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The Importance of Bone Health for Spinal Procedures

Justin S. Field, M.D.

aving healthy bones is very important to prevent

fractures. Common areas where people sustain
broken bones due to fragility are in the spine, hips,
and wrists. It is also very important to have healthy
bone quality as it pertains to being able to undergo
and recuperate from spine surgery. Whether consider-
ing a smaller surgery, such as micro-decompression,
or a larger reconstruction, such as a bone fusion or disc
replacement, adequate bone support and bone healing
is necessary for stability of the spine.

Vitamin D Deficiency

Vitamin D deficiency, osteoporosis, and other nutri-
tional and metabolic disorders can contribute to inad-
equate bone health and prohibit successful healing.
Preoperative evaluation should include an assessment
of bone health and a screen for problems in calcium
metabolism. While inadequate calcium intake has
been long known to be an important factor in bone
health, vitamin D deficiency is more common than
previously recognized and has the potential to result
in poor spine health and poor response to treatment.
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Vitamin D is a fat-soluble vitamin that is naturally
present in very few foods, added to others, and avail-
able as a dietary supplement. It is also produced en-
dogenously when ultraviolet rays from sunlight strike
the skin and trigger vitamin D synthesis. Vitamin D
is necessary for many bodily functions. Vitamin D
promotes calcium absorption in the gut and maintains
adequate serum calcium and phosphate concentrations
to enable normal mineralization of bone. It is also
needed for bone growth and bone remodeling by bone
formation and remodeling cells. Without sufficient vi-
tamin D, bones can become thin, brittle, or misshapen.
Vitamin D sufficiency prevents rickets in children and
osteomalacia in adults. Together with calcium, vita-
min D also helps protect older adults from osteoporo-
sis. It is very difficult to get adequate vitamin D solely
through the diet. If deficient, your vitamin D level can
be normalized with the use of prescription strength vi-
tamin D, however this can take several months.

Maintaining a proper Vitamin D level is an impor-
tant step to ensure that fusion occurs. This is important
to help with pain relief from surgery and quicker re-
turn of function.
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Figure 1. Vitumin D in the endocrine system. Picture courtesy Juhe Higdon, copyright 2008 LPI, used with permission.
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Nicotine

It is also well known that nicotine decreases spine
fusion rates and, thus, must be discontinued before
bone fusion operations. Fortunately, there are newer,
more successful ways to control the smoking urge,
and preoperative counseling may help to find the best
suited method to quit the tobacco habit and get through
the healing process. Second-hand smoke is also harm-
ful to the healing in spine fusion and must be avoided.

Obesity

Obesity has become a major health issue; in fact, it is
a national problem. Many disease processes can be
dramatically improved or completely reversed with
weight loss. More specifically in the orthopedic realm,
back pain and knee pain, for example, respond posi-
tively to weight reduction. Just losing 10 to 15 pounds
can make a huge difference in the reduction of back,
hip, and knee pain. Changing
eating habits and exercise
have been shown to be the
most successful strategy for
long-term weight reduction
and maintenance. Surgical
intervention in the spine for
obese patients can be fraught
with wound complications.
Many of these patients are
actually nutritionally starved
and lack the important nutri-
tional reserves to properly
heal. In addition, spine sur-
gery is more difficult on
larger patients from the sur-
geon’s perspective because
of more difficult access to the
pathology, as well as visual-
ization. It is very important
to stress weight reduction
and change in eating habits
to overweight patients. This
will also help in their post-
operative recovery period to
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The Bare Bones of Spinal Disease

be able to strengthen their core muscles and increase
activity.

Osteoporosis

Osteoporosis is a result of negative bone remodeling
from enhanced function of the osteoclasts. Because bone
formation is the result of coupling between osteoblasts
and osteoclasts, anti-resorptive agents that induce osteo-
clast apoptosis (cell death) may not be effective in spinal
fusion surgery, necessitating new bone formation. There-
fore, anabolic agents may be more suitable for osteopo-
rotic patients who undergo spinal fusion surgery. The
instrumentation and techniques, along with increased
pullout strength, may increase fusion rate through rigid
fixation. Studies on new osteoinductive materials, meth-
ods to increase osteogenic cells, and strengthened and
biocompatible osteoconductive scaffolds are necessary
to enable osteoporotic patients to undergo spinal fusion.
When osteoporotic patients undergo spinal fusion, sur-
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Figure 2. This schemutic outlines the bone remodeling cycle und the bulunce of bone resorption und
bone formation. (u) In bone tissue, the osteoblusts are involved in new bone formution, while osteoclusts
play a mdjor role in bone resorption. The first step in the bone remodeling cycle is the resorption of existiny
bone by osteoclusts, followed by formaution of the cement line in resorption lucunue und osteoblusts. Eauch
cell type seems to be regulated by u variety of hormones and by local factors. (b) If the bulance between
bone formation und resorption is lost by the uncontrolled production of regulators, bone structure would
be strikingly dumuged, und the subject would be susceptible to osteoporosis und osteopetrosis. Image
courtesy of Ejjiro Jimi, et. ul. The Current und Future Therapies of Bone Regenerdution to Repuir Bone Defects.
International Journal of Dentistry. 2012, 1-7. (2012).
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geons should consider appropriate osteoporosis medica-
tion, instrumentation, and technique.

There are degenerative changes in the interver-
tebral discs and spinal facet joint capsules in people
over 50 years of age that are associated with spinal
instability. With increased life expectancy, the elderly
desire to be more physically active and have an im-
proved quality of life. Surgical indications for de-
generative spinal conditions in elderly patients have
increased.>!7??731 The surgical outcomes and peri-
operative complications of spinal fusions in elderly
patients can be negatively affected by co-morbidities
such as cardiopulmonary disease, renal disease, dia-
betes mellitus, nutritional disorders, and osteoporo-
sis.'* Because osteoporosis is strongly associated with
poor fusion rate and bone stability, it is crucial to un-
derstand the pathophysiology of osteoporosis and its
treatment in order to enhance spinal fusion and pre-
serve bone stability. Spinal surgeons must be informed
of the appropriate treatment plan for osteoporosis and
formulate appropriate strategies for osteoporotic pa-
tients who need to undergo spinal fusion surgery.

Osteoporosis is a major global problem because
over 10 million people are currently diagnosed with
osteoporosis.”® Although 80% of osteoporotic patients
are women, a considerable number of men are also af-
fected.'>*! The age matched prevalence of osteoporo-
sis is 17-20% of women over 50 years old, 26% over
65 years old and 50% over 85 years old in the United
States. In addition, the prevalence of osteoporosis in
male and female patients over 50 years old who under-
went spinal surgery were 14.5% and 51.3%, respec-
tively.!” Due to increasing life expectancy, the number
of elderly patients with osteoporosis will continue to
increase even further.

Due to an increasingly aged population, degen-
erative spinal stenosis and spondylolisthesis have
become more frequently diagnosed.*®>* Up to 10%
of women over 60 years may be affected by degen-
erative spondylolisthesis and one study presented the
rates of male and female patients with spondylolisthe-
sis (degenerative or spondylolytic types) at 14.8% and
66.1%, respectively.'”* In elderly patients, iatrogenic
cause of instability following spinal surgery may oc-
cur because of pre-existing degenerative changes in

SPINAL RESEARCH FOUNDATION

the facet joints and intervertebral disc. If instability of
the spine at the index level is confirmed by preopera-
tive radiological evaluations or when iatrogenic insta-
bility occurs, fusion operation should be considered
in elderly patients.****> Several reports claim that de-
compression and additional fusions in elderly patients
who experienced spinal stenosis and instability, such
as spondylolisthesis, produce satisfactory outcome in
elderly patients.'626344653 Many studies demonstrated
fusion failure which negatively impacted clinical out-
comes; fusion rates ranged from 56% to 100%.' 42
Reports on the outcome of lumbar arthrodesis follow-
ing instrumentation in patients over 60 years of age in-
dicated the prevalence of delayed and collapsed fusion
in elderly patients to be higher than that in younger
patients. The fusion rates of elderly patients reported
were over 90%, and in elderly osteoporotic patients
who underwent lumbar arthrodesis with instrumenta-
tion, the fusion rates were 89.7% to 95.8%.16263541 In
other words, old age and osteoporosis are not contrain-
dications in spinal arthrodesis. The number of elderly
patients who need spinal surgery will increase, and the
prevalence of osteoporosis in elderly patients is high.
The existence and severity of osteoporosis should be
preoperatively assessed in elderly patients, and an ap-
propriate strategy to facilitate spinal fusion should be
formulated.

Biology of Spinal Fusion

Although instrumentation and technique have been
improving, non-union still occurs in 5 to 35% of patients
who undergo spinal fusion.*'? Non-union in spinal sur-
gery frequently leads to unsatisfactory clinical out-
comes.'** Therefore, understanding the histological
and biologic events in spinal fusion is crucial to spinal
surgeons who treat patients with and without osteopo-
rosis. Clinically relevant lumbar fusion animal models
are analyzed in several articles to provide information
on the methods that facilitate fusion. These articles
report that non-decortication of the transverse process
did not result in arthrodesis (fusion of the joint), and
the primary vascular supply to the fusion mass origi-
nated from decorticated bone, not from the adjacent
muscle.” Decortication is the removal of the superfi-
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cial portion of cortical bone of the vertebra’s posterior
elements (spinous process, lamina, and articular facets)
to expose the inner vertebral cancellous bone. Decor-
tication can increase tissue metabolism in the interface
between bone graft and recipient bed by increasing the
vascular supply to this region, accelerating integration
between bone graft with the recipient bed, and trigger-
ing greater bone neoformation.” Intra-membranous
bone formation occurs in the area near the transverse
processes, and endochondral bone formation, which
involves bone formation through a cartilage intermedi-
ate, occurs centrally at the interface between the upper
and lower halves of the bridging bone.>*
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Figure 3. Anutomy of u Lumbur Vertebru. Imuge courtesy of
Medftronic, Inc.

Cartilage formed through endochondral ossification
has poor vascular supply and low oxygen saturation.
However, in the mid and late stages of bone formation,
extension of bone formation towards the central zone
occurs, and disappearance of cartilage and bone forma-
tion occurs in the central area.”'** The transient carti-
laginous area may explain why many non-unions are
found to occur in the central zone of a fusion mass. Con-
sidering the previous description and three factors for
bone formation—osteoconductive scaffold, osteogenic
cell, and osteoinductive materials—the characteristics
of host beds such as vascularity and quality of bone
marrow, the distance of fusion site, and the quality of
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bone graft should be assessed by the surgeon. Although
no publication discusses the histological difference be-
tween osteoporosis and non-osteoporosis animal mod-
els with spinal fusion, reduced osteoblast ability, poor
vascularity, and lower bone marrow quality in the host
bed may contribute to non-union in elderly osteoporotic
patients. Therefore, surgeons must consider bone graft
quality, proper osteoinductive materials, increasing the
ability of osteoblasts, and preventing factors that may
hinder fusion, including long-term use of non-steroidal
anti-inflammatory agents and smoking before perform-
ing spinal fusion on elderly osteoporotic patients.

Strategies for Osteoporotic Patients with
Spinal Fusion

Osteoporosis reduces bone quality through negative
bone remodeling. Low bone quality can reduce the
pull-out strength of pedicle screws, and negative bone
remodeling can cause delayed bone fusion.>!® There-
fore, before performing spinal fusion surgery on osteo-
porotic patients, we should pursue effective strategies
to increase the pull-out strength and facilitate positive
bone remodeling.

Pharmacotherapeutic Strategies

Osteoporosis, secondary to loss of estrogen, is the
cause of negative bone remodeling through reduced
function and life span of osteoblasts and the reverse
for osteoclasts. In addition, bone remodeling depends
on communication between the osteoblast lineage
(including lining cells, preosteoblasts, and osteocytes)
and the osteoclast lineage. Thus, in order to obtain
good fusion rate in osteoporotic patients, we should be
aware of the anti-resorptive and anabolic agents.

Bisphophonates

Biphosphonates are typical anti-resorptive agents that
include alendronate, ibandronate, etidronate, and pami-
dronate. The mechanism of bisphosphonate is to pro-
mote apoptosis of mature osteoclasts and result in a
slow rate of bone remodeling.****# Many animal stud-
ies present the effects of bisphosphonates on the skel-
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etal system. In animal studies that investigated fracture
healing and pull-out strength of implants, bisphospho-
nates did not adversely affect the skeletal system.*#
However, according to recent studies, bisphosphonates
inhibit or delay spinal fusion through reduced incorpo-
ration between grafted bone and host bone.*'*"#* In other
words, the anti-fracture effect of bisphosphonates is not
proportional to their efficacy on bone fusion. Therefore,
when osteoporotic patients are scheduled to undergo
spinal fusion, surgeons must consider the need of using
other anti-resorptive or anabolic agents postoperatively.

Recombinant Human Parathyroid Hormone

Only one drug acts as an anabolic agent to osteoporo-
sis—recombinant human parathyroid hormone (PTH).
Although high levels of PTH cause decreased bone
mineral density (BMD) through increased bone resorp-
tion, low and intermittent PTH eclevation increases
bone formation secondary to its anti-apoptotic effect
on osteoblasts.?**34 Prior studies concluded that PTH
treatment did not increase the incidence of bone tumors
such as osteosacroma.’***>! It must be emphasized that
the experience of PTH use is so far limited in the United
States and Europe to 2 years and 18 months, respectively.
If PTH treatment is not followed by anti-resorptive ther-
apy, the increased BMD would be lost.®?* Therefore,
additional anabolic agents need to be developed to be
continuously used in osteoporotic patients. The results
of animal studies suggested that PTH enhanced the
healing of bone fracture and increased BMD, mechani-
cal strength, and arthrodesis of the spine.'* As concur-
rent use of alendronate for increasing positive remodel-
ing reduced the anabolic effect of PTH, the use of PTH
on osteoporotic patients taking bisphosphonates may be
refrained after spine arthrodesis.’

Implant Based Strategies

Cancellous bone is more affected by osteoporosis than
cortical bone. Therefore, lower BMD has been a major
factor in poor screw fixation, screw loosening, and fix-
ation failure.'® Many techniques have been employed
to enhance the pullout strength of the pedicle screw.?*
The preparation for the screw hole or the minimization
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of tapping the hole can affect the pullout strength in
osteoporotic bone, and although the anatomical con-
straints vary with patients, bigger and longer screws
may provide a good solution for fragile bones.?’ The
angulation of two screws and screw positioning in areas
of higher BMD in the vertebrate may also increase
pullout strength.*>° Also, to improve the fixation and
fatigue strength of instrumentation, screw augmenta-
tion with polymethyl methacrylate has yielded favor-
able outcomes.>! These techniques may enhance bone
fusion through stabilization of fusion segments.

Other Strategies

Mesenchymal cells differentiated to osteoblasts are crit-
ical for increasing fusion rate. Although the fusion rate
achieved by using bone marrow aspirate (BMA) with
collagen was inferior to that of using autologous iliac
crest bone for posterior lumbar interbody fusion, the
fusion rate of posterolateral lumbar fusion with BMA
and collagen was comparable to that of autologous
bone.’® However, since there is a low concentration of
osteogenic cells in the BMA, it is ineffective as a bone

Figure 4. Bone Murrow Aspiration. Image courtesy of Medtronic,
Inc.
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graft substitute. Therefore, investigations for methods
of stimulating osteoblast differentiation, expanding the
number of osteoblast, and finding new osteoconductive
scaffolds with structural strength are needed.

Conclusion

Osteoporosis results in fragile bone through negative
bone remodeling. As such, prior to performing spinal
fusion on osteoporotic patients, surgeons should con-
sider multidisciplinary strategies including the use of
the anti-resorptive and anabolic agents, proper instru-
mentations, and BMA. Perioperative strategies in
osteoporotic patients may affect the radiological and
clinical outcomes. @
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Spinal Research Foundation Research Partners
The Spinal Research Foundation has named 26 Research Partners across the country that share one core mission:
improving spinal health care through research, education, and patient advocacy. These centers offer the best quality
spinal health care while focusing on research programs designed to advance spinal freatments and techniques.
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We are excited to welcome our newest Research
Partner, Desert Institute for Spine Care!
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Espert Core. Human Touwch. S
Colorado Comprehensive
Allegheny Brain and Spine Surgeon Atlanta Brain and Spine Care Spine Institute
James P. Burke, MD, PhD Regis W. Haid, Jr., MD George A. Frey, MD
Altoona, PA Atlanta, GA Englewood, CO
centralpabrainandspinesurgeons.com atlantabrainandspine.com coloradospineinstitute.com
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Desert Institute for Spine Care The Hughston Clinic Em““
Cf}\f;’%%ﬁ;f;/e_rrAye\fnugng\DﬂD J. Keémeth Burkus, MD Indiana Spine Group
Y o LE olumbus, GA Rick C. Sasso, MD
JL/(/S“” % filel,d,MAgD hughston.com Carmel, IN
ima Salari, - :
Phoenix, AZ indianaspinegroup.com
sciatica.com
I::: INOVA RESEARCH @l
CENTER MIDWEST
OETHOREDIC
Inova Research Center CEMTER MUSC Darby Children’s
Zobair M. Younossi, MD, MPH Midwest Orthopaedic Center Research Institute
Falls Church, VA Patrick T. O’Leary, MD Inderjit Singh, PhD
inova.org/clinical-education-and- Daniel S. Mulconrey, MD Charleston, SC
research/research/index.jsp Peoria, IL clinicaldepartments.musc.edu/
midwest-ortho.com pediatrics2/research/
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New England Neurosurgical Associates, Li.c
New England Neurosurgical
Associates, LLC
Christopher H. Comey, MD
Springfield, MA

The”
ORTHOPEDIC
N CENTERT
yUF ST LOUES
The Orthopedic Center of St. Louis
Matthew F. Gornet, MD
Chesterfield, MO
toc-stl.com

- T TET T -
RUTGERS
Rutgers University
Department of Biomedical Engineering
Noshir A. Langrana, PhD, PE
Piscataway, NJ

_ﬁ-*nn_
SPIN E
OLORADO
Spine Colorado
Jim A. Youssef, MD
Douglas G. Orndorff, MD
Durango, CO
spinecolorado.com

S C

The Spine Clinic of Los Angeles
Larry T. Khoo, MD
Los Angeles, CA
spineclinicla.com

LINIVERSITY OF MINNESOTA
MEDICAL CENTER
88 FAIRVIEW
University of Minnesota Medical
Center, Fairview
David W. Polly, Jr., MD
Minneapolis, MN

r

Oregon Neurosurgery
Oregon Neurosurgery Specialists
Robert J. Hacker, MD
Andrea Halliday, MD
Springfield, OR
oregonneurosurgery.com

: PRINCETON

BRAIN
SSPINE

CARE
Princeton Brain and Spine Care
Mark R. McLaughlin, MD, FACS
Langhorne, PA
princetonbrainandspine.com

Sl Conast
Orthagaeds
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South Coast Orthopaedic Associates
Aleksandar Curcin, MD, MBA
Coos Bay, OR
scoastortho.com

: SPINECARE
« MEDICAL GROUP

SpineCare Medical Group
Paul J. Slosar, Jr., MD
San Francisco Spine Institute
Daly City, CA
spinecare.com

ViRGINIA
SPINE
INSTITUTE

The Virginia Spine Institute
Thomas C. Schuler, MD, FACS
Brian R. Subach, MD, FACS
Reston, VA
spinemd.com

The Orthopaedic and Sports
Medicine Center
Gerard J. Girasole, MD
Trumbull, CT
osmcenter.com

River City Orthopaedic Surgeons
David P. Rouben, MD
Louisville, KY
rivercityortho.com

SBS Brain & Spine

Southern Brain and Spine
Najeeb M. Thomas, MD
Metairie, LA
sbsdocs.net

STANFORD
UNIVERSITY

Menlo Medical Clinic
Allan Mishra, MD
Menlo Park, CA
menloclinic.com

TWIN CITIES u SPINE CENTER

Twin Cities Spine Center
James D. Schwender, MD
Minneapolis, MN
tcspine.com

%giniu
Therapy &
Fitness Center
Virginia Therapy & Fitness Center
Richard A. Banton, PT, DPT, ATC

E. Larry Grine, PT, MSPT, ATC, CSCS

Reston, VA
&
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