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Abstract.	 [Purpose] To evaluate mobility of the sacroiliac joint and plantar pressure changes. [Participants and 
Methods] This was an analytical study comprised of 300 participants, using a functional kinetic evaluation involv-
ing the test of standing flexion (SFT), the test of Downing, the test of Gillet, and the analysis of baropodometry. 
[Results] There was an association between mobility of the sacroiliac joint and the standing center of gravity. How-
ever, the mobility of this joint was not associated with plantar pressure and the plantar contact area. [Conclusion] 
These data suggest that sacroiliac mobility is linked to the center of gravity. This connection may precede sacroiliac 
dysfunction and may help to improve the accuracy of the tests.
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INTRODUCTION

The sacroiliac joint is designed to transfer load through the pelvis. This stability depends on two factors: the form and the 
force closure. The first results from the bone structure of the sacrum and the articular surface that allows the sacroiliac joint 
to be resistant to force distribution1, 2). The second factor, force closure, refers to the additional compressive force required 
to maintain pelvic stability3, 4).

The dynamic process performed by the muscular system depends on the integrity of the ligaments and fascial structure 
in the sacroiliac area3, 5). Dysfunction in any of these mechanisms can cause postural disorders and pain6). In this way, joint 
health is influenced by biomechanical factors that alter joint structures, alignments, movements and overloads7).

In order to analyze the dysfunctions of the sacroiliac joint, clinical tests are performed which analyze the mobility of 
the sacrum and iliacus and can trigger discomfort or increase preexisting pain at the site. The organism that presents some 
articular dysfunction, undergoes a postural adaptation. This adjustment affects other articulations of different segments, such 
as the foot8).

A healthy posture depends on the balance, coordination, and harmony of the joints, bones, neural and muscular systems. 
A healthy posture also depends on the correct biomechanical execution of the movements. Static and dynamic postural 
responses are automatic and adjustable through stimuli, movements, injuries and efforts; a result from the interaction between 
the person and the environment9).

Due to the ergonomics, such as orthostatic posture, sitting, or walking, adopted by humans in their daily lives, they have 
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been suffering a disordered overload on the bony, articular, muscular and neural structures. Thus, imbalances caused by 
external and internal factors lead to several musculoskeletal injuries mainly at the trunk, pelvis and lower limbs10).

In order to maintain balance in a standing position, the hip joint moves as much as the ankle joint11). Therefore, the 
mobilization of the hip causes immediate changes in the pattern of plantar pressure distribution12).

Disorders in the hip can cause changes in static and dynamic balance as result of the interaction between postural proprio-
ceptive afferent mechanisms, motor control, kinesthetic memory and adequate joint mobility13, 14).

Identifying the changes in static and dynamic plantar pressure will aid in an earlier and more precise diagnosis and also 
a more clear-cut management of hip and ankle dysfunctions. So, the aim of this research was to relate the mobility of the 
sacroiliac joint and plantar pressure by comparing the clinical tests with baropodometry.

PARTICIPANTS AND METHODS

This is an analytical study carried out from February to June 2018. For the constitution of the sample, all 790 academics 
were invited to participate in the study. All who agreed to participate were initially included for analysis of the inclusion 
and exclusion criteria. We included 300 academics, over the age of 18, who signed the Informed Consent Form (ICF). We 
excluded pregnant women; those with confirmed diagnosis of bursitis, tendinitis, osteoporosis and osteoarthritis in the period 
of crisis; as well as those who gave up the evaluation.

Initially, each participant filled out a questionnaire with age, gender, weight, height and sociodemographic data.
Afterwards, individuals performed a functional kinetic evaluation, consisting of three tests: Standing Flexion Test (SFT)15), 

Downing Test, and Gillet Test (also known as the Stork test). The tests will allow verification of the mobility of anatomical 
structures of the sacrum and iliac16). All tests were performed by a single trained evaluator.

The SFT began with the individual in an upright position and the evaluator monitored the bilateral movement of the 
postero-superior iliac spine with palpation. The individual was then asked to perform a trunk flexion. The test is considered 
positive on the side that the posterior superior iliac spine moved first, passing to a superior position in comparison to the 
contralateral one17).

The Downing test was performed with the individual in the supine position, with the medial malleoli in contact. The 
medial malleolus of the side tested had its position determined in comparison with the opposite malleolus. For this, the leg 
was positioned in abduction and in external rotation until its maximum and then placed in the neutral position. As the limb 
is rotated externally, a stretching of the tested leg was expected, which is explained by the movement of the lower anterior 
inferior iliac stump. The leg was then placed in adduction and at maximum internal rotation and then placed in the neutral 
position shortly thereafter. An apparent shortening of the tested limb was expected, which can be explained by moving the 
anterior superior iliac spine upward as the limb rotates internally. When there is a sacroiliac dysfunction, the joint will present 
a restriction and prevent the movement of the iliac18).

To perform the Gillet test, the individual remained standing with his hands on the wall in front of him with the evaluator 
positioned behind him. The evaluator placed a thumb on the posterolateral superior iliac spine (on the side being evaluated) 
and the other supported thumb in the midline of the sacrum, at the level of S2. Initially, a hip and knee flexion, on the side 
of the palpation of the posterolateral iliac spine, was requested for the patient. It is natural for the thumb in the posterolateral 
iliac spine to move inferiorly in comparison to the thumb resting on the sacrum; the patient was asked to perform a hip 
hyperextension and the evaluator’s thumb should move superiorly in comparison to the opposite thumb18).

To analyze plantar pressure, baropodometry was performed using the Baropodometro Footwork apparatus, which contains 
400 × 400 mm of active surface, 575 × 450 × 25 mm dimensions, 2,704 calibrated capacitive capacitors, 150 Hz frequency, 
maximum pressure per 100 N capacitor / cm2, 16-bit analog converter, 7.62 × 7.62 mm capacitor measurement, a 3 kg 
weight, and 4 mm / 5 mm thickness with rubber.

The individuals were instructed to stand on the platform, motionless and staring at a fixed point in front of their eyes for 
fifteen seconds to identify plantar pressure in static position. Then, the individuals were instructed to slowly walk past the 
platform, placing one foot at a time. Through this analysis, the center of gravity was identified.

This research was submitted and approved by the Research Ethics Committee (opinion: 2.368.131), linked to the Instituto 
Leão Sampaio de Ensino Universitário Ltda.

The data were organized and tabulated in the Excel 2013 program for elaboration of the database and in the program 
SPSS (Statistical Package for Social Research) version 22.0 for statistical analysis. The Kolmogorov-Smirnov test was used 
to verify normality of the data. Because the variables were non-parametric, the statistical test Mann-Whitney was used to 
compare the Right and Left Foot Flexion Test, Gillet Test, and Downing Test for anteversion and retroversion. Pearson’s 
χ2 test was used for association between nominal variables (static and dynamic center of gravity, plantar point of greatest 
contact, SFT, Gillet and Dowing). A significance level of 0.05 (5%) was defined for this study, with 95% confidence intervals.

RESULTS

The study involved 300 people with a mean age of 22.1 ± 3.7 years, mean weight of 66 ± 12 kg, and mean height of 1.63 
± 0.07 m. Of the 300 participants, 71 percent were female and 29 percent were male.
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Data from clinical and baropodometric tests are presented by means of median and percentage. There was no statistical 
difference between left and right foot variables (Table 1).

In Table 1, through the analysis of the STF and the baropodometric findings, the data collected presented medians very 
similar to the mean total pressures of the left and right foot, respectively, without significant statistical difference (p>0.05) in 
association with the domains of baropodometry and the SFT. In the Downing and Gillet Tests, the comparison between the 
positive laterality of the test did not show any difference in baropodometry.

The data indicated in Table 2 show an association between the location of the static center of gravity and the SFT, and the 
Gillet and Downing Tests. The association presented statistical significance (p=0.015). In Table 3, the association between 
the location of the dynamic center of gravity and the SFT, and Gillet and Downing Tests was addressed. In this case, there 
was no statistical significance.

Table 4 shows the absence of statistical significance in the relationship between the plantar point of greater dynamic 
contact of the right and left lower limbs and the Standing Flexion Tests (p=0.262), Gillet (p=0.370), and Downing (p=0.370).

Table 1.	 Comparison between pressure and baropodometry contact area and clinical tests

  Standing flexion test Gillet and Dowing tests

Median
Percentiles

Median
Percentiles

25 75 25 75
Total mean pressure D in static (kPA) Right 50 45 53.5 Ante 50 46 53

Left 50 44 54 Retro 50 45 55
Total mean pressure E in static (kPA) Right 50 46.5 55 Ante 50 47 54

Left 50 46 56 Retro 50 45 55
Maximum average pressure total D 
in dynamic (kPA)

Right 162.74 136.01 196.115 Ante 164.56 141.29 196.45
Left 166.88 145.77 196.34 Retro 167.065 138.88 196.03

Mean total maximum pressure  
E in dynamic (kPA)

Right 167.05 145.93 192.33 Ante 165.64 147.08 193.55
Left 165.79 148.44 191.61 Retro 166.98 145.50 189.94

Contact surface area D in  
dynamics (cm3)

Right 89.32 76.27 106.43 Ante 89.03 77.28 105.99
Left 89.9 79.46 110.2 Retro 90.19 75.98 110.05

Contact surface area and  
dynamics (cm3)

Right 89.9 75.98 102.95 Ante 89.03 76.12 102.66
Left 90.48 78.88 108.46 Retro 92.8 79.31 108.46

Mann-Whitney Test; SFT: Standing flexion test; Gillet: Gillet test; Dowing: Dowing test; Ante: Anteversion; Retro: Retroversion; p: 
p-value.

Table 2.	 Location of the static center of gravity associated with SFT, Gillet and Dowing

    Forefoot R 
n (%)

Forefoot L  
n (%)

Forefoot R 
n (%)

Forefoot L 
n (%) p

SFT
Right 17 (8.3) 15 (7.3) 87 (42.4) 86 (42)

0.05*
Left  4 (4.2)  7 (7.4) 46 (48.4) 38 (40)

Gillet
Anteversion 15 (8.3) 21 (7.3) 81 (42.4) 79 (42)

0.01*
Retroversion  6 (4.2)  1 (7.4) 52 (48.4) 45 (40)

 Dowing
Anteversion 15 (8.3) 21 (7.3) 81 (42.4) 79 (42)

0.01*
Retroversion  6 (4.2)  1 (7.4) 52 (48.4) 45 (40)

Pearson χ2, SFT: Standing flexion test; Gillet: Gillet test; Dowing: Dowing test.

Table 3.	 SFT, Gillet location of the center of gravity in the dynamics associated with e Dowing

    Forefoot R 
n (%)

Forefoot L 
n (%)

Forefoot R 
n (%)

Forefoot L 
n (%)

SFT
Right 89 (43.4) 103 (50.2) 8 (3.9) 5 (2.4)
Left 42 (44.2)  42 (44.2) 10 (10.5) 1 (1.1)

Gillet
Anteversion   84 (41)  97 (47.3) 11 (5.4) 4 (2)
Retroversion 47 (49.5)  48 (50.5)  7 (7.4) 2 (2.1)

Dowing
Anteversion   84 (41)  97 (47.3) 11 (5.4) 4 (2)
Retroversion 47 (49.5)  48 (50.5)  7 (7.4) 2 (2.1)

Pearson χ2, SFT: Standing flexion test; Gillet: Gillet test; Dowing: Dowing test.
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DISCUSSION

There are few studies correlating sacroiliac joint mobility with baropodometry variables, making this study an innovative 
approach in evaluating sacroiliac joint dysfunctions associated with possible early imbalances in posture. Among the main 
results of this study, we verified the change in the static center of gravity related to sacroiliac mobility in young people in the 
SFT, Gillet and Downing Tests (p=0.05, p=0.01, p=0.01, respectively). This change in the center of gravity may be an early 
sign for downward dysfunctions and even changes in plantar pressure.

Baropodometry has been shown to be useful in providing data for postural analyzes19) and may contribute to treatment 
preciseness and preventive actions. In the literature, there is a knowledge gap in the evaluation of the evolution of hip 
dysfunctions through plantar pressure.

The sacral iliac joint (SIJ) is an important region in relation to the distribution of forces to the lower extremities. This is 
because the weight of all the superior structures, such as the axial structure, head, and other upper extremities, is directed 
towards the pelvis and travels through its neighboring soft tissues to the legs and feet20, 21).

This relationship is vulnerable to arthrokinetic constraints caused by this constant interaction of descending and upward 
forces occurring in this region3), which may favor SIJ alteration22, 23).

Dysfunctions in the sacroiliac region are more prevalent in women due to musculature, iliac positioning, fertility, and 
body weight, which are accompanied by pain24). In this study, 71 percent of the population were women with a mean age of 
22.1 ± 3.7.

The age of the participants involved may explain, at least in parts, why an association of sacroiliac mobility with the center 
of gravity was identified but not with plantar pressure. The age suggests a possible mechanism of early compensation before 
biomechanical and overload compensations.

It is believed that late adaptations of muscles such as paraespinal could trigger biomechanical offsets of surrounding 
tissues and potential overload of other structures25, 26). Changes in the sacral iliac joint can be observed even in asymptomatic 
individuals in the early stages27).

The association of hip mobility with the center of gravity identified in the three tests may be an early stage of such 
compensations. There were no symptomatic biomechanical compensations since all the patients evaluated in this study were 
free of pain.

Although the relation of the center of gravity with the plantar pressure is not frequently studied, it has already confirmed28). 
In a study by Foti and collaborators, the plantar pressure was analyzed of women in the last trimester of pregnancy. Consider-
ing the change in the center of gravity due to the increase in weight in the abdominal region, there was an increase in plantar 
pressure of the foot compared to women who are overweight, of the same age and BMI29).

This difference between the groups is because of the change in the center of gravity due to the difference in weight 
distribution between pregnant women and women that are not pregnant with the same BMI. In addition, because of rapid 
weight gain during gestation, there may not be enough time for muscle adaptations and biomechanical compensation, in the 
plantar pressure of these women.

It should be considered that pregnant women also have functional changes in the hip region29, 30), which may be another 
indicator of the relation of the sacroiliac joint to the center of gravity.

The risk factors for sacroiliac dysfunction are still unknown. But factors that contribute to the reported pain in the region31) 
are gender, sacral positioning, pelvic anatomy, muscle strength and ligament laxity. In the present study, sacroiliac dysfunc-
tion was due to biomechanical disorders, originating and/or causing postural compensations, since the patients did not report 
pain.

The SIJ is little considered in the clinical evaluation32). To assess this joint clinically, several tests are used. However, 

Table 4.	 Comparison of the plantar point of greater dynamic contact and the SFT, Gillet and Dowing

Forefot 
R

Forefoot 
L

Forefoot 
Both

Forefoot 
Both 
Hind-
foot R

Forefoot 
Both 
Hind-
foot  L

Halux, 
Forefoot 

Both

Halux, 
Lateral 

R

Halux, 
Lateral 

L

Halux, 
Forefoot 

R

Halux, 
Forefoot

Hindfoot 
Both

Halux, 
Forefoot 
Both L 
and  R

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
SFT Right 14 (6.0) 2 (1) 116 (56.6) 5 (2.4) 1 (0.5) 58 (28.3)   0 (0) 2 (1) 1 (0.5) 1 (0.5) 4 (2) 1 (0.5)

Left  1 (1.1) 0 (0) 59 (62.1)   0 (0) 0 (0) 32 (33.7)  1 (1.1) 0 (0)   0 (0)   0 (0) 2 (2.1) 0 (0)
Gillet Right 11 (5.4) 2 (1) 119 (58)  4 (2) 1 (0.5) 54 (26.3)  1 (0.5)  1 (0.5)   0 (0)   0 (0)   2 (1) 1 (0.5)

Left  4 (4.2) 0 (0)  56 (58.9) 1 (1.1)   0 (0) 36 (37.9)   0 (0) 1 (1.1) 1 (1.1) 1 (1.1) 4 (4.2) 0 (0)
Dowing Right 11 (5.4) 2 (1) 119 (58)  4 (2) 1 (0.5) 54 (26.3)  1 (0.5) 1 (0.5)   0 (0)   0 (0)   2 (1) 1 (0.5)

Left  4 (4.2) 0 (0) 56 (58.9) 1 (1.1) 0 (0) 36 (37.9)   0 (0) 1 (1.1) 1 (1.1) 1 (1.1) 4 (4.2) 0 (0)
Pearson χ2, SFT: Standing flexion test; Gillet: Gillet test; Dowing: Dowing test; R: right; L: Left.
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because they are subjective, at least 3 tests are required to confirm the dysfunction of this joint.
It is imperative to use a validated instrument for postural evaluation in order to verify the existing imbalances and to adapt 

the best posture for each individual, with the possibility of a restructuring of the muscular chains, both static and dynamic33).
When assessing the sacroiliac joints, the examiner seeks signs of asymmetry and altered range of motion through bone 

palpation and specific clinical tests34).
In this context, it is acceptable that sacroiliac functionality is fundamental for proper weight distribution, by the Sacro 

wedge shape that allows the force vectors to be homogeneously directed to the iliac partners through the segmented soft 
tissues and consequently to the lower extremities35).

Thus, it can be inferred that the sacroiliac asymmetry can interfere with the ability to maintain orthostatism and could lead 
to a consequent alteration of the distribution of the weight between the feet by a non-harmonic relation between the parts of 
the body, resulting in greater tension and overload in the base support36).

The results found in the present study corroborate that people with sacroiliac dysfunction present balance deficit and 
postural control due to muscle control and redistribution of plantar pressure and their influence on gait37).

Our study did not identify an association between the domains of plantar pressure baraopodometry, plantar surface contact 
area, and location of the dynamic center of gravity with the TFP, Gillet Test, and Downing Test. As a result, this demonstrates 
the lack of association of sacroiliac mobility and plantar pressure. These results may be due to altered muscle activity or 
postural changes to maintain balance. Increased muscle activity, changes in muscle and joint positioning, and different stimuli 
may influence peripheral responses38). In contrast, the study identified that 74% of the women had concomitant sacroiliac 
dysfunction and plantar pressure changes39).

Evaluation of the peak plantar pressure and the contact area of 20 asymptomatic individuals consisted of using baropodom-
etry before, shortly after, and seven days after sacroiliac manipulation. The study found a positive influence on the distribution 
of weight between the feet by the normalization of peak pressure immediately after the manipulation and seven days later.

It is suggested that the alterations may be due to proprioceptive strategies adopted by the body that involve ankle and 
pelvis joint to coordinate the equilibrium responses. However, the contact area seems to be influenced by postural habits due 
to the strong correlation between the area and the dominant end14).

The SIJ has an influence on the distribution of loads to the lower limbs and relation to the postural balance due to its 
association with the location of the static center of gravity and postural reorganization10, 40). The alteration of this articulation 
generates changes in the load distribution in the musculoskeletal system, which can lead to postural imbalances and balance 
deficits40).

The measurement of plantar pressure is still not widely used in clinical practice, especially in association with pelvic and 
trunk joint dysfunctions41). Taking into account that increased plantar pressure triggers biomechanical changes in the lower 
limbs, pelvis, and spine, baropodometry can perform pressure analysis in each individual participant of the research, convert 
the data obtained to numbers, and expose through images of the plantar region, where it is possible to identify areas of higher 
and lower pressure.

The use of the baropodometer is still very limited because factors, such as sensor technology, software resolution, posi-
tioning, and calibration of the platform, can influence the standardization and reliability of the data generated by the device. 
However, clinical tests can be influenced by the evaluator’s experience. Their reliability varying from poor to good42, 43). 
Longitudinal studies with intervention on the sacroiliac joint, repercussion on the change in the center of gravity and plantar 
pressure, and photographic postural evaluation are necessary to better quantify the results.

There was no association between mean plantar pressure, plantar surface contact area, and the location of the center of 
gravity with the SFT, Gillet and Downing Tests. However, this study is the first to demonstrate the association of the center 
of gravity through baropodometry with the mobility tests.
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