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Abstract
Study Design: Systematic review.

Objective: Spinal orthoses have been generally used in the management of osteoporotic vertebral fractures in the elderly
population with purported positive biomechanical and functional effects. To our knowledge, this is the first systematic review of
the literature examining the role of spinal orthoses in osteoporotic elderly patients who sustain low energy trauma vertebral
fractures.

Methods: A systematic literature review adherent to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines was conducted. Methodical searches utilizing MEDLINE, EMBASE, Google Scholar, and Cochrane Databases
was performed.

Results: Of the 2019 articles initially retrieved, 7 published articles (4 randomized controlled trials and 3 prospective cohort
studies) satisfied the inclusion criteria. Five studies reported improvement in quantitative measurements of spinal column stability
when either a rigid or semirigid orthosis was used, while | study was equivocal. The studies also showed the translation of
biomechanical benefit into significant functional improvement as manifested by improved postural stability and reduced body
sway. Subjective improvement in pain scores and quality of life was also noted with bracing.

Conclusion: The use of spinal orthoses in neurologically intact elderly patients aged 60 years and older with osteoporotic
compression vertebral fractures results in improved biomechanical vertebral stability, reduced kyphotic deformity, enhanced
postural stability, greater muscular strength and superior functional outcomes.
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Introduction

Low-energy traumatic osteoporotic vertebral fractures (OVFs)
are the archetypal manifestation of osteoporosis; a systemic
disequilibrium between bone modeling and remodeling leading
to reduced bone mineral density and increased bone fragility.'
The incidence of OVFs is estimated to be 5% to 10% in women
in their fifth and sixth decades of life, and more than 30% in
those aged 80 years or older.”’ In the setting of an aging
population, a rise in the incidence of OVFs is anticipated.*>
Vertebral fractures not only predict future osteoporotic frac-
tures, either of the spine or the hip but also carry an overall
increase in mortality up to 15%.5° Despite their high preva-
lence and potential significance in relation to mortality and
morbidity, only one-third are symptomatic.'®'" This may
explain why, despite escalating prevalence, the implementation
of medical and adjunct therapies has not seen a corresponding
rise.!

Management options for OVFs include analgesia, phy-
siotherapy, a rigid or semirigid orthosis, lumbosacral orthosis,
garment orthoses, or surgical intervention such as percutaneous
kyphoplasty or vertebroplasty with or without instrumentation.
The supporting role of an orthosis is to limit the range of
motion and promote neutral vertebral alignment as the fracture
heals, minimize secondary traumatic injury, improve posture,
alleviate pain, and allow time for antiresorptive treatments to
take effect.> However, it has been contended that orthosis use
results in weakening of paraspinal musculature bulk with sub-
sequent increased fragility, as well as complications such as
pressure ulcerations.'?

Utilization of bracing has at times caused angst in the med-
ical community as there is a paucity of literature. Concepts of
the weakening of skeletal mechanical and postural musculature
and reduced proprioceptive ability leading to debility, and psy-
chosocial deterioration are a few reasons a proportion of reha-
bilitative, geriatric, family care practitioners and allied health
members shun bracing as a valid option for this complex
condition.

The goal of this study is to evaluate the role of spinal
orthoses with regard to vertebral stability, muscular strength,
and functional outcome in OVFs in the elderly. For the purpose
of this study, we have defined elderly as an age of >60 years."?
This is the first systematic review evaluating the role of spinal
braces in the elderly population who have sustained an OVF.

Methods

Eligibility Criteria

The Population, Intervention, Comparison, and Outcome
(PICO) question for this systematic review was: “In the elderly
population, considered as aged 60 years or older (P), does the
use of a spinal orthosis or brace (I) of any type such as rigid,

semirigid, or elastic (C) result in improved biomechanical or
functional outcomes (0)?”

Information Sources and Search

In accordance with the Preferred Reporting Items for Systema-
tic Reviews and Meta-Analyses (PRISMA) guidelines, we per-
formed a systematic electronic search of Medline, EMBASE,
Google Scholar, and Cochrane Database of Systematic
Reviews from their date of inception to December 2019 (Figure
1).'* A broad search strategy was favored with the keywords in
order to capture as many potentially relevant articles as possi-
ble. For example, the Medline database was queried with the
following search terms in various Boolean combinations:
“Spine,” “Vertebral,” “Thoracic Vertebra*,” “Lumbar
Vertebra*,” “Fracture,” “Spinal Fractures,” “Compression
Fracture,” “Osteoporotic Fracture,” “Orthosis,” “Brace.” Only
studies in the English language evaluating humans were
included. Notably, we deliberately excluded the restrictive
term of “elderly” in the search to retrieve as many potentially
relevant studies as possible, which may yet still have salvage-
able and applicable subgroup analyses of interest.

Study Selection

Two reviewers (BK and JT) independently screened the titles
and abstracts of all returned search results. Following this, full-
text articles of the retrieved studies were assessed for suitability
of inclusion. The bibliography and citing articles of all included
studies were also screened to identify additional eligible arti-
cles. Discrepancies were discussed until consensus attained.
Inclusion criteria were defined as (1) randomized or nonrando-
mized controlled trials, any cohort study examining the role of
a form of spinal orthosis in patients aged 60 years or older who
sustained an OVF of the thoracolumbar spine without high-
energy trauma; (2) any follow-up time acceptable with imme-
diate or delayed assessment of the effect of a brace being of
interest; and (3) human studies. If 2 studies were encountered
with shared data, the study with the largest dataset was to be
preferred.

Data Collection Process and Data Items

Data from all eligible studies was independently extracted into
a preformatted form by one author (BK) and cross-checked by
another (JT) in accordance with the Cochrane Handbook for
Systematic Reviews.'> No authors were contacted for further
unpublished data.

All quantitative data was to be collected to facilitate a meta-
analysis where possible. Outcome variables of interest included
vertebral body height progress or indirect measurements of
vertebral body union such as Cobb’s angle or kyphosis angle,
quality of life scores, lower back pain scores, functional out-
comes measurements such as muscular strength, body sway
and postural balance markers, and respiratory function.

Risk of Bias

Risk of bias in individual studies was assessed in accordance
with Cochrane recommendations.!®> The Risk of Bias of



Kweh et al

977

Records excluded

(n=719)

Full-text articles excluded,
(n= 28)

Review Articles: n = 13

Study Population (Age): n =9
Study Population (Non-

T
5 Records identified through Additional records identified
'g database searching through other sources
2 (n =2019) (n=0)
=
e
c
)
©
- v v

Records after duplicates removed

' (n = 754)

o
=
§ v
° Records screened
»n (n= 754)
—/
T L
Full-text articles
= assessed for eligibility
= (n= 35)
=
=
w y
Studies included in Osteoporotic): n= 6
— qualitative synthesis
PR (n=17)
o] v
[
g Studies included in
© quantitative synthesis
= (meta-analysis)
(n=0)
—J

Figure 1. Search strategy flow diagram in accordance with the Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses (PRISMA)

protocol.'*

Randomized Controlled Trials 2 (RoB 2) and the Risk Of Bias
In Non-Randomized Studies of Interventions (ROBINS-I) tool
was applied for the included randomized and nonrandomized
studies, respectively.'®!” Study quality was independently
assessed by 2 authors (BK and JT) with consensus attained
following discussion. The “Robvis” tool was utilized to gen-
erate the traffic light plot in accordance with Cochrane
recommendation.'®

Synthesis of Results

A meta-analysis is to be performed where possible regarding
the above outcomes.

Results

Study Selection

The initial search yielded 2019 articles, which were distilled to
754 after removal of duplicates. Abstracts were screened

leading to 35 studies warranting full-text assessment for elig-
ibility. This eventually yielded 7 articles, comprising 4 rando-
mized controlled trials and 3 prospective cohort studies, with
the reasons for the exclusion of assessed full-text articles dis-
played in Table 1. Common reasons for exclusion were review
articles retrieved without original datasets, inappropriate study
population age group with patients less than 60 years old, or
inclusion of patients without osteoporosis.

Study Characteristics

The 7 included studies examined rigid, semirigid, and elastic
orthotic devices in 1157 participants with a mean age of 77.2
years (Table 2). All studies examined osteoporotic compres-
sion vertebral fractures in elderly patients without any evidence
of neurological compromise. The majority of the studied pop-
ulation was female (78.3%). Trials were performed in Ger-
many, Italy, Japan, and Taiwan. The type of orthosis studied
and further characteristics are summarized in Table 3.
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Table 3. Intervention Characteristics of Included Studies.

No. of No. of
participants: ~ Comparison  participants:  Phase of Level of Duration of
Study Intervention group intervention group comparison fracture fracture orthosis use Follow-up
Kato etal, Rigid TLSO 141 Soft TLSO 143 Acute TI0-L2 12 weeks 4,8, 12, 24,
201 9% and 48
weeks
Abe et al, Rigid TLO (Jewett brace) 154 Nil Not applicable Acute T4-L5 12-24 6-8, and 24
2018% proceeding 2 weeks of weeks weeks
bed rest
Meccariello Three-point orthosis (3PO) 72 TLO (Spinomed) 68 Acute  T6-L3 10 weeks
etal, Backpack
201 7%
l,3,and 6
months
Hoshino Brace 327 No brace 35 Acute T5-L5 4.1 months 6 months
etal, Tailor-made hard (2.2-6.0)
201 3°° Tailor-made elastic
Ready-made elastic
Pfeifer et al, Group |: Spinomed orthosis Group |: 36 No brace 36 Subacute NR 6 months 6 months
201 13! Group 2: Spinomed active  Group 2: 36
orthosis
Liawet al, Rigid TLSO (Knight-Taylor 47 No brace 47 NR NR Immediate  Immediate
2009°2 orthosis)
Pfeifer et al, Spinomed orthosis 31 No brace 31 Subacute NR 6 months 6 months
2004

Abbreviations:

Study Quality

Risk of bias assessment was evaluated for included randomized
and nonrandomized controlled trials with the RoB 2 and
ROBINS-I tools, respectively, in a Cochrane-endorsed fashion
(Figures 2 and 3)."®!'7 The inability to effectively blind parti-
cipants to the use of an orthosis resulted in an inherent perfor-
mance bias in all included studies.

Results of Individual Studies

Both the heterogeneity of outcomes and type of spinal orthosis
investigated precluded an effective meta-analysis from being
conducted. Instead, we present a tabulated summary of the
trials and their relevant results (Table 4). This is followed by
a comprehensive narrative review.

Vertebral Stability. Six studies examined the mechanical effects
of orthoses on the vertebral column. Kato et al*’ defined the
anterior vertebral body compression percentage (AVBCP) as
the ratio between the vertical height of the compressed anterior
section to the posterior section at the same level. The mean
AVBCP favored the rigid brace treatment group at 12 weeks
(58.5% vs 54.6%, P = .04), 24 weeks (56.6% vs 52.7%, P =
.07), and 48 weeks (55.5% vs 53.0%, P = .20), but notably only
attai4ned statistical significance following 12 weeks of orthosis
use.*’

TLSO, thoracolumbosacral orthosis; TLO, thoracolumbar orthosis; NR, not reported.

Conversely, Meccariello et al*” demonstrated that average
height loss was less in the dynamic corset Spinomed (SDO)
group than in the rigid 3-point orthosis (3PO) group (4.9 vs
5.3 cm, P> .05) after 6 months but was not adequately powered
to achieve statistical significance. At this time, the Cobb’s
angle was also similar in both groups (27.1° in 3PO and
27.3° in SDO), as was the Delmas index (92.5 in 3PO, 93.6
in SDO) and union rate (93% in 3PO and 94% in SDO).* This
is consistent with the findings of Pfeifer et al>'*>* who found
that vertebral body height increased when wearing either the
Spinomed brace (+5.3 + 6.3, P <.01) or the Spinomed active
brace (+6.1 + 5.0, P <.01). This correlated with a decrease in
the angle of kyphosis at —7.9 + 4.9 (P<.01)and —8.1 + 10.5
(P < .01), respectively.’'=3

In a similar manner, Abe et al** examined the utility of 2
weeks of rigorous bedrest either in the lateral position or
semi-Fowler position at 20° to 30° followed by implemen-
tation of the rigid Jewett brace. Vertebral instability showed
a progressive decline at 3 weeks (4.9° + 4.8°), 6 to 8 weeks
(2.9° + 3.5°), and finally at 24 weeks (1.8° + 3.0°).*® The
prospective cohort study by Hoshino et al’® found that there
was no statistically significant difference in the odds ratio
of sustaining vertebral collapse between tailor-made hard
brace compared with tailor-made elastic (0.42, 0.23-1.19),
ready-made elastic (0.57, 0.26-1.22) or no brace (0.43,
0.16-1.19).
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Figure 2. Risk of bias as assessed by the Risk of Bias of Randomized Controlled Trials (RoB 2) tool based on the Cochrane Handbook for

Systematic Reviews of Interventions.'®

Postural Stability. Three studies supported the positive impact of
a brace on balance and functional stability. Liaw et al®>” utilized
computed posturography to examine the effect of wearing the
rigid Knight-Taylor brace, discovering that orthosis use
resulted in improved average stability (68.3% + 8.5% vs
63.6% + 10.5%, P <.001), superior average maximal stability
under swayed vision (87.0% + 4.2% vs 84.6% + 7.1%, P =
.012), greater average percentage of ankle strategy (83.7% =+
5.7% vs 82.0% + 6.1%, P = .013) and decreased average
velocity of center of gravity target sway (0.85 + 0.24 vs
0.92 + 0.31 deg/s, P = .0001). This translated to a lower

frequency of falls in all subtests, despite the Knight-Taylor
brace resulting in a decrease in overall directional control.>?
Pfeifer et al’"*> similarly determined an improvement in
body sway at 6 months with the Spinomed brace showing a
decrease in sway of 5.9 + 7.2 mm/s (P = .03), and the Spi-
nomed active orthosis a decrease by 6.2 + 7.4 mm/s (P = .02).

Muscular Strength. Three studies investigated orthosis effect on
muscular strength both directly with pressure gauge measure-
ment and indirectly with respiratory function as a surrogate.
Pfeifer et al’'>® showed that back extensor strength,
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Figure 3. Risk of bias as assessed by the Risk Of Bias In Non-Randomized Studies of Interventions (ROBINS-I) tool as recommended by the

Cochrane Handbook for Systematic Reviews of Intervention.'”

quantitatively measured in newtons, was improved by both the
Spinomed orthosis (189 + 141, 95% CI 125.1-238.9, P < .01)
and Spinomed active orthoses (+166 + 120, 95% CI 137.4-
212.3, P <.01). An increase in abdominal flexor strength was
also observed in both orthoses groups (+94 + 71, 95% CI
41.2-100.8, P < .01 and +135 + 83, 95% CI 63.4-115.7, P <
01).5153

Meccariello et al™ examined forced expiratory volume in 1
second (FEV1) and found that there was no difference in aver-
age FEV1 between a rigid 3PO and Spinomed at 1 week or 1

149

month, but improvement at 6 months in the Spinomed group
77.3% (67%-93%) compared with the 3PO group 65.8% (54%-
84%). In concordance with this finding, Pfeifer et al’'->* also
determined that the Spinomed brace resulted in an increase in
FEVI of 2.9% + 13.5% (P = .04) at 6 months, and the Spi-
nomed active orthosis an increase by 3.1% + 17.3% (P = .04).
In addition, vital capacity in both the Spinomed (6.1% =+
20.5%, P < .01) and Spinomed active (5.5% + 13.1%, P =
.03) groups.'~*? Significantly, the FEV1 decreased in the con-

trol group (3.8% + 16.1%).5'>
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Table 4. Primary and Secondary Outcomes of Included Studies.

Study Outcomes Conclusion
Kato etal, Primary outcome: Primary outcome:
201 9% Anterior vertebral body compression percentage (AVBCP)at  No significant difference in AVBCP
48 weeks. Secondary outcomes
Secondary outcomes: All scores (EQ-5D-3L), VAS, JOQBPEQ significantly
European Quality of Life-5 Dimensions, 3- improved after application of either brace
Level Questionnaire (EQ-5D-3L) No significant differences between 2 groups
Visual analogue scale (VAS) for lower back pain
Japanese Orthopedic Association Back Pain Evaluation
Questionnaire (JOQBPEQ)
Abe etal,  Primary outcome: Primary outcome:
201 8% Average vertebral instability: absolute difference of the Average vertebral instability 4.9° + 4.8° at 3 weeks, 2.9° +
vertebral wedging angle between standing and supine 3.5° at 6-8 weeks, and 1.8° + 3.0° at 24 weeks
position Secondary outcomes:
Secondary outcomes: Vertebral instability at 3 weeks, 6-8 weeks, and 24 weeks
Average vertebral instability stratified in union versus delayed higher in delayed union group than union group
union groups (delayed union defined as greater than 5 No statistically significant difference in length of hospital stay
degrees of wedging angle at 24 weeks) between union and delayed union groups
Length of hospital stay between union and delayed union
groups
Meccariello  Primary outcomes—functional recovery: Primary outcomes (statistically significant)
etal, Visual analogue scale (VAS) for pain Decreased VAS pain scores, reduced OLBPDQ disability
201 7% Oswestry Low Back Pain Disability Questionnaire scores, and improved FEV| volumes in Spinomed group at 3
(OLBPDQ) and 6 months compared with 3PO group
Measurement of forced expiratory volume in first second Secondary outcomes:
(FEVI) No statistically significant difference in union rate, RKA, or
Secondary outcomes—radiological: mean vertebral body height
Union rate No statistically significant difference of Cobb’s angle or
Regional kyphosis angle (RKA) Delmas Index
Height of fractured vertebral body on full-spine X-ray Complications:
Cobb’s angle Lower rate of complications in Spinomed than 3PO group
Delmas Index (11.7% vs 38.8%, P < .05)
Hoshino Primary outcomes: Primary outcomes:
etal, Quality of life by the Short-Form-36 (SF-36) Physical Intervention factors of brace type demonstrated no
201 3°° Component Summary (PCS) significant differences in SF-36 PCS, ADLs, VAS, or cognitive
Activities of Daily Living (ADLs) by the Japanese Long-Term scores
Care Insurance System Middle-column injuries were found to be a significant risk
Visual analogue scale (VAS) for Back Pain factor for reduced SF-36 and ADL scores, prolonged back
Cognitive status by the Mini-Mental State Examination pain, and vertebral collapse
(MMSE)
Secondary outcome:
Vertebral collapse ratio—anterior body height of the
fractured vertebral body divided by those of adjacent intact
vertebral bodies
Pfeifer et al, Primary outcomes: Primary outcomes: Favoring group | (Spinomed) and group 2
201 1° Back extensor strength (Spinomed active) group:
Abdominal flexor strength Back extensor strength—72% and 64% increase
Degree in angle of kyphosis Abdominal flexor strength—44% and 56% increase
Body sway Degree in angle of kyphosis—11% and | 1% decrease
Vital capacity Body sway—23% and 20% decrease
Average pain with Miltner’s Rating Scale Vital capacity—19% and 18% increase
Well-being with Hobi’s Scale Average pain—41% and 47% decrease
Limitations of daily living with Leidig-Bruckner Questionnaire ~ Well-being—18% and 18% increase
Limitations of daily living—49% and 54% decrease
Liaw et al,  Primary outcomes (assessed by computerized dynamic Primary outcomes:
20092 posturography): Knight-Taylor brace resulted in greater average stability,

Sensory organization test (SOT)
Limit of stability (LOS)
Rhythmic weight shift test (RWS)

greater average maximal stability under swayed vision and
decreased average velocity of sway with reduced frequency
of falls

However, brace also resulted in significant decrease in overall
percentage of directional control

(continued)
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Table 4. (continued)

Study Outcomes

Conclusion

Pfeifer et al, Primary outcomes:
2004%3 Back extensor strength

Abdominal flexor strength
Degree in angle of kyphosis
Body sway
Vital capacity
Average pain with Miltner’s Rating Scale
Well-being with Hobi’s Scale

Limitations of daily living with Leidig-Bruckner Questionnaire

Primary outcomes. All in favor of Spinomed orthosis group:
Back extensor strength—73% increase
Abdominal flexor strength—58% increase
Degree in angle of kyphosis—11% decrease
Body sway—25% decrease
Vital capacity—7% increase
Average pain—38% decrease
Well-being—15% increase
Limitations of daily living—27% decrease

There is therefore statistically significant moderate quality
evidence that orthosis use, whether rigid or semirigid, improves
abdominal and paraspinal muscle strength. Additionally, semi-
rigid orthosis use improves respiratory function.

Pain. Five studies assessed the effect of orthoses on pain.
Kato et al*’ reported that the mean visual analogue score
(VAS) of both rigid brace (28.2) and soft brace (26.3) treat-
ment was lower at 48 weeks compared with commencement.
The soft brace was favored by participants (difference —1.9,
95% CI —8.7 to 5.1, P = .43), but this did not reach sta-
tistical significance to demonstrate superiority to the rigid
brace.*’

Another study compared VAS scores following use of the
3PO or the Spinomed brace. There was no difference at 1
month, but lower scores were detected in the Spinomed group
of 4.3 (3-6) and 3.9 (1-4) at 3 and 6 months while the 3PO
group scores remained constant at 5.6 (4-8) and 5.6 (3-8).*
This is contradicted by Hoshino et al*® who found no difference
in prolonged back pain, defined in this study as a VAS greater
than 5 out of 10 at 6-month follow-up, between the tailor-made
hard brace, tailor-made elastic brace, ready-made elastic brace,
or no brace.

When pain was assessed with an alternative score such as
the Japanese Orthopedic Association Back Pain Evaluation
Questionnaire (JOQBPEQ) score, participants also favored soft
braces (60.6) over rigid braces (57.3) at 48 weeks (difference
33,95% CI —4.4t011.0,P = .43).47 However, the study was
not sufficiently powered to achieve statistical significance.*’
The Oswestry Lower Back Pain Disability Questionnaire
(OLBPDQ) showed long-term improvement in scores of 76.5
(68-100) in the 3PO group and 75.9 (68-100) at 1 month with
no significant difference, but fell at 3 months (63.6 vs 57.3) and
6 months (43.6 vs 37.5) with a statistically significant
difference.*

Pfeifer et al®'>* supported these findings determining that
average pain on Miltner’s Rating Scale decreased in either the
Spinomed (—1.5 + 1.2, P <.01) or the Spinomed active group
(—1.4 £+ 1.1, P<.01) with an increased in the control (4+0.1 +
0.9). The disability score also decreased in both groups at —2.1
+ 1.6 (P<.0l1)and —2.0 £+ 1.5 (P <.01) in the Spinomed and
Spinomed active groups, respectively.”'=>

Quality of Life. Four studies examined longitudinal quality of life
changes following implementation of a spinal orthosis. Kato et
al*’ elected to employ the European Quality of Life-5 Dimen-
sions, 3-Level Questionnaire, which demonstrated an improve-
ment in both rigid and soft brace treatment groups (0.74 vs
0.74, P = .67) without adequate power to reach statistical sig-
nificance. This was similar to the result of another prospective
cohort study comparing SF-36 scores when using the tailor-
made hard brace compared with tailor-made elastic braces
(1.39, 0.73-2.65 and 1.10, 0.55-2.21), ready-made elastic
braces (1.01, 0.45-2.27 and 0.99, 0.42-2.36), or no brace
(1.14, 0.43-2.98 and 1.04, 0.35-3.09).°° There seemed to be a
slight favoring of the ready-made elastic brace with less reduc-
tion in activities of daily living at 0.60 (0.22-1.65) compared to
the tailor-made elastic brace (1.03, 0.50-2.15) and no brace
(1.68, 0.56-5.10) but was not of statistical significance.’®
Pfeifer et al®'>* determined that wearing either the Spi-
nomed or Spinomed active brace improved well-being on
Hobi’s Scale at an increase in +10.3 + 7.9 (P < .01) and
+10.7 + 8.2 (P <.01) respectively, compared with a negative
outcome in the control group without orthosis of —2.3 + 3.0.

Cognitive Status. Two studies evaluated mental health following
orthosis use. Kato et al*’ included a subgroup breakdown of
mental health assessment, with scores improving at 48 weeks
with both rigid brace (55.9 vs 52.1)and soft brace treatment
(55.6 vs 54.5) without a statistically significant difference
between the 2 groups. Similarly, Hoshino et al>® could not
separate the tailor-made hard brace from the odds ratio of
cognitive impairment on the Mini-Mental State Examination
from the tailor-made elastic brace (1.55041-5.00) or the ready-
made elastic brace (0.91, 0.13-6.21).

Complications. Two studies recorded complications of orthosis
use. Kato et al*” reported 7 patients in the rigid brace group and
nine in the soft brace developed new vertebral fractures, with-
out any significant difference between the groups (OR 0.78,
95% CI 0.23-2.42). On the other hand, Meccariello et al*’
favored the Spinomed group with a lower complication rate
(11.7%) compared with the rigid 3PO group (38.8%, P <
.05). The majority of the complications involved gastric ulcers,
decubitus ulcers, inguinal hernias, or refracture.*’
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Discussion

This is the first systematic review to investigate the role of
spinal orthoses on biomechanical and functional outcomes fol-
lowing osteoporotic compression vertebral fractures in the
elderly cohort aged 60 years or greater. The fundamental role
of an orthosis is to promote vertebral fracture healing and sta-
bility, encourage anatomical posture, minimise post-traumatic
kyphotic deformity and improve quality of life.>* Although
there still exists a lack of international consensus regarding
classification of OVFs, the German Society for Orthopaedics
and Trauma (DGOU) have proposed 5 subtypes based on
degree of vertebral deformity.”” This classification can be used
in conjunction with the DGOU recommendations (which also
takes into consideration neurological status, visual analogue
pain score, and bone mineral density) to guide clinicians as
to whether fractures can be conservatively managed or may
require surgical fixation.’® All elderly patients included in our
study sustained osteoporotic vertebral compression fractures
without neurological compromise (not DGOU types 4 or 5),
which were deemed suitable by the authors for conservative
management with bracing. However, we have determined
through an exhaustive literature search that despite the vast
array of orthoses available, ranging from rigid to semirigid
dynamic braces such as Spinomed or the more flexible Spi-
nomed active, there is a scarcity of high-quality evidence to
guide clinicians on the indications or duration regarding imple-
mentation of these useful adjuncts. Consequently, this has led
to previous meta-analyses, in the general rather than elderly
population, of equivocal nature without clear recommendations
concerning their use.>’-%4

It has been previously posited that immobilization with
orthoses leads to muscle atrophy and is therefore paradoxically
detrimental to vertebral healing and posture. Indeed, one sur-
vey demonstrated that a similar belief was held by up to 50% of
clinicians.'? As such, the dynamic semi-rigid Spinomed brace
was developed with the theoretical advantage of providing not
only stability at rest, but also generating tactile feedback to the
wearer.”! This served as a reminder for the user to activate their
own musculature and minimize a kyphotic posture through a
biomechanical feedback loop. What this review elucidates is
that, in the elderly population, there is actually low to moderate
quality evidence from 5 studies, which suggests a brace is
likely to facilitate vertebral healing as evidenced by multiple
outcome measures.*”*%>1-33 Vertebral height and kyphotic
angle are also improved with orthosis use for 12 weeks or
more.*#49°153 Ambiguity remains regarding the superiority
of one form of orthosis over another.*’ Nonetheless, it is strik-
ing that there was no evidence in any of the included studies
that orthosis use had negative biomechanical consequences in
the elderly population.*’ 4!

This biomechanical benefit of spinal orthoses translated into
functional improvement in three of the studies.”' > Immobili-
zation with spinal orthoses has previously been theorized to
lead to disuse muscle atrophy following muscle unloading and
therefore attenuation of protein synthesis via the Akt-mTOR

pathway and alterations in the myonuclear domain.>”>® How-
ever, Fayolle-Minon et al’® demonstrated that there was no
statistically significant change in isometric strength after 21
days of lumbar orthosis use. Furthermore, Pfeifer et al’'>* in
2 separate studies found marked improvements in extensor and
flexor strength following orthosis use. As such, disuse atrophy
may be a consequence of ageing but this systematic review
demonstrates there is both immediate benefit to postural
stability and delayed benefit to muscle strength with orthosis
use, 5173360

These findings are in alignment with the electrophysiologi-
cal literature investigating the effects of spinal orthoses on
muscle strength. Cholewicki et al®' performed electromyo-
graphic studies which reported no evidence of detrimental
effect on neuromuscular function in subjects who wore a lum-
bosacral orthosis. Furthermore, Kawaguchi et al°® concluded
that an orthosis increases the strength of musculature with
reduced electromyographic muscle activity. This is consistent
with orthoses reducing axial load during performance.®® In a
systematic review of 35 studies examining lumbosacral sup-
ports, Azadinia et al®® determined that the majority of studies
showed either no change or an improvement in muscle
strength. The exception uncovered was a single study which
found a reduced cross-sectional area of the abdominal and
para-spinal musculature on ultrasonography following the use
of lumbar belts rather than true spinal orthoses.®* Therefore,
evidence from the neurosurgical and electrophysiological liter-
ature advocates for the use of spinal orthosis use from a func-
tional perspective.

Additionally, there is moderate quality evidence that spinal
orthosis use in OVFs reduces pain and improves quality of
life.*”**>1:53 The adverse effects of pain on recovery are intui-
tive. For example, Knopp-Sihota et al®> demonstrated that pain
was inversely related to degree of mobility. In turn, mobility is
inextricably linked to functional improvement.?> Furthermore,
pain may impair respiratory function which is of particular
importance given Chen et al® emphasized that chest infection
is the leading cause of death in OVFs. This review uncovered
moderate-quality evidence that both FEV1 and vital capacity is
likely to be improved by wearing a spinal orthosis, further
advocating for spinal orthosis use.**>"">* An important consid-
eration regarding quality of life is that the compliance rate with
orthosis use has been noted by Kato et al*’ to be lower with
rigid compared to semirigid braces due to wearer discomfort.
This poor compliance rate was remedied by Pfeifer et al’' by
using a semirigid orthosis with excellent effect: 105 of their
108 patient cohort completed 6 months of the intervention, and
100 subjects were still utilizing the orthosis after 12 months. As
such, concerns regarding orthosis compliance should not dis-
suade clinicians from their use.

Common complications of spinal orthoses include decubitus
ulcers and soft tissue infections, which are more likely in the
elderly cohort.* Only 2 studies in this review compared com-
plication rates between brace types with conflicting conclu-
sions.*’*” What can be deduced is that braces should be
implemented for a finite time period rather than indefinitely
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given the potential for complications. This tenet is supported by
Meccariello et al*’ who intriguingly found that participants
who wore the Spinomed orthosis for 10 weeks continued to
demonstrate biomechanical and functional improvement at 3-
and 6-month follow-up despite brace removal. The significance
of this lies in the fact that this period of time should be used to
commence osteoporotic antiresorptive medical therapy (at the
least) or osteoblast inductive medical therapy (with contraindi-
cations excluded) to restore or accelerate bone healing and
subsequently decrease overall morbidity and mortality related
to OVF.®"®® Thus, spinal orthoses may simultaneously serve
as an effective adjunct and bridging tool while systemic thera-
pies take effect to maintain post traumatic spinal alignment.

It is also telling that alternative therapies for OVFs are still
being investigated. Indeed, Barker et al®® determined that
intensive physiotherapy therapy likely only has short-term ben-
efits compared with physiotherapy education of patients. This
theme was reiterated by Caitriona et al’® who highlighted there
still exists uncertainty and a lack of evidence as to the exact
role of physiotherapy and to what degree it should be incorpo-
rated into a standardized rehabilitation regime. There also
exists conflicting evidence regarding the role of vertebroplasty,
with the American Society for Bone and Mineral Research
Task Force concluding that there is still no demonstrable clin-
ical benefit of this intervention.”" In a climate where such
ambivalence surrounds alternative interventions, our systema-
tic review provides urgent clarification on the biomechanical
and functional benefits of the readily available adjunct of spinal
orthoses in the management of elderly patients who have sus-
tained OVFs.

This systematic review unfortunately was limited by the
heterogeneity and quality of available evidence. A broad spec-
trum of orthoses was studied with variable direct and indirect
measures of their mechanical and functional benefits or
reported risks. This thereby precludes effective extraction of
data and the performance of a meta-analysis. The included
studies were susceptible to performance bias given the diffi-
culty inherent in blinding participants to the intervention. We
also accept that potential confounders such as concurrent phy-
siotherapy or implementation of medical therapy are not separ-
able from a research question like this due to them being
mainstream treatment of OVF. On the other hand, the studies
were undertaken in a variety of international centers with rig-
orous and well-defined protocols, suggesting appropriate inter-
nal and external validity.

Conclusion

Our novel systematic review provides pooled evidence for the
first time that there is moderate-quality evidence to support the
use of spinal orthoses in the management of acute osteoporotic
vertebral compression fractures in elderly patients aged 60
years and older who are neurologically intact. Bracing of these
patients results in improved biomechanical vertebral stability,
reduced kyphotic deformity, enhanced postural stability,
greater muscular strength, and superior functional outcomes.
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