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SUMMARY 

This work analyzed the upper limbs kinematics in stroke gait. 

The joint angles of upper limbs were evaluated in fourteen 

hemiparetic and seven healthy subjects. The results showed 

that affected upper limbs have in average significant lower 

flexion/extension range of motion on the glenohumeral and 

elbow joints, higher elbow flexion and lower glenohumeral 

external rotation (P≤.0.05). The analysis of joint angle curves 

in function of the percentage of gait cycle revealed that the 

affected elbow joint remained in flexion and the affected 

glenohumeral joint in internal rotation throughout the whole 

gait cycle. The unaffected upper limbs presented just slight 

alterations in the joint angle curves.  

 

INTRODUCTION 

The fundamentals of gait analysis in stroke subjects were 

established by pioneering works such as in [1]. In this, the 

alterations in lower limbs and pelvis motion were 

characterized and analyzed. However, just a few recent gait 

studies [2, 3] have focused on the analysis of upper limbs in 

pathological gait. In [4, 5], the stroke gait was analyzed but 

restricting the upper limbs motion.  

Therefore, the aim of this work was to analyze the three-

dimensional upper limb kinematics in stroke subjects. 

 

METHODS 

Fourteen individuals affected by stroke were selected to 

constitute the hemiparetic group (HG) and seven healthy 

subjects to the control group (CG). The inclusion criteria in 

HG were: males, affected by only one stroke (ischemic or 

hemorrhagic), aged between 40 and 65 years, at least 3 years 

post-injury and without the use of any assistive devices during 

the gait. The HG subjects characteristics were (mean ± std): 

age: 53.0 ± 10.3 years; body mass: 74.9 ± 13.7 kg; height: 

1.68 ± 0.06 m. The inclusion criteria in CG were: males, 

healthy, aged between 40 and 65 years, The CG subjects 

characteristics were: age: 49.8 ± 4.0 years; body mass: 82.4 ± 

11.7 kg; height: 1.69 ± 0.05 m. 

. 

The DVideo kinematic analysis system [6] was used to obtain 

three-dimensional coordinates of the passive markers on the 

image sequence captured by video cameras. Four genlocked 

Basler cameras (model A602fc) were used working at 75 Hz. 

The three-dimensional coordinates were filtered with a zero-

phase forward and reverse 4
th
 order Butterworth digital filter 

with a 6 Hz cut-off frequency. Scapulas, arms and forearms 

were oriented according to the proposed by ISB 

recommendations [7, 8]. Three-dimensional joint rotations 

were calculated using Euler angles convention [9]. 

 

The variables analyzed for the Glenohumeral and Elbow joints 

were: range of motion, mean joint angles and joint angle 

curves. Joint angle curves were represented in function of the 

percentage of gait cycle. Two gait cycles were separately 

analyzed, the cycle of the affected side (AF) and the cycle of 

the unaffected side (UF). The comparisons intra and inter-

groups (HG and CG) were performed using Student test 

(P≤0.05) or alternatively Wilcoxon test (P≤0.05) according to 

the presence or not of normality. The statistical analysis was 

done by Matlab
®
 software. 

 

RESULTS AND DISCUSSION 

No significant difference was found for independent variables 

(age, height and body mass) between groups CG and HG. 

Comparing the left and right limb movement of the CG 

subjects, no significant difference was found in any angular 

variables. Considering that all subjects of CG were dextral and 

no difference was found between sides, the control group right 

side cycle results were used for the comparisons between 

groups. 

 

The range of motion and mean of joint angles are showed in 

the Table 1. The results revealed that the main alterations for 

the affected side were: a) In the sagittal plane, the 

glenohumeral joint oscillated around lower extension mean 

value and lower range of motion; b) In the frontal plane, the 

glenohumeral joint presented higher abduction mean value 

showing an increase of abduction angles during gait; c) In the 

transverse plane the glenohumeral joint presented smaller 

external rotation mean value; d) The elbow joint showed 

higher mean flexion value and a decreased range of motion in 

the sagittal plane. These alterations may be due to spasticity in 

the upper limbs muscular groups commonly described [1] in 

stroke subjects. 

 

The Figure 1 showed the angular curves of the glenohumeral 

and elbow joints during one typical hemiparetic subject and 

one control group subject gait cycle. In this analysis, some 

deviations could be observed during whole gait cycle for the 

affected side joints. In sagittal plane the affected elbow joint 

remained flexed during whole gait cycle. The affected 

glenohumeral joint showed respectively, in the transverse and 

frontal planes, lower external rotation and higher abduction 

during whole gait cycle. 



Table  1:  Mean ± standard deviation of the range and mean of 

the joint angles of Affected side (AF) and Unaffected side 

(UF) of the HG subjects, and to Right side for CG subjects. 

Glenohumeral Joint  

Sagital Plane AF UF CG 

Range 6.3±4.5*† 30.4±22.7* 20.1±8.2† 

Mean -7.3±0.9*† -9.5±6.0* -9.2±3.9† 

Frontal Plane AF UF CG 

Range 8.9±5.1 15.3±11.0 12.0±3.8 

Mean 14.2±1.6*† 8.1±4.1*▲ 11.5±4.0†▲ 

Transverse Plane AF UF CG 

Range 10.4±5.9 16.7±14.8 10.0±4.1 

Mean 4.6±1.2*† 11.0±5.2*
▲ 22.0±3.0†

▲ 

Elbow Joint  

Sagital Plane AF UF CG 

Range 8.4±4.4* 15.6±7.6* 12.0 ± 4.3 

Mean 68.2±0.4*† 42.1±2.7*▲ 46.8±2.7†▲ 

Frontal Plane AF UF CG 

Range 6.4±5.4 8.9±6.9 7.9±6.1 

Mean -6.7±1.0*† -5.6±1.8*▲ 3.7±2.0†▲ 

Transverse Plane AF UF CG 

Range 9.8±4.9* 16.2±10.5* 10.9±3.2 

Mean 54.3±0.8*† 60.1±4.1*▲ 63.1±2.9†▲ 

Legend: † Significant differences between AF side and CG 

(P≤0.05);
 ▲

 Significant differences between UF side and CG 

(P≤0.05); * Significant differences between AF side and UF 

side of the HG subjects (P≤0.05). 
 

 

Figure 1. Glenohumeral and Elbow joint angle curves of one 

hemiparetic subject. The solid and dash dot lines represent the 

affected and unaffected sides, respectively. The dashed line 

corresponds to one typical subject of CG. 

 

For the unaffected glenohumeral and elbow joints the motion 

pattern was similar to the pattern observed in the CG. 

 

CONCLUSIONS 
This study showed that the affected upper limb motion during 

stroke gait was altered and presented the following alterations: 

decreased range of motion of flexion/extension in 

glenohumeral and elbow joints; higher abduction mean joint 

angle of glenohumeral. Futhermore, the joint angles curves 

showed that the affected elbow joint remained flexed; while  

the affected glenohumeral joint presented lower external 

rotation during whole gait cycle.  
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