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Bone morphogenetic protein in complex cervical spine 
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Abstract
The advent of recombinant DNA technology has sub-
stantially increased the intra-operative utilization of 
biologic augmentation in spine surgery over the past 
several years after the Food and Drug Administration ap-
proval of the bone morphogenetic protein (BMP) class 
of molecules for indications in the lumbar spine. Much 
less is known about the potential benefits and risks of 
the “off-label” use of BMP in the cervical spine. The his-
tory and relevant literature pertaining to the use of the 
“off-label” implantation of the BMP class of molecules 
in the anterior or posterior cervical spine are reviewed 
and discussed. Early prospective studies of BMP-2 im-
plantation in anterior cervical spine constructs showed 
encouraging results. Later retrospective studies report-
ed potentially “life threatening complications” resulting 
in a 2007 public health advisory by the FDA. Limited 
data regarding BMP-7 in anterior cervical surgery was 
available with one group reporting a 2.4% early (< 30 
d) complication rate (brachialgia and dysphagia). BMP 
use in the decompressed posterior cervical spine may 
result in neurologic or wound compromise according 
to several retrospective reports, however, controlled 
use has been reported to increase fusion rates in select 
complex and pediatric patients. There were no cases 
of de novo  neoplasia related to BMP implantation in 
the cervical spine. BMP-2 use in anterior cervical spine 
surgery has been associated with a high early com-
plication rate. Definitive recommendations for BMP-7 

use in anterior cervical spine surgery cannot be made 
with current clinical data. According to limited reports, 
select complex patients who are considered “high risk” 
for pseudoarthrosis undergoing posterior cervical or oc-
cipitocervical arthrodesis or children with congenital or 
traumatic conditions may be candidates for “off-label” 
use of BMP in the context of appropriate informed deci-
sion making. At the present time, there are no high-
level clinical studies on the outcomes and complication 
rates of BMP implantation in the cervical spine. 
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DECADE OF BONE MORPHOGENETIC 
PROTEIN EMERGENCE IN THE UNITED 
STATES
Biological augmentation of  spinal surgery procedures 
has substantially increased in the United States over the 
past decade with the advent of  genetic engineering tech-
niques and the Food and Drug Administration (FDA) 
approval and marketing of  several synthetic products. A 
great deal of  therapeutic potential has been associated 
with the “Bone Morphogenetic Protein” (BMP) class 
of  molecules since the Nobel Prize nominated work of  
Marshall Urist in 1965 demonstrated their ability to trans-
duce intracellular signaling pathways towards the genesis 
of  bone and cartilage tissues[1]. Basic science studies laid 
the groundwork for later pre-clinical studies that dem-
onstrated definitive evidence of  rhBMP-2 induced os-
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teoinduction in a small series of  11 humans[2]. The more 
recent foray of  these powerful signal transduction agents 
into the clinical realm has brought to light both powerful 
efficacy and the potential for serious and even fatal com-
plications.

In 2002, the FDA granted pre-market approval of  
rhBMP-2 (rhBMP-2 - Infuse Bone Graft, Medtronic 
Sofamor Danek, Memphis, TN) for use in adult patients 
undergoing single-level anterior lumbar interbody fusion 
(ALIF) from L2 to S1 for degenerative disk disease[3]. 
Two years later, a second subtype of  recombinant BMP 
molecule was also approved by the FDA, BMP-7 (rh-
BMP-2 - OP-1 Putty, Stryker Biotech, Hopkinton, MA) 
as an alternative to autograft in patients requiring revision 
posterolateral (intertransverse) lumbar spinal fusion, for 
whom autologous bone and bone marrow harvest are not 
feasible or are not expected to promote fusion (patients 
with osteoporosis, smokers, and diabetes)[4].

Any new therapeutic procedure, technique, or medi-
cation will bring a finite number of  associated complica-
tions. In the ensuing time period following the translation 
of  these biological adjuncts into the operating room, a se-
ries of  reports has sparked great concern about potential 
adverse sequelae. In July of  2010, a 33% higher concen-
tration formulation of  Medtronic’s rhBMP-2 product fea-
turing a compression-resistant matrix (AMPLIFY Matrix 
- 2.0 mg/cc compared to INFUSE 1.5 mg/cc) that was 
designed to induce de novo bone formation without iliac 
crest bone graft (ICBG) was rejected by the FDA due to 
possible increased cancer risks in susceptible individuals[5]. 
In 2011, secondary analysis of  Medtronic-funded studies 
found an increased cancer risk associated with rhBMP-2 
(AMPLIFY) in patients undergoing posterolateral lumbar 
fusion. Reports of  increased retrograde ejaculation fol-
lowing ALIF procedures[6,7] and that complication rates 
associated with BMP are 10 to 50 times higher than the 
original estimates in industry-sponsored peer-reviewed 
publications have recently been publicized[6]. The ensuing 
media attention to these studies has resulted in a decline 
in the use of  biologics in spine surgery applications[8].

Much less is known about the “off-label” use of  the 
BMP class of  molecules in the cervical spine. To under-
stand the incidence and spectrum of  reported compli-
cations associated with BMP use in the cervical spine, 
the relevant clinical studies reported in the literature are 
reviewed and discussed.

ANTERIOR CERVICAL SURGERY WITH 
BMP
The efficacy of  rhBMP-2 use in the anterior cervical 
spine has been evaluated by several groups as “off-label” 
indications have been found in parallel with those ap-
proved by the FDA. 

Prospective studies
An early pilot study in 2003, was designed as a prospec-
tive randomized trial comparing rhBMP-2 to cancel-

lous autogenous ICBG inside a fibular allograft in 33 
patients. All patients underwent plated anterior cervical 
discectomy and fusion (ACDF) for degenerative cervical 
disk disease[9]. At 2-years follow-up, both groups dem-
onstrated solid fusion in all patients. Interestingly, the 
rhBMP-2 group had superior improvement in neck dis-
ability and arm pain scores. In this pilot study, anecdotal 
observation of  two cases of  heterotopic bone anterior to 
the graft in the rhBMP-2 group and one in the autograft 
group were made. Given the limited numbers of  patients, 
conclusive statements on potential adverse events could 
not be made. In 2004, a second pilot study prospectively 
followed 20 patients that underwent ACDF with rh-
BMP-2 contained within a bioabsorbable spacer demon-
strated bridging bone across the interspace in 100% of  
patients[10]. Buttermann confirmed these reports in a pro-
spective nonrandomized consecutive series of  66 patients 
with either ICBG or BMP-allograft. Two patients in the 
ICBG group had pseudarthrosis compared to one patient 
in the BMP-allograft group at 2-3 year follow-up. How-
ever, 50% of  the patients in the BMP allograft group had 
“neck swelling” presenting as dysphagia compared to 
14% in the ICBG group[11].

Retrospective studies
Several retrospective studies raised concerns about the 
use of  BMP in the anterior cervical spine. In 2005, 
Boakye et al[12] reported an uncontrolled retrospective 
report of  good clinical outcomes and solid fusion with 
rhBMP-2 implanted inside of  a polyetherehterketone 
(PEEK) spacer for single and multi-level ACDF in 24 
patients. By 2006, retrospective reviews of  151 patients 
who underwent either anterior cervical corpectomy (n = 
13) or ACDF (n = 138) augmented with high dose IN-
FUSE (up to 2.1 mg/level) reported a complication rate 
of  23.2% due to hematoma requiring surgical evacuation 
or readmission due to swallowing/breathing difficulties 
or dramatic swelling in the absence of  a hematoma[13]. A 
subsequent retrospective report of  69 patients confirmed 
the high complication rate associated with BMP-2 use in 
ACDF constructs with 27.5% having clinically significant 
swelling[14]. In 2007, retrospective reports of  significantly 
more dysphagia following ACDF with rhBMP-2 and 
increased anterior soft tissue shadow for the first 6 wk 
postoperatively on lateral C-spine radiograph were ac-
companied by similar clinical outcomes at 2-years[15]. 

Radiographic reports 
These early reports of  excellent fusion rates were later 
accompanied by radiographic reports of  endplate erosion 
and subsidence associated with rhBMP-2. In 2007, a pro-
spective study of  cervical interbody fusion with allograft 
and rhBMP-2 demonstrated significant subsidence of  
cervical interbody grafts of  a mean height of  53% that 
occurred in more than half  of  the operative levels[16]. 
Further radiographic studies comparing polyetherehter-
ketone (PEEK) cages and BMP for spinal fusion dem-
onstrated an enhanced fusion rate with a concomitant 
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prevertebral soft-tissue swelling in patients who under-
went ACDF. Radiographic evidence of  a resorptive phase 
of  BMP-2 resulting in endplate absorption has been 
reported by several groups to occur in 100% of  patients 
undergoing ACDF[15,17,18].

FDA public health advisory
In March of  2007, a case report of  a 54 year-old male 
presenting with neck swelling and difficulty swallowing 5 
days after ACDF with rhBMP-2 resulting in respiratory 
distress and reintubation was published[19]. By July of  that 
year, early “off-label” use of  BMP in the cervical spine 
resulted in at least 38 reports of  complications over the 
preceding 4 years[20]. This provided the impetus for the 
FDA to issue a public health advisory of  “life-threatening 
complications” due to severe swelling and airway com-
promise. Many practitioners continue to implant BMP in 
the cervical spine despite this advisory in a select group 
of  patients in the context of  thorough patient education 
and informed decision making. 

BMP use after the FDA advisory
Following the FDA advisory in 2007, reports of  acute 
airway obstruction between postoperative days 2 and 7 
remained a significant concern. Yaremchuk reported in 
2010 a retrospective review of  260 patients who under-
went cervical procedures augmented by BMP between 
2004 and 2009. Patients treated with BMP had signifi-
cantly longer hospital stays, higher hospital charges, a 
higher number of  tracheotomies, unplanned intubations 
after surgery, dysphagia, dyspnea, respiratory failure, 
readmissions, intensive care unit admissions, and 90-d 
mortality rates. Despite these warnings, surgeons have 
advocated rhBMP-2 use in the anterior cervical spine in 
a controlled manner. A retrospective study by Tumialan 
et al[21] reported 200 patients that underwent one to four 
level ACDF with PEEK spacer, titanium plate, and rh-
BMP-2 reported a fusion rate of  100%, an incidence of  
clinically significant dysphagia of  only 7%, and suggested 
that the incidence of  dysphagia may be decreased by a 
lower dose of  rhBMP-2 that is placed only within the 
PEEK spacer. 

Anterior cervical surgery with BMP-7 (OP-1)
Data on the use of  OP-1 in the anterior cervical spine 
is much more sparse than that of  rhBMP-2. A PubMed 
database (http://www.ncbi.nlm.nih.gov/pubmed/) query 
for “BMP-7” or “OP-1”, and “anterior cervical” yielded 
only one study in the literature at the present time. In 
2009, surgeons in Australia reported early outcomes and 
complications (within 30 d) of  a prospective consecutive 
cohort study of  123 patients who underwent ACDF with 
a controlled dose of  OP-1 augmentation. They reported 
a 2.4% complication rate (transient brachialgia and dys-
phagia), no reoperations, and concluded that BMP-7 can 
be used safely in anterior cervical procedures. This report 
remains to be reproduced by other groups and long-term 
data on fusion and complication rates have yet to be re-

ported.

POSTERIOR CERVICAL SURGERY WITH 
BMP
Therapeutic applications of  rhBMP-2 in the posterior 
cervical spine avoid the putative inflammatory effects on 
critical anterior airway structures suggesting indications 
may be more plausible. However, there have been few 
reports on the safety and efficacy of  the “off-label” use 
of  BMP products in the posterior cervical spine. At the 
present time, there are no prospective studies on the use 
of  BMP in posterior cervical spine procedures.

A potential role for OP-1 in posterior cervical spine 
surgery in patients considered to be high risk for psue-
doarthrosis was examined in a 2007 invited submission 
of  the American Association of  Neurosurgical Surgeons 
Joint Section on Disorders of  the Spine and Peripheral 
Nerves. This report by Furlan et al[22] was an uncontrolled 
prospective non-randomized study of  14 patients un-
dergoing posterior cervical or occipitocervical spine 
surgery that resulted in no “allergic reactions” and no 
postoperative hematomas. In this patient population that 
included heavy smokers, patients with genetic disorders 
(mucopolysaccharidosis), rheumatoid arthritis, lupus, and 
previous nonunions, a fusion rate of  80% was reported 
at mean follow-up of  24 mo. All patients underwent MR 
imaging between 6 months and 1 year postoperatively 
and one patient who underwent posterior occipitocervi-
cal fusion demonstrated an asymptomatic linear opacifi-
cation in the soft tissues representing heterotopic ossifi-
cation. 

In 2009, a retrospective evaluation of  77 patients 
undergoing posterior cervical arthrodesis with either 
rhBMP-2 absorbable sponge or ICBG demonstrated a 
trend towards more posterior cervical wound complica-
tions requiring treatment in the rhBMP-2 group (14.6%) 
vs the ICBG group (2.8%), however, this result did not 
reach statistical significance[23]. In 2011, Xu et al[24] re-
ported a retrospective review of  204 patients that under-
went posterior spinal fusion augmented with and without 
rhBMP-2 over a 4-year period and found at 2-year mean 
follow-up there was no significant difference between 
the two cohorts in duration of  hospitalization, CSF leak-
age, infection, hematoma, C5 palsy, wound dehiscence, 
reoperation rates, or Nurick/ASIA scores. There were 
no patients in the rhBMP-2 group with instrumentation 
failure, however, a trend was observed towards increased 
rates of  instrumentation failure in the non-BMP group 
due to 11 patients (7.1%) with this complication (P = 
0.06). Patients receiving rhBMP-2 did have a significantly 
increased fusion rate (P = 0.01), however, they also had 
higher rates of  recurrent/persistent neck pain (chi-square 
test P = 0.003, log-rank test P = 0.01)[24].

Case reports have suggested the potential for cata-
strophic neurological complications with rhBMP-2 use 
in the posterior cervical spine following laminectomy. 
Anderson et al[25] reported two cases of  posterior cervical 

55 April 18, 2013|Volume 4|Issue 2|WJO|www.wjgnet.com

Lebl DR. BMP in complex cervical spine surgery



56 April 18, 2013|Volume 4|Issue 2|WJO|www.wjgnet.com

comprehensive database review of  the Scoliosis Research 
Society Morbidity and Mortality database of  55862 spinal 
fusion procedures, multivariate analysis demonstrated 
that anterior cervical spinal fusion with BMP remains a 
significant predictor of  complications after adjusting for 
patient age and revision procedures[28].

In a retrospective cohort study of  the Nationwide 
Inpatient Sample database (a sample of  20% of  United 
States community hospitals) consisting of  328468 spinal 
fusion procedures, BMP use was associated with greater 
complications for anterior cervical fusions and greater 
hospital charges[29]. Nonetheless, in select complex cervi-
cal patients, the use of  BMP in a controlled fashion may 
have benefits that outweigh the risks as supported by sev-
eral authors[21,22,26,27].
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complications may be dose dependent, with higher rates 
reported for higher concentrations by several authors. 

Patients who are considered high risk for pseudoar-
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When painted with broad strokes, the powerful ef-
fects of  BMP are implicated by several studies to result 
in increased complication rates in the cervical spine. In a 

Lebl DR. BMP in complex cervical spine surgery



57 April 18, 2013|Volume 4|Issue 2|WJO|www.wjgnet.com

J Neurosurg Spine 2005; 2: 521-525 [PMID: 15945426 DOI: 
10.3171/spi.2005.2.5.0521]

13 Shields LB, Raque GH, Glassman SD, Campbell M, Vitaz T, 
Harpring J, Shields CB. Adverse effects associated with high-
dose recombinant human bone morphogenetic protein-2 use 
in anterior cervical spine fusion. Spine (Phila Pa 1976) 2006; 
31: 542-547 [PMID: 16508549]

14 Smucker JD, Rhee JM, Singh K, Yoon ST, Heller JG. In-
creased swelling complications associated with off-label us-
age of rhBMP-2 in the anterior cervical spine. Spine (Phila Pa 
1976) 2006; 31: 2813-2819 [PMID: 17108835]

15 Vaidya R, Carp J, Sethi A, Bartol S, Craig J, Les CM. Com-
plications of anterior cervical discectomy and fusion using 
recombinant human bone morphogenetic protein-2. Eur 
Spine J 2007; 16: 1257-1265 [PMID: 17387522 DOI: 10.1007/
s00586-007-0351-9]

16 Vaidya R, Weir R, Sethi A, Meisterling S, Hakeos W, Wybo 
CD. Interbody fusion with allograft and rhBMP-2 leads to 
consistent fusion but early subsidence. J Bone Joint Surg Br 
2007; 89: 342-345 [PMID: 17356146 DOI: 10.1302/0301-620X.8
9B3.18270]

17 Sethi A, Craig J, Bartol S, Chen W, Jacobson M, Coe C, Vaid-
ya R. Radiographic and CT evaluation of recombinant hu-
man bone morphogenetic protein-2-assisted spinal interbody 
fusion. AJR Am J Roentgenol 2011; 197: W128-W133 [PMID: 
21700973 DOI: 10.2214/AJR.10.5484]

18 Vaidya R, Sethi A, Bartol S, Jacobson M, Coe C, Craig JG. 
Complications in the use of rhBMP-2 in PEEK cages for in-
terbody spinal fusions. J Spinal Disord Tech 2008; 21: 557-562 
[PMID: 19057248 DOI: 10.1097/BSD.0b013e31815ea897]

19 Perri B, Cooper M, Lauryssen C, Anand N. Adverse swelling 
associated with use of rh-BMP-2 in anterior cervical discec-
tomy and fusion: a case study. Spine J 2007; 7: 235-239 [PMID: 
17321975 DOI: 10.1016/j.spinee.2006.04.010]

20	 FDA	Public	Health	Notification:	Life-threatening	Complica-
tions Associated with Recombinant Human Bone Morphoge-
netic Protein in Cervical Spine Fusion, 2008. Available from: 
http: //www.fda.gov/MedicalDevices/Safety/Alertsand-
Notices/PublicHealthNotifications/ucm062000.htm

21 Tumialán LM, Pan J, Rodts GE, Mummaneni PV. The safety 
and	efficacy	of	anterior	cervical	discectomy	and	fusion	with	
polyetheretherketone spacer and recombinant human bone 
morphogenetic protein-2: a review of 200 patients. J Neuro-
surg Spine 2008; 8: 529-535 [PMID: 18518673 DOI: 10.3171/

SPI/2008/8/6/529]
22 Furlan JC, Perrin RG, Govender PV, Petrenko Y, Massicotte 

EM, Rampersaud YR, Lewis S, Fehlings MG. Use of osteo-
genic protein-1 in patients at high risk for spinal pseudar-
throsis: a prospective cohort study assessing safety, health-
related quality of life, and radiographic fusion. Invited 
submission from the Joint Section on Disorders of the Spine 
and Peripheral Nerves, March 2007. J Neurosurg Spine 2007; 7: 
486-495 [PMID: 17977189 DOI: 10.3171/SPI-07/09/486]

23 Crawford CH, Carreon LY, McGinnis MD, Campbell MJ, 
Glassman SD. Perioperative complications of recombinant 
human bone morphogenetic protein-2 on an absorbable 
collagen sponge versus iliac crest bone graft for posterior 
cervical arthrodesis. Spine (Phila Pa 1976) 2009; 34: 1390-1394 
[PMID: 19440166 DOI: 10.1097/BRS.0b013e3181a2da08]

24 Xu R, Bydon M, Sciubba DM, Witham TF, Wolinsky JP, Go-
kaslan	ZL,	Bydon	A.	Safety	and	efficacy	of	rhBMP2	in	pos-
terior cervical spinal fusion for subaxial degenerative spine 
disease: Analysis of outcomes in 204 patients. Surg Neurol Int 
2011; 2: 109 [PMID: 21886882 DOI: 10.4103/2152-7806.83726]

25 Anderson DW, Burton DC, Jackson RS. Postoperative cervi-
cal myelopathy and cord compression associated with the 
use of recombinant bone morphogenetic protein-2 in poste-
rior cervical decompression, instrumentation, and arthrod-
esis: a report of two cases. Spine (Phila Pa 1976) 2011; 36: 
E682-E686 [PMID: 21242869]

26 Lu DC, Sun PP. Bone morphogenetic protein for salvage fu-
sion in an infant with Down syndrome and craniovertebral 
instability. Case report. J Neurosurg 2007; 106: 480-483 [PMID: 
17566406]

27 Benzel EC, Zhang DH, Iannotti C, Refai D, Ruggieri P, Krish-
naney A. Occipitocervical fusion in an infant with atlantooc-
cipital dislocation. World Neurosurg 2012; 78: 715.e17-715.e24 
[PMID: 22381280 DOI: 10.1016/j.wneu.2011.12.079]

28 Williams BJ, Smith JS, Fu KM, Hamilton DK, Polly DW Jr, 
Ames CP, Berven SH, Perra JH, Knapp DR Jr, McCarthy RE, 
Shaffrey CI. Does BMP increase the incidence of periopera-
tive complications in spinal fusion? A comparison of 55,862 
cases of spinal fusion with and without BMP. Spine (Phila Pa 
1976) 2011; Epub ahead of print [PMID: 21394069]

29 Cahill KS, Chi JH, Day A, Claus EB. Prevalence, complica-
tions, and hospital charges associated with use of bone-mor-
phogenetic proteins in spinal fusion procedures. JAMA 2009; 
302: 58-66 [PMID: 19567440 DOI: 10.1001/jama.2009.956]

P- Reviewer  Wang JC    S- Editor  Song XX    L- Editor  A    
E- Editor  Zhang DN

Lebl DR. BMP in complex cervical spine surgery


