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Abstract
Background
In 2011, studies suggested that complications and cancer rates associated with bone morphogenetic protein
(BMP) were greater than previously reported. However, later studies reported complication rates similar to
prior literature and no increased cancer rate. We evaluated the pattern of clinical utilization of BMP in
posteriorly based lumbar fusion by comparing two periods: 2002-2004 and 2017-2019.

Methods
Patients who received BMP from 2002-2004 (Early) and 2017-2019 (Late) from a single multi-surgeon
institution who had a lumbar fusion were identified. One hundred patients from each cohort were randomly
selected. Mean total BMP used at each level and the proportion of BMP placed in the interbody space versus
posterolateral gutters were evaluated.

Results
In the transforaminal lumbar intebody fusion (TLIF) cohort, the total BMP dose in the Late group (6.15 mg)
was nearly half of that used in the Early group (12.04 mg, p<0.000). The amount of BMP used in the
posterolateral gutters remained similar (Early: 4.01 mg vs Late: 3.38 mg, p=0.222). The amount of BMP used
in the interbody space was less in the Late group (2.76 mg) compared to the Early group (8.03 mg, p<0.000).
In the posterior spinal fusion (PSF) cohort, the total BMP dose remained similar between the Early (11.96
mg) and the Late groups (10.82 mg, p=0.007).

Conclusion
Change in the use of BMP in TLIF cases was driven by the complications reported in the literature with no
change in outcome. A similar impetus was not seen for PSF.

Categories: Orthopedics
Keywords: bone morphogenetic protein, posterolateral fusion, transforaminal lumbar intebrody fusion, spine fusion,
lumbar fusion

Introduction
Bone morphogenetic protein (BMP) was discovered by Marshall Urist in 1965 [1], and after 30 years of basic
science study, its effectiveness in spinal fusion was assessed by prospective clinical trials in the late 1990s
[2]. BMP was approved by the Food and Drug Administration (FDA) in 2002 for single-level anterior interbody
fusion in conjunction with a lumbar tapered fusion cage, to treat degenerative disc disease, Grade I
spondylolisthesis, and/or retrolisthesis [2]. Despite these limited “on-label” indications, BMP was primarily
used “off-label” in posterolateral and transforaminal interbody fusion applications, accounting for more
than 85% of cases [3].

With increased utilization, complications were noted but considered to be in an acceptable range [4,5]. The
most commonly reported complications reflected the same proinflammatory and bone induction properties
of BMP that led to fusion healing. There were reports of increased wound drainage [6], bony erosion around
anterior fusion cages [7], and heterotopic ossification, sometimes causing radiculopathy [8,9]. The most
serious concerns were related to anterior cervical fusion complicated by prevertebral edema, airway
obstruction, re-intubation, and even death [10]. In 2008, the FDA issued a black box warning to avoid use
of recombinant human bone morphogenetic protein-2 (rhBMP-2) in anterior cervical decompression and
fusion procedures. Despite these issues, BMP was generally regarded as safe, with perhaps the most
significant limitation to BMP use being high cost. Driven in part by that concern, surgeons began to utilize
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BMP in lower doses. Initial experience with lower BMP doses suggested a decrease in complication rate and
cost, without an apparent deterioration in fusion rate [11-13].

The perception of BMP changed dramatically in 2011 with the publication of a special edition of The Spine
Journal devoted to the complications of BMP. Several authors suggested that the rate of complications with
BMP were dramatically greater than had been previously reported [14]. There was also a study suggesting a
high rate of cancer associated with BMP use that had not previously been reported [15]. The assertions in
this special edition of The Spine Journal were cited extensively in the media, and the response of both
patients and surgeons resulted in a precipitous decrease in BMP utilization.

Over the next several years these issues were investigated extensively through new prospective studies,
analysis of large databases, and systematic reviews. The vast majority of the subsequent studies reported
complication rates similar to the prior literature and repudiated the assertion that complications had been
significantly underreported [16-18]. Importantly, numerous cohort and large database studies demonstrated
no association between BMP use and increased cancer rate [19,20].

As the safety concerns regarding BMP application have subsided, widespread utilization has resumed.
However, based upon accumulated clinical experience, continued concern with BMP cost [13], and the
impact of newer studies, the pattern of BMP use appears to have changed [18]. We attempt to quantify the
impact of almost 20 years of clinical experience on the pattern of clinical utilization of BMP in posteriorly
based lumbar fusion by comparing two periods of time: 2002-2004 and 2017-2019.

Materials And Methods
After receiving Institutional Review Board Approval, patients who received BMP from years 2002-2004
(Early) and 2017-2019 (Late) from a single multi-surgeon institution were identified. There were 1471
patients in the Early group (2002-2004) and 2809 patients in the Late group (2017-2019). Patients who had
cervical, thoracic, and anterior lumbar fusions were excluded. One hundred patients from each cohort were
selected using random number generator. Medical charts were reviewed and the following data were
collected: demographic data included patient’s age, sex, insurance status, smoking history, surgical levels,
the number of fused levels, the amount and site of implanted BMP placement, additional graft material
(allograft, demineralized bone matrix), and revision status (primary versus revision). The mean total BMP
used at each level and the proportion of BMP placed in the interbody space versus posterolateral gutters
were evaluated.

All statistical analyses was performed using IBM SPSS V26.0 (IBM, Armonk, New York) with p value <0.05
being considered statistically significant. Continuous variables were compared using independent t-tests
and categorical variables were compared using Fisher's exact test. 

Results
A total of 400 cases, 100 transforaminal lumbar interbody fusion (TLIF) cases and 100 posterolateral fusion
cases in each time period, Early and Late, were included in the study. Demographic and surgical data for the
TLIF cases are summarized in Table 1 and show that the cases in the Late group were older (57.3 ± 12.0 years)
than the cases in the Early group (49.6 ± 11.4 years, p<0.000). There were also fewer smokers in the Late
group (43) compared to the Early group (21, p=0.002).
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 Early Late  

 Mean Mean p-Value

Age, Years, Mean (SD) 49.6 (11.4) 57.3 (12.0) 0.000

Males, N (%) 41 42 0.775

Smoker 43 21 0.002

Number of Levels   0.173

1 82 84  

2 20 12  

3 0 1  

4 0 2  

Additional Graft    

Iliac Crest Bone Graft 25 2  

Local Bone Graft 85 99  

Allograft 15 22  

MasterGraft 12 0  

Demineralized Bone 34 35  

BMP Dose    

Total 12.04 (1.42) 6.15 (3.52) <0.000

Interbody, mg 8.03 (3.14) 2.76 (1.85) <0.000

Posterior, mg 4.01 (2.75) 3.38 (4.29) 0.222

Percent in Interbody 66.6 (22.9) 44.93 (52.56) 0.244

Percent in Posterior 33.72 (22.77) 55.06 (21.58) 0.275

Estimated Blood Loss, mL, Mean (SD) 719.37 (556.55) 324.08 (224.11) 0.000

Operative Time, min, Mean (SD) 228.29 (66.76) 208.71 (73.90) 0.026

TABLE 1: Summary of demographic and surgical data for the TLIF cases.
BMP, bone morphogenetic protein; TLIF, transforaminal lumbar interbody fusion.

The total dose of BMP used in the cases in the Late group (6.15 ± 3.42 mg) was nearly half the total dose used
in the cases in the Early group (12.04 ± 1.42 mg, p<0.000). Although the amount of BMP used in the
posterolateral gutters remained similar for the cases in the Early (4.01 ±2.75 mg) and Late groups (3.38 ± 4.29
mg, p=0.222), the amount of BMP used in the interbody space was statistically significantly less in the Late
group (2.76 ± 1.85 mg) compared to the Early group (8.03 ± 3.14 mg, p<0.000).

Demographic and surgical data for the cases in the posterolateral fusion-only cases are summarized in Table
2. Similar to the TLIF cohorts, the cases in the Late group were older (64.5 ± 10.6 years) than the cases in the
Early group (57.8 ± 13.0 years, p<0.000). There were also fewer smokers in the Late group (30) compared to
the Early group (18, p=0.068), but this was not statistically significant. Although statistically significantly
different (p=0.007), the total BMP dose used in the posterior-only group remained similar between the Early
(11.96 ± 2.57 mg) and the Late groups (10.82 ± 3.37 mg).
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 Early Late p-Value

 Mean Mean  

Age, Years, Mean (SD) 57.88 (12.95) 64.5 (10.62) 0.001

Males, N (%) 41 37 0.664

Smoker 30 18 0.068

Number of Levels   0.025

1 42 41  

2 43 32  

3 12 12  

4 3 15  

Additional Graft    

Iliac Crest Bone Graft 42 12  

Local Bone Graft 83 98  

Allograft 30 35  

MasterGraft 27 12  

Demineralized Bone 26 17  

BMP Dose    

Posterior, mg 11.96 (2.57) 10.82 (3.37) 0.007

Estimated Blood Loss, mL, Mean (SD) 687.75 (439.22) 435.15 (322.10) 0.000

Operative Time, min, Mean (SD) 228.81 (66.89) 210.55 (84.61) 0.096

TABLE 2: Summary of demographic and surgical data for PSF cases.
BMP, bone morphogenetic protein; PSF, posterior spinal fusion.

Discussion
Following the decline of BMP use in 2011, multiple studies have demonstrated the efficacy and safety of
BMP for spinal fusion [13,21,22]. Widespread use has resumed [23,24], but the current study suggests that
BMP use for TLIF, in terms of dose and site of application, has changed over the last decade. The total
amount of BMP applied per level has decreased to approximately half (12 mg to 6 mg). Aside from this
decreased dose, the proportion of BMP used in the interbody space decreased by 22%, from 67% to 45%, with
an associated increased proportion used in the posterolateral gutters 33% to 55%. This trend may have been
influenced by more recent studies showing the efficiency of lower doses in inducing fusion [13,21,22] and
refinement in techniques on the use of BMP in the interbody space. These refinements include placing the
BMP-infused sponges away from the dura [23], the use of a sealant to protect the nerve roots prior to
insertion of the sponges into the cage [24], and the use of structural allografts as barrier between the disc
space and the nerve roots [25,26]. 

In contrast to the trend of using smaller doses in the interbody space, the current study showed that BMP
doses used for posterolateral fusion have not changed significantly over the last two decades. The surgeons
continue to apply relatively high doses of BMP in posterolateral fusion setting to overcome the risk of non-
union due to limited surface for healing, the gap between transverse processes, and the milieu of distractive
forces. It remains unclear whether these doses could be reduced without diminution of fusion rate. As the
associated cost of BMP is an issue for both TLIF and posterior spine fusion (PSF), this does not seem to be
the primary driver for the change in practice pattern. The more substantial alteration in TLIF usage may
imply that the concern for complications with TLIF is a greater influence than cost on surgeon behavior.

Aside from the evolving techniques in the use of BMP during surgery, there has also been a refinement in
patient selection, with a preferential use of BMP in older patients. The current study shows that over the last
decade there has been an increase in the use of BMP in older patients, particularly those over 60 years old.
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The use of BMP in older patients is advantageous as it has been shown to improve fusion rates [27]. More
importantly, the use of BMP obviates the need for bone graft harvest, decreasing operative time and blood
loss [27]. This decreased operative time and blood loss has been shown to lower complication rates [28]. The
smaller amount of dissection may also lead to a decrease in the need for in-patient rehabilitation [27].
Improvements in surgical techniques are also reflected in the statistically significantly lower blood loss in
patients in the Late group for both the PSF and TLIF cohorts.

We also expected an increased use of BMP in smokers as a previous study showed that BMP increases fusion
rates in smokers [29,30]. However, the current study showed that there were less smokers in the Late group
compared to the Early group in both the TLIF and PSF cohorts. This may be reflective in a change in the
general practice, with surgeons encouraging patients to quit smoking prior to any fusion procedures. 

There are limitations in this study. First, this is a retrospective study with a small group from a single
institution. Second, alternative BMP carriers for lumbar fusion were not investigated. Patients included in
the study were operated on by eight surgeons, who may use different techniques when applying BMP in the
interbody space and posterolateral gutters.

Conclusions
Change in the use of BMP in TLIF cases was driven by the complications reported in the literature. A similar
impetus was not seen for PSF. Although spine surgeons continue to use BMP in TLIFs to enhance fusion,
BMP is increasingly used for older patients, but with lower doses and smaller amounts placed in the
interbody space. Doses used for posterolateral fusion did not change significantly, regardless of age or
smoking history.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. University of Louisville
issued approval 19.1154. This study was reviewed and approved by the University of Louisville Institutional
Review Board. Animal subjects: All authors have confirmed that this study did not involve animal subjects
or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare
the following: Payment/services info: All authors have declared that no financial support was received
from any organization for the submitted work. Financial relationships: Steven Glassman declare(s)
personal fees and royalties from Medtronic. Jeffrey Gum declare(s) personal fees and royalties from Acuity,
Nuvasive. Jeffrey Gum declare(s) stock/stock options from Cingulate Therapeutics. Jeffrey Gum declare(s)
personal fees from Medtronic, Stryker, Mazor. Leah Carreon declare(s) personal fees from National Spine
Health Foundation. Steven Glassman declare(s) personal fees from K2M/Stryker. Steven Glassman, Leah
Carreon declare(s) non-financial support from American Spine Registry. Leah Carreon declare(s) non-
financial support from University of Louisville Institutional Review Board, The Spine Journal, Spine, Spine
Deformity. Leah Carreon declare(s) employment from University of Southern Denmark. Steven Glassman,
Mladen Djurasovic, Charles Crawford, Jeffrey Gum, Leah Carreon declare(s) employment from Norton
Healthcare. Steven Glassman, Mladen Djurasovic, Jeffrey Gum, Charles Crawford, Leah Carreon declare(s)
Support to Institution for research activities outside of submitted work from SRS, TSRH, Alan L. &
Jacqueline B. Stuart Spine Research Foundation, Pfizer, Cerapedics, Medtronic, Empirical Spine and
NeuroPoint Alliance. Mladen Djurasovic, Charles Crawford declare(s) personal fees from Medtronic,
Nuvasive. Charles Crawford declare(s) royalties from Alphatec. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Urist MR, Lietze A, Mizutani H, et al.: A bovine low molecular weight bone morphogenetic protein (BMP)

fraction. Clin Orthop Relat Res. 1982, 219:32.
2. Burkus JK, Gornet MF, Dickman CA, Zdeblick TA: Anterior lumbar interbody fusion using rhBMP-2 with

tapered interbody cages. J Spinal Disord Tech. 2002, 15:337-49. 10.1097/00024720-200210000-00001
3. Ong KL, Villarraga ML, Lau E, Carreon LY, Kurtz SM, Glassman SD: Off-label use of bone morphogenetic

proteins in the United States using administrative data. Spine (Phila Pa 1976). 2010, 35:1794-800.
10.1097/BRS.0b013e3181ecf6e4

4. Benglis D, Wang MY, Levi AD: A comprehensive review of the safety profile of bone morphogenetic protein
in spine surgery. Neurosurgery. 2008, 62:ONS423-31; discussion ONS431.
10.1227/01.neu.0000326030.24220.d8

5. Cahill KS, Chi JH, Day A, Claus EB: Prevalence, complications, and hospital charges associated with use of
bone-morphogenetic proteins in spinal fusion procedures. JAMA. 2009, 302:58-66. 10.1001/jama.2009.956

6. Saulle D, Fu KM, Shaffrey CI, Smith JS: Multiple-day drainage when using bone morphogenic protein for
long-segment thoracolumbar fusions is associated with low rates of wound complications. World
Neurosurg. 2013, 80:204-7. 10.1016/j.wneu.2012.08.003

7. Burkus JK, Dorchak JD, Sanders DL: Radiographic assessment of interbody fusion using recombinant human
bone morphogenetic protein type 2. Spine (Phila Pa 1976). 2003, 28:372-7.
10.1097/01.BRS.0000048469.45035.B9

2021 Nabizadeh et al. Cureus 13(9): e18055. DOI 10.7759/cureus.18055 5 of 6

https://pubmed.ncbi.nlm.nih.gov/7067218/
https://dx.doi.org/10.1097/00024720-200210000-00001
https://dx.doi.org/10.1097/00024720-200210000-00001
https://dx.doi.org/10.1097/BRS.0b013e3181ecf6e4
https://dx.doi.org/10.1097/BRS.0b013e3181ecf6e4
https://dx.doi.org/10.1227/01.neu.0000326030.24220.d8
https://dx.doi.org/10.1227/01.neu.0000326030.24220.d8
https://dx.doi.org/10.1001/jama.2009.956
https://dx.doi.org/10.1001/jama.2009.956
https://dx.doi.org/10.1016/j.wneu.2012.08.003
https://dx.doi.org/10.1016/j.wneu.2012.08.003
https://dx.doi.org/10.1097/01.BRS.0000048469.45035.B9
https://dx.doi.org/10.1097/01.BRS.0000048469.45035.B9


8. Mindea SA, Shih P, Song JK: Recombinant human bone morphogenetic protein-2-induced radiculitis in
elective minimally invasive transforaminal lumbar interbody fusions: a series review. Spine (Phila Pa 1976).
2009, 15:1480-4. 10.1097/BRS.0b013e3181a396a1

9. Villavicencio AT, Burneikiene S: RhBMP-2-induced radiculitis in patients undergoing transforaminal
lumbar interbody fusion: relationship to dose. Spine J. 2016, 16:1208-13. 10.1016/j.spinee.2016.06.007

10. 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, 31:542-7. 10.1097/01.brs.0000201424.27509.72

11. Annis P, Brodke DS, Spiker WR, Daubs MD, Lawrence BD: The fate of L5-S1 with low-dose BMP-2 and pelvic
fixation, with or without interbody fusion, in adult deformity surgery. Spine (Phila Pa 1976). 2015, 40:E634-
9. 10.1097/BRS.0000000000000867

12. Kukreja S, Ahmed OI, Haydel J, Nanda A, Sin AH: Complications of anterior cervical fusion using a low-dose
recombinant human bone morphogenetic protein-2. Korean J Spine. 2015, 12:68-74.
10.14245/kjs.2015.12.2.68

13. Mannion RJ, Nowitzke AM, Wood MJ: Promoting fusion in minimally invasive lumbar interbody
stabilization with low-dose bone morphogenic protein-2--but what is the cost?. Spine J. 2011, 11:527-33.
10.1016/j.spinee.2010.07.005

14. Carragee EJ, Hurwitz EL, Weiner BK: A critical review of recombinant human bone morphogenetic protein-2
trials in spinal surgery: emerging safety concerns and lessons learned. Spine J. 2011, 11:471-91.
10.1016/j.spinee.2011.04.023

15. Devine JG, Dettori JR, France JC, Brodt E, McGuire RA: The use of rhBMP in spine surgery: is there a cancer
risk?. Evid Based Spine Care J. 2012, 3:35-41. 10.1055/s-0031-1298616

16. Mariscal G, Nuñez JH, Barrios C, Domenech-Fernández P: A meta-analysis of bone morphogenetic protein-2
versus iliac crest bone graft for the posterolateral fusion of the lumbar spine. J Bone Miner Metab. 2020,
38:54-62. 10.1007/s00774-019-01025-9

17. Singh K, Ahmadinia K, Park DK, Nandyala SV, Marquez-Lara A, Patel AA, Fineberg SJ: Complications of
spinal fusion with utilization of bone morphogenetic protein: a systematic review of the literature. Spine
(Phila Pa 1976). 2014, 31:91-101. 10.1097/BRS.0000000000000004

18. Vincentelli AF, Szadkowski M, Vardon D, et al.: rhBMP-2 (recombinant human bone morphogenetic protein-
2) in real world spine surgery. A phase IV, National, multicentre, retrospective study collecting data from
patient medical files in French spinal centres. Orthop Traumatol Surg Res. 2019, 105:1157-63.
10.1016/j.otsr.2019.04.023

19. Bains R, Mitsunaga L, Kardile M, Chen Y, Guppy K, Harris J, Paxton E: Bone morphogenetic protein (BMP-2)
usage and cancer correlation: an analysis of 10,416 spine fusion patients from a multi-center spine registry.
J Clin Neurosci. 2017, 43:214-9. 10.1016/j.jocn.2017.05.007

20. Cahill KS, McCormick PC, Levi AD: A comprehensive assessment of the risk of bone morphogenetic protein
use in spinal fusion surgery and postoperative cancer diagnosis. J Neurosurg Spine. 2015, 23:86-93.
10.3171/2014.10.SPINE14338

21. Crandall DG, Revella J, Patterson J, Huish E, Chang M, McLemore R: Transforaminal lumbar interbody fusion
with rhBMP-2 in spinal deformity, spondylolisthesis, and degenerative disease--part 2: BMP dosage-related
complications and long-term outcomes in 509 patients. Spine (Phila Pa 1976). 2013, 38:1137-45.
10.1097/BRS.0b013e3182880298

22. Lytle EJ, Lawless MH, Paik G, Tong D, Soo TM: The minimally effective dose of bone morphogenetic protein
in posterior lumbar interbody fusion: a systematic review and meta-analysis. Spine J. 2020, 20:1286-304.
10.1016/j.spinee.2020.04.012

23. BMP Use in Spine Surgery: Where Is it Today and Where It Will Go . (2018). Accessed: April 11, 2021:
https://www.beckersspine.com/spine/item/41314-bmp-use-in-spine-surgery-where-it-is-today-where-it-
will-go.html..

24. Veeravagu A, Cole TS, Jiang B, Ratliff JK, Gidwani RA: The use of bone morphogenetic protein in
thoracolumbar spine procedures: analysis of the MarketScan longitudinal database. Spine J. 2014, 14:2929-
37. 10.1016/j.spinee.2014.05.010

25. Mummaneni PV, Pan J, Haid RW, Rodts GE: Contribution of recombinant human bone morphogenetic
protein-2 to the rapid creation of interbody fusion when used in transforaminal lumbar interbody fusion: a
preliminary report. Invited submission from the Joint Section Meeting on Disorders of the Spine and
Peripheral Nerves, March 2004. J Neurosurg Spine. 2004, 1:19-23. 10.3171/spi.2004.1.1.0019

26. Rihn JA, Gates C, Glassman SD, Phillips FM, Schwender JD, Albert TJ: The use of bone morphogenetic
protein in lumbar spine surgery. JBJS. 2008, 90:2014-25.

27. Glassman SD, Carreon LY, Djurasovic M, Campbell MJ, Puno RM, Johnson JR, Dimar JR: RhBMP-2 versus
iliac crest bone graft for lumbar spine fusion: a randomized, controlled trial in patients over sixty years of
age. Spine (Phila Pa 1976). 2008, 33:2843-9. 10.1097/BRS.0b013e318190705d

28. Carreon LY, Puno RM, Dimar JR 2nd, Glassman SD, Johnson JR: Perioperative complications of posterior
lumbar decompression and arthrodesis in older adults. J Bone Joint Surg Am. 2003, 85:2089-92.
10.2106/00004623-200311000-00004

29. Glassman SD, Dimar JR 3rd, Burkus K, Hardacker JW, Pryor PW, Boden SD, Carreon LY: The efficacy of
rhBMP-2 for posterolateral lumbar fusion in smokers. Spine (Phila Pa 1976). 2007, 32:1693-8.
10.1097/BRS.0b013e318074c366

30. Macki M, Syeda S, Rajjoub KR, et al.: The effect of smoking status on successful arthrodesis after lumbar
instrumentation supplemented with rhBMP-2. World Neurosurg. 2017, 97:459-64.
10.1016/j.wneu.2016.10.030

2021 Nabizadeh et al. Cureus 13(9): e18055. DOI 10.7759/cureus.18055 6 of 6

https://dx.doi.org/10.1097/BRS.0b013e3181a396a1
https://dx.doi.org/10.1097/BRS.0b013e3181a396a1
https://dx.doi.org/10.1016/j.spinee.2016.06.007
https://dx.doi.org/10.1016/j.spinee.2016.06.007
https://dx.doi.org/10.1097/01.brs.0000201424.27509.72
https://dx.doi.org/10.1097/01.brs.0000201424.27509.72
https://dx.doi.org/10.1097/BRS.0000000000000867
https://dx.doi.org/10.1097/BRS.0000000000000867
https://dx.doi.org/10.14245/kjs.2015.12.2.68
https://dx.doi.org/10.14245/kjs.2015.12.2.68
https://dx.doi.org/10.1016/j.spinee.2010.07.005
https://dx.doi.org/10.1016/j.spinee.2010.07.005
https://dx.doi.org/10.1016/j.spinee.2011.04.023
https://dx.doi.org/10.1016/j.spinee.2011.04.023
https://dx.doi.org/10.1055/s-0031-1298616
https://dx.doi.org/10.1055/s-0031-1298616
https://dx.doi.org/10.1007/s00774-019-01025-9
https://dx.doi.org/10.1007/s00774-019-01025-9
https://dx.doi.org/10.1097/BRS.0000000000000004
https://dx.doi.org/10.1097/BRS.0000000000000004
https://dx.doi.org/10.1016/j.otsr.2019.04.023
https://dx.doi.org/10.1016/j.otsr.2019.04.023
https://dx.doi.org/10.1016/j.jocn.2017.05.007
https://dx.doi.org/10.1016/j.jocn.2017.05.007
https://dx.doi.org/10.3171/2014.10.SPINE14338
https://dx.doi.org/10.3171/2014.10.SPINE14338
https://dx.doi.org/10.1097/BRS.0b013e3182880298
https://dx.doi.org/10.1097/BRS.0b013e3182880298
https://dx.doi.org/10.1016/j.spinee.2020.04.012
https://dx.doi.org/10.1016/j.spinee.2020.04.012
https://www.beckersspine.com/spine/item/41314-bmp-use-in-spine-surgery-where-it-is-today-where-it-will-go.html.
https://www.beckersspine.com/spine/item/41314-bmp-use-in-spine-surgery-where-it-is-today-where-it-will-go.html.
https://dx.doi.org/10.1016/j.spinee.2014.05.010
https://dx.doi.org/10.1016/j.spinee.2014.05.010
https://dx.doi.org/10.3171/spi.2004.1.1.0019
https://dx.doi.org/10.3171/spi.2004.1.1.0019
https://pubmed.ncbi.nlm.nih.gov/18762664/
https://dx.doi.org/10.1097/BRS.0b013e318190705d
https://dx.doi.org/10.1097/BRS.0b013e318190705d
https://dx.doi.org/10.2106/00004623-200311000-00004
https://dx.doi.org/10.2106/00004623-200311000-00004
https://dx.doi.org/10.1097/BRS.0b013e318074c366
https://dx.doi.org/10.1097/BRS.0b013e318074c366
https://dx.doi.org/10.1016/j.wneu.2016.10.030
https://dx.doi.org/10.1016/j.wneu.2016.10.030

	Changes in Recombinant Human Bone Morphogenetic Protein-2 Use in Posterior Fusion Over the Past Two Decades
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	TABLE 1: Summary of demographic and surgical data for the TLIF cases.
	TABLE 2: Summary of demographic and surgical data for PSF cases.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


