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Abstract: Patients with multiple sclerosis (MS) have a lower quality of life (QoL) than the general population. Rehabili-
tation is an essential part of the comprehensive treatment of MS patients. The aim was to determine the influence of complex 
physical therapy on the QoL of MS patients and the association of functional status with certain domains of health-related 
QoL. We followed 58 MS patients. The complex kinesitherapy used the Bobath concept and occupational therapy with the 
use of robot-assisted rehabilitation for the upper extremities. Before the start of rehabilitation and at the end, functional 
status was assessed by the Expanded Disability Status Scale (EDSS) and Berg Balance Scale (BBS). QoL was assessed 
through the standardized SF36 test and summarized into two scores: physical health component score and mental health 
component score. The average age of patients was 49.38 years. There was a significant improvement in all patients after 
the therapy, both in functional status and in QoL. There were no significant correlations between the EDSS and BBS with 
QoL parameters (individual SF36 categories and two summary scores). Duration of the disease correlated with the EDSS 
and BBS, but not with QoL. The age of patients did not correlate with functional status or with QoL. Physical therapy im-
proves both functional status and QoL, but improvements do not correlate. There is a need to incorporate QoL assessment 
into assessments of disease severity, progression, and treatment success to obtain the most relevant results in creating the 
right treatment strategy.
Keywords: Functional status, Neurodegenerative Diseases, Occupational Therapy, Physical therapy

INTRODUCTION
Multiple sclerosis (MS) is a chronic, incurable inflammatory disease of the central nervous system (CNS). It af-

fects young adults at a time of maximum personal, professional, and social development. It is characterized by fully 
or partially reversible episodes of neurological deficit lasting several days to weeks (Reich et al., 2018). It has a vari-
able clinical picture that depends on the affected structures of the brain or spinal cord. The most common symptoms 
are motor weakness, sensory disorders, gait and coordination disorders, and optic neuritis (Saguil et al., 2022). Ac-
companying disorders are sphincter disorders, sexual dysfunction, pain, speech and swallowing disorders, cognitive 
dysfunction, and psychological disorders that significantly limit the patient’s functioning in everyday life and social 
activities (Barin et al., 2018). These processes lead to a decrease in physical activity and mobility, which causes a 
vicious circle and secondary complications that endanger other organ systems. Psychological reactions arise from 
learning about the presence of the disease.

Research suggests that early initiation of an active lifestyle and exercise in MS patients can promote neuroprotec-
tion, neuroregeneration, and neuroplasticity (White et al., 2008). Patients tolerate programmed exercise well, and it is a 
safe and effective way to improve their quality of life (QoL) by optimizing daily functioning and increasing their partici-
pation in various areas of life (Padgett et al., 2013; Dalgas et al., 2009). Rehabilitation is increasingly recognized as an 
essential part of the comprehensive treatment of patients with MS and it reduces inflammatory cytokines in the immune 
system, protects the CNS, slows down neurodegeneration, induces neuroplasticity, and slows the disease progression 
(Centonze et al., 2020; Isaković et al., 2019; Simpson et al., 2015). Various types of physical activity have been proposed 
for patients with MS, such as aerobic exercises, progressive resistance exercises and interval training, combined endur-
ance and strength training (Ilett et al, 2016). An important place in the treatment of patients belongs to the proprioceptive 
neuromuscular facilitation and Bobath neurodevelopmental treatment (Kubsik-Gidlewska et al., 2017).

MS patients have a lower QoL than the general population. QoL is influenced by several disease-related factors, 
such as the degree of disability or type of MS, and factors such as social support, education, age, or employment 
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(Wilski et al., 2019). There is an increased prevalence of psychiatric comorbidities, depression and anxiety in patients 
with MS compared to the general population, which often represents a reactive state (McKay et al., 2018). These 
conditions change the patient’s objective perception of health already after the diagnosis, which further significantly 
reduces the QoL of these patients. QoL is also affected by general well-being and social functions that are not directly 
related to the neurological disease, but which patients consider to be even more important determinants of health 
condition than impaired physical function (Rothwell et al., 1997).

The aim of this research was to determine the influence of complex physical therapy on the functional status and 
QoL of patients with MS and the association of functional status with certain domains of health-related QoL.

MATERIAL AND METHODS
The research was conducted at the Institute for Physical Medicine, Rehabilitation and Orthopedic Surgery “Dr. 

Miroslav Zotović”, Banjaluka, Bosnia and Herzegovina from March 2022 to November 2023 in accordance with the 
provisions of good clinical practice with the approval of the Ethics Committee of the mentioned institution (number 
of the decision 116-01-3106-2/22). During this period, 74 MS patients, both genders, were treated at the Neuroreha-
bilitation Department. The inclusion criteria were: a confirmed diagnosis of MS, persons older than 18 and younger 
than 70 years of age, and cognitive function according to the Mini Mental Test ≥ 24. Exclusion criteria were: wors-
ening of the MS during the study, relapse of the disease in the last month, confirmed psychiatric diagnosis, newly 
confirmed neurological, rheumatological or orthopedic disease, worsening of cardiovascular and respiratory system 
function, and development of an inflammatory disease with febrility.

After the examination by a specialist in physical medicine and rehabilitation and before the start of rehabilita-
tion, patients’ functional status was assessed by graduate physiotherapists using the Expanded Disability Status Scale 
(EDSS) and Berg Balance Scale (BBS), which monitored functional progress during rehabilitation. The EDSS is 
suitable for detecting the effectiveness of clinical interventions and monitoring the progression of MS (Meyer-Moock 
et al., 2014). The BBS is a valid and reliable, most commonly used tool for assessing balance and fall risk in patients 
with MS, assessing static sitting balance, postural changes, transfers, and standing balance (Caselli et al., 2023; Cat-
taneo et al., 2007).

The evaluation of patients’ QoL was done by the standardized SF36 test with eight domains, which can be sum-
marized in two scores, the physical component summary (PCS) score and the mental component summary (MCS) 
score (Gitman et al., 2023; Gil-González et al., 2020).

For all patients, rehabilitation lasted five weeks, five days a week. Physical therapy has been adapted to the 
individual needs of the patient. The first segment was kinesitherapy, which included a program lasting 45 to 60 
minutes, according to the patient’s ability. The Bobath concept was a central part of the treatment, with a proven 
positive impact on balance, postural control and indirectly adaptive neuroplasticity index (Castelli et al., 2022). It 
emphasizes the critical role of postural stability (essential for selective movements and balance) and represents a 
part of the comprehensive treatment of MS patients (Ilett et al., 2016; Raine, 2007; Abreu-Corrales et al., 2023). 
Walking, balance and coordination exercises were conducted, and also exercises to improve muscle strength, im-
prove or maintain range of motion, breathing exercises, and walking exercises at the loom. Exercises to strengthen 
the muscles of the pelvic floor were part of the program, depending on the type of damage to the sphincter func-
tions (is it the result of CNS damage or bladder detrusor insufficiency). Before kinesitherapy, in patients with 
spasticity, the Novafon® device for a mild vibration massage was used to cause relaxation, which enables the 
implementation of the program.

The occupational therapy was also used, two times a day, lasting 30 to 45 minutes. It enables optimal functional 
independence in various areas of life, self-care, work professional abilities, and socialization. Robot-assisted training 
was also conducted on the Hocoma Armeo®Senso medical device for upper limbs, which uses three sensors and a 
handheld module to track movements and provide real-time feedback on improved performance. All patients were 
able to perform this training. At the end of the rehabilitation, the EDSS, BBS and SF36 testing was repeated.

The obtained results were statistically processed with SPSS version 29 software (IBM corporation, New York, 
USA), using methods of descriptive statistics, correlation analysis and t-test. A p-value of <0.05 was considered sta-
tistically significant.
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RESULTS
The inclusion criteria were fulfilled by 58 patients. The average age of patients was 49.38 years (range 31 to 68 

years). 74.1 % of patients were female, and 25.9 % were male. In all patients, there was a significant improvement, 
both in functional status and in QoL (table 1).

Table 1. EDSS and parameters of quality of life before and after therapy (mean ±SD)

EDSS BBS SF36 PCS MCS
Before therapy 5.3±1.8 24.31±11.2 43.9±17.0 39.4±16.2 48.4±18.4
After therapy 4.6±1.7 32.33±12.2 53.7±18.5 48.2±17.8 57.7±19.8
Δ -0.7±0.6 * 8.02±7.94* 9.7±13.5 * 8.8±12.4 * 9.2±14.3 *

EDSS - Expanded Disability Status Scale, BBS- Berg Balance Scale, PCS- physical component summary score, MCS- mental 
component summary score. *p<0.001 testing withing groups using paired samples t test

When compared individually, in all categories of SF36 there was a significant improvement after the therapy 
(table 2).

Table 2. Comparisons of individual 36 categories before and after therapy

N ρ p
Physical functioning 58 .824 .000
Role limitations due to physical health 58 .682 .000
Role limitations due to emotional problems 58 .541 .000
Energy/fatigue 58 .596 .000
Emotional well-being 58 .747 .000
Social functioning 58 .766 .000
Pain 58 .579 .000
General health 58 .767 .000
Health change 58 .748 .000

Correlations of EDSS and SF36 categories showed weak and statistically nonsignificant correlations (table 3).

Table 3. Correlation of EDSS and SF36 categories before and after therapy

EDSS before therapy EDSS after therapy
r p r p

Physical functioning -.134 .324 -.155 .255
Role limitations due to physical health -.213 .114 -.255 .057
Role limitations due to emotional problems -.089 .515 -.164 .228
Energy/fatigue .138 .309 -.019 .892
Emotional well-being .126 .356 .081 .554
Social functioning -.179 .186 -.116 .396
Pain -.018 .893 -.055 .688
General health -.081 .554 -.162 .233
Health change -.149 .275 -.134 .324

EDSS - Expanded Disability Status Scale.

Also, there were no statistically significant correlations between EDSS, PCS and MCS (table 4).
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Table 4. Correlations between EDSS with PCS and MCS

Therapy
EDSS BBS
Before
r (p)

After
r (p)

Before
r (p)

After
r (p)

 PCS -.119 (.375) -.211 (.112) -.126 (.345) .021 (.877)
 MCS -.049 (.712) -.116 (.386) -.184 (.092) -.034 (.799)

EDSS - Expanded Disability Status Scale, PCS- physical component summary score, MCS- mental component summary score.

Duration of the disease showed significant correlations with EDSS and BBS, but not with values of QoL (table 5).

Table 5. Correlation of the disease duration with examined parameters before and after therapy

Duration of the disease (months)
ρ p

EDSS before therapy .534 .000*
EDSS after therapy .55 .009*
BBS before therapy -.508 .000*
BBS after therapy -.338 .009*
PCS before therapy .166 .214
PCS after therapy .112 .401
MCS before therapy .223 .092
MCS after therapy .128 .339
SF36 before therapy .186 .163
SF36 after therapy .122 .361

EDSS - Expanded Disability Status Scale, BBS- Berg Balance Scale, PCS- physical component summary score, MCS- mental 
component summary score.

The age of patients also did not show statistically significant correlations with EDSS, BBS, PCS, and MCS 
(table 6).

Table 6. Correlation of age of patients with functional parameters and quality of life before and after therapy

EDSS before 
therapy

EDSS after 
therapy

BBS before 
therapy

BBS after 
therapy

PCS before 
therapy

PCS after 
therapy

MCS before 
therapy

MCS after 
therapy

r .228 .203 -.215 .006 -.172 -.171 -.220 -.190
p .085 .127 .105 .964 .198 .198 .097 .152
EDSS - Expanded Disability Status Scale, BBS- Berg Balance Scale, PCS- physical component summary score, MCS- mental 

component summary score.

DISCUSSION
Organized rehabilitation from the very beginning of MS gives a real result because of individualized assess-

ment, monitoring and adjustment of interventions (Centonze et al, 2020). Physical therapy improves the mobility 
of patients and prevents muscular atrophy, increases muscle strength, affects spasticity, improves tone, balance and 
coordination, and maintains or improve range of motion. In our research, an individual approach was applied to all 
patients with adaptation to the clinical condition, taking care to schedule the program over twelve hours to prevent 
patient exhaustion. Fatigue, overheating and signs of increased spasticity have to be monitored carefully (Kwolek et 
al., 2010; Kubsik-Gidlewska et al., 2017).

In our research, the basis of the treatment was the application of the Bobath concept. It assumes that the essence 
of motor deficits, as a consequence of MS, is a dysfunction of postural reflexes required for coordination in space. 
Correct muscle tone and active movements can be achieved by inhibiting pathological postural patterns (Woszczak, 
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2005; Lada, 2010). The advantage of the concept is the possibility of positioning the patient in all positions, which 
enables work with patients with severe motor deficits. Impaired postural control and balance (during sitting, standing, 
and walking) are regularly seen in MS patients, so exercises were also carried out to restore these functions. Also, 
means of kinesitherapy and occupational therapy were added.

The success of rehabilitation was estimated with the EDSS instrument, the gold standard in everyday practice 
for patients with MS (Cohen et al., 2021). It ranges from 0, defined as a “neurologically normal finding” to 10, which 
represents a fatal outcome of MS. A study reported that impaired balance and coordination of the upper extremi-
ties was also found in patients with an EDSS score of 0 compared to healthy controls (Krieger et al., 2022). In our 
sample at the end of rehabilitation there was a statistically significant decrease in the EDSS score. Several patients 
had an EDSS of seven to 8.5 before the treatment, and by the end values decreased to 4.5 to 6.5. It means that, from 
the need for a wheelchair, they came to a state of mobility with aids or limited independent mobility. In contrast, a 
smaller number, with relatively low EDSS values, did not show significant progress. So there is a multifactorial influ-
ence on success in rehabilitation, and the patient’s passivity and lack of interest in rehabilitation, or the existence of 
psychological imbalances are often reasons for inadequate progress in treatment, regardless of physical activation. 
For patients with significant progress, their knowledge of the importance of rehabilitation, insight into the improve-
ment of other patients or the final availability of such a complex rehabilitation program helped. Compared to years 
of life, there was no statistically significant correlation with EDSS values before and after rehabilitation. Comparing 
the EDSS values and the duration of the disease before and after rehabilitation, there was a significant statistical cor-
relation, with the increase in disease duration the values of the EDSS score also increased, which is expected for a 
progressive neurological disease.

People with MS are at greater risk of falling than the general population and older subjects, with a reported 
prevalence of falls of 48% to 63% (Nilsagard et al., 2009). It was found that 63.5% to 82.6% of patients report a fear 
of falling, which reduces their activities (Finlayson et al., 2006). The risk of falling, circumstances, consequences 
and causes are different in patients with MS than in a healthy person of the same age and gender. These patients fall 
more with a higher likelihood of injury, often indoors, even in younger individuals with less disability (Mazumder et 
al., 2014). BBS is a sensitive and specific measure for identifying the risk of falling (Ayvat et al., 2024). As a result of 
a complex rehabilitation, the BBS value improved statistically significantly in our patients. Clinical studies confirm 
this, giving significant results on the effectiveness of physiotherapy (Caselli et al., 2023). The minimum clinically 
important difference in the BBS is 3 points for patients with MS to perceive as a clinical change in balance perfor-
mance (Gervasoni et al., 2017). In individual samples of our patients, only four patients did not achieve more than 2 
points by the end of rehabilitation. These were middle-aged patients with an average duration of the disease of about 
four years, with an EDSS value of 2 to 4, a person without the need for assistance in everyday life and a BBS value of 
39 to 41. Improvement in the functional state assessed by the EDSS was not a measure of improvement obtained by 
BBS. Data indicated that there was no linear relationship between fall status and mobility function, although at a cer-
tain threshold, further decline in mobility function was associated with fewer falls, probably due to reduced exposure 
to fall risk (Matsuda et al., 2012). We did not find statistically significant correlations of BBS with age of patients. 
The rate of decline is lower in women than in men and decreases with increasing age (Nilsagård et al., 2015). In our 
patients, BBS correlated statistically significantly with the duration of the disease, as expected due to the damage of 
the systems responsible for the balance with the progression of the disease.

The results obtained from our patients confirm the importance of organized rehabilitation in patients with MS, 
which is also confirmed by basic brain research (Lozinski et al., 2022). MRI in patients after kinesitherapy improves 
connectivity between brain regions even after eight weeks. Activity in patients with mild sensorimotor deficits of the 
upper extremities restores brain activity that coincides with a reduction in compensatory activity in other brain areas 
and reduces overall brain damage. 

QoL in patients with MS is not systematically assessed in routine clinical practice. Health-related QoL is a 
concept used to represent a patient’s perception of their health status (Post, 2014; Ysrraelit et al., 2017). A patient’s 
perception of QoL can even predict disease progression and disability (Walton et al., 2020; Visschedijk et al., 2004). 
QoL is mainly based on the subjective measurement of a patient’s health status, offering a quantitative method for 
monitoring health status (Gitman et al., 2023). The values of all SF36 domains and two summary scores of QoL, 
PCS and MCS, significantly improved after rehabilitation. The best results were obtained in the domain of physical 
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functioning, while the lowest results were in the domain of limitations due to emotional difficulties. At the beginning 
of treatment, our patients had an interview with a psychologist and a social worker. The importance of social sup-
port for better QoL is already emphasized (Gil-González et al., 2020). Our results showed no significant correlation 
between age and PCS and MCS. It would be expected that with aging and MS progression there will be a worse QoL. 
This was found in a research where old age was related to poorer outcomes in domains of SF36 except mental health 
(Ysrraelit et al., 2017). Older patients, neurological damage and disability were identified as risk factors for QoL 
(Calandri et al, 2017).

MS is most often diagnosed at a younger age, and the non-existence of this difference with age and its associa-
tion with QoL in our work can be linked to the fact that patients who are diagnosed with MS, with no possibility of 
cure, need time to come to terms with this emotional shock and to cope with future challenges (Gil-González et al., 
2020). Also they need to adapt to a life with the disease and to provide themselves with as much QoL as possible. The 
results of our work did not find a statistically significant correlation between the duration of the disease and the PCS 
and MCS. Literature data shows the existence of a correlation between the duration of the disease and employment 
in patients with MS and the total SF36 score in univariate analysis, however, this correlation was not significant in 
multivariate analysis (Contentti et al, 2017). Also, a study did not show the existence of a correlation between the 
duration of MS and QoL (Morales et al., 2007). This means that the experience of the disease, its acceptance, liv-
ing with it and achieving QoL is equally demanding both at the beginning and in the advanced stages of the disease, 
regardless of the degree of dysfunctionality.

In our sample, EDSS, PCS and MCS scores improved after rehabilitation, but the EDSS did not correlate with 
PCS and MCS. Also, the eight domains of the SF36 had no significant correlations with the EDSS. A previous study 
showed that patients and doctors disagreed about which health domains are most important in MS (Kremenchutzky 
et al., 2013). The combination of relapse, progression of physical disability, and disease activity assessed by NMR 
reflect only part of the impact of MS on the patient’s daily life. Measurements of health-related QoL have been con-
sidered as relevant assessments of disease progression, response to treatment, and the level of assistance patients need 
(Lysandropoulos et al., 2015). Therefore, researchers recommend that assessment of disease-related QoL should be 
included along with other parameters (clinical and biological) when assessing response to disease treatment. The 
inclusion of the individual perspective of the patient is a key element in improving healthcare outcomes (Giovannoni 
et al., 2015).

The main limitation of our study is that patients did not have organized psychological treatments, which we 
believe would have given significantly better MCS values.

CONCLUSION
In patients with MS, functional state and QoL significantly improve after organized physical therapy, but there is 

no correlation between them. Duration of the disease has a significant correlation with functional state, but not with 
quality of life. Age of patients does not correlate with functional status or with quality of life. Health professionals 
need to incorporate QoL assessment into assessments of disease severity, progression and treatment success to obtain 
the most relevant results in creating the right treatment strategy.

REFERENCES
Abreu-Corrales, A., Velasco, A., Cuesta-Gómez, A., & Sánchez-González, J. L. (2023). Impact of reflex locomotion and the Bobath concept 

on clinical and biomolecular parameters in people with multiple sclerosis: study protocol for a randomized controlled trial. Frontiers 
in neurology, 14, 1209477.

Ayvat, E., Doğan, M., Ayvat, F., Kılınç, Ö. O., Sütçü, G., Kılınç, M., & Yıldırım, S. A. (2024). Usefulness of the Berg Balance Scale for pre-
diction of fall risk in multiple sclerosis. Neurological sciences: official journal of the Italian Neurological Society and of the Italian 
Society of Clinical Neurophysiology, 10.1007/s10072-024-07318-w.

Barin, L., Salmen, A., Disanto, G., Babačić, H., Calabrese, P., Chan, A., Kamm, C. P., Kesselring, J., Kuhle, J., Gobbi, C., Pot, C., Puhan, M. 
A., von Wyl, V., & Swiss Multiple Sclerosis Registry (SMSR) (2018). The disease burden of Multiple Sclerosis from the individual and 
population perspective: Which symptoms matter most? Multiple sclerosis and related disorders, 25, 112–121.

Calandri, E., Graziano, F., Borghi, M., & Bonino, S. (2017). Coping strategies and adjustment to multiple sclerosis among recently diagnosed 
patients: the mediating role of sense of coherence. Clinical rehabilitation, 31(10), 1386–1395.

Carnero Contentti, E., Genco, N. D., Hryb, J. P., Caspi, M., Chiganer, E., Di Pace, J. L., López, P. A., Lessa, C., Caride, A., & Perassolo, M. 
(2017). Impact of multiple sclerosis on quality of life: Comparison with systemic lupus erythematosus. Clinical neurology and neuro-
surgery, 163, 149–155.



42 www.siz-au.com

Tatjana Bućma, et al. 
Influence of a Complex Rehabilitation Process on Quality of Life in Patients With Multiple Sclerosis Sports Science and Health 14(1):36-43

Caselli, S., Sabattini, L., Cattaneo, D., Jonsdottir, J., Brichetto, G., Pozzi, S., Lugaresi, A., & La Porta, F. (2023). When ‘good’ is not good 
enough: a retrospective Rasch analysis study of the Berg Balance Scale for persons with Multiple Sclerosis. Frontiers in neurology, 
14, 1171163.

Castelli, L., Giovannini, S., Iacovelli, C., Fusco, A., Pastorino, R., Marafon, D. P., Pozzilli, C., & Padua, L. (2022). Training-dependent plasti-
city and far transfer effect enhanced by Bobath rehabilitation in Multiple Sclerosis. Multiple sclerosis and related disorders, 68, 104241.

Cattaneo, D., Jonsdottir, J., & Repetti, S. (2007). Reliability of four scales on balance disorders in persons with multiple sclerosis. Disability 
and rehabilitation, 29(24), 1920–1925.

Centonze, D., Leocani, L., & Feys, P. (2020). Advances in physical rehabilitation of multiple sclerosis. Current opinion in neurology, 33(3), 
255–261.

Cohen, M., Bresch, S., Thommel Rocchi, O., Morain, E., Benoit, J., Levraut, M., Fakir, S., Landes, C., & Lebrun-Frénay, C. (2021). Should we 
still only rely on EDSS to evaluate disability in multiple sclerosis patients? A study of inter and intra rater reliability. Multiple sclerosis 
and related disorders, 54, 103144.

Dalgas, U., Stenager, E., Jakobsen, J., Petersen, T., Hansen, H. J., Knudsen, C., Overgaard, K., & Ingemann-Hansen, T. (2009). Resistance 
training improves muscle strength and functional capacity in multiple sclerosis. Neurology, 73(18), 1478–1484.

Finlayson, M. L., Peterson, E. W., & Cho, C. C. (2006). Risk factors for falling among people aged 45 to 90 years with multiple sclerosis. 
Archives of physical medicine and rehabilitation, 87(9), 1274–1287.

Gervasoni, E., Jonsdottir, J., Montesano, A., & Cattaneo, D. (2017). Minimal Clinically Important Difference of Berg Balance Scale in People 
with Multiple Sclerosis. Archives of physical medicine and rehabilitation, 98(2), 337–340.e2.

Gil-González, I., Martín-Rodríguez, A., Conrad, R., & Pérez-San-Gregorio, M. Á. (2020). Quality of life in adults with multiple sclerosis: a 
systematic review. BMJ open, 10(11), e041249.

Giovannoni, G., Turner, B., Gnanapavan, S., Offiah, C., Schmierer, K., & Marta, M. (2015). Is it time to target no evident disease activity 
(NEDA) in multiple sclerosis? Multiple sclerosis and related disorders, 4(4), 329–333.

Gitman, V., Moss, K., & Hodgson, D. (2023). A systematic review and meta-analysis of the effects of non-pharmacological interventions on 
quality of life in adults with multiple sclerosis. European journal of medical research, 28(1), 294.

Ilett, P., Lythgo, N., Martin, C., & Brock, K. (2016). Balance and Gait in People with Multiple Sclerosis: A Comparison with Healthy Controls 
and the Immediate Change after an Intervention based on the Bobath Concept. Physiotherapy research international: the journal for 
researchers and clinicians in physical therapy, 21(2), 91–101.

Isaković, J., Gorup, D., & Mitrečić, D. (2019). Molecular mechanisms of microglia- and astrocyte-driven neurorestoration triggered by appli-
cation of electromagnetic fields. Croatian medical journal, 60(2), 127–140.

Kremenchutzky, M., & Walt, L. (2013). Perceptions of health status in multiple sclerosis patients and their doctors. The Canadian journal of 
neurological sciences. Le journal canadien des sciences neurologiques, 40(2), 210–218.

Krieger, S. C., Antoine, A., & Sumowski, J. F. (2022). EDSS 0 is not normal: Multiple sclerosis disease burden below the clinical threshold. 
Multiple sclerosis (Houndmills, Basingstoke, England), 28(14), 2299–2303.

Kubsik-Gidlewska, A. M., Klimkiewicz, P., Klimkiewicz, R., Janczewska, K., & Woldańska-Okońska, M. (2017). Rehabilitation in multiple 
sclerosis. Advances in clinical and experimental medicine: official organ Wroclaw Medical University, 26(4), 709–715.

Kwolek, A., Podgórska, J., & Rykała, J. (2010). Own experience in the rehabilitation of multiple sclerosis patients. Przegląd Medyczny 
Uniwersytetu Rzeszowskiego, 2, 213–220.

Lada A. (2010). Diagnostics and neurological therapy in the light of the NDT- Bobath concept. Prakt Fizjo Rehab, 4, 30–34.
Lozinski, B. M., & Yong, V. W. (2022). Exercise and the brain in multiple sclerosis. Multiple sclerosis (Houndmills, Basingstoke, England), 

28(8), 1167–1172.
Lysandropoulos, A. P., Havrdova, E., & ParadigMS Group (2015). ‘Hidden’ factors influencing quality of life in patients with multiple sclero-

sis. European journal of neurology, 22 Suppl 2, 28–33.
Matsuda, P. N., Shumway-Cook, A., Ciol, M. A., Bombardier, C. H., & Kartin, D. A. (2012). Understanding falls in multiple sclerosis: associa-

tion of mobility status, concerns about falling, and accumulated impairments. Physical therapy, 92(3), 407–415.
Mazumder, R., Murchison, C., Bourdette, D., & Cameron, M. (2014). Falls in people with multiple sclerosis compared with falls in health 

controls. PloS one, 9(9), e107620.
McKay, K. A., Tremlett, H., Fisk, J. D., Zhang, T., Patten, S. B., Kastrukoff, L., Campbell, T., Marrie, R. A., & CIHR Team in the Epidemiology 

and Impact of Comorbidity on Multiple Sclerosis (2018). Psychiatric comorbidity is associated with disability progression in multiple 
sclerosis. Neurology, 90(15), e1316–e1323.

Meyer-Moock, S., Feng, Y. S., Maeurer, M., Dippel, F. W., & Kohlmann, T. (2014). Systematic literature review and validity evaluation of the 
Expanded Disability Status Scale (EDSS) and the Multiple Sclerosis Functional Composite (MSFC) in patients with multiple sclerosis. 
BMC neurology, 14, 58.

Morales, R.deR., Morales, N.deM., Rocha, F. C., Fenelon, S. B., Pinto, R.deM., & Silva, C. H. (2007). Qualidade de vida em portadores de 
esclerose múltipla [Health-related quality of life in multiple sclerosis]. Arquivos de neuro-psiquiatria, 65(2B), 454–460.

Nilsagård, Y., Gunn, H., Freeman, J., Hoang, P., Lord, S., Mazumder, R., & Cameron, M. (2015). Falls in people with MS--an individual data 
meta-analysis from studies from Australia, Sweden, United Kingdom and the United States. Multiple sclerosis (Houndmills, Basin-
gstoke, England), 21(1), 92–100.

Nilsagård, Y., Lundholm, C., Denison, E., & Gunnarsson, L. G. (2009). Predicting accidental falls in people with multiple sclerosis -- a longi-
tudinal study. Clinical rehabilitation, 23(3), 259–269.

Padgett, P. K., & Kasser, S. L. (2013). Exercise for managing the symptoms of multiple sclerosis. Physical therapy, 93(6), 723–728.
Post M. W. (2014). Definitions of quality of life: what has happened and how to move on. Topics in spinal cord injury rehabilitation, 20(3), 

167–180.
Raine S. (2007). The current theoretical assumptions of the Bobath concept as determined by the members of BBTA. Physiotherapy theory and 

practice, 23(3), 137–152.



Jun/June, 2024 43

Tatjana Bućma, et al. 
Influence of a Complex Rehabilitation Process on Quality of Life in Patients With Multiple Sclerosis Sports Science and Health 14(1):36-43

Reich, D. S., Lucchinetti, C. F., & Calabresi, P. A. (2018). Multiple Sclerosis. The New England journal of medicine, 378(2), 169–180.
Rothwell, P. M., McDowell, Z., Wong, C. K., & Dorman, P. J. (1997). Doctors and patients don’t agree cross sectional study of patients’ and 

doctors’ perceptions and assessments of disability in multiple sclerosis. BMJ (Clinical research ed.), 314(7094), 1580–1583. 
Saguil, A., Farnell Iv, E. A., & Jordan, T. S. (2022). Multiple Sclerosis: A Primary Care Perspective. American family physician, 106(2), 

173–183.
Simpson, M., & Macdonell, R. (2015). The use of transcranial magnetic stimulation in diagnosis, prognostication and treatment evaluation in 

multiple sclerosis. Multiple sclerosis and related disorders, 4(5), 430–436.
Visschedijk, M. A., Uitdehaag, B. M., Klein, M., van der Ploeg, E., Collette, E. H., Vleugels, L., Pfennings, L. E., Hoogervorst, E. L., van der 

Ploeg, H. M., & Polman, C. H. (2004). Value of health-related quality of life to predict disability course in multiple sclerosis. Neuro-
logy, 63(11), 2046–2050.

Walton, C., King, R., Rechtman, L., Kaye, W., Leray, E., Marrie, R. A., Robertson, N., La Rocca, N., Uitdehaag, B., van der Mei, I., Wallin, 
M., Helme, A., Angood Napier, C., Rijke, N., & Baneke, P. (2020). Rising prevalence of multiple sclerosis worldwide: Insights from 
the Atlas of MS, third edition. Multiple sclerosis (Houndmills, Basingstoke, England), 26(14), 1816–1821.

White, L. J., & Castellano, V. (2008). Exercise and brain health--implications for multiple sclerosis: Part 1--neuronal growth factors. Sports 
medicine (Auckland, N.Z.), 38(2), 91–100.

Wilski, M., Gabryelski, J., Brola, W., & Tomasz, T. (2019). Health-related quality of life in multiple sclerosis: Links to acceptance, coping 
strategies and disease severity. Disability and health journal, 12(4), 608–614.

Woszczak M. (2005). Physiotherapeutic procedures in multiple sclerosis. Polski Przegląd Neurologiczny, 1,130–133.
Ysrraelit, M. C., Fiol, M. P., Gaitán, M. I., & Correale, J. (2018). Quality of Life Assessment in Multiple Sclerosis: Different Perception 

between Patients and Neurologists. Frontiers in neurology, 8, 729.

Primljen: 22. april 2024. / Received: April 22, 2024
Prihvaćen: 23. maj 2024. / Accepted: May 23, 2024

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.


