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RELATIONSHIP BETWEEN PRESSURES EXERCISED ON THE FOOT PLANT 
AND THE DISTRIBUTION OF THE MUSCULAR FORCES AT THE TRUNK 
LEVEL 
 
STAN ZENOVIA1, BAŞTIUREA EUGEN1, RIZESCU CONSTANTIN2  
  
      Abstract 

Aim. The aim of this study is to determine whether the values produced by static baropodometry are 
correlated with measurements made with the device for determining muscle imbalances present at the trunk 
level. 

 Methods. The study involved 41 handball players aged 12 to 16 years old. The pressures on the foot plant 
were measured by static baropodometry. They were applied 9 measuring tests for the muscular strength of the 
trunk, as follows: the muscle strength testing on flexion, from seated; the muscle strength testing on left lateral 
tilt, from seated; the muscle strength testing on extension from sitting; the muscle strength testing on the right 
side tilt, from sitting; the muscle strength testing on flexion, from standing; the muscle strength testing on left 
lateral tilt, from standing; the muscle strength testing on extension from standing; the muscle strength testing on 
the right side tilt from standing; the lumbar muscle strength testing (classic test). It was used the Pearson 
correlation coefficient (r). 

Results. The values of r (0.37-0.77) prove the existence of strong relationship between muscle force 
distribution at the trunk level and values of the pressures exercised on the foot plant. 

Conclusions. According to the research hypothesis, there is a strong link between the measured parameters, 
with large values of r (0.70) especially in the foreground and in the front of the body. The correlations are 
positive, so any movement of the trunk increases the values of the foot plant pressure points level. Significantly 
higher values of r are observed in case of the trunk muscle strength testing from sitting (0.61-0.77) compared to 
the values of r for tests on the trunk muscle strength from standing (0.36-0.59). The study results demonstrate 
the validity and the efficiency of the system for the measurement muscle forces at the trunk level. 
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       Introduction 

It was found that static disorders occupy an 
important place among the causes of legs injuries, 
so some researchers concerned with this issue, 
estimate these at about 90%. In humans, the foot is 
support and walking organ, with its own anatomical 
constitution of these functions. 

During orthostatism not the entire foot plant has 
support on the ground, but only a part of it, with 
three points for maximum support. The way the 
foot rests on the ground can be studied by 
podoscopic examination or complex tests, which 
accurately inform about the pressures on each 
support area (baropodography).  

Knowledge of static disorders allows time for 
measures aiming not only to improve these 
shortcomings at the foot plant level, but also to 
avoid predisposing factors (Scena & Steindler, 
2008). 

Poor posture in movement or at rest can lead to 
health problems (Chaudhry, Bukiet, Ji & Findley, 
2011). By photography the soles and computerized 
data processing, it identifies points of the body 

weight.  
After computerized measurements, the patient 

is recommended planting orthotics made of special 
materials for correcting these deficiencies. These 
orthotics aim to correct static body imbalances. 
There are different ways to measure the trunk 
strength, which includes legs force plates and pelvis 
fixation (Mockova, Greenwood & Day, 2005). 
Sommer, Hofmeier & Berschin (2002) brings to 
discussion a study on the importance of the muscles 
around the knee in the static and the dynamic of 
whole body. 

Researchers continue to seek ways of clarifying 
the relationship between body segments and its 
static and dynamic aspects especially in children 
(McEvoy & Grimmer, 2005). This study will be 
used to assess the trunk muscle strength or force 
measurement on main directions of movement. The 
method offers the possibility of setting muscle 
imbalances targets in the levels of this important 
segment of the human body (Marcu, Stan, Baştiurea 
& Chiculiţă 2008; Stan, 2009).  

A delicate problem of achieving measurements 
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with dynamo-meters namely the influence of 
gravity on them, as the accuracy of the correction 
made by dynamo-meters for the trunk muscle 
strength during measurements on different degrees 
of motion is studied by Bygott, McMeeken, Carroll 
& Story (2001). 

This testing method involves fixed starting 
positions on traction concerning the dynamo-meter, 
aiming that the trunk will not to use too much 
leverage to amplify the obtained values (Stan 
Baştiurea & Rizescu, 2015). The increasing of the 
trunk strength with age is evidenced by Manini, 
Sagendorf, Mayer & Ploutz-Snyder (2005), so it is 
also possible that influence of the imbalances on 
the foot plant and the influencing of the body statics 
to grow. 

It was studied the possibility of reducing these 
muscle imbalances in the trunk (Baştiurea, Stan & 
Andronic, 2009), but without making a correlation 
with the health of the foot plant. Also, for the 
handball players was analyzed the relationship 
between posture changes, the number of injuries, 
landings influence on knees and ankles (Santos 
Detanico, Graup & Reis, 2007). 

In case of this study, the strong correlation 
between the muscle trunk imbalances forces and 
pressures measured at the foot plant level, would 

offer new possibilities for preventing and resolving 
human body statics disorders. It follows in which 
side of the trunk (upper or lower) and which plane 
(sagittal and frontal) is influenced more pressure on 
the foot plant.  

The existence of high levels of correlation 
between the measured parameters will demonstrate 
the validity and efficiency measurement system of 
muscle forces at the trunk level. 

 
Methods  
Subjects 
The study involved 41 handball players, aged 

between 12 and 16 years old. 
Test procedure 

The Static Baropodometry, that shows the 
weight distribution at foot plant level, provides data 
about supporting surface and the forces that support 
the body (Danelciuc, Danelciuc & Betiuc, 2011). 

By photography the soles (Figure 1) and 
processing computer data, it identifies points of the 
body weight. They are used for correlations 
averaged per plant (abbreviations are found in 
Table 1).  

The values were obtained have Newton as 
measurement unit and are converted to kgf to use 
the same unit. 

 
When assessing the trunk (Figure 2) they were 

applied 9 measuring tests for the muscular strength 
of the trunk, as follows: the muscle strength testing 
on flexion, from seated; the muscle strength testing 
on left lateral tilt, from seated; the muscle strength 
testing on extension from sitting; the muscle 
strength testing on the right side tilt, from sitting; 
the muscle strength testing on flexion, from 

standing; the muscle strength testing on left lateral 
tilt, from standing; the muscle strength testing on 
extension from standing; the muscle strength 
testing on the right side tilt from standing; the 
lumbar muscle strength testing (classic test). 

Translations of data from a graph shows how 
the way the forces are acting on the spinal muscle 
(Figure 3). 
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Figure 2. Evaluation system of muscle trunk's imbalances 
 

Figure 3. Representation of muscle forces measured at the trunk level 
Table 1. Abbreviations used in this study 

Tests Measurement 
unit Abbreviations 

Testing of the muscular force at the trunk level   
Muscle strength testing on flexion, from seated kgf T1 
Muscle strength testing on left lateral tilt, from sitting kgf T2 
Muscle strength testing on extension from sitting kgf T3 
Muscle strength testing on the right side tilt, from sitting kgf T4 
Muscle strength testing on flexion, from standing kgf T5 
Muscle strength testing on left lateral tilt, from standing kgf T6 
Muscle strength testing on extension from standing kgf T7 
Muscle strength testing on the right side tilt from standing kgf T8 
Lumbar muscle strength testing (classic test) kgf T9 

Static Baropodometry   
Average values for the left foot plant  Newton P left N 
Average values for the right foot plant  Newton P right N 
Average values for the left foot plant (kgf) kgf P left kgf 
Average values for the right foot plant (kgf) kgf P right kgf 
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Results 

The data collected were processed using SPSS 
v. 20 for Windows.  

Table 2 shows the measured values for each test. 

Table 2. Abbreviations used in this study 
Testing of the muscular force at the trunk level Baropodometry 

Nr. T1 T2 T3 T4 T5 T6 T7 T8 T9 P st. 
N 

P st. 
kgf 

P dr. 
N 

P dr. 
kgf 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 

12 
14 
17 
15 
20 
19 
16 
14 
15 
15 

9 
29 
16 
16 
17 
22 
18 
22 
12 
17 
19 
19 
17 
15 
13 
13 
19 
14 
17 
14 
23 
10 
11 
14 
22 
17 

8 
20 

8 
14 
22 

11 
14 
12 

9 
12 
14 
11 

9 
10 
13 

8 
25 
12 
12 

9 
18 
12 
18 

7 
15 
11 
15 
12 
10 
12 
11 
15 
12 
12 
10 
17 

7 
7 

14 
19 
18 

6 
14 

6 
17 
15 

17 
29 
28 
32 
27 
43 
24 
16 
31 
35 
12 
51 
25 
19 
19 
43 
22 
32 
26 
30 
26 
32 
32 
18 
24 
21 
22 
25 
39 
22 
31 
17 
14 
34 
39 
27 
12 
35 

9 
26 
29 

13 
14 
12 
10 
10 
14 
11 

8 
9 

16 
9 

24 
12 
11 

8 
20 
11 
17 

9 
16 
10 
14 
13 
10 
14 
11 
12 
13 
11 

9 
20 

8 
8 

11 
16 
19 

5 
14 

7 
18 
13 

36 
21 
28 
15 
27 
31 
30 
22 
26 
35 
27 
21 
25 
31 
28 
41 
34 
34 
20 
30 
29 
30 
34 
23 
26 
30 
24 
20 
31 
18 
30 
18 
13 
30 
40 
37 
14 
34 
16 
32 
42 

29 
30 
29 
23 
23 
32 
22 
25 
21 
35 
24 
33 
28 
25 
29 
35 
35 
33 
20 
25 
18 
26 
28 
27 
30 
21 
24 
16 
21 
19 
28 
13 
15 
25 
35 
28 
15 
41 
16 
25 
39 

46 
30 
42 
32 
33 
39 
24 
32 
27 
38 
22 
41 
33 
37 
29 
50 
42 
36 
34 
22 
31 
34 
35 
30 
32 
31 
33 
17 
32 
22 
35 
23 
20 
29 
55 
33 
18 
45 
22 
31 
40 

33 
32 
30 
23 
25 
25 
20 
27 
20 
35 
21 
29 
22 
27 
25 
37 
31 
36 
22 
22 
17 
30 
32 
21 
29 
25 
26 
18 
27 
18 
32 
16 
15 
29 
34 
33 
16 
35 
17 
26 
35 

67 
72 
55 
64 
64 
78 
77 
56 
50 
82 
38 
61 
40 
58 
43 
85 
78 
89 
49 
53 
61 
92 
65 
44 
56 
67 
76 
65 
71 
48 
68 
35 
44 
87 

107 
82 
43 
77 
40 
59 
89 

405.8 
439.7 
515.8 
407.3 

455 
507.2 
458.7 
454.1 
473.2 
518.2 
353.7 
684.4 
454.6 

411 
415.3 

514 
568.9 
629.8 
427.2 
444.4 
407.9 

571 
439.5 
458.9 
491.4 
428.1 
570.6 
611.9 
486.8 

378 
661.8 
364.9 
387.3 
369.9 
622.3 
566.3 
344.8 
511.9 
310.4 

434 
472.7 

41.4 
44.8 
52.6 
41.5 
46.4 
51.7 
46.8 
46.3 
48.3 
52.8 
36.1 
69.8 
46.4 
41.9 
42.3 
52.4 

58 
64.2 
43.6 
45.3 
41.5 
58.2 
44.8 
46.7 
50.1 
43.6 
58.1 
62.3 
49.6 
38.5 
67.4 
37.2 
39.4 
37.7 
63.4 
57.7 
35.1 
52.1 
31.6 
44.2 
48.2 

585.3 
534.9 
613.3 
523.9 
449.1 
551.3 
559.3 
370.5 
623.3 
538.1 
403.3 
941.7 
550.2 
572.6 

602 
647.9 
588.1 
787.3 
504.5 
587.9 
470.4 
754.6 
512.7 
536.5 
532.5 
567.1 
762.9 
634.4 
664.6 
614.3 
568.7 
364.8 
481.7 
493.5 
749.2 
603.5 
331.1 
617.1 
327.1 
554.8 
570.2 

59.7 
54.5 
62.5 
53.4 
45.8 
56.2 

57 
37.8 
63.6 
54.9 
41.1 

96 
56.1 
58.4 
61.4 
66.1 

60 
80.3 
51.4 
59.9 
47.9 
76.9 
52.2 
54.7 
54.2 
57.8 
77.7 
64.6 
67.7 
62.6 
57.9 
37.1 
49.1 
50.3 
76.3 
61.5 
33.7 
62.9 
33.3 
56.5 
58.1 

Table 3 shows the observed the association strength of the measured parameters. The highest value of r 
(0.77%) shows a very strong correlation between the measured variables. 
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Table 3. The correlations between the muscular forces imbalances at the trunk level and the 
pressure measured on foot plant 

  T1 T2 T3 T4 T5 T6 T7 T8 T9  
P st. kgf  
P dr. kgf  

0.77 
0.74 

0.77 
0.77 

0.61 
0.65 

0.74 
0.66 

0.39 
0.37 

0.52 
0.47 

0.50 
0.48 

0.55 
0.48 

0.59 
0.53 

 

The values represent the correlation percent between the somatic parameters and technical 
parameters; p<0.05. 
T1, Muscle strength testing on flexion, from seated; T2, Muscle strength testing on left lateral tilt 
from sitting; T3, Muscle strength testing on extension from sitting; T4, Muscle strength testing on 
the right side tilt, from sitting; T5, Muscle strength testing on flexion, from standing; T6, Muscle 
strength testing on left lateral tilt, from standing; T7, Muscle strength testing on extension, from 
standing; T8, Muscle strength testing on lateral right tilt, from standing T; T9, Lumbar muscle 
strength testing (classic test); P left kgf, Average values obtained for the left plant (kgf); P right 
kgf, Average values obtained for the right plant (kgf). 

 
After studying the tables above, we can review 
the following results: 
 The frontal plan correlations are strong and 

positive. They are observed equally strong 
correlations (0.77) on the left side on the 
trunk, on both plants. 

 Correlations related to the anterior torso 
have values as high as those on the left side 
(0.74-0.77). 

 They are observed significantly higher 
values of r in case of the trunk muscle 
strength testing from sitting (0.61-0.77) 
compared to the values of r for tests on the 
trunk muscle strength in standing (0.36-
0.59). 

 The lowest correlations are observed in the 
assessment of the trunk flexion in standing. 

 
Discussions 
Significantly higher values of r in case of the 

trunk muscle strength testing from sitting shows the 
big influence of the pelvis and lumbar muscles, 
confirmed by studies conducted by Anker et al. 
(2008). 

A more pronounced asymmetry is observed 
from a sitting position also in the case of the 
research is carried out Biały, Kłaptocz & Gnat 
(2010). In this case they were underlined also the 
differences on the side. The study notes higher 
correlations on the left side, which has to do with 
the predominance of dexterous arm. 

Importance of the lumbar, pelvic and femoral 
areas for fixing the correct posture is evidenced by 
Husson et al. (2010). Higher values involving these 
findings strengthen their conclusions. 

Moreover, the authors have studied the role of 
vertical abdominal straight muscle chains, 
antagonistic to the extensor muscles of the spine 
(Baştiurea, Stan, Gutiérrez & Andronic, 2010) and 
their relation to the harmony of the trunk 
development. 

It should be noted the average correlation values 
of lumbar muscles (T9) with the plant pressure. 
Instead, it appears that large load is projected on the 
front of the body (T1). 
 
 
 

Conclusions 
According to the research hypothesis, there is a 

strong link between the measured parameters, the 
values of r being higher (0.77) mainly in the frontal 
plane and in the front of the body. The correlations 
are positive, so any movement of the trunk 
increases the values of pressure points at the plantar 
level.  

The conclusions must be accepted with care, as 
it concerns only this group of athletes, while the 
correlations obtained indicates the degree of 
association between the variables used, and not the 
cause of those connections.  

The study results demonstrate the validity and 
the efficiency of the measurement system of muscle 
forces at the trunk level. 
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