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Neuro-orthopaedic check-up and walking in people with
multiple sclerosis: toward a more specific assessment to

improve rehabilitation results
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The rehabilitation process of people with multiple sclerosis (PwMS) is a
challenge, and decision-making requires a thorough assessment to in-
crease the chances of success in rehabilitation planning. The aim of this
study was to investigate the importance of the neuro-orthopaedic check-
Up (NOChU) for gait prognosis. Participated in the study 105 PwMS with
different levels of impairment. The NOChU includes measurements of
passive range of motion (ROM), muscle strength, and spasticity. Addi-
tionally, was carried out the spatial-temporal analysis of the walking,
Timed Up and Go test, and 6-min walk test. ROM remained relatively
preserved to perform daily life activities except for ankle dorsiflexion.
Muscle strength was also relatively preserved. Spasticity affected es-

INTRODUCTION

Multiple sclerosis (MS) is a chronic autoimmune inflammatory
disease of the central nervous system characterized by a demyelin-
ation of the white matter with damage to the axons. It progresses
in spurs and mostly affects young adults (i.e., aged between 20
and 40). As there is no causal treatment of MS, therapies used pre-
vent or minimize symptoms. The MS symptoms (Jakimovski et
al., 2024) differ according to individuals (Ghorbanpour et al., 2023),
but the most common are muscle weakness, muscle hyperactivity
or spasticity; sensory symptoms (paraesthesia); visual symptoms;
sphincter, sexual, cognitive, and psychiatric disorders; severe fa-
tigue; pain; and walking disorders (Ghorbanpour et al., 2023;
Jakimovski et al., 2024). A thorough assessment of gait is essen-

pecially the ankle muscles, clearly the sural triceps. Among the NOChU
measurements the catch seemed to have the mostimpact on walking on
its different phases and on other activities. Accurate NOChU measure-
ments play a crucial role in clinical settings, guiding informed decisions
in rehabilitation planning. Future research endeavours could focus on
exploring the correlations between NOChU deficiencies and the decline
in walking capabilities among PwMS, with the goal of proposing per-
sonalized treatment strategies that address their specific requirements.

Keywords: Muttiple sclerosis, Walking, Range of motion, Muscle strength,
Spasticity

tial, since among the symptoms mentioned above, people with
MS (PwMS) report that walking is the most affected function and
that it should be treated as a priority (Ghorbanpour et al., 2023).
Commonly, walking disorders can be treated with physiotherapy
(Etoom et al., 2018) or drug-based medication (Goodman et al.,
2015). Although drugs have little role to play in this disability
(Surya, 2015).

To determine the best treatment to improve PwMS's walking
performance; several assessments are conducted to evaluate the
level of walking impairment. The most common is the expanded
disability status scale (EDSS) (Cohen et al., 2023; Naseri et al.,
2021). The EDSS is rated from 0 to 10, and scores between 4 and
7.5 related exclusively to PwMS’s walking distance and the needs
of technical aids for walking (Meyer-Moock et al., 2014). To clas-
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sify PwMS, EDSS does not provide additional information on
walking pattern or the ability to perform other daily living activi-
ties which depend on walking capacity. Additional walking tests
are frequently administered alongside EDSS to reinforce its assess-
ment (Bethoux and Bennett, 2011; Skjerbak et al., 2019).

Several studies have focused on quantified walking analyses of
PwMS. In terms of spatial-temporal walking parameters, it is well
documented that when compared with healthy controls, PwMS
have reduced walking velocity, cadence, swing phase and stride
lengths and an augmented double support phase (Comber et al.,
2017; Kelleher et al., 2010; Severini et al., 2017). These variations
reflect a deteriorated walking pattern which is caused by neuro-
muscular dysfunction. A reduction in hip, knee and ankle range
of motion (ROM) has been observed during walking (Filli et al.,
2018; Kelleher et al., 2010; Severini et al., 2017). These results
suggest the importance of knowing upfront the state of PwMS’
joint function: whether PwMS’s have adequate ROM, strength,
and absence of spasticity. These analytical assessments are often
conducted by a physiotherapist when a neuro-orthopaedic check-
up (NOChU) is performed (Decavel and Sagawa, 2019).

The limited research on NOChU for PwMS shows that loss in
ROM, although not originally a primary problem, can become
one, particularly due to spasticity and motor control disturbed
(Benedetti et al., 1999; Haselkorn and Loomis, 2005; Hoang et
al., 2014). Joint stiffening becomes a first body response to the
problem of postural control in walking (Benedetti et al., 1999),
as, although it limits velocity and stride length, it improves the
patient’s balance and stability. However, in the long term, there is
a negative impact on the maintenance of the musculoskeletal sys-
tem, leading to difficulty in people’s daily living activities and in-
dependency (Hoang et al., 2014; McNicholas et al., 2018). More-
over, this phenomenon is observed even in PwMS at the early stag-
es of the illness (Benedetti et al., 1999).

While walking appears to be assessed by different approaches
(e.g., EDSS, quantified walking analysis), few studies have focused
on the NOChU and even less on the simultaneous analyses of walk-
ing disorders and the NOChU for a same PwMS sample. Thus,
the intention of study was therefore to determine the association
of the potential deficits identified during the NOChU that com-
prise tests of ROM, strength, and spasticity on walking functions
of PwMS. This study aims to provide a better understanding of
the effect of joint and muscle deficits on walking, and them, con-
tribute to decision-making in physiotherapy.
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MATERIALS AND METHODS

A retrospective search in the laboratory database, including
NOChU and walking assessments that were conducted for the
period of 5 years. The study was approved by the ethics committee
of the University Hospital of Besangon (No. 13/405) and the French
Health Products Safety Agency (No. 2013-A002305-56). All pa-
tients in the study gave their written and informed consent.

Participants

All PwMS sent to the Laboratory of Clinical Functional Explo-
ration of Movement by the departments of Physical Medicine and
Rehabilitation and Neurology experienced discomfort at walking.
For selecting the PwMS, the following inclusion criteria were used:
(a) clinical diagnosis of MS according to the McDonald’s criteria.
In summary, the criteria are based on: a person who has experienced
at least two clinical attacks, and has clear-cut evidence of damage
in at least two distinct brain areas, can be definitively diagnosed
with MS, as that individual fulfils requirements for both dissemi-
nation in space and time (McNicholas et al., 2018); (b) patients
positioned within the range of 0.5 to 7.0 on the EDSS scale; (c)
individuals with a complete NOChU and walking assessment on
the same day; (d) it was the first evaluation in the laboratory. The
patients excluded were: (a) those with epilepsy or a history of epi-
lepsy; (b) who had a change in their immunotherapy over the pre-
vious 60 days; (c) who were prescribed antispastic therapy and fa-
tigue-reducing treatments respectively over the past 30 days.

All patients were evaluated by a neurologist and a physiothera-
pist with extensive experience in the management of PwMS.

Evaluations
The assessments described below were detailed in a previous
study (Decavel and Sagawa, 2019).

Characteristics of the participants

All participants were examined by an experienced neurologist
to confirm whether they fit the criteria. The characteristics moni-
tored included their EDSS score, type of MS, years of illness, age,
gender, weight, height, body mass index (BMI).

Neuro-orthopaedic check-up

This check-up is divided into the measurements of passive ROM,
muscle strength and spasticity. Each PwMS was evaluated by ex-
perienced and specifically trained physiotherapist.

Passive ROM in the lower limbs was assessed using a goniome-
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ter. The observed value in degrees and the ratio (%) between the
observed value and the normative value (Kapandji, 2011) were
calculated for the following lower limbs joints movements, at the
hip: flexion, extension adduction, abduction, medial and lateral
rotation; at the knee: flexion, extension, medial and lateral rotation;
at the ankle: inversion and eversion, plantar and dorsal ankle flex-
ion (knee tensed and bent for the latter). Voluntary muscle strength
was evaluated using the Medical Research Council (MRC) scale.
The MRC scales the strength from 0 to 5 according to each mus-
cle function (Bohannon, 2018). Voluntary muscle strength was
evaluated for the following muscles at the hip: flexors, extensors,
abductors, and adductors; at the knee: flexors and extensors, and
at the ankle: dorsiflexors, plantar flexors, investors, and eversors.
Muscle spasticity was assessed through involuntary muscle hyper-
activity of the lower limbs with the modified Tardieu scale (Haugh
et al., 2006). This scale rates spasticity from 0 to 4; The catch an-
gle was observed based on the last three ratings, as spasticity oc-
curs at a specific angle (Haugh et al., 2006). Muscle spasticity was
assessed for the following muscles at the hip: flexors, abductors,
and adductors; at the knee: flexors and extensors; and at the ankle:
triceps sural and soleus, anterior and posterior tibial, and fibular.
The ROM and catch angle were expressed according to the ana-
tomical configuration. For all joints tested, the flexion, abduction
and eversion corresponded to a positive value and the extension,
adduction and inversion to a negative value (Picelli et al., 2017).
The NOChU was evaluated bilaterally. Since MS is a non-sym-
metrical disease, and each hemibody was considered in the obser-
vation (Filli et al., 2018).

Walking analysis

The spatial-temporal analysis of the walking was carried out in
a dedicated room at 23°C and using a 6.10 m instrumented GAI-
TRite (CIR Systems Inc., Clifton, NJ, USA). The same instruc-
tions were given to each patient. They were asked to walk 25 feet
(7.62 m) and the mat was placed at mid-walkway. To avoid the
acceleration and deceleration phases, PWMS were asked to start
and stop walking 2 m before and after the 25 feet walkway, mate-
rialised by two floor lines perpendicular to the walkway. Three
walking conditions were evaluated (Decavel and Sagawa, 2019):
comfortable walking speed (CWS), fast walk speed (FWS) and
CWS with a dual task (WSDT). The dual task consisted of walk-
ing and performing subtractions by seties of seven most accurate-
ly. The number seven is described as not implying the walking
thythm (Conklyn et al., 2010). For each condition a minimum of
10 gait cycles were recorded (Konig et al., 2014). The walking
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variables selected for further analysis were walking velocity (m/
sec); cadence (steps/min); stride length (m); difference in length
between left and right step (m); support base (m); time difference
between the left and right stance phase (% of the gait cycle) and
double support time (% of the gait cycle). A Timed Up and Go
(TUG) test was then conducted with a 0.47-m-high chair with
armrests and a backrest (Nordin et al., 2008). PwMS had to get
up from the chair, walk 3 m, round a cone and return to the chair
walking as fast as possible. The TUG was performed twice. If the
difference between the two tests was above 10%, a third test was
conducted. The value used is the mean of the two closest tests. Fi-
nally, PWMS were asked to complete a 6-min walk test ((MWT) as
recommended by the American Thoracic Society (ATS Committee
on Proficiency Standards for Clinical Pulmonary Function Labora-
tories, 2002; Bethoux and Bennett, 2011). Encouragement was
given to the PwMS at every minute. Instructions were read to
them before starting the test. They had to walk on a 24-m circuit
and walk the longest possible distance for 6 min. They could rest
or use a technical walking aid if necessary. The tests were per-
formed in the same order as they were described above.

Analysis

Descriptive statistical analyses were conducted using the Statis-
tica software (StatSoft Inc., Tulsa, OK, USA). Depending on the
nature of the data, they were presented in terms of mean (standard
deviation, SD), median (interquartile range, IQR), and frequency
distribution. The EDSS was used for subgroup analysis to charac-
terize three levels of walking impairment severity. The light group
who scored between 0 and 3.5 were PwMS without impaired am-
bulatory capacity. The moderate group who scored between 4 and
4.5 were PwMS whose walking was affected but who were auton-
omous. Finally, the high group who scored more or equal to 5 were
PwMS who had lost their autonomy, were unable to petform daily
tasks and using an aid to walk.

RESULTS

The total number of patients evaluated over a 5-year period in
the laboratory was 212. However, 107 patients were excluded from
the study due to lack of data, whether regarding NOChU and/or
walking assessment. Since these data must be collected at the same
time. Therefore, Table 1 shows the characteristics of 105 PwMS
who met all inclusion/exclusion criteria. Sixteen patients were in-
cluded in the light group, 49 in the moderate group, and 40 in
the high group. Their mean+SD age, height, weight, and BMI
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amounted to 51+ 12 years of age, 1.67£0.10 m, 75+ 15 kg, and
27+5 kg/m’ (i.e., overweight according to the World Health Or-
ganization classification), respectively. The median IQR) EDSS
level was 4.5 (6-4).

ROM
When considering all hip movements tested (i.e., flexion, ex-

Table 1. People with multiple sclerosis characteristics

Group
Characteristic Al Ligh i
(n=105) ight Moderate High
(n=16) (n=49) (n=40)
Age (yr) 50.99+11.70 47.44+1143 4880+949 55.00+13.11
Height (cm) 167.47+951 167.28+11.56 169.51+9.32 165.11+8.36
Weight (kg) 754241522 7196+1151 77.03+1642 74.85+14.89
BMI (kg/m?) 2680+4.82 2575+366 26.77+516  27.25+4.77
EDSS 45(6-4) 275(35-25) 4(454) 6(6.5-5.5)
n=65 n=0 n=29 n=36
Iliness duration (yr)  14.32+9.90 11.48+870 16.61+10.26
n=63 n=0 n=28 n=35
Type of MS
SP:PP:RR 30:20:13 10:8:10 20:12:3

Values are presented as mean + standard deviation or median (interquartile range).
BMI, body mass index; EDSS, expanded disability status scale; SP, secondarily pro-
gressive; PP, primarily progressive; RR, relapsing-remitting.

Table 2. Passive range of motion

tension...), PwMS showed on mean range of 90% of the normal
(%/norm). The most important limitation being at extension:
70%/norm. ROM decreased in all movements as the EDSS classes
changed, except for the medial rotation. In knee flexion, PwMS
had a mean amplitude of 87%/norm. For extension, the PwMS
had a mean amplitude of 37%/norm. The values remained rela-
tively stable according to the EDSS classes; the largest variation
between classes being 5% points. For ankle dorsiflexion at knee
flexed at 90°, PwMS had a mean amplitude of 52%/norm, while
in a straight knee position the value equated only 35%/norm. For
ankle plantiflexion, patients had a mean amplitude of 107%/norm.
Ankle dorsiflexion at knee flexed at 90° decreased only in the high
group while dorsiflexion when the knee was straight decreases pro-
gressively among EDSS classes. Plantiflexion did not change among
EDSS classes. All details about ROM are showed in Table 2.

Muscular strength

Table 3 shows the percentage of PwMS whose muscle strength
was less than or equal to 3 according to the MRC scale (i.e., active
movement against gravity in all the joint amplitude). Supplemen-
tary Table 1 shows PwMS frequency according to all the modalities
of the MRC scale (i.e., from 0 to 5). In hip flexion, 28% of PwMS
had strength less or equal to 3. The values for hip extension, ab-
duction and adduction remained relatively close between them

Group
All (n="105) : :
Level Light (n=16) Moderate (n=49) High (n=40)
Angle (°) (%/norm) Angle (°) (%/norm) Angle (°) (%/norm) Angle (°) (%/norm)
Hip
Flexion 12562+1349  86.63+9.30 1342241017  92.56+7.01 12643+1241  87.19+856 121.19+14.17  8358+9.77
Extension 20.88+9.23 69.61+30.76 22344751 74.48+25.04 21.33+9.75 71.09+32.51 19.66+9.15 65.54+30.51
Abduction Kn St 47571307  105.71+29.05 53.13+1360 118.06+30.23 48211195 107.14+26.57 4456+1348  99.03+29.96
Adduction 24.20+6.51 80.66+21.71 28.59+7.54 95.31+25.13 24.13+6.34 80.44+21.14 2243+5.38 74.78+17.95
Medial rotation 376441205 12548+40.16 36.56+1051 121.87+35.02 3536+11.43 117.86+38.08 4096+12.77 136.54+42.56
Lateral rotation 4438+1206  73.25+21.26 47811289  79.69+21.48 46631329  77.72+22.15 40.13+849 65.21+17.48
Knee
Flexion 13943+13.16  87.14+823 14375+1289  89.84+8.06 141431121 88.39+7.01 135.19+14.44  84.49+9.03
Extension 371+4.44 37.08+44.40 359+4.79 35.94+47.92 352+3.88 35.20+38.80 399+4.96 39.87+49.60
Popliteal angle 29211596  16.33+9.27 22971076  12.76+598 31171635 17.32+9.09 29.30+16.75  16.56+10.28
Ankle
Dorsal flexionKnSt ~ 1050+£1092  35.01+36.41 16.09+8.49 53.65+28.31 11.73£1033  39.12+34.44 6711129  22.36+3764
Dorsal flexion Kn Fi 20771347  51.91+3367 2344+£1035  5859+25.88 2332+1250 5829+31.24 1652+1475  41.30+36.87

Plantar flexion 53.65+13.04 107.31+26.09

5391+1366 107.81+27.33

5393+13.15 107.86+26.29 53.21+12.82 106.41+2563

Values are presented as mean + standard deviation.
9%/norm, % of the normal; Kn St, knee straight; Kn Fl, knee flexed.
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with a mean of 15% of PwMS having strength less or equal to 3.
In knee flexion, 36% of PwMS had strength less than or equal to
3, while for the knee extensors only 16% had a strength less or
equal to 3. At the ankle, 18% of PwMS had strength less than or
equal to 3 for all the muscles evaluated; in decreasing order this
represented 21% for the anterior tibial, 19% for the fibular, 16%
for the posterior tibial and 14% for the sural triceps. For all mus-
cle groups, the frequency of PwMS with strength less than or equal
to 3 increased with the EDSS classes. In contrast, this increase was

Table 3. The percentage of people with multiple sclerosis whose muscle
strength was less than or equal to 3 according to the Medical Research Coun-
cil scale

more evident between the light to moderate than between the
moderate to high groups.

Spasticity

Table 4 shows the percentage of PwMS with spasticity greater
than or equal to 2 according to the Tardieu scale (i.e., at least one
sharp jump interrupting the passive movement followed by a re-
laxation). Supplementary Table 2 shows PwMS classified accord-
ing to all the modalities of this scale (i.e., from 0 to 4). At hip and

Table 4. The percentage of people with multiple sclerosis with spasticity
greater than or equal to 2 according to the Tardieu scale

Al Group
Level - -
Level Al Group (n=105) " Light(n=16) Moderate(n=49) High(n=40)
(n=105)  Light(n=16) Moderate(n=49) High(n=40) Hip
Hip Flexors 4 0
Flexion 28 6 31 36 Abductors 5 0 7
Extension 13 3 17 14 Adductors ] 0 g9 13
Abduction 17 6 17 20 Knee
Adduction 14 9 14 10 Flexors 15 13 16 16
Knee Extensors 10 6 13 6
Flexion 36 9 36 44 Ankle
Extension 16 9 17 18 Triceps sural 52 63 59 44
Ankle Soleus 62 66 67 55
Triceps sural 14 0 13 23 Anterior tibial 0 0 0 1
Anterior tibial 21 0 14 35 Posterior tibial 34 6 34 4
Posterior tibial 16 3 17 23 Fibulars 1 3 i 0
Fibulars 19 3 22 25
Table 5. Spasticity catch angle
Al Group
Level Light Moderate High
No. Angle (°) No. Angle (°) No. Angle (°) No. Angle (°)
Hip
Flexors 8 27+25 NA 5 18+20 42+30
Abductors " 17+6 NA 7 17+8 18+5
Adductors 19 27+10 NA 9 25+6 10 29+12
Knee
Flexors 33 85+25 4 65+6 16 90+20 13 86+31
Extensors 17 71+£25 2 95+7 10 72+23 5 59+29
Ankle
Triceps sural 12 -3+8 20 -1£5 58 2+8 34 -7+9
Soleus 130 0+7 21 2+6 65 1£7 44 147
Anterior tibial 1 -10 NA 0 NA 1 10
Posterior tibial 7 2+7 -1£5 34 2+8 32 2+6
Fibulars 3 -7£6 1 -10 2 5H+7 0 NA

NA, only for ratings greater than or equal to 2 according to the Tardieu scale.
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knee level, few PwMS had spasticity greater than or equal to 2; a
mean of 6% for hip muscles and 13% for knee muscles. At the
ankle, a mean of 58% of PwMS had a spasticity greater than or
equal to 2 in the sural triceps and soleus muscle; 34% had the
same level of spasticity in the posterior tibial; barely 1% in the
fibular and 0% in the anterior tibial. Increased spasticity did not
appear to be associated with the EDSS classes except at the poste-
rior tibial. At hip, the greatest variation observed between the
light and the moderate group was for the adductors (9% points).
At knee level, the most important variation (7% points) between
the light to moderate group was in the extensors and the same
was observed between the moderate and high group. At ankle
level, the greatest variation (28% points) observed between the

Table 6. Walking conditions

light to the moderate group was in the posterior tibial.

Table 5 shows the catch angle, the joint angle of the spasticity
onset. At hip level, the catch angle was present at 27° for flexors
and adductors, and 17° for abductors. The catch angle did not af-
fect the light group, since all PwMS in this group had spasticity
less than or equal to 1. For the moderate to high group, the catch
angle appeared earlier. The greatest variation (24°) being in the
flexors. At knee level, the catch of the flexors was present at 95°,
and 71° for the extensors. For the flexors, between the light and
moderate group the catch angle appeared earlier, and between the
moderate and high group it remained stable. For the extensors,
the catch angle appeared earlier according to the EDSS classes. At
ankle level, the catch angle for the sural triceps was -3° and 0° for

Walking condition All (n="105) - Group -
Light (n=16) Moderate (n=49) High (n=40)
Comfortable
Speed gait (m/sec) 0.86+0.37 1.15£0.21 0.95+0.36 0.64+0.30
Cadence (pas/min) 93.39+23.05 109.73+10.03 98.26+21.94 80.90+22.06
Stride length (m) 1.07£0.29 1.26+0.20 1.13+0.27 091+027
Stance time (% GC) 67.27+6.05 63.85+1.99 66.27+5.40 7021£6.71
Double support (% GC) 35.03+11.09 27.78+3.00 32.72+9.79 40.76+£12.04
Base support (m) 0.12+0.04 0.11+0.03 0.12+0.04 0.12+0.05
Step length diff L-R (m) 0.00+0.05 -0.01£0.02 0.01+0.04 0.00+0.07
Stance phase diff L-R (% GC) 1.44+509 0.01+£285 164+454 1.77+6.30
Double task
Speed gait (m/sec) 0.71+£0.33 0.99+0.24 0.80+0.32 053+0.27
Cadence (pas/min) 83.26+23.49 100.05+12.14 89.23+22.47 71.65+21.91
Stride length (m) 0.98+0.28 1.18+0.21 1.05+0.26 0.85+0.27
Stance time (% GC) 63.93+7.14 64.74+3.05 67.35+5.72 71.93+8.23
Double support (% GC) 38.39+12.95 29.75+3.03 3497+11.08 4476+13.90
Base support (m) 0.13+0.05 0.11+0.03 0.13+0.04 0.13+0.05
Step length diff L-R (m) 0.00+0.06 0.00+0.04 -0.01+0.04 0.00+0.08
Stance phase diff L-R (% GC) 1.83+5.40 0.65+5.35 1.35+4.03 2.72+664
Fast
Speed gait (m/sec) 1.31+0.56 1.75+0.43 1.46+0.46 0.88+0.41
Cadence (pas/min) 117.53+28.17 146.50+13.48 124.32+22.63 98.08+26.63
Stride length (m) 1.28+0.36 1.60+0.30 1.38+0.30 1.04+0.32
Stance time (% GC) 64.05+5.94 59.71+3.01 62.65+4.12 67.67+6.80
Double support (% GC) 28.49+10.62 2058+4.57 25.64+7.02 35.68+11.68
Base support (m) 0.12+0.04 0.11+0.02 0.13+0.04 0.13+0.05
Step length diff L-R (m) 0.00+0.06 0.01+0.05 001+0.04 0.01+0.08
Stance phase diff L-R (% GC) 1.27+504 049+3.70 1.58+4.26 144+6.32
TUG (sec) 12.65+9.30 6.96+1.61 11.28+9.19 16.60+9.69
BMWT (m) 336.50+165.69 533.94+94.00 363.88+146.10 22398+116.70

Values are presented as mean + standard deviation.

GC, gait cycle; diff, difference; L-R, left minus right; TUG, timed up and go; BMWT, 6-min walk test.
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the soleus. For the anterior tibialis and fibular, this angle did not
allow for interpretation given the small number of observations.
For the posterior tibial the angle was 2°. Considering the EDSS
classes, the catch angle appeared earlier between the moderate and
light group for the sural triceps, while the value remained relative-
ly stable for the posterior tibial and soleus.

Walking
Table 6 shows all the variables for all walking conditions as well

Run (15 km/h)

Descending stairs I

Comfortable walk

Climbing stairs 'l

0 catch flexor

as the TUG and 6MWT. Other than for the support base, the dif-
ference in stride length and the difference in the stance phase, which
remained relatively stable between the different groups, a degra-
dation of the walking in function of the EDSS classes was observed
in all the other variables studied. At the TUG level, the mean val-
ue for all groups was 13 sec with a gradual increase according to
the EDSS classes. At the GMWT level, the mean value was 337 m
with a progressive decrease according to the EDSS classes. Fig. 1
shows the physiological ROM required for walking and perform-

Group EDSS
Light

High

50 -30 -10 10 30 70 90 110 130 150
Angle (°) Flex +, Ext -
Catch extensor Group EDSS
] ] Light
Course (15 km/h) ] [}
5 i High
Going downhill [] [
i [}
Going uphill ! 0
[} [
Standing from a chair : :
Siiting down ! !
Desending stairs ] [
L L
Climbing stairs ] [
I —————————— ]
Comfortable walk (] [
R N L o ] ]
] | catchfiexor e
B e I B B
-30 -10 10 30 50 70 90 110 130 150

Angle (°) Flex +, Ext -

Catch dorsal flexor

Group EDSS Run (15 km/h)
Ligth
Descending stairs
High Climbing stairs
Comfortable walk |
I
bkl @
-60 -50 -40 -30 -20 -10 0 10 20 30

Angle (°) Dorsal flex (+), Plantar flex (-)

Fig. 1. Passive range of motion (A, hip; B, knee; C, ankle), catch angle, and angles required for different activities of daily life. For C, catch angle corresponds to the
mean triceps sural. EDSS, expanded disability status scale; Flex, flexion; Ext, extension.
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ing other daily life activities listed in different studies (Rowe et al.,
2000), PwMS’s ROMs and the mean catch angle according to
EDSS groups. Few ROMs appeared to have an impact on the tasks
listed except for hip extension and ankle dorsiflexion. On the oth-
er hand, the catch angle of all muscles is often in the middle of the
joint amplitude necessary for these activities.

DISCUSSION

Although NOChU and walking evaluations are often practiced
in PwMS clinical routine (Hoang et al., 2014; Mafiago et al., 2018;
Picelli et al., 2017), few studies are dedicated to NOChU and as-
sociate these two evaluations in a same population. This could bring
new insights to determine the role of each joint and muscle during
a routine physiotherapy assessment in a functional activity such as
walking and then improve decision-making for therapeutic strat-
egy. Initially, aspects related to NOChU (ROM, muscle strength,
and spasticity) will be discussed, followed by walking assessment,
and finally we will comment on the interactions between them.
Regarding aspects relating to ROM, the hip mobility is relatively
preserved except at extension. This deficit could be disturbing in
daily living activities and leads to walking disturbances such as a
diminished posterior step length. PwMS in the high group had a
hip extension of 20°, which is considered as the minimum physi-
ological extension necessary for walking at comfortable velocity
(Hermez et al., 2023). This result suggests that more demanding
walking conditions such as negotiating obstacles, increase walking
speed or walking on an uneven ground could be challenging for
PwMS. The knee extension was also limited with a mean value
close to 0°, against a normal physiological value of a recurvatum of
10° (Kapandji, 2011). Despite this theoretical limitation, during
walking and other daily living activities (Fig. 1B), the amplitude
required does not exceed 0° suggesting that these limitations have
a small impact on these activities.

Compared to all joints studied, the ankle was the most impaired,
especially for the dorsiflexion. These results corroborate the only
study that analysed a similar population sample (Hoang et al.,
2014). The high group has a mean ROM of 17°. This value is very
close to the walking limit at comfortable velocity, and remains
below the value required to perform other activities. The physio-
logical ROM for climbing and descending stairs is 20° (Hermez
et al., 2023). This implies that PwMS must compensate with
strategies such as hip-hinking, circumduction, vaulting or step-
page to accomplish these daily tasks (Hermez et al., 2023). This
limitation of the dorsiflexion is even more obvious when the knee
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is fully extended with a mean of 10°. These results suggest a hy-
po-extensibility of triceps sural (Krause et al., 2011). In an equiv-
alent scenario, during the walking at the end of the double sup-
port phase, the knee is fully extended, and the ankle should be at
15°. In this walking phase reduced ankle dorsiflexion can have a
negative impact on toe clearance preventing the passage for the
next step, and consequently cause loss of balance, falls, or slower
speed gait. Collectively for a physiotherapy strategy, it seems im-
portant to maintain ROM before it deteriorates throughout the MS
course or to improve it if a ROM limitation already exists (Hoang
et al., 2014). As it was previously observed and, in this study, in
general, the above-mentioned loss of ROM is not a primary prob-
lem in PwMS, although it may eventually lead to joint retraction
(Haselkorn and Loomis, 2005). Other factors that may affect joint
retraction are strength and spasticity (Hoang et al., 2014).
Considering muscle strength, PwMSs were divided into two
categories: <3 or >3 MRC scale. For walking, individuals need
more than the equivalent to the force against gravity because of
the extra load bearing joints (i.e., weight of the trunk (Sagawa et
al., 2017), head, limbs...). The movement is no longer analytical
and concentric as done during NOChU, but is a functional com-
plex movement with concentric, isometric, and eccentric contrac-
tions (Fang et al., 2004; Hughes et al., 1996). Despite the differ-
ent methodological approaches previous studies (Hoang et al.,
2014; Mafiago et al., 2018) showed a decline of strength in rela-
tion to the severity of MS. The loss of strength seems to be more
important than those observed in our study (Hoang et al., 2014;
Mafiago et al., 2018). Although they used handheld dynamome-
try, not manual tests. Even if the weakness impairs walking (Hameau
etal., 2017), our results suggest that muscle strength does not ap-
pear to be problematic for the majority of PwMS. In fact, for the
hip and ankle, about one-fifth of PwMS had strength of 3 or less,
and about one-quarter of PwMS had the same knee strength. The
most deficient muscle group was the knee flexors; for about a third
of PwMS. Another aspect of strength that was not measured in
this study, is muscle fatigability. As walking is a cyclical move-
ment, its observed degradation (Table 6) could be better associat-
ed with the capacity of a joint exercise repetition (Hameau et al.,
2017). However, further studies are needed to confirm this hy-
pothesis. In relation to spasticity, PwMS were divided in two groups
according to the presence of a catch angle. A catch angle might
induce discomfort while walking (Notbye et al., 2020). At hip
level, there were few PwMS with spasticity greater than or equal
to 2. However, for these patients the catch angle for hip flexors
was at 27°. Indeed, this can have an impact on walking at the be-
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ginning of the support phase when the lower limb is moving to-
wards hip extension (Fig. 1) (Notbye et al., 2020). At knee level,
there were few patients with spasticity greater than or equal to 2.
However, for them, the catch angles for the flexors and extensors
were 85° and 71°, respectively. During the walking, the catch an-
gle of the extensors could cause discomfort at the beginning of the
swing phase when they must flex the knee (Hermez et al., 2023).
The catch angle of the flexors could also cause discomfort at the
end of the swing phase when they must extend the knee and sup-
ported the foot on the ground to start a new gait cycle. However,
during the stance phase, there is a minimal impact of these catch-
es as the joint ROM required during this phase is lower (about
20°) than the observed catch angles (Hermez et al., 2023).

The most affected joint was the ankle, particularly the sural tri-
ceps and soleus (52% and 62% of PwMS had spasticity greater
than or equal to 2, respectively). This result corroborates a previ-
ous study (Norbye et al., 2020). This spasticity is present during
dorsiflexion. Moreover, the ankle was also concerned by the most
affected passive ROM (Table 2). The catch angle for the posterior
leg muscles is on mean -2°. This angle may affect daily living ac-
tivities, starting with walking. This angle could interfere in the
swing phase when the ankle must dorsiflex; this could cause falls
as the toes drag. The catch angle could also interfere during the
stance phase when the tibia must move forwards in relation to the
foot (Hermez et al., 2023). A failure in this movement could have
a repercussion on the knee by causing a dynamic recurvatum. Fi-
nally, it could also cause discomfort at the end of the swing phase
when the ankle dorsiflexion contributes to start a new cycle, often
by a heel strike (Hermez et al., 2023).

Several walking parameters (i.e., gait speed, cadence, stride
length...), whatever the walking condition (i.e., CWS, FWS,
WSDT), as well as the TUG and 6MWT deteriorated with the
EDSS classes. These findings align with existing literature, which
consistently confirms the significant impact of MS on walking
ability (Hameau et al., 2017; Psarakis et al., 2017; Sosnoff et al.,
2011). When the maximum passive amplitudes tested in the
NOChU and independently of the EDSS are considered, they
were generally larger than what is needed to perform daily living
tasks (Fig. 1). These results suggest that the limitation of ROM
does not appear to be the cause of the deficit in walking observed.
Regarding the literature, when assessing the kinematics (i.e., joint
movements) of walking in PwMS, the joint deflection in the low-
er limb is reduced, especially in knee flexion (Filli et al., 2018).
Other factors appear to be responsible for this loss of joint move-
ment, including the spasticity observed in this study; tiredness
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and muscle fatigability (de Haan et al., 2000); anarchic co-con-
traction of agonist and antagonist muscles or the individual’s car-
dio-respiratory condition (Benedetti et al., 1999).

The use of NOChU and gait analysis are complementary and
interactive information. Despite the willingness to conduct a
comprehensive NOChU, further testing could be carried out or
orientated towards those joints which seemed most impacted by
the MS specially the ankle. In the absence of deficits observed in
most of measurements in this study in terms of ROM and strength,
other tests that consider other factors, such as muscle fatigability
could also be performed in future NOChU investigations. We
would advise to take a different approach to the NOChU at a dif-
ferent stage of MS and do this evaluation from the beginning of
the disease.

From a clinical perspective, integrating the NOChU and refer-
encing Fig. 1 in the patient’s report could significantly enhance
its utility in assessing the impact of potential deficits on daily liv-
ing activities. In the multidisciplinary care approach for PwMS
the incorporation of physiotherapy interventions is paramount
(Feys et al., 2016; Khan and Amatya, 2017). It is crucial to estab-
lish a clear correlation between the localised impairments experi-
enced by individuals and their consequent limitations in activities
and participation restrictions. The potential of these investigations
extends to laying the foundation for proposing personalized treat-
ments aimed at addressing these specific impairments. This, in
turn, holds the promise of enhancing the standard of care for indi-
viduals confronting MS. Ideally, we should have both information
from NOChU and walking analysis to improve decision-making.

It is crucial to underscore certain limitations inherent in the
study, such as testing for spasticity in more environmentally con-
ditions, such as after testing walking or other activity of daily liv-
ing. A second aspect would be in relation to using some measur-
ing instrument to assess the sensation of fatigue. Since this is an
important and recurring complaint among patients. Furthermore,
investigate the impact of changes in NOChU and walking disor-
ders on patient’s perception of quality of life. Therefore, the entire
rehabilitation process should focus on this aspect, since this is
what really matters to the patient.

SUPPLEMENTARY MATERIALS

Supplementary Tables 1-2 can be found via https://doi.org/10.
12965/jer. 2448128.064.
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