
   

Evidence Discussion (CMM-612: Grafts)  
Risks and complications associated with the use of recombinant human bone 
morphogenetic protein-2 (rhBMP-2) have been well documented in the literature. [1-6]  
Complications include but are not limited to swelling, edema, heterotopic ossification, 
osteolysis, seroma/hematoma, infection, arachnoiditis, dysphagia/airway obstruction 
(anterior cervical surgery) and neurological deficits (myelopathy, radiculopathy). [1-6]  
Given the potential possibility for serious complications, proper patient selection is 
critical to minimize the risk benefit ratio.   

There have been over 20 randomized control trials which have shown equivalent or 
superior efficacy of rhBMP-2 to iliac crest bone graft (ICBG). [9, 10] The literature 
supports the use of rhBMP-2 for stand-alone anterior lumbar interbody fusion (ALIF) [5-
9).  rhBMP-2 is also supported for posterolateral lumbar fusion (PLF), posterior lumbar 
interbody fusion (PLIF) and transforaminal lumbar interbody fusion (TLIF) when there is 
high risk for nonunion with autogenous bone graft or in those patients with inadequate 
or poor quality autogenous bone available. [5-9] The North Americana Spine Society 
(NASS) Coverage Policy Recommendations:  rhBMP-2 (2014) includes the following 
high-risk conditions:  revision posterior fusion; patients with poor quality or unavailable 
iliac crest autograft (trauma patients with concomitant pelvic injury, rheumatoid 
patients, etc.); multilevel surgeries (> 3 levels), particularly those extending to the 
sacrum or pelvis; elderly patients with osteoporosis; previous radiation or other insult to 
the fusion bed; metabolic factors that are likely to interfere with proper autograft 
incorporation, such as smokers and diabetics patients. [7]  Use of rhBMP-2  is not 
recommended for routine single level posterior/posterolateral fusions in healthy adults 
and routine pediatric spine fusion procedures (e.g. adolescent idiopathic scoliosis).  
Due to risks of airway obstruction and dysphagia with the use of rhBMP-2 as an 
adjunct in cervical spine surgery [11, 12], it is only recommended for patients at very 
high risk for fusion failure (neuromuscular scoliosis, occipitocervical pathology) and not 
for routine anterior and posterior cervical fusion procedures. [7]  rhBMP-2 is not 
recommended for patients who are skeletally immature. [13]  It should also be of note 
that there is insufficient evidence to support the use of rhBMP-7. [14, 15] 

The literature pertaining to the use of bone marrow aspirate concentrate (BMAC) in 
spine surgery consists mainly of small observational studies. [16-21] There have been 
few randomized controlled trials and the trials contained low numbers of participants. 
[18, 19]  Although the studies have supported the use of BMAC, strong evidence-based 
conclusions are unable to be made at this time. 

There is also lack of sufficient high-level evidentiary support for the use of platelet rich 
plasma, mesenchymal stem cell therapy, human amniotic membrane bone graft 
substitute, human growth factors (e.g., fibroblast growth factor, insulin-like growth), 
bone graft substitutes used to reduce donor site morbidity, ceramic based products, 
allograft graft substitutes used exclusively as stand-alone stabilization devices for 
fusion, OptiMesh® deployable grafting system and INFUSE/MASTERGRAFT™ 
Posterolateral Revision Device for the enhancement of bone healing. [22-34] 

As risk for major complications exists with grafting procedures, it is critical to optimally 
ensure that patients receive treatment that is appropriate, safe and effective.  Although 



  

the use of any coverage criteria includes the possible risk of delayed care, application 
of evidence based criteria best ensure patient safety and highly outweigh any clinical 
harms.  

 

 

 
1. Malham GM, Louie PK, Brazenor GA, Mobbs RJ, Walsh WR, Sethi RK. Recombinant human bone 
morphogenetic protein-2 in spine surgery: recommendations for use and alternative bone substitutes-a 
narrative review. J Spine Surg. 2022 Dec;8(4):477-490. 

2. James AW, LaChaud G, Shen J, Asatrian G, Nguyen V, Zhang X, Ting K, Soo C. A Review of the Clinical 
Side Effects of Bone Morphogenetic Protein-2. Tissue Eng Part B Rev. 2016 Aug;22(4):284-97. 

3. Epstein NE. Complications due to the use of BMP/INFUSE in spine surgery: The evidence continues to 
mount. Surg Neurol Int. 2013 Jul 9;4(Suppl 5):S343-52. 

4. Epstein NE. Complications due to the use of BMP/INFUSE in spine surgery: The evidence continues to 
mount. Surg Neurol Int. 2013 Jul 9;4(Suppl 5):S343-52. doi: 10.4103/2152-7806. 

5. Malham GM, Parker RM, Ellis NJ, et al. Anterior lumbar interbody fusion using recombinant human 
bone morphogenetic protein-2: a prospective study of complications. J Neurosurg Spine 2014;21:851-
60. 

6. Woo EJ. Recombinant human bone morphogenetic protein-2: adverse events reported to the 
Manufacturer and User Facility Device Experience database. Spine J. 2012 Oct;12(10):894-9. 

7. North Americana Spine Society (NASS) Coverage Policy Recommendations:  Recombinant Human 
Bone Morphogenetic Protein-2 (rhBMP-2). 2014. North American Spine Society (NASS) Coverage 
Committee. Burr Ridgle, IL. ISBN 1-929988-38-9. 

8. Burkus JK, Gornet MF, Dickman CA, Zdeblick TA. Anterior lumbar interbody fusion using rhBMP-2 
with tapered interbody cages. J Spinal Disord Tech. 2002 Oct;15(5):337-49. 

9. Malham GM, Louie PK, Brazenor GA, Mobbs RJ, Walsh WR, Sethi RK. Recombinant human bone 
morphogenetic protein-2 in spine surgery: recommendations for use and alternative bone substitutes-a 
narrative review. J Spine Surg. 2022 Dec;8(4):477-490. 

10. Liu S, Wang Y, Liang Z, Zhou M, Chen C. Comparative Clinical Effectiveness and Safety of Bone 
Morphogenetic Protein Versus Autologous Iliac Crest Bone Graft in Lumbar Fusion: A Meta-analysis and 
Systematic Review. Spine (Phila Pa 1976). 2020 Jun 15;45(12):E729-E741. 

11. Shields LB, Raque GH, Glassman SD, et al. Adverse effects associated with high-dose recombinant 
human bone morphogenetic protein-2 use in anterior cervical spine fusion. Spine (Phila Pa 1976) 
2006;31:542-7. 

12. Vaidya R, Carp J, Sethi A, Bartol S, Craig J, Les CM. Complications of anterior cervical discectomy and 
fusion using recombinant human bone morphogenetic protein-2. Eur Spine J. 2007 Aug;16(8):1257-65. 

13. https://www.medtronic.com/content/dam/emanuals/spinal/0381148E_Infuse_eManual_revK.pdf.  
Accessed June 7, 2024. 



  

14. Delawi D, Jacobs W, van Susante JL, Rillardon L, Prestamburgo D, Specchia N, Gay E, Verschoor N, 
Garcia-Fernandez C, Guerado E, Quarles van Ufford H, Kruyt MC, Dhert WJ, Oner FC. OP-1 Compared 
with Iliac Crest Autograft in Instrumented Posterolateral Fusion: A Randomized, Multicenter Non-
Inferiority Trial. J Bone Joint Surg Am. 2016 Mar 16;98(6):441-8. 

15. Badhiwala JH, Fehlings MG. Use of OP-1 (rhBMP-7) in posterolateral lumbar arthrodesis. J Spine 
Surg. 2016 Dec;2(4):338-344. 

16. Ajiboye RM, Hamamoto JT, Eckardt MA, Wang JC. Clinical and radiographic outcomes of 
concentrated bone marrow aspirate with allograft and demineralized bone matrix for posterolateral 
and interbody lumbar fusion in elderly patients. Eur Spine J. 2015 Nov;24(11):2567-72. 

17. Bansal S, Chauhan V, Sharma S, Maheshwari R, Juyal A, Raghuvanshi S. Evaluation of hydroxyapatite 
and beta-tricalcium phosphate mixed with bone marrow aspirate as a bone graft substitute for 
posterolateral spinal fusion. Indian J Orthop. 2009 Jul;43(3):234-9. 

18. Hart R, Komzák M, Okál F, Náhlík D, Jajtner P, Puskeiler M. Allograft alone versus allograft with 
bone marrow concentrate for the healing of the instrumented posterolateral lumbar fusion. Spine J. 
2014 Jul 1;14(7):1318-24. 

19. Johnson RG. Bone marrow concentrate with allograft equivalent to autograft in lumbar fusions. 
Spine (Phila Pa 1976). 2014 Apr 20;39(9):695-700. 

20. Yamada T, Yoshii T, Sotome S, Yuasa M, Kato T, Arai Y, Kawabata S, Tomizawa S, Sakaki K, Hirai T, 
Shinomiya K, Okawa A. Hybrid grafting using bone marrow aspirate combined with porous β-tricalcium 
phosphate and trephine bone for lumbar posterolateral spinal fusion: a prospective, comparative study 
versus local bone grafting. Spine (Phila Pa 1976). 2012 Feb 1;37(3):E174-9. 

21. Noh T, Zakaria H, Massie L, Ogasawara CT, Lee GA, Chedid M. Bone Marrow Aspirate in Spine 
Surgery: Case Series and Review of the Literature. Cureus. 2021 Dec 9;13(12):e20309. 

22. Helm GA, Gazit Z. Future uses of mesenchymal stem cells in spine surgery. Neurosurg Focus. 
2005;19(6):E13. 

23. Leung VY, Chan D, Cheung KM. Regeneration of intervertebral disc by mesenchymal stem cells: 
potentials, limitations, and future direction. Eur Spine J. 2006;15(Suppl 3):S406-S413. Epub 2006 Jul 15. 

24. Mehta S, Watson JT. Platelet rich concentrate: basic science and current clinical applications. J 
Orthop Trauma. 2008 Jul;22(6):432-8. 

25. Carreon LY, Glassman SD, Anekstein Y, Puno RM. Platelet gel (AGF) fails to increase fusion rates in 
instrumented posterolateral fusions. Spine. 2005;30(9):E243-E246; discussion E247. 

26. Etchebarne M, Fricain JC, Kerdjoudj H, Di Pietro R, Wolbank S, Gindraux F, Fenelon M. Use of 
Amniotic Membrane and Its Derived Products for Bone Regeneration: A Systematic Review. Front 
Bioeng Biotechnol. 2021 May 11;9:661332. 

27. Minamide A, Yoshida M, Kawakami M, Okada M, Enyo Y, Hashizume H, Boden SD. The effects of 
bone morphogenetic protein and basic fibroblast growth factor on cultured mesenchymal stem cells 
for spine fusion. Spine. 2007;32(10):1067-1071 



  

28. Mobbs RJ, Chung M, Rao PJ. Bone graft substitutes for anterior lumbar interbody fusion. Orthop 
Surg. 2013 May;5(2):77-85. 

29. Epstein NE, Hollingsworth R. Does donor site reconstruction following anterior cervical surgery 
diminish postoperative pain? J Spinal Disord Tech. 2003 Feb;16(1):20-6. 

30. Dusseldorp JR, Mobbs RJ. Iliac crest reconstruction to reduce donor-site morbidity: technical note. 
Eur Spine J. 2009 Sep;18(9):1386-90. doi: 10.1007/s00586-009-1108-4. 

31. U.S. Food and Drug Administration (FDA), Humanitarian Device Exemptions, Summary of Safety and 
Probable Benefit. H040004 (INFUSE/MASTERGRAFT™ Posterolateral Revision Device). Approval date 
October 10, 2008. Withdrawal date March 23, 2010. https://www.fda.gov/medical-devices/hde-
approvals/listing-cdrh-humanitarian-device-exemptions.  Accessed June 7, 2024. 

32. Kolcun JPG, Ghobrial GM, Crandall KM, Chang KH, Pacchiarotti G, Wang MY. Minimally Invasive 
Lumbar Interbody Fusion With an Expandable Meshed Allograft Containment Device: Analysis of 
Subsidence With 12-Month Minimum Follow-Up. Int J Spine Surg. 2019 Aug 31;13(4):321-328. 

33. Plantz MA, Gerlach EB, Hsu WK. Synthetic Bone Graft Materials in Spine Fusion: Current Evidence 
and Future Trends. Int J Spine Surg. 2021 Apr;15(s1):104-112. 

34. Buser Z, Brodke DS, Youssef JA, Meisel HJ, Myhre SL, Hashimoto R, Park JB, Tim Yoon S, Wang JC. 
Synthetic bone graft versus autograft or allograft for spinal fusion: a systematic review. J Neurosurg 
Spine. 2016 Oct;25(4):509-516. 

 


	Evidence Discussion (CMM-612: Grafts)

