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Abstract 

Change of gait disorders in children with cerebral palsy in the form of bilateral spastic paresis 

during growth period. 

Introduction: Patients with cerebral palsy demonstrate complex gait disorders that evolve 

with age, contributing to reduced activity and participation in social life [4,71]. Nearly 70% of 

children with cerebral palsy at the age of five achieve the ability to walk without any aids or 

with the use of assistive devices [67]. Gait disorders are classified according to the events 

occurring in the stance and swing periods, and mainly describe the position of foot, knee joint, 

hip joint and pelvis. [47,55,61,62,68]. Clinical gait analysis is a tool to diagnose patients, it 

supports clinical decision making and modification of treatment strategies for existing gait 

disorders [28,49,71] by assessing the severity, extent and nature of functional symptoms [49].                                                                                                                                   

Objective: The main objective of the thesis is to present changes in mobility and evolution of 

functional status and gait pattern disorders in patients with cerebral palsy undergoing multi-

profil therapy.                                                                                                                  

Material: 200 consecutive patients who met inclusion criteria were qualified for the study. 

The study group consisted of 120 male and 80 female patients with diagnosed bilateral spastic 

cerebral palsy. The age of the patients at the time of being qualified for the study ranged from 

13 to 46 months. All patients in the five-year observation period were included in the 

rehabilitation process. Conservative treatment included physiotherapy, orthotics, BTX-A 

injections and serial casting.                                                                                                  

Method: The kinematic parameters of the gait were assessed on the basis of a two-plane 

video recording using a goniometer integrated with software. The most representative gait 

cycle was analyzed. The obtained measurement results were presented with the use of 

Observation Gait Scale, Modified Amsterdam Gait Classification and were supplemented 

with an assessment of the knee and hip joints position in TSt, knee joint position in TSw and 

assessment of foot clearance. The obtained results were analyzed for statistical purpose.                                         

Results: During the observation, the assessment of the level of gross motor function skills 

according to the GMFCS E&R classification in the study group changed for 71 (35.5%) 

patients, of which 67 (33.5%) improved, and 4 (2%) patients deteriorated. For 129 (64.5%) 

patients, the assessment did not change. Within the study, functional mobility of patients at a 

distance of 5 and 50 meters, corresponding to mobility at home and in the school 
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environment, was assessed. Based on the conducted analyzes, a statistically significant (p 

<0.001) difference was obtained concerning the two distances, both between subsequent 

assessments and the first and the last assessment. The patients results improved in a 5-meter 

distance, the group of patients given the highest, ie the sixth grade, consisting of completely 

independent children increased from 3 (1.5%) during the first assessment, to 29 children 

(14.5%) during the sixth assessment. However, the percentage of patients, rated one, who 

could take only a few steps with the help of an assisting person or using a walker 

systematically decreased: from 77 (38.5%) to 7 (3.5%) during the entire observation period. 

Similar results were obtained for a 50-meter distance. Also in this case, a decrease in the 

percentage of patients given grade one from 79 (39.5%) to 7 (3.5%) was observed, as well as 

the increase in the number of patients who had the highest FMS score: from 3 (1.5%)  up to 

26 (13%) patients. The results of the quantitative assessment of gait disorders measured with 

the use of OGS showed a statistically significant (p <0.001) increase in the total score during 

the observation period and a statistically significant difference in the results obtained between 

the first and the sixth assessment (p <0.001) for both lower limbs. The right and left lower 

limb results improved in 149 (74.5%) and 153 (76.5%) patients respectively, and worsened in 

17 (8.5%) and 14 (7%). For 30 (15%) patients, the total OGS score for the right and left limbs 

was the same at the end of the observation period as at the beginning. The analysis of selected 

kinematic parameters enabled objective evaluation of clinically significant aspects of gait. 

Results describing foot contact with the ground in IC for the right and left lower limb showed 

statistically significant (p <0.001) improvement of the first contact of the foot with the ground 

during the five-year observation period. The number of patients in whom the first contact of 

the foot with the ground took place through the toes for the right and left foot, respectively, 

decreased from 72 (36%) to 15 (7,5%) and 70 (35%) to 18 (9%). At the same time, the 

number of patients whose foot contact with the ground took place through the forefoot or flat 

foot increased from  110 (55%) to 144 (72%), 109 (54,5%) to 138 (69%) and from  18 (9%) to 

40 (20%) and  21 (10,5%) to 43 (21,5%), respectively for the right and left foot.                                                                                                                                

The study showed a statistically significant (p <0.001) increase in the rating of right and left 

foot contact with the ground in MSt during the entire observation period. The number of 

patients who had an early lift in MSt decreased from 128 (64%) to 79 (39,5%) for the right 

foot and from 128 (64%) to 75 (37,5%) for the left one. More patients who demonstrated  

a flat foot, both right and left throughout MSt received higher rating, and the numbers 

increased respectively from 60 (30%) to 101 (50,5%) and from 59 (29,5%) to 103 (51,5%).                                                                                                                                     

The next analyzed parameter describes the time of heel lift. The number of patients with no 
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contact of the heel with the ground was steadily decreasing: from 123 (61,5%) to 73 (36,5%) 

during the first assessment and from 122 (61%) to 70 (35%) at the end of the observation 

period for the right and left foot. The opposite trend was observed for the number of patients 

whose heel lift time was in early and late MSt. The results showed an increase in this group of 

patients from 69 (34,5%) to 113 (56,5%) and from 69 (34,5%) to 115 (57,5%) for the right 

and left foot. It was shown that the right and left knee joint in MSt in 126 (63%) and 124 

(62%) patients at the beginning of the observation and in 126 (63%) and 126 (63%), 

respectively, during the last study was in neutral position. The number of examined children 

with knee joint hyperextension decreased from 19 (9.5%) to 8 (4%) for the right knee joint 

and from 22 (11%) to 7 (3.5%) for the left, of which the hyperextension value for the 

examined joint did not exceed 5 degrees during the sixth assessment. There was an increase of 

2.5% (5 patients) the percentage of patients walking with severe flexion gait patterns in which 

the knee flexion exceeds 15 degrees and an increase in the number of patients whose flexion 

value did not exceed 10 degrees: 33 (16.5%) and 32 (16%) during the first assessment to 43 

(21.5%) and 41 (20.5%) at the last assessment for the right and left knee joint respectively. 

The study showed a slight decrease in the number of patients with limited or no foot clearance 

during the five-year observation period from 176 (88%) to 165 (82,5%) and 178 (89%) to 167 

(83,5%) for the right and left lower limb respectively. At the same time, the number of 

patients with normal results increased from 24 (12%) to 35 (17,5%) and from 22 (11%) to 33 

(16,5%).  During observation, the number of patients with right and left knee extension at TSt 

increased from 61 (30,5%) to 102 (51%). At the same time, the number of patients with flexed 

knees in TSt decreased from 139 (69,5%) to 98 (49%). A statistically significant (p <0.001) 

difference was indicated in the results obtained. Analyzing the assessment of the position of 

the hip joint in TSt showed an increase in the number of patients achieving normal results 

(extension) from 4 (2%) and 3 (1,5%), to 18 (9 %) and 16 (8%), respectively for the right and 

left hip joints. The most numerous group were patients whose hip joint (right, left) was in  

a neutral position both during the first assessment:111 (55.5%), 110 (55%) and at the end of 

the observation period:122 (61%), 122 (61%) for the right and left lower limb respectively. 

The number of patients with flexed hip joints was characterized by a downward trend during 

the observation period from 85 (42,5%), 87 (43,5%) to 60 (30%), 62 (31%) respectively for 

the right and left hip joints. A statistically significant (p=0,0051, p=0,0054) difference was 

indicated in the results obtained. The position of the knee joint in TSw was another analyzed 

parameter. The largest group of 123 (61.5%), 121 (60.5%) during the first assessment and 125 

(62.5%), 122 (61%) during the last one for the right and left knee joint, respectively, were 
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patients with knee flexion between 16 and 30 degrees. In 70 (35%) and 73 (36,5%) patients, 

the extension of the right and left knee or flexion to maximum 15 degrees in TSw was found, 

at the end of the observation period the number decreased to 56 (28%) for both limbs. At the 

same time, the number of patients with right and left knee joints flexion of more than 30 

degrees increased from 7 (3,5%), 6 (3%) to 19 (9,5%), 22 (11%) for the right and left lower 

limb respectively.  In case of 167 (83,5%) and 166 (83%) patients, regarding the right and left 

lower limb, the assessment according to the Modified Amsterdam Gait Classification in 

stance period did not change. An increase in the number of patients walking with extended 

knee joint and full foot contact with the ground was found from 13 (6,5%) to 28 (14%) and 

from 14 (7%) to 27 (13,5%) for the right and left lower limb respectively. The number of 

patients walking with the knee extended and the heel raised in MSt decreased from 132 (66%) 

to 106 (53%). A flexion pattern (types 4 and 5) was found in 55 (27,5%) and  54 (27%) 

children during the first assessment, regarding the left and right lower limb and in 66 (33%) 

and 67 (33,5%)  during the last assessment, and the number of children with gait type  

5 increased by 8 (4%). A statistically significant (p <0.01) difference was found between the 

first and sixth assessment regarding the gait pattern during the stance period. It was indicated 

that the most frequently observed disorder in the swing period in the examined group was  

a foot drop with over 5 degree plantar flexion in the ankle. The number of patients 

demonstrating this type of disorder decreased in the entire observation period from 175 

(87,5%), 177 (88,5%) to 163 (81,5%), 161 (80,5%) for the right and left lower limb 

respectively. The second most frequently identified disorder of the swing period was 

limitation of knee extension in TSw found in 129 (64,5%), 128 (64%) knee joints at the 

beginning of the observation period and in 145 (72,5%),144 (72%) at its end, for the right and 

left lower limb respectively. Only in 4 (2%) cases during the entire observation period hip 

adduction was found in TSw. Analysis of the relationship between the assessment of the 

degree of mobility according to the GMFCS E&R classification and the OGS score showed 

statistically significant (p <0.001) correlations. During the observation period, the OGS score 

decreased with the level of patient ratings by GMFCS E&R classification.                                                                                                              

Analysis of the relationship between the assessment of functional mobility according to the 

FMS scale for the distance of 5 and 50 meters, and the OGS score showed coexistence of 

statistically significant (p <0.001), higher results achieved by patients on both scales. The 

analysis of the relationship between the GMFCS E&R rating and the Modified Amsterdam 

Gait Classification rating showed that patients with foot drop or knee extension in TSw had            

a lower chance of achieving higher mobility level. A significant relationship was 
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demonstrated between the type of disorder during the stance period and the degree of mobility 

according to GMFCS E&R. The results of the conducted analyzes indicate: the more complex 

the type of disorder, the greater the restrictions on mobility. The analysis of the relationship 

between the FMS score and the Modified Amsterdam Gait Classification rating showed  

a statistically significant (p <0.001) lower chance of achieving higher FMS score over  

a 5-meter distance in patients with swing disorders, in the form of limitation of knee extension 

in TSw and foot drop. Relationships between stance phase disorders and FMS score showed  

a correlation between reduced mobility and the severity of gait disorders. In case of 50 m gait 

function, significant relationship was demonstrated for patients with type A or C gait pattern 

during the swing period than for other patients: on average 10,5 times (p<0,001) and for type 

3 gait pattern, the chance decreased five times (p<0,001). No significant relationship was 

found for types 4 and 5. 

Conclusions:                                                                                                                                            

1. The study showed a significant, positive impact of the multi-profile rehabilitation process 

on mobility, function and gait pattern in a group of 200 patients with CP in the form of 

bilateral spastic paresis in the five-year observation period.  

2. There was a change in the level of gross motor function according to the GMFCS E&R 

classification in 71 cases, including improvement for 67 patients. 

3. Functional mobility measured by the FMS scale in subsequent years of observation 

improved for both distances. The number of patients with the highest sixth grade increased 

from 3 to 29 and from 3 to 26 patients, for a distance of 5 and 50 meters, respectively. 

4. Total results of the quantitative assessment of gait disorders measured with the use of OGS 

significantly increased for 149 and 153 patients, taking into account the right and left lower 

limbs. In 17 and 14 patients, the existing gait pattern worsened, and for 30 the OGS score for 

right and left limb did not change. 

5. A detailed analysis of the kinematic parameters enabled the identification of existing gait 

disorders and the presentation of their changes. Improvement in gait pattern occurred in 

149,153 examined limbs for the right and left ones, respectively. For 30 patients, the 

measured parameters did not change. In case of 17 and 14 examined children, the gait pattern 

deteriorated for the right and left lower limb, respectively.  
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6. The examined group was also characterized by a significant change in the assessment of 

gait pattern disorders according to the Modified Amsterdam Gait Classification. The number 

of patients walking with an extended knee and full foot contact with the ground increased 

from 13 to 28 and from 14 to 27, for the right and left lower limb, respectively. The size of the 

group of patients walking with the knee extended and the heel raised decreased from 132 to 

106. 55 and 54 patients presented their flexion patterns at the beginning of the observation 

period for the right and left limbs, respectively, and at the time of the last assessment this 

value increased to 66 and  67. The most frequently identified disorder of the swing period, the 

number of which decreased from 175 and 177 to 163 and 161, for the right and left lower 

limbs, respectively, was foot drop with more than 5 degrees plantar flexion in the ankle. The 

second observed disorder was limited knee extension in TSw. The number of patients with 

this disorder increased from 129 and 128 to 145 and 144 for the right and left knees, 

respectively.  

7. There was a significant relationship observed between the assessment of the gross motor 

function skills and the assessment of gait disorders. The results of the analyzes showed that 

the OGS score increased with a decrease in GMFCS E&R level. 

8. The relationship between the degree of functional mobility and the assessment of gait 

disorders was observed. The increase in the FMS scale results was associated with higher 

OGS results. 

9. The relationship between the assessment of gait pattern disorders in the stance and swing 

periods and the assessment of the gross motor function skills and functional mobility was 

indicated. Increased and complex gait disorders identified by the Modified Amsterdam Gait 

Classification correlate with higher GMFCS E&R scores and lower FMS scores. 

 

 


