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ABSTRACT The aim’s to compare the efficiency of locomotion in a wheelchair (ELW) before and after              
2-week Active Rehabilitation (AR) in men after cervical spinal cord injury (CSCI). ELW’s measured by Test 

Driving Techniques (TDT) on 0-2 scale. Evaluated − balance in a wheelchair; overcoming thresholds of low, medium, 
high; entrance to the ramp, exit ramp; driving on uneven surfaces on 0-2 scale. To measure the statistical significance 
of differences in ELW before and after AR we used a one-way analysis of variance ANOVA, the value of the function 
F Snedecor and adopted the level of significance  p < 0.05. We found improvement in ELW after the AR (p < 0.05) in 
men with CSCI. AR is an important step in improving ELW patients after CSCI. Long-term studies are needed assessing 
the impact of AR on the ELW of the CSCI. 

Introduction
The development of mechanization of industry, agriculture, 
automotive led to  increasing of the amount of CSCI. The 
most common cause of CSCI are road  accidents (33-75%), 
falls from heights (12-44%) and sports injuries (3,5-18%).1 
CSCI causes motor and sensory deficits that impair func-
tional efficiency and significantly reduce the quality of life. 
Treatment of patients with CSCI requires an interdiscipli-
nary and comprehensive model of rehabilitation. An impor-
tant element of it is the AR. Its task is to train a patients 
optimum physical independence, achieving a high level 
of self-service. AR completes the standard clinical physio-
therapy, fills the gap between the treatment and the return 
to life in society and often determines the final effect of 
the comprehensive rehabilitation of such a disable people 
group.2,3,4,5,6,7

Objective
The aim’s to compare the ELW before and after 2-week AR 
in men after CSCI.

Methods
The study involved 40 men (28-42 years old) after the 
CSCI level C6-C7 rehabilitated for the first time in the 
framework of AR in Kielce-Piekoszów in July-August 2014. 
The period of disability was 2-5 years. The average age  
was 34.6 ± 4.8. All the patients were directed to the AR 
by a neurologist. ELW studies were performed before and 
after the AR. All patients were informed about the method 
of testing, purpose and destiny. All men voluntarily agreed 
to participate in the research. The patients practiced for 2 
weeks ELW. Completing with the classes of swimming, ar-
chery, table tennis and keep-fit   exercises. ELW evaluated 
TDT (balance in a wheelchair; overcoming low thresholds 
− 6 cm, medium − 9 cm high − 12 cm; entry on the ramp, 
exit ramp, drive on uneven ground). The scale used: 0 – 
no skills; 1 – some skills with a tutor help; 2 – full self-ser-
vice skills.

We examined the characteristics of the analyzed statistical 
distributions by Kolmogorov-Smirnov test. It demonstrated 
that the investigated variables were normally distributed. 
We calculated the arithmetical means, SD of selected lo-
comotion activities in  wheelchair in men after CSCI. To 

evaluate the statistical significance of differences ELW  be-
fore and after the AR we used one-way ANOVA. In the in-
dividual rankings, we valued the function F Snedecor and 
accepted the level of statistical significance p < 0.05. The 
calculations were performed in the Department of Com-
puter Science Holy Cross Cancer Center in Kielce software 
MedCalc − version 11.4.3.0, licensed for Holy Cross Can-
cer Center.

Results 
There was a significant improvement of ELW in men with 
CSCI after AR, p < 0.05. Balance in a wheelchair be-
fore the AR was 0.8 points and  after it 1.2  (p = 0.002). 
Overcome efficiency low threshold before the AR was 0.7 
points and 1.1 after it (p = 0.000). In the case of overcom-
ing thresholds medium and high values    before and after 
the AR were − 0.6 points and 1.2, and 0.5 points and 1.1 
(p = 0.000). The entrance to the platform before the AR 
was 0.9 points, while after the AR – 1.4 (p = 0.000). Exit 
the platform was before the AR 1.2 points and 1.5  after 
it (p = 0.030). Drive on uneven ground before the AR was 
1.3 points, and after it − 1.5  (p = 0.033) (Table 1). 

Table 1.  The efficiency of locomotion in a wheelchair 
(ELW) in the following Terms of Examination

Test  mean ± SD     F-Value       P-Value

Balance cart 
Before AR 

Balance cart After 
AR                                                                           

0.8 ± 0.7

1.2 ± 0.4         9.846*        0.002

Overcoming low 
thresholds Before 
AR 

Overcoming low 
thresholds After 
AR        

0.7 ± 0.6

1.1 ± 0.3         14.222*       0.000         

Overcoming me-
dium thresholds 
Before AR 

Overcoming me-
dium thresholds 
After AR                    

0.6 ± 0.5

1.2 ± 0.4          35.122*       0.000
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Overcoming high 
thresholds Before 
AR

Overcoming high 
thresholds After 
AR                                

0.5 ± 0.8

1.1 ± 0.3         19.726*       0.000           

Entrance to the 
ramp Before AR

Entrance to the 
ramp After AR        

0.9 ± 0.7

1.4 ± 0.5         13.514*      0.000         

Exit the ramp 
Before AR

Exit the ramp 
After AR                                                                            

1.2 ± 0.7

1.5 ± 0.5         4.865*        0.030        

Driving uneven 
ground Before 
AR

Driving uneven 
ground After AR        

1.3 ± 0.5

1.5 ± 0.3         4.706*        0.033        

The P values represent result of testing with analysis of 
variance, F values represent coefficient Snedecor
*Significant 0.05
 
We also compared the frequency of ELW category on 
a scale 0-2 points before and after the AR in males with 
CSCI. Before the AR 45% of men were unable to indepen-
dently perform locomotion in a wheelchair (0 points), while 
55% needed partial assistance (1 points). After the AR 
80% of men improved ELW (1 points − 37,5%, 2 points – 
42,5%), 20% of the results didn’t change (0 points – 7,5%, 
1 points −12,5%) (Table 2). 

Table 2. The frequency of ELW categories on a scale 0-2 
points
Overall ef-
ficiency in 
points

Before AR Overall efficiency

in points
After AR

n % n %
0 18 45 Unchanged – 0 

points

Improvement from 
0 to 1 points

Unchanged – 1 
points

Improvement from 
1 to 2 points

 3

15

  5

17

  7,5

37,5

12,5

42,5

1 22 55

2 — —

Total 40 100 Total 40 100

Discussion
People, after CSCI lose independence and self-sufficiency, 
and self-esteem dramatically changes. Lack of physical ac-
tivity leads to apathy, physical pain and social isolation of 
the disabled.8, 9, 10, 11, 12, 13, 14 Therefore, an integrated system 

a part if which is an outside the hospital AR improves the 
locomotion efficiency, helps to accept the own disabil-
ity and causes  good feeling  and active participation in 
social life. Lawton et al.15 in  CSCI patients conducted a 
3 times test: before the rehabilitation beginning, after 12 
and after 26 weeks. He showed a significant improvement 
in functional recovery between the first and the second ex-
amination. The results of the third test showed a very low 
recovery. Itzkovich et al.16 carried the evaluation of func-
tional capacity assessment and locomotion before and af-
ter                  4-weeks rehabilitation in 78 patients 
with tetraplegia. The study was performed using a scale 
Spinal Cord Independence Measure (SCIM). The great-
est improvement was found in the area of   self-service and 
moving inside the room, a little less in the area of   service 
defecation (bladder and bowel management). Ackerman 
et al.17 studied the functional and locomotion efficiency 
of people with CSCI after 6-weeks’ rehabilitation. The pa-
tients were divided into subgroups (C1-C3, C4-C5, C6,-C7, Th1-

Th6 and Th7-Th12) based on motor damage  classification  
proposed by the American Spinal Injury Association (ASIA). 
After the completed  rehabilitation there was a significant 
improvement in the functional status of patients in all sub-
groups except for damage to the amount of C1-C4. Tasiem-
ski6 examined the effect of AR on locomotion efficiency of  
57 people with tetraplegia. All the patients showed the 
improvement of ELW. Bolach18 stated that AR significantly 
improves the ELW and social reintegration of the people 
with CSCI. Bolach and Czajkowska19 found that swimming 
training improves the efficiency of self-service and ELW in 
patients with CSCI.

Our own studies show that AR significantly improves the 
ELW in men with CSCI. The AR tour adds the disabled 
faith in themselves, in their abilities, which help to break 
down physical barriers and mental inhibitions. The indi-
vidual benefits include all the newly-gained or improved 
locomotion efficiencies. The studies show the desirability 
and the need to organize the AR tours. They improve the 
quality of life, facilitate overcoming of physical barriers and 
allow greater mobility in cooperation with the environment 
and participation in professional life.

Conclusions
We noted a statistically significant improvement in men ELW 
CSCI after the AR, as p < 0.05. The results indicate that AR 
effectively supports the clinical rehabilitation of the CSCI. Our 
own results give hope that they will become a contribution to 
further studies and subsequent efforts to improve and modify 
the active rehabilitation programs, for faster re-integration 
with the surroundings of the CSCI and gaining their inde-
pendence in everyday life. In addition, our own pilot study in-
dicates the need for long-term studies evaluating the impact 
of AR on  ELW of the patients with CSCI.

REFERENCE 1. Sosnowski S. The active rehabilitation of patients after spinal cord injury. Orthop Traumatol Reh. 2000; 1: 53-56. 2. Frydlewicz-Bartman E, 
Rykała J. The role of regular exercise in the lives of people with spinal cord injury. Rev Med. 2009; 4: 399-404. 3. Plinta R. Playing sports in 

wheelchairs, an agent for improving locomotion abilities of people with disabilities. Ann UMCS Sec D. 2005; 60: 420. 4. Slater D, Medea M. Participation in recreation 
and sports for persons with spinal cord injury: Review and recommendations. Neurol Reh. 2004; 19: 1211-129. 5. Sobiecka J, Plinta R. Assumptions efficiency of 
the second and third stage of the rehabilitation of people with disabilities in the active rehabilitation. Ann UMCS Sec D. 2005; 60: 489-491. 6. Tasiemski T. Active 
Rehabilitation effectiveness of the system in improving self-service activity and locomotion of spinal cord injury. Progress Reh. 1998; 1: 67-79. 7. Yilmaz F, Sahin F, 
Aktug S, Kuran B, Yilmaz A. Long-term followup of patients with spinal cord injury. Neurorehabil Neural Repair. 2005; 4: 332-337. 8. Samuelsson KM, Tropp H, Gerdle 
B. Shoulder pain and its consequences in paraplegic spinal cord-injured, wheelchair users. Spinal Cord. 2004; 42: 41-46. 9. Dalyan M, Cardenas DD, Gerard B. Upper 
extremity pain after spinal cord injury. Spinal Cord. 1999; 37: 191-195. 10. Curtis KA, Drysdale GA, Lanza RD. Shoulder pain in wheelchair users with tetraplegia and 
paraplegia. Arch Phys Med Reh. 1999; 80: 453-457. 11. May LA, Warren S. Measuring quality of life of persons with spinal cord injury: external and structural validity. 
Spinal Cord. 2002; 40: 341-50. 12. Hastings J, Goldstein B. Paraplegia and the shoulder. Phys Med Reh Clin N Am. 2004; 15: 699-718. 13. Heinemann AW, Linacre 
GM, Wright BD. Relationship between impairment and physical disability as measured by the Functional Independence Measure. J. Arch. Phys. Med. Reh. 1993, 74: 
566–573. 14. Van Drongelen S, de Groot S, Veeger HJ, et al. Upper extremity musculoskeletal pain during and after rehabilitation in wheelchair using persons with a 
spinal cord injury. Spinal Cord. 2006; 44: 152-159. 15. Lawton G, Lungren-Nilson A, Biering-Sorensen F. Cross-cultural validity of FIM in spinal cord injury. Spinal Cord. 
2006; 44: 746-752. 16. ItzkowichM, Tripolski M, Zelig G, Ring H, Rosentul N, Ronen J, Spasser R, Livshits A, Gepstein R, Catz A. Rasch analysis of SCIM II. Disabil 
Reh. 2001; 6: 359-372. 17. Ackerman P, Morrison SA, McDowell S, Vazquez L. Using the Spinal Cord Independence Measure III to measure functional recovery in a 
post-acute spinal cord injury program. Spinal Cord. 2010; 48: 380-387. 18. Bolach E. Effect of active rehabilitation for social reintegration individuals with spinal cord 
injury. Physiotherapy. 1998; 1-2: 25-28. 19. Bolach E. Czajkowska E. Swimming as a form of Active Rehabilitation for patients with spinal cord injury. Physiotherapy. 
1997; 4: 20-26.


