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Abstract

Authors perform a cross-sectional study of functional abilities of the patients with osteoporotic
vertebral fractures (VFs). Trunk muscle isometric strength and postural balance impairments
were estimated. The development of osteoporotic VFs is associated with a significant decrease
in strength of all the body muscles, especially the deep spinal stabilization system, i.e trunk
extensor (TE), trunk flexsor (TF), where the VVFs contribute to inappropriate distribution of back
muscle strength with TE:TF ration of 1:1 instead of 3:2, observed both normally and in patients
with uncomplicated osteoporosis. There is also a deterioration of stabilometry and functional
coordination assessment tests in patients with pathological VFs, that indicate abnormalities of
both static and dynamic postural balance. The obtained data should be taken into account when
developing rehabilitation programmes for osteoporosis patients who have suffered compression

VFs.
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The life expectancy has steadily increased worldwide,
accelerating the incidence of diseases associated with
older age. One of them is osteoporosis — a systemic
skeletal disease characterized by low bone mass and
increased fracture risk.> According to the International
Osteoporosis Foundation, an osteoporotic fracture occurs
every 3 seconds. Worldwide 1 in 3womenand 1 in 5 men
will suffer at least one osteoporotic fracture after the age
of 50.2 Pathological compression vertebral fractures
(VFs) are one of the most frequent and severe
complications of osteoporosis. In Russia 2 million
compression VFs are registered annually in women and
1 million in men.? According to epidemiological studies
conducted in different regions of the country,
osteoporotic VFs are found in 7.2-12% of men and 7-
16% of women. 23

VFs in patients with osteoporosis are observed in the
lower thoracic and lumbar spine. In most cases they are
accompanied by severe back pain syndrome, disturbance
of spine static, formation of pathological thoracic
hyperkyphosis, restriction of mobility and motor
performance.* Those problems lead to dysfunctionality,

disability and require adequate physical rehabilitation
methods to improve patient’s quality of life. According
to scientific data, osteoporosis usually associated with
muscle weakness and sarcopenia, as a result of involutive
processes in older age.3 Hyperkyposis after the VF
violates biomechanics of the spine, affects static and
dynamic postural balance.®* As a result, instability
during walking and difficulties in body balance keeping
in a standing position can lead to falling and new
fractures.® In elderly up to 82% of fractures are associated
with falling.® Taking into account those disturbances, we
could state that people with osteoporotic VF’s experience
motor function disorders.

Motor function is the ability to perform a predetermined
movement with maximum certainty. The goal of motor
function is optimization of the movement performance at
the rate of success, precision, and energy consumption
reduction. Motor function could be evaluated in terms of
muscle strength, endurance and flexibility parameters,
walking speed, as well as postural balance function.®
Due to the demand for effective rehabilitation
programmes for these patients, it is of interest to study
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Fig 1. Study design

the peculiarities of motor function in osteoporosis
patients who have suffered VFs. There are several
researches concerning motor function is individuals with
osteoporosis and VFs,*® but all of them lack global and
systematic view of the problem. Thereby all physical
rehabilitation programes applied in this patient group in
clinical practice lack specificity and efficiency.
Understanding pathological processes in musculoskeletal
system and disability features in individuals with
osteoporotic VFs is a key point for effective
rehabilitation programmes development.”® In our view,
an objective assessment of muscle weakness and postural
balance function impairments will enrich theoretical base
and allow more effective and rational planning of
rehabilitation programmes. The scientific hypothesis
suggests that such trauma would cause muscle weakness,
muscle dysfunction and conditional (basic motor)
disturbances.

The objective of this study was to examine muscle
strength, motor function and coordination disorders in
patients with osteoporotic VFs for better understating of
pathological processes and clinical effects in cases of
osteoporotic VFs

Materials and Methods

A cross-sectional study in two groups was conducted on
the base of FSBI National Medical Research Centre for
Rehabilitation and Balneology’ of the Ministry of Health
of Russia in 2017-2018. See study design in Figure 1.

The study group consisted of 60 patients (4 men and 56
women) aged 40 to 80 years (average age 65,43+7,12),
who suffered systemic osteoporosis complicated by at
least one pathological compression VF not older than 6-
th months, confirmed radiologically and defined as per

H. Genant criteria,® with bone mineral density (BMD) in
the lumbar spine or proximal femoral area < -2.0 (T-
score) according to dual energy X-ray absorptiometry.
The withdrawal criteria were as follows: refusal to sign
an informed consent to participate in a study, cachexia of
any caused, illness or drug therapy that negatively affects
motor ability and muscle strength.

The control group consisted of 60 patients (5 men, 55
women) with osteoporosis, (average age 61,97+5,22) but
without previous history of pathological fractures. The
groups were comparable in terms of sex, age, body mass
index (BMI), and BMD (T-score in the studied zones < -
2.0).

The study design did not include any prevention or
treatment techniques.

Conformity with the principles of ethics

The study protocol was approved at a meeting of the local
ethics committee of FSBI “National Medical Research
Center of Rehabilitation and Balneology” of Ministry of
Health of Russia No. 3 of 25.07.2016. All participants of
the study signed an informed consent.

Examinations

The set of examinations in both groups included the

following:

1.  General clinical examination and history taking.

2. Calculating the absolute 10-year fracture risk using
the international FRAX® tool.?

3.  Osteodensitometry performed using a Lunar
Prodigy dual energy X-ray absorber (produced by
General Electric) to determine BMD levels in the
lumbar spine (L1-L4) and proximal femur.

4.  Strength capacity determined using a Back-Check
unit (manufactured by Dr. Wolff, Germany)
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estimating the strength of trunk flexors (TF)
muscles, trunk extensor (TE) muscles, left lateral
flexors (LLF) and right lateral flexors (RLF), the
device registers isometric strength of a certain
muscle group. Along with the absolute values of
muscle strength in kg, the device determines the
degree of muscle strength deficiency in percent,
calculated as the difference between the actual
values of strength and those recommended for a
certain age, sex, height and weight parameters.

5. Study of the coordination function by stabilometry
performed through ‘Stabilan 01-2° (“PK Ritm”,
Russia). Computer stabilometry is a method of
objective postural balance function assesment.
Stabilometric platforms record basic postural
characteristics based on measuring the pressure
center (PC) coordinates in dynamics. Posture
stability is assessed by analyzing the dynamics of
load redistribution between the support zones of the
heel and toe of each feet during the examination.
Statokinesiogram (SCG) is a graphic display of
these processes. %!

6. Functional tests
capabilities:**14

6.1. "Timed up and go test" (TUG) to assess coordination
abilities and endurance. The patient gets up from
the chair, walks a predetermined 3 meters
distance, turns 180° and returns to the start
position. Norm is up to 10 seconds.

6.2. Static load muscle endurance assessment. For the
abdominal muscles - patient is lying on his back,
hands on the nape, legs bent in the hip. Trunk is
raised and holding position time is recorded.
Norm for the 45-60 years old: 40-60 seconds, over
61 years old: up to 40 seconds. For the back
muscles - the patient is lying on his stomach, the
chest is hanging from the support, the trunk is bent
to 30°, hands on the nape, trunk extension is
performed, holding position time is recorded. The
norm for 45-60 years old: from 60 to 90 seconds,
over 61 years old: up to 60 seconds.

6.3. Dynamic load muscle endurance assessment. For the
abdominal muscles — patient is lying on his back,
legs bent at the knees at 60°, arms on the chest,
trunk flexion is performed. Number of flexions in
1 min is recorded. The norm for 45-60 years old:
up to 30 times, over 61 years old: up to 20 times.
For the back muscles - the patient is lying on his
stomach, the chest hangs from the support, the
trunk is bent to 30°, the arms are on the chest,
trunk extension is performed. Norm for persons
45-80 years old: up to 30 times, from 61 years old:
up to 20 times.

6.4. "10-meter walking test" for physical tolerance
assessment. The time required for the patient to
cover the distance from the 2nd to the 8th meter is
recorded. Norms for persons 40-60 years old: 1.31
-1.43 m/s.

for assessing  functional

6.5. Flexibility assessment according to 3-point scale.
Trunk extension assessment - lying on the
stomach, the subject rises his arms as far as the
lumbar region allows. The inner angle formed by
the elbow is evaluated. Trunk flexion assessment
- the subject is standing trying to reach the tips of
the toes with straightened legs. The degree of
inclination of the trunk forward is assessed.

6.6. "One-leg standing test" for static postural balance
assessment with eyes open and closed. The
subject performs a stand on each leg in turn with
eyes open, then with closed eyes. Researcher
recorders balance maintaining time. With open
eyes, the norm for 45-60 years old: 30 seconds,
over 61 years old: 20 seconds; with closed eyes,
the norm for 45-60 years old: 15 seconds, over 61
years old: 10 seconds).

6.7. "Stepping test" (Fukuda-Unterberger test) to assess
dynamic balance. On command, the subject
marches in place with a high elevation of the hip
up to 45°, 72-84 steps per minute. Normally, after
50 steps, a person turns around his axis by 20-30°.
The degree of deviation and the displacement in
meters are estimated.

Statistical analyses

The statistical analysis was performed in Microsoft
Statistica 10.0 using parametric and non-parametric
methods. The indicators are given as the average and
standard deviation (Mxm) with regular distribution or as
the median and 25th and 75th quartiles (Me [Q1; Q3])
with irregular distribution. For pairwise comparisons of
group indicators, Student-t or Mann-Whitney test with
Bonferroni correction was used. The Spearman's rank-
order correlation or gamma-correlation method was used
to identify the relationship between the two indicators for
the final values. The significance level for testing of
statistical hypothesis was assumed 0.05.

Results and Discussion

In the study group 38.3% of the patients had one
pathological VF, 16.6% had 2 VFs, 20% had 3 VFs; in
25.1% of the cases we saw multiple VF’s in the thoracic
and lumbar spine radiologically confirmed in the amount
from 4 to 9. The groups were similar in age, weight,
height, BMI parameters, as well as the BMD of the
lumbar spine (for baseline characteristics see Table 1).
However, compared to the control group FRAX®
calculations, patients in the study group had a higher
absolute risk of new fractures, both for all osteoporotic
fractures (p = 0.000) and for femoral fractures (p =
0.000). They also demonstrated a lower BMD level in the
left femoral neck (p = 0.001).

Patients of the study group with VVFs have demonstrated
a significant deficiency of trunk flexor (TF) and trunk
extensor (TE) strength, with relatively adequate strength
of lateral flexors (LLF and RLF). The strength of all the
studied muscles in the control group virtually met the
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Table 1. Characteristics of Study Groups

Control group

Paramenters Study group (n=60) (n=60) P

Age (years) 65.43+7.12 61.97+5.22 0.09
Weight (kg) 74.8+14.2 76.23+11.03 0.10
Height (cm) 161.3+16.3 162.9+14.8 0.12
BMI (kg/m?) 26.74+4.39 28.73+5.94 0.09
Osteoporosis anamnesis (years) 3.21+8.16 2.98+7.03 0.2
Postmenopause duration (for women) 15.86+8.05 14.1045.73 0.10
Postmenopause age (for women) 49.56+4.49 49.85+4.48 0.07

Absolute 10-year risk of a major osteoporotic fractures

e FRAX® (%) 23.0 [17.5;28.0] 13.0[9.8;16.0] | 0.000

Absolute 10-year risk for hip fracture per FRAX® (%) 6.9 [3.6;9.3] 2.1[1.5;3.9] 0.000

L1-L4 bone mineral density (BMD) (T-score) -2.51£0.8 -1.8+£1.05 0.10

Note: Student’s t-test and Mann-Whitney U-test were used

recommended values; the difference between the Absolute muscle strength levels (in kg) for all set of
recommended and actual values were statistically muscles in the study group were significantly lower than
insignificant (Table 3, Figure 1). in patients without osteoporotic VFs (Table 2, Figure 2).
160
140 - Study group
L 1
120 - P
100 1— ® Recommended
80 values
60
40 —— = Control group
20 —
ﬂ = T T
TE TF LLF RLF
Fig 2. Muscle Strength (kg) in Groups as Compared to the Recommended Values
Note: *** — the differences are statistically significant between the study group and the control group at p < 0.001
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Patients with Osteoporosis

Table 2. Levels of Trunk Muscle Strength and Muscle Strength Deficiency Compared to Recommended Values in

Muscle groups

Study group (n=60)

Control group (n=60) | P

Trunk extensors (kg) 15.64+9.8 27.73+9.9 0.000
Trunk flexor (kg) 14.61+8.98 21.28+8.38 0.000
Left lateral flexors (kg) 13.10+7.2 24.06+8.9 0.005
Right lateral flexors (kg) 13.44+7.43 24.26%7.65 0.000

Note: Student’s t-test was used

Based on the strain-gauge dynamometer measurement
data, the following differences in the strength ratio of TE
and TF muscles have been found: patients with
compression VFs had a relation of TE strength
(15.64+£9.8 kg) to TF strength (14.61+8.98 kg) of
approximately 1:1, while those without VFs had a ratio
of TE strength (27.73+9.9 kg) to FM strength
(21.28+8.38 kg) of approximately 3:2.

According to Table 3, there were no statistically
significant differences between the average results of
functional tests for assessment of conditional motor
abilities obtained in patients of both groups. It should be
noted that the results of all four static and dynamic
endurance tests in osteoporosis patients of both groups
were equally critically low compared to the
recommended rates for persons of comparable age [13].
The analysis of the results of the functional OLS test
showed that the patients in the study group, compared to
the control group, kept poorer postural balance while
standing on the left leg with open (p = 0.05) and closed
eyes (p = 0.05). When performing the Fukuda stepping
test, the patients of the study group showed greater extent
of tilting (p = 0.02, Table 4).

According to the stabilometry data (Table 4), the group
of patients with pathological VFs was characterised by a
lower balance function ratio (BFR) with both open (p =
0.000) and closed (p = 0.03) eyes, as well as larger
displacement and deviation in the sagittal plane (p = 0.01
and p = 0.025, respectively). The area of the force plate
measurement in both groups was comparable (p = 0.2),
however, the rate of PC movement appeared to be higher
in patients with osteoporosis without fractures in the
control group (p=0.009).

It is known that while aging human organism faces a
gradual deterioration of basic motor function due to
degenerative changes in musculoskeletal and nervous
systems.>1 This is manifested by a significant reduction
in endurance, flexibility, strength and muscle volume.1718

A group of Belgian scientists (Beaudart C et al., 2016)
has demonstrated that the presence of low BMD and
osteoporosis is associated with less skeletal muscle
volume and muscle weakness.*®

Evidence from other studies show lower muscle mass,
strength, reduced endurance and flexibility in patients
with osteoporotic fractures in the history, compared to
the patients of the same age without osteoporosis.?
Immobilization or lack of motor performance
significantly contributes to muscle dysfunction in such
individuals, as involutional processes are rapidly
triggered in idle muscles.?!

For muscle strength assessment in patients with
osteoporosis and elderly population doctors and
researchers often use functional tests, such as 6 and 10
metre walk tests, endurance tests, TUG test, etc.?’ While
planning the study design, we expand the range of
functional tests with coordination tests, objective
assessment of postural balance by stabilometry and
isometric muscle strength by the means of
tenzodynamometery.

The study findings showed that the muscle mass in
patients with osteoporotic VFs is generally comparable
to that of persons suffering osteoporosis without any
fractures. Despite equal muscle mass values, in patients
with osteoporotic VFs a significant deficit in back
muscles strength of the was revealed (-40.9% in TE, -
18.1% in TF, -8.2% in LLF, -8.4% in RLF) according to
tenzodynamometry results). The strength of each muscle
group was reduced for 9 kg an average, compared to
individuals without VVF. So, patients with osteoporotic
VFs demonstrate not quantitative, but qualitative back
muscle strength deficiency.

In healthy individuals adequate ratio of TE and TF
strength suggests that the extension prevails over flexion.
The normal ratio of TE:TF is 3:2.222% These values were
detected in patients without pathological fractures, but
patients who experienced osteoporotic VVFs a violation of
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Table 3. Outcome of Functional Tests for Evaluation of Conditional Abilities in the Concerned Groups
Study group Control group

Tests Normal rates (n=60) (n=60) P
Timed up and go test () up to 10 10.0[7.7;13.0] 9.0 [8;10] 0.3
Endurance of back muscles to static 60-90 0[0:7] 0 [0:30] 0.29
load (s)
Endurance of abdominal muscles to . .
static load (s) 40-60 0[0;11] 0 [0;0] 0.18
Endurance of back muscles to : }
dynamic load (times) 30 0[0:5] 0[0:5] 0.99
Endurance of abdominal muscles to . .
dynamic load (times) 30 0[0:5] 0[0:6] 0.48
10 metre walk test (m/s) 1.3-1.43 1.6 [1.2;2.0] 1.4[1.3;1.7] 0.37
One-leg standing test
With eyes closed, LL, s 8-20 2.0 [0;3.0] 3.5 [3.0;5.0] 0.04
With eyes closed, RL, s 8-20 2.0 [0;3.5] 2.5 [0;3.0] 0.5
Fukuda-Unterberger test
Displacement, metres 0.2-1 1.0 [0.5;1.0] 0.8 [0.4;1.0] 0.29
Displacement, degrees

0-30 40.0 [25.0;45.0] 30.0 [10.0;45.0] 0.02

Note: Student’s t-test and Mann-Whitney U-test were used

strength ratio with insufficient extension function was
found. TE:TF muscle strength distribution was non-
physiological and meet 1:1 ratio.

Moreover, a significant inverse correlation between the
strength of all the studied back muscles and the number
of VFs in anamnesis has been revealed. The most
pronounced strength deficiency has been found in the
muscles of the deep spinal stabilization system
maintaining correct posture, TE and TF. Thus, the
development of VFs in the setting of systemic
osteoporosis is associated with a significant reduction in
the strength of trunk muscles, while there is a
pathological weakness of extensors and flexor muscles
with insufficient extension function, which obviously
cause the thoracic hyperkyphosis formation, impaired
posture and restrain physical functioning.

Our data showed that patients with VVFs demonstrate
abnormalities in postural balance, both static and

dynamic, which is evidenced by the stabilometry
indicators deterioration and functional postural balance
assessment tests. It’s important to note, that patients
themselves did not report problems with coordination
and only a few had a history of falls.

A study by Haines T et al. (2008) shows that women with
osteoporosis are generally characterized by weakness of
the lower limb muscles, which leads to gait instability.?*
The authors established that patients with osteoporosis
suffer displacement of the PC either sideways or forward;
that is, they tend to fall sideways or forward, which
causes inadequate weight distribution, poor stability, and
loss of balance.?® Findings of our study are consistent
with those data.?

In patients with osteoporotic VFs according to
stabilometry unphysiological shift of the PC forward and
a slow proprioceptive reaction were stated. Compared to
individuals without fractured, patients with VFs showed
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Table 4. Coordination Abilities in Patients of the Concerned Groups as per the Stabilometry Data

Stabilometric parameters Study group (n=60) Control group (n=60) P
BFR, % (eyes open) 77.0£7.61 85.65+9.38 0.000
BFR, % (eyes closed) 67.13+9.78 73.36+9.97 0.03

Frontal displacement, mm 3.7 [1.03;6.86] 2.16 [1.8;4.46] 0.74
Sagittal displacement, mm 6.8 [3.1;37.7] 4.8 [1.8;10.73] 0.01
Deviation in the frontal plane, mm 1.08 [-1.16:1.3] 1.0 [-1.4:1.2] 0.67
Deviation in the saggital plane, mm 1.2 [-1.07;1.5] -1.2[-1.5;1.23] 0.025
Pressure center velocity, mm/s 9.51+4.43 7.1+2.7 0.009

Note: Student’s t-test and Mann-Whitney U-test were used

a lower balance function ratio with open (77.0% versus
85.6%) and closed eyes (67.1% versus 73.3%), slower
PC movement speed (9.5 mm/sec versus 7.1 mm/sec).
The anteposition of the in patients with VFs may be
caused by the formation of pathological thoracic
hyperkyphosis. A number of studies suggest that the very
presence of kyphosis leads to postural disorders,?6] which
worsen with the increase of kyphotic angle.?”?® Besides,
according to several authors,® deviation of PC may be
associated with pronounced weakness of the muscles of
the spinal stabilization system.

Concerning functional tests, only coordination tests were
specific enough to state the difference in postural
balance. Patients with VF 2.5 sec on average earlier lost
their balance when standing on one leg in OLS test, and
showed bigger deviation (10 o on avarage) in Fukuda
test.

No significant differences in the results of other tests
were stated. Patients with VFs compared to individuals
without osteoporotic fractures had comparable static and
dynamic endurance, strength and flexibility of back and
abdominal muscles, walking speed, TUG according to
functional tests. Both groups showed extremely low
values (close to zero) compared to the normative.”

This may indicate either overestimated performance
standards for the tests or inadequate general state of
training in middle-aged and older population due to
insufficient adherence to the culture of physical training
in everyday life. We could conclude that functional tests
provide less sensitivity and validity (that is, the ability to
detect the trait, sign or indicator for which they are
designed) in comparison with tenzodynamometry of the
trunk muscles. Thus, the development of pathological
osteoporotic VFs, as well as the disease itself, does not

significantly affect the performance of functional tests,
and therefore the latter are not informative enough in
assessing specific changes in conditional abilities in the
setting of pathological VFs. This is due to the low
accuracy of measurements and the presence of a human
factor (as the assessment is carried out by a study
physician).

The conducted analysis leads to the conclusion that
tenzodynamometry of trunk muscles is obviously more
preferable in assessing muscle strength, as well as in
comparison with more common and simple method of
assessing muscle function using a manual dynamometer,
which allows to determine only the state of the upper
limb muscles,® and the postural balance assessment
using stabilometry, OLS and Fukuda tests can be
extensively used to assess the risk of falls in patients with
VFs.%0
In general, the detected coordination disorders in patients
with VFs indicate a high risk of falls. This is especially
significant because patients with pathological VFs have
a higher absolute risk of new fractures than patients with
uncomplicated osteoporosis (Table 1). The obtained data
indicate the need to introduce remedial gymnastics,
mechanical and physical therapy aimed at increasing
muscle strength, functional capabilities, and improving
static and dynamic postural balance in rehabilitation
programmes for patients with osteoporotic VFs.

In conclusion, the development of osteoporotic VFs is
associated with a significant decrease in isometric
strength of all the body muscles for 9 kg on average,
especially the deep spinal stabilisation system (TE, TF),
where the VFs contribute to inappropriate distribution of
back muscle strength with TE:TF ration of 1:1 instead of
3:2, observed both normally and in patients with
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uncomplicated osteoporosis. There is also a deterioration
of stabilometry and functional postural balance
assessment tests in patients with pathological VFs, which
indicates abnormalities of both static and dynamic
postural balance. Our results should be taken into account
when developing rehabilitation programmes for patients
with osteoporosis, who have suffered compression VFs.
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