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Abstract 

 

Introduction 

The spine is organized into a segmental pattern. It performs its own function of equilibrium. A "bad" posture 
usually results in a forward position of the upper block relative to the lower one. Holding this posture creates 
stress, increasing muscle stiffness, which can lead to pain. The purpose of this study is to analyze the effects of a 
t-shirt, designed to bring the thoracic spine above the pelvis, in a standing and sitting position and during 
scaption. 

Materials and Methods 

12 adults with history of low-back pain have maintained a standing and sitting position and performed a scaption 
movement. Each condition was performed with and without t-shirt. Several angles of the standing and sitting 
postures were measured as well as scapular plane elevation, COP motion and EMG activity. The results were 
calculated based on intra-individual changes.  

 
Results 
In standing and sitting position, wearing the T-shirt leads to a pelvic anteversion (4 ± 2), which increases lumbar 
lordosis (5°± 2). It decreases thoracic kyphosis (30% ± 20) unrelated to the orientation of the head (r² = 0.30). In 
the frontal plane, an outward motion of the chest is observed (standing: 5°± 2; sitting: 4 ± 2 °). It reduces COP 
motion in the anteroposterior axis (35 ± 13%) and decreases EMG activity (standing: 28% ± 12; sitting: 37% ± 
14). 

 
Discussion 
Wearing T-shirt results in the straightening of the spine, bringing back the thoracic spine above the gravity line 
going through the pelvis. Overall balance is improved, and muscle fatigue risks are reduced. 

 

 

  



Introduction  

According to the French association of rheumatology [1] and the ANAES [2], lumbago is 
defined as "lumbosacral pain at iliac crest level or lower, middle or lateral, with the possibility 
of spreading although not higher than the knee but with a predominance of lumbosacral pain.” 
Lumbago is a common condition that affects about 70% of the French population [2]. 
According to Andersson[3], it affects between 70 and 85% of people at some point in their 
lives. 

Lumbagos are particularly common among young adults with a greater impact at adolescence 
and towards the age of 45-50. [4]. It later decreases among men, but there is another spike in 
frequency among women starting at the age of sixty, the reason for that is the postmenopausal 
osteoporosis [3,5]. This constant increase in frequency in the last 50 years in all of the 
industrial countries has led to heavy and costly repercussions in the socio-professional 
environment. According to the HAS in a 2005 study [6], lumbago cases are responsible in 
France for about 6 million medical appointments per year and represent the main cause of 
disability at work for people aged under 45. [4] 

And according to the data published in 2010 by the INRS, lumbago has also become the main 
cause for sick leave and is the cause for about a quarter of work injuries with sick leave 
reaching 55 days [4]. 

It is therefore a public health problem but also an economic one and because of the high costs 
for society, improving the treatment of this pathology remains a top priority, hence a high 
number of frequent consultation motives with healthcare professionals [7]. 

Lumbago is a general term used to describe pain felt in the lumbar region but it is not the only 
description for it because in the majority of cases, the pathophysiological mechanisms at the 
source of the lumbar pain are complicated, multifactorial and difficult to explain. In literature 
among the many risk factors of the initial stages of lumbago and other factors favoring the 
transition to a chronic state, apart from the psychosocial factors, there is also adapting a 
maladjusted posture for an extended period of time. It is true, mechanical and physical stress 
that the individual experiences can wear the spinal muscles down [8]. A nociceptive reflex is 
added to the sensory and proprioceptive reflexes regulating posture and movement. This 
nociceptive reflex is the cause for active muscular stiffness [9] and responsible for lumbar 
pain [8].  

People with chronic lumbago have a posture imbalance because of an antalgic position. 
People affected by chronic lumbago should develop postural strategies in order to manage and 
regulate this imbalance. 

Studies on people with lumbago in a standing position in comparison to healthy test subjects 
have revealed an increase of the pressure center movement relative to the center of gravity. 
Nies and Sinott [10] have shown by studying the position of the pressure center on the 
anteroposterior axis, that the backward tilt is more pronounced among people suffering from 
chronic lumbago. It was explained with a lack of knee extension which is a position taken by 



people suffering from chronic lumbago to relieve lumbar pain. There is a difference in 
amplitude between the postural oscillations depending on the pain. Compared to healthy 
people, people with chronic lumbago experience high amplitude oscillations with constant 
pain [11]. People with chronic lumbago who experience episodic pain have similar postural 
oscillations as healthy people. [12] 

Other studies on lumbago patients have shown an increase of the contraction of the antagonist 
muscles during a brutal trunk discharge [13], as well as an increase in activation of the erector 
spinae muscles while walking [14]. There is also a delay in activation of the trunk stabilizer 
muscles and therefore an injury risk [15, 16]. In case of exhaustion people with lumbago will 
easily develop strategies to activate the abdominal muscles faster in the purpose of stabilizing 
the lumbar spine [17]. A more pronounced inhibitory action of the quadriceps muscles has 
also been observed in people with lumbago in comparison to healthy subjects [18]. The 
person with lumbago uses his lower limb muscles more in order to adapt his posture during 
movement and thus tilts the pelvis backwards to diminish the lumbar curvature and the 
pressure applied on the tissues.  

The combination of the balancing strategies allows a participant suffering from lumbago to 
compensate his imbalances. These strategies are based on the segmental model modified by 
antalgic postures.   

Study in standing position. 

In the sagittal plane, the spine alternates between flexible rods (lordosis) and rigid as well as 
semi-rigid segments (kyphosis [19, 20, 21]; the direction of deformation of this group stays in 
the sagittal plane. Muscles are active elements of the balancing system.  Because of the 
existence of curvatures a small range of movement is enough to re-balance the spine. The 
energy spent on balancing the spine, the polyarticular curve structure, is not very significant 
or at least less than the one that would be useful if the vertebral column was straight-lined 
from every angle.  The main function of this curvature configuration is to adapt to the gravity 
pressure and to maintain it in a state of orthostatic balance while allowing locomotion.                           

A number of studies have been done in order to understand what the spine does to react to this 
balancing action. The vertebral column is similar to a deformable spring that cushions 
pressure applied by gravity [22]. In 1955, Dempster [23] suggests segmental modeling in the 
sagittal plane. In 1988, Johansson and al [24], compare the standing position to an inverted 
pendulum. This pendulum starts at the ankle and manages the balance of the whole body; the 
balance is maintained thanks to the alignment of the vertical projection of the gravity center 
with the pressure center [25]. In 1999, Runge & al [26] suggest a segmental modeling of the 
musculoskeletal system that alternates between three flexible rods (one lower limb rod, one 
lumbar and one cervical) and three rigid segments (the pelvic, thoracic and cephalic segments 
(cf. Figure1). The rods that support the segments have for foundation corresponding hinge 
regions (lumbosacral region and cervicothoracic region) that is to say regions of movement 
change. To maintain balance it is essential to have an alignment of the hinges on the gravity 
axis [27] and superposition of the segments. 



 

 

Figure 1 : modeling in 3 inverted pendulums 

In this context the lumbar lordosis plays a key role in the control of balance and movement. In 
a raised static position it is dependent on anatomical factors [28]. 

1- the corner body shape of L5, thicker by 3mm in its front part than its back. 

2- the corner shape of the intervertebral disks L4-L5 and L5-S1, higher in the front 
part by 6-7mm than in the back part. 

3- the corner shape of the vertebrae subjacent to L5, even if this anatomical 
characteristic is less pronounced. 

4- the corner shape of the L5-S1 segment makes it so that each vertebra located on top 
of this segment is slightly behind its subjacent. 

However in a dynamic position the lumbar lordosis is dependent on the pelvic tilt: an anterior 
tilt raises the lumbar lordosis whereas a posterior tilt will lower it [26]. This posterior tilt is 
also found in a sitting position. 

Study in sitting position.  

The sitting position creates new contact points in the upper femoral and buttock areas. Those 
will lead to a pelvic reorientation, resulting in an alteration of the lumbar curvature. This 
phenomenon has been largely documented thanks to copies of x-rays done in numerous sitting 
positions [30]. 

The head orientation seems to be maintained by compensatory adjustments from the upper 
and lower cervical spine and changes in the lumbar posture associated with compensatory 
changes in the overall cervical region. The more the lumbar spine flexes the more the cervical 
spine extends and vice versa [31]. 

The changes in the lumbar posture would therefore be associated to compensatory changes of 
the overall cervical region. 



Furthermore the sitting position raises the intradiscal pressure [32]; the disk is subjected to 
creep [33]. This excess pressure is on the one hand linked with the non-involvement of the 
rear apophyseal joints when the spine is bending slightly. On the other hand it is linked to the 
high resistance offered by the rear ligament formation. The rear articulations withstand 16% 
of the pressure in the standing position, whereas in the sitting position they do not sustain any 
pressure while in compression [34]. There is a link between the intradiscal pressure and the 
minimum stress posture. 

The results show a forces balance mechanism in Lordosis postures under static pressure, 
whereas postures in flexion lead to a high rise of tension forces in the rear area of the annulus 
[35]. Yet excessive tension for extended periods of time is damaging to the preservation of the 
mechanical properties of the ligaments [36]: for a number of participants adopting a sitting 
position entails that they have already reached maximum vertebral flexion and therefore 
maximum pull on the rear ligaments [37]. 

This postural load has been identified by Adams and Hutton in 1985 [38], it has revealed that 
the sitting position is not as harmless as one might think. Sitting relaxes the lower limbs but 
transfers pressure towards the lower back. Additionally the vertebral column of the sitting 
person stays under pressure from the load even though the person feels relaxed. The extended 
sitting position is harmful if the physiological curvatures are not respected.  

In conclusion, the lumbar lordosis linked with the pelvic tilt appears to be a key element in the 
balancing and stressing of the different structures and in the response of the active elements 
involved by this stress. The objective of this study is to analyze the effects of the second skin 
(T-shirt with tensors) on the posture. The goal of the second skin is to bring the thoracic block 
on top of the pelvis, in order to avoid and/or decrease lumbar pain in a standing or sitting 
position. To do so we have compared postures with and without second skin in a sitting and 
standing position during scaption movement. 

 

Materials and methods. 

The majority of the experiments were performed in the laboratory of Ostéobio. Twelve adults, 
7 men and 5 women aged between 22 and 45 (27±7years), have volunteered to participate in 
the study. Thanks to x-rays of the participants we were able to choose people with different 
morphotypes as described by Roussouly [39]. Similarly we wanted to represent the diversity 
of the population with subject sizes going from the 5th percentile for women to the 95th for 
men (norm EN IS0 15537). 

The participants have all stated that they have already felt pain in the lumbar area in the past 
but not at the moment of the tests. The participant selection has been done after a postural 
qualitative study based on photos done in a sagittal view. The bent posture has been found by 
visualizing the bending of the different blocks in relation to the vertical line passing through 
the ankles. (cf. Figure 2). Participants are then given "second skin" T-shirts described below. 
A photo is done in similar conditions with the "second skin (cf. Figure 2) 



 

a)                                b)   

Figure 2 : a) photo without the second skin and gravity axis modeling - b) superimposing postures 
with and without the “second skin”. 

	  

Participants were not informed on the purpose of the "second skin". 

Participants were equipped with 18 retroreflective markers and were filmed with 6 Vicon 
cameras at a 100HZ frequency. These different markers were placed in a way that represents 
different segments like the pelvis, thorax, head, arm and forearm and then monitor the 
development of the external spinal curvatures. They were also equipped with 2 EMG 
electrodes located on the spine erector muscles, longissimus muscle. The electrodes 
placement is made following the recommendations of SENIAM.  

The participants positioned themselves bare feet on a force platform AMTI set to 1000HZ, 
with their arms parallel to their bodies.  

 



  

Figure 3 : a) T-shirt seen from the back -  b) description of the different features of the T-shirt. 

The T-shirt (cf. Figure	  3) is comprised of a thoracic part (A) done with a material that is not 
deformable vertically. It encompasses the rib cage and thoracic vertebrae and is maintained by 
a tensor (B) at rib level K10.  

The (C) part of the T-shirt is made with a very stretchable material that can be stretched in 
both directions.  

From a rear point of view, the tensors (D) are glued on the thoracic part, go through the 
shoulders and extend by 5cm on the front of the thorax. 

The (E) tensors are attached on the (B) tensor that is on the sides of the rib cage. They merge 
with the (D) tensors and secure it in the lumbar curvature at L4 level. 

The belt (F) enables to secure the T-shirt in the pelvic area. 

A number of tests were done with and without the second skin: 

- Staying in standing position for 30 seconds ("natural" position of the individual) with the 
sight fixed horizontally.   

- Staying in a horizontal sitting position for 15 minutes. This study was measured at 
T=5minutes.  

- Arm rotation in the "natural" scaption in a standing and sitting position. 

In order to analyze the changes in posture, different parameters were measured: 

• Pelvic orientation (Pel in °): the angle projected in the sagittal plane between the 
straight line passing through the middle of the greater trochanters and the middle of 
the anterior superior iliac spines and the vertical line.       



• Thoracic orientation (Tho in °), calculated from the angle of projection in the sagittal 
plane between the straight line passing through the xiphoid process (AX) and spinous 
process of (T9) and the horizontal. 

• Thoracic bending (Dtho in mm) calculated as the distance between the middle of the 
segment [AX; T9] and the straight vertical line passing through the middle of the 
greater trochanters.  

• The cephalic bending (Cerv en °): is the angle between the straight line passing 
through the middle of the two mastoid processes and the middle of the acromion and 
the vertical line. 

• Horizontal sight (Eye in °): angle between the straight line passing through the middle 
of the two mastoid processes and the middle of the eyes and the horizontal plane. 

• Opening of the thorax (OT in °): angle projected on the horizontal plane between the 
straight lines passing through the spinous process of T4 and the right and left 
acromion. 

• Thoracic kyphosis (RT in mm): curvature radius of a circle passing through the 
spinous processes of T1, T4, T9, T12. 

• Scapular plane (Scap in °): Angle calculated between the arm and straight line passing 
through the acromion during scaption movement when the arm is on a horizontal 
plane. 

• The pressure center movement: major axis (LCp in mm) and minor axis (lCp in mm) 
of the movement area of the pressure center.  

• The area under the EMG curvature (SurfEMG) calculated over a 30s interval of time. 

 

The results of the measured parameters vary according to each individual because of the 
morphometric heterogeneity of each participant (size and morphotype among others). Our 
goal is not to compare the participants between each other but to measure the effect of the T-
shirt, which is why we have calculated the variations as a percentage of the different 
parameters with and without the T-shirt, in a sitting and standing position. 

Results 

The results shown below are based on the tests with the T-shirt. 

Posture in the sagittal plane: 



 

Board 1 : Posture	  angle	  in	  a	  standing	  position	  with	  and	  without	  the	  "second	  skin"	  

(A positive difference of Pel represents a forward tilt of the pelvis, a positive difference of Tho 
represents an extension of the thorax, a positive difference of DTho represents a decline of the 
thorax. A positive difference of Cerv represents a decline of the head; a positive difference of 
the eye represents an extension of the head. The difference of Tho as a percentage matches 
the percentage of thorax straightening to get closer to the vertical line by going through the 
middle of the great trochanters).  

 

Board 2 : Angle of sitting posture with and without the « second skin » 

The results in terms of posture (Board 1 and Board 2) show, that in a standing position as well 
as in a sitting position wearing the T-shirt increases the forward tilt of the pelvis. On average 
the pelvis tilts more forward, Pelv increases between 4°±2 in a sitting as well as standing 

sujet Δ Pel	  (°) Δ	  Tho	  (°) Δ	  Dtho	  (mm) Δ	  Dtho	  (%) Δ	  Cerv	  (°) Δ Eye	  (°)
1 4 7 20 50 3 -‐1
2 2 5 29 83 10 2
3 8 8 49 82 15 0
4 3 2 28 93 7 1
5 8 6 40 77 3 1
6 2 4 12 50 3 0
7 5 5 43 78 5 -‐1
8 3 5 33 97 2 0
9 4 2 9 43 11 0
10 6 5 32 73 4 1
11 2 2 14 93 9 1
12 4 4 22 69 7 -‐1

moyenne 4 5 28 74 7 0
ecartype 2 2 12 17 4 1

variation	  entre	  la	  position	  debout	  sans	  et	  avec	  "seconde	  peau"

sujet Δ Pel	  (°) Δ	  Tho	  (°) Δ	  Dtho	  (mm) Δ	  Dtho	  (%) Δ	  Cerv	  (°) Δ Eye	  (°)
1 3 8 26 52 5 0
2 2 4 17 74 8 1
3 7 10 41 91 10 0
4 2 2 11 48 13 -‐1
5 6 5 22 65 2 0
6 2 4 11 73 4 3
7 3 4 43 78 8 1
8 4 7 31 74 3 2
9 4 3 9 43 5 1
10 4 5 22 65 3 -‐2
11 3 4 14 93 8 0
12 5 4 28 82 8 0

moyenne 4 5 23 70 6 0
ecartype 2 2 11 15 3 1

variation	  entre	  la	  position	  assise	  sans	  et	  avec	  "seconde	  peau"



position. This tilt allows an increase of the lordosis and a backward tilt of the thoracic block 
(Tho= 5°±2 in a sitting as well as standing position).  The bigger the backward tilt of the 
Pelvis the greater the thoracic block decline is. The middle point of [AX; T9] aims to 
approximately represent the gravity center of the thoracic block. The latter declines (on 
average by 23mm±11 in a sitting position and 28mm±12 in a standing position) and mostly 
corrects the anterior tilt of the block (on average 70%±15 in a sitting position and 74%±17) 
with a maximum of 93%. There is no significant linear correlation between the pelvic and 
thoracic difference (R²=0.36) which could be explained by different behavior in the lumbar 
area (shape and flexibility of the lumbar column). 

At the same time wearing the T-shirt leads to a lower kyphosis (cf. Figure 4), causing a 
straightening of the thoracic segment (increase of the bending radius by 30%±20) 

 

Figure 4: dekhyphosis	  and	  bending	  radius. 

 

In the cervical area the gravity center of the head is pulled back while remaining in front of 
the shoulders gravity line (on average Cerv =6°±3 in sitting position and Cerv= 7°±4).  We 
can notice once again that there is no statistical link between the decrease of the cephalic and 
thoracic tilting (R²=0.30) 

We can notice that despite the postural changes of different blocks of the vertebral column, 
the orientation of the head stays the same (0°±1 in a sitting as well as standing position).  It 
should be noted that it was the only postural instruction given to the subjects.    

Posture in the horizontal plane: 



 

Board 3 : Angle change of the scapular plane with and without the T-shirt 

In the horizontal plane the straightening is followed by an opening of the Thorax. 

Regarding the requirement for arm bending, the straightening in the sagittal plane is followed 
by an opening of the thorax (Board 3) (on average 5°±2 in standing position and on average 
4°±2 in a sitting position); this leads to a change of the physiologic angle that goes backwards 
in the scaption (on average 9°± 3 in a standing position and on average 7°± 2 in a sitting 
position). 

Global balance and EMG : 

 

Board 4: percentage variation of the ellipse major and minor axis in a standing position, with and 
without the T-shirt. 

sujet Δ OT	  debout	  (°) Δ Scap	  debout	  (°) Δ OT	  assis	  (°) Δ Scap	  assis	  (°)
1 4 7 4 6
2 4 5 3 4
3 8 12 8 8
4 6 10 5 9
5 7 13 5 11
6 3 5 2 6
7 8 12 7 10
8 7 10 4 9
9 2 5 2 5
10 6 9 5 7
11 4 7 2 7
12 5 9 5 7

moyenne 5 9 4 7
ecartype 2 3 2 2

variation	  dans	  le	  plan	  horizontal	  sans	  et	  avec	  tee-‐shirt

sujet Δ LCp	  (%) Δ lCp	  (%)
1 35 7
2 27 -‐2
3 50 4
4 22 1
5 34 5
6 25 -‐5
7 67 9
8 35 3
9 21 9
10 30 3
11 29 -‐3
12 44 7

moyenne 35 3
ecartype 13 4

variation	  axe	  ellipse	  sans	  et	  avec	  tee-‐shirt



 

 

Figure	  5	  :	   example	  of	  pressure	  center	  movement,	  without	  the	  second	  skin	   in	  red	  and	  with	  the	  second	  skin	   in	  
green	  (the	  axis	  x	  represents	  the	  antero-‐posterior	  axis,	  the	  Y	  axis	  represents	  the	  lateral.	  

In terms of global balance, in a standing position we can notice a decrease of the ellipse axis 
in the antero-posterior direction (on average 35%±13), with no significant modifications in 
the lateral direction (on average 3% ±4). (cf. Figure	  5 and Board 4: Percentage variation of the 
major and minor axis of the ellipse in a standing position with and without the T-shirt). 

The EMG amplitude varies greatly between individuals. It is not only linked to the 
interindividual postural tonicity but also to the experimental errors regarding the placement of 
the electrodes. To assess the muscular activity fluctuations we sought to normalize the results 
for the same individual. To do this we took the maximum area under the curve matching the 
sitting position without “second skin” and compared this result to the other test conditions.  

 

Figure 6 : Variation of muscular activity in percentage. 
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The EMG activities decrease systematically while wearing the T-shirt (cf: figure 6) no matter 
the experimental condition: 28%±12 in a standing position and 37%±14 in a sitting position. 

Discussion 

The objective of the study was to prove that wearing the T-shirt improves the posture. Almost 
systematically a “bad” posture, in a mechanical sense, results in the movement to the front of 
the upper block in relation to the lower block. A bad posture translates in the cervical area by 
pain in the trapezius muscle region and in the lumbar area by pain in the rachis erectors region 
(iliocostalis and rachis erector) 

A number of authors have demonstrated the importance of the pelvic orientation on the 
overlying curvatures and the bending in relation to the gravity axis [40, 41]. In the same way 
our results show that wearing the T-shirt leads to a pelvic anteversion. Based on the working 
principle of the inverted pendulum [25], this forward tilt leads to an increase of the lumbar 
lordosis and a backward lean of the thoracic block, this leads to a straightening in order to 
return this block on top of the gravity line passing through the pelvis. 

At kinetic level the fluctuations of the pressure center translate the oscillations of the different 
blocks that need permanent balance readjustment with muscular action [42]. The smaller the 
ellipse in which the pressure center varies, the more stable and efficient the posture will be 
[42]. Thus considering the results of the pressure center, by modifying the superposition of 
the blocks the T-shirt improves the posture. This improvement seems to be confirmed by the 
results of the EGM that showed a decrease of muscular activity in the posture stabilizing area. 
Thus because the different spinal blocks were returned towards the gravity axis thanks to the 
effect of the tensors, the active intervention of the superficial stabilizer muscles is in the long 
term less important. This leads to a decrease of muscular fatigue [43] as well as a decrease of 
the stiffness [44]. In a sitting as well as standing position the EMG activity of people 
suffering from lumbago is linked to pain [45], the decrease of the stabilizing activity of the 
muscles when wearing the T-shirt leads to a decrease of the pain. The study will be 
supplemented by an analysis of the evolution of posture and EMG activity when maintaining 
a sitting position for a long period of time (2 hours). 

However it should be noted that the independent contribution of the tensors and the thoracic 
part of the T-shirt cannot be precisely defined after this study. That is why an additional study 
done with x-rays on the deformation of the vertebral column should be done. It would allow 
in particular measuring more specifically the thoracic straightening by using the Cobb angle 
[46].  

Furthermore, the dekhyphosis enables the movement of the scapula on the ribs and decreases 
the pressure in the shoulder articulation, thus enabling a more functional range of movement. 
In addition in a sitting position this dekhyphosis, followed by the opening of the thorax (cf. 
Figure 8), improves the breathing capacity involved in the control of the posture by releasing 
the diaphragm. [47,48]. 

Finally no matter the experimental condition, the results have shown a decline of the head’s 
center of gravity with no link to the underlying changes. Despite an ascending posture 
organization [49], the horizontal position of the head, which is a necessary requirement to 
keep the sight horizontal, [50], seems to be preserved. (cf. Figure 7) 



 

Figure 7 : Posture evolution with Percko second skin in a sitting position. Without (in red) vs with 
(in green). 

	  

 

Figure 8 : Opening of the thorax 

This study has helped show that wearing the T-shirt changes the superposition of the blocks, 
this allows to decrease the pressures and discomfort, while preserving the horizontality of the 
sight which is essential to control the posture. However it would be interesting to study even 
further the effect of the T-shirt on the different morphotypes as well as on subjects suffering 
from sharp and chronic lumbago. Finally since the posture is based on a postural body image 
[51, 52] powered by sensory information [53], wearing the T-shirt for extended periods of 
time helps adopt a lasting and perfect posture.
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