Back pain, postural balance and quality of life in
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ABSTRACT

Osteoporosis is characterized by poor bone quality, reduced bone mass and and increased risk of fragility fractures. Verte-
bral fragility fracture can result in chronic pain, postural and balance disorders and poor quality of life (QoL).

The purpose of this longitudinal cohort study was to assess the effectiveness of two months of rehabilitation in patients with
at least two vertebral fragility fractures receiving vitamin D and denosumab. In 28 patients, we studied the following meas-
ures of outcome before (TO) and after (T1) an eight-week rehabilitation programme: pain (Numerical Rating Scale), QoL (36-
Item Short Form Survey and Mini-Osteoporosis Quality of Life Questionnaire), vertigo (Dizziness Handicap Inventory, Italian
version), mobility (Timed-Up and Go, TUG test) and instrumental posturographic assessment (posturography system). At
the end of the treatment improvements in pain and QoL were recorded in all the patients. Pain reduction was recorded in
patients with more than two vertebral fractures. In addition, functional improvement (TUG test) was found in those with two
vertebral fractures. Our results suggest that combined intervention, including anti-osteoporosis drugs (denosumab, vitamin
D) and postural rehabilitation, should be proposed to osteoporotic patients with multiple fragility vertebral fractures.
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Background

Osteoporosis is characterized by poor bone quality,
reduced bone mass and and increased risk of fragility
fractures !". Worldwide, its prevalence is increasing with
increasing age. According to the International Osteoporo-
sis Foundation, osteoporosis causes more than 8.9 million
fractures each year (1000 per hour). Vertebral fragility
fractures are the most common . Even though the main
symptoms related to fractures are chronic pain, limited so-
cial participation and poor quality of life (QoL), less than
a third of patients with vertebral fragility fractures seek
medical attention P. Even though they are often asympto-
matic, fractures may impair mobility and may also result
in postural changes associated with impaired gait pattern
and poor physical performance . The reduction in the
thickness of the vertebral body changes the biomechanical
forces on the spine, thus affecting its structural stability .
Unless properly treated, vertebral fractures, in particular
dorsal ones, may lead to a progressive increase in thoracic
kyphosis and consequently a forward displacement of the
centre of gravity, with a consequent increased risk of both
new vertebral fractures and falls 5. There is therefore a
clear correlation between mobility, fragility fractures and
falls 781, However, the role of dizziness and vertigo in in-
creasing the risk of falling is poorly considered, in spite of
their 30% prevalence in the elderly . Assessing and treat-
ing the vestibular and non-vestibular components of verti-
go can reduce complications, such as falls %, but data on
the relationship between vertebral fragility fractures and
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postural control are not yet well defined °!. Osteoporotic
patients with fragility fractures need a multidisciplinary
approach in which drug therapy is a key preventive inter-
vention "2l Anti-resorptive drugs and supplementation
of calcium and vitamin D significantly reduce the risk of
new fractures, thereby also reducing the risk of vertebral
refractures and consequently of increased kyphosis and
spinal misalignment 13141 Patients with fragility frac-
tures treated with denosumab and vitamin D are an ideal
cohort in which to analyze the effectiveness of pharma-
cological therapy combined with rehabilitation treatment
on pain and functional alterations and their influence on
perceived QoL in women with osteoporosis 3141,

Purpose

The purpose of our study was to evaluate the effec-
tiveness of rehabilitation on pain, postural balance and
QoL in postmenopausal women with vertebral fragility
fractures under therapy with denosumab for more than
12 months.
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Materials and methods

Study design

A prospective cohort study involving 52 women recruit-
ed from the rehabilitation department of the University
Hospital in Palermo was conducted. The study recevived
local ethics committee (Palermo Ethics Committee I) ap-
proval and was conducted in compliance with the princi-
ples of the Helsinki Declaration. Written informed con-
sent was obtained from each participant.

Participants

Inclusion criteria: postmenopausal osteoporosis with at
least two vertebral fragility fractures; pharmacological
treatment with denosumab for at least 12 months plus
cholecalciferol; 25(OH)D3 serum concentration = 20 ng/
ml. Patients with auricular diseases were excluded.

Intervention

The patients underwent an initial physical examination
(TO) and a second one at the end of the 12-week treatment
period (T1). All patients received a 45-minute session of
rehabilitation treatment 3 times a week, for a total of 20
sessions. During these sessions they performed postural
re-education integrated with balance reactions and visual
stabilisation training, walking and endurance training,
and subsequently it was recommended that they continue
with spine stretching exercises.

Outcome measurement tools

Numerical rating scale (NRS)

Pain intensity was measured using an NRS, with the patient re-
quired to select an integer (0-10 integers) that best reflects their
pain intensity: “0” represents “no pain” and “10” represents
“the strongest pain” ),

The 36-item Short Form Survey (SF-36)

The SF-36 consists of 36 items divided into the following eight
health domains: general health, physical functioning, physical
role, body pain, vitality, social functioning, emotional role, and
mental health. For each domain the total score ranges from O
to 100 points, with a higher score indicating a better QoL ).
Mini-Osteoporosis Quality of Life Questionnaire (Mini-OQOL)
The Mini-OQOL evaluates QoL in patients with osteoporosis.
It investigates five areas of health (symptoms, emotional state,
physical function, daily activities and social activities) Each of
its 10 questions is assigned a grade of between 1 and 7. The
total score of the questionnaire therefore ranges from 10 to 70.
For each item, a score of 1 corresponds to the worst possible
functionality (extreme difficulty, permanent fear and extreme
anxiety), while a score of 7 is associated with the best possible
functionality (no difficulty, fear or anxiety) ['"!.

Timed Up and Go (TUG) test

Posture, balance and fall risk were assessed using the TUG
test. Subjects performing the TUG test are asked to get up from
a chair, approach a sign positioned at a distance of 3 m, turn
around in a circle, return to the chair and sit on it. Performance
time is measured in seconds and lower values indicate better
balance control and a lower risk of falling ['8),
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Disability Handicap Inventory (DHI)

Vertigo was investigated using the Italian version of the DHI
(DHI-D). It is a 25-item questionnaire that measures the impact
of vertigo on functional domains (9 items), emotional domains
(8 items) and physical domains (7 items) [!°!,

Assessment of balance and gait

Posture was recorded using the FreeMed posturography system,
including the FreeMed baropodometric platform. Posturograph-
ic analysis was performed by means of a stabilizing platform;
patients, barefoot, were asked to maintain the static position,
keeping their arms by their sides, and their head and gaze in
neutral position with eyes open for 5 seconds and then closed.

For the posturographic analysis, the following parameters
were considered: total/ forefoot/ backfoot right and left foot
support surface calculated in cm?; total/ forefoot/ backfoot load
(%); center of pressure during the oscillations on the x-axis
(lateral oscillations) and on the ordinates (front-back oscilla-
tions) (CoP X and CoPY), finally the point of maximum right
and left foot pressure (Right Pod degree).

The stabilometric analysis also evaluated the surface ellipse
(cm), the bundle length of the oscillation, the maximum oscilla-
tion, the average velocity (mm/s), finally the standard deviation
of the oscillation with eyes open and closed. For the Dynamic
analysis, the length of the gait line during the walk (mm) were
considered, also the total/forefoot/ backfoot load (%).

Statistical analysis

All data were presented as mean + standard deviation (SD) for
continuous variables and as median for ordinal variables. AS-
tudent’s t-test for continuous variables and Mood tests for ordi-
nal variables were used to compare differences in demographic
characteristics, stability, static and dynamic baropodometric
parameters, and the questionnaires. P-values <0.05 were con-
sidered statistically significant.

Results

Of the 52 women initially recruited, five were excluded due
to severe systemic disorders diagnosed during the study and 19
due to missing follow-up data (T1). The other 28 completed
the rehabilitation protocol. They were then divided into Group
1 (six patients with two vertebral fractures) and Group 2 (22
patients with more than two vertebral fractures) (Figure 1).
Table I shows the baseline characteristics of the study popula-
tion. The average age was 66.5+5.3 years. At T1, statistically
significant improvements in the NRS and SF-36 were reported
in our cohort. Within-group analysis showed significant im-
provements in the NRS and TUG test, in group 2 and group 1
respectively (Table I). Tables II, IIT and IV show that there were
no variations in static and dynamic posture.

Discussion
To our knowledge, this is the first study to evaluate the ef-

fectiveness, on pain, mobility, postural control and QoL, of a
combined approach, involving the use of denosumab and vita-

Int J Bone Frag. 2023; 3(2):83-88



Figure 1 Study population selection process.
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5 excluded for severe systemic disorded diagnose during the admissiom
analysis: cancer (n=1), myocardial infarcation (n=1), stoke (n=1), fracture (n 2)

6 Patiens Group 1 (2 fractures)

22 Patiens Group 2 (<2 fractures)

Table | Baseline characteristics and clinical outcome measurements before and after treatment.

TO T p-value TO ™ p-value TO T p-value RO !
Age (years) 66.5+5.3 65.5+7.6 66.8+4.6 0.71
BMI (kg/m?) 26.5+4.0 24.0+4.6 27.2+3.6 0.16
NRS 6.5(1.0) 5.0 (2.0) <0.05 5.0(2.7) 3.0(0.7) 0.54 7.0(1.7) 6.0(1.7) <0.05 0.65
SF-36 42.2+15.8 | 50.4+13.2 <0.05 45.0+18.5 | 58.0+10.4 0.17 415154 | 48.3+1.2 0.12 0.48
Mini-0QOL 47.0+10.0 | 51.9+9.4 0.06 52.7+8.3 55.5+9.5 0.59 455+10.0 | 51.0+9.3 0.07 0.11
DHI-I 38.3+25.5 | 32.7+22.1 0.38 31.5+25.5 | 29.2+25.2 0.88 40.2+25.8 | 33.7+21.8 0.37 0.68
TUG 13.0(2.0) | 11.5(2.5) 0.78 12.0(0.0) | 10.5(1.0) <0.05 140(1.7) | 12.7(2.5) 0.76 0.02
BMI=body mass index, NRS=numerical rating scale; Mini-OQOL= Mini-Osteoporosis Quality of Life Questionnaire, DHI-I= Dizziness Handicap Inventory, Italian version, TUG=Timed Up and Go test

Table Il Posturographic analysis.

ALL PATIENTS (N=28)

GROUP 1: 2 FRACTURES (N=6)

GROUP 2: >2 FRACTURES (N=22)

T0 T p-value T0 T p-value T0 T p-value

Left surface cm? 1046 +21.5 | 101.0+252 | 0.57 97.7+21.0 | 102.8+16.0 | 0.64 | 106.5x21.7 | 100.5+27.5 | 0.43
Right surface cm? 104.6 +20.1 | 1026 +19.5 | 0.71 103.8 221 | 101.7+11.5 | 084 | 1048=+20.1 | 1029214 | 0.76
Left forefoot surf. cm? 56.8+13.6 54.4+17.1 0.56 54.5+11.9 58.7x11.9 0.56 57.4+14.3 53.2+18.3 0.40
Right forefoot surf. cm? 56.9+12.8 55.1+13.4 0.61 58.7£13.3 57.7£10.4 0.89 56.5+12.9 54.5+£14.2 0.63
Left backfoot surf. cm? 47.7+9.3 46.6+9.5 0.66 43.0+9.2 44.0+7.0 0.84 49.0+9.1 47.3+10.1 0.56
Right backfoot surf. cm? 47.8+9.7 47.4+8.1 0.87 45.5+9.8 44.0+3.2 0.73 48.5+9.9 48.4+8.8 0.97
Left load % 49.9+5.7 48.5+6.0 0.39 47.8+7.2 50.5+8.7 0.58 50.4+5.3 48.0+5.1 0.13
Right load % 50.1£5.7 51.1+6.0 0.39 52.2+7.2 49.5+8.7 0.58 49.6+5.3 52.0+5.1 0.13
Left forefoot load % 426 +8.0 423+11.9 0.92 455+3.2 51.0+12.8 0.35 41.8+838 39.9+10.8 0.53
Right forefoot load % 449+104 | 449107 0.99 45.7+5.0 49.5+10.1 0.43 447+116 | 43.6+108 0.75
Left backfoot load % 57.4+8.0 57.7+119 0.92 54.5+3.2 49.0+12.8 0.35 58.2+838 60.1+10.8 0.53
Right backfoot load % 55.1+10.4 | 55.1+10.7 0.99 543 +5.0 50.5+10.1 0.43 553+116 | 56.4+10.8 0.75
CoP X Coord 139+24 142+22 0.67 126+1.8 13.0+27 0.78 143+24 145+1.9 0.74
CoP'Y Coord 15.9+22 16222 0.59 143 0.7 14.7+25 0.74 16.3£23 16.6 1.9 0.64
Left Pod Degree 6.3+4.0 7.5+37 0.28 48+32 6.8+2.6 0.26 6.7+4.2 76+4.0 0.47
Right Pod Degree 76+438 94+55 0.19 48 =41 10.0 £ 3.7 0.04 8.4+438 93+59 0.58
CoP=centre of pressure;
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Table Il Stability analysis.

ALL PATIENTS (N=28)

OPEN EYES

GROUP 1: 2 FRACTURES (N=6)

GROUP 2: >2 FRACTURES (N=22)

ALL PATIENTS (N=28)

CLOSED EYES

GROUP 1: 2 FRACTURES (N=6)

T0 T p-value T0 T p-value T0 T p-value
Surface ellipse cm 129.9+101.1 | 152.9 = 205.8 | 0.60 87.8+619 | 89.8+56.3 0.95 |141.4+107.6 |170.1 =+228.6 | 0.60
Bundle length mm 4933 +154.3|529.0 £ 1704 | 0.42 |4755+1759|582.2+143.6| 0.28 |498.2+152.1|5145+177.2| 0.75
Oscillation maximum 20+13 20+06 0.79 1.6+0.3 1.9+04 0.19 22+15 20x07 0.61
Velocity average mm/s 10.1 = 3.1 107 34 0.48 9.7+36 11.8+28 0.30 10.2 = 3.1 104+ 35 0.82
X, average 01=x74 -15+96 0.50 -18+79 3.0x11.0 0.6 041+74 -27+9.0 0.19
Y, average -173+129 | -17.0+11.7 | 0.93 -164 +11.3 | -11.9+139 | 055 | -176+136 | -184+11.0 | 0.82
X, standard deviation 22+1.0 25+13 0.30 1.6+0.8 21+0.5 0.21 24+10 27+x14 0.47
Y, standard deviation 28+12 27+x15 0.95 26+09 22+12 0.54 28+13 29+16 0.86

GROUP 2: >2 FRACTURES (N=22)

T0 T p-value T0 T p-value T0 T p-value
Surface ellipse cm 248.4 £370.9 | 1923 +205.1| 0.49 |1483+1343|1024+101.4| 052 |2758=+411.0|216.9+220.7| 0.56
Beam length mm 536.5+142.6 | 560.8 +209.9 | 0.61 |559.0+172.0| 516.9+823 | 0.61 |530.4+137.6|572.8+233.1| 0.47
Oscillation, maximum 56+43 6.3+5.1 0.53 50+29 82+84 0.41 57+46 59+39 0.91
Velocity, average mm/s 10.8+29 11.3+41 0.61 11.3+35 10.4+1.5 0.60 10.6 +2.8 11.5+4.6 0.45
X, average 03+84 -1.5+87 0.42 -35=x12.1 22+8.0 0.36 14+71 -26+838 0.11
Y, average -172+127 | -16.5+10.3 | 0.83 -135+9.0 | -13.3+109 0.97 -182+135 | -17.4£10.2 0.83
X, standard deviation 3.0+28 25+16 0.37 21141 1.9+13 0.79 3.2+30 2616 0.39
Y, standard deviation 3.0+20 32+22 0.74 3.0+19 23+18 0.51 3120 35+23 0.51

Table IV Dynamic analysis.

ALL PATIENTS (N=28)

GROUP 1: 2 FRACTURES (N=6)

GROUP 2: >2 FRACTURES (N=22)

T0 T p-value T0 T p-value T0 T p-value
Left gait line, length, mm 187.6 +36.5 | 186.9 +23.9 0.93 162.7 +63.5 | 175.7 + 26.6 0.66 194.5+23.0 | 190.0 + 22.8 0.52
Right gait line, length, mm 184.3 +44.8 | 186.5+18.1 0.80 1775 +40.7 | 184.7+9.9 0.69 186.1 +46.6 | 187.0+19.9 0.93
Left forefoot load, % 60.4 = 6.2 62954 0.11 60.0 6.7 65.2 = 5.1 017 60.5 6.2 62355 0.31
Right forefoot load, % 61.7+58 61.0+5.8 0.63 65.0 5.7 60.3+5.6 0.19 60.8 = 5.6 61.1+6.0 0.86
Left backfoot load, % 39.6 +6.2 37154 0.11 40.0 +6.7 34.8 +5.1 0.17 39.5+6.2 37.7+55 0.31
Right backfoot load, % 38.3+58 39.0+58 0.63 35057 39.7+56 0.19 39.2+56 38.9+6.0 0.86
Left side load, % 50.7 £ 6.6 50.4+6.3 0.85 535x77 533+78 0.97 49.9 6.2 495 +5.7 0.84
Right side load, % 48.7+5.6 50.0+5.5 0.39 47.7+58 53855 0.09 49.0+5.7 48.9 5.1 0.98

min D plus rehabilitation treatment, in patients with multiple
vertebral fractures ['*!*. Our findings suggest that this treatment
strategy could be effective on pain, particularly in osteoporotic
women with more than two vertebral fractures. In addition, the
same therapy could improve balance in women with two ver-
tebral fragility fractures. It should be noted that, in agreement

86

with other studies ?°, the rehabilitation treatment was well tol-
erated, despite the severity of bone fragility in our population.

Stanghelle et al. claimed that low QoL was significantly as-
sociated with both impaired physical functioning and increased
pain intensity in women with vertebral fragility fractures; their
findings supported the role of therapeutic exercise in pain man-
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agement ', In a prospective real practice study, which includ-
ed osteoporotic women with vertebral fractures (50% of the
participants had at least three fractures) and chronic back pain,
administration of denosumab for 1 year was effective in reduc-
ing back-related disability and QoL. The analgesic effects of
this drug are related to the negative modulation of nuclear fac-
tor-»B, by inhibition of the RANK/RANKL pathway, resulting
in inhibition of osteoclast activity with reduction of local acid-
ification and of bone pain 314221,

A possible role for the OPG/RANK/RANKL pathway in
the pathogenesis of skeletal muscle wasting has also been sug-
gested. It has been experimentally proven that systemic injec-
tion of OPG (osteoprotegerin) restores muscle strength and im-
proves muscle quality in mouse models of muscular dystrophy.
In addition, muscle RANK regulates the accumulation of cal-
cium ions and the activity Ca2+ATPases of the sarco/endoplas-
mic reticulum (SERCA) of fast-twitch muscle fibres, which are
involved in fall prevention. The administration of Denosumab
determines a significant lower incidence of falls compared with
placebo (21%) as has been reported in randomized controlled
trials that evaluated the effectiveness of denosumab in fragility
fracture prevention !'*, With regard to the impairment mobil-
ity, our results agree with those reported by a recent Cochrane
systematic review, which found moderate quality tests, in par-
ticular the TUG test, to support the effectiveness of exercise
in improving physical performance in patients with vertebral
fractures >4, In addition, a further study suggests that thorac-
ic hyperkyphosis is associated with increased TUG test time
in older women with vertebral fractures. In our study, postural
parameters did not appear to be affected by rehabilitation, and
this is probably due to the short treatment period. However,
they consolidate findings reported in other articles where no
correlations were found between the instrumental parameters
of postural balance and vertebral fractures in osteoporotic pa-
tients Y. On the other hand, progressive high-intensity resist-
ance exercises have been found to improve thoracic kyphosis
without increasing the risk of new vertebral fractures or wors-
ening existing vertebral deformities . Our data support the
safety of therapeutic exercise even in a population with severe
bone fragility, suggesting that concerns are not justified.

However, the study has some limitations: the small sample
size, lack of muscle strength evaluation, and lack of a control

group.
Conclusions

A combined approach, including anti-resorptive drugs and
rehabilitation intervention, reduces pain and improves balance
and quality of life. Our results also suggest that this surgery is

useful and should also be proposed to patients with multiple
vertebral fragility fractures.
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