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Abstract
Purpose: To evaluate the current evidence in the literature on treatment strategies for degenerative lumbar spine fusion in
patients with osteoporosis. Methods: A systematic review of the literature from 1950 to 2015. Results: The review of the
literature yielded 15 studies on the effect of treatment options for osteoporosis on lumbar fusion rates. This study evaluated only
degenerative lumbar spine conditions and excluded deformity patients. One study demonstrated an association between low
bone mass as measured by Hounsfield units and lower fusion rates. Six studies evaluated perioperative medical treatment of
osteoporosis and showed higher fusion rates in patients treated with alendronate and teriparatide. The strongest evidence was
for perioperative teriparatide. Eight studies evaluated surgical treatment strategies in patients with osteoporosis and showed that
cement augmentation of pedicle screws and expandable pedicle screws demonstrated improved fusion rates than traditional
pedicle screws. The strongest evidence was for expandable pedicle screws. Conclusion: There are 15 articles evaluating
osteoporosis in patients undergoing lumbar fusion and the highest level of evidence is for perioperative use of teriparatide.
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Introduction

Osteoporosis is an issue faced by spine surgeons with an

increasing importance.1 In patients older than 50 years, 50%
of women and 15% of men have osteoporosis.2 Some authors

have reviewed the rates of osteopenia and osteoporosis among

patients undergoing spine surgery. Chin et al found 46.1% of

male patients and 41.4% of female patients with osteopenia,

and 14% of male patients and 51.3% of female patients with

osteoporosis among their spine patients.2

With such high rates of patients with osteopenia or

osteoporosis undergoing spine surgery, it is important to

review treatment strategies for these patients. The study

by Anderson et al in 2013 found a higher rate of low bone

mass in patients with degenerative spondylolisthesis than

spinal stenosis.3 These patients had higher pain scores at

1 year after surgery. This highlights the importance of the

treatment of osteoporosis before surgery to improve post-

operative outcomes.

The metabolic dysfunction in osteoporosis is of concern to

spine surgeons in regards to instrumentation and fusion. Con-

ventional pedicle screws can only obtain as strong a fixation as

the bone it is placed into. Pseudarthrosis is a common compli-

cation with lumbar fusion and is related to the patient’s quality

of bone.4,5 Thus, it is important to review the pre- and intrao-

perative treatment strategies for patients undergoing spinal

fusion with osteoporosis to see if there are ways to augment

the bone and prevent higher rates of nonunion and postopera-

tive pain.

Methods

A comprehensive search of the literature was performed to

identify articles that evaluated the effects on clinical outcomes

from preoperative measurements of osteoporosis, pre- and/or

postoperative medications, and surgical interventions on
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lumbar spine fusion rates in patients with low bone density. An

electronic search of PubMed (MEDLINE), Ovid MEDLINE,

and Cochrane was conducted using the following search

terms—([osteoporosis and spine] and [fusion or surgery or

instrumentation] and [bone density and spine] and [fusion or

surgery or instrumentation]). The search yielded 7001 original

articles and a reviewer screened all titles and abstracts for

inclusion.

During the screening process, any articles meeting the fol-

lowing criteria were excluded from the review (1) animal stud-

ies, (2) literature reviews, (3) biomechanical studies, (4)

vertebral compression fractures studies, (5) cervical or defor-

mity surgery studies, and (6) nonclinical outcomes studies. The

search exclusion strategy yielded 110 articles from the

screened literature. Further screening of the titles and abstracts

of the studies produced 15 articles included in the review, as

shown in Figure 1. Studies with level III or higher levels of

evidence were excluded to provide the highest quality

evidence-based medicine review of the literature that can pos-

sibly guide treatment.

The relevant information from each study was extracted

and input into a tabular form. The following information was

collected—patient population including sample size, preo-

perative measurement techniques of bone density, medical

intervention type, dosage information, duration of treatment,

and surgical technique used. The definition and adequate

assessment of fusion being utilized in this study is based on

the guideline update by Choudhri et al in 2014.6 In order to be

included, the study had to include fusion rate and the method

used to assess successful fusion. In some studies, the pedicle

screw loosening rate was stated and identified as a radio-

graphic sign of nonunion. The information regarding the

methodology of assessment for the perceived successful

fusion was also recorded when available. The methodologies

of fusion assessment include the following—radiography

imaging, computed tomography (CT) imaging (2- and 3

dimensional [3D]), the imaging study reader(s), any blinding

information available, and the technical components to assess

radiological evidence of spine fusion. In several studies, more

than 1 treatment group was used to evaluate the effects of

multiple medications on fusion rates; in these cases, each

medication group is listed separately. When included in the

article, the statistical significance of the findings was

collected and included in the table.
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Figure 1. Osteoporosis and spine fusion flowchart.
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Results

The search guidelines above yielded 15 articles that met the

inclusion criteria. All of these studies evaluated the various

effects of osteoporosis on patients undergoing lumbar spinal

fusion surgery. Preclinical animal model studies, biomechani-

cal studies, vertebral compression fracture studies, and non-

lumbar spine studies were not included. There was 1 study

assessing the effect of different preoperative measure bone

density on fusion rates, shown in Table 1. There were 6 studies

evaluating the effect of the medical management of osteoporo-

sis on lumbar fusions, shown in Table 2. There were 8 studies

on the effect of alternative fixation strategies on lumbar fusion

in patients with osteoporosis, shown in Table 3.

The Effect of Preoperative Measures of Osteoporosis
on Fusion Outcomes

There was 1 study on the effect of preoperative measures of

osteoporosis on lumbar fusion outcomes, as shown in Table 1.

There are quite a few studies in the literature evaluating the

ability dual-energy X-ray absoprtiometry (DEXA) scans and

Hounsfield units to accurately and reliably measure bone den-

sity in lumbar spine patients; however, these routinely do not

evaluate fusion rates after surgery.2,3,7,8-11 Other studies are

evaluating the relationship between preoperative vitamin D

levels and outcomes after spine surgery.12,13

The study looking at bone density and fusion rates used

Hounsfield units as a measure of bone mass. Schrieber et al

in 2014 evaluated the relationship between preoperative

Hounsfield units and lumbar spine fusion.14 They studied a

cohort of 28 patients who underwent stand-alone lateral lumbar

interbody fusion with a total of 52 fusion levels. The global

bone quality as measured by Hounsfield units was significantly

higher in the patients with a successful fusion compared to

those with nonunions (133.7 vs 107.3; P < .05). When evaluat-

ing the bone quality at the each individual level, the fused

levels had significantly higher Hounsfield units compared to

the unfused levels (203 vs 140; P < .05).

There is a study evaluating bone mass with DEXA scores,

but the primary outcome is subsidence and not fusion rates.

Tempel et al in 2015 reviewed patients who underwent lateral

lumbar interbody fusion to find an association between

preoperative DEXA scores and interbody subsidence.15 They

found a subsidence rate of 78% in patients with low bone

density (T score less than �1.0) as compared to a subsi-

dence rate of 22% in patients with normal bone density

(T score greater than �2.0), and this was statistically sig-

nificant. Although subsidence is associated with nonunion

and a return of preoperative pain, this study does not fully

evaluate fusion rates.

The Effect of Preoperative Osteoporosis Medications
on Lumbar Fusion

There were 6 studies looking at the effect of medical treatment

for osteoporosis on fusion rates after lumbar spine surgery, as

shown in Table 2. Of the 6 studies, 4 evaluate the effect of

bisphosphonates on lumbar fusion and 2 evaluate teriparatide.

There are 2 studies on the use of the bisphosphonate alendro-

nate (Fosamax). Nagahama et al evaluated the effect of alen-

dronate on lumbar fusion in 40 patients using a prospective,

randomized trial in 2011.16 These patients underwent single-

level posterior lumbar interbody fusion with instrumentation

and assessed fusion on postoperative CT scans. The patients

in the alendronate group had a significantly higher fusion rate

of 95% compared to 65% in the alfacalcidol (vitamin D) group.

Kim et al also studied the effect of alendronate on 44 patients

undergoing single-level lumbar interbody fusion and instru-

mentation in 2014 and found different results.17 They found a

nonstatistically significant difference in the fusion rates as

assessed by plain radiographs. The patients in the alendronate

group had a fusion rate of 66.7% and the control group had

73.9%, with an overall higher rate of patients with end plate

degeneration in the alendronate group.

There are 2 studies on the use of zoledronate (Zometa and

Reclast) in patients undergoing lumbar fusion. Park et al eval-

uated the effect of zoledronic acid on 44 patients with lumbar

spinal stenosis in 2013.18 These patients underwent 1- or 2-

level instrumentation and fusion and were given either 1 dose

of zoledronic acid or 1 dose of a control. There was no signif-

icant increase in fusion mass in the single-dose zoledronic acid

on patients as seen on 3D CT scans at 6 months after surgery.

Of note, there was a significant improvement in the clinical

outcome measures of Visual Analog Scale (VAS) and Oswes-

try Disability Index (ODI). Tu et al also studied the effect of

zoledronic acid on fusion rates in patients with osteoporosis

after posterior lumbar interbody fusion at 2 years follow-up

in 2014.19 The zoledronic acid group received an intravenous

infusion at 3 and 12 months after surgery. There was a non-

statistically significant difference in the zoledronic acid

patients with a fusion rate of 75%, compared to 56% in the

non-zoledronic acid patients. Additionally, there was a nonsta-

tistically significantly lower VAS and ODI scores at final

follow-up in the zoledronic acid patients. The rates of pedicle

screw loosening were significantly lower in the zoledronic acid

patients at 18% compared to 45% in the control group.

There are 2 prospective studies on the effect of teriparatide

(Forteo) on lumbar fusions. Ohtori et al studied the effect of

Table 1. Studies Assessing the Effect of Preoperative Measures of
Bone Density on Fusion Rates.

Study
Patient
Population

Preoperative
Measure

Fusion
Rates, %

Method to
Assess Fusion

Schreiber
et al14

28 single
institution
patients
who
underwent
LIF

Hounsfield
unit

73.1 Bridging on
both coronal
and sagittal
reformatted
CT images

Abbreviations: CT, computed topography; LIF, lumbar interbody fusion.
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Table 2. Studies Assessing the Effect of Medical Treatment for Osteoporosis on Lumbar Spinal Fusion.

Study Patient Population Medical Intervention
Duration of
Treatment Fusion Rates Method to Assess Fusion

Alendronate
Kim et al17 44 patients with

osteoporosis who
underwent single-level
PLIF using cage from
April 2007 to March
2009

Alendronate sodium
(35 mg/wk)

Does not specify 66.7% in
alendronate
group

Plain radiographs examined
by 2 different
neurosurgeons, fusion if
there was a bridging bone
between the vertebral
bodies either within or
external to the cage and
less than 5� in angular
movement in dynamic
X-ray

Control group 73.9% in control
group

Nagahama
et al16

40 patients with
osteoporosis who were
candidates for single-level
PLIF

Alendronate sodium
(35 mg/wk)

1 year 95% in alendronate
group

Coronal and sagittal CT
scans to assess bridging
bone formationAlfacalcidol (1 mg/d) 65% in alfacalcidol

group; P ¼ .025
Zolendronate

Park et al18 44 patients with
symptomatic
degenerative lumbar
spinal stenosis who
underwent 1- or 2-level
posterolateral lumbar
fusion

Group 1: bilateral
posterolateral fusion
with autogenous iliac and
local bone grafting and
systemic administration
of zoledronic acid (5 mg)

2 weeks after
surgery as a
single IV
infusion over
20 minutes

Group 1: 100% Functional radiography and
3-dimensional CT were
assessed by blinded
musculoradiologist,
defined as continuous
intertransverse bony
bridging at the target level
on the follow-up
radiographs and CT scans

Group 2: bone grafting with
allogenous and
autogenous local bone
and systemic
administration of
zoledronic acid (5 mg)

Group 2: 100%

Group 3: bone grafting with
autogenous iliac and local
bone grafting

Group 3: 100%

Group 4: allogenous and
autogenous local bone
grafting

Group 4: 82%

Tu et al19 64 patients with
osteoporosis having
degenerative lumbar
spondylolisthesis who
underwent LIFs

Zoledronate, 5 mg IV
infusion (n ¼ 32)

3 days
postoperation
and once
yearly
thereafter

75% X-ray, independent blinded
reviewer, defined as the
absence of lucency
around the graft,
evidence of bridging bone
between the end plate
and the graft, and the
absence of movement on
dynamic imaging studies

Control group (n ¼ 32) 56%

Teriparatide
Ohtori

et al
201220

57 women with
osteoporosis with
degenerative
spondylolisthesis
underwent
decompression and 1- or
2-level instrumented
posterolateral fusion
with a local bone graft

Teriparatide (20 mg, daily
subcutaneous injection)

2 months before
and 8 months
after surgery
(10 months)

84% (radiography)
and 82% (CT) in
teriparatide
group

Radiography and CT images
read by 3 blinded
surgeons, defined as
bridging bone formation
across the transverse
process between adjacent
vertebrae

Risedronate (17.5 mg,
weekly oral
administration)

74% (radiography)
and 68% (CT) in
risedronate
group; P < .05

Ohtori
et al
201321

62 women with
osteoporosis having
degenerative
spondylolisthesis

Teriparatide (20 mg, daily
subcutaneous injection)

2 months before
and 10 months
after surgery

7%-13% PS
loosening;
P < .05

Radiography and CT images,
3 blinded surgeons
evaluated PS loosening,
concurrence of at least 2
of the observers was
required

Risedronate (2.5 mg,
daily oral)

13%-26% PS
loosening

Control group 15%-25% PS
loosening

Abbreviations: CT, computed tomography; IV, intravenous; LIF, lumbar interbody fusion; PLIF, posterior lumbar interbody fusion; PS, pedicle screw.
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teriparatide compared to risedronate (Actonel, a bisphospho-

nate) on lumbar posterolateral fusions in postmenopausal

women with osteoporosis having degenerative spondylolisth-

esis in 2012.20 The administration of teriparatide or risedronate

was for 2 months before surgery and 8 months after surgery.

The first 28 patients were assigned to the teriparatide group and

the second 28 patients were assigned to the risedronate group.

The surgery consisted of decompression, instrumentation, and

Table 3. Studies Assessing the Effect of Surgical Interventions for Low Bone Density on Clinical Outcomes After Lumbar Spinal Fusion.

Study Patient Population Surgical Technique Fusion Rates Method to Assess Fusion

Conventional posterior spinal instrumentation and fusion
Cavagna

et al22
39 patients with osteoporosis

older than 65 years
prospectively followed

Titanium allow rod fixation
(equation)

89.7% Radiographic, CT when needed,
fusion based on radiological
appearance, absence of
secondary displacement, and
hardware breakage or
dislocation

Vertebroplasty
Kim et al23 62 patients with osteoporosis

having spondylolisthesis
Anterior

polymethylmethacrylate
(PMMA) cement
augmentation

ALIF without PMMA ¼
95.8%

Union defined as solid with osseous
continuity in and/or around the
cages on both the coronal and
sagittal CT scans with less than 4�

of mobility on the lateral flexion–
extension radiographs, assessed
by blinded neurosurgeon and
orthopedic surgeon

ALIF with PMMA ¼ 100%

Cement augmented cannulated pedicle screw
Moon et al32 37 patients with osteoporosis

having degenerative spinal
stenosis

PMMA augmentation of a
cannulated pedicle
screw

91.9% Solid fusion was assessed based on
having 2 of the following—
bridging interbody bone, no
motion on dynamic view, or
absence of continuous interbody
radiolucent lines

Piñera et al24 23 patients with osteoporosis
older than 70 years with
lumbar degenerative
spondylolisthesis with
instability or lumbar stenosis

Cannulated, cemented,
pedicle screw
instrumentation
augmented with PMMA

Radiograph ¼ 74% Radiographs showing evident bony
bridge were classified as fused,
CT scan had to show continuous
bony bridge between the
transverse processes or at the
lateral side of the facet joints to
be considered fused

6-month CT follow-up ¼
100% (radiolucency in
cement–screw interface
in 1 screw observed in 3
patients)

Dai et al25 43 patients with osteoporosis
having degenerative spinal
disease

Bone cement-injectable
cannulated pedicle
screw fixation

100% 2- and 3-dimensional CT scans
were assessed for successful
fusion using the Sapkas’ and
Christiansen’s methods

Expandable pedicle screw
Cook et al26 Of the 145 patients in the study,

21 are patients with
osteoporosis

Expandable pedicle screws
(Omega21 Spinal
Fixation System)

86% Radiographs show trabecular bone
bridging between segment to be
fused

Gazzeri
et al27

10 patients with osteoporosis Expandable pedicle screws
(OsseoScrew)

0% pedicle screw
loosening

Plain radiograph and CT scan to
assess radiolucency around the
pedicle screw

Wu et al28 157 patients with spinal stenosis
with bone mineral density 2.5
SD below the young adult
mean

Expandable pedicle screws
(EPS; n ¼ 80)

EPS: 92.5% Dynamic radiographs and CT scans
read by 2 blinded radiologists
and a third to settle any
differences. Fusion successful if
trabecular bone bridging across
the segment to be fused,
translation of 3 mm or less and
angulation of 5� on flexion–
extension radiographs, and
continuous bone growth
connecting the vertebral bodies.

Conventional pedicle
screws (CPS; n ¼ 77)

CPS: 80.5%; P ¼ .048

Abbreviations: ALIF, anterior lumbar interbody fusion; CT, computed tomography; SD, standard deviation.
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posterolateral fusion at the level of the spondylolisthesis. The

fusion rate in the teriparatide group was 84% by radiograph and

82% by CT, compared to 74% and 68% in the risedronate group

(P < .05). This study shows a significant advantage to teripara-

tide in postmenopausal women with osteoporosis undergoing

lumbar spine fusion. Another study on teriparatide by Ohtoria

et al evaluated the effect of teriparatide or risedronate on pedi-

cle screw loosening in patients undergoing 1- or 2-level instru-

mented posterolateral fusions with local bone graft in 2013.21

These 62 women had degenerative spondylolisthesis and osteo-

porosis. The administration of the teriparatide, risedronate, or

control was for 2 months before surgery and 10 months after

surgery. There was a statistically significant lower rate of pedi-

cle screw loosening in the teriparatide group (7%-13%) and

equivalent rates of pedicle screw loosening in the risedronate

and control group (15%-26%).

The Effect of Surgical Interventions for Low Bone Density
Patients on Lumbar Fusion Rates

There are 8 studies evaluating different surgical techniques for

patients with osteoporosis, as shown in Table 3. The major goal

of augmented surgical techniques for patients with osteoporosis

is to improve the implant/bone interface to increase stability in

an otherwise weaker bone.

Cavagna et al in 2008 evaluated 39 patients older than 65

years who underwent arthrodesis with at least 2 years follow-

up.22 Posterior spinal instrumentation and fusion was done for

patients with spinal stenosis due to spondylolisthesis, scoliosis,

kyphosis, or postlaminectomy syndrome with a range of fusion

levels of 1 to 4. The bone graft used was autologous laminect-

omy bone and iliac crest bone. The evaluation of the fusion by

an independent radiologist shows radiographic fusion in 89.7%
(35 of 39) patients and CT evidence of facet fusion in 100%
(39of 39) patients. The authors found asymptomatic patients

with 2 broken screws and 2 broken rods at 2-year follow-up,

which they determined were stress fractures, and not actual

nonunions. This study provides a good baseline of instrumen-

tation and fusions in patients at risk for osteoporosis.

The technique of vertebroplasty of the levels within the fusion

construct was evaluated by Kim et al in 2010 retrospectively

reviewed 62 patients with lumbar spondylolisthesis at L4 to L5

or L5 to S1 and osteoporosis who were treated with anterior

lumbar interbody fusion (ALIF) and percutaneous posterior

spinal instrumentation.23 Of the 62 patients, 31 underwent poly-

methacrylate cement augmentation of the ALIF and 31 did not.

Dynamic radiographs and 3D CT were performed at final follow-

up in 46 patients. There was no significant difference in union rate

between the 2 groups. Of note, there was a significantly higher

rate of cage subsidence the patient cohort without vertebroplasty

augmentation.

There were 3 studies that evaluated the effect of cement

augmentation of pedicle screws in patients with osteoporosis.

Moon et al in 2009 reported on a 3-year follow-up of 37 patients

with osteoporosis who underwent posterior spinal fusion with

instrumentation (PSFI) with cement augmented cannulated

pedicle screws. The preoperative diagnoses included degenera-

tive spondy (16.2%), isthmic spondy (13.5%), and stenosis

(70.3%). They found 1 loose screw at 2 years post-op that

implies a union rate of 97%. Pinera et al in 2011 reviewed a

series of 23 elderly patients (mean age of 77) with degenerative

spondylolisthesis or lumbar spinal stenosis who underwent pos-

terior spinal instrumentation and fusion with cement augmented

cannulated screws.24 Radiographic fusion was seen in 74% of

the patients, and CT evidence of posterior and/or posterolateral

fusion at 6 months was seen in all patients. Dai et al in 2015

evaluated the effect of cement injectable cannulated pedicle

screws used in 43 patients with osteoporosis who underwent

posterior spinal instrumentation and fusion.25 The diagnoses

included degenerative spondylolisthesis (49%), disc herniation

or spinal stenosis (34.9%), ankylosing spondylitis (9.3%), and

osteoporosis or compression fractures (16.3%). The fusion was

assessed at 6 and 12 months after surgery with CT scans and

showed and implied union rate of 100%, since no patients

required revision surgery for nonunion or screw loosening. This

does not negate the possibility of asymptomatic nonunion.

There were 3 studies evaluating the effect of expandable

pedicle screws on fusion rates in patients with osteoporosis.

Cook et al in 2001 retrospectively reviewed 152 patients who

underwent posterior spinal instrumentation and fusion with iliac

crest bone graft and expandable pedicle screws.26 The design of

the expandable pedicle screw was to allow the tip to expand by 2

mm. Of the patients with expandable pedicle screws, 21 were

diagnosed with osteoporosis. Fusion was evaluated with

dynamic radiographs. Of the patients with osteoporosis, the

fusion rate was 86% (18 of 21) that is equivalent to the fusion

rate of the total patient cohort 86% (125 of 145). Gazzeri et al in

2012 evaluated 10 patients with osteoporosis treated with poster-

ior spinal instrumentation and fusion using expandable pedicle

screws.27 The diagnoses included spondylolisthesis (4), fracture

(3), lumbar spinal stenosis (1), and failed back syndrome (2).

Fusion was assessed on final follow-up X-ray and CT. There

were no instances of motion on dynamic radiographs or screw

loosening on CT. The overall fusion rate was 100%. Wu et al in

2012 conducted a prospective randomized study comparing

expandable pedicle screws to conventional pedicle screws in

patients with osteoporosis and undergoing posterior spinal

instrumentation and fusion.28 The diagnoses included spondylo-

listhesis, spondylolysis, kyphosis, cancer, or pseudarthrosis.

There was a minimum follow-up of 24 months, and the average

follow-up was 43 months. The fusion was evaluated on dynamic

radiographs at 2 years post-op and CT 1 year post-op by a

blinded, independent radiologist. The expandable pedicle screw

group had a significantly higher fusion rate at 92.5% (vs 80.5%)

and lower screw loosening rate of 4.1% (vs 12.9%). All of these

studies on expandable pedicle screws demonstrate a fusion rate

equal to or greater than conventional pedicle screws.

Discussion

A growing portion of spine patients will have osteopenia or

osteoporosis as patients remain active at an older age.2 A
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previous systematic review was performed by Hirsch et al eval-

uating the animal data of osteoporosis medications on spinal

fusion.29 Since that time, a multitude of studies have been

performed on the effect of osteoporosis medications on patients

undergoing lumbar fusion. Additionally, more research has

been performed on preoperative evaluation of osteoporosis in

patients undergoing lumbar fusion and on specific surgical

techniques for patients with osteoporosis undergoing lumbar

fusion. This systematic review is designed to review the highest

quality studies on the diagnostic, medical, and surgical tech-

nique options for patient with low bone mass undergoing lum-

bar fusion.

Although there are many studies on the preoperative evalua-

tion of low bone mass in lumbar spine patients, there was only

1 study to evaluate low bone mass measurement in relation to

lumbar fusion rates. Tempe et al, and other studies, have shown

that low bone mass leads to higher rates of subsidence of inter-

body devices.7,12,13,15,30 Although this is not a direct evaluation

of fusion rates, it can be inferred that the lack of stability will

likely lead to nonunion. The study by Schrieber et al found a

correlation between low bone mass, as measure by Hounsfield

units, and lower fusion rates.14 This demonstrates the need for

alternate treatment strategies for patients with osteoporosis

undergoing a lumbar fusion.

Once a patient has been diagnosed with low bone density, it

may be feasible to treat him or her with an osteoporosis med-

ication before or after surgery to help improve lumbar fusion

rates. The 2 studies comparing alendronate to controls found

contrasting results. One study demonstrated improvement in

fusion among the patients treated with alendronate, and the

other study found lower fusion rates in patients treated with

alendronate. The earlier animal studies studying the effect of

alendronate on fusion mass showed lower bone mass with

alendronate.31 Some surgeons may decide to avoid alendronate

in their patients undergoing lumbar fusion. The 2 studies eval-

uating zoledronic acid showed a lower fusion rate in 1 study,

and a nonstatistically significant higher fusion rate in the other

study.18,19 This is not strong evidence in support of using zole-

dronic acid on patients with osteoporosis undergoing spinal

fusion and thus some surgeons may decide to avoid it. The 2

studies evaluating teriparatide both show a significantly higher

rate of fusion in patients treated with teriparatide, compared to

risedronate and control groups.20,21 Since these are studies on

teriparatide are prospective trials, this represents the strongest

evidence for perioperative medical treatment of osteoporosis in

patients undergoing lumbar fusion. Based on the available lit-

erature, it would be feasible for surgeons to advise their

patients to start treatment with teriparatide before surgery and

continue during the postoperative fusion period.

In addition to medical treatment of osteoporosis, different

surgical techniques can be employed in patients with osteo-

porosis undergoing lumbar fusion. A study by Cavagna et al

shows a baseline fusion rate of 89.7% for patients with osteo-

porosis undergoing posterior lumbar instrumentation and

fusion.22 Modified surgical techniques should increase this

fusion rate. The use of vertebroplasty in combination with

ALIF and percutaneous posterior fixation showed a fusion rate

of 100%, which is a 5% increase over patients treated without

vertebroplasty in 1 study.23 The 3 studies on cement augmenta-

tion of pedicle screws are retrospective in nature, and all show a

fusion rate of 100% on CT evaluation.24,25,32 The 3 studies on

expandable pedicle screws show a fusion rate of 86% to 100%
based on radiographs and CT.26-28 The study by Wu et al had

the highest number of patients as well as prospective and ran-

domized with an independent radiologist evaluation of fusion.

The fusion rate of 92.5% found by Wu et al is the most accurate

assessment of expandable pedicle screws.28

One limitation to this systematic review is the low number

of prospective, randomized studies on the topic of osteoporosis

and lumbar spinal fusion currently in the literature. This high-

lights the need for high-quality studies, prospective and rando-

mized, that can provide meaningful information to providers

that can guide treatment decisions. This will become more

important in the coming years as our elderly population

increases.

Future directions in this field will include clinical studies on

denosumab, a RANK L binder. There are a large number of

studies demonstrating increased bone mass and decreased mar-

kers of turnover in women with osteoporosis treated with deno-

sumab.33-35 Based on these promising results on osteoporosis,

the effect of denosumab on lumbar fusion needs to be

evaluated.

Conclusion

This systematic review of the existing literature determined

that there are 15 studies evaluating the effect of treatment

strategies for low bone density on lumbar fusion rates. There

is a lower rate of fusions in patients with low bone density as

measured with Hounsfield units on lumbar CT. Bisphospho-

nates do not increase rates of lumbar fusion. Forteo increased

bone fusion mass, fusion rates, and decreases pedicle screw

loosening in lumbar spine fusions. The use of expandable pedi-

cle screws and cement augmented pedicle screws increases the

fusion rate in patients with osteoporosis compared to conven-

tional pedicle screws. Due to the prospective, randomized

nature of the studies, the best evidence for strategies in patients

with osteoporosis undergoing lumbar fusion is perioperative

use of teriparatide and expandable pedicle screws.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

References

1. Report of the Surgeon General’s Workshop on Osteoporosis and

Bone Health Washington, DC; Rockville MD: Office of the

194 Geriatric Orthopaedic Surgery & Rehabilitation 7(4)



Surgeon General (US); 2003. Web site. http://www.surgeongen

eral.gov/. Accessed December 12–13, 2002.

2. Chin DK, Park JY, Yoon YS, et al. Prevalence of osteoporosis in

patients requiring spine surgery: incidence and significance of

osteoporosis in spine disease. Osteoporos Int. 2007;18(9):

1219-1224. doi:10.1007/s00198-007-0370-8.

3. Andersen T, Christensen FB, Langdahl BL, et al. Degenerative

spondylolisthesis is associated with low spinal bone density: a

comparative study between spinal stenosis and degenerative spon-

dylolisthesis. Biomed Res Int. 2013;2013:123847. doi:10.1155/

2013/123847.

4. U.S. Department of Health and Human Services. Bone Health and

Osteoporosis: A Report of the Surgeon General. Rockville, MD:

U.S. Department of Health and Human Services, Office of the

Surgeon General; 2004.

5. Yoon ST, Boden SD. Spine fusion by gene therapy. Gene Ther.

2004;11(4):360-367. doi:10.1038/sj.gt.3302203.

6. Choudhri TF, Mummaneni PV, Dhall SS, et al. Guideline update

for the performance of fusion procedures for degenerative disease

of the lumbar spine. Part 4: radiographic assessment of fusion

status. J Neurosurg Spine. 2014;21(1):23-30. doi:10.3171/2014.

4.SPINE14267.

7. Genant HK, Block JE, Steiger P, Glueer CC, Smith R. Quantita-

tive computed tomography in assessment of osteoporosis. Semin

Nucl Med. 1987;17(4):316-333.

8. Dodwad SM, Khan SN. Surgical stabilization of the spine in the

osteoporotic patient. Orthop Clin North Am. 2013;44(2):243-249.

doi:10.1016/j.ocl.2013.01.008.

9. Lee S, Chung CK, Oh SH, Park SB. Correlation between bone

mineral density measured by dual-energy X-ray absorptiometry

and Hounsfield units measured by diagnostic CT in lumbar spine.

J Korean Neurosurg Soc. 2013;54(5):384-389. doi:10.3340/jkns.

2013.54.5.384.

10. Schreiber JJ, Anderson PA, Rosas HG, Buchholz AL, Au AG.

Hounsfield units for assessing bone mineral density and strength:

a tool for osteoporosis management. J Bone Joint Surg Am. 2011;

93(11):1057-1063. doi:10.2106/JBJS.J.00160.

11. Tay WL, Chui CK, Ong SH, Ng AC. Osteoporosis screening

using areal bone mineral density estimation from diagnostic CT

images. Acad Radiol. 2012;19(10):1273-1282. doi:10.1016/j.

acra.2012.05.017.

12. Kim TH, Yoon JY, Lee BH, et al. Changes in vitamin D status

after surgery in female patients with lumbar spinal stenosis and its

clinical significance. Spine (Phila Pa 1976). 2012;37(21):

E1326-E1330. doi:10.1097/BRS.0b013e318268ff05.

13. Stoker GE, Buchowski JM, Bridwell KH, Lenke LG, Riew KD,

Zebala LP. Preoperative vitamin D status of adults undergoing

surgical spinal fusion. Spine (Phila Pa 1976). 2013;38(6):

507-515. doi:10.1097/BRS.0b013e3182739ad1.

14. Schreiber JJ, Hughes AP, Taher F, Girardi FP. An association can

be found between Hounsfield units and success of lumbar spine

fusion. HSS J. 2014L;10(1):25-29. doi:10.1007/s11420-013-

9367-3.

15. Tempel ZJ, Gandhoke GS, Okonkwo DO, Kanter AS. Impaired

bone mineral density as a predictor of graft subsidence following

minimally invasive transpsoas lateral lumbar interbody fusion.

Eur Spine J. 2015;24(suppl 3):414-419. doi:10.1007/s00586-

015-3844-y.

16. Nagahama K, Kanayama M, Togawa D, Hashimoto T, Minami A.

Does alendronate disturb the healing process of posterior lumbar

interbody fusion? A prospective randomized trial. J Neurosurg

Spine. 2011;14(4):500-507. doi:10.3171/2010.11.spine10245.

17. Kim SM, Rhee W, Ha S, Lim JH, Jang IT. Influence of alendro-

nate and endplate degeneration to single level posterior lumbar

spinal interbody fusion. Korean J Spine. 2014;11(4):221-226. doi:

10.14245/kjs.2014.11.4.221.

18. Park YS, Kim HS, Baek SW, Kong DY, Ryu JA. The effect of

zoledronic acid on the volume of the fusion-mass in lumbar spinal

fusion. Clin Orthop Surg. 2013;5(4):292-297. doi:10.4055/cios.

2013.5.4.292.

19. Tu CW, Huang KF, Hsu HT, Li HY, Yang SS, Chen YC. Zole-

dronic acid infusion for lumbar interbody fusion in osteoporosis. J

Surg Res. 2014;192(1):112-116. doi:10.1016/j.jss.2014.05.034.

20. Ohtori S, Inoue G, Orita S, et al. Teriparatide accelerates lumbar

posterolateral fusion in women with postmenopausal osteoporo-

sis: prospective study. Spine (Phila Pa 1976). 2012;37(23):

E1464-E1468. doi:10.1097/BRS.0b013e31826ca2a8.

21. Ohtori S, Inoue G, Orita S, et al. Comparison of teriparatide

and bisphosphonate treatment to reduce pedicle screw loosen-

ing after lumbar spinal fusion surgery in postmenopausal

women with osteoporosis from a bone quality perspective.

Spine (Phila Pa 1976), 2013;38(8):E487-E492. doi:10.1097/

BRS.0b013e31828826dd.

22. Cavagna R, Tournier C, Aunoble S, et al. Lumbar decompression

and fusion in elderly osteoporotic patients: a prospective study

using less rigid titanium rod fixation. J Spinal Disord Tech. 2008;

21(2):86-91. doi:10.1097/BSD.0b013e3180590c23.

23. Kim KH, Lee SH, Lee DY, Shim CS, Maeng DH. Anterior bone

cement augmentation in anterior lumbar interbody fusion and

percutaneous pedicle screw fixation in patients with osteoporosis.

J Neurosurg Spine. 2010;12(5):525-532. doi:10.3171/2009.11.

spine09264.

24. Pinera AR, Duran C, Lopez B, Saez I, Correia E, Alvarez L.

Instrumented lumbar arthrodesis in elderly patients: prospective

study using cannulated cemented pedicle screw instrumentation.

Eur Spine J. 2011;20(suppl 3):408-414. doi:10.1007/s00586-011-

1907-2.

25. Dai F, Liu Y, Zhang F, et al. Surgical treatment of the osteoporo-

tic spine with bone cement-injectable cannulated pedicle screw

fixation: technical description and preliminary application in 43

patients. Clinics (Sao Paulo). 2015;70(2):114-119. doi:10.6061/

clinics/2015(02)08.

26. Cook SD, Barbera J, Rubi M, Salkeld SL, Whitecloud TS III.

Lumbosacral fixation using expandable pedicle screws: an alter-

native in reoperation and osteoporosis. Spine J. 2001;1(2):

109-114.

27. Gazzeri R, Roperto R, Fiore C. Titanium expandable pedicle

screw for the treatment of degenerative and traumatic spinal dis-

eases in osteoporotic patients: preliminary experience. Surg

Technol Int. 2012;22:320-325.

28. Wu ZX, Gong FT, Liu L, et al. A comparative study on screw

loosening in osteoporotic lumbar spine fusion between

Fischer et al 195

http://www.surgeongeneral.gov/
http://www.surgeongeneral.gov/


expandable and conventional pedicle screws. Arch Orthop Trauma

Surg. 2012;132(4):471-476. doi:10.1007/s00402-011-1439-6.

29. Hirsch BP, Unnanuntana A, Cunningham ME, Lane JM. The

effect of therapies for osteoporosis on spine fusion: a systematic

review. Spine J. 2013;13(2):190-199. doi:10.1016/j.spinee.2012.

03.035.

30. Meredith DS, Schreiber JJ, Taher F, Cammisa FP Jr, Girardi FP.

Lower preoperative Hounsfield unit measurements are associated

with adjacent segment fracture after spinal fusion. Spine (Phila Pa

1976). 2013;38(5):415-418. doi:10.1097/BRS.0b013e31826ff084.

31. Lehman RA Jr, Kuklo TR, Freedman BA, Cowart JR, Mense MG,

Riew KD. The effect of alendronate sodium on spinal fusion: a

rabbit model. Spine J. 2004;4(1):36-43.

32. Moon BJ, Cho BY, Choi EY, Zhang HY. Polymethylmethacry-

late-augmented screw fixation for stabilization of the osteoporotic

spine: a three-year follow-up of 37 patients. J Korean Neurosurg

Soc. 2009;46(4):305-311. doi:10.3340/jkns.2009.46.4.305.

33. Anastasilakis AD, Polyzos SA, Efstathiadou ZA, et al. Denosu-

mab in treatment-naive and pre-treated with zoledronic acid post-

menopausal women with low bone mass: effect on bone mineral

density and bone turnover markers. Metabolism. 2015;64(10):

1291-1297. doi:10.1016/j.metabol.2015.06.018.

34. Papapoulos S, Lippuner K, Roux C, et al. The effect of 8 or 5 years

of denosumab treatment in postmenopausal women with osteo-

porosis: results from the FREEDOM Extension study. Osteoporos

Int. 2015;26(12):2773-2783. doi:10.1007/s00198-015-3234-7.

35. Gu HF, Gu LJ, Wu Y, et al. Efficacy and safety of denosumab in

postmenopausal women with osteoporosis: a meta-analysis.

Medicine (Baltimore). 2015;94(44):e1674. doi:10.1097/MD.

0000000000001674.

196 Geriatric Orthopaedic Surgery & Rehabilitation 7(4)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


