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ABSTRACT

Introduction: Pathological changes in the subcutaneous connective tissue can be
detected through inspection and palpation. The mobility of the superficial and deep
skin layers can be assessed by attempting to displace the skin or by forming a skin
fold. The present study aimed to develop an experimental model and create a pro-
totype for measuring skin displacement (SKD) with the application of kinesithera-
py. Methodology: The experimental procedure included three stages. As a result, a
device for measuring SKD was created, allowing for separate measurements of both
hands. The accuracy of the measured skin displacement is 0.5 mm, determined by
the use of the Chronojump displacement sensor. Results and Conclusions: Based on
the obtained results, several key conclusions were drawn. An experimental approach
for assessing SKD in the context of kinesitherapy was developed, and a dedicated ex-
perimental bench for measuring SKD was constructed. Calibration and verification
of the device were completed through testing with twenty-two real patients, focusing
on the L5 spinal zone. All participants exhibited a statistically significant increase in
SKD on the right side of the spine. The quantitative data related to SKD have strong
kinesitherapeutic and clinical applications and may contribute to the development
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of a mathematical model describing the mechanical behavior of the skin.
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INTRODUCTION

Studying how skin behaves under different loads
is essential for improving various medical and
cosmetic procedures—such as plastic surgery, skin
grafting, wound healing, and tissue expansion.
The skin is one of the largest and most important
organs in the human body. It protects against
harmful microorganisms and chemicals, as well
as excessive water loss (Lakhani et al., 2021).

The skin consists of three main layers: the outer
layer (epidermis), the middle layer (dermis), and
the inner layer (subcutaneous tissue). Of these, the
dermis plays the greatest role in skin strength and
resilience. It contains collagen and elastin fibers,
along with a ground substance composed mainly of
water and special molecules known as proteoglycans
(Lakhani et al., 2021; Kwon et al., 2021).

Elastin fibers provide flexibility and enable the
skin to return to its original shape when stretched
slightly. Collagen fibers, on the other hand, are
engaged under greater loads and are primarily
responsible for the skin’s strength and durability.
They also determine how the skin responds in
different directions—a phenomenon known as

anisotropy (Lakhani et al., 2021; Baumann et al,,
2021).

Palpation is a fundamental method used for the-
rapeutic intervention, diagnosing tissue condi-
tions, and evaluating treatment outcomes in ki-
nesitherapy, massage therapy, osteopathy, and
related fields. Analysis of palpation reveals that it
involves two types of sensory perception: tactile
sensation (touch) and Kkinesthetic sensation
(proprioception). Furthermore, palpation relies
both on the therapist’s actions and the patient’s
physiological feedback, which complicates rep-
roducibility (Takeda et al., 2025).

The palpation method is inherently subjective, and
most commonly used tests lack standardization
and objective, quantitative assessment of skin
displacement (SKD) in centimeters. This limits
the ability to compare results, evaluate the
effectiveness of interventions, and ensure con-
sistent therapist training.

According to the principles of segmental-reflex
therapy, functional and structural changes in in-
ternal organs (known as primary pathological
foci) are reflected through reflex changes in the
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superficial tissues—such as the skin, connective
tissue, muscles, and periosteum—which form
what are called secondary pathological foci. These
changes occur along the segmental reflex arc and
are accessible to manual manipulation and thera-
peutic intervention.

In turn, the secondary pathological focus can also
exert a negative influence on the affected inter-
nal organ via the same segmental reflex arc, thus
creating a pathological reflex cycle. Detecting
changes in the superficial tissues and eliminating
them through appropriate methods and techniques
interrupts this cycle and supports the body’s reco-
very processes.

Changes in the subcutaneous connective tissue
can be detected through visual inspection and
palpation, during which the mobility of the
superficial and deep skin layers is assessed either
by attempting to displace the skin or by forming a
skin fold.

A review of the scientific literature reveals a lack of
practical devices capable of objectively measuring
SKD and extensibility in a clinical setting. Never-
theless, various experimental approaches exist for
studying and analyzing the mechanical properties
of the skin. A new vacuum-based measurement
device developed, calibrated, and implemented by
Lakhani et al. (2021) enables in vivo measurement
of the human skin’s mechanical stress—strain res-
ponse in all planar directions using a single test.
This device applies an axially symmetric load to
estimate the apparent toe moduli and apparent
linear moduli in all planar directions. In contrast,
traditional elastic modulus measurement systems
require multiple tests to account for anisotropy
(Deroy et al., 2017; Jacquet et al., 2017; Zhang et
al,, 2018).

Additionally, two objective methods for assessing
tissue deformation (compliance) have been
described: one based on vacuum application to
measure skin consistency in the spinal region of
healthy children and adults (Hogeweg et al., 1993),
and another using a compression tissue compliance
meter for documenting soft tissue pathology
(Fischer, 1987). However, neither device provides
information about skin extensibility and mobility,

which are typically assessed through palpation by
observing SKD (Dosch et al., 2007). On the other
hand, Martire et al. (2025) proposed a simulation
of an innovative device to determine optimal
stiffness for developing a silicone patch capable
of measuring skin hardness in a standardized and
reliable manner across different anatomical areas
and under various conditions. Similarly, Raitt et
al. (2024) investigated how a pressure-modulated
optical tracking sensor can use compliance control
to quantify tissue stiffness and detect margins in
samples through dynamic palpation. Despite these
developments, there remains a need for a portable
device capable of quantitatively assessing SKD in
millimeters during palpation. The development
of a device that objectively measures skin exten-
sibility and mobility would contribute to the stan-
dardization of research in this field, improve data
comparability, and enhance the training of young
professionals.

This study aims to create an experimental model of
an innovative, portable device for objectifying SKD
as a diagnostic method used in manual therapies,
such as massage, kinesitherapy, and osteopathy.

METODOLOGY

The experimental approach included three stages.

First, a drawing prototype was created, on which the

main support points of the proposed mechanical

device were schematically marked (Figures 1 and

2). When designing this drawing, the following

important factors determining the outcome were

taken into account:

- convenience and functionality for the person
performing the test procedures;

- target area of palpation - the back;

- speed and ease of processing the obtained
quantitative data;

— cost-effectiveness of implementation;

- mobility of the device, allowing tests in different
locations;

— possibility of conducting tests under energy-
independent conditions - prolonged operation
using only the laptops autonomous power

supply.
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Figure 1. Scheme of SKD device - side view.

Figure 2. Scheme of SKD device - view from above.

The second step in creating the stand involved attached to the base via their magnetic feet, can be
constructing the planned geometry. During the raised or lowered depending on the requirements
building process, it was determined that the of the current measurement and the patients
geometry could be optimized. The final fabricated anthropometry (Figure 3).

structure is shown in Figure 3. The two encoders,

Figure 3. Experimental geometry in real measurement.

SKD studies were conducted in six areas shown in the corresponding vertebrae - T1, T2, T10, L1, L3,
Figure 4. The selected areas were chosen to fully L5. In the present study, only the L5 area results
cover the entire length of the spine and were near were included.
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Figure 4. Measuring zones along the spine.

Thethirdstageinvolved calibrationand verification
of the experimental stand through testing with
twenty-two real patients. The measuring module
of the proposed system is based on a Chronojump
encoder (Chronojump-Boscosystem, Spain). It
is attached to the moving operator’s glove and
measures various biomechanical characteristics
of a given movement task. For the purposes of
the present experimental approach, only the
parameter distance in centimeters was used. If
the encoder wire moves at an angle, the data will
not be accurate, and the wire may be damaged

(Chronojump-Boscosystem, 2023).

An additional comparison was performed using
the Mann-Whitney U test, with a significance level
of p < .01 and a two-tailed hypothesis, due to the
small sample size.

RESULTS

SKD was measured in the L5 zone to the left and
right of the spine, as shown in Figure 3. The average
value of this parameter was obtained from 8
movements in both directions parallel to the spine.

Figure 5. SKD in zone L5 obtained on the left and right of the spines of 22 participants.

Table 1. Percentage increase in SKD on the right versus left L5 area in all participants.

No 1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17 18 19 20 21 22

% 15 37.6 19.2 32.2 19.2 37.2 13.2 24.2 40.9 16.1 96.9 30.3 28.3 12.7 27 32.9 32.9 21.5 26.4 15.2 33 29.8
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The performed Mann-Whitney U test shows that
for all participants the right SKD is statistically
significant with p-value < .001.

DISCUSSION

Skin structures are arranged in a way that facilitates
stretching to support the movement of the human
body and serve structural functions that assist
joint motion by adjusting the position of the skin,
such as the incidental stretch that occurs during
movement. Proper skin mobility is essential
for efficiency due to the skin’s nature as a single,
continuous tissue layer covering the entire human
body (Choi et al., 2023). Therefore, good SKD
in the lumbar area is an important factor for the
mobility of the lower lumbar region. Lower values
may predispose individuals to a restricted range of
motion in the lower back.

The generated forces—normal, tensile, and shear—
during SKD are expected to be transmitted via the
lumbodorsal superficial fascia to the thoracolumbar
fascia, myofascia, muscles, and thoracic, lumbar,
and hip arthrofascial complexes, as these structures
are interconnected through connective tissues (van
Amstel et al., 2022). Conversely, the condition of the
underlying lumbodorsal superficial fascia and its
connections to the thoracolumbar fascia, myofascia,
muscles, and thoracic, lumbar, and hip arthrofascial
complexes may influence SKD in that area. It can be
hypothesized that impaired function of any of these
tissues may reduce normal SKD values.

The results obtained from SKD measurements on
both the left and right sides of the spine at the L5
level support the concept that the skin is a crucial
organ for transmitting mechanical forces to the
underlying anatomical structures. The shear forces
generated during palpation in the context of SKD
are transmitted through the lumbodorsal superficial
fascia to the thoracolumbar fascia, myofascial
structures, skeletal muscles, and the arthrofascial
complexes of the thoracic, lumbar, and hip regions.
These structures are functionally and anatomically
interconnected via connective tissue networks (van
Amstel et al., 2022; Herlin et al., 2015; Adamietz et
al,, 2021).

The tangential (shear) forces induce mechanical
strain within these fascial and muscular components,
potentially modulating their stiffness (van Amstel
et al, 2022; Ruttiman et al.,, 2019). Such changes
in tissue stiffness are likely mediated through the
activation or inhibition of mechanoreceptors,
including proprioceptors, kinesthetic receptors,
and certain nociceptors. Consequently, these

neurophysiological responses may alter skeletal
muscle tone, thereby influencing spinal alignment,
pelvic biomechanics, and the range of motion in the
hip joint (van Amstel et al., 2022; Maas, 2019).

The higher values observed on the right side in all
participants require further investigation. These
differences may result from the operator’s position,
the dominance of the operator’s hand, or genuine
SKD asymmetry.

CONCLUSIONS

Based on the obtained results, a new experimental
approach for skin displacement involving kine-
sitherapy was developed, along with the cons-
truction of a specialized experimental bench for
measuring SKD. The stand was calibrated and
verified through testing with twenty-two real
patients focused on the L5 spinal zone. All par-
ticipants showed a statistically significant increase
in SKD in the L5 zone on the right side of the
spine. The obtained values of SKD, together with
the reported differences in the left and right of the
spine have a diagnostic potential for the assessment
of spinal skin dysfunction. Future research is
needed to optimize the experimental approach and
to elucidate the skin spinal interactions in depth.
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