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Purpose: The research aimed to compare the therapeutic effect of teriparatide (TPTD) and
zoledronic acid (ZOL) therapy on bone formation and spinal fusion in patients with osteo-
porosis (OP) who underwent transforaminal lumbar interbody fusion (TLIF).

Methods: On the basis of different anti-OP treatment options, the TPTD group was treated
daily with TPTD (20 pg. ih. qd) for at least 6 months, while the ZOL group was treated with
a single dose of ZOL (5 mg. ivgtt. st) postoperatively. The visual analogue scale (VAS),
Oswestry Disability Index (ODI), bone mineral density (BMD), and concentration of bone
turnover markers before, 6, and 12 months after surgery were evaluated. X-ray and three-
dimensional computed tomography scans were performed at 6 and 12 months postopera-
tively to assess interbody fusion.

Results: The number of patients in the TPTD and ZOL groups was 29 and 38 patients,
respectively. The VAS and ODI scores in both groups were significantly reduced at 6 and 12
months after TLIF. Compared with that of baseline, the lumbar spine BMD of TPTD patients
increased significantly from 0.716+0.137 g/cm? to 0.745+0.124 g/cm? and 0.795+0.123 g/cm?
at 6 and 12 months, respectively, and was significantly higher than that of the ZOL group at 12
months (0.720+0.128 g/cm?). The bone formation marker, PINP, in the TPTD group increased
significantly (145.48+66.64 ng/mL and 119.55+88.27 ng/mL) compared with baseline (44.67
+25.15 ng/mL) and in the ZOL group (28.82+19.76 ng/mL and 29.94+20.67 ng/mL) at 6 and
12 months, respectively. The fusion rates in the TPTD and ZOL groups were 57% and 45% at 6
months, without statistical significance. However, TPTD had a more statistically significant
positive influence on fusion rate than ZOL at 12 months (86% vs 70%).

Conclusion: TPTD was more efficient than ZOL in bone formation and spinal fusion in OP
patients who underwent TLIF.
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Introduction

With the ageing of the population, the prevalence of age-related diseases is increasing
in all regions of the world, especially for degenerative spinal diseases.'” Treating
lumbar degenerative diseases (LDDs) is one of the main clinical challenges for spine
surgeons. Transforaminal lumbar interbody fusion (TLIF), a fundamental therapy for
intervertebral disc and facet joint degeneration, has been proven to be an effective
therapy that reduces pain and leads to neurological recovery.’ However, fusion failure
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is one of the most devastating complications of this techni-
que. Osteoporosis (OP) is characterised by reduced bone
mass and extensive deterioration of the osseous microarchi-
tecture, resulting in increased bone fragility. It is a major risk
factor for fusion failure, which results not only in non-union,
but also in pedicle screw loosening, adjacent segment frac-
tures, and proximal junctional kyphosis.*> Zou reported that
OP was quite common among patients aged >50 years who
underwent lumbar fusion (48.9% for women and 27.1% for
men). Patients primarily diagnosed with degenerative lumbar
scoliosis are more likely to have OP.° Therefore, further
research is required to improve the fusion rate of patients
with osteoporosis.

Broadly classified into osteoanabolic agents (teripara-
tide (TPTD), romosozumab, etc.) and antiresorptive agents
(bisphosphonates, denosumab, etc.), several pharmaceuti-
cal therapies are available for the treatment of primary or
secondary OP.” Zoledronic acid (ZOL), a classical and
highly efficient aminobisphosphonate, localises and accu-
mulates at high bone turnover sites rapidly after intrave-
inhibits
synthase (FPPS) of osteoclasts, and prevents protein pre-

nous administration, farnesyl pyrophosphate
nylation to decrease bone resorption, with a considerably
long duration of action.®” It was verified to be capable of
shortening the period of fusion, preventing subsequent
vertebral compression fracture (VCF) and decreasing the
rate of pedicle screw loosening after spinal interbody
fusion in a large number of studies.'®'' However, the
impact of fusion rate.'®'" An animal study conducted by
our department in 2015 showed that ZOL has a positive
effect on vertebral fusion rate at a dose higher than that
used in clinics.'? TPTD, a recombinant human parathyroid
hormone (thPTH (1-34)), stimulates osteoblast receptors
to promote differentiation and prolong their lifespan after
intermittent daily injection, induce the formation of can-
cellous bone to increase bone mineral density (BMD), and
reduce the incidence of osteoporotic fractures.'® In recent
years, the effect of TPTD on postoperative spinal fusion
with OP has attracted increasing attention. Sugiura
attained lumbar fusion in 89% of osteoporotic animal
models receiving TPTD, compared with only 56% in the
control group.'* In addition, we previously demonstrated
in an animal study that teriparatide could solidly promote
non-instrumented intervertebral fusion, which is more
effective than zoledronic acid.'” Nevertheless, only a few
clinical researchers have described the fusion rate with
TPTD on spinal fusion after surgery, and none have com-
pared the influence of ZOL to that of TPTD.

Hence, the objective of this study was to compare the
effects on BMD, bone metabolism, and fusion rate
between patients with OP who received daily injected
TPTD and one-time annually administered ZOL retrospec-
tively, to provide clinical evidence and advise for the
perioperative anti-osteoporosis strategy.

Patients and Methods

This is a retrospective cohort analysis of radiologic and
laboratory data with level 3 evidence. It was reviewed and
approved by the institutional review board of Zhongshan
Hospital, Fudan University, and the independent ethics
committee. All eligible participants included in the study
provided written informed consent.

Patients

Patients with osteoporosis who underwent TLIF at our hos-
pital between January 2013 and December 2015 were
enrolled in this study. The inclusion criteria were as fol-
lows: 1) underwent TLIF because of LDD (lumbar disc
herniation, lumbar spinal stenosis, scoliosis, degenerative
lumbar instability, or spondylolisthesis); 2) diagnosis of pri-
mary OP by dual-energy X-ray absorption (DXA) measure-
ment with T-scores of —2.5 or less at the lumbar spine,
femoral neck, or total hip, and/or previous VCF, proximal
femoral or other fragility fractures;'® 3) 50 years < age < 80
years; 4) TPTD was used for more than six months or ZOL
was administered at least once after surgery. The exclusion
criteria were as follows: 1) long-term or recent use of gluco-
corticoids, heparin, anti-OP medication, or other drugs that
may affect bone metabolism; 2) suffer from diseases such as
chronic hepatic/renal insufficiency or malignant tumour that
may affect bone metabolism; 3) with severe trauma due to
violence, such as car accidents, high fall, etc.; 4) accepted
other spinal surgery previously within six months; 5) baseline
measurement showed abnormal blood calcium level: greater
than 2.75 mmol/L or less than 2.00 mmol/L, or abnormal 25-
hydroxyvitamin D level: <15 ng/mL. Patients enrolled in the
study were divided into the TPTD and ZOL groups accord-
ing to postoperative anti-OP treatment.

Surgery and Postoperative Care

All eligible patients underwent surgery performed by the
same surgical team and chief surgeon. TLIF was used for
LDD lesions, which was performed with reference to the
standard surgical procedures in the previous literature.'’
During the operation, pedicle screws and intervertebral
fusion cages were used. The autogenous bone obtained
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during the operation was implanted in the cage, and the
remaining autogenous bone particles were packed at the
anterior intervertebral space.

Routine postoperative management includes wound
drainage and dressing changes. Wound drains were
removed when the output was lower than 50 mL/day.
Wearing a waist brace for 68 weeks and gradual training
and strengthening of the back muscles were performed
routinely. Moreover, weightlifting and onerous physical
labour within 6 months after surgery were prohibited.
Additionally, during the entire follow-up period, all
patients were given 1000 mg/day oral calcium and
0.25ug /day calcitriol as a basic therapy for OP and
encouraged to have more sun exposure and outdoor
activities.

Administration of Anti-OP Drugs

Patients in the TPTD group received teriparatide (20 pg/
day, once daily, Eli Lilly, IN, USA) subcutaneously and
continuously for more than 6 months starting from 1 day
after surgery, while the patients in the ZOL group received
zoledronic acid once intravenously for at least 15 min
(5 mg/year, Novartis, NJ, USA) to 3 days after surgery.
ZOL was accessed commercially as 100 mL aqueous
solution in prefilled bottles.

Clinical Data

Baseline data on age, sex, body mass index (BMI), and
surgical segments were recorded. Ranging from 0 to 10,
the visual analogue scale (VAS) was used to grade low
back pain and leg pain, with larger scores indicating more
pain. The Oswestry Disability Index (ODI), which ranges
from 0 to 50, was also used to assess the severity of
neurological symptoms, with larger scores indicating
more pain and dysfunction. Both clinical parameters
were surveyed before TLIF and at 6 and 12 months after
TLIF.

Radiological Evaluation

BMD was assessed by DXA examination (Hologic
Discovery A device, Bedford, MA, USA) one day before,
six months after, and one year after surgery. The average
BMD of the non-operated lumbar spine segments and hip
joint was used to estimate the bone quality of patients after
surgery because of the interference of implants. Three-
dimensional computed tomography (CT, Canon, 320 row
computed tomography, Aquilion One, tube voltage 120 kV)
images and anteroposterior and lateral lumbar X-ray plain

films of excessive extension and flexion postures were
obtained six months and one year postoperatively to assess
the fusion status, internal fixation device loosening, cage
subsidence, pseudoarthrosis, and vertebral fracture.
Evaluation of fusion status (fusion rate) was performed by
three experienced and independent orthopaedists in a blinded
manner. Lumbar fusion should be in accordance with the
following criteria.'® 1) The growth of trabecular bone can
be observed on the sagittal view of reconstruction CT, form-
ing a bone bridge and reaching the upper and lower endplates
through the fusion cage, without a translucent zone between
the cage and the endplate. 2) There are also continuous bone
trabeculae around the cage prosthesis to bridge the upper and
lower endplates, with continuous bone grafting and trabecu-
in the

Hyperextension and hyperflexion radiographs

lar bone formation intervertebral space. 3)
display

arange of <5° for intervertebral activity of fusion segment(s).

Blood Examination

The N-terminal propeptide of type 1 collagen (PINP) and
B-cross-linked C-telopeptide of type 1 collagen (B-CTX)
were selected as the bone metabolism indicators of forma-
tion and resorption, respectively. After an overnight fast
for inpatient or outpatient follow-up, serum samples were
collected before, six months, and one year after surgery to
measure the concentrations of the two bone transformation
markers (BTM) mentioned above. All laboratory chemilu-
minescence analyses were performed using a Roche €2010
analyser (Roche Diagnostics, Mannheim, Germany) at the
Immunology Department of Zhongshan Hospital Affiliated
to Fudan University.

Statistical Analysis

All statistical analyses were independently performed by three
academic medical statisticians using SPSS software (version
20.0; IBM Corp., Armonk, NY, USA), and all results were
expressed as mean + standard deviation. The independent
variable #-test was used to compare the continuous variables
of baseline characteristics, BMD, and BTM at three time
points between the two groups. Paired #-fests were used to
compare the two indicators before and after treatment in each
group. Pearson’s chi-square test was used to compare the
categorical variables of baseline characteristics and the fusion
rates at six months and one year after surgery between the two
groups. Based on a two-sided 95% confidence interval (CI)
for differences, statistical significance was set at p<0.05.
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Results Clinical Outcomes

Baseline Characteristics of the Enrolled The mean VAS scores for low back pain and leg pain and
Population the mean ODI scores significantly decreased at 6 and 12

Table 1 shows the demographic characteristics of the
patients before TLIF and the surgical sites of patients
in the TPTD and ZOL groups. A total of 67 patients
who underwent TLIF with OP were included in this
study, including 29 patients in the TPTD group and 38
patients in the ZOL group. In the TPTD group, 17
patients underwent single-segmental surgery, 9 under-
went double-segmental surgery, and 3 underwent multi-
segmental surgery (equal to or more than 3 segments).
As for the ZOL group, 14 patients underwent single-
segmental surgery, 18 underwent double-segmental sur-
gery, and 6 underwent multi-segmental surgery. There
was no significant difference between the two groups in
the proportion of single-, double-, and multi-segmental
surgery. There were no statistically significant differ-
ences in sex, age, BMI, preoperative VAS score for
low back pain and leg pain, preoperative ODI score,
baseline BMD, PINP, and B-CTX values between the
two groups. Notably, during the investigation year, no
adverse events or serious adverse events, such as palpi-
tation, nausea, myalgia, general fatigue, vertebral frac-
ture, pseudoarthrosis, cage subsidence, rod fracture, or
pedicle loosening was observed and recorded.

months postoperatively in both groups (P<0.0001). Similar
results for VAS and ODI were found at all three time
points between the two groups (Figure 1).

BMD

The BMD of the lumbar spine did not differ between the
TPTD and ZOL groups one day before surgery (0.716
+0.137 vs 0.730+£0.123 g/cm?, P>0.05). As shown in
Figure 2A, 6 months after surgery, there was no significant
change in the BMD of the lumbar spine in the ZOL group
compared with baseline (P>0.05), and there was no sig-
nificant difference between the TPTD and ZOL groups
(P>0.05). However, there was no statistically significant
change in the ZOL group at 12 months compared with
baseline (0.720+0.128 g/cm?, P>0.05). Notably, 6 and 12
months after surgery, the lumbar BMD of TPTD patients
increased by 3.95% and 11.10%, respectively, compared
with baseline (0.745+0.124 g/cm?® and 0.795+0.123 g/cm?,
P=0.0016 and P<0.0001, respectively). Regarding the
effect comparison between two therapies, the lumbar
BMD of the TPTD group was higher than that of the
ZOL group one year after surgery (0.795+0.123 g/cm?
VS 0.720+0.128 g/cm?, P=0.0182).

Table | Demographic Characteristics of the Patients Before Surgery in TPTD and ZOL Groups

TPTD (N=29) ZOL (N=38) P value

Gender (female: male) 25:4 35:3 0.44
Age (years) 66.3418.13 65.89+6.13 0.79
BMI (kg/m?) 23.20+3.21 24.10+3.75 0.30
VAS for low back pain 6.24+1.66 6.61£1.73 0.39
VAS for leg pain 4.21%1.52 4.37+1.62 0.68
ODI 30.17+6.43 31.16+6.82 0.55
PINP (ng/mL) 44.67+25.15 43.72+18.23 0.86
B-CTX (ng/mL) 0.42+0.25 0.42+0.19 0.97
Lumbar BMD (g/cm?) 0.712+0.138 0.730+0.123 0.57
Surgery segments

Single-segment 17 14 0.076

Double-segment 9 18 0.177

Multi-segment 3 6 0517

Abbreviations: TPTD, teriparatide; ZOL, zoledronic acid; PINP, N-terminal propeptide of type | collagen; B-CTX, B cross-linked C-telopeptide of type | collagen; BMD,

bone mineral density.

1792 "

Dove!

Clinical Interventions in Aging 2021:16


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al
A B C
10p - _ 40
< TPTD 10 — TPTD — TPTD
3 ol — zoL £ - —-— zoL
5 8 g s e 30f
B 6 g 6 -_—
> a !
: E 5 =
5 5 4
&’ 2 I il kK g 2 - 10 i i
> >
0 L 0 0 L L L
0 6 12 0 6 12

Month

Month

Month

Figure | Clinical scores before, 6 months and 12 months after surgery of patients in the TPTD and ZOL groups. (A) average VAS score for low back pain, (B) average VAS
score for leg pain, (C) average ODI score. #**P<0.000] compared to preoperation within group.
Abbreviations: ODI, Oswestry Disability Index; TPTD, teriparatide; VAS, visual analogue score; ZOL, zoledronic acid.

A

- Hl TPTD
o~

g Il ZOL
)

[a)

=

m

c

2

£

=}

-

0 6 12
Month

B
1.2

== TPTD

<« 10r = ZoL
3
(3]
3
[=]
s
[11]
o
I

0 6 12
Month

Figure 2 BMD before, 6 months and 12 months after surgery of patients in the TPTD and ZOL groups. (A) average BMD of lumbar spine (non-surgery segments), (B)

average BMD of the total Hip. *P<0.05, **¥P<0.0001.

Abbreviations: BMD, bone mineral density; TPTD, teriparatide; ZOL, zoledronic acid.

As for hip BMD, there was no significant difference
between the two groups before, 6 months, and 12 months
after TLIF (0.689+0.112 vs 0.660+0.134 g/cm?®, 0.689
+0.117 vs 0.659+0.123 g/em?®, 0.706+0.127 vs 0.680
+0.143 g/em?, P>0.05, Figure 2B). There was also no
significant change in hip BMD elevation in the TPTD
and ZOL groups at 6 months or 12 months after surgery
compared with baseline (P>0.05, Figure 2B).

BTM

The Concentration of PINP in serum was 44.67+£25.15 ng/
mL and 43.72+18.23 ng/mL in the TPTD and ZOL groups
before anti-OP administration, respectively; there was no
statistically significant difference between the two groups
(P>0.05). In Figure 3A, the PINP in the TPTD group
increased by 225% to 145.48+66.64 ng/mL at 6 months
after surgery (P<0.0001) and 168% to 119.554+88.27 ng/
mL at 1 year after surgery (P<0.0001) compared with
baseline. While the PINP in the ZOL group decreased
by 34% to 28.82+19.76 ng/mL (P<0.0001) and 31.5% to
29.94+20.67 ng/mL (P<0.0001) at the two time points,

respectively. The PINP in the TPTD group was signifi-
cantly higher than that in the ZOL group at 6 months
(P<0.0001) and 1 year after surgery (P<0.0001).

The measured serum B-CTX was 0.42+0.15 ng/mL in
the TPTD group and 0.424+0.19 ng/mL in the ZOL group
at the beginning, and there was no significant difference
between the two groups (P>0.05, Figure 3B). The f-CTX
in the TPTD group increased to 0.80+0.33 ng/mL at 6
months after TLIF (P<0.0001) and 0.69+0.31 ng/mL at
1 year after TLIF (P=0.0005) compared with baseline,
while that in the ZOL group decreased by 50% to 0.21
+0.161 ng/mL (P<0.0001) and 0.21+0.157 ng/mL
(P<0.0001) at the two time points. The B-CTX levels in
the TPTD group were significantly higher than those in the
ZOL group at 6 months (P<0.0001) and 1 year (P<0.0001)
after TLIF.

The percent changes in BTM from baseline to 12
months are illustrated in Figure 3C. These results are
similar to those shown in Figure 3A and B in a different
way (%); namely, BTM increased in the TPTD group and
decreased in the ZOL group. In addition, we defined the

Clinical Interventions in Aging 2021:16

1793

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al

Dove

A

250 — TPTD 1.2r — TPTD
200} —-— ZOL _ 1.0F x —-— ZOL
’E\ *kk E 0 8 i m o
> 150 i - 5 — |t
E-E \ ; 0_6-
Z 100 5
o & 04
50 B . - 0.2 | dkk *kk
0— 0.0— - -
0 6 12 0 6 12
Month Month
C D
4001 — PINP-TPTD 2500 e TPTD
300} —— B-CTX-TPTD % 2000
w —— PINP-ZOL 8
< o
- © 1000
:\.g 100 _§
or < 500
-100 : ! 0
0 6 12 6 12
Month Month duration
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Abbreviations: B-CTX, B cross-linked C-telopeptide of type | collagen; PINP, N-terminal propeptide of type | collagen; TPTD, teriparatide; ZOL, zoledronic acid.

difference in percent changes between PINP and B-CTX
as the anabolic window (shaded area in Figure 3C). It
remained open in the ZOL group at 12 months after a one-
time administration of ZOL, as well as in the TPTD group.
The area of anabolic window in the TPTD group was
significantly higher than the ZOL group at 0—6 months
(P<0.0001) and 0-12 months (P<0.0001) after TLIF
(Figure 3D).

Fusion Status

Table 2 shows the fusion outcome of the TPTD and ZOL
groups at 6 and 12 months after TLIF, in which we sum-
marised every segment with surgery considering alternative
fusion status between segments in a patient with multi-
segmental TLIF. Six months after surgery, the fusion rate
was 57% (25/44) in the TPTD group and 45% (32/71) in the
ZOL group. There was no significant difference in fusion

rates between the two groups (P>0.05). At one year after
surgery, the fusion rate of the TPTD group increased to 86%
(38/44) and that of the ZOL group was 70% (50/71), and the
difference between the two groups was statistically signifi-
cant (P=0.04997). Among the six non-fusion segments in
the TPTD group, one was from a three-segment surgery,
four were from two double-segment surgeries, and one was

Table 2 Fusion Rate at 6 Months and 12 Months After Surgery
of the TPTD and ZOL Groups

6 Months After Surgery 12 Months After Surgery

Fusion Non-Fusion Fusion Non-Fusion
TPTD (n=44) 25 (57%) 19 (43%) 38 (86%) * 6 (14%)
ZOL (n=71) 32 (45%) 39 (55%) 50 (70%) 21 (30%)

Note: *p<0.05, compared with the ZOL group.
Abbreviations: TPTD, teriparatide; ZOL, zoledronic acid.
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from a single-segment surgery. Conversely, 21 segments
were not fused in the ZOL group, among which, 4 were
from four-segment surgeries (from three cases), 4 were from
three-segment surgeries (from three cases), 11 were from
double-segment surgeries, and 2 were from single-segment
surgeries. Figure 4 shows the CT images of the representa-
tive cases of the TPTD (Figure 4A) and ZOL (Figure 4B)
groups at 12 months postoperatively. L4/5 and L5/S1 both
successfully reached fusion in the two groups.

Discussion

In this study, we performed a retrospective analysis of clin-
ical, radiological, and laboratory data from 67 patients to
compare the bone formation and spinal fusion effect between
daily TPTD subcutaneous injection and one-time annual
ZOL intravenous dripping after TLIF in osteoporotic
patients. The findings illustrated that surgery could alleviate
the pain indices. At 6 and 12 months after TLIF, the lumbar
BMD of patients treated with TPTD was elevated, but not in
ZOL patients. The therapeutic outcome for OP in daily
TPTD for more than 6 months was more desirable than one-
time ZOL fusion for these patients. In addition, TPTD played
a stronger anabolic role during the process of osseous

metabolism than ZOL, as indicated by the 1-year follow-up
of BTM. Moreover, it resulted in a more ideal fusion rate
improvement from TPTD than that from ZOL, which is
similar to the conclusion from previous studies.'*°

For this type of study, we selected a control group with
patients who were treated with ZOL for OP, as patients without
medication were the ideal but not reasonable control group.
Many osteoporotic therapies, such as bisphosphonates and
denosumab, are widely used in clinical practice. Therefore, it
is not appropriate to withhold routine treatment for patients
with a definite diagnosis of OP. In contrast, concerns arose that
the use of bisphosphonates after such surgery would delay or
interfere with intervertebral fusion and may lead to instrumen-
tation failure, because it is the osteoclastic activity that initiates
the biological fusion process while ZOL has basic resistance to
bone resorption.”! However, our previous studies and those of
other investigators have stated that ZOL does not impede
spinal fusion and has the potential to promote it.'*** This
could be the result of balanced osteoblastic and osteoclastic
action inherent to vertebral healing. Thus, it is rational to select
ZOL as the control group in this study.

Previous studies have already proven that in patients with
OP, both TPTD and ZOL can improve BMD, which is

Figure 4 Representative CT images of the TPTD and ZOL groups at 12 months after surgery. (A) CT sagittal image showed solid L4/5 and L5/S| fusion in the TPTD group.

(B) CT sagittal image showed L4/5 and L5/SI fusion in the ZOL group.
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a crucial indicator of bone quantity and stability of fusion
instrumentation.”>** Nevertheless, our research unexpect-
edly found that the BMD of the ZOL group did not increase
significantly within 1 year after TLIF, and patients in the
TPTD group had an 11% increase in lumbar spine density at
one year after surgery. Compared with normal OP patients
without surgical treatment, the activity frequency and BMD
of patients included in this study were apparently lower, on
account of doctors not recommending those patients to return
to normal exercises prematurely because strenuous activities
would affect the firmness of the implants. The newly formed
bone induced by the drug was barely enough to offset the
density loss caused by the lack of activity, so the BMD did
not change significantly in the half year after surgery com-
pared with that before drug administration. This unexpected
finding further indicates that anti-OP therapy is particularly
vital for patients planning to undergo instrumented spinal
surgery. In addition, when selecting patients, we decided
that the aim and indication of our study were for those with
severe OP to show the efficacy of the two medicines, so the
baseline BMD of the included patients was lower than that of
previous researches.'®?® Meanwhile, the proportion of
patients who underwent multi-segmental surgery was greater

than that in previous studies**?

(more than 40% of patients
in both groups underwent two or more segmental TLIF). As
a result, this study further demonstrated that TPTD can
promote BMD and spinal fusion in severe OP, and multi-
level surgery are risk factors for postoperative fusion.®
BTM can be used to observe the influence of anti-
osteoporosis therapy. The International Osteoporosis
Foundation has suggested that the markers for reference are
PINP for bone formation and p-CTX for bone resorption.?’
TPTD increased the levels of PINP and B-CTX. In contrast,
after ZOL intravenous fusion, B-CTX decreased and PINP
decreased slightly.”®?° Our study showed the corresponding
results. Bone metabolism is a process of coupling and balan-
cing bone formation and resorption, and analysis of the two
together could illustrate the influence of anti-OP drugs more
comprehensively. Therefore, the concept of “anabolic win-
dow” was proposed.®® In the anabolic space shown in
Figure 3, more bone mass was formed rather than resorbed,
resulting in a rise in bone volume and a probable improve-
ment in microarchitecture. These ultimately might result in
enhanced bone strength.>’ McClung et al demonstrated that
TPTD had a larger anabolic window than alendronate and
thus had a stronger effect on BMD. Another randomised
controlled trial showed that the augmentation in bone forma-

tion markers including PINP at 3 months could predict the

improvement in BMD at 1 year.*>*® Similarly, our study
confirmed that TPTD had a remarkably larger anabolic win-
dow than ZOL, and both windows remained open at 12
months after surgery, which may also explain the difference
in impact on spinal fusion rate between the two drugs.
Preclinical experiments have shown increased cortical
bone intensity and Haversian system remodelling after inter-
mittent parathyroid hormone administration in animals.'***
Based on this, several available clinical evidence and the
present results suggested that TPTD offers the opportunity
to raise the fusion rate and reduce complications OP patients
after lumbar surgery.®”~° In a meta-analysis conducted by
Fatima et al with 771 patients, the bony fusion rate was
significantly higher in the TPTD group than in the placebo
and bisphosphonate group, with respectively 2.23-fold and
2.12-fold higher likelihood of fusion at one-year follow-up.
The TPTD group also showed reduced spinal VAS, limb
VAS, and an 84% lower probability of subsequent vertebral
fracture compared to the non-TPTD group.®’ The different
surgical techniques for cartilage endplate may affect the
fusion, but this influencing factor was ruled out in our study
by the same experienced surgeon. We achieved an 86%
fusion rate without any cases of vertebral fracture, cage
subsidence, rod fracture, or pedicle loosening in the TPTD
group. The choice of fusion segments and the type of bone
graft in some patients, which can surely affect the fusion rate,
also differ between doctors and studies, along with different
living habits and postoperative rehabilitation measures. Yagi
et al proved that prophylactic TPTD could improve BMD
and decrease the incidence of proximal junctional kyphosis
from vertebral fracture in adults with spinal deformity and
OP after posterior instrumented fusion with at least five fused
vertebrae.*® A multicentre retrospective study conducted by
Kawabata et al demonstrated that for patients with osteo-
porotic VCF after posterior instrumented fusion, the screw
backout rate was significantly lower after TPTD administra-
tion compared with bisphosphonate (1.8% vs 12.5%,
P<0.05). However, there was no difference in screw loosen-
ing, subsequent vertebral fracture, VAS, or ODIL*® Such
findings heavily affected the preferred therapy algorithm,
especially when bisphosphonates, including ZOL, are still
the first-line choice. However, the detailed instructions and
practical application of TPTD vary from study to study. As
approved by the FDA, the subcutaneous administration of
20 mg/d TPTD was used in the study.>**° In contrast, weekly
schedules have also been described with different dosages,
and a relative study for spinal fusion with OP pointed out
equivalent performance between weekly dosing and daily
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dosing.?® Furthermore, the best time to start TPTD treatment
differed among studies. Ohtori et al started it 2 months and 3
months ahead of surgery in two different studies, and Inoue
had variable times with a mean value of 61 days before the
operation.**** Ebata et al, Kaliya-Perumal et al, and the
study all
postoperatively.*>** Moreover, given that TPTD is relatively

present initiated  therapy one day
expensive globally and has limited on-label indications, pay-
ment from patients can be financially burdensome. The con-
siderable expense of TPTD

particularly for those undertaking the costs on their own. In

should be considered,

brief, the management and prescription of TPTD may still
lack deep exploration and thought by medical teams.

The study has some limitations. First, further randomised
controlled trials are required to explore the nearly constant
hip BMD for 12 months, even with a substantial elevation in
spinal BMD. Second, changes in bone density caused by
different lumbar spine segments measured by DXA before
and after surgery cannot be eliminated. Third, we were not
able to evaluate an unmedicated control group to further
prove the efficacy of ZOL. However, a variety of previous
studies have been carried out to investigate it, including the
one conducted by our department, and we made certain
comparisons.' #2244 Additionally, the sample size of
this retrospective cohort study may be slightly small.

Conclusions

Daily 20 pg TPTD for at least 6 months showed a more
rapid increase in bone formation and spinal fusion in
Chinese OP patients who underwent TLIF operation than
administration of one-time dose of 5 mg ZOL. With con-
siderable expense taken into account, large-scale clinical
trials are required to further confirm the role of daily
TPTD for patients with OP who underwent lumbar
operation.
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