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Effect of an intensive conservative therapy with
daily teriparatide administration and rehabilitation
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and paralysis
Norimitsu Wakao, MD, PhDa,b,∗, Mikinobu Takeuchi, MD, PhDa, Daniel K. Riew, MDc,
Atsuhiko Hirasawa, MD, PhDa, Shiro Imagama, MD, PhDd, Katsuhisa Kawanami, MD, PhDb,
Toshihiro Matsuo, MD, PhDb, Kenta Murotani, PhDe, Masataka Deie, MD, PhDb

Abstract
Although patients with osteoporotic delayed vertebral collapse (ODVC) have frequently been treated surgically, the efficacy and
limitation of conservative treatment for it have not yet been reported. The purpose of this study was to investigate the effectiveness
and limitation of further intensive conservative treatment for patients with ODVC.
Patients treated for ODVC from 2011 to 2014 with a follow-up period of more than 1 year were eligible. The fundamental treatment

strategy consisted of surgical treatment following intensive conservative treatment with daily teriparatide and rehabilitation for
3 months. We conducted a surgical treatment for patients who could not keep standing position by themselves because of
prolonged leg paralysis or intolerable back pain. We performed a logistic regression model in which surgical treatment was set as an
objective variable, and other related factors including sex, age, the level of affected vertebrae, the quality of paralysis, changing rate (d)
of spinal canal encroachment, local kyphotic angle, mobility of collapsed vertebrae, EuroQol questionnaires (EQ5D), numerical rating
scale (NRS), and Frankel grade as explanatory variables. We also plotted receiver operating curves (ROCs) to investigate the cutoff
values of parameters at the baseline.
Thirty patients (6 males and 24 females, mean age 76.7 years) were enrolled. Eventually 12 out of 30 patients avoided surgical

treatment because their symptoms were improved. Logistic regression showed that d of local kyphotic angle (odds ratio: 1.072),
P= .01), mobility of collapsed vertebrae (1.063, 0.01), EQ5D (0.98, 0.04), and NRS (1.113, 0.01) were significantly correlated with the
need for surgical treatments. Among the factors at baseline, only themobility of collapsed vertebrae showed a significant value of area
under a curve (AUC=0.727, P= .008).
The results that 40%of patients with ODVC did not need further surgical treatment after the intensive conservative treatment was of

great significance. Patients with greater mobility of collapsed vertebrae might be treated surgically as quickly as possible.

Abbreviations: AUC= area under curve, EQ5D= EuroQol questionnaires, MRI=magnetic resonance imaging, NRS= numerical
rating scale, ODVC = osteoporotic delayed vertebral collapse, OR = odds ratio, ROC = receiver operating curves.
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1. Introduction

The incidence of osteoporotic thoracolumbar compression
fracture increases with age.[1–5] Although most cases can be
treated conservatively with some braces or cast, delayed post-
traumatic vertebral collapse and paralysis sometimes occur. The
typical sign of an osteoporotic delayed vertebral collapse
(ODVC) is an intervertebral cleft, which is a sign of avascular
necrosis of the vertebral body. As a result of such a collapse, some
patients experience neurologic complications and/or severe low
back pain due to instability or aggravation of the local
kyphosis.[6–8] A substantial number of cases of ODVC have
been reported in the literature, and various surgical procedures
have been proposed to treat them.[9–12] However, there are only a
few reports concerning the conservative treatment of patients
with ODVC.
Recombinant human parathyroid hormone (PTH), which has

potent anabolic effects on bone remodeling,[13] has recently been
approved as a treatment for severe osteoporosis in the world. We
have proposed a conservative treatment involving the daily
administration of rhPTH, as well as preoperative physical
rehabilitation, the goal being to strengthen the bone. We have
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encountered some patients who no longer required surgical
treatment because of improvement in their paralysis and back
pain after 3-months of conservative treatment.
The purpose of the present study was to investigate the

effectiveness and limitations of intensive conservative treatment
for patients with ODVC.
36 patients with ODVCs

30 patients enrolled
Mean age: 76.7 yrs
F:M = 24:6

6 patients excluded
1 patient with early surgical treatment
2 patients with cognitive impairment
3 patients with past malignant tumor

12 patients without any surgical treatment
Mean age: 79.1 yrs

F:M = 9:3 

18 patients with surgical treatment
Mean age: 75.1 yrs

F:M = 15:3 

Daily teriparatide administration
Intensive rehabilitation

Group NS Group S

The indication for the surgery;
Whether or not the patient could keep standing position

under remained paralysis and back pain

Figure 1. Treatment procedures of 36 patients with osteoporotic delayed
vertebral collapse (ODVC). S = surgically treated group, NS = non-surgically
treated group.
2. Materials and methods

2.1. Patient population and study design

The protocol for this study was approved by the institutional
review board of Aichi Medical University (2015-H243). Patients
treated for ODVC from January 2011 to April 2014 with a
follow-up period of more than 1 year were eligible. The definition
of ODVC was established to be patients who had already been
treated conservatively for more than 3 months after the initial
diagnosis with a new osteoporotic vertebral fracture based on
magnetic resonance imaging (MRI), and paralysis of the leg or
intolerable back pain associated with the intervertebral cleft that
remained.[9,12] Exclusion criteria included patients who desired
early surgical treatment, patients with cognitive impairment,
patients with an observational period of less than 1 year, and
patients with a history of a malignant tumor.

2.2. Study interventions

The fundamental treatment strategyweare reporting on consists of
surgical treatment following intensive conservative treatment with
daily rhPTH administration, and rehabilitation for 3 months in a
nursing home or hospital. During this period, bed rest level was
determined based on the existence of paralysis; patients whose
paralysis had disappeared participated in a 40minutes ambulation
exercise twice a day, 6 days aweek,while those forwhomparalysis
remained underwent 40 minutes rehabilitation with bed rest twice
a day, 6 days a week. All patients used a hard corset for external
fixation through the 3 months conservative treatment period. We
conducted a surgical treatment for patients who could not keep
standing position by themselves because of prolonged motor leg
paralysis worse than D grade in Frankel grade, or prolonged back
pain worse than 5 in NRS.

2.3. Study measures

The outcome measures utilized were: EuroQol questionnaires
(EQ5D) (adjusted values can range from 0 to 1.0)[14]; numerical
rating scale (NRS) on which scores can range from 0 to 10[15];
and 3Frankel grade (the degree of neurologic deficits on which
values can range from A to E). Those measurements were
evaluated at baseline, 3 months, and 1 year after enrollment. The
authors evaluated the degree of paralysis (spinal cord or cauda
equina) based on MRI, as well as the neurologic function at
baseline. Radiologic evaluations assessed were as follows:
The level of the affected vertebra based on a whole spine

lateral-view radiograph.
Spinal canal encroachment due to retro-pulsed bony fragments

viewed on computed tomography (CT) scans. The extent of bony
fragment encroachment in the spinal canal was calculated as the
ratio (percentage) of the anteroposterior diameter of bony
fragments to the anteroposterior diameter of the spinal canal.
Local kyphotic angle on lateral view radiograph in the lying

position measured between the upper surface of the vertebral
body above the collapse and the lower surface of the vertebral
body below.
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The mobility of collapsed vertebrae measured by lying-flexion
and extension positions. In each position, mobility was defined as
the difference between the upper surface of the vertebral body
above the collapse and the lower surface of the vertebral body
below the collapse.
The evaluations (2) to (4) were obtained at baseline and at

3 and 12 months after conservative treatment.
2.4. Statistical analysis

Baseline characteristics of the surgically treated group (S) and
non-surgically treated group (NS) were compared using an
unpaired t test and a Mann–Whitney U test for continuous
variables, and a chi-square test for categorical variables. We
performed a logistic regression model in which surgical treatment
was set as an objective variable, and other relating factors set
as explanatory variables, including sex, age, level of affected
vertebrae, degree of paralysis, changing rate (d) of spinal canal
encroachment, local kyphotic angle, mobility of collapsed
vertebrae, EQ5D, NRS, and Frankel grade. The authors also
plotted receiver operating curves (ROCs) to investigate the cutoff
values of each parameter at baseline for predicting the necessity of
surgical treatment. Calculations were made with SAS software
version 9.2 (SAS Institute, Cary, NC). A P value of <.05 was
considered significant.
3. Results

3.1. Index patient population

Overall, 36 patients with ODVC were enrolled in this study.
According to the study criteria, 30 patients were eligible and 6
patients were excluded (1 had a desire for early surgical
treatment, 2 had cognitive impairment, and 3 had a history of
a malignant tumor). The mean age was 76.7 years, with more
female than male patients (Fig. 1). All subjects were followed for
at least 1 year; there were no deaths. Among 30 eligible subjects,
23 experienced a fall resulting in a spinal compression fracture in
the past, but the other 7 did not. The mean period from injury to
hospital admission in those 23 subjects was 4months. Ultimately,
12 out of 30 patients did not need surgical treatments (NS group),
and the other 18 patients underwent surgical treatment because



Figure 2. A 82-year-old female patient who underwent anterior and posterior combined surgery for L3 osteoporotic delayed vertebral collapse. Lateral view of
thoracolumbar and lumbar radiogram taken in neutral position (A), flexion position (B), and extension position (C) at baseline. The mid-sagittal (D) and axial (E) image
of computed tomography reconstruction.
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their pain or paralysis had not been recovered enough (S group)
(Figs. 2 and 3). The level of affected vertebra was T11 in 5 cases
(17%), T12 in 6 cases (20%), L1 in 11 cases (37%), L2 in 3 cases
(10%), L3 in 2 cases (7%), and L4 in 1 case (3%). The baseline
demographic characteristics in those 2 groups are shown in
Table 1.
Figure 3. Mid-sagittal T2 magnetic resonance imaging at the baseline (A) and 3 m
posterior decompression and fusion. Postoperative posteroanterior (C) and latera
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3.2. Results of outcome measure

Clinical features and radiologic measurements before conserva-
tive treatment and 3months after are shown in Table 2. Although
no factor showed any significant difference at baseline in the
2 groups, EQ5D, NRS, Frankel grade, and the mobility of the
collapsed vertebrae were significantly different in the 2 groups 3
onths after the conservative therapy (B). The patient underwent the anterior-
l (D) radiographs.
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Table 1

Patients’ baseline demographic characteristics in 2 groups.

NS group,
N=12

S group,
N=18 P

Age 79.1±8.6 75.1±7.9 0.12
Female 9 (75%) 15 (83%) 0.58
Episode of falling 8 (67%) 15 (83%) 0.29
Comorbidities Diabetes 5 (42%) 7 (39%) .9

Heart problem 3 (25%) 7 (39%) .42
Respiratory disorder 3 (25%) 5 (28%) .87

Joint problem 6 (50%) 8 (44%) .77
Drugs Anti-platelet drugs 2 (17%) 4 (22%) .71

Warfarin 1 (8%) 3 (17%) .51
Bisphosphonate 5 (42%) 9 (50%) .65
Vitamine D 1 (8%) 1 (6%) .77
Raloxifene 1 (8%) 2 (6%) .8

Level of affected vertebra Th11 2 (17%) 3 (17%) .18
TL Th12 3 (25%) 5 (28%)

L1 3 (25%) 8 (44%)
L2 3 (25%) 0 (0%)

ML L3 1 (8%) 1 (6%)
L4 0 (0%) 1 (6%)

Quality of paralysis Spinal cord 8 (67%) 15 (83%) .4
Cauda equina 4 (33%) 3 (17%)

ML=middle and lower lumbar, NS=non-surgical, S= surgical, TL= thoracolumbar.

Table 3

Results of logistic regression for the necessity of surgical
treatment.

Univariate logistic regression

Variable Category OR 95% CI P

Age 0.911 0.808 1.027 .13
Sex M 1

F 1.667 0.275 10.094 .58
Level of affected vertebra TL 1

ML 0.25 0.037 1.668 .15
Paralysis of spinal cord No 1

Yes 2.5 0.445 14.04 .29
dSpinal canal encroachment 1.012 0.955 1.074 .68
dLocal kyphotic angle 1.072 1.016 1.13 .01
dMobility of collapsed vertebrae 1.063 1.011 1.118 .01
dEQ5D 0.982 0.965 1 .04
dNRS 1.113 1.037 1.195 <.01
dFrankel grade 0.176 0.016 1.951 .16

d= (Value at 3M)� (Value at baseline)/Value at the baseline.
95% CI=95% confidence interval, EQ5D=EuroQol questionnaires, ML=middle and lower lumbar,
L2, L3, L4, NRS=numerical rating scale, OR= odds ratio, TL= thoracolumbar, Th11, 12, L1.
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months after treatment. The NS group exhibited more improve-
ment 3 months after conservative treatment. The authors also
conducted a logistic regression analysis to investigate which
factor significantly affected the need for surgical treatment. The
mobility of the collapsed vertebrae, EQ5D, and NRS 3 months
after the treatment was significantly correlated with the need for
surgical intervention (data not shown). Moreover, the d of those
factors showed a remarkable influence upon the necessity for
surgical treatment (mobility of the collapsed vertebrae: odds ratio
Table 2

Clinical features and radiologic measurement in 2wo groups.

Pre-treatment
NS group,
N=12

S group,
N=18 P

Clinical features
EQ5D 0.415 0.323 .24
NRS 6.8 7.2 .79
Frankel grade
C 0 0 .12
D 9 15
E 3 3

Radiologic measurement
Spinal canal encroachment 31.80% 28.80% .72
Local kyphotic angle 17.5° 13° .43
Mobility of collapsed vertebrae 6.5°(2.3–9.6) 8.6°(2.4–12.8) .47
3M post-treatment
Clinical features
EQ5D 0.595 0.29 .02
NRS 3 6.7 .03
Frankel grade
C 0 0 <.01
D 4 14
E 8 4

Radiologic measurement
Spinal canal encroachment 31.60% 29.20% .67
Local kyphotic angle 20.5° 24° .45
Mobility of collapsed vertebrae 3.7°(2.1–4.4) 15.1°(6.5–17.2) <.01

EQ5D=EuroQol questionnaires, NRS=numerical rating scale, NS=non-surgical, S= surgical.
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[OR]=1.06, P= .01; EQ5D: OR=0.98, P= .04; and NRS: OR=
1.11, P< .01) (Table 3).
3.3. Results of ROCs

Among factors at baseline, only the mobility of collapsed
vertebrae showed a significant value of area under the curve
(AUC=0.727, P= .008). The cutoff value of this was 5.4, of
which sensitivity was 0.78 and specificity was 0.67 (Table 4).
4. Discussion

This case series demonstrated that 40% of patients with ODVC
showed significant improvements in their back pain as well as
their leg paralysis with our treatment protocol. Consequently,
they did not need further surgical treatment after the intensive
conservative treatment. This result is of great significance for
developing a treatment strategy for ODVC.
The initial purpose of this study investigating ODVC treatment

was to establish a new treatment strategy for reducing surgery-
related complications. Reflecting both on our experience and on
the published literature,[16] we noted that when considering the
medium to long-term standpoint, patients have frequently faced
numerous major complications related to osteoporosis, such as
screw loosening, correction loss, non-union, and the exposure
of instruments. Some of these may be unavoidable without
Table 4

Results of ROC, AUC, sensitivity, and specificity of each parameter
at baseline for predicting the necessity of surgical treatment.

Variables at baseline AUC (95% CI) P

Age 0.6366 (0.4277–0.8455) NS
Spinal canal encroachment 0.6273 (0.4094–0.8452) NS
Local kyphotic angle 0.6204 (0.3996–0.8411) NS
Mobility of collapsed vertebrae 0.7269 (0.5417–0.9120) .008
EQ5D 0.6806 (0.4653–0.8958) NS
NRS 0.5741 (0.3661–0.7820) NS

Cutoff value of mobility of collapsed vertebrae: 5.4 (sensitivity 0.78, specificity 0.67).
AUC= area under the curve, 95% CI=95% confidence interval, EQ5D=EuroQol questionnaires,
NRS=numerical rating scale, NS=not significant, ROC= receiver operating curve.
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aggressive treatment of the osteoporosis itself. Then, the authors
decided to use daily teriparatide, which was only 1 drug to
increase the bone strength, before surgical treatments. Eventual-
ly, 40% of patients with ODVC showed improvements. The
reason behind this result was the remediation of the mobility of
the collapsed vertebrae shown in the Table 2. The authors
investigated further changes inside the collapsed vertebrae
associated with this conservative treatment. However, CT
evaluation as well as bone marker did not show significant
difference between the NS and S group at that time. Possible
mechanism of this improvement was the effect of both the
rehabilitation and daily teriparatide. Enhancement of trunk
muscle by rehabilitation might encompass a beneficial effect for
stabilizing the collapsed vertebrae, or teriparatide also might
improve both cortical and cancellous bone structure within 3
months, which had been proven in the 19 months investigation in
the past.[17] Further investigation is indispensable in future.
Although the results of quality of life evaluation, pain scale,

and the degree of paralysis did not exhibit a significant difference
between the 2 groups at baseline, those results changed by 3
months, and the patients with poorer improvement eventually
required further surgical treatment. The factors associated with
surgical treatment in this analysis were the deterioration of the
mobility of collapsed vertebrae and the local kyphotic angle.
Cutoff values of the ROC also demonstrated the significance of
collapsed vertebrae mobility at baseline, which was already
reported to be 1 major risk factor for a worse prognosis for
ODVC.[18–20] It is noteworthy that the remained mobility of
collapsed vertebrae was proven to be the key for the surgical
intervention by logistic regression as well as ROC analysis.
Although the local kyphosis angle did not show a significant
difference at baseline, the change ratio of this parameter did
reflect a significant difference in the end. Taking those results into
account, patients whose mobility of collapsed vertebrae greater
than 5.4 degrees should be treated surgically as quickly as
possible because they are at a greater risk for requiring surgical
treatment.
At the beginning of this study, the authors assumed that the

level of the affected vertebrae could be a significant factor
influencing the need for surgical treatment. Previous reports
revealed that a vertebral body fracture in the lower lumbar spine
had quite different characteristics than such a fracture in the
thoracolumbar lesion because the physiologic and biomechanical
functioning of this area are very peculiar.[21,22] We therefore
assumed that ODVC occurring in the lower lumbar spine would
always require further surgical treatment. However, possibly due
to a small sample size, we were unable to find a correlation
between the level of the fractured vertebrae and the need for
surgical treatment. This needs to be investigated further in a study
with a larger sample size.
There are multiple limitations inherent with this study. First,

this is not a cohort study that follows all patients with
osteoporotic vertebral fractures. Eligible subjects were patients
referred to our institution based on the assumption that a surgical
treatment would be required immediately. Some patients with
ODVC might not have been referred because of poor general
condition. Second, the number of patients was small, meaning
that the analysis power was relatively weak and that statistically
insignificant results may not be fully generalizable. Third, the
definition of ODVC remains ambiguous. Fourth, 3 months
further conservative treatment might be too long for fragile
patients who wanted to get better sooner. Given this, the authors
defined ODVC as patients who had already been treated
5

conservatively more than 3 months after their initial diagnosis
with a new osteoporotic vertebral fracture based onMRI, and leg
weakness or intolerable back pain associated with a persistent
intervertebral cleft. However, patients who were likely to develop
fused vertebrae sooner might exist in this ODVC group. A
standard based on pathophysiology such as aseptic necrosis (eg,
Kümmell’s disease[6]) would be required.
Generally, case series studies of osteoporotic vertebral

fractures or ODVC are biased because there are many
confounders, and because long-term follow-up is sometimes
difficult. Regardless of country of origin, female and elderly
patients may be likely to develop ODVC. However, potential
confounders include comorbidities, oral medications, lifestyle,
degree of osteoporosis, level(s) of collapsed vertebrae, degree of
paralysis, and sagittal imbalance of the spinal column before
injury. All of these could influence long-term clinical outcomes,
and many spine surgeons have experienced a variety of
complications after surgical treatments of ODVC. Therefore,
the results of this case series, which may well contribute to the
establishment of an effective treatment strategy for ODVC, may
be important in the treatment of osteoporosis or ODVC in many
countries experiencing the super-aged societies.
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