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Abstract

Background: The optimal treatment of osteoporosis after reconstruction surgery for osteoporotic vertebral fractures
(OVF) remains unclear. In this multicentre retrospective study, we investigated the effects of typically used agents
for osteoporosis, namely, bisphosphonates (BP) and teriparatide (TP), on surgical results in patients with
osteoporotic vertebral fractures.

Methods: Retrospectively registered data were collected from 27 universities and affiliated hospitals in Japan. We
compared the effects of BP vs TP on postoperative mechanical complication rates, implant-related reoperation rates,
and clinical outcomes in patients who underwent posterior instrumented fusion for OVF. Data were analysed
according to whether the osteoporosis was primary or glucocorticoid-induced.
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osteoporosis and GIOP.

Glucocorticoid-induced osteoporosis

Results: A total of 159 patients who underwent posterior instrumented fusion for OVF were included. The overall
mechanical complication rate was significantly lower in the TP group than in the BP group (BP vs TP: 73.1% vs
58.2%, p =0.045). The screw backout rate was significantly lower and the rates of new vertebral fractures and
pseudoarthrosis tended to be lower in the TP group than in the BP group. However, there were no significant
differences in lumbar functional scores and visual analogue scale pain scores or in implant-related reoperation rates
between the two groups. The incidence of pseudoarthrosis was significantly higher in patients with glucocorticoid-
induced osteoporosis (GIOP) than in those with primary osteoporosis; however, the pseudoarthrosis rate was
reduced by using TP. The use of TP also tended to reduce the overall mechanical complication rate in both primary

Conclusions: The overall mechanical complication rate was lower in patients who received TP than in those who
received a BP postoperatively, regardless of type of osteoporosis. The incidence of pseudoarthrosis was significantly
higher in patients with GIOP, but the use of TP reduced the rate of pseudoarthrosis in GIOP patients. The use of TP
was effective to reduce postoperative complications for OVF patients treated with posterior fusion.

Keywords: Bisphosphonates, Teriparatide, Osteoporotic vertebral fractures, Surgery, Primary osteoporosis,

Background

Osteoporotic vertebral fractures (OVFs) are the most
common type of fragility fracture and are sustained by
25% of individuals in their early 70s and 43% of those
aged over 80 years [1]. OVFs cause low back pain, which
significantly impacts quality of life. Many cases can be
cured by conservative treatment using a brace [2, 3], but
surgery may be performed when early mobilization is
desired, conservative treatment fails, or the posterior
segment of the vertebra is destroyed, accompanied by
neurological deficit [4]. Surgery is also an effective op-
tion for the treatment of kyphosis after fracture [5]. The
recent advent of the percutaneous pedicle screw has
made it possible to perform minimally invasive surgery
in these patients [6]. However, because of the bone fra-
gility in the background, surgically treated patients may
experience screw loosening or pseudoarthrosis and revi-
sion surgery may be required [7].

BP are the first-line agents for osteoporosis and have
been shown to prevent fragility fractures by inhibiting
osteoclasts [8]. TP is a recombinant form of human
parathyroid hormone and is the first osteogenic agent to
enter clinical use. Improvements in lumbar bone mineral
density (BMD) of 4.54—7.48% have been reported for BP,
whereas 6.4% improvement of BMD was reported after
2 years of administration of TP [9]. However, because
TP is expensive and the allowed duration of administra-
tion is limited, the use of TP is problematic in terms of
timing [10]. In contrast, several studies have reported
osteonecrosis of the jaw or atypical femoral fracture as
adverse effects of BP [11-13], which are not observed
under TP.

Previous studies have demonstrated the superiority of
TP over BP in patients who have undergone conservative
treatment for OVF according to bone union rates [14—

16]. Other studies have shown the positive effects of TP
on bony fusion after spinal fusion or correction surgery
[17-22]. TP has bone anabolic ability and can reduce
the chance of screw loosening, and so the use of TP may
effectively enhance spinal fusion and reduce implant fail-
ure and/ or subsequent vertebral fracture in comparison
with surgery [17-22]. However, there is limited literature
on the relationship between administration of these
agents and mechanical complications after posterior fu-
sion surgery for OVF. Furthermore, few studies have in-
vestigated the effects of TP and BP in patients with
glucocorticoid-induced osteoporosis (GIOP). Therefore,
optimal treatment of osteoporosis after reconstruction
surgery for OVF remains unclear. The aim of this na-
tionwide multicentre retrospective study was to investi-
gate the effects of these osteoporosis medications on
surgical outcomes, specifically mechanical complications
and reoperation rates in patients with primary OVF or
GIOP.

Methods

Data collected

We retrospectively reviewed all patients who were
treated surgically with instrumentation for OVF between
2005 and 2014 at 27 universities and affiliated hospitals
that contribute data to the multicentre Japan Association
of Spine Surgeons with Ambition (JASA)database. Insti-
tutional review board approval was obtained at each site
for patient enrolment and the data collection protocols.
The need for informed consent was waived by the ethics
committees because this retrospective cohort study in-
volved existing data and records at the time of investiga-
tion, and did not retain personal identifiers in the
collected information.
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Inclusion criteria

Inclusion criteria were patients who had neurological
impairments due to OVF at T10-L5 and underwent pos-
terior fusion surgery. The surgical indication was any
neurological symptoms caused by OVF and related
neural compression, which required stabilization. Pa-
tients who underwent vertebroplasty alone were not in-
cluded. To focus on comparison of effect of BP and TP
on the surgical outcomes, we only included the most
typical surgical procedures: posterior fusion with fusion
levels less than 5. Patients who received treatment with
a BP or TP (> 6 months) after surgery were included.
The patients were followed for average of 3.9 years. TP
was administered for up to 2years (20 pg/day, average:
17.5 months) and then generally followed by a BP for the
purpose of secondary mineralization during the follow-
up period. Regarding the BP treatment, The patients
were treated with either alendronate (5mg/day or 35
mg/week), residronate (2.5mg/day or 17.5mg/week),
ibandronate (100 mg/month) or minodronate (50 mg/
month). Patients who received other osteoporosis medi-
cations, such as denosumab or a selective oestrogen re-
ceptor modulator, were excluded. The aetiology was
primary osteoporosis or GIOP. The patients who had
the history of diseases causing secondary osteoporosis,
such as hypothyroidism, rheumatoid arthritis, diabetes
mellitus, and chronic renal failure were excluded. The
operative procedure in the database was divided into an-
terior spinal fusion, posterior spinal fusion alone with or
without vertebroplasty, and anterior and posterior three-
column osteotomy. Patients who underwent posterior
spinal fusion fixation for less than five levels were in-
cluded in this study. Demographic data including age,
sex, body mass index, BMD and preoperative and post-
operative use of osteoporosis agents were collected.
BMD was expressed as a percentage of the young adult
mean (aged from 20 to 44 years). YAM less than 70%
was used to diagnose osteoporosis in Japan [23].

Analysis of data

Radiological examination was performed by X-ray. The
data of preoperative, postoperative (early after surgery)
and final follow-up were collected. Postoperative mech-
anical complications were defined as screw loosening,
screw backout, screw breakage, rod breakage, and subse-
quent vertebral fractures (newly developed fracture after
surgery) [18, 24]. Screw loosening and screw backout are
common complications in spinal instrumentation sur-
geries. Loosening of screw was detected by radiolucent
zones around the screw indicating a low extraction
torque. Screw back out was defined as change in screw
position due to screw loosening. Screw complication was
defined as screw loosening, screw backout, and screw
breakage. Pseudoarthrosis was defined as one of
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following at the final follow-up: instability with flexion/
extension radiographs, presence of clear zone around
the bone graft, or rod fracture. Clinical outcomes were
evaluated using the Japanese Orthopaedic Association
(JOA) scoring system for lumbar function [25, 26] pre-
operatively and at the final follow-up. For JOA score,
only scores for subjective symptoms (9 points), clinical
signs (6 points), and urinary bladder function (-6
points) were included; a full score was 15 points (Add-
itional file 1). The visual analogue scale (VAS) score was
used to grade the severity of low back pain and pain or
numbness in the lower extremities (0, no symptoms; 10,
worst symptoms imaginable). The recovery rate of JOA
was calculated using following formula: recovery rate
(%) = (postoperative score (final follow-up) — preopera-
tive score)/(15 - preoperative score) x 100 [25]. The
change in VAS was defined as reduction of VAS be-
tween preoperative and postoperative score. The patients
were divided into those who received BP and those who
received TP, postoperatively. We compared the patient’s
demographics and surgical outcomes, as well as postop-
erative complications between the BP and TP group.
Further, we compared the effect of BP and TP for pa-
tients with primary osteoporosis and GIOP.

Statistics

The t-test or chi-squared test was used to compare the
two groups. The averages of continuous variables were
compared between the groups using t-tests and the pro-
portions of categorical variables were compared using
chi-square or Fisher’s exact tests. All statistical analyses
were performed using IBM SPSS Statistics for Macintosh
software version 25.0 (IBM Corp., Armonk, NY). A p-
value < 0.05 was considered statistically significant.

Results

One hundred and fifty-nine patients who underwent
posterior instrumented fusion during the study period
met the inclusion criteria. The mean patient age at the
time of surgery was 75.6+ 6.7 years and 136 patients
(85.5%) were female. The mean YAM score was 71.0 +
16.1%. The OVFs were caused by primary osteoporosis
in 132 patients and by GIOP in 27 patients. The number
of previous vertebral fracture was 0.5 + 0.9 and the num-
ber of new vertebral fracture causing fusion surgery was
1.1+0.2. The time from injury to fusion surgery was
173 + 240 days.

Table 1 shows the patient characteristics according to
type of osteoporosis. Mean patient age at the time of
surgery was significantly higher in the primary osteopor-
osis group than in the GIOP group (primary vs GIOP:
76.6 + 6.4 years vs 71.0+6.1years; p =0.001). Signifi-
cantly more patients in the GIOP group received an
osteoporosis medication preoperatively  (p <0.001).
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Table 1 Preoperative demographic and clinical characteristics according to whether osteoporosis was primary or glucocorticoid-

induced
Total Primary GIOP p-value

Cases, n 159 132 27 -
Age at time of surgery (years) 756+6.7 766+ 64 710+6.1 0.001
Sex (male) 136 (85.5%) 111 (84.1%) 25 (92.6%) 037
BMI 223£51 224+47 223+64 0.92
Smoking history (yes/no) 20 (12.6%) 19 (14.4%) 1 (3.7%) 0.20
Number of previous vertebral fracture 05+09 04+09 07+12 0.20
Number of new vertebral fracture 1.1+£02 11402 1.1+£03 0.79
Time from injury to surgery (days) 173 +240 169 + 251 192 + 184 0.65
BMD (YAM%) 71.0£16.1 704+ 145 735+ 164 0.55
Preoperative use of osteoporosis medication 71 (44.7%) 49 (37.1%) 22 (81.5%) <0.001

BP 55 (34.6%) 41 (31.1%) 14 (51.9%) 0.047

Vit D 14 (8.8%) 7 (53%) 7 (25.9%) 0.003

P 7 (4.4%) 4 (3.0%) 3(11.1%) 0.10
Number of fixed level 31+£08 31+08 30+09 053
Preoperative JOA score 42+34 43+33 34439 0.27
Preoperative VAS (back pain) 715+244 70.7 + 243 753+ 249 0.39
Preoperative VAS (leg pain or numbness) 550+317 550£319 547+315 0.696

GIOP glucocorticoid-induced osteoporosis, BMI body mass index, BMD bone mineral density, YAM young adult mean, BP bisphosphonate, Vit D vitamin D, TP

teriparatide, JOA Japan Orthopaedic Association, VAS visual analogue scale

However, there was no significant between-group differ-
ence in sex, body mass index, smoking history, number
of vertebral fractures, time from injury to surgery, BMD,
and number of fixed levels. The preoperative JOA and
VAS scores for back pain and leg symptoms were also
similar between the two groups.

The demographic characteristics in the BP and TP
groups are shown in Table 2. There was no significant
difference in age, sex, body mass index, BMD, smoking
status, number of vertebral fractures, time from injury to
surgery, or the preoperative JOA or VAS scores between
the two groups. Preoperative use of osteoporosis medi-
cation was significantly more common in the TP group
than in the BP group (BP vs TP: 36.5% vs 60.0%, p =
0.007). There was no significant difference in the num-
ber of fixed levels between the two groups.

Table 3 shows the postoperative complications and
clinical outcomes in the BP and TP groups. The overall
mechanical complication rate was significantly higher in
the BP group than in the TP group (BP vs TP: 73.1% vs
58.2%, p =0.045). The screw backout rate was signifi-
cantly lower and the rates of development of new verte-
bral fractures and pseudoarthrosis tended to be lower in
the TP group than in the BP group (BP vs TP: screw
backout, 12.5% vs 1.8%; vertebral fracture, 45.2% vs
32.7%; pseudoarthrosis, 8.7% vs 1.8%). There were no
significant differences in the rates of revision surgery or
other complications, such as screw loosening and rod

fracture, between the groups. Furthermore, there were
no significant differences in the postoperative JOA and
VAS scores or in their rates of improvement.

Table 4 shows postoperative complications and clinical
outcomes compared between the patients with primary
osteoporosis and those with GIOP. The rate of pseu-
doarthrosis was significantly higher in patients with
GIOP than in those with primary osteoporosis (primary
vs GIOP: 4.3% vs 14.8%, p = 0.045). Other complications
were not significantly different between the two groups.
There were no significant differences in postoperative
JOA and VAS scores or the recovery rates.

Table 5 shows the postoperative complications and
clinical outcomes in the BP and TP groups according to
whether the cause of OVF was primary osteoporosis or
GIOP. The overall mechanical complication, screw back-
out, and pseudoarthrosis rates tended to be reduced by
the use of TP compared to the use of BP in patients with
primary osteoporosis (overall mechanical complications,
BP vs TP: 72.0% vs 61.5%, p =0.16; screw backout,
11.8% vs 2.6%, p =0.080; pseudoarthrosis, 6.5% vs 0%,
p =0.12). In patients with GIOP, the rates of these com-
plications were more markedly reduced by using TP
(overall complications, 81.8% vs 50%, p =0.093; screw
backout, 18.2% vs 0% p = 0.076; pseudoarthrosis, 27.3%
vs 6.3%, p = 0.13). The screw loosening and revision sur-
gery rates were not different between the BP and TP
groups in both types of osteoporosis. There were no



Kawabata et al. BMC Musculoskeletal Disorders (2020) 21:420

Page 5 of 10

Table 2 Preoperative demographic and clinical characteristics according to whether osteoporosis medication was BP or TP

BP TP p-value

Cases, n 104 55 -
Age at surgery, years 752+68 764+ 64 046
Sex (female) 89 (85.6%) 47 (85.5%) 0.98
BMI 222+48 226+5.7 0.62
Smoking history 14 (13.5%) 6 (10.9%) 0.64
Number of previous vertebral fractures 04+0389 06+10 0.20
Number of new vertebral fracture 1.0+£02 1.1+£03 0.13
Time from injury to surgery (days) 183 £275 152+ 154 044
BMD, YAM% 725+17.7 73.0+139 0.87
Preoperative drug use for osteoporosis 38 (36.5%) 33 (60.0%) 0.007

BP 32 (30.8%) 23 (41.8%) 022

Vit D 7 (6.7%) 7 (12.7%) 0.24

TP 0 7 (12.7%) <0.001
Number of fixed levels 30+08 32+08 0.21
Preoperative JOA score 48+36 41+33 0.15
Preoperative VAS (back pain) 712+229 746+ 271 0.25
Preoperative VAS (leg pain or numbness) 531+316 584+329 0.36

BP bisphosphonate, TP teriparatide, BV body mass index, BMD bone mineral density, YAM young adult mean, Vit D vitamin D, JOA Japanese Orthopaedic

Association, VAS visual analogue scale

significant differences in the postoperative JOA and VAS
scores or their recovery rates.

Discussion

Previous studies have demonstrated that TP has a higher
union rate in patients with OVF who were treated con-
servatively compared with those treated with BP [14-

16]. However, little is known about the effect of these
agents in patients with surgically treated OVF. Further-
more, there has been no comparison of the surgical out-
comes between patients with primary osteoporosis and
those with GIOP. In this study, we compared the surgi-
cal complications and clinical outcomes between pa-
tients with primary osteoporosis and GIOP. We then

Table 3 Postoperative complications and clinical outcomes according to whether osteoporosis medication was BP or TP

BP TP p-value
Cases, n 104 55 -
Mechanical complications 76 (73.1%) 32 (58.2%) 0.045
Subsequent vertebral fracture 47 (45.2%) 18 (32.7%) 0.18
Screw complications 42 (40.4%) 19 (34.5%) 0.29
Screw loosening 29 (27.9%) 18 (32.7%) 0.59
Screw backout 13 (12.5%) 1 (1.8%) 0.024
Rod fracture 0 0 -
Pseudoarthrosis 9 (8.7%) 1 (1.8%) 0.091
Revision due to mechanical complications 10 (9.6%) 9 (16.4%) 0.30
Postoperative JOA 9.7+34 93+33 045
Recovery rate of JOA 49.0+275 5214252 049
Final VAS (back pain) 298+225 313+£245 0.71
Change in VAS (back pain) 404 +30.0 4164323 083
Final VAS (leg pain or numbness) 184+ 204 212+253 046
Change in VAS (leg pain or numbness) 335+27.1 35.8+30.1 063

BP bisphosphonate, TP teriparatide, JOA Japanese Orthopaedic Association, VAS visual analogue scale
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Table 4 Postoperative complications and clinical outcomes according to whether osteoporosis was primary or glucocorticoid-

induced
Primary GIOP p-value
Cases, n 132 27 -
Mechanical complications 91 (67.4%) 17 (63.0%) 0.54
New vertebral fracture 7 (42.8%) 8 (29.6%) 0.21
Screw complications 4 (39.1%) 7 (25.9%) 0.21
Screw loosening 42 (30.4%) 5 (18.5%) 0.25
Screw backout 2 (8.7%) 2 (7.4%) 0.78
Rod fracture 0 0 -
Pseudoarthrosis 6 (4.3%) 4 (14.8%) 0.045
Revision due to mechanical complications 7 (12.3%) 2 (74%) 043
Postoperative JOA 9.7+35 88+30 0.21
Recovery rate of JOA 50.7+27.8 46.1 £20.1 045
Final VAS (back pain) 300+ 237 321£206 0.74
Change in VAS (back pain) 403 +309 394+298 0.72
Final VAS (leg pain or numbness) 19.2+22.1 223+234 0.79
Change in VAS (leg pain or numbness) 342+290 348+233 0.99

BP bisphosphonate, TP teriparatide, JOA Japanese Orthopaedic Association, VAS visual analogue scale

compared the effects of postoperative administration of
teriparatide on surgical complications and reoperation
rates with those of BP in patients with primary osteopor-
osis and in patients with GIOP.

The demographic data showed that patients with
GIOP were younger at the time of surgery than those
with primary osteoporosis. This finding indicates that

vertebral fractures can occur at a relatively younger age
in patients with GIOP. Consistent with this result is a re-
view describing vertebral fractures occurring at a rela-
tively young age in patients with GIOP, and the severity
of the collapse was unexpectedly disproportionate to the
age of the patients [27]. In our study, patients with GIOP
had a relatively higher BMD than those with primary

Table 5 Postoperative complications and clinical outcomes in the BP and TP groups according to whether the cause of OVF was

primary osteoporosis or GIOP

Primary osteoporosis GIOP
BP TP p-value BP TP p-value
Cases, n 93 39 - 11 16 -
Mechanical complications 7 (72.0%) 4 (61.5%) 0.16 9 (81.8%) 8 (50%) 0.093
New vertebral fracture 2 (45.2%) 15 (38.5%) 030 5 (45.5%) 3 (18.8%) 0.14
Screw complications 9 (41.9%) 15 (38.5%) 043 3 (27.3%) 4 (25.0%) 0.90
Screw loosening 8 (30.1%) 14 (35.9%) 0.54 1 (9.1%) 4 (25.0%) 0.30
Screw backout 1(11.8%) 1 (2.6%) 0.08 2 (18.2%) 0 0.076
Rod fracture 0 0 - 0 0 -
Pseudoarthrosis 6 (6.5%) 0 0.12 3 (27.3%) 1 (6.3%) 0.13
Revision due to mechanical complications 10 (10.8%) 7 (17.9%) 0.27 0 2 (12.5%) 0.50
Postoperative JOA score 99+33 96+37 0.75 93+32 83+30 049
JOA score recovery rate 49.2 +30.1 544+259 032 480+198 44.7 +26.3 0.69
Final VAS (back pain) 309+23.7 29.8+260 0.95 27.2+20. 36.2+203 030
Change in VAS (back pain) 40.5+309 403 +32.1 0.98 403 +26.7 38.7+£336 0.90
Final VAS (leg pain or numbness) 189+214 199+248 0.81 150+ 147 289+282 0.15
Change in VAS (leg pain or numbness) 347 +£289 349+319 0.87 29.2+209 399+25.1 0.28

BP bisphosphonate, TP teriparatide, GIOP glucocorticoid-induced osteoporosis, JOA Japanese Orthopaedic Association, VAS visual analogue scale



Kawabata et al. BMC Musculoskeletal Disorders (2020) 21:420

osteoporosis. A previous review also reported that pa-
tients on glucocorticoids experienced fractures at a
higher BMD than the general population (i.e., the “BMD
and bone fragility paradox”) [28]. The effect of glucocor-
ticoids on bone is mediated by multiple pathophysiologic
mechanisms resulting in an inhibition of bone formation
and an increase in bone resorption. Glucocorticoids also
impair the function of osteocytes and thus lead to im-
paired bone architecture [27] [28]. Saito et al. reported
that deterioration of bone material properties advances
with glucocorticoid use and the resulting alterations in
bone quality are not captured by BMD [29]. Thus, dual-
energy X-ray absorptiometry may underestimate the risk
of fracture, which is estimated to be high even though
the value of BMD is relatively high in patients treated
with glucocorticoids.

In this study, the screw complications including screw
loosening and screw back-out were recognized in 61/159
cases (38.4%) and non-union was found in 10/159 cases
(6.3%). Previously, Uchida et al. evaluated the clinical
outcomes of fusion surgeries for OVF with neurological
impairments [30]. They reported that implant failure
was most commonly observed complications either in
anterior fusion (21.4%) and posterior fusion (25.0%).
Non-union was recognized in 7.1% in anterior fusion
and 8.3% in posterior fusion. A recent study demon-
strated that screw complications were found in 18/38
patients (47.4%) in posterior fusion for OVFs [31]. Sub-
sequent vertebral fracture after surgery was found in 65/
159 (40.9%) in this study, which is similar to the previ-
ously reported incidence (38.3%) in posterior fusion for
OVF with neurological deficits [18]. The incidences of
such mechanical complications varied among the re-
ports, but the incidences were clearly high in any reports
and needed to be reduced in order to improve the surgi-
cal results.

Our study demonstrated that the use of PTH had posi-
tive effect to reduce the mechanical complications. The
overall mechanical complication and screw backout rates
were significantly lower and the new vertebral fracture
and pseudoarthrosis rates tended to be lower by TP ad-
miration for more than 6 months (average: 17.5 months).
Ohtori et al. demonstrated that the use of TP (20 pg/day)
for 12 months reduced screw loosening in 1- or 2-level
posterior fusion for osteoporotic patients with lumbar de-
generative diseases [21]. Ohtori et al. also reported that
the use of TP for more than 6 months was more effective
for union after lumbar fusion comparted with patients
who received TP injection for less than 6 months [22].
Seki et al. reported that the use of TP (20 pug/day) for 24
months reduced adjacent vertebral fracture, implant fail-
ure, and fusion failure rates, compared with BP treatment,
in correction surgeries for adult spinal deformity [17].
Therefore, TP has a bone anabolic effect and has effects
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on both bone fusion promotion and prevention of screw
loosening [17, 21, 22]. Furthermore, the use of TP also re-
duces the risk of subsequent fractures in OVF patients as
our study and previous studies demonstrated [17]. In ac-
cordance with these studies, our result also suggested that
TP injection (= 6 months) may be considered useful for
reducing mechanical complications and pseudoarthrosis
in surgically treated cases of OVF.

In the comparison of primary and steroid-induced
osteoporosis, our study showed that the rate of pseu-
doarthrosis was significantly higher in the patients with
GIOP than in those with primary osteoporosis. Previous
studies have reported that systemic corticosteroid ther-
apy interfered with bony healing in a rabbit model, with
a 60% lower union rate in the steroid group [32, 33]. Al-
though there have been no reports demonstrating that
the use of glucocorticoid is associated with pseudoar-
throsis in human, our results suggested that glucocortic-
oid use hindered bony union in patients who underwent
posterior spinal fusion. However, our study also demon-
strated a favourable effect of TP compared with BP for
prevention of pseudoarthrosis in patients with GIOP.
Thus, administration of TP may be a viable option to
improve the rate of bony healing especially for patients
with GIOP.

We found that TP tended to reduce mechanical com-
plications and pseudoarthrosis regardless of whether
osteoporosis was primary or glucocorticoid-induced
when compared with BP. Furthermore, the effect of TP
on prevention of new vertebral fractures was stronger in
our patients with GIOP than in those with primary
osteoporosis. Saag et al. have demonstrated that TP is an
effective treatment for GIOP and that it was superior to
alendronate for prevention of vertebral fractures at 36
months (1.7% vs 7.7%) [34]. In accordance with the pre-
vious study, we found that TP had a positive effect on
the mechanical complication rate. However, there has
been a suggestion that the effect of TP is attenuated
when the glucocorticoid dosage is higher than 15mg/
day [28]. Only four patients in our study were on gluco-
corticoid doses higher than 15mg/day, thus a further
study is needed to clarify the association between high-
dose glucocorticoids and the effect of TP.

Previous studies have found better quality of life and
VAS scores for back pain in patients treated with TP
than in those treated with BP. In a crossover study by
Jakob et al., postmenopausal women with osteoporosis
who switched from a BP to TP reported better health-
related quality of life and had improved VAS scores for
back pain [14]. In our study, despite the positive effect
of TP on mechanical complications, postoperative JOA
and VAS scores for back pain were not significantly dif-
ferent between the TP and BP group. A possible explan-
ation for this result is that posterior fusion itself results
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in marked improvement in the VAS score and quality of
life. Therefore, symptoms in patients who received BP
were also sufficiently improved by surgery, such that the
effect of TP may not have been significant. However, the
difference in mechanical complication rates between TP
and BP may further increase during long term follow-up,
which may result in marked differences in pain and
quality of life in the patients with spinal fusion for
OVFs.

This study has several limitations. First, we did not
evaluate the type of BP and the exact duration of drug
administration. Second, the rate of preoperative usage of
osteoporosis medication was different between primary
osteoporosis and GIOP group and BP and TP group.
Third, we did not evaluate the surgeon’s experience and
the tendency of each surgeon’s choice of osteoporosis
treatment. Fourth, the number of GIOP patients was
relatively small. Further studies with more appropriate
study design with a large sample size are needed.

Conclusions

In this study, the effect of postoperative TP on the over-
all mechanical complication rate was more favourable
than that of a BP regardless of whether the osteoporosis
is primary or glucocorticoid-induced. The incidence of
pseudoarthrosis was significantly higher in patients with
GIOP, but the use of TP reduced the rate of pseudoar-
throsis in GIOP patients. The use of TP was effective to
reduce postoperative complications for OVF patients
treated with posterior fusion.
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