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INTRODUCTION
Low back pain (LBP) is one of the most frequent 
complaints among athletes across all levels and 
sports. This is due to a combination of high physical 
demands, repetitive movements, and biomechani-
cal stress placed on the spine during training and 
competition. Untimely prevention leads not only 
to increased complaints and deterioration of per-
formance, but also to surgical treatment. In this as-
pect, significant progress has been reported in the 
development of physiotherapy, both in conservative 
and surgical treatment, through the formulation 
of principles of modern physiotherapy to control 
symptoms and improve spinal function (Lubenova 
et al, 2017; Bizheva et al., 2016). The significant ex-
pansion of physiotherapy methods for therapeutic 
training, balneotherapy, FIT-BALL exercises, and 
other approaches leads to significantly faster and 
more comprehensive recovery (Gencheva, 2008; 
Gencheva, Kolev, & Doychev, 2009; Dimitrova 

et al., 2018; Romanova et al., 2021). On the other 
hand, sources regarding functional diagnostics and 
early prevention of low back pain, especially in the 
sport of wrestling, are scarce (Tasheva, 2017).
In this study, we focused on preventing low back 
pain in wrestlers, given their predisposition to spi-
nal problems due to weightlifting, frequent bend-
ing, pulling, pushing, and twisting. A 1982 US 
Department of Labor report (U.S. Department of 
Labor, Employees’ Compensation Appeals Board, 
2001) notes an increased risk of low back pain from 
frequent bending and twisting. In this regard, Mar-
ras documented in his studies an increased risk of 
LBP with movements involving higher torso ve-
locity (Marras et al., 1995). The authors emphasize 
that this is an isolated spinal movement, not a non-
specific torsional movement. Although these stud-
ies did not investigate a mechanism to explain the 
relationship between LBP and related movement 
in the spine, lifting, pulling, and pushing, The Na-
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tional Institute for Occupational Safety and Health 
report (Waters, Putz-Anderson, & Garg, 1994) and 
McGill provide a good review linking activities re-
quiring lifting, pushing, and pulling with increased 
risk of LBP (McGill, 2012).
Given the specificity of wrestling and the predis-
posing factors for LBP, we aimed to prevent LBP 
through early functional diagnostics using a digital 
pelvic inclinometer (DPI), which will help objecti-
fy the results. 
The aim of this study is to refine functional diag-
nostics for preventing low back pain in wrestlers by 
using a digital pelvic inclinometer.

METHODOLOGY
During May–June 2025, 32 wrestlers (30 males ac-
counting for 93.8% and 2 females making up 6.2%) 
with an average age of 21.75 years were observed. 
The distribution by wrestling style was 19 (59.4%) 
classical and 13 (40.6%) freestyle. These wrestlers 
were gathered from different teams for a joint train-
ing session ahead of an upcoming competition. The 
following exclusion criteria were established: acute 
pain, recent trauma, spinal or pelvic surgery, dis-
eases of internal organs (e.g., stomach ulcer), and 
hernia. Informed consent was obtained from all 
participants.
Tasks for implementing physiotherapeutic func-
tional diagnostics:
1.	Unification of the starting position of the subjects 

and the use of the digital pelvic inclinometer.
2.	Updating and objectifying functional diagnos-

tics in the prevention of lumbar pain in wres-
tlers using a digital pelvic inclinometer.

3.	Application of the digital pelvic inclinometer to 
measure pelvic elevation and inclination.

4.	Data processing, tracking the presence of asym
metry, and determining pelvic torsion.

5.	Formulating conclusions about the placement 
of the digital pelvic inclinometer.

The tasks of functional diagnostics were achieved by 
applying a Digital Pelvic Inclinometer to 32 wres-
tlers before training and before the warm-up. The 
pelvic caliper-based inclinometer used (DPI, Sub-4 
Limited, UK) has been updated and is similar to the 
one with a digital display created by Crowell in 1994. 
Based on the presence of an electronic display, digital 
values are read during the measurement procedure. 
Another advantage of the inclinometer is its level, 
which facilitates the measurement of pelvic angles 
relative to the ground. To facilitate the application 
of the inclinometer, recesses are made on the arms, 
based on which it is possible to palpate the bone pro-
trusions simultaneously with the grip of the ends.

To unify the results, we introduced the following 
requirements:
– Assume the starting position on a flat and firm 

support surface.
– Instructing the athlete under study to assume his 

usual stance, ensuring that the anterior superior 
iliac spine (ASIS) and the pubic symphysis lie on 
a vertical line. According to Kendall (2005), this 
is the “neutral” position of the pelvis, with the 
normal sagittal-plane slope between the poste-
rior superior iliac spine (PSIS) and the ASIS ap-
proximately 5° +ve, with the PSIS higher.

– Determine the starting position with the heels to-
gether and the front of the feet spread apart, with 
the toes in line.

Examination procedure:
First, the height of the two ASIS was measured, 
which provides information about the anterior ele-
vation of the pelvis (Figure 1).

  
Figure 1. Measure of the pelvis’ elevation



299

APPLICATION OF A DIGITAL INCLINOMETER IN ... 	 297 - 301

Then, the heights of the two PSIS were measured. 
Finally, the heights of the ASIS and PSIS were re-
corded, which determines the slope of the innom-

inate bone on both sides of the studied wrestlers 
(Figure 2).

Figure 2. Measure of the pelvis’ inclination

The difference in the values between the left and 
right is taken as pelvic torsion.

Statistical methods (Goev et al., 2019)
1. Descriptive Analysis: This analysis included es-

timates of central tendency (such as mean, me-
dian) and dispersion (measured by standard de-
viation) to provide a comprehensive overview 
of the data characteristics.

2. Distribution Normality Assessment: The Kolm-
ogorov-Smirnov non-parametric test was ap-
plied to evaluate the distribution type of the 
data. Given the small sample size, a normal dis-
tribution was not expected.

3. One-Sample Analysis: The Wilcoxon signed-
rank non-parametric test was applied to assess 
whether the sample median significantly dif-
fered from a value of 0.5 for the variables eleva-
tion anterior and elevation posterior. This test 
was chosen due to the non-normal distribu-

tion of the data, as indicated by the Kolmogor-
ov-Smirnov test.

4. Comparative Analysis for Independent Sam-
ples: The Mann-Whitney non-parametric test 
was applied to test for statistically significant 
differences between the two groups formed by 
variables inclination on the left and on the right. 
This test was specifically chosen due to the 
non-normal distribution of the data, as identi-
fied by the Kolmogorov-Smirnov test.

5. Comparative Analysis for Related Samples: the 
Wilcoxon signed-rank test for the detection of 
statistically significant differences within relat-
ed samples.

RESULTS
The summary of descriptive statistics for the indi-
cators studied by DPI of 32 wrestlers is presented 
in Table 1.

Table 1. Summary of Descriptive Statistics for the Studied Indicators (degrees)

Indicator N Mean Median SD Minimum Maximum p-value
Wilcoxon

Elevation Anterior 32 1.45 1.50 1.07 0.20 4.30 .88Elevation Posterior 32 1.48 1.00 1.26 0.20 4.70
Inclination Right 32 4.81 4.40 3.99 0.20 15.00 < .001Inclination Left 32 7.14 6.30 4.44 0.80 16.20

Torsion 32 2.97 2.60 2.39 0.10 11.30 –

The Anterior Elevation (the height of both ASIS) 
in wrestlers’ data (n = 32) shows a mean of 1.45º, 
a median of 1.50º, and a standard deviation of 1.07 
(ranging from 0.20º to 4.30º). For Elevation An-
terior, the deviation is to the right in 13 (40.6%) 

cases and to the left in 19 (59.4%) cases, with both 
groups having the same median value. The Pos-
terior Elevation (the height of both PSIS) data (n 
= 32) shows a mean of 1.48º, a median of 1.00º, 
and a standard deviation of 1.26 (values ranging 
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from 0.20° to 4.70°). For Elevation Posterior, no 
direction was identified in 3 (9.4%) cases, while 
12 (37.5%) showed a rightward deviation and 17 
(53.1%) a leftward deviation. No statistically signif-
icant difference was found between the Elevation 
Posterior values on the right and left sides. Accord-
ing to the Wilcoxon signed-rank test, there was no 
statistically significant difference between the me-
dians of Elevation Anterior and Elevation Posterior 
(p > .05). The medians of Anterior Elevation and 
Posterior Elevation (respectively 1.5° and 1.0°) dif-
fer statistically significantly from 0.5 according to 
the Wilcoxon rank test (p < .001).

The Inclination Right data (n = 32) has a mean of 
4.81°, a median of 4.40°, and a standard deviation 
of 3.99 (values ranging from 0.20° to 15.00°). The 
Inclination Left data (n = 32) show a higher mean 
of 7.14°, a median of 6.30°, and a standard devia-
tion of 4.44 (values ranging from 0.80° to 16.20°). 
The difference in medians between Inclination 
Right and Inclination Left is statistically significant, 
as determined by the Wilcoxon test (p < .001).
The Torsion data (n = 32) show a mean of 2.97°, a 
median of 2.60°, and a standard deviation of 2.90 
(values ranging from 0.10° to 11.30°) (Figure 3).

Figure 3. Pelvis inclination and torsion results

DISCUSSION
There are our publications on the nature and ef-
fective functions of the DPI, and its application 
in children for the functional diagnosis of lumbar 
lordosis (Tasheva et al., 2017). The correlation be-
tween the results of the DPI and the functional tests 
for pelvic inclination has been statistically prov-
en (Kolev & Tasheva, 2019). Based on the results 
achieved, we expanded the effective use of DPI 
in practice for the prevention of low back pain in 
wrestlers. One of the causes of low back pain is pre-
cisely the changes in the elevation and inclination 
of the pelvis, which may have different etiologies 
and be asymptomatic at first. On the other hand, 
the presence of lumbar pain leads to antalgic pos-
ture, i.e., a change in the elevation and inclination 
of the pelvis. This provoked our study of pelvic el-
evation and inclination in wrestlers, using DPI for 
digital data tracking and possible objectification of 
the results. The results obtained from the DPI re-
garding the elevation of the pelvis in wrestlers show 
relatively low degrees of difference in the heights of 
the two ASISs, with an average of 1.45°, where the 

right ASIS is higher in most cases, at 59.4%. This 
asymmetry is even more pronounced when mea-
suring pelvic inclination with DPI, with statistically 
significantly higher values (p < .001) at a mean of 
7.14° to the left, which also indicates pelvic torsion 
at a mean of 2.97°. The results obtained prove the 
presence of asymmetry in both the inclination and 
elevation of the pelvis, which is a prerequisite for 
muscle imbalance and other changes. This requires 
expanding the study protocol to include other 
methods. In the study conducted, we have exam-
ined pain and applied shortening tests, which we 
will present in our other publications.

CONCLUSION
The application of the Digital Pelvic Inclinome-
ter contributes to the quantitative measurement 
of the elevation and inclination of the pelvis and, 
as a result, the digital determination of the asym-
metry, which is one of the causes of dysfunctions 
and provokes low back pain. The results confirm 
the innovative nature of the applied methodology 
for preventing lumbar pain through Digital Pelvic 
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Inclinometer testing.
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