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SUMMARY 
In order to monitor the patients’ individual recovery after 
knee endoprosthesis, the kinematics of gait as well as the 
muscular co-ordination pattern has been investigated pre- 
and postoperatively. To allow a quantitative evaluation of 
the patients’ individual functional recovery, two 
quantitative parameters have been introduced, which 
assess the degree of pathology of both the individual 
muscular co-ordination and the individual gait pattern. On 
the basis of these parameters it has been shown, that the 
muscular co-ordination and the kinematics of gait recover 
only partly after operation.  
 
INTRODUCTION 
Due to pain patients with Gonarthrosis often show 
differences in gait which became less when treated with a 
knee joint endoprosthesis. Since the pathological gait 
patterns are usually initialized by abnormal muscular co-
ordination, it can be assumed that not only the movement 
pattern but also the muscular co-ordination recovers after 
treatment. However, there is only litte knowledge about 
how Gonarthrosis affects the functional situation of the 
lower extremity joint chain including the muscular co-
ordination pattern and how both recover after treatment. 
 
METHODS  
To evaluate the functional situation of the lower extremity 
joint chain, the kinematics of the patients gait was captured 
by an opto-electronic six-camera system (VICON 370) 
Joint angles were calculated with the VCM clinical 
manager, synchronised to the gait cycle and averaged over 
15 steps. During gait analysis patients walked in their 
individual gait rhythm and velocity. 
In addition to kinematics, surface-EMG (sEMG) was 
derived from 8 leg muscles to detect the muscular co-
ordination pattern. Surface EMG electrodes were placed 
on the muscles according to SENIAM recommendations. 
In order to compute the EMG envelope, the signals were 
rectified and smoothed using a moving-average filter. The 
envelopes were normalized to the maximal amplitude, 
synchronized to the gait cycle and averaged  
7 patients with Gonarthrosis have been investigated before 
knee joint endoprothesis and between 3 to 6 months after 
the operation (Table 1). For each patient the detected 
activation pattern of each muscle as well as the individual 

gait pattern was compared to a norm of 25 healthy 
volunteers of same age and sex (OrthoMIT norm).  
To allow a quantitative evaluation of the patients’ 
individual functional performance two functional 
parameters have been introduced: 1) the “area outside” the 
95% confidence interval of the OrthoMIT norm and 2) the 
percentage of “time outside” the OrthoMIT norm. Figure 1 
illustrates the two parameters exemplary for the m. rectus 
femoris sEMG of an individual patient. 
 

 
Figure1: Quantitative evalualuation of the co-
ordination of the m. rectus femoris of an individual 
pattient by the functional parameters “area outside” und 
“time outside” 

 
Both, individual muscular co-ordination as well the 
individual gait pattern, have been assessed by calculating 
both quantitative parameters  
 
RESULTS AND DISCUSSION 
With exception of the adductors and the m. gluteus medius 
the muscular co-ordination as well the gait pattern of 
patients show preoperatively significant differences 
compared to healthy subjects. Both gait kinematics as well 
as muscular co-ordination improves after operation. Figure 
2 shows the improvement of knee flexion and extension 
achieved by an individual patient.  
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Figure2: Recovery of kneeflexion and –extension after 
knee endoprosthesis.  

 
This improvement is reflected in the patients’ individual 
functional parameter values, which decrease from t1 = 
594,95 preoperatively to t3 = 72 ,37 postoperatively for the 
area outside of the Std. norm. That means a reduction of 
87,84 %. For the time outside the Std. norm we have an 
improvement from 51,16 % (t1 = 84,31 preoperatively to t3 
= 41,18 postoperatively). 

However, with respect to the muscular co-ordination a 
significant (ttest: p<0.05) decrease of the functional 
parameter values after operation can only be found in the 
Vastus Lateralis- and Hamstrings-sEMG. This is 
consistent to the changes in the gait pattern, in which only 
for the knee flexion/extension a normal range of motion is 
reached after recovery. In all other joints compensation-
movements still remain. 
 
CONCLUSION 
Like the biomechanical function of gait the muscular co-
ordination pattern 3-6 months is not restored completely 
after knee joint endoprosthesis. This is reflected in the 
parameter values, which have been shown to be suitable 
for a monitoring of the patients’ individual recovery. Since 
biomechanical situation can not be changed any more, 
muscular co-ordination has to be improved by 
conservative procedures like physiotherapy. 
 

 
 
Table 1: Patients involved in the study 
 
Time of the  
measurement                                                                                  Subjects 
Pre Therapy (t1)      10 Patient (3 female  right knee; 7 male 5  left knee, 2  right knee) age 63,1 

Sex and age 
3 months post 
therapy (t2)              

2 female age 64,5  right knee                                               5 male age 62,6  right knee 1, left knee 4 

6 months post 
therapy (t3)              

2 female age 64,5  right knee                                               5 male age 62,6  right knee 1, left knee 4 

 
 
 
 
 


