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The Importance of Bone Health for Spinal Procedures
Justin S. Field, M.D.

Having 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

9LWDPLQ�'� GH¿FLHQF\�� RVWHRSRURVLV�� DQG� RWKHU� QXWUL-
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 

KHDOWK�� YLWDPLQ� '� GH¿FLHQF\� LV� PRUH� FRPPRQ� WKDQ�
previously recognized and has the potential to result 

in poor spine health and poor response to treatment.

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 

IRUPDWLRQ�DQG�UHPRGHOLQJ�FHOOV��:LWKRXW�VXI¿FLHQW�YL-
tamin D, bones can become thin, brittle, or misshapen. 

9LWDPLQ�'�VXI¿FLHQF\�SUHYHQWV�ULFNHWV�LQ�FKLOGUHQ�DQG�
osteomalacia in adults. Together with calcium, vita-

min D also helps protect older adults from osteoporo-

VLV��,W�LV�YHU\�GLI¿FXOW�WR�JHW�DGHTXDWH�YLWDPLQ�'�VROHO\�
WKURXJK�WKH�GLHW��,I�GH¿FLHQW��\RXU�YLWDPLQ�'�OHYHO�FDQ�
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.

Figure 1. Vitamin D in the endocrine system. Picture courtesy Jane 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, 
DQG�SUHRSHUDWLYH�FRXQVHOLQJ�PD\�KHOS�WR�¿QG�WKH�EHVW�
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 
ZHLJKW�ORVV��0RUH�VSHFL¿FDOO\�LQ�WKH�RUWKRSHGLF�UHDOP��
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-
JHU\� LV� PRUH� GLI¿FXOW� RQ�
larger patients from the sur-
geon’s perspective because 
RI�PRUH�GLI¿FXOW�DFFHVV�WR�WKH�
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 

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 
¿[DWLRQ��6WXGLHV�RQ�QHZ�RVWHRLQGXFWLYH�PDWHULDOV��PHWK-
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-

Figure 2. This schematic outlines the bone remodeling cycle and the balance of bone resorption and 
bone formation. (a) In bone tissue, the osteoblasts are involved in new bone formation, while osteoclasts 
play a major role in bone resorption. The first step in the bone remodeling cycle is the resorption of existing 
bone by osteoclasts, followed by formation of the cement line in resorption lacunae and osteoblasts. Each 
cell type seems to be regulated by a variety of hormones and by local factors. (b) If the balance between 
bone formation and resorption is lost by the uncontrolled production of regulators, bone structure would 
be strikingly damaged, and the subject would be susceptible to osteoporosis and osteopetrosis. Image 

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.2,17,23,27,31 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.14 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.28 Although 80% of osteoporotic patients 
are women, a considerable number of men are also af-
fected.15,21 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.17 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.48,53 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.17,40 In elderly patients, iatrogenic 
cause of instability following spinal surgery may oc-
cur because of pre-existing degenerative changes in 

the facet joints and intervertebral disc. If instability of 
WKH�VSLQH�DW�WKH�LQGH[�OHYHO�LV�FRQ¿UPHG�E\�SUHRSHUD-
tive radiological evaluations or when iatrogenic insta-
bility occurs, fusion operation should be considered 
in elderly patients.34,48,53 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.16,26,34,46,53 Many studies demonstrated 
fusion failure which negatively impacted clinical out-
comes; fusion rates ranged from 56% to 100%.11,40,52 
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%.16,26,35,41 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.8,12 Non-union in spinal sur-
gery frequently leads to unsatisfactory clinical out-
comes.19,25 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.9,50 'HFRUWLFDWLRQ�LV�WKH�UHPRYDO�RI�WKH�VXSHU¿-
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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.55 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.54

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 
DQWL�LQÀDPPDWRU\�DJHQWV�DQG�VPRNLQJ�EHIRUH�SHUIRUP-
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.3,18 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.32,38,43 Many animal stud-
ies present the effects of bisphosphonates on the skel-

Figure 3. Anatomy of a Lumbar Vertebra. Image courtesy of 
Medtronic, Inc.

&DUWLODJH�IRUPHG�WKURXJK�HQGRFKRQGUDO�RVVL¿FDWLRQ�
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.9,10,50 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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etal system. In animal studies that investigated fracture 

healing and pull-out strength of implants, bisphospho-

nates did not adversely affect the skeletal system.39,44 

However, according to recent studies, bisphosphonates 

inhibit or delay spinal fusion through reduced incorpo-

ration between grafted bone and host bone.31,37,49 In other 

words, the anti-fracture effect of bisphosphonates is not 

SURSRUWLRQDO�WR�WKHLU�HI¿FDF\�RQ�ERQH�IXVLRQ��7KHUHIRUH��
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 elevation increases 

bone formation secondary to its anti-apoptotic effect 

on osteoblasts.29,32,33,45 Prior studies concluded that PTH 

treatment did not increase the incidence of bone tumors 

such as osteosacroma.30,42,51 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.6,22 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.1,4 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.7

Implant Based Strategies

Cancellous bone is more affected by osteoporosis than 

cortical bone. Therefore, lower BMD has been a major 

IDFWRU�LQ�SRRU�VFUHZ�¿[DWLRQ��VFUHZ�ORRVHQLQJ��DQG�¿[-

ation failure.18 Many techniques have been employed 

to enhance the pullout strength of the pedicle screw.24 

The preparation for the screw hole or the minimization 

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.20 The 

angulation of two screws and screw positioning in areas 

of higher BMD in the vertebrate may also increase 

pullout strength.45,50�$OVR��WR�LPSURYH�WKH�¿[DWLRQ�DQG�
fatigue strength of instrumentation, screw augmenta-

tion with polymethyl methacrylate has yielded favor-

able outcomes.5,13 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.36 However, since there is a low concentration of 

osteogenic cells in the BMA, it is ineffective as a bone 

Figure 4. Bone Marrow Aspiration. Image courtesy of Medtronic, 
Inc.
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graft substitute. Therefore, investigations for methods 
of stimulating osteoblast differentiation, expanding the 
QXPEHU�RI�RVWHREODVW��DQG�¿QGLQJ�QHZ�RVWHRFRQGXFWLYH�
VFDIIROGV�ZLWK�VWUXFWXUDO�VWUHQJWK�DUH�QHHGHG�

Conclusion

Osteoporosis results in fragile bone through negative 
ERQH�UHPRGHOLQJ��$V�VXFK��SULRU�WR�SHUIRUPLQJ�VSLQDO�
IXVLRQ�RQ�RVWHRSRURWLF�SDWLHQWV��VXUJHRQV�VKRXOG�FRQ-
VLGHU�PXOWLGLVFLSOLQDU\�VWUDWHJLHV�LQFOXGLQJ�WKH�XVH�RI�
WKH�DQWL�UHVRUSWLYH�DQG�DQDEROLF�DJHQWV��SURSHU�LQVWUX-
mentations, and BMA. Perioperative strategies in 
RVWHRSRURWLF�SDWLHQWV�PD\�DIIHFW� WKH�UDGLRORJLFDO�DQG�
FOLQLFDO�RXWFRPHV� 

RefeRences

��� $EH�<��7DNDKDWD�0��,WR�0��,ULH�.��$EXPL�.��0LQDPL�$��(QKDQFH-
PHQW� RI� JUDIW� ERQH� KHDOLQJ� E\� LQWHUPLWWHQW� DGPLQLVWUDWLRQ� RI�
KXPDQ� SDUDWK\URLG� KRUPRQH� ������� LQ� D� UDW� VSLQDO� DUWKURGHVLV�
model. Bone�������������±����

��� $HEL�0��7KH�VFROLRVLV��Eur Spine J�������������±����
3. Aldini NN, Fini M, Giavaresi G, Giardino R, Greggi T, Pari-

VLQL� 3�� 3HGLFXODU� ¿[DWLRQ� LQ� WKH� RVWHRSRURWLF� VSLQH�� D� SLORW� LQ�
YLYR� VWXG\� RQ� ORQJ�WHUP�RYDULHFWRPL]HG� VKHHS�� J Orthop Res. 
������������±�����

��� $ONKLDU\�<0��*HUVWHQIHOG�/&��.UDOO�(��:HVWPRUH�0��6DWR�0��
0LWODN�%+��HW�DO��(QKDQFHPHQW�RI�H[SHULPHQWDO�IUDFWXUH�KHDOLQJ�
E\� V\VWHPLF� DGPLQLVWUDWLRQ�RI� UHFRPELQDQW� KXPDQ�SDUDWK\URLG�
KRUPRQH��37+�������J Bone Joint Surg Am�������������±����

��� $\GRJDQ�0��2]WXUN�&��.DUDWRSUDN�2��7H]HU�0��$NVX�1��+DP]D-
RJOX�$��7KH�SHGLFOH�VFUHZ�¿[DWLRQ�ZLWK�YHUWHEURSODVW\�DXJPHQ-
WDWLRQ�LQ�WKH�VXUJLFDO�WUHDWPHQW�RI�WKH�VHYHUH�RVWHRSRURWLF�VSLQHV��
J Spinal Disord Tech�������������±����

��� %ODFN�'0��%LOH]LNLDQ�-3��(QVUXG�.(��*UHHQVSDQ�6/��3DOHUPR�/��
+XH�7��HW�DO��3D7+�6WXG\�,QYHVWLJDWRUV��2QH�\HDU�RI�DOHQGURQDWH�
DIWHU�RQH�\HDU�RI�SDUDWK\URLG�KRUPRQH��������IRU�RVWHRSRURVLV��N 
Engl J Med��������������±����

��� %ODFN�'0��*UHHQVSDQ�6/��(QVUXG�.(��3DOHUPR�/��0F*RZDQ�-$��
/DQJ�7)��HW�DO��3D7+�6WXG\�,QYHVWLJDWRUV��7KH�HIIHFWV�RI�SDUDWK\-
URLG�KRUPRQH�DQG�DOHQGURQDWH�DORQH�RU� LQ�FRPELQDWLRQ� LQ�SRVW-
menopausal osteoporosis. N Engl J Med���������������±�����

��� %RGHQ�6'��2YHUYLHZ�RI�WKH�ELRORJ\�RI�OXPEDU�VSLQH�IXVLRQ�DQG�
SULQFLSOHV�IRU�VHOHFWLQJ�D�ERQH�JUDIW�VXEVWLWXWH��Spine� �3KLOD�3D�
��������������6��±6���

��� %RGHQ�6'��7KH�ELRORJ\�RI�SRVWHURODWHUDO� OXPEDU�VSLQDO�IXVLRQ��
Orthop Clin North Am�������������±����

���� %RGHQ�6'��6FKLPDQGOH�-+��+XWWRQ�:&��&KHQ�0,��7KH�XVH�RI�DQ�
RVWHRLQGXFWLYH�JURZWK�IDFWRU�IRU�OXPEDU�VSLQDO�IXVLRQ��3DUW�,��%LR-
ORJ\�RI�VSLQH�IXVLRQ��Spine��3KLOD�3D�������������������±�����

���� %UDQWLJDQ�-:��6WHIIHH�$'��$�FDUERQ�¿EHU� LPSODQW� WR�DLG� LQWHU-
ERG\�OXPEDU�IXVLRQ��7ZR�\HDU�FOLQLFDO�UHVXOWV�LQ�WKH�¿UVW����SDWL-
ents. Spine��3KLOD�3D�������������������±�����

���� %ULGZHOO�.+��6HGJHZLFN�7$��2µ%ULHQ�0)��/HQNH�/*��%DOGXV�&��
The role of fusion and instrumentation in the treatment of dege-
QHUDWLYH�VSRQG\OROLVWKHVLV�ZLWK�VSLQDO�VWHQRVLV��J Spinal Disord. 
����������±����

���� %XUYDO�'-��0F/DLQ�5)��0LONV�5�� ,QFHRJOX�6��3ULPDU\�SHGLFOH�
VFUHZ� DXJPHQWDWLRQ� LQ� RVWHRSRURWLF� OXPEDU� YHUWHEUDH�� ELRPH-
FKDQLFDO� DQDO\VLV� RI� SHGLFOH� ¿[DWLRQ� VWUHQJWK�� Spine� �3KLOD� 3D�
������������������±�����

���� &DUUHRQ�/<��3XQR�50��'LPDU�-5���QG��*ODVVPDQ�6'��-RKQVRQ�
-5�� 3HULRSHUDWLYH� FRPSOLFDWLRQV� RI� SRVWHULRU� OXPEDU� GHFRP-
pression and arthrodesis in older adults. J Bone Joint Surg Am. 
������������±�����

���� &DXOH\�-$��)XOOPDQ�5/��6WRQH�./��=PXGD�-0��%DXHU�'&��%DU-
UHWW�&RQQRU�(��HW�DO��)DFWRUV�DVVRFLDWHG�ZLWK�WKH�OXPEDU�VSLQH�DQG�
SUR[LPDO�IHPXU�ERQH�PLQHUDO�GHQVLW\�LQ�ROGHU�PHQ��Osteoporos 
Int��������������±�����

���� &DYDJQD� 5�� 7RXUQLHU� &��$XQREOH� 6�� %RXOHU� -0��$QWRQLHWWL� 3��
5RQDL�0�� HW� DO�� /XPEDU� GHFRPSUHVVLRQ� DQG� IXVLRQ� LQ� HOGHUO\�
RVWHRSRURWLF�SDWLHQWV�� D� SURVSHFWLYH� VWXG\�XVLQJ� OHVV� ULJLG� WLWD-
QLXP�URG�¿[DWLRQ��J Spinal Disord Tech������������±���

���� &KLQ�'.��3DUN�-<��<RRQ�<6��.XK�68��-LQ�%+��.LP�.6��HW�DO��
3UHYDOHQFH�RI�RVWHRSRURVLV� LQ�SDWLHQWV� UHTXLULQJ� VSLQH� VXUJHU\��
LQFLGHQFH� DQG� VLJQL¿FDQFH� RI� RVWHRSRURVLV� LQ� VSLQH� GLVHDVH��
Osteoporos Int��������������±�����

���� &RH�-'��:DUGHQ�.(��+HU]LJ�0$��0F$IHH�3&��,QÀXHQFH�RI�ERQH�
PLQHUDO� GHQVLW\� RQ� WKH� ¿[DWLRQ� RI� WKRUDFROXPEDU� LPSODQWV��$�
FRPSDUDWLYH�VWXG\�RI�WUDQVSHGLFXODU�VFUHZV��ODPLQDU�KRRNV��DQG�
VSLQRXV�SURFHVV�ZLUHV��Spine��3KLOD�3D������������������±����

���� &RQDW\�-3��0RQJDQ�(6��&HUYLFDO�IXVLRQ�LQ�UKHXPDWRLG�DUWKULWLV��J 
Bone Joint Surg Am��������������±�����

���� &RRN�6'��%DUEHUD�-��5XEL�0��6DONHOG�6/��:KLWHFORXG�76����UG�
/XPERVDFUDO�¿[DWLRQ�XVLQJ�H[SDQGDEOH�SHGLFOH�VFUHZV��DQ�DOWHU-
native in reoperation and osteoporosis. Spine J������������±����

Justin S. Field, M.D.
Dr. Field is a board certified, fellowship 
trained orthopedic spine surgeon at Des-
ert Institute for Spine Care. Dr. Field has 
specialized training in minimally invasive 
spine surgery and motion sparing technolo-
gies, such as cervical and lumbar artificial 

disc replacement and non-fusion stabilization. In addition, he 
has extensive training in adult deformity correction and treat-
ment. Dr. Field earned his medical degree at Tulane University, 
where he finished in the top 1% of his class. He completed 
both his surgical internship and orthopedic surgery residency 
at Duke University and completed a spine surgery fellowship at 
The Spine Institute in Santa Monica (CA). Dr. Field was recog-
nized by his peers to be one of the top Phoenix spine surgeons 
in 2009, 2011, 2012 and 2013. He was also recognized as one 
of America’s Most Compassionate Doctors.



6PINAL R(6($5&+ F281'$7,21 

43 Journal of The Spinal Research Foundation FALL 2013 VOL. 8 No. 2

J.S. Field/Journal of the Spinal Research Foundation 8 (2013) 37–43

���� &XPPLQJV� 65�� 0HOWRQ� /-�� (SLGHPLRORJ\� DQG� RXWFRPHV� RI�
RVWHRSRURWLF�IUDFWXUHV��Lancet���������������±�����

���� 'HDO� &�� )XWXUH� WKHUDSHXWLF� WDUJHWV� LQ� RVWHRSRURVLV��Curr Opin 
Rheumatol�������������±����

���� )UDL]HU�''��/LSVRQ�6-��)RVVHO�$+��.DW]�-1��$VVRFLDWLRQV�EHW-
ZHHQ� VSLQDO� GHIRUPLW\� DQG� RXWFRPHV� DIWHU� GHFRPSUHVVLRQ� IRU�
spinal stenosis. Spine��3KLOD�3D�������������������±�����

���� )HUJXVRQ�6-��:LQNOHU�)��1ROWH�/3��$QWHULRU�¿[DWLRQ�LQ�WKH�RVWHR-
SRURWLF�VSLQH��FXW�RXW�DQG�SXOORXW�FKDUDFWHULVWLFV�RI�LPSODQW��Eur 
Spine J�������������±����

���� )DUH\� ,'��0F$IHH� 3&��*XUU�.5��5DQGROSK�0$��4XDQWLWDWLYH�
KLVWRORJLF� VWXG\� RI� WKH� LQÀXHQFH� RI� VSLQDO� LQVWUXPHQWDWLRQ� RQ�
OXPEDU�IXVLRQV��D�FDQLQH�PRGHO��J Orthop Res������������±����

���� *ODVVPDQ�6'��3ROO\�':��%RQR�&0��%XUNXV�.��'LPDU�-5��2XW-
FRPH�RI�OXPEDU�DUWKURGHVLV�LQ�SDWLHQWV�VL[W\�¿YH�\HDUV�RI�DJH�RU�
older. J Bone Joint Surg Am�������������±����

���� *UHHQ¿HOG�57���UG��&DSHQ�'$��7KRPDV�-&��-U��1HOVRQ�5��1DJHO-
EHUJ�6��5LPROGL�5/��HW�DO��3HGLFOH�VFUHZ�¿[DWLRQ�IRU�DUWKURGHVLV�
RI�WKH�OXPERVDFUDO�VSLQH�LQ�WKH�HOGHUO\��DQ�RXWFRPH�VWXG\��Spine 
�3KLOD�3D�������������������±�����

���� +DUW�5$��3UHQGHUJDVW�0$��6SLQH�VXUJHU\�IRU�OXPEDU�GHJHQHUD-
WLYH� GLVHDVH� LQ� HOGHUO\� DQG� RVWHRSRURWLF� SDWLHQWV�� Instr Course 
Lect�������������±����

���� +RGVPDQ�$%��%DXHU�'&��'HPSVWHU�':��'LDQ�/��+DQOH\�'$��
+DUULV� 67�� HW� DO�� 3DUDWK\URLG� KRUPRQH� DQG� WHULSDUDWLGH� IRU� WKH�
WUHDWPHQW�RI�RVWHRSRURVLV��D�UHYLHZ�RI�WKH�HYLGHQFH�DQG�VXJJHV-
ted guidelines for its use. Endocr Rev�������������±����

���� +RUZLW]�0�� 6WHZDUW�$��*UHHQVSDQ� 6/�� 6HTXHQWLDO� SDUDWK\URLG�
KRUPRQH�DOHQGURQDWH� WKHUDS\�IRU�RVWHRSRURVLV�UREELQJ�3HWHU� WR�
SD\�3DXO"�J Clin Endocrinol Metab��������������±�����

���� +XDQJ�5&��.KDQ�61��6DQGKX�+6��0HW]O� -$��&DPPLVD�)3�� -U��
=KHQJ�)��HW�DO��$OHQGURQDWH�LQKLELWV�VSLQH�IXVLRQ�LQ�D�UDW�PRGHO��
Spine��3KLOD�3D�������������������±�����

���� +XJKHV�'(��:ULJKW�.5��8\�+/��6DVDNL�$��<RQHGD�7��5RRGPDQ�
*'��HW�DO��%LVSKRVSKRQDWHV�SURPRWH�DSRSWRVLV�LQ�PXULQH�RVWHR-
FODVWV�LQ�YLWUR�DQG�LQ�YLYR��J Bone Miner Res��������������±�����

���� -LOND� 5/�� :HLQVWHLQ� 56�� %HOOLGR� 7�� 5REHUVRQ� 3�� 3DU¿WW� $0��
0DQRODJDV� 6&�� ,QFUHDVHG� ERQH� IRUPDWLRQ� E\� SUHYHQWLRQ� RI�
RVWHREODVW� DSRSWRVLV� ZLWK� 37+�� J Clin Invest�� ������������±
�����>30&�IUHH�DUWLFOH@

���� -RKQVVRQ�.(��:LOOQHU�6�� -RKQVVRQ�.��3RVWRSHUDWLYH� LQVWDELOLW\�
DIWHU�GHFRPSUHVVLRQ�IRU�OXPEDU�VSLQDO�VWHQRVLV��Spine��3KLOD�3D�
�����������������±����

���� .LP�.+��/HH�6+��/HH�'<��6KLP�&6��0DHQJ�'+��$QWHULRU�ERQH�
FHPHQW� DXJPHQWDWLRQ� LQ� DQWHULRU� OXPEDU� LQWHUERG\� IXVLRQ� DQG�
SHUFXWDQHRXV�SHGLFOH�VFUHZ�¿[DWLRQ�LQ�SDWLHQWV�ZLWK�RVWHRSRUR-
sis. J Neurosurg Spine�������������±����

���� .LWFKHO� 6+��$� SUHOLPLQDU\� FRPSDUDWLYH� VWXG\� RI� UDGLRJUDSKLF�
UHVXOWV� XVLQJ� PLQHUDOL]HG� FROODJHQ� DQG� ERQH� PDUURZ� DVSLUDWH�
versus autologous bone in the same patients undergoing poste-
ULRU� OXPEDU� LQWHUERG\� IXVLRQ� ZLWK� LQVWUXPHQWHG� SRVWHURODWHUDO�
lumbar fusion. Spine J������������±����

���� /HKPDQ�5$�� -U��.XNOR�75��)UHHGPDQ�%$��&RZDUW� -5��0HQVH�
0*�� 5LHZ� .'�� 7KH� HIIHFW� RI� DOHQGURQDWH� VRGLXP� RQ� VSLQDO�
IXVLRQ��D�UDEELW�PRGHO��Spine J�����������±���

���� 0DQRODJDV�6&��%LUWK�DQG�GHDWK�RI�ERQH�FHOOV��EDVLF�UHJXODWRU\�
PHFKDQLVPV�DQG�LPSOLFDWLRQV�IRU�WKH�SDWKRJHQHVLV�DQG�WUHDWPHQW�
of osteoporosis. Endocr Rev�������������±����

���� 1DNDPXUD�<��+D\DVKL�.��$EX�$OL�6��1DLWR�0��)RWRYDWL�$��(IIHFW�
RI�SUHRSHUDWLYH�FRPELQHG�WUHDWPHQW�ZLWK�DOHQGURQDWH�DQG�FDOFL-
WULRO�RQ�¿[DWLRQ�RI�K\GUR[\DSDWLWH�FRDWHG�LPSODQWV�LQ�RYDULHFWR-
PL]HG�UDW��J Bone Joint Surg Am�������������±����

���� 2NXGD� 6��0L\DXFKL�$��2GD�7��+DNX�7��<DPDPRWR�7�� ,ZDVDNL�
0��6XUJLFDO�FRPSOLFDWLRQV�RI�SRVWHULRU�OXPEDU�LQWHUERG\�IXVLRQ�
ZLWK� WRWDO� ODPLQHFWRP\� LQ� ���� SDWLHQWV�� J Neurosurg Spine. 
����������±����

���� 2NXGD� 6��2GD�7��0L\DXFKL�$��+DNX�7��<DPDPRWR�7�� ,ZDVDNL�
0�� 6XUJLFDO� RXWFRPHV� RI� SRVWHULRU� OXPEDU� LQWHUERG\� IXVLRQ� LQ�
HOGHUO\�SDWLHQWV��J Bone Joint Surg Am��������������±�����

���� 3DOPHU�0��$GDPL�+2��.UXVHPR�8%��/MXQJKDOO�6��,QFUHDVHG�ULVN�RI�
PDOLJQDQW�GLVHDVH�DIWHU�VXUJHU\�IRU�SULPDU\�K\SHUSDUDWK\URLGLVP��D�
QDWLRQ�ZLGH�FRKRUW�VWXG\��Am J Epidemiol���������������±�����

���� 3DU¿WW�$0��0XQG\�*5��5RRGPDQ�*'��+XJKHV�'(��%R\FH�%)��$�
QHZ�PRGHO�IRU�WKH�UHJXODWLRQ�RI�ERQH�UHVRUSWLRQ��ZLWK�SDUWLFXODU�
UHIHUHQFH�WR�WKH�HIIHFWV�RI�ELVSKRVSKRQDWHV��J Bone Miner Res. 
�����������±����

���� 3HWHU�&3��&RRN�:2��1XQDPDNHU�'0��3URYRVW�07��6HHGRU�-*��
5RGDQ�*$��(IIHFW�RI�DOHQGURQDWH�RQ�IUDFWXUH�KHDOLQJ�DQG�ERQH�
remodeling in dogs. J Orthop Res������������±���

���� 5HLQKROG�0��6FKZLHJHU�.��*ROGKDKQ�-��/LQNH�%��.QRS�&��%ODXWK�
0��,QÀXHQFH�RI�VFUHZ�SRVLWLRQLQJ�LQ�D�QHZ�DQWHULRU�VSLQH�¿[DWRU�
RQ�LPSODQW�ORRVHQLQJ�LQ�RVWHRSRURWLF�YHUWHEUDH��Spine��3KLOD�3D�
�����������������±����

���� 6LHQNLHZLF]�3-��)ODWOH\�7-��3RVWRSHUDWLYH�VSRQG\OROLVWKHVLV��Clin 
Orthop Relat Res��������������±����

���� 6LPV�1$��*RRL� -+�� %RQH� UHPRGHOLQJ��PXOWLSOH� FHOOXODU� LQWHU-
DFWLRQV�UHTXLUHG�IRU�FRXSOLQJ�RI�ERQH�IRUPDWLRQ�DQG�UHVRUSWLRQ��
Semin Cell Dev Biol�������������±����

���� 6]SDOVNL�0��*XQ]EXUJ�5��/XPEDU�VSLQDO�VWHQRVLV�LQ�WKH�HOGHUO\��DQ�
RYHUYLHZ��Eur Spine J����������6���±6�����>30&�IUHH�DUWLFOH@

���� 7DNDKDWD�0��,WR�0��$EH�<��$EXPL�.��0LQDPL�$��7KH�HIIHFW�RI�
DQWL�UHVRUSWLYH�WKHUDSLHV�RQ�ERQH�JUDIW�KHDOLQJ�LQ�DQ�RYDULHFWR-
PL]HG�UDW�VSLQDO�DUWKURGHVLV�PRGHO��Bone��������������±�����

���� 7RULEDWDNH�<��+XWWRQ�:&��7RPLWD�.��%RGHQ� 6'��9DVFXODUL]D-
WLRQ�RI�WKH�IXVLRQ�PDVV�LQ�D�SRVWHURODWHUDO�LQWHUWUDQVYHUVH�SURFHVV�
fusion. Spine��3KLOD�3D�������������������±�����

���� :HUPHUV�5$��.KRVOD� 6��$WNLQVRQ�(-��*UDQW�&6��+RGJVRQ� 6)��
2¶)DOORQ�:0��HW�DO��6XUYLYDO�DIWHU�WKH�GLDJQRVLV�RI�K\SHUSDUDWK\-
URLGLVP��D�SRSXODWLRQ�EDVHG�VWXG\��Am J Med��������������±����

���� <DPDPRWR� 7�� 2KNRKFKL� 7�� 2KZDGD� 7�� .RWRNX� +�� +DUDGD� 1��
&OLQLFDO�DQG�UDGLRORJLFDO�UHVXOWV�RI�3/,)�IRU�GHJHQHUDWLYH�VSRQ-
G\OROLVWKHVLV��J Musculoskelet Res������������±����

���� <RQH�.��6DNRX�7��.DZDXFKL�<��<DPDJXFKL�0��<DQDVH�0��,QGLFD-
WLRQ�RI�IXVLRQ�IRU�OXPEDU�VSLQDO�VWHQRVLV�LQ�HOGHUO\�SDWLHQWV�DQG�
LWV�VLJQL¿FDQFH��Spine��3KLOD�3D������������������±����

���� =LSIHO� *-�� *XLRW� %+�� )HVVOHU� 5*�� %RQH� JUDIWLQJ�� Neurosurg 
Focus����������H��

���� &DQWR�)��*DUFLD�6��,VDD�-3��0DULQ�$��'HO�%HO�(��'H¿QR�+��,QÀX-
HQFH�RI�GHFRUWLFDWLRQ�RI�WKH�UHFLSLHQW�JUDIW�EHG�RQ�JUDIW�LQWHJUD-
WLRQ�DQG�WLVVXH�QHRIRUPDWLRQ�LQ�WKH�JUDIW�UHFLSLHQW�EHG�LQWHUIDFH��
Eur Spine J����������������±����



FALL 2013

Journal of The Spinal Research Foundation 44FALL 2013 VOL. 8 No. 2

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 treatments and techniques.

Allegheny Brain and Spine Surgeon
James P. Burke, MD, PhD

Altoona, PA
centralpabrainandspinesurgeons.com

The Hughston Clinic
J. Kenneth Burkus, MD

Columbus, GA
hughston.com

Atlanta Brain and Spine Care
Regis W. Haid, Jr., MD

Atlanta, GA
atlantabrainandspine.com

Indiana Spine Group
Rick C. Sasso, MD

Carmel, IN
indianaspinegroup.com

MUSC Darby Children’s  
Research Institute
Inderjit Singh, PhD

Charleston, SC
clinicaldepartments.musc.edu/ 

pediatrics2/research/

Colorado Comprehensive  
Spine Institute

George A. Frey, MD
Englewood, CO

coloradospineinstitute.com

Inova Research Center
Zobair M. Younossi, MD, MPH

Falls Church, VA
inova.org/clinical-education-and- 

research/research/index.jsp

++
++++

++

++

Desert Institute for Spine Care
Christopher A. Yeung, MD

Anthony T. Yeung, MD
Justin S. Field, MD
Nima Salari, MD

Phoenix, AZ
sciatica.com

Midwest Orthopaedic Center
Patrick T. O’Leary, MD

Daniel S. Mulconrey, MD
Peoria, IL

midwest-ortho.com

+��We are excited to welcome our newest Research 
Partner, Desert Institute for Spine Care!
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Oregon Neurosurgery Specialists
Robert J. Hacker, MD 
Andrea Halliday, MD

Springfield, OR
oregonneurosurgery.com

Princeton Brain and Spine Care
Mark R. McLaughlin, MD, FACS

Langhorne, PA
princetonbrainandspine.com

South Coast Orthopaedic Associates
Aleksandar Curcin, MD, MBA

Coos Bay, OR
scoastortho.com

The Virginia Spine Institute
Thomas C. Schuler, MD, FACS 

Brian R. Subach, MD, FACS
Reston, VA

spinemd.com

SpineCare Medical Group
Paul J. Slosar, Jr., MD

San Francisco Spine Institute
Daly City, CA

spinecare.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

Southern Brain and Spine
Najeeb M. Thomas, MD

Metairie, LA
sbsdocs.net

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

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

vtfc.com

Twin Cities Spine Center
James D. Schwender, MD

Minneapolis, MN
tcspine.com

The Orthopedic Center of St. Louis
Matthew F. Gornet, MD

Chesterfield, MO
toc-stl.com

Rutgers University
Department of Biomedical Engineering

Noshir A. Langrana, PhD, PE
Piscataway, NJ

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

University of Minnesota Medical  
Center, Fairview

David W. Polly, Jr., MD
Minneapolis, MN

Spine Colorado
Jim A. Youssef, MD

Douglas G. Orndorff, MD
Durango, CO

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

New England Neurosurgical  
Associates, LLC

Christopher H. Comey, MD
Springfield, MA


