Dynamic corset versus three-point brace in the treatment of osteoporotic compression fractures
of the thoracic and lumbar spine: a prospective, comparative study

This is the peer reviewd version of the followng article:
Original:
Meccariello, L., Muzii, V.F., Falzarano, G., Medici, A., Carta, S., Fortina, M., et al. (2017). Dynamic corset versus threepoint brace in the treatment of osteoporotic compression fractures of the thoracic and lumbar spine: a prospective,
comparative study. AGING CLINICAL AND EXPERIMENTAL RESEARCH, 29(3), 443-449 [10.1007/s40520-016-0602x].
Availability:
This version is available

http://hdl.handle.net/11365/993985

since

2021-04-17T16:07:33Z

Published:
DOI: http://dx.doi.org/10.1007/s40520-016-0602-x
Terms of use:
Open Access
The terms and conditions for the reuse of this version of the manuscript are specified in the publishing policy. Works
made available under a Creative Commons license can be used according to the terms and conditions of said license.
For all terms of use and more information see the publisher's website.

(Article begins on next page)

24 January 2022

comparative study
Luigi Meccariello 1
Vitaliano F. Muzii 2,*
Phone +39 0577 585253
Email muzii@unisi.it
Gabriele Falzarano 3
Antonio Medici 3
Serafino Carta 4
Mattia Fortina 4
Paolo Ferrata 1

1 Department of Medicine, Surgery, and Neuroscience, Section of Orthope
and Traumatology, “Santa Maria alle Scotte” University Hospital, Universi
Siena, V.le Bracci 16, 53100 Siena, Italy

2 Department of Medicine, Surgery, and Neuroscience, Section of
Neurosurgery, “Santa Maria alle Scotte” University Hospital, University of
Siena, V.le Bracci 16, 53100 Siena, Italy
3 Division of Orthopedics and Traumatology, "G.Rummo" Hospital, Via
Pacevecchia, 53, 82100 Benevento, Italy

4 Division of Orthopedics and Traumatology, Department of Emergency an
Diagnostics, “Santa Maria alle Scotte” University Hospital, Siena Universi
Hospital, V.le Mario Bracci 16, 53100 Siena, Italy

orthosis represents an alternative.
AQ1

Aims

We compared efficacy and safety of these two types of brace in trea
osteoporotic vertebral fractures.

Methods

One hundred forty patients, aged 65–93 years, sustaining osteopor
vertebral fracture were consecutively recruited and divided into two gro
and treated with either three-point orthosis or dynamic corset. Patients w
evaluated with Visual Analogue Scale, Oswestry Low Back Pain Disab
Questionnaire, and measurement of forced expiratory volume in the
second. Regional kyphosis angle, Delmas Index, and height of the fract
vertebral body were also measured on full-spine X-rays. Follow-up inter
were 1, 3, and 6 months after trauma. The complications encountered du
the 6-month follow-up were recorded.
AQ2

Results

At the 3- and 6-month follow-ups, there was a significant differe
(p < 0.05) in pain, disability, and respiration in favor of the dynamic orth
group. At 6-month follow-up, there was no significant difference (p > 0
in all the radiological parameters between groups. Complications w
reported for 28 patients in the three-point orthosis group, and for e
patients in the dynamic corset group (p < 0.05).
AQ3

Compared to three-point orthosis, patients treated with dynamic orthosis
a greater reduction in pain and a greater improvement in quality of life
respiratory function, with equal effectiveness in stabilizing the fracture,
fewer complications.
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Introduction

The incidence of vertebral fractures caused by osteoporosis is rapidly rising
with aging in both sexes. The age-standardized incidence of vertebral fractu
over 50 years of age, as reported in a large European study, was 12.1/1000
year in women and 6.8/1000 per year in men [ 1 ]. Kyphotic postural change
the most physically disfiguring and psychologically damaging effect of
osteoporosis, and it is related to an increased risk of falls and vertebral frac
[ 2 ]. Moreover, osteoporotic compression fractures can result in progressive
kyphosis, reduced pulmonary function, chronic pain, and limitation of patie
activity of daily living [ 3 – 6 ]. Traditional treatment for these patients inclu
bed rest, analgesics, and bracing. Augmentation of vertebral compression
fractures with polymethyl methacrylate by kyphoplasty and vertebroplasty
also used to treat pain and improve the quality of life [ 7 ]. Medical therapy
medicines improving bone quality, such as bisphosphonates, has proven
effective, although they can only prevent approximately 50 % of spinal
fractures [ 8 ]. Improving back muscle strength is recommended to prevent b
outcomes because muscle atrophy parallels the decline of bone mineral den

with or without bracing [ 11 ]. Nevertheless, 3-point orthoses (3PO) are the
commonly used means in the treatment of vertebral fractures in thoracic or
lumbar spine, so far. They support the thoracic–lumbar spine by leaning on
sternum and the pubic symphysis. They have proved to be effective in OVF
too. However, the benefit of the use of rigid thoracolumbar braces in
osteoporosis is limited by factors such as trunk muscles atrophy and restric
respiration leading to low compliance [ 12 ]. The Spinomed® dynamic corse
(SDO) (Medi GmbH & Co. KG, Bayreuth, Germany) has been used as an
alternative since 1991. Based on the principle of biofeedback activation of
dorsal - lumbar musculature, it responds to the biomechanical principle of t
three-point support while giving a lower degree of immobilization [ 12 ].

The aim of this prospective, comparative study was to determine the clinica
functional, and radiological results of these two corsets in the treatment of

Materials and methods

This was a prospective, nonrandomized study comparing the efficacy of tw
different braces in the treatment of vertebral compression fractures due to
osteoporosis, having been referred to the University Hospital of Siena and
Rummo Hospital of Benevento, between July 2011 and December 2014. Th
inclusion criteria were as follows: being 60 or older, with acute back pain
caused by single-level osteoporotic vertebral fracture from T6 to L3, which
due to minor trauma or strain, and was without neurological symptoms. Th
fracture was defined as an axial compression, involving only the anterior
column of the vertebral body, with intact posterior elements. All patients
underwent supine, full-spine X-rays and thoracic and lumbar spine spiral
computed tomography (CT) to assess the vertebral fractures. Exclusion crit
were the following: multiple or previous vertebral fractures, disorders othe
than osteoporosis which affected bone metabolism, malignant compression
fracture, neurologic impairment, an inability to walk, an inability to comple
questionnaires, any severe lung diseases, and smokers smoking more than 1

regimen, wearing it for two and a half months when sitting or standing. The
they began weaning from corset, while beginning exercises to strengthen
paravertebral, abdominal, and gluteal muscles. All patients were given med
treatment for osteoporosis with vitamin D and bisphosphonates.

On entry and at follow-up, patients were evaluated for pain, disability, and
quality of life with Visual Analogue Scale (VAS) and Oswestry Low Back
Disability Questionnaire (OLBPDQ). Patients were also asked to answer VA
and OLBPDQ regarding their status before trauma. The severity of fracture
defined according to Genant’s classification [ 13 ]. Morphological evaluatio
included measurement of body height loss, Cobb’s angle, vertebral body he
of the fractured vertebra (i.e., the height measured at the middle of vertebra
body in lateral film), regional kyphosis angle (RKA), and the Delmas Index
(DI), in order to understand the range of deformity and instability of the
fractured osteoporotic spine. Cobb’s angle and RKA indicate the amount of
kyphosis, which is a major factor of sagittal imbalance, significantly affect
functional outcome and quality of life, while DI indicates how dynamic the
spine is, based on the amount of spinal curves [ 14 , 15 ]. Seven days after
trauma, forced expiratory volume in the first second (FEV1) was evaluated
test patient’s respiratory muscle strength. Clinical and radiological follow-u
with full-spine X-rays was completed at 1, 3, and 6 months after trauma. U
rate was also assessed with the method of vertebral dynamic mobility, by
evaluating the difference of the vertebral height at the anterior and posterio
borders of the fractured vertebral body, between the sitting lateral and the
supine lateral radiography [ 16 ]. Miscellaneous complications during the
6 months of follow-up were also recorded. The data were imported in an
electronic spreadsheet (Excel, Microsoft Office) for further processing and
statistical analysis by T-Student test, with significance set at p ≤ 0.05.

The primary endpoint of our study was functional recovery of the patients i
terms of pain reduction, respiratory function, and quality of life 6 months a
the injury. The secondary endpoint was the radiological outcome in terms o

40 (28.5 %) in grade 1 (mild deformity), 83 (59.3 %) in grade 2 (moderate
deformity), and 17 (12.2 %) in grade 3 (severe deformity). Seventy-five pa
were already undergoing therapy for osteoporosis, and after the 6-month fo
up, there were 116 patients on therapy.
Table 1
Details of patient population
3PO
group

SDO
group

No. of patients

72

68

Average age years (range)

81.9 (65–
90)

82.8 (6
93)

Gender ratio (m:f)

0.41
(21:51)

0.39
(19:49

T6

6
(8.33 %)

6
(8.82 %

T7

4
(5.56 %)

4
(5.88 %

T8

9
(12.5 %)

9
(13.23

T9

10
(13.89 %)

10
(14.71

T10

5
(6.94 %)

5
(7.35 %

T11

6
(8.33 %)

6
(8.82 %

T12

11
(15.28 %)

10
(14.71

L1

13
(18.06 %)

11
(16.19

L2

5

5

Level of fracture n (%)

No statistically significant difference was found between groups for all data

3PO group consisted of 72 patients, 21 males and 51 females, with a gende
ratio (m/f) of 0.41, and a mean age of 81.9 years. Twenty-one patients (29.2
had grade 1, 43 (59.7 %) grade 2, and 8 (11.1 %) grade 3 fractures. Before
trauma, average VAS score was 5.3 (range 4–8) and average OLPBDQ scor
was 42.6 (range 36–64). On admission, average VAS and OLBPDQ scores
9.4 (range 9–10) and 83.7 (range 78–100), respectively. Patient’s height be
trauma was on average 156.7 cm, and average height loss at the time of fra
was of 5.8 cm. On admission to emergency, average Cobb’s angle was 28.3
average RKA was 12.3°, and average DI was 91.5.

SDO group consisted of 68 patients, 19 males and 49 females, with a gende
ratio (m/f) of 0.39, and a mean age of 82.8 years. Nineteen patients (28.0 %
had grade 1, 40 (58.8 %) grade 2, and 9 (13.2 %) grade 3 fractures. Before
trauma, average VAS score was 5.8 (range 4–8) and average OLBPDQ scor
was 44.6 (range 34–70). On admission, mean VAS and OLBPDQ scores we
9.6 (range 9–10) and 84.2 (range 78–100), respectively. Patient’s height be
trauma was on average 158.7 cm, and the average height loss at the time of
fracture was on average 6.2 cm. On admission, average Cobb’s angle was 2
average RKA was 12.9°, and average DI was 91.8. Forty-two (58.33 %) pat
in 3PO group and 33 (48.53 %) in SDO group were having medical therapy
osteoporosis before trauma; 6 months after trauma, 61 (84.72 %) patients in
3PO group, and 55 (80.88 %) in SDO group had been receiving this therapy
There were no statistically significant differences between 3PO and SDO
groups concerning demographics, severity of fracture, VAS and OLPBDQ
scores, height loss, DI, RKA, and therapy for osteoporosis before trauma an
after 6 months (Tables 1 , 2 ; Figs. 1 , 2 , 3 ).
Table 2
Summary of relevant morphological results

Height loss after 6 months (avg)

6.2 (3.6–9.3)

6.3 (3.8–9.6)

DI (range)

DI (range)

Delmas Index on admission (avg)

91.5 (89.2–93.6)

91.8 (88.9–92.6)

Delmas Index after 6 months (avg)

92.5 (89.9–92.7)

93.6 (90.6–93.7)

° (range)

° (range)

Cobb’s angle on admission (avg)

28.3 (26.5–34.8)

28.9 (26.3–33.7)

Cobb’s angle after 6 months (avg)

27.1 (25.3–33.2)

27.3 (24.9–32.9)

Regional kyphosis angle (avg)

RKA° (range)

RKA° (range)

On admission

12.3 (10.7–15.6)

12.9 (10.3–15.4)

After 1 month

11.5 (10.5–16.3)

11.7 (10.8–15.9)

After 3 months

10.1 (8.7–13.8)

10.4 (8.9–12.9)

After 6 months

9.8 (8.4–12.9)

9.8 (8.5–12.7)

Vertebral body height (avg)

mm (range)

mm (range)

On admission

18.3 (14.6–22.4)

18.5 (14.3.3–23.

After 1 month

16.5 (12.5–21.2)

16.9 (11.8–21.9)

After 3 months

15.7 (11.3–20.8)

16.4 (10.9–20.7)

After 6 months

15.5 (11.1–20.4)

16.1 (11.5–20.6)

Union rate

67/72 (93 %)

64/68 (94 %)

p > 0.05 for all data

Fig. 1

Severity of fracture distribution according to Genant’s classification, showi
statistically significant differences between groups

Fig. 2

VAS trend in 6 months of follow-up. There was a statistically signi
difference in favor of SDO group after 3 and 6 months

Fig. 3

OLBPDQ trend in 6 months of follow-up. There was a statistically signi
difference in favor of SDO group after 3 and 6 months
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After 1 month, OLBPDQ score was 76.5 (range 68–100) in 3PO group, and
75.9 (range 68–100) in SDO group, with no significant difference (p > 0.05
After 3 and 6 months, OLBPDQ was, respectively, 63.6 (range 56–84) and
(range 32–62) in 3PO group, and 57.3 (range 48–76) and 37.5 (range 28–54
SDO group, with statistically significant difference (p < 0.05) (Fig. 3 ).

After 7 days and 1 month of trauma, average FEV1 was, respectively, 67.8
(range 54–88 %) and 66.9 % (range 52–88 %) in 3PO group, and 67.5 % (r
54–88 %) and 75.9 % (range 52–88 %) in SDO group, with no significant
difference between the two groups (p > 0.05). After 3 and 6 months, FEV1
respectively, 59.6 % (range 42–74 %) and 65.8 % (range 54–84 %) in 3PO
group, and 57.3 % (range 52–88 %) and 77.3 % (range 67–93 %) in SDO g
with statistically significant difference (p < 0.05) (Fig. 4 ).
Fig. 4

FEV1 trend in 6 months of follow-up. There was a statistically signi
difference in favor of SDO group after 3 and 6 months

Height loss, Cobb’s angle, RKA, DI, and union rate

Six months after the trauma, average height loss was 5.3 cm in 3PO group,

Complications

Twenty-eight patients in 3PO group (38.8 %) and 8 in SDO group (11.7 %)
suffered from miscellaneous complications; in 3PO group, gastric ulcer
occurred in 6 patients, decubitus in 8, inguinal hernia in 4, pulmonary disea
in 4, and refractures in 6, while in SDO group gastric ulcer occurred in 6 ca
and refractures in 2, with a significant difference between the two groups in
overall complication rate (p < 0.05) (Fig. 5 ).
Fig. 5
Miscellaneous complications in 6 months after the trauma. Overall, there
significantly fewer complications in SDO group

Discussion

Brace immobilization is a standard treatment of vertebral body fractures du
osteoporosis, when neural compression and major instability are excluded.
purpose of the static correction is preventing the increase in deformation, b
supporting the vertebrae, and reducing pain. The effects on pain relief and
posture correction are due to the reduction in thoracic kyphosis or to an
increased lumbar lordosis. For decades, 3-point braces have been the most

Restricted respiration may worsen the reduced pulmonary function, which
often associated with spine and chest osteoporotic deformation [ 4 ].

More recently, a dynamic corset, Spinomed®, has been developed as an
alternative to the standard 3-point brace, aiming to overcome the disadvant
of a rigid brace. It shares the biomechanical principle of the three-point sup
with a less rigid immobilization and a dynamic behavior allowing biofeedb
activation of the dorsal - lumbar musculature. That is, when the patient tend
bend forward, the cushion-belt system exerts a gentle pressure causing the
patient to extend their back by using dorsal muscles. The padded aluminum
back support can be adjusted according to the shape of the vertebral column
individual patients, cushioning the thoracic and lumbar spine with main sup
at the thoracolumbar transition, and balancing pressure distribution from th
sacrum to the top of the thoracic spine. In SDO, the sternal support is repla
by the shoulder belts, counteracting kyphotic posture, and the pubic suppor
replaced by abdominal pads and belts, supporting lumbar lordosis. Unlike t
pubic symphysis support of the 3PO, lumbar support is guaranteed by the
increase in abdominal pressure due to the ventral pad and belts, acting simi
to a lumbar corset brace [ 18 ]. Increased abdominal pressure creates a semi
cylinder surrounding the spinal column and sharing the load and stress of th
spine [ 19 ]. Moreover, a lumbar corset can decrease the intradiscal pressure
about 30 % [ 20 ]. In comparison with the usual 3-point brace, the belts also
prevent slippage in both cranio-caudal and lateral directions.

The primary endpoints of this prospective study comparing the standard 3P
and the SDO in the treatment of OVF were the patients’ functional recovery
measured by reduction of pain, and improvement of respiratory function an
quality of life 6 months after the injury. In our study, SDO resulted in a gre
reduction in pain and improvement of respiration and quality of life with fe
complications, compared to the 3PO, with equal effectiveness in stabilizing
fracture.

[ 17 ]. Based on the work of Lantz and Schultz describing an increased elec
activity of back muscles when wearing a lumbosacral orthosis [ 21 ], Pfeiffe
al. speculated that the so-called biofeedback may be an underlying principl
efficacy of SDO. In their paper, they advocated stronger back muscles as a
possible explanation of the decreased angle of kyphosis and the increased b
height observed in their study, as well as a precondition for a better posture
a correction of the center of gravity, resulting in lesser body sway [ 17 ].

In our study, patients treated with SDO had a significantly better improvem
of respiratory function, as compared to 3PO group, after 3 and 6 months. In
respect, Schlaich e al. [ 3 ] found a significant relationship between anterior
vertebral deformation and reduction in pulmonary function in patients with
OVF. Similarly, Leech et al. [ 22 ] found a correlation between worsening lu
function and severity of spinal osteoporosis, with increasing spinal deforma
and reducing body height. On the other hand, Pfeiffer et al. [ 17 ], in the abo
quoted study, correlated better FEV1 and vital capacity to a decreased angl
kyphosis in patients treated with SDO. However, in our study, we could no
a correlation between improved FEV1 and reduced spinal deformity, since
height, DI, RKA, and Cobb’s angle were similar, in both 3PO and SDO gro
at all follow-up intervals. Notably, the difference in FEV1 was seen at 3- an
month follow-up, when orthoses had been dismissed. Therefore, improved
respiratory function might also be explained by reduction in pain and better
muscle strength preservation in SDO group.

VAS and OLBPDQ scores were similar in both groups at 1 month, i.e., duri
treatment, while the pain after 3 months was significantly less, and quality
life was significantly better in the SDO group compared to the 3PO group.
6 months, this difference was maintained for OLBPDQ score and was even
more marked for VAS score. Interestingly, VAS and OLBPDQ scores at
6 months had improved, even compared to scores obtained before trauma. T
again, may be consistent with the preservation and strengthening of dorsal
abdominal muscles associated with the dynamic bracing, which could impr

In a recently published study, Kim et al. [ 11 ] have shown no difference in
disability, pain, and vertebral body compression ratio comparing OVF treat
without bracing to either rigid or soft brace use. However, neither type of b
shares the principle of biofeedback activation, so further studies comparing
dynamic orthoses to no-brace treatment would be necessary.

This is a nonrandomized study, which represents an important limitation.
However, the two study groups showed no significant difference in
demographics, and radiographic and clinical characteristics. Hence, we do
believe that patient’s choice of brace influenced the results significantly. O
admission, 75 patients were already undergoing therapy for osteoporosis, a
all patients were treated upon entering the study, with 116 patients still hav
therapy at 6-month follow-up. However, there were no statistically signific
differences regarding the use of anti-osteoporotic therapy between groups,
before and after admission. Thus, anti-osteoporotic drug assumption does n
seem to have any impact on the different results with the two types of corse
this study.

In our study on the conservative management of VOFs, patients treated wit
dynamic orthosis had better pain control and breath function after 3 and
6 months, compared to patients treated with a 3-point orthosis. Their qualit
life also showed greater improvement, even compared to pre-fracture status
far as radiological results are concerned, the dynamic orthosis was at least
effective as conventional 3-point orthosis in stabilizing the fractured
osteoporotic spine. In this study, the dynamic orthosis proved to be safe and
effective in the treatment of thoraco-lumbar OVF, with better functional
outcome and less complications compared to standard 3-point orthosis.
AQ6

Compliance with ethical standards

Informed consent Informed consent was obtained from all individual
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