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SUMMARY 
The objective of this paper was to study the influence of the 
movement frequency on the quantifying of the cervical spine 
mobility, in investigation routine in Motion Laboratory of the 
Politehnica University of Timisoara. Quantifying of the 
cervical range of motion was realized using the Zebris 
ultrasound-based measuring system. In order to establish the 
best measuring conditions, the influence of the movement 
frequency on the cervical spine mobility evaluation has been 
studied. There were studied all the important movements of 
this spinal segment: flexion, extension, rotation and lateral 
flexion in several ways. Phase diagram representations were 
used to perform a better evaluation of the mobility. 
 
INTRODUCTION 
Cervical range of motion represents a useful parameter to 
evaluate the spine mobility, contributes to the treatment plan, 
and monitors the patient rehabilitation process [2]. 
 
There are many traditional methods used by clinicians to 
diagnose the cervical spine disorders such as: radio-graphic 
successive imaging (X-ray, computer tomography, magnetic 
resonance) followed by the measurement of the Cobb’s angle 
and spine goniometry, but some of these medical imaging 
investigations are harmful and cannot be directly used to 
determine the range of motion. All of them have more or less 
inherent limitations. Improved methods can perform non-
invasive and non-harmful in vivo experimental analysis. 
 
Based on these methods, numerous studies have been 
performed. Some of these studies investigated cervical spine 
kinematics based on a 2D or 3D analysis, in vivo or in vitro 
measurements, experimental kinematical analysis based on 
video, electromagnetic tracking, or ultrasound measurements 
[1, 3, 4, 5]. 
 
The general purpose of this study was to develop a reliable and 
valid tool for evaluation of the cervical spine mobility based on 
a 3D kinematic analysis in practical investigation routine. In 
order to establish the best measuring conditions, the influence 
of the movement frequency on the cervical spine mobility 
evaluation has been studied. 
 
There were studied all the important movements of the cervical 
spine: flexion, extension, rotation and lateral flexion using a 
Zebris measuring system. In order to obtain a better evaluation 
of the movements, phase diagrams were represented. 
 

METHODS 
The important movements of the cervical spine are flexion, 
extension, rotation and lateral flexion. All these movements 
were considered to be performed with respect to the neutral 
position of the spine. Obviously, the cervical movement may 
be obtained combining several individual movements. The 
result leads to a complex and difficult to evaluate movement. 
 
The measurements were performed on a lot of ten young 
healthy subjects without a history of neck pain, or any other 
disease. Criteria such as age, gender, height, and body weight 
influence the normal range of motion of the cervical spine. 
Thus, the subjects were selected to have the same gender and 
near ages, heights, and body weights. Having a homogeneous 
group, a reliable pattern of cervical spine mobility was 
developed. 
 
Each test was initially carried out with a calibration in the 
neutral position. Having established the zero position for the 
tests, each subject was asked to execute movements up to the 
maximum amplitude in flexion-extension first, followed by 
left-right rotations and lateral flexions. 
 
The subjects performed in several ways all the movements to 
their maximum mobility. First, they were asked to execute the 
exercise in the natural way, without imposing a certain 
frequency of the movement. The mandatory requirement was 
the harmony of the movement. The harmonic movement refers 
to avoidance of the velocity variations during the cycles. The 
second exercise consisted in movements at the maximum 
frequency. The other three exercises were performed by 
imposing three different time intervals. The imposed 
kinematical characteristics of the movement are synthetically 
presented in Table 1. 
 
Table 1: Kinematical characteristics of the cervical movement. 
 

Frequency 
[cycles/sec] 

Time 
[sec] 

Number 
of cycles Abbreviation 

normal free free 0 
0.89 4.5 4 I 
0.50 10 5 II 
0.25 20 5 III 
0.92 (maximum) 8.72 8 IV 

 
One of the exercise difficulties was to perform all movements 
uniformly and repeatedly, without changing the frequency and 
amplitude during a certain measurement. All the mobility 
exercises were performed pain free. 



RESULTS AND DISCUSSION 
The recorded data (angles, angular velocities) were exported as 
ASCI code for further processing. There were used two forms 
to represent the results. One was to present the angular 
amplitudes and velocities as functions of time. In this type of 
representation, it can easy be observed the movement period, 
the maximum and minimum amplitudes, and the velocity 
changes in time. Another form of representation was the phase 
diagram, where angular amplitudes of the movements were 
drawn as functions of angular velocity. This representation 
allows the evaluation both of movement frequency influence 
on angular amplitudes and the movement harmony. 
 
In order to deal only with the best records, from the multitude 
of the cycles, four have been extracted. This number of 
records was kept for the all frequencies of movements in order 
to calculate the average. The lack in overlapping of the cycles 
indicates the variability of the velocity during exercises. This 
variability has two effects: the unsymmetrical behavior of the 
velocity when head and neck pass through the same positions 
several times and the influence of the velocity on the 
amplitude of the movement. 
 
In Figure 1 are presented the averages of the phase 
representations for all the five flexion-extension movements. 
The overlapping of the curves shows the differences between 
each frequency of movement. So, for small frequencies, the 
movements are evasive and have relatively lower maximum 
amplitudes, while at high frequencies the movement is 
harmonic and the maximum angles are higher. 
 

 
Figure 1: Phase representation of flexion-extension averages 
for each frequency of movement. 
 
In both Figure 2 and Figure 3, the solid columns represent the 
maximum absolute values from one cycle, while the wireframe 
columns represent the average values. The rotation movements 
are presented in stacked column form in Figure 2. The largest 
maximal and average amplitudes and the best symmetry 
between left and right rotation were recorded in the case of 
frequency IV. In lateral flexion movement (Figure 3) the 
behavior of the amplitudes differs from the other cases. The 
best symmetry together with statistically normal amplitudes is 
recorded for the free movement. This phenomenon can be 
explained by the lack of routine in the lateral bending, 
comparing to the movements like rotation or flexion. 
 

 
Figure 2: Stacked column representation of maximum and 
average angles in rotation movement for each frequency. 
 

 
Figure 3: Stacked column representation of maximum and 
average angles in lateral flexion movement for each 
frequency. 
 
 
CONCLUSIONS 
Analyzing all the records, the absolute maximum values of 
angular amplitudes were identified, and the average values of 
the maximum amplitudes were calculated for each studied 
movement. The comparison with the normal range of motion 
corresponding to the studied lot reveals overlapping on each 
movement range. This overlapping validates both our 
experimental records and the normal capabilities of subjects. 
 
The performed study was focused on active range of motion, 
the subjects executing the movements without any assistance. 
There were observed and quantified the differences between 
voluntary and natural movements. These differences could be 
considered as an extension of normal range of motion. 
 
The results will be enhanced with assisted motion 
measurements, when the therapist voluntary exceeds the free 
movement limits of the patient’s cervical spine. 
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