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More than 6 Months of Teriparatide
Treatment Was More Effective for Bone
Union than Shorter Treatment Following
Lumbar Posterolateral Fusion Surgery
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Study Design: Retrospective case series.

Purpose: To examine the most effective duration of teriparatide use for spinal fusion in women with postmenopausal osteoporosis.
Overview of Literature: We reported that daily subcutaneous injection of teriparatide (parathyroid hormone) significantly improved
bone union after instrumented lumbar posterolateral fusion (PLF) in women with postmenopausal osteoporosis when compared with
oral administration of bisphosphonate. However, the most effective duration of teriparatide use for spinal fusion has not been ex-
plored.

Methods: Forty-five women with osteoporosis diagnosed with degenerative spondylolisthesis from one of the three treatment groups
were evaluated based on: short-duration treatment (average, 5.5 months; n=15; daily subcutaneous injection of 20 ug teriparatide),
long-duration treatment (average, 13.0 months; n=15; daily subcutaneous injection of 20 g teriparatide), and bisphosphonate treat-
ment (average, 13.0 months; n=15; weekly oral administration of 17.5 mg risedronate). All patients underwent PLF with a local bone
graft. Fusion rate and duration of bone union were evaluated 1.5 years after surgery.

Results: Bone union rate and average duration for bone union were 92% and 7.5 months in the long-duration treatment group, 80%
and 8.5 months in the short-duration treatment group, and 70% and 10.0 months in the bisphosphonate treatment group, respectively.
Results of bone union rate and average duration for bone union in the teriparatide treatment groups were significantly superior to
those in the hisphosphonate treatment group (p<0.05); whereas, significantly superior results were observed in long-duration treat-
ment group when compared with short-duration treatment group (p<0.05).

Conclusions: Daily injection of teriparatide for bone union was more effective than oral administration of bisphosphonate. Further-
more, a longer period of teriparatide treatment for bone union was more effective than a shorter period of same treatment.
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Introduction

Between 2004 and 2009 in the USA, national estimates
for the annual number of discharged in-patients with a
primary diagnosis of lumbar spinal stenosis and spondy-
lolisthesis increased from 94,011 to 102,107 [1]. The rate
of decompressions decreased from 58.5% to 49.2% in in-
patient’s population over this period of time, whereas the
rate of fusions increased from 21.5% to 31.2% [1]. In the
past, autologous iliac crest bone grafting, grafting with
bone taken from the spine, ceramics, demineralized bone
matrix, and bone morphogenetic proteins (BMPs) have
been used for lumbar fusion [2]. The use of BMP and in-
terbody devices has increased significantly from 2004 to
2009 and 33% of fusions have used BMP in 2009 in the
USA [1]. However, several authors have reported compli-
cations with BMPs, such as neck swelling, hematoma, and
respiratory failure following cervical spine treatment; and
ectopic bone formation, vertebral osteolysis, and postop-
erative radiculitis in the lumbar spine [3].

Parathyroid hormone (PTH) has potent anabolic ef-
fects on bone and is used for treatment of low bone mass
in patients with osteoporosis [4,5]. Preclinical data also
supports the use of PTH for lumbar spinal fusion [6-8].
In three animal posterolateral fusion (PLF) models, fu-
sion rates using PTH were significantly faster than in an
autograft only group [6-8]. The efficacy of teriparatide for
fracture healing in the cervical spine has also been report-
ed [9]. In the same report, three patients were observed
to develop painful delayed unions of type III odontoid
fractures despite external immobilization and all the three
teriparatide-treated patients experienced both rapid clini-
cal improvement and computed tomographic evidence of
fracture union [9]. Daily subcutaneous injection of teripa-
ratide for bone union in combination with local bone
grafting after instrumented lumbar PLF in postmeno-
pausal women with osteoporosis has been shown to be
more effective than oral administration of bisphosphonate
[10]. Furthermore, the efficacy of teriparatide treatment
to reduce pedicle screw (PS) loosening after instrumented
lumbar PLF in postmenopausal women with osteoporosis
has been reported [11]. The incidence of PS loosening in
the teriparatide group was significantly lower as compared
with risedronate or the control group [11]. However, the
most effective duration of teriparatide use for spinal fu-
sion has not yet been explored.

The purpose of the current study was to examine the
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most effective duration of teriparatide use for spinal fu-
sion in women with postmenopausal osteoporosis.

Materials and Methods

1. Patients

Between January 2009 and September 2012, we ret-
rospectively evaluated 45 patients, 53-84 years old
(meantstandard deviation, 71.0+7.0 years), who had
low back pain and leg pain with lumbar spinal stenosis
and spondylolisthesis in Chiba University Hospital. Pa-
tients had low back and leg pain, continuing for at least 3
months. Patients were diagnosed with lumbar degenera-
tive spondylolisthesis and spinal stenosis on X-ray and
magnetic resonance imaging, myelography, and computed
tomography (CT) after myelography. Patients, who had
previously undergone spinal surgery, were excluded from
the study. We also excluded those with spinal tumors,
infections, or acute vertebral fractures of the thoracic and
lumbar spine. Diagnosis of spondylolisthesis and inclu-
sion criteria for fusion surgery were (1) more than 5% slip
of vertebra in a neutral position, or (2) more than 3 mm
translation between flexion and extension positions on
radiographic evaluation.

Informed consent was obtained from each of the partic-
ipants. All of them were diagnosed as having osteoporosis
based on Japanese criteria [12]. Bone mineral density
(BMD) in the lumbar spine was examined before surgery.
Details of the patients’ backgrounds are shown in Table 1.

All patients underwent decompression and PLF surgery.
One-level or two-level PLF was performed using PSs and
a local bone graft. Bilateral facet fusion was performed
in all patients. Local bone consisted of lamina from the
decompression site. We did not use other osteoconductive
products for spinal fusion.

2. Administration of teriparatide or risedronate

Some patients were treated with bisphosphonate for osteo-
porosis (daily oral administration of 2.5 mg risedronate;
Eisai, Tokyo, Japan); however, most of the patients were
not treated with antiosteoporotic treatment for osteopro-
sis. Subsequently, patients were administered teriparatide
(Eli Lilly, Tokyo, Japan) for 3 months before surgery thus
forming two teriparatide groups. Risedronate was admin-
istrated in risedronate group for 3 months before surgery
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Table 1. Demographic characteristics

Variable

Risedronate

No. of patients 15
Sex (female), n (%) 15 (100)
Age (yr) 716.0 (58-84)
Symptom duration (mo) 10.0 (4-12)
Follow-up after surgery (mo) 15
BMD (young adult mean) (%) 66.8+8.0 (55-70)
Diabetes mellitus 2
Smoker -
Antiosteoporotic treatment: bisphosphonate 2
Pain score before surgery
Low back pain

VAS 45+2.4

oDl 42412
Leg pain

VAS 9.0+£3.6

Teriparatide

Short-duration
treatment group

Long-duration
treatment group

p-value

15 15
15(100) 15(100) -

69+7.1 (53-79) 72+1.7 (53-82) 0.55
12.5 (4-36) 9.8 (3-28) 0.36

15 15
63.0+7.8 (59-69) 65.6+6 (62—70) 0.33
2 4 0.20

3 2
3.8+£2.5 3.6£2.1 0.23
34+14 32+18 0.33
7.9£2.0 8.2+2.3 0.32

Values are presented as mean+standard deviation (range) unless otherwise indicated.

A p<0.05 was considered statistically significant.

BMD, bone mineral density; VAS, visual analogue scale; ODI, Oswestry disability index.

(weekly oral administration of 17.5 mg risedronate). After
surgery, patients were administered either teriparatide or
bisphosphonate.

Patients (group, n=15) were retrospectively classi-
fied into a short-duration treatment group (average, 5.5
months; range, 4-6 months) with daily subcutaneous
injections of 20 mg of teriparatide; a long-duration treat-
ment group (average, 13.0 months; range, 8-18 months)
with daily subcutaneous injections of 20 mg of teripara-
tide; and a bisphosphonate treatment group (average, 13.0
months; range, 11-18 months) with weekly oral admin-
istration of 17.5 mg risedronate. Less than 6 months of
teriparatide administration was defined as short-duration
treatment, and more than 6 months of use was defined as
long-duration treatment. After treatment with teripara-
tide, the patients were treated with 17.5 mg of risedronate
again until final follow-up 15 months after surgery.

3. Radiographic and clinical evaluation

Radiography was used to evaluate bone union. Profile

views of X-ray images in flexion and extension before
and 3, 6, 9, 12, and 15 months after surgery were evalu-
ated. We defined bone union as less than 1.5° instability
between the flexion and extension positions. CT was
performed to evaluate bone union 6 and 12 months after
surgery. In the present scenario, we defined bone union
as bone formation bridging the transverse processes be-
tween adjacent vertebrae on each side separately. We clas-
sified bone union or failure to fuse at each surgical level.
We also evaluated the extent of fusion of the facet joints.
Average periods for bone union were evaluated using pro-
file views from X-ray images with the patient in flexion
and extension position. If the patient underwent two level
fusions and showed only one level fusion, we considered
this pattern as “fused” in evaluating duration of treatment
for bone union. Evaluation of bone union was blinded
and performed by three surgeons independently. If at least
two of the observers concurred, we considered occur-
rence of fusion and defined completion of bone union.
We evaluated the change in low back and leg pain be-
fore surgery. To evaluate pain, the visual analogue scale
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(VAS) score (0, no pain; 10, worst pain) for low back pain
and leg pain, and the Oswestry disability index (ODI) for
low back pain were recorded and compared.

4. Adverse events

All adverse events were reported together with an assess-
ment of their severity (mild, moderate, and severe) and the
investigator’s opinion of their relationship to the treatment
with each drug (none, unlikely, possible, or probable).

5. Statistical analyses

A Kruskal-Wallis test was used to compare pain scale data
between the three groups. A one-way analysis of variance
with post-hoc comparisons was used for age, symptom
duration, and follow-up data, and a Fisher test was used
for dichotomous or categorical variables. SPSS ver. 16.0
(SPSS Inc., Chicago, IL, USA) was used for statistical

Table 2. Number of fusion levels and evaluation of bone union

Risedronate
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analysis. The Bonferroni correction was used for post-hoc
pairwise comparisons between groups. A p<0.05 was con-
sidered statistically significant.

Results

Table 1 shows demographic characteristics of the patients
before surgery. There was no significant difference among
the three groups with respect to patients’ background,
low back pain score evaluated by VAS and ODI, or leg
pain score evaluated by VAS (p>0.05). Moreover, there
was no significant difference among the three groups in
terms of number of patients with diabetes mellitus or the
one’s, who smoked (p>0.05). No significant difference in
BMD was seen among the three groups (p>0.05). In addi-
tion, 3 months prior to surgery, no significant difference
in use of antiosteoporotic treatments among the three
groups was noted (p>0.05).

Ten patients in the risedronate group had one fusion

Teriparatide

7 St sty e nao nen
No. of patients 15 15 15
No. of fusion levels
1 10 7 9
2 5 8 6
Fusion across the transverse processes (CT)
No. of segments at 12 mo (%) 28 (70) 36 (78) 36 (86) 0.04 0.02 0.045
No fusion (%) 12(30) 10(22) 6(14) 0.045 0.01 0.03
Total no. of evaluated segments 40 46 42
Bone union of facet joints (CT)
No. of facet joints at 12 mo (%) 20 (50) 28 (61) 34.(81) - 0.033 0.033
Total no. of evaluated facet segments 40 46 42
Bone union by dynamic X-ray
(no. of segments at (%) at 15 mo)
Instability () 14 (70) 19(83) 19(90) 0.035 <0.01 0.044
Instability (+) 6(30) 4(17) 2(10) 0.035 <0.01 0.02
Total no. of evaluated facet segments 20 23 21

Average period to bone union by dynamic

X-ray (mo) 11.40+3.60 (6-15)

9.27+3.30 (6-15)

7.71£2.50 (3-12) 0.025 0.01 0.03

Values are presented as number (%) or mean+SD (range).
CT, computed tomography; SD, standard deviation.

A p<0.05 was considered statistically significant. The p-values represent the differences between groups.
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and five patients had two levels fused; seven patients in
the short-duration teriparatide treatment group had one
fusion and eight patients in this group had two levels
fused; and nine patients in the long-duration treatment
group had one fusion, whereas six patients had two fu-
sions. There was no significant difference among the
groups in total number of fusion levels (p>0.05) (Table 2).
PLF and facet fusion were performed bilaterally, so the to-
tal number of evaluated segments and facet joints by CT
were 40, 46, and 42, respectively.

At 12 months follow-up by CT, 70% of segments ex-
hibited fusion across the transverse processes in the rise-
dronate group; 78% of segments exhibited fusion in the
short-duration teriparatide treatment group; and 86% of
segments exhibited fusion in the long-duration treatment

group. The rates of bone fusion in the teriparatide groups
were significantly greater than the risedronate group
(p<0.05) (Table 2). The rate of bone fusion in the long-
duration teriparatide treatment group was significantly
greater when compared to short-duration treatment
group (p<0.05) (Table 2).

At 12 months follow-up by CT, 50% of facet joints had
achieved bone union in the risedronate group; 61% had
achieved union in the short-duration teriparatide treat-
ment group; and 81% had achieved union in the long-
duration treatment group. The rates of bone fusion in the
long-duration teriparatide treatment group were signifi-
cantly greater than the risedronate and short-duration
treatment groups (p<0.05) (Table 2, Fig. 1).

Average periods of bone union in the teriparatide treat-

Fig. 1. Patient in teriparatide long-
duration treatment group. (A)
Myelogram before surgery. (B) The
patient showed L3 and L4 degener-
ated spondylolisthesis and spinal
stenosis. (C) X-ray at 15 months af-
ter surgery. Bilateral bone formation
bridging the transverse processes
between adjacent vertebrae was
seen in this patient. (D, E) Computed
tomography at 12 months after
surgery. Facet fusions (arrows) were
observed in this patient.
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ment groups evaluated by X-ray profile views in flexion
and extension at 3, 6, 9, 12, and 15 months after surgery
were significantly shorter than the risedronate group
(p<0.05) (Table 2). Furthermore, the average period for
bone union in the long-duration teriparatide treatment
group was significantly shorter when compared to short-
duration treatment group (p<0.05) (Table 2).

There were no adverse events in any group.

Discussion

In the current study, daily subcutaneous injection of
teriparatide for bone union was found to be more effective
than oral administration of bisphosphonate. Furthermore,
a longer period of teriparatide treatment was observed to
be more effective in terms of achieving bone union than a
short period of teriparatide treatment.

Two clinical trials of bone fracture healing in the distal
radius or in the pelvis using teriparatide have been re-
ported in 2010 and 2011, respectively [13,14]. Postmeno-
pausal women, who had sustained a dorsally angulated
distal radial fracture in need of closed reduction without
surgery were randomly assigned to 8 weeks of once-daily
injections of placebo or teriparatide [13]. The investiga-
tors concluded that healing time was shorter in the teripa-
ratide-treated group [12]. In the latter study, patients aged
65 with osteoporosis had pelvic fractures. In this patient
cohort, 21 patients received a once-daily injection of 100
ug PTH (1-84) starting within 2 days after admission to
the hospital, and 44 patients served as the control group
[14]. PTH 1-84 was observed to accelerate fracture-heal-
ing in pelvic fractures and improved the functional out-
come [14]. For spine fusion, it has been shown that daily
subcutaneous injection of teriparatide in combination
with local bone grafting after instrumented lumbar PLF
in postmenopausal women with osteoporosis was more
effective than oral administration of bisphosphonate [10].
Teriparatide was administered for a total of 10 months (2
months before and 8 months after surgery). However, the
most effective duration of teriparatide use for spinal fu-
sion was not explored in that study.

It has been reported that subcutaneous administration
of 20 ug/day of teriparatide over a treatment period of
11-21 months improved BMD and reduced the risk of
fractures in women with postmenopausal osteoporosis
[15]. Furthermore, the beneficial effects of teriparatide on
vertebral fracture prevention and BMD appear to persist
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following treatment cessation [15]. BMD increased by
9% at the lumbar spine with 12 months of teriparatide
treatment, and 14% with 24 months of teriparatide treat-
ment in Japanese subjects [16]. Evaluation of vertebral
body architecture has been evaluated in another study,
in which subjects received 20 pg/day teriparatide for 18
months with quantitative computed tomography scans
being performed at 0, 6, and 18 months [17]. At 18
months, high-resolution quantitative computed tomog-
raphy showed significant improvement in trabecular and
cortical variables during treatment with teriparatide, and
the effects were correlated with length of treatment [17].
Fracture incidence, back pain, and quality of life measures
were evaluated in a Greek population of postmenopausal
osteoporotic women treated with teriparatide for 6, 12,
or 18 months [18]. Significant improvements in qual-
ity of life and back pain together with low fracture rates
were recorded, and the effects were correlated with length
of treatment [18]. In the current study, the rate of bone
union and average duration of treatment to bone union
in patients in the long-duration teriparatide treatment
group were significantly superior when compared to the
short-duration treatment group. It is proposed that longer
treatment durations may improve bony union rates after
surgery, and accelerate healing.

The current study has some limitations. First, it is a
retrospective study based on a small sample, and the
number of patients was restricted. Second, BMD in the
lumbar spine was examined before surgery, but we did
not examine BMD after surgery. It would have been better
to examine BMD after surgery; however, due to instru-
mentation problems we could not get accurate BMD data.
Third, we did not evaluate pain scores at final follow-up,
although some authors have reported a discrepancy be-
tween bone union and clinical results [19,20]. Fischgrund
et al. [19] reported that successful arthrodesis did not cor-
relate with the patients’ outcome. Herkowitz and Kurz [20]
reported presence of pseudoarthrosis of the fusion mass
in 36% of patients and the clinical results were excellent
for these patients. Indeed, although there was a significant
difference in fusion rate between teriparatide-treatment
and bisphosphonate-treatment in our recent study, no
significant difference in the pain score between the two
groups at final follow-up was noted [10,11]. Fourth, we
used bisphosphonates after treatment with teriparatide
for ethical reasons. Fifth, this study was a retrospective
study and the number of patients was small. There was no
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significant difference among the three groups with respect
to patients’ characteristics, such as BMD, pain score, or
on information if they received treatment for osteoporosis
before the initiation of study. However, we cannot deny
the possibility of selection bias in the current study. Final-
ly, we were not able to evaluate an unmedicated control
group. Further study is required to clarify the aforemen-
tioned points.

Conclusions

For instrumented lumbar PLF in postmenopausal women
with osteoporosis, more than 6 months of daily teripa-
ratide injection accelerated bone union when compared
with less than 6 months of teriparatide treatment or treat-
ment with bisphosphonate.
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