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Purpose: The aim of the present conventional observational study was to compare the clinical
outcomes of initial non-weight-bearing therapy and conventional relative rest therapy among
elderly patients with clinical vertebral fractures.

Methods: In total, 196 consecutive patients with clinical vertebral fractures (mean age: 78 years)
who were hospitalized for treatment between January 1999 and March 2007 were analyzed.
Initial non-weight-bearing therapy consisted of complete bed rest allowing rolling on the bed
without any weight-bearing to the spine for 2 weeks, followed by rehabilitation wearing a soft
brace. The indications for initial non-weight-bearing therapy were vertebral fracture involving
the posterior portion of the vertebral body at the thoraco-lumbar spine, mild neurological deficit,
instability of the fracture site, severe pain, multiple vertebral fractures arising from trauma,
malalignment at the fracture site, and mild spinal canal stenosis caused by the fracture. Patients
who met the indication criteria were treated with initial non-weight-bearing therapy (n = 103),
while the other patients were treated with conventional relative rest (n = 93). All the patients
were uniformly treated with intramuscular elcatonin to relieve pain. The primary endpoint was
progression of the vertebral fracture. The secondary endpoints included bony union and subjec-
tive back pain. The follow-up period was 12 weeks.

Results: Compared with the conventional relative rest group, the collapse rate of the anterior
and posterior portions of the vertebral body was significantly smaller in the initial non-weight-
bearing group. The bony union rate was 100% in the initial non-weight-bearing group and
97% in the conventional relative rest group. The number of patients who experienced back
pain was significantly lower in the initial non-weight-bearing group than in the conventional
relative rest group.

Conclusion: These results suggest that initial non-weight-bearing therapy is important for
preventing vertebral body collapse and for relieving pain among elderly patients with clinical
vertebral fractures.
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Introduction
Osteoporosis commonly affects postmenopausal women because estrogen deficiency
after menopause induces rapid bone loss. This disease increases the risk of fractures
at skeletal sites such as the vertebrae, wrist, and hip. Osteoporotic vertebral and hip
fractures increase morbidity and mortality among elderly men and women.'?
Vertebral fractures are more common among Japanese elderly people than among
Caucasian elderly people.® Although most hip fractures are treated surgically if the
patient’s general condition permits, an appropriate therapy for vertebral fractures has
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not been established. The pain and disability caused by
osteoporotic vertebral fractures have long motivated the
search for effective therapy.

Recently, two procedures designed to restore vertebral
body height and function have been widely adopted:
percutaneous vertebroplasty, in which cement is injected
into the vertebral body to support the fractured bone; and
kyphoplasty, a variant of vertebroplasty in which a balloon is
inserted and inflated in a collapsed vertebral body, restoring
the bone’s height before the cement injection.* However,
neither procedure is risk-free: reported complications include
compression fractures, cement leakage, pulmonary complica-
tions, paraplegia, and death.’ Furthermore, the highest quality
trials cast doubt on the benefit of the two procedures with
regard to pain and disability.®® Therefore, these procedures
should not be considered as standard treatments for osteo-
porotic vertebral fractures.

Strict conservative therapy should primarily be con-
sidered in patients with clinical (fresh) vertebral fractures
in the absence of neurological deficits. Theoretically, non-
weight-bearing to the fractured vertebral body is thought
to prevent the progression of vertebral body collapse. In
clinical practice, however, because conventional relative
rest therapy is usually performed for clinical osteoporotic
vertebral fractures among elderly patients, the effectiveness
of non-weight-bearing therapy remains to be established.
It was hypothesized that initial non-weight-bearing therapy
would be more useful than conventional relative rest therapy
for preventing vertebral body collapse and relieving pain
among elderly patients with clinical vertebral fractures. The
aim of the present conventional observational study was to
compare the clinical outcome between initial non-weight-
bearing therapy and conventional relative rest therapy among
elderly patients with clinical vertebral fractures.

Subjects and methods
Subjects

In total, 196 consecutive elderly patients (mean age:
78 years) with clinical (painful) vertebral fractures who
were hospitalized for treatment at Kishikawa Orthopedic
Surgery (Saga, Japan) during a 9-year period between
January 1999 and March 2007 were analyzed. The inclusion
criteria were age =65 years and a traumatic or non-traumatic
clinical (fresh) vertebral fracture (T4-L5) determined based
on clinical symptoms, radiographs, and magnetic reso-
nance (MR) images of the lumbar and thoracic spine. The
exclusion criteria included allergy to calcitonin and bone

diseases, including bone metastases of cancers, primary
hyperparathyroidism, hyperthyroidism, Cushing syndrome,
multiple myeloma, and osteogenesis imperfecta. Patients
who had ever taken any medications known to affect bone
metabolism, including bisphosphonates, selective estrogen
receptor modulators, vitamin D,, vitamin K, or teriparatide,
were also excluded because these medications might have
affected the bony union of the fractures.

Initial non-weight-bearing therapy consisted of complete
bed rest without any weight-bearing to the spine for 2 weeks,
followed by rehabilitation wearing a soft brace. During
the initial 2 weeks, even having meals and voiding were
performed while lying in bed. The indications for initial non-
weight-bearing therapy were vertebral fracture involving the
posterior portion of the vertebral body at the thoraco-lumbar
spine, mild neurological deficit, instability of the fracture site,
severe pain, multiple vertebral fractures arising from trauma,
malalignment (severe scoliosis or kyphosis) at the fracture
site, and mild spinal canal stenosis caused by the fracture.
Conventional relative rest therapy consisted of bed rest, soft
brace wearing, and the minimization of weight-bearing to the
spine. Patients who met the indication criteria were treated with
initial non-weight-bearing therapy (n = 103), while the other
patients were treated with conventional relative rest (n = 93).
All the patients were uniformly treated with intramuscular
elcatonin (20 units, weekly) to relieve pain,*!° and the ordinary
use of oral non-steroidal anti-inflammatory drugs (NSAIDs)
was avoided to monitor pain. The primary endpoint was the
progression of the vertebral fracture. The secondary endpoints
included bony union and subjective back pain. The follow-up
period was 12 weeks. The present study was approved by the
Ethics Committee of Kishikawa Orthopedic Surgery.

Assessment of prevalent

vertebral fractures

Plain lateral X-ray films of the thoracic and lumbar spine
were obtained at baseline to detect evidence of morphomet-
ric vertebral fractures. According to the Japanese criteria,
a vertebral fracture was defined according to the vertebral
height on lateral X-ray films.""!? Briefly, the vertebral height
was measured at the anterior, central, and posterior portions
of the vertebral body, and the presence of a vertebral fracture
was confirmed when (1) a reduction in the vertebral height
of more than 20% (anterior, central, and posterior portions)
compared with the height of the adjacent vertebrae was
observed, (2) the central height/anterior height or central
height/posterior height was less than 0.8, or (3) the anterior
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height/posterior height was less than 0.75. The assessment
for vertebral fractures was performed at the T4-L5 level.

Evaluation of clinical vertebral fractures
Radiographs and MR images of the lumbar and thoracic spine
were obtained at baseline to detect evidence of vertebral
fractures at the T4-L5 level. Plain anterior-posterior and
lateral X-ray films of the lumbar and thoracic spine were
taken while the patient was in both a standing and a supine
position. Alterations in the vertebral fractures were assessed
every 2 weeks for 12 weeks.

The collapse rate of the anterior and posterior portions
was evaluated using the following formula (Figure 1):
AC = C/E and AD = D/E, respectively, where A is the height
of the posterior portion of the upper intact vertebral body, B is
the height of the posterior portion of the lower intact vertebral
body, C is the height of the anterior portion of the fractured
vertebral body, D is the height of the posterior portion of the
fractured vertebral body, and E is (A + B)/2.

Local alignment was evaluated according to the angle with
the posterior portion’s lines (A and B in the standing position)
for the upper and lower vertebral body (Figure 1). An angle
=5 degrees lordotic was judged as lordosis (score: —1), an
angle =5 degrees kyphotic was judged as kyphosis (score:
+1), and angles between —5 to 5 degrees were judged as
being straight (score: 0). The sum of the scores was used to
evaluate local alignment.

The severity of the vertebral fracture was evaluated
according to the fracture type: burst fracture (score: +1),

Figure | Evaluation of radiographs and MRI.

Notes: On radiographs, fractures were evaluated using the following parameters:
A = height of posterior portion of the upper intact vertebral body, B = height of
posterior portion of the lower intact vertebral body, C = height of anterior portion
of the fractured vertebral body, D = height of posterior portion of the fractured
vertebral body, E = (A + B)/2, AC = C/E, AD = D/E. On Tl-weighted MR images,
fractures were evaluated by the fracture line reached posterior portion of the
vertebral body, posterior portion of the vertebral body collapsed, and low intensity
area =50% of the vertebral body.

Abbreviation: MRI, magnetic resonance imaging.

and compression fracture (score: 0). The sum of the scores
was used to evaluate the severity of the vertebral fracture.

The severity of the vertebral fracture was also evaluated
using MR images according to the fracture line, collapse of
the posterior portion of the vertebral body, and T1-weighted
low-intensity area (Figure 1). Fractures were judged as
severe when the fracture line reached the posterior portion
of the vertebral body (score: +1), the posterior portion
of the vertebral body had collapsed (score: +1), and the
T1-weighted low-intensity area accounted for =50% of the
vertebral body (score: +1). The sum of the scores was used
to evaluate the severity of the vertebral fracture.

Bony union on radiographs was confirmed when the
progression of the vertebral body collapse arrested, the callus
became homogeneous, and the vertebral body did not show any
changes in shape between the standing and supine positions.

Statistical analysis

All the data were expressed as the mean =+ standard deviation
(SD) in the tables. Data comparisons between the two groups
were performed using an unpaired #-test and a Fisher exact
test. A two-way analysis of variance (ANOVA) with repeated
measurements was used to compare longitudinal changes in
parameters between the two groups. All the statistical analy-
ses were performed using the Stat View-J5.0 program (SAS
Institute, Cary, NC) on a Windows computer. A significance
level of P < 0.05 was used for all the comparisons.

Results
Characteristics of the study
subjects at the start of therapy

Table 1 shows the characteristics of the study subjects at
the start of therapy. Of the 196 patients, 103 (12 men and
91 women) underwent initial non-weight-bearing therapy
and 93 (20 men and 73 women) underwent conventional
relative rest therapy. The patient age was significantly
lower in the initial non-weight-bearing group than in
the conventional relative rest group (77.7 years versus
78.6 years). The number of prevalent vertebral fractures did
not differ significantly between the two groups. The time
from the onset of back pain (fracture) to hospitalization
was significantly shorter in the initial non-weight-bearing
group than in the conventional relative rest group (9.5 days
versus 19.5 days). The total number of incident vertebral
fractures was 110 in the initial non-weight-bearing group
and 101 in the conventional relative rest group. Regarding
local alignment and the severity of the vertebral fracture,
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Table | Characteristics of study subjects at the start of therapy

Initial non-weight-bearing Conventional relative rest P value

Number of subjects 103 93
Gender

Male 12 20 NS

Female 91 73 NS
Age (years) 777 £ 6.2 78.6 + 6.4 <0.05
Number of subjects with prevalent vertebral fractures 16 15 NS
Time from onset of pain to hospitalization (days) 9.5+ 19.8 19.5 +25.0 <0.05
Number of incident fractures 110 101
Local alignment score 0.64 £ 0.67 0.36 £0.70 <0.05
Severity of fractures by type of fractures 0.28 + 0.45 0.17 £0.38 <0.05
Severity of fractures by MR images 2.32+0.84 1.65+ 1.21 <0.05

Notes: Data are expressed as the mean * SD. An unpaired t-test and a Fisher exact test were used to compare data between the two groups.

Abbreviation: NS, not significant.

alignment was more significantly altered after vertebral
fracture in the initial non-weight-bearing group than in the
conventional relative rest group, and the severity of the
vertebral fracture evaluated according to the fracture type
and MR images was greater in the non-weight-bearing group
than in the conventional relative rest group.

The causes of the vertebral fractures were falling
(49.1%), tumbling (7.3%), lifting (14.5%), other minor
trauma (14.5%), and no trauma (14.5%) in the initial non-
weight-bearing group, and falling (38.6%), tumbling (1.0%),
other minor trauma (34.7%), traffic accident (1.0%), and no
trauma (24.8%) in the conventional relative rest group.

Figure 2 shows the distribution of the clinical vertebral
fractures in the initial non-weight-bearing and conventional
relative rest groups. Vertebral fractures at the thoraco-lumbar
spine (T12 and L1) with kyphosis were more likely to be
treated with initial non-weight-bearing therapy, whereas
vertebral fractures at the thoraco-lumbar (T12 and L1) and
upper to middle thoracic spine with kyphosis and those at

the lower lumbar spine with lordosis were more likely to be
treated with conventional relative rest therapy.

Changes in height of the anterior
and posterior potions of the vertebral

body and bony union rate
The changes in AC and AD differed significantly between the
two groups (both P < 0.05 according to a two-way ANOVA
with repeated measurements) (Figure 3). AC and AD were
significantly greater at 2, 6, and 12 weeks in the initial non-
weight-bearing group than in the conventional relative rest group
(P <0.01 for AC and P < 0.05 for AD at 2 weeks and P < 0.05
for AC and AD at 6 and 12 weeks according to an unpaired #-test).
These results suggested that the collapse rate (the height loss)
of the anterior and posterior portions of the vertebral body was
significantly smaller in the initial non-weight-bearing group
than in the conventional relative rest group.

After 12 weeks of therapy, the bony union rate was
100% in the initial non-weight-bearing group and 97% in

(Number) Initial non-weight-bearing (n = 110)
40 R
| .
20 Lordosis
— . i Straight
0 y ' wKyphosis
T4-T10 ™ T12 L1 L2 L3-L5
(Number) Conventional relative rest (n = VA101)
30
20 - Lordosis
10 — . . ] [ w Straight
0 [ | - - - w Kyphosis
T4-T10 T T12 L1 L2 L3-L5

Figure 2 Distribution of vertebral fractures according to type of therapy.

Notes: Vertebral fractures at the thoraco-lumbar spine (T12 and LI) with kyphosis were more likely to be treated with initial non-weight-bearing therapy, whereas vertebral
fractures at the thoraco-lumbar (T12 and L1) and upper to middle thoracic spine with kyphosis and those at the lower lumbar spine with lordosis were more likely to be

treated with conventional relative rest therapy.
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Figure 3 Changes in collapse rate index of anterior and posterior portion of vertebral body.
Notes: The changes in AC and AD differed significantly between the two groups (both P < 0.05 according to a two-way ANOVA with repeated measurements). AC and AD
were significantly greater at 2, 6, and 12 weeks in the initial non-weight-bearing group than in the conventional relative rest group. *P < 0.05, **P < 0.0 versus conventional

relative rest group by the unpaired t-test.
Abbreviation: ANOVA, analysis of variance.

the conventional relative rest group. In particular, a subgroup
analysis of patients among whom treatment was initiated
within 2 weeks of onset revealed that the bony union rates
at 6 and 12 weeks were significantly greater in the initial
non-weight-bearing group than in the conventional relative
rest group (6 weeks: 80.0% versus 40.7%, 12 weeks: 85.7%
versus 51.4%; both P < 0.01 according to a Fisher exact test)
(Figure 4).

A subgroup analysis among patients who suffered from
thoraco-lumbar vertebral fractures showed that the fracture
was repositioned in approximately 10% of the patients in

| 6 weeks of therapy |

the initial non-weight-bearing group (from AC < 0.5 to
AC > 0.5) and that the collapse progressed in approximately
30% of the patients in the conventional relative rest group
(from AC > 0.5 to AC < 0.5).

Changes in subjective back pain

and hospitalization period

The percentages of patients who sustained no back pain,
mild back pain, and moderate back pain were 37%, 62%,
and 1%, respectively, in the initial non-weight-bearing group
and 12%, 75%, and 13%, respectively, in the conventional

Bony union rate (%)

Initial non-weight-bearing ‘_E
1 *%
Conventional relative rest |_@

1", l"" }"‘ 14 I'v’ (“‘

0%

| 12 weeks of therapy |

20%

40% 60% 80% 100%

Initial non-weight-bearing M .

Conventional relative rest | (ST i)

v

0%

Time after onset
B 0-2 weeks
B 2-6 weeks

M 6 weeks or more

Figure 4 Bony union rate according to time after onset.

20%

1 1 o 1

40% 60% 80%

100%

Fisher exact test
**P <0.01

Notes: A subgroup analysis in patients who were initiated therapy by 2 weeks after onset, bony union rate at 6 and 12 weeks was significantly greater in the initial non-weight-
bearing group than in the conventional relative rest group. *P < 0.05, **P < 0.01 versus conventional relative rest group by the Fisher’s exact test.
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relative rest group. The percentage of patients who sustained
no back pain was significantly greater in the initial non-
weight-bearing group than in the conventional relative rest
group (P < 0.001 according to a Fisher exact test), and the
percentage of patients who sustained moderate back pain
was significantly smaller in the initial non-weight-bearing
group than in the conventional relative rest group (P < 0.01
according to a Fisher exact test).

The hospitalization period was significantly longer in the
initial non-weight-bearing group than in the conventional
relative rest group (49.2 days versus 37.9 days; P < 0.05
according to an unpaired #-test).

Complications

The main complications of initial non-weight-bearing
therapy were constipation (45%), dizziness (25%), nausea or
vomiting (6%), cystitis (2%), and intercostal neuralgia (2%).
Nausea, vomiting, and dizziness were transiently observed
at the initiation of rehabilitation and disappeared thereafter.
No serious adverse events were observed.

Representative case

Figure 5 shows the representative case of an 80-year-old
woman who suffered a T12 burst fracture (MR image).

80-year-old woman with a T12 burst fracture

ing pos*fition at O’Vy\leeks

Figure 5 Bony union confirmed by standing and supine position radiographs.

Initial non-weight-bearing therapy was performed. After
12 weeks of therapy, bony union was confirmed using radio-
graphs obtained while the patient was in both a standing and
a supine position.

Discussion

The aim of the present conventional observational study was
to compare the clinical outcomes between initial non-weight-
bearing therapy and conventional relative rest therapy among
elderly patients with clinical vertebral fractures. Compared
with the conventional relative rest group, the collapse rate
(the height loss) of the anterior and posterior portions of the
vertebral body after 12 weeks of therapy was significantly
smaller in the initial non-weight-bearing group. These results
suggest that initial non-weight-bearing therapy is important
for preventing vertebral body collapse in elderly patients
with clinical vertebral fractures.

Delmas et al'? analyzed data from the randomized, double-
blinded 3-year Multiple Outcomes of Raloxifene Evaluation
(MORE) trial. Among women without prevalent vertebral
fractures and with mild, moderate, and severe prevalent verte-
bral fractures, 4.3%, 10.5%, 23.6%, and 38.1%, respectively,
had new vertebral fractures, whereas 5.5%, 7.2%, 7.7%, and
13.8%, respectively, experienced new nonvertebral fractures.

"U;pine position at 0 weeks 4+

MR image at 0 weeks

Supine position at 12 weeks

Notes: Initial non-weight-bearing therapy was performed. Bony union on radiographs was confirmed when progression of vertebral body collapse arrested, callus became
homogeneous, and vertebral body form did not show any changes between standing and supine positions. After 12 weeks of therapy, bony union was confirmed by

radiographs in the standing and supine position.
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Thus, vertebral fracture severity appears to be the best inde-
pendent predictor for the risk of new vertebral and nonver-
tebral fractures. Miyakoshi et al'*!* reported that the quality
of life (QOL) in patients with osteoporosis was impaired
by postural deformities, especially by whole kyphosis, and
that increases in lumbar kyphosis and the number of ver-
tebral fractures represented very important risk factors for
gastroesophageal reflux disease (GERD) in patients with
osteoporosis. These reports suggest that the prevention of
severe vertebral fractures is very important for preventing
subsequent fractures, avoiding deterioration in the QOL, and
reducing the risk of GERD in patients with osteoporosis.
Fractures involving the posterior portion of the thoraco-
lumbar vertebral body may potentially cause cord compression,
possibly resulting in paralysis in severe cases. The indications
for initial non-weight-bearing therapy included vertebral frac-
tures involving the posterior portion of the vertebral body at
the thoraco-lumbar spine, mild neurological deficit, instability
of'the fracture site, and mild spinal canal stenosis caused by the
fracture. Despite the severer vertebral fractures, compared with
the conventional relative rest group, the risk of vertebral body
collapse was lower in the initial non-weight-bearing group.
Other advantages of initial non-weight-bearing therapy
in patients with clinical vertebral fractures included an
excellent bony union rate when the therapy was initiated
within 2 weeks after the onset of pain, possible repositioning
of the fracture, and a pain relief effect. The disadvantages
were a long hospitalization period and complications such
as constipation, dizziness, nausea or vomiting, cystitis,

12 fracture

64-year-old woman w

0 week 2 weeks

Figure 6 Process of bony union: representative case.

and intercostal neuralgia, all of which were transient. The
advantages appeared to outweigh the disadvantages.

We took radiographs every 2 weeks to observe the bony
union process. As shown in Figure 6, callus formation was
found around the pedicle in the posterior part of the vertebral
body as early as 2 weeks after the initiation of initial non-
weight-bearing therapy. Then, callus formation was extended
to the anterior part of the vertebral body at 4 weeks. The
callus became homogeneous according to the progression
of the bony union at 8 weeks, and a bridging callus also
formed to stabilize the fractured vertebra with endplate
injury. Therefore, non-weight-bearing therapy was required
to avoid the impairment of bone union. None of the cases
experienced the failure of bony union in terms of pseudoar-
throsis after the initial non-weight-bearing therapy.

Intramuscular treatment with elcatonin is commonly
used in Japan. Several studies have shown that intramuscu-
lar elcatonin is useful for relieving pain and improving the
QOL of postmenopausal Japanese women with or without
osteoporosis.”!® The evidence-based clinical practice guide-
lines of the American Academy of Orthopedic Surgeons
(AAOS) suggest that calcitonin therapy should be recom-
mended for the treatment of patients who present with a
clinical osteoporotic spinal compression fracture (strength of
recommendation is moderate).'” A preclinical study showed
that elcatonin did not interfere with bone healing in a femoral
fracture model in cynomolgus monkeys.!” Therefore, elca-
tonin may primarily be used for pain relief in patients with
osteoporotic clinical vertebral fracture.

8 weeks

4 weeks

Notes: Callus formation was found around the pedicle in the posterior part of the vertebral body as early as 2 weeks after the initiation of initial non-weight-bearing therapy.
Then, callus formation was extended to the anterior part of the vertebral body at 4 weeks. The callus became homogeneous according to the progression of bony union at
8 weeks and a bridging callus was also formed to stabilize the fractured vertebra with endplate injury.
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The present study had some notable limitations. First, the
present study was a conventional observational study, and
the type of vertebral fractures was not uniform between the
two groups. Namely, the severity of the vertebral fractures at
the initiation of the therapy was greater in the initial weight-
bearing group than in the conventional relative rest group.
Thus, the results might be biased. Second, age at baseline
was significantly lower in the initial non-weight-bearing
group (mean: 77.7 years) than in the conventional relative
rest group (mean: 78.6 years). However, because the differ-
ence in age at baseline was only 0.9 years, it was surmised
that this difference might not have strongly influenced the
results of the present study. Third, pain was not assessed
quantitatively using a visual analogue scale. Fourth, func-
tion (Roland—Morris Disability Questionnaire)!®2° and QOL
(SF-36) were not examined, although these parameters are
important in elderly patients. Fifth, the follow-up period was
only 12 weeks and longer periods of observation are needed
to determine the effectiveness of initial non-weight-bearing
therapy. RCTs are needed to confirm the long-term effective-
ness of initial non-weight-bearing therapy in patients with
clinical vertebral fractures. This paper may stimulate further
research to clarify the effectiveness of conservative treatment
for clinical vertebral fractures.

In conclusion, the results of the present study suggest that
initial non-weight-bearing therapy is important for prevent-
ing vertebral body collapse and relieving pain among elderly
patients with clinical vertebral fractures.
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