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Spinal lumbar fusion surgery, a relatively common surgi-
cal procedure, frequently utilizes bone grafts. Since the 
aging population is rapidly growing, there is an increas-
ing demand for spinal fusion in elderly patients.1,2) These 
elderly patients are more likely to have osteoporosis than 
other patients,3) which is becoming an increasing burden 
on public health.4) Bisphosphonates, which are widely 
used to treat osteoporosis, are anti-catabolic drugs that are 

Background: Few studies have explored the effects of bisphosphonates on bony healing in patients undergoing spinal fusion sur-
gery. Most previous studies used animal models and found that bisphosphonate shows negative effects on spinal fusion consoli-
dation. We intended to evaluate the effect of a single-dose of zoledronic acid on the volume of the fusion-mass in lumbar spinal 
fusion. 
Methods: A retrospective review was carried out on 44 patients with symptomatic degenerative lumbar spinal stenosis who 
underwent one or two-level posterolateral fusion from January 2008 and January 2011. They were divided into 4 groups: group 
1, autograft and zoledronic acid; group 2, allograft and zoledronic acid; group 3, autograft alone; and group 4, allograft alone. 
Functional radiography and three-dimensional computed tomography scans were used to evaluate and quantify the volume of the 
fusion-mass. The visual analog scale (VAS), the Oswestry disability index (ODI), and the short form 36 (SF-36) were used to evalu-
ate the clinical outcomes.
Results: The mean volume of the fusion-mass per level was 8,814 mm3, 8,035 mm3, 8,383 mm3, and 7,550 mm3 in groups 1, 2, 3, 
and 4, respectively, but there were no significant differences between the groups (p  = 0.829). There were no significant decreases 
in the volume of the fusion-mass (p  = 0.533) in the zoledronic acid groups (groups 1 and 2). The VAS, the ODI, and the SF-36 at the 
6-month follow-up after surgery were not significantly different (p  > 0.05) among the 4 groups. The VAS, the ODI, and the SF-36 
were not correlated with the volume of the fusion-mass (p  = 0.120, 0.609, 0.642). 
Conclusions: A single dose of zoledronic acid does not decrease the volume of the fusion-mass in patients undergoing spinal fu-
sion with osteoporosis. Therefore, we recommend that zoledronic acid may be used after spinal fusion in osteoporotic patients.
Keywords: Osteoporosis, Spinal fusion, Fusion-mass, Bisphosphonate, Zoledronic acid

used to treat bone conditions such as stress-shielding or 
disuse osteoporosis that are the result of catabolism. Since 
bisphosphonates inhibit osteoclasts and thereby affect 
bone remodeling,5,6) they may have an effect on bone graft 
healing and cause deterioration of spinal fusion.

Few studies have explored the effects of bisphos-
phonates on bony healing in patients undergoing spinal 
fusion surgery. Most previous studies used animal models 
and found that bisphosphonate shows negative effects on 
spinal fusion consolidation, with dose-dependent effects 
on fusion rates and graft incorporation,7-10) However, stud-
ies of distraction osteogenesis, which uses bolus dosing 
of nitrogen-containing bisphosphonates, have shown sig-
nificant increases in callus volume, mineral content, and 
strength in treated animals, even in the presence of stress 
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shielding.11)

We investigated the effect of single-dose zoledronic 
acid (a third generation nitrogen-containing bisphos-
phonates) on lumbar spinal fusion. We hypothesized that 
single doses of zoledronic acid would not decrease the vol-
ume of the fusion-mass.

METHODS

In this retrospective study, we reviewed the records of 
73 consecutive patients with symptomatic degenerative 
lumbar spinal stenosis who underwent single or two-level 
instrumented posterolateral lumbar fusion at our hospital 
between January 2008 and January 2011. Complete data 
were available for 44 cases (60.1%; 14 male and 30 female). 
This study was approved by the Institutional Review Board 
of the hospital, and informed consent was waived.

All of the patients included in this study had severe 
low back pain for at least 6 months, sciatica and/or neu-
rogenic claudication. The indications for surgery were 
symptomatic, one or two level degenerative spinal stenosis 
at L3–L4 or L4–L5 as confirmed by plain radiography and 
supplementary magnetic resonance imaging. All of the 
patients had failed to respond to conservative therapies, 
such as bed rest, bracing, anti-inflammatory medications, 
and physical therapy. None of the patients had undergone 
previous spinal surgery involving decompression and/or 
fusion.

The patients were divided into 4 groups. Group 1 
underwent bilateral posterolateral lumbar fusion with 
autogenous iliac and local bone grafting and systemic ad-
ministration of zoledronic acid 5 mg. Group 2 underwent 
bone grafting with allogenous and autogenous local bone 
and systemic administration of zoledronic acid 5 mg. 
Group 3 underwent bone grafting with autogenous iliac 
and local bone grafting. Group 4 underwent allogenous 
and autogenous local bone grafting. There were 11 pa-
tients in each group.

Systemic zoledronic acid 5 mg was administered 2 
weeks after surgery as a single IV infusion over 20 minutes 
to patients who were postmenopausal women or men 60 
years or older. These patients presented with hip or ver-
tebral (clinical or morphometric) fractures or T-scores 
≤ -2.5 at the femoral neck or spine after evaluations to 
exclude secondary causes. Graft types were not random-
ized and were selected by surgeons who considered each 
patient’s bone density (T-score). Allografts were chosen 
when the T-score, which evaluates bone density, was less 
than -2.0, whereas autogenous iliac bone grafts were cho-
sen when the T-score was equal to or more than -2.0.

Surgical Procedure
The senior author (YSP) performed all procedures with 
decompression and posterolateral instrumented fusion at 
1 or 2 levels in all 44 cases. 

The bone graft material was a mixture of local bone 
harvested from the spinous process, small bits of bone re-
moved by undercutting the hypertrophied lamina and fac-
ets, and autografts or allografts. Autografts were obtained 
from the posterior iliac crest. Allografts were fresh frozen, 
vacuum-sealed, nonradiated grafts supplied by a single 
bone bank and were defrozen in saline for 10 minutes be-
fore use. All of the attached soft tissues were removed. A 
bone mill was used to morselize the grafts and further sep-
arate the soft tissue from the bone. The graft volume used, 
as measured with an electronic scale, was 5 g per each side 
of the level. Finally, rods were applied using 6.0 or 6.5 mm 
cannulated titanium alloy pedicle screws and the screws 
were tightened to apply the compressive load to the bone 
graft (Fig. 1).

Radiological Assessment
Functional radiography and three-dimensional (3D) 
computed tomography (CT) scans were used to evaluate 
the fusion status and the volume of the fusion-mass. An 
independent musculoradiologist who was blinded to the 
treatment groups evaluated the results of both procedures. 
The images were presented randomly on two occasions, 
1 month apart, to assess intraobserver agreement. Serial 
radiological X-rays were performed at 1, 3, and 6 months 
postoperatively. Successful fusion was identified when the 

Fig. 1. An 80-year-old woman received posterolateral fusion and pedicle 
screw fixation at L3–L5 for degenerative spinal stenosis.
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musculoradiologist found radiographic evidence of fusion 
and solid fusion was defined as continuous intertransverse 
bony bridging at the target level on the follow-up radio-
graphs and CT scans.

CT scans were performed 6 months postopera-
tively to quantify the volumes of the posterolateral fusion 
masses (Fig. 2). A 16-channel multidetector CT (Siemens, 
Midwest, MI, USA) was used to create axial images in 
the 1-mm cuts. These axial images were reformatted into 
sagittal and coronal images and 1 mm slices were made 
through each spine. The regions of interest were rendered 
bilaterally around the fusion masses to quantify the fu-
sion bone volume in coronal images at the L3–L4 or L4–
L5 level using PiView ver. 5.0.9.80 (Infinitt, Seoul, Korea) 
digital image viewing software (Fig. 3).

The fusion bone areas (mm2) of the left and right 
sides in 1 mm slices were then summed to yield the total 

volume of the fusion-mass (mm3) for each patient. Each 
fusion volume (mm3) was determined for the total bilat-
eral fusion-mass. Values were reported as group averages 
and standard deviations.

Clinical Assessment
To evaluate low back and leg pain before and after surgery, 
the visual analog scale (VAS) and the Oswestry disability 
index (ODI) were recorded before and 6 months after 
surgery. Functional outcomes were assessed using the 
short form 36 (SF-36).12) SF-36 data were documented for 
8 scales before surgery and 6 months after surgery; these 
scales were physical function, physical role, bodily pain, 
general health, vitality, social function, emotional role, and 
mental health.

SPSS ver. 17.0, (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis including the Kruskal-Wallis 
test, intraclass correlation coefficients test, and Pearson’s 
chi-square test. A p-value < 0.05 was considered signifi-
cant.

RESULTS

Baseline characteristics are presented in Table 1. The 
treatment groups were similar with respect to most demo-
graphic variables. There were no significant differences 
in the distributions of age, sex, and number of fused seg-
ments among the four groups (p > 0.05).

Radiologic Outcomes
Most patients showed bone union at 6 months after sur-
gery. Solid fusion was observed in 11 of 11 cases (100%) 
in group 1, 11 of 11 cases (100%) in group 2, 11 of 11 
cases (100%) in group 3, and 9 of 11 cases (82%) in group 
4. There were no significant differences in fusion rates 
among the four groups (p = 0.105). The zoledronic acid 
groups (groups 1 and 2) did not significantly differ in fu-
sion rates from the non-zoledronic acid groups (groups 3 

Fig. 2. Computed tomography reconstruction scan of the lumbosacral 
spine was checked at 6 months after operation for better identification of 
successful fusion between the transverse processes.

Fig. 3. We used the regions of interest 
(ROI,  dotted frame) that had been 
rendered around the fusion masses 
bilaterally to quantify the fusion volume 
in coronal images at the L3–L4 or L4–L5 
level.
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and 4; p = 0.152).
At 6 months postoperative follow-up, the mean vol-

ume of the fusion-mass per level was 8,814 mm3 (range, 
3,118 to 13,079 mm3), 8,035 mm3 (range, 2,592 to 12,658 
mm3), 8,383 mm3 (range, 3,438 to 13,890 mm3), and 
7,550 mm3 (range, 579 to 15,460 mm3) in groups 1, 2, 3, 
and 4, respectively. Although group 4 had the lowest vol-
ume, there were no significant differences among the four 
groups (p = 0.829). The zoledronic acid groups (groups 1 
and 2) did not significantly differ from the non-zoledronic 
acid groups (groups 3 and 4) in the volume of the fusion-
mass (p = 0.533). The intraobserver agreement was good 
(intraclass correlation coefficient = 0.908). 

Clinical Outcomes
The VAS and the ODI improved significantly after sur-
gery in all four groups (p < 0.05). The VAS and the ODI 
were not significantly different among the four groups at 
6 months follow-up after surgery (p > 0.05). The results of 
quality of life analysis showed improvement of the SF-36 
score as assessed by subscale scores at all follow-up time 
points after surgery (p < 0.05), but the SF-36 scores were 
not different between the groups at the 6-month follow-up 
after surgery (p > 0.05).

The volume of the fusion-mass and clinical outcomes
Relationships between the VAS, the ODI, and the volume 
of the fusion-mass did not significantly differ depending 
on the clinical outcome (p = 0.120, p = 0.609). The SF-
36 score (used to evaluate functional outcomes) and the 
volume of the fusion-mass did not significantly differ (p = 
0.642).

Complications
Complications were observed in groups 1 and 3 including 

chronic donor site pain/dysesthesia (1 case) and numb-
ness in the buttock (1 case). However, these were not dis-
abling complications. There were no infections, neurologic 
deficits, deep vein thromboses, dural tears, pedicle screw 
malpositions, or instrumentation failures in any of the 
patients. There were no significant differences in the com-
plication rate among the 4 groups (p = 0.563).

DISCUSSION

Most of the previous studies evaluated the effects of alen-
dronate administered for several weeks before or after 
spinal fusion in animal models, and showed negative ef-
fects on fusion rates.7-10) Pamidronic acid administered 
continuously for 4 weeks preoperatively and then daily for 
4 weeks postoperatively was shown to have negative effects 
on lumbar fusion in a rabbit model.8)

In contrast, a recent study from Bransford et al.13) 
observed a 63% fusion rate after a single dose of zoledron-
ic acid, compared to 25% in controls. However, Babat et 
al.8) found that pamidronic acid administered three times/
week for 4 weeks preoperatively and then daily for 4 weeks 
postoperatively in the same rabbit model led to decreased 
fusion rates.

We used a single dose of zoledronic acid adminis-
tered 2 weeks after surgery in the present study, to evaluate 
its effects on fusion in the light of these previous findings. 
A single dose of 5 mg of zolendronic acid administered 
intravenously once yearly was recommended for the treat-
ment of postmenopausal osteoporosis.14) And the efficacy 
and safety of zolendronic acid (at a dose of 5 mg) after 
hip fracture was reported.15) A recent study reported that 
zolendronic acid infusion in the immediate postoperative 
period of hip fracture had no clinically evident effect on 
fracture healing.16) So we administered zolendronic acid 5 

 Table 1. Demographic Characteristics

Characteristic Group 1 Group 2 Group 3 Group 4 p-value

Age (yr) 67.5 (58–75) 69.3 (48–81) 62.9 (48–78) 68.5 (52–80) 0.164

Gender (female:male) 7:4 10:1 7:4 6:5 0.297

Symptom duration (mo) 18.1 (8–34) 15.4 (8–26) 16.3 (8–32) 14.8 (8–24) 0.899

Operated level 0.453

    L3–L4 2 2 2 0

    L4–L5 3 3 7 4

    L3–L5 6 6 2 7

Smoker 0 0 0 0
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mg at 2 weeks after surgery when the patients were stable, 
before discharge. We did not observe significant decreases 
in the volume of the fusion-mass associated with the ad-
ministration of a single dose of zoledronic acid. Therefore, 
we suppose that it is not the drug itself, but the dose and 
the way it is administered, that affects fusion rate. A single 
dose of zoledronic acid administered 2 weeks after surgery 
did not affect the volume of the fusion-mass, unlike the 
results of chronic administration of bisphosphonate. But 
it is necessary to compare groups that receive continuous 
administration to groups that receive a single dose of zole-
dronic acid in future studies. 

The recommended dosage of bisphosphonate for 
humans is 0.5–1.5 mg/kg17) on a monthly or quarterly ba-
sis. Zoledronic acid is a potent drug that is currently being 
tested in trials with once-per-year IV administration to 
treat osteoporosis, indicating that it is suitable for bolus 
single dose administration.18) Our purpose in using zole-
dronic acid in spinal fusion is to prevent osteoporosis and 
enhance drug adherence without negative effects on an 
indefinite basis, as must occur with continuous treatment. 

Bisphosphonates may be used in osteoporotic pa-
tients who undergo spinal fusion not only to decrease 
the fracture risk associated with osteoporosis, but also to 
increase bone-screw fixation. Recent studies have shown 
that bisphosphonates can improve screw fixation in osteo-
porotic long bones19) and enhance bone-screw interface 
fixation in an experimental spine model.20) We observed 
no cases of osteoporotic fractures, implant failures, or 
loosening of screws during the follow-up period. Zole-
dronic acid administered 2 weeks postoperatively did not 
significantly influence the outcomes of the volume of the 
fusion-mass. Therefore, we recommend that it may be ad-
ministered after spinal fusion in osteoporotic patients.

The methods that we used to assess fusion status 
were reliable. In the current study, we employed thin-slice 
helical CT for quantitative assessments of the volume of 

the fusion-mass. Based on these data, we believe that our 
radiographic assessments were reliable to assess fusion 
status. We also believe that the use of quantitative data to 
assess the volume of the fusion-mass was the key to ob-
taining reliable data in this study.

This study has some limitations. Our sample was 
small and the results derived were based on short-term 
follow-up of patients who were monitored for no more 
than 6 months. However, this study was designed to evalu-
ate the effects of zoledronic acid on fusion, and other stud-
ies have provided data of the fusion status at 6 months.21-23) 
Although this study was statistically underpowered, we 
did not observe any significant differences in quantitative 
radiologic fusion status among the four groups, while we 
were able to show the influence of a single systemic dose 
of zoledronic acid on spinal fusion.

To our knowledge, there are no previous reports 
evaluating the effects of zoledronic acid on posterolateral 
spinal fusion in degenerative spinal stenosis. The present 
study demonstrated that a single systemic dose of zole-
dronic acid does not decrease the volume of the fusion-
mass in spinal fusion. Goals of future research should 
include the addition of further anabolic stimuli and the 
control of premature fusion-mass catabolism without 
gross remodeling delay.

Our study shows that a single systemic dose of zole-
dronic acid does not decrease the volume of the fusion-
mass in spinal fusion. Our conclusion is that zoledronic 
acid administered 2 weeks postoperatively does not have 
a significant influence on the surgical outcome of bone 
fusion. Therefore, we recommend that it may be adminis-
tered after spinal fusion in osteoporotic patients.
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