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USING THE METHOD OF DETERMINING THE VARIATION 

OF THE  LENGTH OF THE STRETCHED CHORD, AS A 

MEANS OF MONITORING THE POSTURAL CHANGES OF 

THE ATHLETES SPINE 

Cristian Radu BADEA1, Octavian DONŢU 2, Gheorghe I. GHEORGHE 3 

The paper presents a method of monitoring postural changes, based on 

comparing the length of a chord stretched by the curvatures of the spine, while 

executing a movement or a posture, with that in a standard posture (physiological). 

This method was the basis for the construction of a prototype for a real-time 

monitoring and active postural correction device, used to correct the biomechanics 

of movements to reduce the risk of injuries in athletes' training. This device uses a 

wire-type element to detect postural changes, which behaves like a chord of a circle 

stretched by the curvatures of the spine. 

Keywords: posture, physiological, pathological, spine, curvatures, biomechanical, 

neuromuscular. 

1. Introduction 

One of the most common conditions encountered in the vast majority of 

people and especially in athletes, whether beginners or advanced (performance 

athletes), is the change in the physiological curvatures, of the spine and also in the 

neutral (correct) position of the shoulders. These changes are known in the literature 

as postural pathologies [1]. From the point of view of the sagittal plane, the main 

postural pathologies are: lordosis (see Fig.1.b [2]) and kyphosis (see Fig.1.c [2]). 

The main factors of the appearance of these pathologies, in the case of athletes, are: 

- the existence of an untreated anterior postural problem; 

- wrong execution of general and / or specific techniques, starting from the 

primary learning stage up to the higher levels of training; 

- asymmetric training and / or stress of the body, combined with the lack of 

a proper post-effort recovery. 
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Fig.1. The representations of the physiological posture and of two main pathological postures, in 

the sagittal plane 

Determining the type and degree of the postural pathology is done by 

comparing the posture of the spine, of the subject in question, with an ideal model 

of the spine, called physiological posture (see Fig.1.a [2], Fig.2.a [2] [3] and 

Fig.2.b [3] [4]). 

                                       

                 a. Physiological posture                            b. Pathological posture  

Fig.2. Sagittal plane representation of the physiological posture and of a pathological posture 

The repetition of certain postures and / or movements considered to be 

incorrect from a biomechanical point of view, determines the appearance of 

permanent postural deformities (pathological posture [3] [4] [5] [6]), if these actions 

are not followed by a suitable correction. Adopting a incorrect posture produces in 

time a shortening of the flexor muscles of the thoracic curvature and of the extensors 

of the lumbar and cervical curvature, as well as an elongation of the antagonistic 

muscles of those mentioned above. Changes at the muscular level lead to 

deformities in the joints involved (excessive erosion of joint capsules in positions 

imposed by a pathological posture, compression of the intervertebral cartilage, and 

pathologies derived from them - see Fig.2.b [2] [3]), as well as to the aggravation 

of the pre-existing postural pathology. 

a. physiological posture b. pathological posture 

- lordosis - 

c. pathological posture 

- kyphosis - 
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According to the specialized literature, the bending / straightening and / or 

lowering / lifting of the torso, by a person (with or without an external weight 

attached), is correctly executed from a biomechanical point of view (it does not lead 

in time to a postural pathology [7]), only when this is achieved by a hips joints 

flexion [8], or by securing the torso along with the lower limbs while executing a 

certain exercise (for example: push-ups), depending on each situation. 

The purpose of the paper is to provide a simple method of monitoring the 

postural changes, without the need of using high-tech sensors, or assemblies of 

different sensors, as in the case of present devices. 

2. Sensing the postural changes using the method of determining the 

variation of the length of the stretched chord 

The principle of sensing the postural changes using the method of 

determining the variation of the length of a chord streched by the curvatures of the 

human spine, is as follows: using a wire-type sensing element, that is mounted 

between two well-defined points on the human spine, it's possible to monitor the 

changes in the spine's curvatures during the execution of certain movements or 

stances, in relation to those of a predetermined, standard posture. Taking into 

account the pathology of the athlete in question, this standard posture can be either 

the physiological one, or another posture that it's as close as possible to the 

physiological one. 

The spine it is considered to be represented in the sagittal plane, by means 

of four arcs of circle circumscribed to the physiological curvatures, appropriately 

named, as follows: the cervical, thoracic, lumbar and sacral arc of circle. 

The above mentioned wire-type sensing element it's composed of two 

collinear wires having one common point and it's acting as chord streched between 

the upper end of the spine and the the lower end of the lumbar curvature of the 

spine. One of the wire, called the base wire, has elastic properties and is fixed with 

the lower end at the point of intersection between the arcs of circle circumscribed 

to the lumbar and sacral curvature of the spine (named reference point). The second 

wire, called the thoraco-cervical, is inextensible, has an upper end fixed 

approximately to the spinous process of the first cervical vertebrae (C1) and it is 

collinear in the frontal plane with the projection of the axis of the spine in the 

mentioned plane. The point of intersection of the two wires of the wire-type sensing 

element is called bifurcation point, denoted 𝑷𝒃𝒇 and it's positioned, in the case of 

physiological posture, at the intersection between the vertebrae T8 and T9. 

Therefore, any change in the physiological curvatures of the spine will cause 

a change in the radii and central angles of the arcs of circle circumscribed to the 

curvatures of the spine and so will cause the change of the lenght of the chord 

streched by the spine, represented here by the wire-type sensing element. Due to 
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the permanent contact between the ends of the wire-type sensing element and the 

spine, as well as the elasticity of the base wire, the bifurcation point (𝑷𝒃𝒇) moves 

in the sagittal plane, and the length of the latter wire changes, with the modification 

of the curvatures of the spine in the mentioned plane. 

2.1. The demonstration of the principle of sensing the postural changes 

using the method of determining the variation of the length of the stretched 

chord 

In case of a postural change of the spine in relation to the physiological 

posture, the lenght of the chord streched by the spine at a time "i", named active 

length, is considered to be equal to the length of the wire-type sensing element, at 

a time "i". So, the active length is equal to the length of the thoraco-cervical wire 

(inextensible), plus the length of the base wire, at a time "i". The active length of 

the chord streched by the spine will be calculated for one of the most common 

pathologies of the spine in the sagittal plane: lordosis. The calculation is performed 

by approximating the physiological curvatures of the spine, while in an orthostatic 

position (based on the representation of the spine in physiological posture - see 

Fig.3.a [9]), using completely defined arcs of circle circumscribed to the its 

curvature. The physiological posture is considered standard. The pathological 

posture considered important to demonstrate the veracity of the principle, is also 

represented using arcs of circle, that are equal in length with those of the spine in 

the physiological posture and is obtained at a time "i", during certain movements, 

whose incorrect execution can cause, in time, articular problems. In order to 

simulate this pathological posture, the lengths of the circumscribed arcs of circle 

are kept unchanged, but the following parameters are modified, in turn: 

- the values of the radii and implicitly of the central angles of the arcs of circle 

thus circumscribed in regard with the values that those have had  in the 

physiological posture; 

- the angles between the vertical (or horizontal) axis and the chord stretched 

by the spine represented by the arcs of circle thus circumscribed. 

In calculating the active length of the chord streched by the human spine , 

in the sagittal plane, the following notations will be used: 
  𝐿𝑡𝑜𝑡𝑖 - the active length of the chord streched by the human spine , in Case i; 

𝐴𝑖𝐵𝑖⏜ ,𝐵𝑖𝐹𝑖⏜ , 𝐹𝑖𝐺𝑖⏜- the arc of cervical, thoracic and lumbar circle, respectively, 

circumscribed to the curvatures of the spine in Case i; 

𝑅𝐶𝑖 , 𝑅𝑇𝑖 , 𝑅𝐿𝑖 𝑅𝑆  - radius of the cervical, thoracic, lumbar and sacral arc of circle, 

respectively, in Case i; 

𝑈𝐶𝑖 , 𝑈𝑇𝑖,𝑈𝐿𝑖
, 𝑈𝑆- the central angle of the cervical, thoracic, lumbar and sacral arc of 

circle, respectively, in Case i; 
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𝑈𝑇−𝐶  - the angle of transition from the thoracic arc of circle to the cervical arc of 

circle, in Case i; 

𝑈𝐿−𝑇 ≡ ∢𝑇𝑖𝐹𝑖𝐿𝑖 - the angle of transition from the lumbar arc of circle to the 

thoracic arc of circle, in Case i; 

𝐴𝑖𝐷𝑖 - represents the base wire, of the chord streched by the spine , in Case i; 

𝐺𝑖 - represents the reference point, in Case i; 

𝐷𝑖𝐸𝑖⏜ +𝐸𝑖𝐺𝑖 - represents the thoraco-cervical wire, of the chord streched by the 

spine , in Case i; 

𝑉𝑉′ - vertical axis; 𝑂𝑂′ - horizontal axis; 

S - the center of rotation of the coxo-femoral joint; 

𝑈𝑅𝑆−𝐶𝑂 - the angle of rotation at the hip joints, more precisely this is the angle at 

which the torso is tilted, in physiological posture, relative to the horizontal axis, in the 

sagittal plane. 

𝑈𝑆−𝐿 ≡ ∢𝑆𝐺𝑖𝐿𝑖 - the angle of transition from the sacral arc of circle (considered to 

represent the sacral curvature), to the lumbar arc of circle (considered to represent the 

lumbar curvature), in Case i; 

The cases of intterest for this paper, that will be analyzed, are as follows: 

- Case 1 - physiological posture;  

- Case 2 - the correct posture during a forward bending movement of the 

human torso;  

- Case 3 - the incorrect posture during the execution of an exercise called 

”squating with a load”, which leads to the occurrence of the postural pathology 

known as lumbar lordosis. 

Regardless of the situation, the arc of circle, circumscribed to the sacral 

curvature, cannot change its radius and / or its central angle, since the curvature in 

question can only be modified under certain conditions, which are not related to the 

object of this paper. 

For Case 1, that of the physiological (ideal) posture, considered to be the 

standard in relation to which the various postural changes will be highlighted, the 

point of intersection between the two arcs of circle circumscribed to the sacral and 

lumbar curvatures of the spine, it's denoted with the letter “G” and the point that 

represents the upper anchoring end, of the thoraco-cervical wire, of the chord 

streched by the spine, which corresponds to the upper terminal point,  of the arc of 

the circle circumscribed to the cervical curvature of the spine, it's denoted with the 

letter  “A” (see Fig.3). 

The values of all the geometric elements used are approximations of a case 

considered ideal, presented in Fig.3 and also of some cases that are of interest for 

the problem in question (see Fig.4 and Fig.5). 

Since the physiological model of the spine (shown in Fig.3.a), which is the 

basis of the current analysis, is not represented in real size, in order to make a correct 

assessment of the real postural changes, the values determined above must be 

corrected using a correction factor, denoted by "K", this actually representing the 
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scaling factor:                                           𝐾 =
𝐿𝑆𝑐

𝐿𝑡𝑜𝑡𝑖
,                                                              (1) 

where 𝐿𝑆𝑐 - represents the length, considered standard, of the chord 

stretched by a person's spine, measured in the physiological posture. In the case of 

a person with an average height, is considered 𝐿𝑆𝑐 = 585mm  [10].                     (2)  

𝐼𝑛 𝑡ℎ𝑖𝑠 𝑐𝑎𝑠𝑒     𝐾 =
585𝑚𝑚

259,59𝑚𝑚
=  2,25                                                (3) 

Case 1. The physiological posture (ideal), in the sagittal plane - orthostatism 

- standard posture 

a. The spine in the physiological posture       b. The resulting circumscribed arcs of circle 

Fig.3. Representation of the physiological curvatures of the human spine, whith its circumscribed 

arcs of circle, in the sagittal plane 

𝐿𝑡𝑜𝑡1 −  the active length of the chord streched by the spine , in Case 1 

𝐿𝑡𝑜𝑡1= 𝐴𝐷 + 𝐿𝐷𝐸⏜  + 𝐸𝐺                                                         (4) 

The known geometric elements of the studied model are: 
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𝑉′𝐴𝐵̂ = 3,18°; 𝑉′𝐴𝐷̂ = 8,45°; 𝑅𝐶 = 80mm;𝑅𝑇 = 160mm;𝑅𝐿 = 130mm;           (5) 

𝑈𝐶  = 39°; 𝑈𝑇 = 44°; 𝑈𝐿 = 38°; 𝐶𝐵𝑇̂ = 180° = 𝑈𝑇−𝐶 ;𝐵𝑇𝐷̂ = 14,23°;            (6) 

𝐸𝑇𝐹̂ =  15,21°;  𝑇𝐹𝐿̂ =  180° =  𝑈𝐿−𝑇;  𝑉𝐺𝐹̂ =  2,32°;  𝑉𝐺𝐸̂ =  6,12°;        (7)  

  𝐵𝐴𝑂′̂ = 90° − 𝑉′𝐴𝐵̂ =  90° − 3,18° =  86,82°                           (8) 

                        𝐶𝐴𝑂′̂ = 𝐵𝐴𝑂′̂ − 𝐵𝐴𝐶̂                         (9) 

                  𝐵𝐴𝐶̂ =
180° − 𝐴𝐶𝐵̂

2
=
180° − 𝑈𝐶

2
=
180° − 39°

2
= 70,5°                           (10) 

 𝐶𝐴𝑂′̂ = 86,82° − 70,5° = 16,32°                                      (11) 

𝐴𝐶𝑂′̂ = 90° − 𝐶𝐴𝑂′̂ = 73,68°                                          (12) 

𝐴𝐶𝑂′̂ + 𝐴𝐶𝐵̂ + 𝐵𝐶𝑂′̂ = 180°   𝐵𝐶𝑂′̂ = 180° − 𝐴𝐶𝑂′̂ −  𝐴𝐶𝐵̂    

 𝐵𝐶𝑂′̂ = 180° − 73,68° − 39° = 67,32°                              (13) 

𝐶𝐵𝑂′̂ = 90° − 𝐵𝐶𝑂′̂ = 90° − 67,32° = 22,68°                        (14) 

𝐵𝐴𝐷̂ = 𝑉′𝐴𝐷̂ − 𝑉′𝐴𝐵̂ = 8,45° − 3,18° = 5,27° = 𝐵𝐴𝑁̂                  (15) 

    

In ∆ 𝐴𝐶𝐵:   𝐶𝐵𝐴̂ = 𝐵𝐴𝐶̂  =  
180° − 𝐴𝐶𝐵̂

2
 =  

180° − 𝑈𝐶
2

 =  
180° − 39°

2
 =  70,5°   (16) 

𝐴𝑃 ⊥ 𝐵𝐶  𝐵𝐴𝑃̂  =  90° − 𝐴𝐵𝑃̂  =  90° − 70,5° =  19,5°                          (17) 

𝐶𝐵 ∩ 𝐴𝐷 = [𝑁]   𝑁𝐴𝑃̂  =  𝐵𝐴𝑃̂ − 𝐵𝐴𝑁̂                           (18) 

𝐻𝑜𝑤𝑒𝑣𝑒𝑟   𝐵𝐴𝑁̂ = 𝐵𝐴𝐷̂                            (19) 

 𝑁𝐴𝑃̂ = 19,5° − 5,27° =  14,23°                                  (20) 

In ∆𝐵𝐴𝑃:  𝑐𝑜𝑠 𝐵𝐴𝑃̂ =
𝐴𝑃

𝐴𝐵
  𝐴𝑃 = 𝐴𝐵 ∙  𝑐𝑜𝑠 𝐵𝐴𝑃̂                          (21) 

  

𝐴𝐵 = 2 ∙ 𝑅𝐶 ∙ 𝑠𝑖𝑛 (
𝐴𝐶𝐵̂

2
)  =  2 ∙ 80𝑚𝑚 ∙ 𝑠𝑖𝑛 (

39°

2
)  =  53,41𝑚𝑚                       (22) 

 𝐴𝑃 = 53,41𝑚𝑚 ∙ 𝑐𝑜𝑠19,5° =  50,35𝑚𝑚                              (23) 

In ∆𝑁𝐴𝑃:  𝑐𝑜𝑠 𝑁𝐴𝑃̂ =
𝐴𝑃

𝐴𝑁
    𝐴𝑁 =

𝐴𝑃

𝑐𝑜𝑠𝑁𝐴𝑃̂
=
50.35𝑚𝑚

𝑐𝑜𝑠14.23°
 =  51,94𝑚𝑚      (24) 

In ∆𝐴𝑁𝑃: 𝐴𝑁𝑃̂ =  90° − 𝑁𝐴𝑃̂  =  90° − 14,23° =  75,77°                   (25) 

𝑆𝑖𝑛𝑐𝑒 𝑇𝐵 𝑖𝑠 𝑐𝑜𝑙𝑙𝑖𝑛𝑒𝑎𝑟 𝑤𝑖𝑡ℎ 𝐵𝐶(𝐶𝐵𝑇̂ =  180°)  𝑇𝑁𝐷̂ = 𝐴𝑁𝑃̂ = 75,77°   (26) 

In ∆𝐵𝑇𝐷:𝐷𝑅⊥ 𝑇𝐵                                                  (27) 

However 𝐴𝑃⊥ 𝐵𝐶                                                  (28) 
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 𝑅𝐷𝑁̂ =  𝑁𝐴𝑃̂  =  14,23°                                       (29) 

In ∆𝑅𝑇𝐷: sin𝑅𝑇𝐷̂ =
𝑅𝐷

𝑇𝐷
  =  

𝑅𝐷

𝑅𝑇 
 𝑅𝐷 =  𝑅𝑇 ∙  sin𝑅𝑇𝐷̂                       (30) 

𝐻𝑜𝑤𝑒𝑣𝑒𝑟   𝑅𝑇𝐷̂ =  𝐵𝑇𝐷̂  =  14,23°                                           (31) 

 𝑅𝐷 =  160𝑚𝑚 ∙ sin14,23° =  39,33𝑚𝑚                                      (32) 

cos𝑅𝐷𝑁̂ =  
𝑅𝐷

𝐷𝑁
   𝐷𝑁 =  

𝑅𝐷

cos 𝑅𝐷𝑁̂ 
  =  

39.33𝑚𝑚

cos 14.23° 
  =  40,58𝑚𝑚        (33) 

 𝐴𝐷 = 𝐴𝑁 +  𝐷𝑁 =  51,94𝑚𝑚 + 40,58𝑚𝑚 =  92,52𝑚𝑚            (34) 

𝐿𝐷𝐸⏜ = 
𝜋 ∙ 𝑅𝑇 ∙ ∝𝐷𝐸⏜
180°

 =  
𝜋 ∙ 160𝑚𝑚 ∙ 𝐷𝑇𝐸̂

180°
                          (35) 

𝐷𝑇𝐸̂ =  𝐵𝑇𝐹̂ – 𝐵𝑇𝐷̂ – 𝐸𝑇𝐹̂  =  𝑈𝑇  −  14,23° −  15,21°                   (36) 

 𝐷𝑇𝐸̂ =  44° − 14,23° − 15,21° =  14,56°                          (37) 

 𝐿𝐷𝐸⏜ = 
𝜋 ∙ 160𝑚𝑚 ∙ 14.56°

180°
 =  40,66𝑚𝑚                               (38) 

 

In ∆𝐹𝐺𝐿: 𝐹𝐺𝐿̂ =  
180° − 𝑈𝐿

2
 =  

180° − 38°

2
 =  71°                   (39) 

   

𝐺𝑀⊥ 𝐹𝐿  In ∆𝐺𝑀𝐿: sin𝑀𝐿𝐺̂ =  
𝐺𝑀

𝐿𝐺
                           (40) 

                    

   𝐺𝑀 =  𝐿𝐺 ∙ sin 𝑀𝐿𝐺̂  =  𝑅𝐿 ∙ sin𝑈𝐿  =  130𝑚𝑚 ∙ sin38° =  80,04𝑚𝑚    (41) 

𝐹𝐿 ∩ 𝐸𝐺 = [𝐽]   𝐽𝐺𝑀̂ =  𝐹𝐺𝐿̂ – 𝐹𝐺𝐽̂  – 𝑀𝐺𝐿̂                          (42) 

𝐹𝐺𝐽̂ = 𝑉𝐺𝐽̂  − 𝑉𝐺𝐹̂  =  6,12° − 2,32° =  3,8°                        (43)       

In ∆𝑀𝐺𝐿: 𝑀𝐺𝐿̂ =  90° − 𝑀𝐿𝐺̂  =  90° − 38° =  52°                   (44) 

 𝐽𝐺𝑀̂ =  71° − 3,8° − 52° =  15,2°                                 (45) 

In ∆𝐽𝐺𝑀: cos 𝐽𝐺𝑀̂ =
𝐺𝑀

𝐺𝐽
  𝐺𝐽 =  

𝐺𝑀

cos𝐽𝐺𝑀̂
  =  

80.04𝑚𝑚

cos15.2°
  =  82,94𝑚𝑚   (46) 

𝑆𝑖𝑛𝑐𝑒   𝑇𝐹𝐿̂ =  180° =  𝑈𝐿−𝑇   𝑇𝐽𝐸̂  =  𝐺𝐽𝐿̂                       (47) 

 In ∆𝐺𝐽𝐿: 𝐺𝐽𝐿̂ =  90 − 𝐽𝐺𝑀̂  =  90° − 15,2° =  74,8° = 𝐺𝐽𝑀̂                      (48) 

  𝑇𝐽𝐸̂ =  74,8° = 𝐼𝐽𝐸̂                                           (49) 

𝐸𝐼⊥ 𝑇𝐿  În ∆𝐼𝐸𝐽: 𝐼𝐸𝐽̂ =  90° − 𝐼𝐽𝐸̂  =  90° − 74,8° =  15,21°       (50)      

In ∆𝐸𝑇𝐼: sin𝐸𝑇𝐼̂ =
𝐸𝐼

𝑇𝐸
=
𝐸𝐼

𝑅𝑇
 𝐸𝐼 = sin 𝐸𝑇𝐼̂ ∙ 𝑅𝑇 = 41,95𝑚𝑚         (51) 
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 𝐸𝐼 =  sin 𝐸𝑇𝐼̂ ∙ 𝑅𝑇 = 160𝑚𝑚 ∙ sin15,21° =  41,95𝑚𝑚              (52) 

𝐸𝑇𝐼̂ = 𝐼𝐸𝐽̂  =  15,21°                                         (53) 

In ∆𝐼𝐸𝐽: cos 𝐼𝐸𝐽̂ =
𝐸𝐼

𝐸𝐽
  𝐸𝐽 =  

𝐸𝐼

cos 𝐼𝐸𝐽̂ 
 =  

41.95𝑚𝑚

cos 15.2160 
 =  43,47𝑚𝑚   (54) 

𝐸𝐺 =  𝐸𝐽 +  𝐺𝐽 =  43,47𝑚𝑚 + 82,94𝑚𝑚 =  126,41𝑚𝑚           (55) 

𝐿𝑡𝑜𝑡1 =  𝐴𝐷 + 𝐿𝐷𝐸⏜ + 𝐸𝐺 = 92,52𝑚𝑚 + 40,66𝑚𝑚+ 126,41𝑚𝑚 = 259,59𝑚𝑚   (56)  

Case 2. The posture representing a time sequence of a forward bending 

movement (the forward tilting) of a human torso (or of a human torso lifting motion 

- see Fig.3.a), considered in the specialized literature, to be correct from a 

biomechanical point of view, as it is performed only by coxo-femoral joints flexion, 

without changing the curvatures of the spine and of the angles 𝑈𝐿−𝑇 și 𝑈𝑇−𝐶  (see 

Fig.4). 

 

Fig.4. Representation of the physiological curvatures of the human spine, in the sagittal plane, 

obtained at a time "i" during a correct forward bending movement of a human torso 
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Due to the fact that the lower anchoring point of the base wire, of the chord 

streched by the spine , is identical to the “G” point (the point of intersection 

between the arcs of circle, circumscribed to the sacral and lumbar curvature, 

respectively - see Fig.4), the change in the rotation angle at the level of the hip 

joints, 𝑈𝑅𝑆−𝐶𝑂, does not produce a change in the active length of the chord streched 

by the spine . 

𝐿𝑡𝑜𝑡2 −  the active length of the chord streched by the spine , in Case 2 

Since 𝐿𝑡𝑜𝑡2  does not depend on 𝑈𝑅𝑆−𝐶𝑂                                   (57) 

  𝑈𝐿2 = 𝑈𝐿  , 𝑅𝐿2 = 𝑅𝐿  , 𝑈𝐿−𝑇2 = 𝑈𝐿−𝑇 , 𝑈𝑇2 = 𝑈𝑇                    (58) 

   𝑅𝑇2 = 𝑅𝑇 , 𝑈𝑇−𝐶2 = 𝑈𝑇−𝐶  , 𝑈𝐶2 = 𝑈𝐶  , 𝑅𝐶2 = 𝑅𝐶                    (59) 

(57), (58), (59), (60)   𝐿𝑡𝑜𝑡2 = 𝐿𝑡𝑜𝑡1  =  259,59𝑚𝑚            (60) 

Postural deformation can be expressed as follows:  

ΔL = 𝐾 ∙ (𝐿𝑡𝑜𝑡1 − 𝐿𝑡𝑜𝑡𝑖)                                      (61) 

   ΔL = 𝐾 ∙ (𝐿𝑡𝑜𝑡1 − 𝐿𝑡𝑜𝑡2) = 2,25 ∙ (259,59 − 259,59)𝑚𝑚 = 0     (62)  

  The active length of the chord streched by the spine , if the forward 

bending of the human torso is achieved only by flexing  the coxo-femoral joints, is 

equal to the one in the physiological posture (ideal)   If the bending / lifting of 

the human torso does not involve changing the physiological curvatures, of the 

spine, the active length of the chord streched by the spine , does not change in 

relation to the one in the physiological posture. 

Case 3. The posture representing a sequence within a exercise, in which the 

athlete is executing a squat, having a weight above his head ( squating with a load), 

which causes, at the level of the torso, the flexion of the lumbar curvature, of the 

spine (see Fig.5). In this situation the execution is considered to be incorrect from 

the biomechanical point of view, even though it is performed without changing the 

thoracic and cervical curveatures, as well as the angle between the thoracic and 

cervical curvature, marked with “𝑈𝑇−𝐶” and the position of these two curvatures in 

relation to the vertical axis. This is because while squating, the athlete is changing 

not just his central angle of the lumbar arc of circle, marked with “𝑈𝐿3”, but also 

the angle between the two previously mentioned curvatures, marked with “𝑈𝐿−𝑇3” 

(see Fig.5). Repeating this incorrect type motion for a long time will lead to the 

occurrence of the postural pathology known as lumbar lordosis. 
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Fig.5. Representation of the curvatures of the human spine, in the sagittal plane, obtained at a time 

"i", during the action of supporting or lifting a weight placed above a person's torso 

Known elements: 

𝑉′𝐴3𝐵3̂ =𝑉′𝐴𝐵̂ = 3.18°; 𝑉′𝐴3𝐷3̂ =𝑉′𝐴𝐷̂ = 8.45°; 𝑅𝐶3 = 𝑅𝐶 = 80𝑚𝑚;  (63) 

𝑈𝐶3 = 𝑈𝐶 = 39°𝑚𝑚; 𝑅𝑇3 = 𝑅𝑇 = 160𝑚𝑚; 𝑈𝑇3 = 𝑈𝑇 = 44°; 𝑅𝐿3 =
𝑅𝐿
2
= 65𝑚𝑚 (64) 

𝐶3𝐵3𝑇3̂ = 180° = 𝑈𝑇−𝐶3;  𝐵3𝑇3𝐷3
̂ = 14.23°; 𝐸3𝑇3𝐹3̂ = 14.97°      (65) 

 𝑇3𝐹3𝐿3̂ = 199.133° = 𝑈𝐿−𝑇3; 𝑉𝐺𝐹3̂ = 2.46°;  𝑉𝐺𝐸3̂ = 6.35°; 𝑉
′𝐺𝐿3̂  =  125.54°  (66) 

𝑇3𝐹3 ∩ 𝐸3𝐺 = [𝐾3]                                           (67) 

𝑂′𝐺3𝐿3̂ = 𝑉′𝐺3𝐿3̂ −90° =  35.54°                                (68) 

In ∆𝐺3𝐿3𝑉
′:  𝐺3𝐿3𝑉

′̂ =  90° − 𝑂′𝐺3𝐿3̂ =  90° − 35.54° =  54.46°         (69) 

𝐿𝐹3𝐺⏜
= 𝐿𝐹𝐺⏜  =   

𝜋 ∙ 𝑅𝐿 ∙∝𝐹𝐺⏜

180°
   =  

𝜋 ∙ 130𝑚𝑚 ∙ 38°

180°
  =  86.22𝑚𝑚           (70) 

𝐻𝑜𝑤𝑒𝑣𝑒𝑟 𝐿𝐹3𝐺⏜
=
𝜋 ∙ 𝑅𝐿3 ∙∝𝐹3𝐺⏜

180°
=
𝜋 ∙ 𝑅𝐿3 ∙ 𝑈𝐿3
180°

   𝑈𝐿3 =
180° ∙ 𝐿𝐹3𝐺⏜

𝜋 ∙ 𝑅𝐿3
 = 76°  (71) 
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𝑉𝐿3𝐹3̂ =  180° − 𝐺3𝐿3𝑉
′̂ −𝑈𝐿3  =  180° − 54.46° − 76° =  49.54°   (72)  

𝐿3𝐹3𝑂′̂ =  90° − 𝑉𝐿3𝐹3̂  =  90° − 49.54° =  40.46°                    (73) 

𝑇3𝐹3𝑂′̂ = 𝑇3𝐹3𝐿3̂ −𝐿3𝐹3𝑂′̂ = 𝑈𝐿𝑇3 − 𝐿3𝐹3𝑂′
̂  =  199.13° − 40.46° =  158.67°   (74) 

𝑂𝐹3𝑇3̂ = 180° − 𝑇3𝐹3𝑂′̂  =  180° − 158.67° =  21.33° =  𝐾3𝐹3𝑂′̂      (75) 

𝐽3𝐹3𝑂′̂ = 𝐽3𝐹3𝐾3̂ +𝐾3𝐹3𝑂′̂                           (76) 

𝐾3𝐹3𝑂′ ̂ = 𝑇3𝐹3𝑂̂     𝐽3𝐹3𝑂′̂ = 𝐿3𝐹3𝑂′̂ =  40.46°                           (77) 

𝐿3𝐹3 ∩ 𝐺3𝐸3  =  [𝐽3]                           (78) 

 𝐽3𝐹3𝐾3̂  =  40.46° − 21.33° =  19.13°                      (79) 

𝐹3𝐺3𝐸3̂  = 𝑉𝐺3𝐸3̂ − 𝑉𝐺3𝐹3̂ =  6.35° − 2.46° =  3.89°                (80) 

𝐹3𝑋3  ⊥ 𝐸3𝐺3                 (81) 

 𝐹3𝐺3𝑋3̂  = 𝐹3𝐺3𝐽3̂ = 𝐹3𝐺3𝐸3̂  =  3.89°                         (82) 

In ∆𝐹3𝐺3𝑋3:  𝐺3𝐹3𝑋3̂  =  90° − 𝐹3𝐺3𝑋3̂  =  90° − 3.89° =  86.11°        (83) 

𝐺3𝐹3𝐿3̂  = 𝐺3𝐹3𝐽3̂ =
180° − 𝑈𝐿3

2
 =  

180° − 76°

2
 =  52°               (84) 

𝐺3𝐹3𝐽3̂ +𝐹3𝐽3𝐺3̂  + 𝐹3𝐺3𝐽3̂  =  180°                            (85) 

  𝐹3𝐽3𝐺3̂ = 180° − 𝐺3𝐹3𝐽3̂ −𝐹3𝐺3𝐽3̂ = 180° − 52° − 3.89° = 124.11°    (86) 

𝐹3𝐽3𝐺3̂ +𝐹3𝐽3𝑋3̂  =  180°  𝐹3𝐽3𝑋3̂  =  180° − 𝐹3𝐽3𝐺3̂              (87) 

 𝐹3𝐽3𝑋3̂  =  180° − 124.11° =  55.89° =  𝐹3𝐽3𝐾3̂                     (88) 

𝐽3𝐹3𝑋3̂ =  90° − 𝐹3𝐽𝑋3̂  =  90° − 55.89° =  34.11°                      (89) 

𝐽3𝐹3𝑋3̂ = 𝐽3𝐹3𝐾3̂ +𝐾3𝐹3𝑋3̂   𝐾3𝐹3𝑋3̂  = 𝐽3𝐹3𝑋3̂  − 𝐽3𝐹3𝐾3̂             (90) 

  𝐾3𝐹3𝑋3̂  =  34.11° − 19.13° =  14.98°                             (91) 

𝑋3𝐹3𝑂
′̂ = 𝐾3𝐹3𝑂

′̂ −𝐾3𝐹3𝑋3̂  = 𝑂′𝐹3𝐾3̂ − 𝐾3𝐹3𝑋3̂  =  6.35°             (92)  

𝑇3𝐹3𝑂
′̂ = 𝑇3𝐹3𝐿3̂ − 𝐿3𝐹3𝑂

′̂ = 𝑈𝐿𝑇3 −  40.46° =  158.67°              (93)   

𝐸3𝐹3𝑂′̂  =  𝑇3𝐹3𝑂′ ̂ − 𝐸3𝐹3𝑇3̂                      (94) 

𝐸3𝐹3𝑇3̂  = 
180° − 𝐸3𝑇3𝐹3̂

2
 = 

180° − 14.97°

2
 =  82.52°                     (95) 

   𝐸3𝐹3𝑂′̂  =  158.67° − 82.52° =  76.15°                      (96) 

𝐸3𝐹3𝑋3 ̂ = 𝐸3𝐹3𝑂′̂ + 𝑋3𝐹3𝑂′̂  =  76.15° + 6.55° =  82.51°         (97) 
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In ∆𝐸3𝐹3𝑋3 : cos𝐸3𝐹3𝑋3̂ = 
𝐹3𝑋3
𝐸3𝐹3

   𝐹3𝑋3  =  𝐸3𝐹3 ∙  cos𝐸3𝐹3𝑋3̂           (98) 

   𝐸3𝐹3  =  2 ∙ 𝑅𝑇3 ∙ sin
𝐸3𝑇3𝐹3̂

2
 =  2 ∙ 160 ∙  sin

14.97°

2
 =  41.68𝑚𝑚         (99) 

  𝐹3𝑋3  =  41.68𝑚𝑚 ∙ cos82.51 =  5.43𝑚𝑚                        (100) 

In ∆𝐽3𝐹3𝑋3 : cos 𝐽3𝐹3𝑋3̂  = 
𝐹3𝑋3
𝐹3𝐽3

    𝐹3𝐽3  =  
𝐹3𝑋3

cos𝐽3𝐹3𝑋3̂  
 =  

5.43𝑚𝑚

cos𝐽3𝐹3𝑋3̂  
     (101) 

 

𝐻𝑜𝑤𝑒𝑣𝑒𝑟   𝐽3𝐹3𝑋3̂ = 𝐽3𝐹3𝐾3̂ +𝐾3𝐹3𝑋3̂ =19.13° + 14.98° = 34.11°     (102) 

  𝐹3𝐽3  =  
5.43mm

cos34.11° 
 =  6.56𝑚𝑚                              (103) 

 

 In ∆𝐹3𝑋3𝐽3:  𝐽3𝑋3  = √(𝐹3𝐽3)
2 − (𝐹3𝑋3)

2  =  3.68𝑚𝑚                (104)  

In ∆𝑋3𝐹3𝐾3 :  𝑡𝑎𝑛𝐾3𝐹3𝑋3̂ =
𝐾3𝑋3
𝐹3𝑋3

 𝐾3𝑋3 = 𝑡𝑎𝑛𝐾3𝐹3𝑋3̂ ∙𝐹3𝑋3  = 1.45𝑚𝑚     (105) 

𝐽3𝐾3  =  𝐽3𝑋3  −  𝐾3𝑋3  =  3.68𝑚𝑚 − 1.45𝑚𝑚 =  2.23𝑚𝑚          (106) 

 

In ∆𝐸3𝑇3𝐹3:  𝐸3𝐼3⊥ 𝑇3𝐹3  sin𝐸3𝑇3𝐹3̂  = 
𝐸3𝐼3
𝐸3𝑇3

                  (107) 

 

  𝐸3𝐼3 = 𝐸3𝑇3 ∙ sin𝐸3𝑇3𝐹3̂ =𝑅𝑇3 ∙ sin14.97° = 41.33𝑚𝑚           (108)  

In ∆𝐹3𝐸3𝑋3 : sin 𝐹3𝐸3𝑋3̂ = 
𝐹3𝑋3
𝐸3𝐹3

=
5.43𝑚𝑚

41.68𝑚𝑚
 𝐹3𝐸3𝑋3̂ = arcsin

𝐹3𝑋3
𝐸3𝐹3

= 7.48°  (109) 

𝐼3𝐸3𝐹3̂ =  90° − 𝐼3𝐹3𝐸3̂  =  90° − 𝑇3𝐹3𝐸3̂  = 90° − 82.52° = 7.48°     (110) 

  𝐼3𝐸3𝐾3̂  = 𝐹3𝐸3𝑋3̂ +𝐼3𝐸3𝐹3̂  =  7.48° + 7.48° =  14.96°            (111) 

In ∆𝐸3𝐼3𝐾3 : cos 𝐼3𝐸3𝐾3̂  = 
𝐸3𝐼3
𝐸3𝐾3

  𝐸3𝐾3  =  
𝐸3𝐼3

cos𝐼3𝐸3𝐾3̂  
  =  42.78𝑚𝑚      (112) 

In ∆𝐺3𝑀3𝐿3:  𝐺3𝑀3 ⊥ 𝐹3𝐿3  𝑠𝑖𝑛 𝑀3𝐿3𝐺3̂  = 
𝐺3𝑀3
 𝐺3𝐿3 

                 (113) 

  𝐺3𝑀3  =  𝐺3𝐿3 ∙ sin𝑀3𝐿3𝐺3̂  =  65𝑚𝑚 ∙ sin76° =  63.06𝑚𝑚             (114) 

𝐺3𝐽3𝐿3̂  = 𝐹3𝐽3𝑋3̂  =  55.89°                                (115) 
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In ∆𝐺3𝐽3𝑀3 :  sin𝐺3𝐽3𝐿3̂ = 
𝐺3𝑀3
 𝐺3𝐽3 

  𝐺3𝐽3  =
𝐺3𝑀3

 sin 𝐺3𝐽3𝐿3̂   
= 76.16𝑚𝑚   (116) 

 

𝐸3𝐺3 = 𝐸3𝐾3 + 𝐽3𝐾3 + 𝐺3𝐽3 = 42.78𝑚𝑚 + 2.23𝑚𝑚 + 76.16𝑚𝑚 = 121.17𝑚𝑚 (117) 

𝐿𝐷3𝐸3⏜    =  
𝜋 ∙ 𝑅𝑇3 ∙ ∝𝐷3𝐸3⏜   

180°
                (118) 

∝𝐷3𝐸3⏜    =  𝑈𝑇3 − 𝐸3𝑇3𝐹3
̂ −𝐵3𝑇3𝐷3̂  =  44° − 14.97° − 14.23° =  14.8°              (119) 

  𝐿𝐷3𝐸3⏜    =  
𝜋 ∙ 160 ∙ 14.8

180°
 =  41.33𝑚𝑚                               (120) 

 𝐴3𝐷3  =  𝐴𝐷                                            (121)  

𝐿𝑡𝑜𝑡3 =  𝐴𝐷 + 𝐿𝐷3𝐸3⏜   + 𝐸3𝐺                                            (122) 

 𝐿𝑡𝑜𝑡3 = 𝐴3𝐷3 + 𝐿𝐷3𝐸3⏜   + 𝐸3𝐺 =  255.02𝑚𝑚                       (123) 

 𝐿𝑡𝑜𝑡1 =  259.59𝑚𝑚                      (124)  

  𝐿𝑡𝑜𝑡3  <  𝐿𝑡𝑜𝑡1                                       (125) 

  ΔL = 𝐾(𝐿𝑡𝑜𝑡1 − 𝐿𝑡𝑜𝑡3) = 2,25(259,59 − 255,02)𝑚𝑚 = 10,28𝑚𝑚        (126) 

 In Case 3, because the bending / lifting of the human torso involves the 

alteration, by flexion, of the physiological lumbar curvature, of the spine, the active 

length of the chord streched by the spine  changes in relation to the one obtained 

in the physiological posture. 

3. Conclusions 

Using the method of determining the variation of the length of the stretched 

chord, it was possible to develop the prototype of a small and portable device for 

real-time monitoring and active postural autocorrection, having a simple structure, 

that does not imply the use of hi-tech sensors or some combination of various 

sensors (tilt [11], flex [12] [13], etc.). Due to this last aspect, the resulting device 

has a low manufacturing cost compared to the existing devices. Also, due to the 

principle of posture monitoring, the mentioned device does not restrict the user's 

movements, but warns him when its posture becomes incorrect, thus causing a re-

training of his nervous system. This re-training represents in fact a method to 

increase the user's neuromuscular control. This means that the user will be able to 

maintain a corrected posture long after he will stop using the above mentioned 

device. In addition to the prototype, a national patent application was filed, which 

has been published on 28/08/2020, this being followed by a European patent 

application EP 3 760 170 A1, published on January 6, 2021 [14]. 
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It is desired, in the future, to use this approach related to posture monitoring, 

to control not only the position of the spine as a whole, but also the position of each 

of its curvature, as well as the positions of the shoulders of a certain person, in a 

hope to obtain a portable, complex and complete postural monitoring device, which 

will allow its user to make real-time postural correction, regardless of his pathology, 

or the environment in which he operates: at home, at work, or at the training place. 
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