-
cal function, and overall health. Further, while mechanical mus-
cle function and physical performance outcomes are important
for the ability to perform activities of independent daily living,
other outcome measurements may be more sensitive to small
changes from given sailing intervention protocols (eg, postural
sway during sudden perturbations).

CONCLUSIONS

Ten days of ocean sailing did not seem to have any measurable
effects on lower-limb mechanical muscle function or any positive
effect on functional performance or cognitive capacity in people
with MS. Notably, however, mechanical muscle function and
functional capacity were not negatively affected by the 10-day
sailing protocol. Although 1 notable adverse event was reported
by a few participants (seasickness), there were no serious adverse
events or dropouts, and participants completed all scheduled
work sessions. Thus, ocean sailing seems to represent a safe and
tolerable intervention strategy for people with MS who experi-
ence mild to moderate impairments. Il
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