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Multipl Skleroz Hastalarinda Kalga
Kas Kuvveti ve Kor Kas Dayaniklilig
ile Yiiriime Kapasitesi Arasindaki Iliski

ABSTRACT

Objective
The aim of the study was to determine the relationship between hip muscle strength
and core muscle endurance with walking capacity in patients with multiple sclerosis.

Material and Methods

Fifty multiple sclerosis patients (15 female, 35 male) with a mean age of 40.34 +
9.51 years were included in this study. Hip muscle strength was measured by hand-
held dynamometer. Trunk flexion endurance test, sorenson test and lateral bridge test
were performed to assess core muscle endurance. Walking capacity was assessed by
Timed 25-Foot Walk, Timed-Up-and-Go, and 2-Minute-Walk tests. Regression and
correlation analysis were used to determine factors affecting gait.

Results

Participants with high hip muscle strength and core muscle endurance had signifi-
cantly better walking capacity test results (p< 0.05). Only, trunk flexion endurance
test did not show any significant correlation with any walking test (p>0.05). Regres-
sion analysis revealed that hip extension force, sorenson test and right lateral bridge
test accounted for 53% variability in Timed 25-Foot Walk test and 62% variability
in Timed-Up-and-Go test, and right lateral bridge and hip abduction force explained
60% variability in 2-Minute-Walk test.

Conclusion

Core muscle endurance affects walking capacity of multiple sclerosis patients. In-
clusion of exercises that will increase hip muscle strength and core muscle endur-
ance in rehabilitation program is important.
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Amacg

Caligmanin amaci, multipl skleroz hastalarinda kalca kas
kuvveti ve kor kas dayanikliligi ile yiirime kapasitesi
arasindaki iligkiyi belirlemektir.

Gerec ve Yontemler

Ortalama yaslart 40,34 + 9,51 yil olan 50 multipl sk-
leroz hastasi (15 kadin, 35 erkek) ¢aligmaya dahil edildi.
Kalga kas kuvveti el dinamometresi ile 6l¢iildii. Cekird-
ek kas dayanikliligi degerlendirilirken govde fleksiy-
on dayaniklilik testi, sorenson testi ve lateral koprii tes-
ti uygulandi. Yiriime kapasitesi, Zamanli 25 Metrelik
Yirlyiis, Zamanli Kalk-Yiirii ve 2 Dakikalik Yiiriime testi
ile degerlendirildi. Yiiriiytisii etkileyen faktorleri belirlem-
ek i¢in regresyon ve korelasyon analizi kullanildi.

Bulgular

Kalga kas kuvveti ve kor kas dayaniklilig1 yiiksek olan
katilimcilarin yiirime kapasitesi testi sonuglari anlamli
derecede daha iyi oldu (p< 0.05). Sadece govde fleksiy-
on dayaniklilik testi herhangi bir yiiriime testiyle anlaml
korelasyon gostermedi (p>0,05). Regresyon analizi, kal¢a
ekstansiyon kuvveti, sorenson testi ve sag yan koprii testi-
nin, Zamanli 25 Ayak Yiiriime testinde %53, Zamanlh Kalk
ve Yiiri testinde ve sag yan koprii testinde %62 degisken-
ligi agikladigint gosterdi ve kalga abdiiksiyon kuvveti 2
Dakikalik Yiiriiyiis testinde %60 degiskenligi agikladi.

Sonuc¢

Kor kas dayanikliligi multipl skleroz hastalarimin yiiriime
kapasitesini etkilemektedir. Kalca kas kuvveti ve kor kas
dayanikliligini artiracak egzersizlerin rehabilitasyon pro-
gramina dahil edilmesi 6nemlidir.

Anahtar Kelimeler
Multipl skleroz, Kalga kas kuvveti, Kor kas dayanikliligi,
Yiiriime kapasitesi
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INTRODUCTION

Multiple Sclerosis (MS) is an autoimmune, demyelinating
central nervous system disease with inflammatory attacks
associated with inflammation and neurodegeneration (1).
Axonal damage resulting from central nervous system de-
myelination causes progressive disability and disease (2,
3-5). Although symptoms of the disease are highly vari-
able, in general, it includes sensory, cognitive and motor
disorders (6, 7). Corticospinal tract demyelination and
loss of axons typically cause muscle weakness, lower ex-
tremity spasticity, coordination problems and commonly
fatigue (1, 6, 8-10). Decreased lower extremity function
and inability to walk create a major limitation which af-
fects quality of life negatively (11).

Muscle weakness leads to a decrease in the function of
the upper extremity as well as mobility and causes pos-
tural changes (8). This leads to abnormal stress on various
structures during ambulation and therefore patients de-
velop compensatory techniques to continue walking (8).
Very high percentage of people with MS report that their
main complaints are walking problems, 76% of them need
a walking aid and 52% need a bilateral walking aid in the
45-year period after the diagnosis of MS (3, 8, 12). While
many patients report impaired walking capacity, walking
speed progressively decreases as the disease progresses
(3,4,7-9, 11-13).

Gait is defined as a complicated event requiring the co-
ordination of many systems in the body (7). Therefore,
walking problems seen in MS are seen as a complex and
difficult to explain problem caused by a combination of
factors (3). In the literature, studies mostly focus on mus-
cle weakness and gait, distal part of lower extremity such
as upper leg and ankle, but limited studies have been con-
ducted on hip muscles, a proximal muscle group that cre-
ates stability for walking (6, 9, 14).

Today, postural stability of the trunk is called ‘core sta-
bility’ (5, 15-17). Core muscles that provide core stability
provide stabilization of the spine, pelvis and kinetic ring
during functional movements (15, 16). Core muscles show
various levels of activation during walking (13). Increased
activations of abdominal muscles were determined in
phases such as middle posture or heel stroke according
to electromyography results during gait in individuals
without disability (18). In a study, where individuals with
MS were compared with healthy individuals, MS patients
demonstrated decreased muscle strength and endurance
(5). Limited studies in the literature investigated core
muscle strength and endurance and their relationship with
walking capacity. In this study, we aimed to determine the
relationship between hip muscle strength and core muscle
endurance with walking capacity in patients with MS. We
hypothesized that patients with better hip muscle strength
and core muscle endurance have better walking capacity.
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MATERIAL and METHODS

This cross-sectional study took place at Nicosia State Hos-
pital Neurology Unit between January 2018 and May 2018.
A total of 69 ambulatory MS patients who were followed by
this unit during 2017-2018 were reached and a total of 62
cases accepted to participate and 50 cases were included in
the study according to inclusion/exclusion criteria. Inclusion
criteria were; diagnosis of MS according to McDonald's cri-
teria, being at age 18 or more, having no MS attack or any
surgical operation in the last one month, and level of disabil-
ity according to Expanded Disability Status Scale (EDSS)
to be between 0-6.0. Exclusion criteria were; the presence
of any perception problems that may affect the results of
the research, presence of orthopedic problems in the hip,
knee and ankle joints that may affect walking, presence of
a spasticity score of 2 or higher in the muscles around the
hip according to the Modified Ashworth Scale, having bot-
ulinum toxin injection in the last 6 months and pregnancy.
All participants were required to sign an informed consent
form which was approved by the Ethics Committee of the
European University of Lefke in accordance with the Hel-
sinki Declaration before being included in the study. (Eth-
ics Committee Approval Number: UEK/03/02/04/1617/06)
This study was prepared based on the master's thesis titled
“The Relationship Between Hip Muscle Strength and Core
Muscle Endurance with Walking Capacity and Falls In Pa-
tients with Multiple Sclerosis” which was done under the
consultancy of B. B. K., PT, PhD, Assoc Prof. and presented
and completed on August 8, 2017.

Hip Muscle Strength

The maximum isometric contraction force of both hips was
measured with a Hand-held dynamometer (Lafeyette Hand-
held Dynamometer, New York, USA) (19). To ensure that
the patient performed the test position correctly, a trial mea-
surement was performed with submaximal power before the
main test. Then 5 sec. isometric, maximum voluntary con-
traction performed. The measurement was repeated twice
and averaged. Ninety seconds rest intervals were allowed
between the maximum contractions.

Core Muscle Endurance

Static endurance of the core muscles was measured using
the Mc Gill Protocol, which was proven to be valid and reli-
able; Trunk Flexor Endurance, Sorenson test and Left/Right
Lateral Bridge Tests were performed (5, 18, 20, 21). During
the measurements, the patient's performance was recorded
in seconds using a stopwatch.

Walking Capacity

Three tests were used to assess walking capacity. During
walking tests, subjects were allowed to use a walking aid if
they needed.

Timed 25-Foot Walk Test (T25FW)

The Timed 25-Foot Walk Test basically evaluates walking
performance and speed. A distance of 25 steps was clearly
marked and the patient was asked to complete this distance
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as soon as possible and safely. The same task was repeated
immediately and the patient returned to the same distance.
The results obtained were averaged. The time taken to walk
was measured with a stopwatch and recorded in seconds (6,
9,11, 22).

Time Up-and-Go (TUG)

The Time Up-and-Go (TUG) is a validated and reliable test
that evaluates gait performance (25). The patient was asked
to stand up from his chair, walk for three meters, then turn
back, walk back to chair and sit again. The time spent was
measured in stopwatch and recorded in seconds (6, 22, 23).

2-Minute Walk Test

The 2-Minute Walk Test is a valid and reliable test (27, 28).
The distance was marked at 30 meters and the distance the
patient walks within 2 minutes is measured with a tape mea-
sure in cm. Time tracking was performed with a stopwatch.
The patient was informed that if he/she got tired during
walking, he/she could rest and continue walking, and the
time was not stopped during rest (6, 11, 24, 25).

Statistical Analysis

Statistical analyses were performed by Statistical Package
for the Social Sciences (Version 21). Demographic and clin-
ical characteristics were determined by descriptive statistics.
The relationships between continuous variables were inves-
tigated by Pearson Correlation analysis. In the regression
analysis, the variables to be entered into the model were de-
termined by backward selection. G¥Power software 3.1.9.2
was used to set the sample size. Previous study done by
Broekmans T. et al. (2013) guided us to decide the effect
size and for a 0.5 effect size with 0.95 power, a total of 50
participants needed (6). The significance value was deter-
mined as p <0.05.

RESULTS

Of the 50 participants in the study, the mean age was 40.34
+9.51 years, mean height was 166.32 £ 9.61 cm, mean body
weight was 69.52 + 15.34 kg and mean score of Expanded
Disability Status Scale was 2.018. The median disease dura-
tion was 96 months. 70% of the participants were female (35
persons) and 30% (15 persons) were male. In terms of work-
ing status, it was found that 68% (34 people) were working,
22% (11 people) were not working, and 10% (5 people) were
retired. Fifty-two percent (26 people) of the subjects in the
study stated that the left side was affected by the disease and
48% (24 people) stated that the right side was affected. Nine-
ty percent (45 people) of the subjects in the study do not need
any walking aids, and 10% use single walking aids. While
82% (41 people) of MS patients do not receive physical ther-
apy and rehabilitation programs, 18% (9 people) do home
exercise programs. It was seen that 32% (16 people) of the
patients had a history of falling in the last month. However,
68% (34 people) of participants did not have a history of fall-
ing in the last month. Demographics and clinical characteris-
tics of participants are given in Table 1.



Table I. Demographic and Clinical Characteristics of Participants (n = 50)

Variables Number (n) Percentage (%)
Gender

Female 15 15,00

Male 35 70,00
‘Working Status

Working 34 68,00

Not working 11 22,00

Retired 5 10,00
Affected Lower Limb

Right 24 48,00

Left 26 52,00
‘Walking Aid

Not user 45 90,00

User (single walking aid) 5 10,00
Rehabilitation Attendance

Not attending 41 82,00

Supervised Home Programme 9 18,00
History of Falling (last month)

Yes 11 22,00

No 39 78,00

Results of the Relationship Between Hip Mus-
cle Strength and Walking Capacity

A significant, weak, and inverse relationship was found
between T25FW and hip flexion, extension, adduction,
abduction, external rotation, and internal rotation strength
(p <0.05). As the average muscle strength of the hips in-
creases, the time required to complete the 25-foot walk
decreases (Table II). Similarly, a significant, weak correla-
tion was found between hip flexion, extension, adduction,
abduction, external rotation and internal rotation forces
with TUG (p <0.05). As the average muscle strength of
the hips increases, the TUG score decreases (Table II).

Table II. Relationship Between Average Hip Muscle Strength and Walk-
ing Capacity

Variables T25FW TUG 2-Minute Walk

r -0,38 -0,36 0,68
Flexion Strength

p 0,007* 0,01* 0,0001*

r -0,45 -0,44 0,66
Extension Strength

p 0,001* 0,01* 0,0001*

r -0,51 -0,49 0,75
Abduction Strength

p 0,0001* 0,0001* 0,0001*

r -043 -0,41 0,64
Adduction Strength

p 0,002*% 0,003* 0,0001*

r -0,45 -0,42 0,64
Int. Rot. Strength

p 0,001% 0,001* 0,0001*

r -0,38 -0,30 0,64
Ext. Rot. Strength

p 0,006* 0,01* 0,0001*

*p<0,05 Int. Rot. Internal Rotation, Ext. Rot. External Rotation

Gursoy Karaman N. and Belgen Kaygisiz B. PAVGRYERPIPERRIE))

2-Minute Walk test showed a significant and moderate re-
lationship between hip flexion, extension, adduction, ab-
duction, external, rotation and internal rotation strength (p
<0.05). As the mean muscle strength of the hip increases,
the distance covered by the 2-Minute Walk increases (Ta-
ble II).

Results of Relationship Between Core Muscle
Endurance and Walking Capacity

There was an inverse, significant and weak correlation
between the T25FW and sorenson, lateral bridge test re-
sults-left and right (p <0.05). There was no significant re-
lationship between T25FW and trunk flexion endurance
test (p> 0.05) (Table III).

Table III. Relationship Between Core Muscle Endurance and Walking

Capacity
Tests T25FW TUG 2-Min Walk Test
r -0,31 -0,29 0,50
Sorenson
p 0,03* 0,04* 0,0001*
r -0,23 -0,20 0,38
Trunk Flexion
p 0,10 0,15 0,07
r -032 -0,32 0,58
Right Lateral Bridge
p 0,02* 0,02* 0,0001*
r -032 -0,31 0,60
Left Lateral Bridge
p 0,02% 0,03* 0,0001*
*p<0,05

There was an inverse, significant and weak correlation
between TUG and sorenson, right and left lateral bridge
test results (p <0.05). There was no significant relationship
between TUG and trunk flexion endurance test (p> 0.05)
(Table III).

There was a similar, significant and weak correlation
between the 2-Minute Walk test and sorenson results (p
<0.05). There was a significant, strong and significant
relationship between the 2-Minute Walk test and lateral
bridge right and left tests (p <0.05). No significant rela-
tionship was detected between the 2-Minute Walk test and
trunk flexion endurance test (p> 0.05) (Table III).

Factors Determining Walking Capacity

The results of the multiple regression analysis to deter-
mine the factors affecting walking capacity were deter-
mined by backward selection. Accordingly, the model
established for all 3 walking capacity tests were signif-
icant. The model can explain 53% of the total variance
in T25FW. Extension muscle strength, lateral bridge right
and sorenson static endurance were found to be inversely
correlated with walking capacity measured by T25FW (p
<0.05). The model can explain 62% of the total variance in
TUG. Hip extension muscle strength, lateral right bridge
and sorenson core endurance test showed an inverse and
significant relationship with walking capacity measured
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by TUG (p <0.05). The model can also explain 60% of the
total variance in the 2-Minute Walk Test. Hip abduction
force and right lateral bridge static endurance test showed
a significant relationship with walking capacity measured
by 2-Minute Walk test (p <0.05) (Table IV).

Table IV. Timed 25-Foot Walk, Time Up-and-Go and 2-Minute Walk
Test Regression Equation

Right
Timed 25-Foot Walk  Constant Extension Sorenson Lateral
Bridge

Std. Coefficients 2,37 -0,38 -0,31 -0,25
t 19,55 -3,43 -2,44 -2,08
P 0,0001*  0,001* 0,02* 0,04*
F= 19,55 (p=0,0001) R?=0,53

Right Lateral
Timed-Up-and-Go Constant Extention Sorenson .

Bridge
Std. Coefficients 2,82 -0,44 -0,25 -0,33
t 23,69 -4,39 -2,16 -3,01
p 0,0001* 0,0001* 0,04* 0,004*
F=27,90 (p=0,0001) R2=0,62
2-Min -Walk Test Constant Abduction  Right Lateral Bridge
Std. Coefficients 3,96 0,61 0,27
t 18,79 5,79 2,52
P 0,0001* 0,0001* 0,02*
F= 37,50 (p=0,0001) R>=0,60

*p<0,05

‘Walking’ is a complex event that requires coordination of
many systems in the body and walking problems in MS
patients are seen as complex and difficult to explain due to
the combination of a number of factors. Muscle strength
losses are among the leading factors that cause walking
problems in this population. As muscle weakness causes
decreased walking capacity, it is important to determine
how much different muscle groups affect this function.
Our study population included 50 ambulatory MS patients
and the relationship between hip muscle strength and core
muscle endurance with walking capacity was demonstrat-
ed.

Muscle strength measurements taken from the right and
left hips were classified as weak and strong muscles and
their relationship with walking was demonstrated. The
findings of the study done by Broekmans et al. (2013),
are similar in nature with our study, and we can conclude
that the weak hip muscle and the strong hip muscle affect
walking at the same rate (6). For this reason, weak and
strong muscle strength averages were taken and the anal-
ysis was continued.

The relationship between mean hip muscle strength of all
MS patients and walking tests was demonstrated. Accord-
ing to the obtained results, it can be stated that as walking
is an activity that requires postural control, as the muscle
strength of the hip increases proximal stabilization, fa-
tigue during walking decreases and endurance increases.
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Previous studies have demonstrated the importance of hip
muscle strength in postural control (26, 27).

Zackowski et al. (2014) evaluated the amount of time-de-
pendent change in motor and sensory measurements in
individuals with MS and its relationship with walking
speed and found that weak hip flexion was most affect-
ed by walking speed (28). In a study done by Fritz et al.
the relationship between posturography and gait measure-
ments in individuals with MS, bilateral flexion and exten-
sion forces of the hip was measured and confirmed the
previous study, yielding results showing poor hip flexion
with low walking speed (12). Fritz et al. reveals the ef-
fect of hip extension force on walking speed (14). In both
studies, the abduction, adduction and rotation forces of the
hip were not examined. In our study, as in the previous
studies, hip flexion, extension, as well as hip abduction,
adduction, internal and external rotation muscle strength,
which have not been evaluated before, have been found to
be significantly related to walking capacity. Hip abduction
strength, which has not been evaluated before, is signifi-
cantly related to the 2-Minute Walk test, which assesses
walking capacity and requires physical endurance. Kim et
al. (2016) evaluated the role of gluteus medius on pelvic
and knee stabilization in one-foot posture phase and men-
tioned the importance of gluteus medius muscle in pelvic
stability by preventing pelvic fall (26). The results ob-
tained in our study suggest that pelvic oscillations during
walking may increase if abduction strength decreases and
this may cause muscular fatigue.

In the literature, although the relationship between mus-
cle strength and gait has been frequently examined with
various muscle parameters, limited studies evaluated the
relationship between walking and core muscle endurance,
which is the basis for trunk stabilization. Postural control
and spinal stabilization against gravity, which are among
the core functions of the core muscles, is provided by co-
activation of the axial flexor and extensor muscles (29).
Yoosefinejad et al. (2015), measured core muscle strength
and endurance, static endurance tests, trunk flexion en-
durance, sorenson test and lateral bridge endurance tests,
body muscle strength by handheld dynamometer, and all
these parameters have shown that the results are weaker
in patients with MS than healthy individuals (5). The core
muscles are individually activated and work in synergy
rather than creating a force to form a complex control and
movement pattern (27). This study aimed to determine the
relationship between walking and endurance, and not to
measure strength. A recent study by Ozkul et al revealed
that decreases in both lower extremity strength and core
muscle endurance are associated with lower functional
performance in patients with MS, however, they only as-
sessed lower extremity with sit to stand test which is a
general strength test for lower extremities (30).

The relationship between core muscle static endurance
tests - sorenson, right and left lateral bridge tests and



walking capacity tests were also demonstrated. Ketelhut
et al. (2015) evaluated core muscle activity during walk-
ing in individuals with MS and it was shown that the trunk
lateral flexor group muscle activity on the strong side was
higher (13). In this study, it was emphasized that indi-
viduals with MS exhibited compensatory mechanisms to
maintain their balance and postures and that these strate-
gies could lead to increased muscle energy requirement
and muscular fatigue (13). Findings obtained from our
study are consistent with the findings of Ketelhut et al.
(2015) that decreased endurance in the lateral trunk mus-
cles and the trunk extensor muscles against gravity may
cause muscular fatigue and affect walking speed and en-
durance (13).

In the determination of the factors determining the walk-
ing speed, it was seen that the changes in T25FW and TUG
test results could be explained by hip extension strength,
sorenson and lateral right bridge values at the rate of 53%
and 62%, respectively. Fritz et al. (2015) in the study of
the effects of dynamic balance on walking performance in
individuals with MS, it was found that 70% of the walking
speed was determined by hip extension force, eyes open,
feet closed balance and anteroposterior direction oscilla-
tion (14). In our study, hip extension strength was deter-
mined as a factor affecting the walking speed in support
of the above-mentioned study. However, in the literature,
sorenson and lateral right bridge test, which evaluated the
extension endurance of the trunk, have not been previous-
ly examined in relation to gait in individuals with MS. The
results suggest that muscular fatigue may occur prema-
turely and decrease walking speed in patients with MS in
case of weakening of hip extensor strength and back ex-
tensor muscle endurance, which are antigravity muscles.
However, as previously mentioned, the increase in activity
of the lateral core muscles during walking, especially on
the strong side, was also found to be effective in walking
speed.

Also, in our study, it was observed that the change in the
2-Minute Walk test was explained by 60% of the lateral
right bridge and hip abduction force. The findings show
the effect of hip abduction force on gait endurance and
the relationship of the lateral right bridge with both gait
velocity and endurance. Ketelhut et al. (2015) found that
the effectiveness of trunk lateral muscles during walking
was high in individuals with MS, and Kim et al. (2016)
demonstrated the importance of gluteus medius in pelvic
stabilization (13, 26). Our study has some limitations.
Our study has some limitations. We could look at the re-
lationship between parameters but we could not prove
that increased strength would increase walking capacity.
So we suggest prospective studies for patients with MS
where the effect of structured strengthening exercise pro-
gram for hip and core muscles on walking performance
can be shown.

Gursoy Karaman N. and Belgen Kaygisiz B. PAVGRYERPIPERRIE))

CONCLUSION

It is a known fact that decreased walking capacity is a ma-
jor limitation and decrease quality of life in individuals
with MS. As a result of the findings obtained in this study,
it is concluded that hip muscle strength and core muscle
endurance affect walking capacity. During physiotherapy
and rehabilitation of patients with MS, inclusion of ex-
ercises to improve hip muscle strength and core muscle
endurance in the early stages of the disease would enhance
walking capacity of patients. Keeping walking capacity
strong, especially in progressive type MS patients, will re-
duce or prevent future walking problems. In this context,
the most powerful aspect of our study is that our results
emphasize the importance of studying hip and core mus-
cle strength in the MS patient group. It will be a strong
support for the quality of life of MS patients if physiother-
apy and rehabilitation professionals working in this field
include these results in their clinical work environments.
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