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Abstract

Medical rehabilitation of patients with osteoporotic vertebral fractures (VF) remains an
insufficiently developed topic and requires additional research. Aim of the study was to assess
the efficiency of back muscles training and balance therapy in rehabilitation of patients with
osteoporaotic vertebral fractures. Prospective, interventional, open-label, controlled study in two
parallel groups, performed in inpatient department settings at “National Medical Research Center
of Rehabilitation and Balneology” during 2018. The study involved 120 patients (11 men and
109 women) aged 40-80 (mean age 65.4+9.1 years) who were admitted for medical rehabilitation
for systemic OP and VF. The rehabilitation program in the main group included: 1)
Mechanotherapy on the Back-Therapy-Center Dr. Wolf complex with biofeedback (Germany);
2) Balance therapy on a double unstable COBS platform, with biofeedback (Germany); 3)
Hydrokinesiotherapy in a pool; 4) Gymnastic exercises (Gorinevskaya-Dreving method).
Results. The use of the three-week program of physical rehabilitation using mechanotherapy,
balance therapy and special complexes of physiotherapy exercises in the gym and in the pool in
patients with osteoporotic VF significantly increases the strength of the muscle corset, helps to
eliminate the existing muscle deficit in TE and TF and results in a more physiological distribution
of the strength ratio between TE and TF. The rehabilitation program improves the function of
static and dynamic balance, both with closed and open eyes, which can be observed in the return
of the center of gravity to a physiological position and in improved reaction speed to changes in
body position. Usage of mechanotherapeutic methods in rehabilitation of patients with
osteoporotic VF is effective for basic motor function improvement and disability reduction.
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Osteoporosis (OP) is a systemic skeletal disease
characterized by decreased bone strength and increased
risk of fracture with even a minor injury.® Fractures play
a major role in the medical and social significance of OP,
the most severe being fractures of femur, humerus, pelvic
bones, as well as compression fractures of the vertebrae,
which entail a significant decrease in the quality of life
(QOL), disability and increased  mortality.}
Osteoporotic vertebral fractures (VF) often remain

without timely diagnosis, treatment and rehabilitation,
and therefore require special attention from clinicians.
Clinically, VF are associated with intense back pain,
pathological spinal deformities, loss of height, functional
and motor limitations, impaired coordination, increased
risk of falls and recurrent fractures, as well as decreased
social activity and worsening of overall quality of life.*
Thus, medical rehabilitation is essential for this group of
patients. Rehabilitation measures are of special
importance, gradually expanding physical capabilities,
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providing specific, safe and sufficiently intense exercise.>
Rehabilitation measures are aimed at restoring impaired
functions and preventing possible complications. It has
been proven that the basis of medical rehabilitation
programs for patients with osteoporotic VF should be
different types of physical therapy and exercise
regimens.®’ In clinical practice, the most rational and
effective approach lies in combining several types of
exercises instead of just using one type. However, there
are still very few works related to comprehensive
rehabilitation programs for people with osteoporotic VF.
The data are heterogeneous and there is no clear
understanding of the benefits of any method in patients
with VF associated with OP. There are no clear clinical
guidelines on managing these patients.® Thus,
improvement of medical rehabilitation programs for
patients with osteoporotic VF remains an insufficiently
developed topic and requires additional research.® In this
regard, we carried out work aimed at scientifically
substantiating the effectiveness of a rehabilitation
program using mechanotherapy = methods  with
biofeedback and special complexes of physiotherapy
exercises in patients with osteoporotic VF.

Materials and Methods

The design was a prospective, interventional, open-label,
controlled study in two parallel groups. The study was
conducted in the “National medical research center of
rehabilitation and balneology” (Russia, Moscow) during
the period of 2018 year. The study involved 120 patients
(11 men and 109 women) aged 40-80 (mean age 65.4
9.1 years) who were admitted for medical rehabilitation
for systemic OP and VFs (Figure 1). Inclusion criteria: at

least one pathological compression VF according to the
criteria of H. Genant,%° confirmed by X-ray and not more
than 12 months old; indicators of bone mineral density
(BMD) < -2.0 according to the T-criterion in the L1-L4
lumbar segment of the spine or in the proximal femur.
The exclusion criteria were the refusal (or inability) of
the patient to sign a voluntary informed consent to
participate in the study, age under 40, pregnancy,
lactation, cachexia of any origin, diseases or drug therapy
that adversely affect motor abilities and muscle strength.
The patients were randomized into two groups by simple
randomization in a 1:1 ratio in to study (n=60) and
control (n=60) groups with the help of “Randomizer for
clinical trials” iOS app.

1) Clinical examination and anamnesis collection,
followed by BMI calculation and absolute 10-year
fracture risk according to FRAX

2) Study of the isometric strength of the trunk muscles
using the tenzodynamometry method on the Back-
Check Sports & Prevention diagnostic unit, Dr.
Wolf, Germany. The strength of the trunk flexors
(TF), trunk extensors (TE), left (LLF) and right
lateral flexors (RLF) was studied. The device
evaluated the absolute muscle strength in kg and its
recommended values for a specific gender, age and
weight.

3) Balance function investigation (stabilometry on
“Stabilan” platform, OKB "Ritm", Russia). The
method uses the European position with eyes closed
and eyes open.

Stabilometry devices record the main postural
characteristics based on the coordinates of the center of
pressure (CP) in dynamics in the plane of support.

Male and female 40 - 80 y.o. n=120, with the diagnosis of
osteoporosis and at least 1 osteoporotic VF, in the
anamnesis 1-6 months ago

Randomization

|

Group 1:
New rehabilitation program
(n=60)

Group 2:
Physical exercises (n=60)

Baseline examination (day 0)

Rehabilitation program (3 weeks)

!

!

Control examination 20-th day (+3 days)

|

!

Control examination 70-th day(+3 days)

Fig 1. Study design; y.o. — year old
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Table 1. Basic characteristics of the groups

Observed indicators Main group (n=60) Control group (n=60) p

Age (years) 65.4+7.1 65.5+7.8 0.94
Weight (kg) 74.8+14.2 75.9+13.2 0.16
Hight (cm) 161.3+16.3 160.5+11.6 0.12
BMI (kg/m2) 26.7+4.3 27.146.2 0.74
VVFs number (n) 2.0[1.0;9.0] 2.0[1.0;7.0] 0.43
General fracture risk FRAX (%) 23.0[17.5;28.0] 20.4 [11.3;25.0] 0.15
Hip fracture risk FRAX (%) 6.9 [3.6;9.3] 5.1[2.2;7.9] 0.56
BMD L1-L4 (g/cm) 0.85940.13 0.94940.29 0.14
BMD left femoral neck (g/cm) 0.733+0.09 0.730+0.142 0.93
T-score L1-L4 (SD) -2.510.86 -2.2£1.5 0.77
T- score left femoral neck (SD) -2.1+£0.57 -2.0£0.84 0.93

Tensodinamometry and stabilometry tests were carried
out in patients in both groups in dynamics after the
completion of rehabilitation, as well as in the end of one
month of follow-up after the end of the rehabilitation
course. There was no difference between the groups at
the baseline (Table 1).

The rehabilitation program in the main group included:
1) Mechanotherapy on the Back-Therapy-Center Dr.
Wolf complex with biofeedback (Sports & Prevention
GmbH, Germany), #10 with an instructor, 20-30 minutes.
2) Interactive sensorimotor training (balance therapy) on
adouble unstable KOBS platform (coordination, balance,
strength) with biofeedback (Physiomed Elektromedizin
AG), #15 with an instructor, 10-15 minutes. 3)
Hydrokinesiotherapy was carried out in a specially
equipped pool with fresh water, temperature 28-30 °C,
#15 with an instructor in a group, 30-40 minutes. 4)
Gymnastic exercises (Gorinevskaya-Dreving method) in
the gym, in a group, #15 with an instructor, 40 minutes.

osteoporosis  without an active
hyperextension).

Statistical analysis was performed using Microsoft
Statistica 10.0 software using parametric and
nonparametric methods. The values were presented as the
mean and standard deviation Mzm with normal
distribution, or as the median and the 25th and 75th
quartiles of Me [25%; 75%], if it is not normal. For
pairwise comparisons of indicators in independent
samples, Student's t-test or Mann-Whitney test with
Bonferroni's correction was used. To compare values in
dependent samples, the Wilcoxon test or Student's t-test
was used. When testing statistical hypotheses, the critical
significance level was taken equal to 0.05.

emphasis on

Results

Both groups shown dynamics in tests taken immediately
after the end of the rehabilitation procedures. However,
it was more pronounced among patients receiving an

The technique was modified for patients with intensive rehabilitation program (Figure. 2).
m Baseline After treatment =1 month later
25
* * *
20 * . .
* *
15 ———
10
5
0
TE TF LLF RLF

kg

Fig 2. Changes in trunk muscle strength indicators during rehabilitation in the main group. TE - trunk extensors,
TF - trunk flexors, RLF - right lateral flexors, LLF - left lateral flexors; 2) Student's t-test for dependent
variables was used. * - the differences are statistically significant in comparison with the baseline, p <0.05.
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Table 2. Dynamics of muscle strength indicators according to tensodinamometry data against the background of a
rehabilitation course

Observed Stage Studied groups
indicators Main group Control group
TE (deficit of Baseline -40.9[-82.4;1.3] -39.2 [-79.5;2.1]
strength %) After treatment -15.9 [-49.7;26.4] t -19.5[-41.7;19.6] t
1 month later -18.8[-52.9;23.2] T * -37.1 [-66.0; -7.8]
TF (deficit of Baseline -18.1[-71.4; -24.1] -14.4 [-66.3; -20.2]
strength %) After treatment +8.7 [24.7,635] T * -1.1[-42.3:48.4] t
1 month later +17.3[28.6;80.2] T * -13.5[-30.1;23.6]
LLF (deficit of Baseline -8.2 [-32.5;1.8] -10.3 [-27.2; -1.7]
strength %) After treatment -5.2 [-18.5;10.1] t -6.03 [-19.1;0.6]
1 month later -7.0[-21.3;-25] T -12.3 [-19.7;-3.1]
RLF (deficit of Baseline -8.4 [-22.3; 6.1] -8.01 [-20.5; 5.8]
strength %) After treatment 6.8[-12.8,6.9] T -7.33[-10.6; 6.3]
1 month later -7.9[-19.3;5.2] T -10.05 [-23.7; 3.0]

The data are presented as Me [Q1;Q3]. The Wilcoxon test was used to compare the values. T - differences from

baseline; * - differences in comparison with group 2, p <0.05.

After the end of the course in the main group, the strength
of BE muscles increased to 21.7+10.1 kg (A+5.9+3.0,
p<0.001), TF increased to 18.9+8.2 kg (A+4.3+1.3,
p<0.001), LLF — to 17.5+6.6 (A+4.4+2.4, p<0,001), and
RLF to 17.8+7.2 kg (A+4.4+1.8, p<0.001) (Figure 2). At
the same time, the deficit of muscle strength decreased in
TE to -15.8 [-49.7;26.4] % (p<0.001) and in TF to +8.7
[24.7;63.5] (p<0.001), but did not changed significantly
in LLF (p=0.53) and RLF (p=0.50) (Table 2).

In the control group, immediately after the end of
treatment, there was an increase in the strength of BE to
170+ 11.0 kg (A+ 1.9+ 3.6, p=0.03) and BF to 16.2 +

8.9kg (A+0.32+2.1,p=0.02), LLF (14.98 + 6.91 kg,
p =0.19) and RLF (15.30 £ 7.01 kg, p = 0.2 ). The deficit
of strength in BE and BF significantly decreased (Table
2). Indicators of BF and LLF strength in the study groups
after the completion of rehabilitation significantly
differed (p = 0.03 and 0.04, respectively).

One month after the end of the program, the achieved
rehabilitation effect remained in the main study group:
the strength of TE was 20.5+ 7.7 kg (p = 0.000 compared
to the values before treatment, p = 0.56 compared to the
values after the end of therapy), TF = 20.2 + 8.3 kg (p
<0.001 and p = 0.26, respectively), LLF =15.6 + 5.1 kg

25

® Norm 25(OH)D (> 30

ng/ml) n=41

Insufficiency
25(0OH)D (20-29
ng/ml) n=39

m Deficiency 25(0OH) D

Baseline

baseline, p <0.05.

T t
20 —
15
10
5
0

After treatment

Fig 3. Dynamics of trunk extensors muscle strength (kg) depending on the initial level of 25 (OH) vitamin D (ng /
ml) in the main study group. Student's t-test was used; * - differences are statistically significant compared
to the group with a normal level of 25 (OH) D; 1 - differences are statistically significant compared to

(20 ng/ml) n=20
1 month later
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m Baseline

After treatment

® | month later

100%

80%
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40%
20%

0%

BFC with eves open (%)

BFC with eves closed (%)

Main group

100%

80%
60%
40%
20%

0%

BFC with eyes open (%)

Control group

BFC with eyes closed (%)

Fig 4. Changes in equilibrium function coefficient in dynamics. Student's t-test was used; T - differences are significant
in comparison with the baseline; * - in comparison with group 1; p <0.05.

(p =0.007 and p = 0.06, respectively), RLF = 16.6 +5.5
kg (p = 0.002 and p = 0.26, respectively). The muscle
strength deficit did not increase one month after the end
of therapy (p> 0.05), see Figure 2 and Table 2.

As presented in the Figure 3, patients with a normal level
of 25-OH vitamin D had better indicators of BE muscle
strength after the rehabilitation course (21.7 kg) and one
month after the end of treatment (20.2 kg), in comparison
with the group with deficiency (17.9 kg, p = 0.0008 and
17.5 kg, p = 0.005) and vitamin D deficiency (18.1 kg, p
=0.0009 and 17.2 kg, p = 0.003).

When conducting stabilometry immediately after the end
of the course in the main and control groups,
improvements in the balance function coefficient (BFC)
were registered with eyes open (from 77.0 + 7.6 to 84.1
+8.6%, p=0.003, and from 76.2 + 11.9t0 77.0 £ 11.9%,
p> 0.05, respectively) and eyes closed (from 67.1 + 9.7
to 73.8 + 9.6%, p = 0.009, and from 67.5 + 15.3 to 69.2
+ 15.5, p> 0.05, respectively). When compared with the
control group immediately after the end of therapy, the
main group had significantly higher BFC values with
eyes open (p = 0.007), Figure 4.

Other observed changes: a decrease in the frontal
displacement (p = 0.006 and p = 0.001), a decrease of the
statokinesiogram (SCG) area (p = 0.04 and p = 0.05), an
increase in the speed of movement of the pressure center
(PC) (p =0.001 and p = 0.05), Tables 3 and 4.

One month after the end of the rehabilitation course, the
main study group retained the positive effect of
rehabilitation according to stabilometric indicators and
coordination ability tests. In comparison with the
baseline, the following parameters were significantly
higher: BFC with eyes open (80.7 £ 9.1% p = 0.007) and
eyes closed (72.0 £ 10.3%, p = 0.034) (Figure 4), speed
of movement of the PC, reliably lower frontal
displacement and smaller SCG area.

The difference between the stabilometry values after the
end of the course and one month later was insignificant
(p> 0.05), which indicates the stability of the achieved
effect. In comparison with the main group, the control
group had inferior stabilometry values in the following
indicators: BFC with eyes closed (65.0 + 9.7%, p =
0.003) (Fig.4), frontal displacement, speed of movement
of the PC; SCG area (Tables 3 and 4).

Discussion

Rehabilitation and restorative medicine is actively
developing worldwide.'* Along with the introduction of
increasingly advanced techniques, the development of
high-tech equipment and overall scientific progress, new
methods appear for the prevention and early treatment of
various diseases, restoration of the patient's functional
capabilities and quality of life.21* Compression VF in
patients with OP are associated with functional and motor
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Table 3. Dynamics of stabilometric indicators (1)
Parameter Stage Studied groups
Main group (n=60) Control group (n=60)
Frontal displacement | Baseline 3.7 [1.0;6.8] 4.1[2.7;4.9]
(mm) After treatment 1.9[0.7;2.4] t 2.1[1.95.2]t
1 month later 26[15;33]11* 4.5[3.0;5.9]
Sagittal displacement | Baseline 6.8 [3.1;17.3] 6.9 [2.5;14.4]
(mm) After treatment 46 [5.1,10.1] 5.3 [4.0,12.2]
1 month later 5.6 [3.2;14.1] 5.3[3.8;14.9]
Frontal deviation | Baseline 1.0[-1.1;1.3] 1.0[-1.1;2.1]
(mm) After treatment 1.0 [1.2;1.8] 12[1.2;2.8]
1 month later 1.11.2;1.9] 1.07 [-1;2.4]
Sagittal deviation | Baseline 1.2 [-1.0;1.7] 1.1]0.9;2.2]
(mm) After treatment TI[LL17] 1.0 [0.8;2.0]
1 month later 1.0[1.1;1.8] 1.0]0.9;2.1]
Data are presented as Me [Q1; Q3]. The Wilcoxon test was used to compare the values, t - differences compared to
the baseline; * - compared to group 2, p <0.05.

limitations, which is a direct indication for medical
rehabilitation.!* Given the pathological fragility of the
bone and the risk of new fractures, physical therapy in
this group of patients should be specialized.'>%¢ The topic
of physical exercises in patients with OP is covered well
in the specialized literature. Generally accepted
recommendations regarding physical activity are
included in clinical guidelines for OP in many
countries.2*1718 Physical activity slows down bone
resorption, increases muscle strength, improves static and
dynamic balance, which is associated with decreased risk
of falls and new fractures, preservation of somatic well-
being, and increased social and physical activity.'”-?° The
Russian guidelines for the management of patients with
OP describe two types of recommended exercises: with

static and dynamic body weight load and resistance
exercises).:

Modern mechanotherapy systems can be used for
rehabilitation in this group of patients. They allow for
training of deep back muscles, which should help
stabilize the vertebrae, strengthen the "muscle corset”,
relieve muscle spasms and reduce pain. The effect of
mechanotherapy is more intense and specific in
comparison with therapeutic gymnastics complexes,
which makes it possible to achieve faster and better
results, shorten the period of rehabilitation, increase
patient satisfaction and adherence to therapy.?!??
Biofeedback in mechanotherapy systems can reduce the
frequency of adverse events. Dosed load prevents
overstrain, and condition monitoring allows the specialist

Table 4. Dynamics of stabilometric indicators (2)
Parameter Stage Studied groups
Main group Control group
PC movement speed | Baseline 9.5+3.4 9.2+4.0
(mm/s) After treatment 12.2+3.0t 10.1+3.97
1 month later 11.3£3.61 * 9.9+4.5
SCG area (mm?) Baseline 176.8+50.2 200.4463.2
After treatment 131.9+34.41 122.9+31.61
1 month later 175.4+49.7 * 209.2455.7
Data are presented as M + o. To compare the values, the paired Student's t-test was used, T - differences compared
to the initial level; * - compared to group 2, p <0.05.
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to control the training process.?® In addition to strength
exercises, patients with osteoporotic VF also require
coordination training, as they reduce the risk of falls,82°
and of subsequent fractures.?* Therefore, in addition to
physical exercises, training on special simulators in the
form of stable and unstable platforms with an interactive
element is used to improve coordination. Today’s
technologies make it possible to transfer rehabilitation
into a virtual space, which combines well with
sensorimotor training, since the centers responsible for
maintaining balance activate during imaginary
movement.?

Based on the available information, we hypothesized that
a rehabilitation program employing mechanotherapy
methods with biofeedback for training trunk muscles and
coordination, as well as special complexes of
physiotherapy exercises in the gym and in the pool, in
order to increase overall endurance, would be highly
efficient in patients with osteoporotic VF. In patients
with osteoporotic VF, all studied trunk muscle groups
were 20-30% (9 kg, in absolute values) weaker than in
patients with uncomplicated OP, which correlates with
the literature data on the weakness of the muscle corset
in patients with osteoporotic VF.?>2¢ In addition, patients
with compression VF showed a tendency to pathological
hyperflexion. Normally, trunk extension should prevail
over flexion in a 3:2 ratio. However, in the main group,
the ratio was 1:1. This phenomenon emphasizes the
validity of training on special equipment aimed at
training the deep stabilization system of the spine, and
can also be considered as a point of application of
rehabilitation measures.?” General weakening of the
muscle strength and muscular corset, in particular,
degenerative changes in bone tissue and joints,
deformities of skeleton after fractures and formation of
hyperkyphosis, impaired proprioceptive sensitivity and
vestibular apparatus. All this leads to impaired
coordination of motor abilities in patients with
osteoporotic VVF,22 which is also confirmed by our data.
Indeed, our study shows that in patients who suffered
osteoporotic VF, both dynamic and static balance are
impaired, PC is displaced forward, not clearly localized
and reaction time to changes in body position is slowed.
Based on our data, after the rehabilitation strength of
deep muscles of the back significantly increased and the
muscle deficits in BE and TF were eliminated.

TE was affected the most, showing an average increase
in strength by 6 kg (from 15.6 to 20.58 kg), thereby
eliminating more than a half of the muscle deficit (from -
40.9% to -15.9 %). A comparable increase in strength
occurred in the BF (on average + 4.5 kg, from 14.6 to
19.1 kg), which led to indicators even exceeding those
recommended (muscle deficit was replenished from -
18.1% to + 8.7%). On average, the strength of the LLF
and RLF muscles increased by 4.4 kg.

The achieved effect was higher than in the control group
and persisted for at least four weeks after end of
rehabilitation, while in patients who received only

gymnastic exercises, the strength indices returned to their
initial values.

The positive effect of the rehabilitation program on the
balance function in patients who had osteoporotic VF
was confirmed. The center of gravity, which initially did
not have clear contours and was significantly shifted
forward, returned to the physiological position and
became more localized. This proves the improvement of
postural function and balance in standing position. In
addition, the patient's response rate to changes in body
position increased, which indicates improved
coordination of movements and balance when walking.
Thus, the new complex course of rehabilitation
employing mechano- and kinesiotherapy, restored both
static and dynamic balance functions in patients with
osteoporotic VF.

The influence of the proposed rehabilitation complex on
the coordination function of patients in the main group
was significantly higher in comparison with the standard
intervention (a set of physical exercises), and the
achieved result persisted for at least a month after the end
of therapy, which was not observed in the control group.
As part of further research, it is possible to evaluate the
rate and regularity with which the course should be
repeated for optimal effect, as well as to investigate the
effect of special physical rehabilitation complexes on the
risk of falls and fractures in patients with OP.
Implementation of rehabilitation programs aimed at
training core muscles of the spine and balance function
could improve medical care for patients with
osteoporotic VF, reduce incapacity period and
rehabilitation duration. A the three-week program of
physical rehabilitation using mechanotherapy, balance
therapy and special complexes of physiotherapy
exercises in the gym and in the pool in patients with
osteoporotic VFs significantly increases the strength of
the muscle corset, helps to eliminate the existing muscle
deficit in TE and TF and results in a more physiological
distribution of the strength ratio between TE and TF. The
rehabilitation program improves the function of static
and dynamic balance, both with closed and open eyes,
which can be observed in the return of the center of
gravity to a more physiological position and in improved
reaction speed to changes in body position.

The clinical effect achieved during the rehabilitation
process persists for at least 4 weeks after the completion
of therapy and depends on the initial values of vitamin D.
Tensodinamometry and stabilometry can be successfully
used to monitor the clinical effectiveness of rehabilitation
courses in patients with VVFs associated with OP.

In conclusion, provided that the rehabilitation measures
are repeated and that the achieved effects are
consolidated, the proposed complex of mechano- and
kinesio-therapy can make a significant contribution to
reducing the frequency of falls and associated fractures
in elderly patients with OP by influencing important
modifiable risk factors.
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