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SUMMARY 
Dynamic chairs with moving seats mobilise the spine and the 
pelvis and may lead to reduced back pain. However, existing 
studies demonstrate the conflicting situation between upper 
body movements and work efficiency: Body movements 
restrict an efficient workflow; contrariwise, the dynamic 
mechanism of the chair is not employed actively while 
focusing on computer tasks. 
The aim of the study was the development of a new chair 
which reduces lateral upper body translation. The novel chair 
was compared to an established dynamic chair in a 
preliminary user study. The pelvic tilt angle and the lateral 
shift of pelvis and shoulders were determined for an active 
(maximum ROM) and for a passive movement task (phone 
pick up) by using photographic documentation.  
Both chair concepts showed similar lateral pelvic tilt angles of 
10°-14° for the active and for the passive movement task. The 
mean unilateral, active pelvic translation resulted in 20 mm for 
the prototype and 70 mm for the established chair (p<0.01). 
No differences were seen for the active lateral shoulder 
translation (40-50 mm). 
The study demonstrates a reduction in upper body shifting by 
using the novel chair by simultaneously preserving rotational 
pelvic range of motion. 
 
 
INTRODUCTION 
Long term sitting pattern represents a risk factor, which leads 
to significantly higher incidence of lower back pain [1]. Such 
circumstances may lead to increased degeneration of the 
lumbar spine [2]. In contrast to the static posture, movement in 
the lumbar spine induces increased fluid flow and, therefore, 
can improve metabolic nutrition transportation into the 
intervertebral discs [3]. 
To reduce degeneration of the spinal column, a variety of 
dynamic chair designs with a mobile seat are available. Some 
products claim to produce training effects of the lateral trunk 
muscles via the activation of the dynamic function of the 
chair. Indeed, scientific investigations show an increase of 
comfort and reduction of pain, while using chairs with a 
rotating seat for twisting the vertebral column [4]. 
Nevertheless, a recent study shows that the dynamic 
mechanism of this type of moving seat design is not used by 
office workers during computer tasks in the course of 
everyday work flow [5]. Apparently, lateral body shifting 
seem to disturb the working process, which requires full 
concentration on the screen.  
 

The aim of the study was therefore the development of a new 
chair prototype which reduces upper body movements. In a 
preliminary user’s study, the prototype was compared to an 
established chair by kinematic effects on the upper body in an 
actively performed movement and in a passive, unconscious 
movement. 
 
 
METHOD 
Development of a physiologic chair design 
In order to eliminate upper body movements, the mechanical 
rotation centre of the chair has to be congruent with the body 
centre of rotation. The flexibility of the upper body is provided 
by the vertebral column of the spine and its intervertebral 
discs, which act as joints. 
The rotation center of the chair was therefore placed on height 
of the spine, in the L1-L2 intervertebral discs. This results in a 
distance between seat and rotation center of approximately 
300mm. 
The technical requirement to place the chair rotation center on 
height of the spine is realised by a mechanism shown in Figure 
1, left: The seat rotates around the body center, which is 
positioned superiorly to the seat.  
The established dynamic chair used for comparison comprises 
a rotational center below the seat. The deformation of a spring 
enables an unconstrained body position during sitting. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Prototype chair mechanism comprising a superiorly 
placed rotation centre, over the seat (left) and established 
dynamic chair having the rotation centre placed below the 
seat (right). 
 
Preliminary user study 
The effect of the dynamic chair mechanism on the upper body 
kinematics was measured by performing two types of 
exercises. For the actively performed exercises, subjects were 
asked to apply lateral bending in upright position to achieve 
the maximum range of motion. For the passive movement, 
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picking up the phone in a defined position to the subject 
(distance between outstretched hand and phone of 20cm) 
resulted in a pelvic tilting. 
Reflective markers were placed on characteristic anatomical 
landmarks such as the greater trochanter on the left and right 
femur, on the scapula and along the spinal processes. 
Photographs were taken perpendicular to the back of the three 
subjects in the initial and in the maximally deflected position. 
The camera was positioned on height of the thoracolumbar 
spine. Due to the fact that a lateral, in-plane movement in the 
frontal view is dominant, the dorsal 2-D analysis is justifiable. 
Adequate accuracy was confirmed by evaluating predefined 
positions of a test dummy. All markers were always fully 
visible during the experiments. Three measurements of each 
subject were performed; the mean value of acquired data was 
built. 
Photographs were processed and superimposed in image 
software (Adobe Photoshop) to graphically read out the 
relative angular and translational displacements (angles and 
translations) of the pelvis and the shoulders in comparison to 
the initial position. Clockwise rotation of the pelvis is defined 
as left pelvic angulation, counter clockwise rotation represents 
right pelvic angulation. 
 

 
 
Figure 3: Examination of pelvic rotation c, left and right 
horizontal translation of shoulders (a1, a2) and greater 
trochanter (b1, b2) relative to initial situation. 
 
 
RESULTS AND DISCUSSION 
 
Angular pelvic displacements 
Both chair concepts showed lateral pelvic tilt angles of 10°-
14° for the active and for the passive movement task. Left and 
right angles are in a similar range. 
 
Lateral translations 
The mean unilateral, active pelvic translation resulted in 20 
mm for the prototype and 70 mm for the established chair (p < 
0.01). No differences were seen for the active lateral shoulder 
translation which was in a range of 50 mm for both the 

prototype and the established chair. A symmetric movement is 
detected by analyzing left and right side.  
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Figure 2: Pelvic angulation during active and passive 
exercises.  
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Figure 3: Left and right lateral translations for the pelvis and 
shoulders, shown for the actively performed exercise. 
 
 
CONCLUSIONS 
A reduction of the lateral pelvic translation was seen by using 
the prototype, while the rotational range of motion was 
preserved in comparison to the established chair. Differences 
in the shoulder translation were not detected. These data 
demonstrate that the upper body kinematics is influenced by 
the type of the dynamic chair mechanism.  
The analysis of kinematic data by photographs orthogonally 
captured to the back seems to be a reliable method to evaluate 
the described parameters, because the independent analysis of 
right and left pelvic angles resulted in symmetric results.  
Further measurements have to be done by a 3-D motion 
capturing system to acquire the accurate kinematics in space. 
Additionally, a control value has to be defined such as sitting 
on a normal office chair to better interpret the effects of 
dynamic office chairs on our musculoskeletal system. 
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