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Influence of modern technologies
used in rehabilitation on selected functional parameters

of the spine of patients with low back pain
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Purpose: The aim of the study was to examine influence of modern technologies used in the DBC method (Documentation Based
Care) on the selected functional parameters of the spine of patients with low back pain. Methods: The research group comprised of
196 patients randomly divided into two groups. Patients in Group I were subjected to DBC treatment with modern rehabilitation equip-
ment, while patients in Group II underwent the traditional form of therapeutic exercise. All subjects included in the study suffered from
chronic low-back pain lasting for a period of at least three months. All the symptoms were non-specific. Results: The results presented
in the article unequivocally reveal that patients who underwent DBC treatment achieved better, statistically significant improvement in
spinal functionality. Conclusions: The modern technologies introduced to the treatment had a considerable impact on the selected func-
tional parameters of the spine of patients with low back pain. The DBC method used as a rehabilitation program for low back pain had
a statistically significant influence on the functional parameters of the spine.
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1. Introduction

Low back pain syndrome is one of the most fre-
quently observed lifestyle diseases and the main cause
of disability in the world [10]. Approximately 80% of
adults have at least one episode of back pain in their
lifetime. Most of these episodes are transient in na-
ture. However, about 10% of all people develop
chronic pain and disability beyond three months. The
high incidence of pain and its recurrence are mir-
rored in the number of lost working days and inabil-
ity to work [9], [14].

A wide range of treatment modalities have been
introduced over the years with differing degrees of
effectiveness in low back pain treatment. Many stud-
ies have shown that active rehabilitation based on
therapeutic exercises is effective in treatment of spinal

disorders [7], [16], [17]. The development of modern
technologies allows for the introduction of many state-
-of-the-art diagnostic tests and treatments, as well as
the search for innovative and technologically-developed
solutions supporting the treatment of back pain. An
example of such therapy is the DBC method (Docu-
mentation Based Care), which is the result of the co-
operation of doctors, physiotherapists, engineers and
biomechanics [1], [11], [23]. Their combined effort
led to creating modern DBC devices based on innova-
tive technological solutions, which are used in diag-
nostics and the treatment of patients with spinal disor-
ders. Goniometers installed in the devices allow for
measuring of the range of spinal motion, while dyna-
mometers test muscle strength. Modern technological
solutions involve making individual adjustments of
particular devices to specific aspects of patients, and
saving these settings on a personal magnetic card. This
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enables the patients to perform exercise and be meas-
ured under constant conditions. This solution provides
precise body stabilization and limits the activity of
muscles supporting spinal movements whose range is
precisely defined by a regulating mechanism.

The aim of the study was to examine the influence
of modern technologies used in the DBC method on
the efficacy of rehabilitation of patients with low back
pain. Researchers hypothesized that the use of such
tools and treatment can improve the selected func-
tional parameters of the lumbar spine in patients with
this pain syndrome.

2. Materials and methods

The research group comprised of one-hundred
ninety-six patients randomly divided into two groups.
Patients in Group I were subjected to DBC treatment
with modern rehabilitation equipment, while patients
in Group II underwent the traditional form of thera-
peutic exercise. The mean age of patients in Group I
was 56.3 and Group II – 58.1. There were 50 women
and 46 men in Group I and 54 women and 46 men in
Group II (Table 1). Two-hundred plastic capsules were
put in a container, one-hundred of each were designated
with Group I and Group II. The patients qualified for the
study, after they have been registered, drew a capsule
from the container which assigned them to a particular
group. Each research group was comprised of one-
hundred participants. Ninety-six patients completed the
treatment in Group I, four participants did not complete
the therapy due to reasons beyond our control. All pa-
tients from Group II completed the rehabilitation.

Table 1. Characteristics of the group

Group I Group II
Number of patients 96 100
Women 50 54
Men 46 46
Mean age [years] 56.3 58.1
Height [cm] 166.1 163.7
Body weight [kg] 88.1 84.0

The rehabilitation program for Group I lasted 90
minutes, twice a week for 6 weeks. Group II was
subjected to traditional treatment comprised of exer-
cises. The program lasted 60 minutes, twice a week
for 6 weeks.

All subjects included in the study suffered from
chronic low-back pain lasting for a period of at least
three months, with a VAS score greater than 30 mm.

All the symptoms were non-specific. As described by
the WHO, non-specific pain symptoms are those of an
unknown etiology, and of no distinct tissue damage
responsible for causing the pain. None of the patients
reported radicular pain (i.e., negative results of the
Lasegue test, no sensory disorders and paresis).

The exclusion criteria were as follows:
– severe condition (infections, nerve root entrapment

with intolerable pain),
– pain radiating down the leg below the gluteal

crease,
– recent spinal fracture,
– spinal instability excluding active rehabilitation,
– severe osteoporosis,
– oncology diseases,
– mental disorder/severe psychological disturbance.

Treatment of the pain aims to improve the function
of the spine by increasing its mobility, strengthening
paraspinal muscles, reducing pain (breaking the “vicious
circle of pain” associated with not using the spine), thus
reducing difficulties caused by pain. Its objective is
also to educate patients on taking care not to overload
the spine during daily activities.

Patients in Group I were subjected to DBC active
rehabilitation with specially designed equipment, run-
ning diagnostics and performing exercises of selected
muscle groups of the lumbo-thoracic spine region (mul-
tifidus and erector spinae muscles, transverse abdominal
muscle, rectus abdominis muscle, oblique muscles of
abdomen, quadratus lumborum muscle). DBC devices
were designed to carry out spinal treatment under
conditions of repetitive, dynamic loading while per-
forming controlled flexion, extension, rotation and
lateral flexion of the lumbo-thoracic spine. Each de-
vice can be adjusted to the individual parameters of
a patient (seat height and foot-platform height). Such
personal settings are stored on a private card, enabling
measurements to be taken and exercises to be per-
formed under constant conditions. The devices are
equipped with a locking mechanism, which eliminates
compensatory movement in other parts of the spine and
muscle. The treatment applied in the research involved
performing exercises with an individually adjusted
range of motion, loading and number of repetitions.
The first period of treatments was based on exercises
with low loading, the objective being to improve mo-
bility. Special focus was put on teaching proper
co-ordination and control of spinal movement. Next,
pressure on spinal muscle endurance was gradually
increased. Loading was successively increased so that
at the fourth week a subjectively strenuous load was
applied for the first time but within the pain tolerance
of the individual patient.
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The devices applied in the DBC method have a dual
function: they are used in both rehabilitation pro-
grams and clinical diagnostics. The goniometers built
into the devices (Fig. 1) provide accurate measure-
ments of range of motion. Each device also measures
the moment of force in relative muscles. Additionally,
the bioelectric activity of selected muscles (sEMG)
can be measured.

Fig. 1. Goniometer built into DBC device

The following treatment devices are used in DBC
active low back pain therapy:
 LTE – device for measuring: range of motion in the

lumbar-thoracic spine in the sagittal plane (flexion –
extension in a sitting position), extension moments of
the same area of the spine and active resistance exer-
cises strengthening spine extensors (Fig. 2);

Fig. 2. LTE – DBC device for diagnostics and active
resistance exercise of lumbar thoracic spine extension

 LTF – device for exercising with resistance and
measuring flexion moments of the lumbar-thoracic
spine in the sagittal plane in the sitting position;

 LTR – device for measuring: the range of rota-
tional movement and moments of force in the
lumbar-thoracic spine in the transverse plane and
performing resistance exercises of transverse ab-
dominal muscles through rotational movement of
the lower body in the sitting position (Fig. 3);

Fig. 3. LTR – DBC device for diagnostics and active resistance
exercise of lumbar thoracic spine rotation

 LTL – device for measuring: range of motion and
moments of force in lateral or side-bending of the
lumbar-thoracic spine and strengthening lateral
spine flexors in the sitting position (Fig. 4) [5];

Fig. 4. LTL – DBC device for diagnostics and active
resistance exercise of lumbar thoracic spine lateral flexion
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Patients in Group II performed exercises used in
traditional rehabilitation programs in the case of chronic
back pain: exercises strengthening abdominal and dor-
sal muscles in low positions (supine position, prone
position, lateral position and supported kneeling),
exercises increasing the mobility of the spine, pel-
vis and lower limbs, exercises for correct body
posture and relaxation exercises. All exercises were
applied within the pain tolerance of the individual
patient.

At the beginning of each training session, both
Groups carried out a 15-min warm-up using a cycle
ergometer and equipment, such as a stepper. Warm-up
was included in the time of the training session. The
warm-up (pace, resistance) were adjusted to the ca-
pacity of the individual patient. Additionally, patients
in Group I and Group II performed stretching, relaxa-
tion and functional exercises (imitating activities typi-
cal for a person exercising in everyday life). The two
programs were also enriched through education on
ergonomics. The researchers used DBC devices to
evaluate the efficacy of rehabilitation in both groups
before (Test 1) and after the treatment (Test 2). Meas-
urement of the bioelectrical activity (sEMG) of erec-
tor spinae muscle in the lumbar area for the right and
left sides were performed (Fig. 5). Measurements were
taken in two positions: unconstrained, standing posi-
tion and maximum flexion.

Fig. 5. DBC EMG Monitor

Range of motion was measured for the lumbar-
thoracic spine in: flexion, extension, lateral flexion
to the right, lateral flexion to the left, right rotation,
left rotation. The moment of force was measured for:
lumbar extensors, lumbar flexors, lumbar spine ro-
tators to the left, lumbar spine rotators to the right,

lumbar flexors to the left, lumbar flexors to the right
(Fig. 6).

Fig. 6. DBC Strength Test

The schematics of the research protocol was pre-
sented in a flow chart (Fig. 7).

The sequence of the stages of the research

Selection for the research

Random allocation

Group I

Test 1

DBC rehabilitation
protocol

Test II

Group II

Test 1

Traditional rehabilitation
protocol

Test II

Fig. 7. Description of research protocol



Influence of modern technologies used in rehabilitation on selected functional parameters of the spine of patients... 105

3. Results

Statistical analysis was carried out using Statistica
12 PL software. The distribution of the data set was
screened for normality using the Shapiro–Wilk test.
The significance of intergroup differences was exam-
ined with the Mann–Whitney U-test. The effective-
ness of the applied therapy within each group was
measured with the Wilcoxon signed-rank test. The
results were considered significant for p < 0.05. Pre-
liminary statistical analysis did not show significant
differences in the examined parameters between male
and female patients, therefore, results are presented
for the whole group. There were also no statistically
significant differences between the studied groups.
This allows for the conclusion that patients in both

groups commenced the therapy at the same level of
functionality of the lumbar spine.

The results presented in Tables 2–4 unequivocally
reveal that patients who underwent DBC treatment
achieved better, statistically significant improvement in
spinal functionality. There was a significant increase in
the range of spinal motion and muscle strength in the
lumbar spine. The functional potential of muscles in
the lumbar region of the spine was also significantly
reduced, indicating the normalization of muscle ten-
sions in this area. Results of the patients in Group II,
who were subjected to traditional rehabilitation pro-
gram, also improved, however, they were not statisti-
cally significant.

The greatest improvement in Group I was ob-
served in the values of the functional potential of the
lumbar extensor to the left in a standing position

Table 2. Mean values and standard deviation of the functional potential of spine extensors [µV]

Group I Group II
sEMG

Test 1 Test 2 p % Test 1 Test 2 p %
Standing position
(Left side) 18.2 (±3.9) 10.1 (±4.1) 0.001 44.5 19.6 (±6.8) 18.3 (±5.9) 0.149 6.6

Standing position
(Right side) 19.2 (±4.1) 12.9 (±6.3) 0.003 32.8 20.1 (±9.1) 17.3 (±8.9) 0.201 13.9

Maximum flexion
(Left side) 31.0 (±11.1) 18.0 (±7.1) 0.000 41.9 33.1 (±11.8) 29.3 (±14.1) 0.654 11.5

Maximum flexion
(Right side) 29.3 (±11.8) 19.3 (±5.9) 0.000 34.1 30.8 (±11.9) 27.3 (±14.1) 0.512 11.4

Table 3. Mean values and standard deviation of the range of motion for the lumbar spine [o]

Group I Group II
Range of motion

Test 1 Test  2 p % Test 1 Test 2 p %
Extension 26.8 (9.7) 33.5 (8.2) 0.000 20.0 24.3 (9.2) 26.2 (8.1) 0.065 7.3
Flexion 39.9 (10.9) 50.4 (9.4) 0.000 20.8 41.0 (12.1) 41.9 (9.9) 0.081 2.1
Right rotation 29.3 (7.1) 31.9 (5.5) 0.003 8.2 28.9 (9.3) 30.1 (8.4) 0.077 3.9
Left rotation 28.6 (9.2) 38.0 (8.4) 0.002 24.7 33.1 (16.9) 33.7 (12.1) 0.165 1.8
Flexion to the right 45.0 (6.9) 50.2 (5.3) 0.000 10.4 45.9 (12.9) 46.2 (8.6) 0.202 0.65
Flexion to the left 46.6 (7.0) 51.7 (5.5) 0.000 9.9 46.9 (11.1) 48.3 (15.0) 0.081 2.9

Table 4. Mean values and standard deviation of muscle strength [Nm/kg]

Group I Group II
Muscle strength

Test 1 Test 2 p % Test 1 Test 2 p %
Extension 826.5 (±404.5) 1116.7 (±481.2) 0.001 26 911.1 (±367.0) 961.0 (±249.2) 0.731 5.2
Flexion 456.8 (±339.0) 654.5 (±370.1) 0.000 30.2 483.2 (±103.5) 501.1 (±206.1) 0.697 3.6
Right rotation 197.3 (±124.8) 353.4 (±213.2) 0.003 44.2 201.3 (±98.3) 260.1 (±100.3) 0.324 22.6
Left rotation 221.8 (±151.5) 345.4 (±234.2) 0.001 35.8 209.1 (±101.4) 260.3 (±99.8) 0.332 19.7
Flexion to the right 625.7 (±359.0) 913.5 (±410.7) 0.000 31.5 598.7 (±328.1) 631.1 (±229.3) 0.821 5.1
Flexion to the left 543.0 (±269.2) 920.7 (±492.3) 0.000 41 612.2 (±328.1) 681.9 (±391.9) 0.796 10.2
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(Table 2) while the smallest improvement in the rota-
tion to the right (Table 3). Similarly, in Group II, the
greatest improvement was achieved in the strength of
the lumbar spine rotators to the right (Table 4) and the
least improvement was observed in the lateral flexion
to the right (Table 3).

4. Discussion

The results of the DBC approach clearly show the
positive influence of modern technologies on the
functional parameters of low back pain. All objective
functional parameters of the lumbar spine analysed in
this study significantly improved. The results obtained
by the group which underwent traditional treatment also
improved from a clinical perspective, however, not at
statistically significant levels.

Patients engaged in this rehabilitation program
based on the same DBC concept used the same devices
but its components (load, range of motion, pace of ex-
ercise) were individually selected. Lumbar treatment
was planned based on patients’ diagnosis, range of
motion, muscle strength and interview. The treatment
applied involved performing exercises with an indi-
vidually adjusted range of motion and loading. Treat-
ments in the first week began with low loading and
aimed at improving mobility. The main emphasis was
on teaching patients proper coordination and control
of spinal movement. When segmental motion and
improved motor control were achieved, the pressure
on spinal-muscle endurance was gradually increased.
Loading was successively increased so that at the
fourth to fifth week (six-week program) a subjectively
strenuous load was applied for the first time but
within the pain tolerance of the individual patient [2].

Back pain, especially in the lumbar region of the
spine, has a negative impact on general health and
affects the ability to work [13], [15]. Such cases can
be observed in health care professionals. The pain is
caused by forced body position during the work,
which leads to muscle fatigue of the spinal extensors
and their disbalance (asymmetry). Also asymptomatic
occurrence of asymmetry of tension and disbalance of
the spinal extensors can lead to the overload and back
pain in the future [24]. Chronic pain is often related to
a significant limitation in physical and mental fitness.
Pain connected with this ailment substantially limits
the mobility of patients and develops the behaviour of
avoiding movement in order not to provoke or exacer-
bate the pain. Long-lasting and severe pain can lead to
depression [4], [21]. Physical activity limited by pain

may cause many health problems related not only to
motor system disorders but also other important
physiological systems. The impairment of cardiovas-
cular, respiratory or motor systems influence the im-
pairment of many activities necessary for independent
daily functioning. They also reduce the physical ca-
pacity of these people [19]. Thus, ongoing research is
looking to find efficient methods and ways to reduce
existing ailments and limit their reoccurrence. One of
these methods is DBC. The modern and unique tech-
nology applied in this treatment has a significant,
positive impact on the results of therapy, as proven by
the results obtained in this study. The aim of this
method of rehabilitation is to develop motor control of
spinal movement, increase spinal-muscle endurance
and recreate segmental motion. The individually se-
lected positions on the equipment, range limiters and
correct loading ensure that the exercises performed
are painless. The patient has the chance to overcome
their fear of pain during any painful movement they
may have experienced previously. It should be re-
membered that a patient who has experienced chronic
pain has the feeling stored in their memory. Numerous
studies existing which investigate and describe this
phenomenon [3]. This also involves defensive mecha-
nisms aimed at the avoidance of movement based on
the fear of pain. The DBC approach aims to break the
vicious cycle of pain and alter avoidance behaviours.
DBC treatments are not only exercises, but also ac-
tivities based on educating patients about performing
daily activities without spinal overload.

The literature review shows that active rehabilita-
tion based on therapeutic exercises is considered to be
one of the most effective in spinal disorders. How-
ever, which of the therapeutic exercises is most effec-
tive has yet to be determined. Standard exercises may
also improve the tested parameters, however, accord-
ing to the authors, they lack the tools to precisely
monitor the progress of therapy, the selection of loads,
range of motion and focus on movement in specific
parts of muscles [12], [18], [20]. Without such a pos-
sibility, the results obtained in Group I were better.
There is a considerable body of literature confirming
the efficiency of rehabilitation in the treatment of
spinal pain syndrome [12], [18], [20]. The present
study confirmed these findings. The results of both
groups showed an improvement in the functional pa-
rameters of the lower back. Nevertheless, the outcome
of the therapeutic DBC concept confirms that search,
development and application of new, innovative tech-
nologies in rehabilitation have a remarkable influence
on the improvement of the efficacy of an applied
treatment. Another instance supporting the effective-
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ness of the technological solutions facilitating healing
used in this research may be the use of cryotherapy
chambers. Such solutions are based on the use of ex-
tremely low temperatures. The effectiveness of cryo-
therapy in the treatment of pain in the motor system,
including lower back, has been confirmed by many
researchers [6], [22].

5. Conclusions

The evaluation of efficacy of the method presented
in this study was based on objective parameters: range
of motion, electromyography and moment of force.
Diagnostics in the DBC method also involves a num-
ber of subjective parameters. To name a few, they are:
pain, functional limitations, level of depression, pain-
related difficulties or faith in recovery. The further
research is ongoing on the parameters described and
articles are being prepared to be published.

The modern technologies introduced to the treat-
ment had a considerable impact on the efficacy of the
rehabilitation of patients with low back pain. The
DBC method used as a rehabilitation program for low
back pain had a statistically significant influence on
the selected functional parameters of the spine.
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