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Abstract—The purpose of this study was to investigate core
muscle characteristics during walking in patients with multiple
sclerosis (MS). Eight patients (4 men) with relapsing-remitting
MS (aged 44.9 +/— 8.6 yr) and sex-matched controls (37.9 +/—
8.4 yr) walked on a treadmill for 15 min at a self-selected speed.
Positron emission tomography/computed tomography imaging
was used to measure core muscle activity immediately after
walking based on glucose uptake. Activity was not different
between the MS and control group for any of the identified mus-
cles (p > 0.28). Within the MS group, side differences in activity
were identified in the lateral flexor group, the external and inter-
nal obliques, and the rectus abdominis (p < 0.05), with the less-
affected side being activated more. Furthermore, greater muscle
volume was found on the more-affected side of the transversus
abdominis, quadratus lumborum, and the low-back extensor
group (P < 0.03). These muscle characteristics suggest patients
with MS utilize compensatory mechanisms during walking to
maintain balance and posture. These strategies likely result in
increased muscle energy cost and early fatigability.

Key words: autoimmune disease, balance, computed tomogra-
phy, disability, glucose uptake heterogeneity, muscle activation,
muscle activity, muscle volume, positron emission tomography,
stability, trunk.

INTRODUCTION

Multiple sclerosis (MS) is an inflammatory autoim-
mune disease of the central nervous system that affects up

713

to 2 million people worldwide [1]. Lower-limb muscle
weakness [2], with greater weakness on one side of the
body [3—4], is a common symptom and may contribute to
the walking difficulties frequently experienced by patients
with MS [5]. Moreover, patients with MS have been
shown to exhibit decreased postural and trunk control [6—
7], although very little is known about core muscle activ-
ity during walking in this population.

Traditionally, muscle activity is measured using elec-
tromyography (EMG). This technique provides high tem-
poral resolution of surface muscle activity but is limited in
its ability to evaluate deep muscles such as the quadratus

Abbreviations: CMSC = Consortium of Multiple Sclerosis
Centers, CT = computed tomography, EMG = electromyogra-
phy, EO = external oblique, FDG = [18F]-Fluorodeoxyglucose,
GUh = glucose uptake heterogeneity, IO = internal oblique, LB
Ext = low-back extensor group, MASS = Modified Ashworth
spasticity scale, MS = multiple sclerosis, NARCOMS = North
American Research Committee on Multiple Sclerosis, PDDS =
Patient Determined Disease Steps, PET = positron emission
tomography, QL = quadratus lumborum, RA = rectus abdomi-
nis, ROI = region of interest, SD = standard deviation, SEMG =
surface electromyography, SUV = standardized uptake value,
TA = transversus abdominis.
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lumborum (QL) and transversus abdominus (TA). Further-
more, data from surface EMG (sEMG) can be compro-
mised due to interference or “crosstalk” from other
muscles, and the equipment can experience environmental
interference during dynamic tasks. Intramuscular EMG
has limitations as well, most notably its invasive nature
and that it only measures the activity of a very small por-
tion of the muscle.

Positron emission tomography (PET)/computed
tomography (CT) imaging, with the glucose analog ['8F]-
Fluorodeoxyglucose (FDG), can calculate cumulative mus-
cle activity and skeletal muscle properties such as volume
without the limitations commonly experienced with EMG.
Previous studies have used FDG-PET/CT to measure entire
muscle activity, muscle fiber activity, and muscle volume
[4,8—12]. Muscle activity is quantified by the standardized
uptake value (SUV), which directly represents the cumula-
tive muscle activity of the performed task. Muscle fiber
activity, or glucose uptake heterogeneity (GUh), is measured
by the spatial distribution of FDG within the muscle [10—
12]. Furthermore, muscle volume can be measured from CT
imaging that is often performed just prior to PET imaging
[10,12-13].

The activation of the core musculature has been sug-
gested to serve a variety of purposes during walking. In
nondisabled subjects, sSEMG has been used to show that
several core muscles are active throughout the gait cycle
and that several, including the rectus abdominis (RA),
external oblique (EO), and internal oblique (IO), can
have increased activation during specific phases, such as
midstance or foot-strike [14—15].

Swinnen et al. used SEMG to investigate the activity
of the core muscles during treadmill walking with and
without body weight support in patients with MS [15].
The authors found greater core muscle activation on one
side of the body with increasing levels of body weight
support than with no support. However, more- and less-
affected sides of the patients were not defined, so it was
difficult to determine whether weaker or stronger sides of
the core were being activated. Furthermore, it is not clear
which muscles are most active while walking with no
body weight support.

Despite the general lack of understanding of the
importance of the core musculature to walking, core mus-
cles have been targeted for intervention to improve gait
and postural instability in patients with MS [16-18]. A
further understanding of core muscle activity during
walking is needed.

Altered muscle activation strategies could lead to
increased performance fatigability and contribute to the
impaired balance and postural stability frequently experi-
enced by patients with MS. Therefore, the purpose of this
study was to investigate the characteristics of the core
musculature in patients with MS and nondisabled con-
trols while walking at a self-selected speed using the
innovative approach of FDG-PET/CT.

METHODS

Eight mildly disabled patients with relapsing-remitting
MS (4 men) and eight sex-matched nondisabled controls
participated in the study. Recruitment was completed
through the Rocky Mountain MS Center and University of
Colorado Anschutz Medical Campus study announcement
letter. Participants were screened via telephone interview
to determine eligibility. Requirements to participate in the
study for patients with MS included a confirmed diagnosis
of MS, age between 18 and 55 yr, being able to walk
15 min without assistance, minimal spasticity (<2 for the
legs on the Modified Ashworth spasticity scale [MASS])),
and no change in disease progression within the last 3 mo.
Exclusion criteria for patients with MS included any medi-
cal diagnosis with contraindications to exercise, relapse
within the last 3 mo, unrelated condition that would exac-
erbate fatigue, and history of seizures. The eight controls
were without neurological, muscular, or skeletal disease.
All participants signed informed consent approved by the
Colorado Multiple Institutional Review Board and were in
accordance with the Declaration of Helsinki.

Experimental Protocol

All experiments were performed during the morning
hours at the Colorado Translational Research Imaging
Center. Patients with MS were assessed for disability lev-
els using the Patient Determined Disease Steps (PDDS),
which has been validated and shows a high correlation to
the Expanded Disability Status Scale [19-23]. Measure-
ments of height, weight, leg spasticity (using the MASS),
comfortable walking speed, and muscle strength pre-
ceded 15 min of treadmill walking. The more- and less-
affected sides of patients with MS and strong/weak sides
of nondisabled controls were determined from cumula-
tive leg strength since it is known that leg muscle groups
are most commonly affected in patients with MS [6,24—
26]. The maximal voluntary contraction forces for knee
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extension and flexion of both legs were summed for each
participant, and the leg with the highest additive forces
was classified as the stronger/less-affected leg. A full
description of the leg strength methodology can be found
in Rudroff et al. [4]. Furthermore, there is currently no
accepted method to assess side differences in maximal
strength in the core [27], which makes the legs a logical
site to assess the more- and less-affected sides of this
population.

Walking Protocol

Following the leg strength testing, participants’ plasma
glucose levels were tested via finger stick to ensure that the
glucose uptake measurement began from comparable base-
line conditions. A 22-gauge intravenous catheter was then
placed into an antecubital vein in the subject’s right arm
for injection of FDG. Subjects then walked on a treadmill
(Performance 400 C, ProForm; Logan, Utah) for 15 min
at a comfortable, predetermined self-selected speed, and
any adjustments to speed were made within the first
2 min. Two min after the start of walking, ~8 millicurie of
FDG in 10 mL of saline was infused into the vein via the
inserted catheter. Immediately following walking, the
catheter was removed and subjects were guided into the
PET/CT camera.

Positron Emission Tomography/Computed
Tomography Imaging and Analysis

Imaging was performed with a Philips Hybrid Gem-
ini TF 64 scanner (Philips Healthcare; Cleveland, Ohio).
CT imaging was performed first and immediately fol-
lowed by PET imaging with the subject’s body position
secured to maintain coregistration. Imaging was per-
formed using a standard Colorado Translational Research
Imaging Center protocol, as done previously by our labo-
ratory [4,12].

Image analysis was completed using Analyze 11.0
(Analyze Direct; Rochester, Minnesota). Muscles were
first identified on CT images, and semiautomatic thresh-
olds were set for bone, fat, and muscle tissue. Muscle tis-
sue was classified with a Hounsfield unit range of 0 to 150
[28-29], which ensured the exclusion of intramuscular fat.
One investigator drew regions of interest (ROIs) for the
core muscles by circling the muscle on each transaxial
slice that it could be identified on. Individual muscles were
classified by function: (1) trunk flexor: RA; (2) trunk
extensors: QL and low-back extensor group (LB Ext)
including the multifidus, longissimus, and iliocostalis;
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(3) lateral flexors: EO, IO, and TA. The LB Ext were iden-
tified inferior to the 11th thoracic vertebrae to match the
level of the RA observed in the CT images. ROI object
maps were applied to the participants’ PET image for
quantification of the mean SUV.

SUV =[average tissue radioactivity concentration corrected
for time / (injected dose / subject body mass)]

The spatial distribution of fiber activity within each
muscle was assessed using GUh. GUh of each ROI was
calculated using the following equation: GUh = (standard
deviation [SD]/ SUV can) % 100 [10-11]. The volume of
each ROI was calculated from the CT images using Ana-
lyze 11.0 and converted from millimeters cubed to centi-
meters cubed for analysis.

Statistical Analysis

A Student t-test was used to compare subject charac-
teristics between groups. A separate repeated-measures
analysis was performed for each muscle. The within-
subjects factor was side and the between-subjects factor
was condition (MS or Control). A side x condition inter-
action term was also included in the model, and a random
effect for subject (nested within condition) was used to
account for repeated measures. Contrasts were used to
estimate and test comparisons of interest. Given the inter-
est in differences between sides in patients with MS,
within-group comparisons of side were performed. Where
appropriate, a Tukey adjustment was used to control for
multiple testing (separately for each response variable).

A separate repeated-measures analysis was per-
formed for each variable (SUV, volume, and GUh). The
within-subjects factor was muscle (EO, 10, TA, QL, and
LB Ext) and the between-subjects factor was condition
(MS or Control). A muscle x condition interaction term
was also included in the model, and a random effect for
subject (nested within condition) was used to account for
repeated measures. Contrasts were used to estimate and
test comparisons of interest. A Tukey adjustment was
used to control for multiple testing (separately for each
response variable).

All statistical analysis was performed using SAS 9.4
(SAS Institute Inc; Cary, North Carolina) with the signifi-
cance set at a level of a < 0.05. Data are reported as mean +
SD in the text and mean =+ standard error in figures.
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RESULTS

Eight patients with MS and eight nondisabled controls
participated in this study. However, the PET image of one
control participant did not reconstruct properly and was
excluded from the SUV and GUh analysis. Therefore,
seven nondisabled controls were used in the SUV and GUh
analysis, and eight controls were used in the muscle volume
analysis. The MS and control groups did not differ in age
(449 £ 8.6 yr, 37.9 £ 8.4 yr, p = 0.12), height (171 = 8 cm,
176 £ 7 cm, p = 0.95), or weight (78.2 = 3.3 kg, 78.2 £+
6.3 kg, p = 0.98). Patients with MS walked at a slower
self-selected speed than the nondisabled controls (1.11 +
0.22 m/s, 1.37 = 0.13 m/s, p = 0.01). Furthermore, patients
with MS were classified as having low levels of disability
determined from their PDDS scores (median = 2, range =
0-4) and their MASS scores (median = 1, range = 0-1")
[4]. Plasma glucose concentration immediately prior to the
infusion of the FDG was similar for the patients with MS
and nondisabled controls (84 = 6 mg/dL, 79 + 8 mg/dL, p=
0.2). As previously reported by Kindred et al. [12], the
magnitude of difference in strength between the legs of
patients with MS was greater than that of nondisabled con-
trols. Furthermore, the patients with MS had no visibly
noticeable gait impairments while walking. “More/less-
affected” refers to the weak and strong sides, respectively,
of the MS group; “strong/weak’ refers to the control group.

Muscle Activity

One outlier was identified as being greater than 2 SD
above the mean of the less-affected QL of the MS group,
and this value was replaced by the less-affected QL group
mean (calculated with the outlying value removed). As indi-
cated by the representative image, patients with MS showed
side differences in SUV of core muscles (Figure 1). There
were no main effects or interactions for side or condition for
any of the muscles (p > 0.05). However, within-group com-
parisons between sides revealed that the lateral flexor mus-
cle group on the less-affected side had greater activity than
the more-affected side in the MS group (p = 0.03) (Figure
2). Specifically, the less-affected side had greater activity
within the EO, IO, and RA (p < 0.05) (Figure 3(a)). Within
the control group, no differences were seen between the
strong and weak sides of the lateral flexor muscle group (p =
0.89) or individual muscles (p > 0.45).

Figure 1.
Positron emission tomography and computed tomography

images of patient with multiple sclerosis showing imbalanced
muscle activation of lateral flexors. Arrows point to increased
activation as indicated by greater [18F]-Fluorodeoxyglucose
uptake on less-affected side and decreased activity on more-
affected side. Red denotes greatest glucose uptake, while black
denotes least.
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Figure 2.
Mean standardized uptake value (SUV) of lateral flexor group in

patients with multiple sclerosis (MS) and nondisabled controls
(Con). “p < 0.05 between more- and less-affected sides.

There was no main effect for condition (p = 0.79),
and no muscle x condition interaction was found (p =
0.28). However, a main effect for muscle was found (p <
0.01). Post hoc analyses showed differences between the
EO and QL/TA/LB Ext (p < 0.01). Within-group compar-
isons of muscle revealed that only the EO and LB Ext
muscle groups differed in activity in the MS group, with
the LB Ext group being activated more (p = 0.02) (Fig-
ure 3(b)). The TA and QL each had greater activity than
the EO in the control group (p < 0.04).

Muscle Volume

For the majority of muscles, there were no significant
main effects or interactions (p > 0.07). The single excep-
tion was a significant main effect for side in the QL (p =
0.04). Within-group comparisons of side showed no differ-
ence in volume of the lateral flexor muscle group between
the less/more-affected sides in the patients with MS or the
strong/weak sides of the controls (p > 0.44). However, the
less-affected TA, QL, and LB Ext had a lower volume
within the MS group (p < 0.03) (Figure 4(a)). No differ-
ences were found between the strong and weak sides of the
individual muscles within the control group (p > 0.16).

There was no main effect for condition or muscle x
condition interaction (p > 0.11), but a main effect for
muscle was identified (p < 0.01). Post hoc analyses
showed differences between the EO and LB Ext/RA/TA/
QL, 10 and LB Ext/RA/TA/QL, LB Ext and QL/RA/TA,
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(a) Mean standardized uptake value (SUV) in patients with multiple
sclerosis (MS) and nondisabled controls (Con) between sides of
specific muscles and muscle groups. “p < 0.05 between more and
less-affected sides. (b) No difference in mean SUV between spe-
cific muscles or muscle groups of patients with MS and nondisabled
controls. “Greater SUV than EO in patients with MS (p < 0.05).
“Greater SUV than EO in nondisabled controls (p < 0.05). EO =
external oblique, 10 = internal oblique, LB Ext = low-back extensor
group (multifidus, longissimus, iliocostalis), QL = quadratus lumbo-
rum, RA = rectus abdominis, TA = transversus abdominis.

RA and TA, and QL and RA (p < 0.04). Furthermore,
between-group comparisons of muscle showed that
patients with MS had lower volume in the LB Ext muscle
group than nondisabled controls (p = 0.01) (Figure 4(b)).
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(a) Mean muscle volume (cm3) in patients with multiple sclerosis
(MS) and nondisabled controls (Con) between sides of specific
muscles and muscle groups. *p < 0.05 between more and less-
affected sides. (b) Average muscle volume between patients
with MS and nondisabled controls of specific muscles and mus-
cle groups. “p < 0.05 between MS and control. EO = external
oblique, 10 = internal oblique, LB Ext = low-back extensor group
(multifidus, longissimus, iliocostalis), QL = quadratus lumborum,
RA = rectus abdominis, TA = transversus abdominis.

Glucose Uptake Heterogeneity

There were no main effects or interactions for side or
condition for any of the muscles (p > 0.14). Furthermore,
within-group comparisons of side showed no differences
within either group (p > 0.17) (Figure 5(a)).

There was no main effect of condition or muscle x
condition interaction (p > 0.43). However, a main effect
of muscle was found (p < 0.01). Post hoc analyses
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(&) No difference in glucose uptake heterogeneity (GUh) in
patients with multiple sclerosis (MS) or nondisabled controls
(Con) between sides of specific muscles and muscle groups.
(b) No difference in GUh between patients with MS and nondis-
abled controls of entire muscles and muscle groups. ‘Greater
GUh than EO in patients with MS (p < 0.05). #Greater GUh than
EO, IO, TA, QL, and LB Ext in patients with MS (p < 0.05).
#Greater GUh than EO, IO, TA, QL, and LB Ext in nondisabled
controls (p < 0.05). TTGreater GUh than EO and IO in nondis-
abled controls (p < 0.05). EO = external oblique, 10 = internal
oblique, LB Ext = low-back extensor group (multifidus, longissi-
mus, iliocostalis), QL = quadratus lumborum, RA = rectus
abdominis, TA = transversus abdominis.

showed differences between the EO and RA/QL/TA, 10
and RA/QL, LB Ext and RA, RA and TA, and QL and
RA (p < 0.02). Within-group comparisons of muscle
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showed that the GUh of the RA was greater than the EO,
10, TA, QL, and LB Ext for both MS and controls (p <
0.01) (Figure 5(b)). The TA had greater GUh than the
EO within the MS group (p = 0.02), and the GUh of the
QL was greater than the EO and 10 in the control group
(p <0.04).

DISCUSSION

This is the first study utilizing FDG-PET to quantify
the activation of the core muscles in patients with MS or
nondisabled individuals. The main finding was that
patients with MS have imbalanced activation of the core
muscles during walking as indicated by greater SUV,
with the less-affected side being activated more. This
finding adds to the previous results of imbalanced activa-
tion of the leg muscles and provides a more focused
description of muscle activity in patients with MS during
walking. This activation pattern suggests a compensatory
mechanism used by patients with MS in order to maintain
balance and posture during dynamic task performance
such as walking.

Walking is an activity that requires bilateral activation
of the legs and core muscles in order to maintain balance
and posture. As a result, equal activation of both sides of
the body would be expected in unaltered gait. This
assumption is supported by the findings of this study, as no
differences in SUV were found between sides of the non-
disabled controls. However, even though there were no
visible alterations in gait parameters of the mildly disabled
patients with MS, side differences in activation of the core
muscles were identified. Furthermore, the patients with
MS walked at a slower self-selected speed than the nondis-
abled controls. These findings suggest that FDG-PET may
be capable of identifying compensatory muscle activation
strategies to maintain balance, which may influence gait
parameters. Imbalanced core muscle activation could serve
as an important target for rehabilitative specialists aiming
to improve walking in patients with MS.

In patients with MS, volume differed between the
more- and less-affected side in the individual muscles
that had no difference in activity between sides (TA, QL,
LB Ext), and vice versa. Furthermore, the volume was
greater on the more-affected side of these muscles. This
could be due to the body compensating for either a lack
of muscle strength, which is associated with cross-
sectional area/volume, or activity (SUV). However, fur-
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ther research is needed to explain these findings. The
greater volume may be due to an increased proportion of
type 2 fibers on this side, which are known to have
greater cross-sectional area. While it is suggested that
muscle characteristics of patients with MS shift to a
higher proportion of type 2 fibers [24,30-31], impaired
neural drive to the muscles may prevent increased
strength. However, it is likely that the shift in fiber type
characteristics on one side of the body is not sufficient to
cause imbalanced muscle volume. Furthermore, Garner
and Widrick demonstrated greater atrophy in fast than in
slow fibers of patients with MS [31], which would offset
the expected hypertrophy that comes with a shift to type
2 fiber characteristics. The clinical relevance of the
observed differences in muscle volume cannot be deter-
mined until the side differences in the strength of these
muscles can be accurately assessed.

Skeletal muscle GUh is an estimation of muscle fiber
activity within a muscle. Previous studies have shown
altered GUh as a result of increased exercise intensity
[11], disease status [32], and motor unit remodeling due
to aging [10]. Our results showed no difference between
the groups in GUh for any muscle, which demonstrates
similar fiber recruitment between groups. These findings
suggest that impaired postural stability and balance expe-
rienced by patients with MS could be caused by an
inability to activate the core muscles on one side of the
body rather than an altered activation strategy within the
muscle. The increased GUh observed in the RA of both
groups is likely due to the large aponeurosis within this
muscle and the inability to distinguish between connec-
tive tissue and muscle using CT.

By implementing a novel approach to quantifying
muscle activity based on FDG uptake, we were able to
demonstrate for the first time the differences in core mus-
cle activity during unassisted walking. This technique
provides a unique insight into the activation patterns of
the core musculature due to its ability to measure the acti-
vation of individual muscles without interference from
other muscles. Measuring the activation of deep muscles,
such as the 10 and TA, is not feasible with either SEMG
or intramuscular EMG due to limitations such as cross-
talk, signal cancelation, and invasiveness of the proce-
dure [33-34].

While we did not test core muscle strength in this
study, our findings support the importance of the lateral
trunk flexors during gait. Our study provides preliminary
evidence that core muscle activity might be an important
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requirement of efficient walking, and thus suggests that
core strength should be targeted when selecting rehabili-
tation-based intervention strategies aimed at improving
walking capacity in patients with MS. Though in the cur-
rent study we are unable to declaratively conclude how
the probable compensatory activity of the lateral trunk
flexors of the less affected side augments walking, we
postulate that this process may be a compensatory mech-
anism for enhanced advancement of the more-affected
limb during swing phase and/or additional whole core
stabilization due to weakness of the lateral trunk flexors
of the more-affected side. In people with stroke, where
there is also commonly a more- and less-affected side,
this concept is supported by findings of a significant
association between walking ability and lateral trunk
flexion strength on the side of the weaker leg [35].

Larson et al. used incremental unilateral cycling to
demonstrate asymmetric peak workload and strength
between legs in patients with MS [36]. Participants
cycled under a ramped protocol until volitional exhaus-
tion. The results showed that patients with MS cycled
longer with the stronger leg, which implies greater fatiga-
bility in the weaker leg. We believe that these results, in
combination with our findings, show that patients with
MS may rely on their stronger side while performing
dynamic tasks. This increased reliance on one side of the
body suggests the utilization of a compensatory mecha-
nism, which may lead to greater fatigability of the stron-
ger side and sooner time-to-task-failure.

FDG-PET/CT may serve as an important pre-post
measurement to assess the efficacy of interventional
studies involving patients with MS. Using this technique
would provide objective measures of interventional
changes rather than the current methods of self-report or
distantly related outcomes such as walking, mobility, or
balance. Furthermore, previous studies have shown the
challenges of diagnosing balance impairments in patients
with MS [37-38]. These studies demonstrated the limita-
tions of current methods, such as biomechanical analysis
with force platforms and EMG, to identify balance
impairments in patients with MS.

Despite the minimal evidence in the literature, it is
commonly understood that the core is important for gait.
As such, core strengthening in various forms has been the
subject of intervention [16—18,39—40]. Although these
studies generally have limitations in design and have
used different approaches and outcomes, together they
show an overall positive effect on gait and mobility out-

comes. Still, it is not clear which core muscles might be
the most important to target, nor the relative importance
of trunk control, sway, strength, or endurance to walking.
Our results provide early evidence that addressing the
imbalances in core activation between the more- and
less-affected sides, in particular for the lateral flexors,
might be an important early target of intervention.

Limitations

The primary limitation of this study was the small
sample size. While we were still able to find significant
differences, other important associations might not have
been detected due to lack of power. A second limitation
was that walking took place on a treadmill, which is dif-
ferent from gait patterns and muscle activation used for
overground walking; however, participants were famil-
iarized with treadmill walking prior to beginning the test.
Additionally, the lower temporal resolution of FDG-PET/
CT could be considered as a limitation. Rate of FDG
uptake can provide improved temporal resolution but
requires blood sampling, which was not performed in this
study. Other modalities, such as EMG, are able to mea-
sure muscle activity multiple times per second. As such,
it is possible that using EMG in conjunction with FDG-
PET/CT may provide even greater information on skele-
tal muscle properties during task performance in patients
with MS.

Future Studies

FDG-PET/CT is a novel technique to measure
whole-muscle activity. Future studies should be con-
ducted to investigate muscle activity in patients with MS
and nondisabled controls while walking at the same
speed. Additionally, the association between gait and
core strength deficits and asymmetries should be further
validated after properly determining the magnitude of
muscle strength deficits in the core musculature. A larger
sample size and varying levels of disability would pro-
vide greater insight into activation patterns and imbal-
ances. Finally, biomechanical analysis in combination
with FDG-PET/CT could help explain altered gait and
balance control parameters in patients with MS. Examin-
ing FDG uptake in these situations would allow for better
monitoring of disease progression and new rehabilitative
strategies to be implemented.
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CONCLUSIONS

Mildly disabled patients with MS demonstrate imbal-
anced activation of the core muscles during walking, with
the less-affected side being activated to a greater extent.
Rehabilitation strategies should target the core muscles,
in particular the lateral flexor group, in order to decrease
the reliance on one side of the body. The lateral flexor
group may be of particular importance to maintaining
balance and posture while walking, and inefficient acti-
vation patterns in this group could potentially lead to
higher levels of muscle fatigue.
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