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The Effect of Postoperative Use of Teriparatide Reducing
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Objective : The loosening of pedicle screws (PS) is one of the frequent problems of spinal surgery in the patients with
osteoporosis. Previous studies had revealed that intermittent injection of teriparatide could reduce PS loosening by improving bone
mass and quality when their patients took parathyroid hormone for a considerable duration before surgery. However, although
the teriparatide is usually used after spine surgery in most clinical situations, there was no report on the efficacy of teriparatide
treatment started after spine surgery. The purpose of this retrospective study was to examine the efficacy of teriparatide treatment
started immediately after lumbar spinal surgery to prevent pedicle screw loosening in patients with osteoporosis.

Methods : We included 84 patients with osteoporosis and degenerative lumbar disease who underwent transforaminal
interbody fusion and PS fixation and received parathyroid hormone or bisphosphonate (BP) postoperatively. They were divided
into teriparatide group (daily injection of 20 pg of teriparatide for 6 months, 33 patients, 172 screws) and BP group (weekly oral
administration of 35 mg of risedronate, 51 patients, 262 screws). Both groups received calcium (500 mg/day) and cholecalciferol
(1000 1U/day) together. The screw loosening was evaluated with simple radiographic exams at 6 and 12 months after the surgery.
We counted the number of patients with PS loosening and the number of loosened PS, and compared them between the two
groups. Clinical outcomes were evaluated using visual analog scale (VAS) and Oswestry disability index (ODI) preoperatively, and at
12 months after surgery.

Results : There was no significant difference in the age, sex, diabetes, smoking, bone mineral density, body mass index, and
the number of fusion levels between the two groups. The number of PS loosening within 6 months after surgery did not show a
significant difference between the teriparatide group (6.9%, 12/172) and the BP group (6.8%, 18/272). However, during 6-12 months
after surgery, it was significantly lower in the teriparatide group (2.3%, 4/172) than the BP group (9.2%, 24/272) (p<0.05). There was
no significant difference in the number of patients showing PS loosening between the teriparatide and BP groups. The teriparatide
group showed a significantly higher degree of improvement of the bone mineral density (T-score) than that of BP group (p<0.05).
There was no significant difference in the pre- and post-operative VAS and ODI between the groups.

Conclusion : Our data suggest that the teriparatide treatment starting immediately after lumbar spinal fusion surgery could
reduce PS loosening compared to BP.
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INTRODUCTION

Aging population has led to a subsequent rise in the preva-
lence of spinal fusion for degenerative spinal diseases in elderly
patients with severe osteoporosis™*’. According to the Korea
Health Insurance Review and Assessment Service, Korea offi-
cially became an aging society with the elderly population
(>65 years) rising from 9.88% in 2007 to 12.57% in 2014. The
number of spinal surgery cases during the same period grew
by about 30%, and 77.1% of the patients who received a spinal
surgery were older than 50 years.

Patients with osteoporosis are often associated with reduced
pullout strength and insertional torque, which are known to
be related with pedicle screw (PS) looseningl4’21’36‘37). However,
despite the osteoporosis is well recognized as a highly impor-
tant risk factor for PS loosening and considerable efforts are
being made to overcome the problem, spinal fusion surgery
remains a challenge in the elderly patients with osteoporo-
sis' .

Several methods have been developed to enhance PS stabil-
ity during spinal fusion surgery in patients with low bone
quality. Expandable pedicle screws have not only significantly
increased pullout strength compared to conventional pedicle
screws, but also significantly reduced PS loosening resulting
in better clinical outcome™*>*”. Further, PS augmentation us-
ing polymethylmethacrylate has been reported to increase the

11,28)

pullout strength of PS ™, reduce PS loosening, increase fu-
sion rate, and improve clinical outcome in patients with os-
teoporosis'. Use of cortical screws for lumbar spine or tricor-
tical PS insertion at the S1 level is also used to increase pullout
strength'***?,

Treating osteoporosis may increase PS stability by improv-
ing bone quality'***?. The two most representative medica-
tions for osteoporosis are bisphosphonate (BP) and parathy-
roid hormone (PTH)'"**”. BP is an anti-resorptive drug that
acts as an osteoclast inhibitor'”. On the other hand, PTH is
involved in a different mechanism increasing bone formation
by stimulating osteoblastic activity’”. Compared to BP, PTH
is known to more effectively increase bone strength and bone
mineral density (BMD) of the lumbar spine and to have a bet-

. 1,20,22,32
ter fusion rate

', Particularly, several studies have report-
ed that teriparatide injection for 2 months before surgery led
to higher fusion rate and reduced PS loosening than the pa-

tients group receiving BP orally, which showed the usefulness
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of teriparatide in spinal fusion surgery for osteoporotic pa-
tients™*". Based on our experience, however, using teripara-
tide for several months prior to surgery was quite difficult in
most cases. Nevertheless, there has not been a study examin-
ing whether the use of teriparatide starting with surgery can
prevent PS loosening. Hence, we planned to investigate the ef-
fects of teriparatide starting with lumbar fusion surgery on

the occurrence of PS loosening in the osteoporotic patients.

MATERIALS AND METHODS

Patient

A total of 345 patients underwent transforaminal lumbar
interbody fusion (TLIF) for the degenerative lumbar diseases
at our hospital between March 2012 and December 2015. We
excluded 179 patients without osteoporosis, 59 patients who
have been using teriparatide or BP previously for known os-
teoporosis, and 23 patients with spinal tumor, infection, or
acute vertebral fractures. Finally, 84 patients were enrolled in
the study. The BMD in the lumbar spine and femur neck was
checked preoperatively and at one year after surgery using the
Dual-energy x-ray absorptiometry (GE Lunar, Madison, WI,
USA). And T-score lower than -2.5 at any one site were diag-
nosed with osteoporosis”™'”. Teriparatide was first recom-
mended in patients with osteoporosis. Patients who refused to
take teriparatide were advised to use BP. The patients were di-
vided into teriparatide group (n=33) and BP group (n=51)

based on postoperative administration of teriparatide or BP.

Surgery

All patients underwent TLIF using single capstone cage
(Medtronic, Minneapolis, MN, USA) filled with autologous
bone chips obtained from laminectomy and facetectomy. Two
surgeons performed the surgeries using the same surgical pro-
cedures. The patients were instructed to wear a lumbar sup-

port brace for 3 months after surgery.

Administration of teriparatide and BP

The teriparatide group (n=33) received subcutaneous injec-
tion of teriparatide (20 pg; Forsteo, Eli Lilly, Indianapolis, IN,
USA) every day for 6 months starting immediately after sur-

gery, after 6 months of teriparatide administration, the drug
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was changed to risedronate (35 mg; Actonel, Sanofi-Aventis
Korea, Seoul, Korea). The BP group (n=51) took risedronate
orally (35 mg; Actonel) once every week immediately after
surgery for 12 months. All the patients in both groups orally
took calcium (500 mg/day) and cholecalciferol (1000 IU/day;
Dicamax D, Dalim Biotech, Seoul, Korea) once every day im-

mediately after surgery.

Radiographical and clinical evaluation
To assess PS loosening, simple radiography was performed
every month following surgery, and the incidences of PS loos-

ening in the two groups were compared at 6 and 12 months

Table 1. Patient characteristics and changes in bone mineral density
after 12 months

Teriparatide BP group value
group (n=33) (n=51) i

Age (years) 69.48+7.76 66.75+6.46 0.083
Sex (M :F) 8:25 12:39 0.940
DM 7 9 0.684
Smoking 3 6 0.698
BMI 23.85+3.14 24.26+3.14 0.556
Extent of the 0.752
operation

1 level 16 27

2 levels 14 19

3 levels 3 5
Operative level

[3-4 2 3

[4-5 10 21

L5-51 4 3

[2-3-4 1 1

[3-4-5 4 6

[4-5-51 9 12

[3-4-5-S1 3 5
BMD (T-score), -3.09£0.49 -2.94+0.39 0.126
preoperative
BMD (T-score), -2.61+0.55 -2.68+044 0.520

12 months

after surgery
BMD (T-score) 14.86+14.97 8.55+11.43 0.032
change for

12 months (%)

after surgery. PS loosening was defined as the presence of at
least 1 mm halo sign with radiolucent line surrounding the
7,34,40) . .
screw” ™. Two neurosurgeons performed radiological assess-
ments, and PS loosening was diagnosed upon agreement by
both surgeons. To compare the postoperative clinical out-
comes, the visual analog scale (VAS; 0=no pain, 10=worst
pain) and Oswestry disability index (ODI) were measured

preoperatively and at 12 months postoperatively.

Statistical analysis

Statistical analysis was performed using SPSS for Windows
version 20 (SPSS, Chicago, IL, USA). The independent t-test,
chi-square test, and Fisher’s exact test were performed with
significance level set at p<0.05.

Table 2. VAS and ODI

Teriparatide BP p-value

Low back pain, preoperative

VAS 431+2.05 4514172 0.68
oDl 45.04+48.02 44914642 094
Leg pain, preoperative

VAS 7.35+1.07 7.24+0.78 0.64
Low back pain at 12 months

VAS 2.74+0.96 3.09+1.34 0.29
oDl 20.78+7.33 21.2948.18 0.81
Leg pain at 12 months

VAS 31341.25 3.3441.26 0.53

VAS : visual analogue scale, ODI : Oswestry disability index, BP : bispho
sphonate

Table 3. Pedicle screw loosening according to the postoperative periods

Teriparatide BP p-value

Total number of patients 33 51

Patients with screw loosening
Post-op at 6 months 4(12) 7 (13) 0.831
Post-op at 12 months 6 (18) 13 (25) 0434
Post-op during 6-12 months 2 (6) 6(12) 0.384

Number of screw loosening

Post-op at 6 months 12 (6.9) 18 (6.8) 0.965
Post-op at 12 months 16 (9.3) 42(16.1)  0.043*
Post-op during 6-12 months 4(2.3) 24.(9.2) 0.027%

BP : bisphosphonate, M : male, F : female, DM : diabetes mellitus, BMI :
body mass index, BMD : bone mineral density
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Values are presented as number (%). *p<0.05. BP : bisphosphonate, Post-
op : postoperatively



RESULTS

The mean ages of the teriparatide and BP groups were 69.45%
7.76 and 66.7516.46 years, and male to female ratios were 8 : 25
and 12 : 39, respectively (p>0.05). The two groups did not sig-
nificantly different in the presence of diabetes, smoking histo-
ry, and body mass index (p>0.05). The number of patients un-
dergoing 1, 2, and 3-level fusion were 16, 14, and three in the
teriparatide group, and 27, 19, and five in the BP group. There
were no significant differences in the extent of the operation
between the two groups (p>0.05). Preoperative BMD (T-score)
in the teriparatide and BP groups were -3.09£0.49 and -2.94+
0.39, and BMD (T-score) at 12 months after surgery were -2.61
+0.55 and -2.68+0.44, respectively, showing no significant dif-
ferences between the two groups (p>0.05, Table 1). There was
a significant improvement in the BMD (T-score) at 12 months
compared to those of the preoperative BMD (T-score) in both
groups (p<0.05). The teriparatide group showed a significantly
higher degree of improvement in the BMD (T-score) after 12
months (14.86%14.97%) than that of the BP group (8.55+
11.43%) (p<0.05, Table 1). However, the two groups did not
show a significant difference in the preoperative and postop-
erative VAS and ODI (p>0.05, Table 2).

There were no significant differences in the number of pa-
tients showing PS loosening at 6 months after surgery between
the teriparatide group (12%, 4/33) and BP group (13%, 7/51)
(p>0.05). At 12 months after surgery, the number of patients
with PS loosening was lower in the teriparatide group (18%,
6/33) than the BP group (25%, 13/51), but there was no statisti-
cal significance. Between 6 and 12 months after surgery the
number of patients showing PS loosening was also lower in
the teriparatide group (6%, 2/33) than the BP group (12%,
6/51), but not to a statistically significant degree (p>0.05, Table
3). The number of loosened PS at 6 months after surgery was
6.9% (12/172) in the teriparatide group and 6.8% (18/262) in
the BP group without significant difference. However, the
number of loosened PS at 12 months after surgery was signifi-
cantly lower in the teriparatide group (9.3%, 16/172) than in
the BP group (16.1%, 42/262) (p<0.05). The significant differ-
ence in the incidence of PS loosening at 12 months after sur-
gery is thought to be related to the fact that markedly fewer
cases of PS loosening occurred in the teriparatide group
(2.3%, 4/172) than in the BP group (9.2%, 24/262) between 6
and 12 months after surgery (p<0.05, Table 3). The mean peri-
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od of onset of PS loosening was 5.143.1 months after surgery
in the teriparatide group and 7.5%3.2 months after surgery in
the BP group (p<0.05). The significantly shorter period for PS
loosening occurrence in the teriparatide group also seems to
be related to the markedly decreased number of newly devel-
oped PS loosening between 6 and 12 months after surgery.
Among teriparatide group, the BMD (T-score) and its de-
gree of improvement after 12 months in the patients without
PS loosening were significantly higher (-2.51+0.51 and 17.42+
14.42%) comparing to those in the patients with PS loosening
(-3.08£0.47 and 3.35%12.52%) (p<0.05, Table 4). The patients

Table 4. Factors for screw loosening in the teriparatide group

PSloosening PSloosening (-)

(+) (n=6) (n=27)  Pvalue

Age (years) 72.67+9.07 68.78+744 0.274
Sex (M : F) 1:5 7:20 1.0
DM 1 6 1.0
Smoking 1 2 0464
BMD (T-score), pre- -3.23+0.65 -3.06+0.45 0426

operative
BMD (T-score), 12 -3.08+0.47 -2.51£0.51 0.017*

months after surgery
BMD (T-score) change 3.35412.52 174241442 0.035%

for 12 months (%)
BMI 2545+3.70 23494296 0170
Extent of operation 0132

1 level 1 15

2 levels 4 10

3 levels 1 2
Low back pain,

preoperative

VAS 4.67+1.75 3.96+1.89 0411
ODI 443341039 43.19+6.73 0.735
Leg pain, preoperative

VAS 6.67+1.75 7.0441.09 0.507
Low back pain at 12

months

VAS 2.83+0.98 244+093 0.367
oDl 21.00+7.87 19.85+6.25 0.700
Leg pain at 12 months

VAS 3.00+0.63 296+1.26 0945

*p<0.05. PS : pedicle screws, M : male, F : female, DM : diabetes mellitus,
BMD : bone mineral density, BMI : body mass index, VAS : visual analogue
scale, ODI : Oswestry disability index
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Table 5. Factors for screw loosening in the BP group

PS loosening (+) (n=13) PS loosening (-) (n=38) p-value

Age (years) 65.54+6.12 67.16+6.60 0441
Sex (M :F) 4:9 8:30 0476
DM 2 7 0.804
Smoking 2 4 0.639
BMD (T-score), pre-operative -2.8140.25 -2.98+0.42 0.162
BMD (T-score), 12 months after surgery -2.7240.28 -2.67+0.49 0.759
BMD (T-score) change for 12 months (%) 3.02+9.10 10.44+11.63 0.042*
BMI 2344+3.26 24.54+3.09 0.279
Extent of operation 0.256
1 level 8 19

2 levels 5 14

3 levels 0 5
Low back pain, preoperative

VAS 5.07£1.32 4.50+1.72 0.276
ODI 41.69+5.76 45.16+7.84 0151
Leg pain, preoperative

VAS 6.62+0.87 6.94+1.06 0.316
Low back pain at 12 months

VAS 3.08+1.04 3.08+1.24 0.996
ODI 19.54+8.69 23.71£741 0.100
Leg pain at 12 months

VAS 3.23+1.64 3.05+1.06 0.654

*p<0.05. BP : bisphosphonate, PS : pedicle screws, M : male, F : female, DM : diabetes mellitus, BMD : bone mineral density, BMI : body mass index, VAS :

visual analogue scale, ODI : Oswestry disability index

without PS loosening in the BP group also showed a signifi-
cantly higher degree of improvement of BMD (T-score), not
the BMD (T-score) itself, after 12 months (10.44+11.63%)
comparing to the patients with PS loosening (3.02+9.10%)
(p<0.05, Table 5).

DISCUSSION

Since its approval by the United States Food and Drug Ad-
ministration in 2002, teriparatide has been used in patients
with osteoporosis to reduce fragility and improve BMD by in-
creasing bone mass™". Further, in contrast to BP which effi-
cacy in improving spinal fusion rate and reducing PS loosen-
ing is still debated, intermittent use of teriparatide has been

verified in several animal studies and clinical trials to increase
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fusion rates"****’. Moreover, in a study on postmenopausal
patients with osteoporosis who underwent posterolateral spi-
nal fusion, the incidence of PS loosening was significantly
lower in the teriparatide group (7-13%) than in the BP group
(13-26%)"". 1t was also true in this study; the patients who
were administered teriparatide for 6 months immediately fol-
lowing surgery showed a significantly lower incidence of PS
loosening than that of the BP group. Intermittent use of terip-
aratide not only increases bone mass in cortical and cancel-
lous bones by stimulating bone formation but also improves
bone quality by increasing the volume and connectivity of
cancellous bone®"”. teriparatide administration initiates stim-
ulation of bone formation after one month and starts to show
BMD improvement after 3 months”™”**”, Furthermore, after
6 months of teriparatide administration, bone microstructure

shows improvement with increased bone volume fraction and



trabecular number, and risk of fracture begins to decline in
patients with osteoporosis™"**”. In this study, the markedly
lower PS loosening between 6 to 12 months after surgery in
the teriparatide group compared to that in the BP group is
speculated to be related to the temporal outcomes of such
pharmacological effects of teriparatide.

Loosening of PS is a delayed postoperative complication
that is prevalent among elderly patients with low bone density,
which may combine with pseudoarthrosis with instrument
failure, adjacent level degeneration, and progressive kyphosis”.
In our study, the mean period of PS loosening onset was 5.1£
3.1 months post-operatively in the teriparatide group and 7.5+
3.2 months post-operatively in the BP group. The delayed on-
set in the BP group is a result of a higher incidence of PS loos-
ening after 6 months of surgery in the BP group compared to
the teriparatide group. Several studies have revealed that pa-
tients begin to show improvement in BMD and bone micro-
structure and have reduced risk for fracture after 6 months of

79 n our study, the teriparatide

teriparatide administration
group showed reduced PS loosening incidence after 6 months
of the administration, which is comparable with the results of
previous studies that stated it took more than 6 months for
any visible effects of teriparatide on bone quality to show.
Multiple studies that explored the effects of BP on spinal fu-
4,24,30)
, but whether

BP reduces PS loosening is still a subject of considerable de-

sion suggested that BP increases fusion rate

bate™*”. According to the literature, BP begins to inhibit bone
resorption after one month of use and begins to increase BMD
after 3—6 months of use. Further, a state of reduced bone turn-
over is reached after 6 months of BP administration and is
maintained until 12 months™. Considering these findings, if
BP has any prophylactic effect on PS loosening, the incidence
of PS loosening should decline between 6—12 months than the
first 6 months of BP use. However, our data showed no signifi-
cant decrease in the number of patients with PS loosening or
the number of loosened PS between the two periods, first 6
months and 6—12 months after surgery. However, we could
not confirm such effects of BP as we did not investigate pa-
tients who have not received treatment for osteoporosis.

In the papers reporting the efficacy of teriparatide in lum-
bar spinal fusion, teriparatide administration was initiated 1-2
months before surgery to improve bone density'**". However,
most patients who underwent surgery had not been diagnosed

with or treated for osteoporosis before surgery, and surgery
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could not be delayed due to severe pain. Further, delaying sur-
gery in the presence of severe pain due to degenerative lumbar
spine diseases might have resulted in poor results after sur-
gery””. Hence, this study compared patients who were admin-
istered teriparatide immediately after surgery to those who
used BP immediately after surgery as treatment for osteopo-
rosis among patients who were scheduled to undergo lumbar
spinal fusion. Although the therapeutic effects begin to show
after 6 months of treatment, we could observe the positive ef-
fect of teriparatide reducing PS loosening and more aggressive
use of teriparatide would be conducive to better outcome even
though osteoporosis was found immediately before surgery.

The teriparatide group showed a significantly higher degree
of improvement in the BMD (T-score) than the BP group.
However, there was no significant difference in the BMD (T-
score) at 12 months between the two groups. It seemed to be
due to the lower, though not significant, preoperative BMD
(T-score) in the teriparatide group (-3.09£0.49) than in the BP
group (-2.94%+0.39). We think the reason may be that doctors
preferred to use teriparatide in the patients with lower BMD
(T-score) rather than BP, and the compliance for the use of
teriparatide was also better in the patients with more severe
osteoporosis. The patients without PS loosening showed a sig-
nificantly higher degree of improvement of BMD (T-score) at
12 months comparing to the patients with PS loosening in
both groups. Those results suggested that the patients with a
better response to anti-osteoporosis medications showed a
tendency of a lower incidence of PS loosening,

Teriparatide has been documented to reduce lower back
pain in patients with osteoporosis”*”, but there was no differ-
ence in VAS or ODI between the teriparatide and BP groups
in our study. These results seemed to be mainly due to the
lumbar fusion surgery itself already resolved lesions like spinal
stenosis or instability causing the pain. In addition, there was
no significant difference in VAS or ODI according to the pres-
ence of PS loosening in both groups. Although PS loosening
may increase lower back pain, previous studies suggested that
PS loosening itself not be a determinant of clinical out-
comes™*?. However, the PS loosening may exacerbate clinical
symptoms or induce pseudoarthrosis in the future, contribut-
ing to poor prognosis in the long-term period™™*”, Whereas
the two groups showed a clear difference in the number of
loosened PS, the number of patients with PS loosening was

not different significantly between the two groups. The small
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sample size and relatively short follow-up period are thought
to have contributed to such results.

Our study has limitations of a retrospective study on a rela-
tively small sample size, and we did not compare the data re-
garding the fusion level. We also did not compare the data
with that of a control group who did not receive any treatment
for osteoporosis. However, it is practically impossible to set up
a control group who has not received any treatment for osteo-
porosis because osteoporosis drugs are already widely used in
the patients with osteoporosis, and any patients diagnosed
with osteoporosis should take medications for osteoporosis
immediately. Regarding the selection of medication for osteo-
porosis, we recommended the use of teriparatide first. How-
ever, we began the treatment with BP in the patients who re-
fused the use of teriparatide. High price and inconvenience of
teriparatide injection seemed to make the patients refuse the
teriparatide administration for a long time. Although we got a
positive result with 6-month teriparatide reducing PS loosen-
ing, teriparatide more than 6 months must be more efficient.
Considering that the gap in the incidence of PS loosening be-
tween the two groups increased over time, a longer follow-up

must be needed.

CONCLUSION

The use of teriparatide for 6 months starting immediately af-
ter lumbar fusion operation seems to reduce PS loosening in
the osteoporotic patients. Such preventive effect of teriparatide
was apparent after 6 months of administration. We would rec-
ommend more active consideration of using teriparatide in the

osteoporotic patients planning to receive lumbar fusion surgery.
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