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Use of rhBMP-2 for adult spinal deformity surgery:
patterns of usage and changes over the past decade
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OBJECTIVE Recombinant human bone morphogenetic protein—2 (thBMP-2) has been shown to increase fusion rates;
however, cost, limited FDA approval, and possible complications impact its use. Decisions regarding rhBMP-2 use and
changes over time have not been well defined. In this study, the authors aimed to assess changes in rhBMP-2 use for
adult spinal deformity (ASD) surgery over the past decade.

METHODS A retrospective review of the International Spine Study Group prospective multicenter database was per-
formed to identify ASD patients treated surgically from 2008 to 2018. For assessment of rhBMP-2 use over time, 3 peri-
ods were created: 2008-2011, 2012-2015, and 2016-2018.

RESULTS Of the patients identified, 1180 met inclusion criteria, with a mean age 60 years and 30% of patients requiring
revision surgery; rhBMP-2 was used in 73.9% of patients overall. The mean rhBMP-2 dose per patient was 23.6 mg. Pa-
tients receiving rhBMP-2 were older (61 vs 58 years, p < 0.001) and had more comorbidities (Charlson Comorbidity In-
dex 1.9 vs 1.4, p < 0.001), a higher rate of the Scoliosis Research Society—Schwab pelvic tilt modifier (> 0; 68% vs 62%,
p = 0.026), a greater deformity correction (change in pelvic incidence minus lumbar lordosis 15° vs 12° p = 0.01), and
more levels fused (8.9 vs 7.9, p = 0.003). Over the 3 time periods, the overall rate of rhBMP-2 use increased and then
stabilized (62.5% vs 79% vs 77%). Stratified analysis showed that after an overall increase in rhBMP-2 use, only patients
who were younger than 50 years, those who were smokers, those who received a three-column osteotomy (3CO), and
patients who underwent revision sustained an increased rate of rhBMP-2 use between the later two periods. No similar
increases were noted for older patients, nonsmokers, primary surgery patients, and patients without a 3CO. The total
rhBMP-2 dose decreased over time (26.6 mg vs 24.8 mg vs 20.7 mg, p < 0.001). After matching patients by preoperative
alignment, 215 patients were included, and a significantly lower rate of complications leading to revision surgery was ob-
served within the 2012-2015 period compared with the 2008-2011 (21.4% vs 13.0%, p = 0.029) period, while rhBMP-2
was increasingly used (80.5% vs 66.0%, p = 0.001). There was a trend toward a lower rate of pseudarthrosis for patients
in the 2012-2015 period, but this difference did not reach statistical significance (7% vs 4.2%, p = 0.283).

CONCLUSIONS The authors found that rhBMP-2 was used in the majority of ASD patients and was more commonly
used in those with greater deformity correction. Additionally, over the last 10 years, rhBMP-2 was increasingly used for
ASD patients, but the dose has decreased.

https://thejns.org/doi/abs/10.3171/2021.3.FOCUS2164

KEYWORDS adult spinal deformity; arthrodesis; bone morphogenetic protein; fusion; instrumentation; pseudarthrosis;
rhBMP-2; spine surgery

ABBREVIATIONS ALIF = anterior lumbar interbody fusion; ASD = adult spinal deformity; BMP = bone morphogenetic protein; CCI = Charlson Comorbidity Index; EBL =
estimated blood loss; ICBG = iliac crest bone graft; LLIF = lateral lumbar interbody fusion; ODI = Oswestry Disability Index; PI-LL = pelvic incidence minus lumbar lordosis;
PLIF = posterior lumbar interbody fusion; PT = pelvic tilt; rhBMP-2 = recombinant human BMP-2; SRS = Scoliosis Research Society; SVA = sagittal vertical axis; TLIF =
transforaminal lumbar interbody fusion; 3CO = three-column osteotomy.

SUBMITTED January 30, 2021. ACCEPTED March 17, 2021.

INCLUDE WHEN CITING DOI: 10.3171/2021.3.FOCUS2164.

©AANS 2021, except where prohibited by US copyright law Neurosurg Focus Volume 50 * June 2021 1

Brought to you by Duke University | Unauthenticated | Downloaded 06/19/23 06:18 PM UTC



Bannwarth et al.

goals when performing spinal arthrodesis. His-

torically, iliac crest bone graft (ICBG) has been
the gold-standard grafting material for fusion, but the har-
vest of ICBG has been associated with relatively high rates
of morbidity, including donor site pain.! At the end of the
1990s, very promising studies reported high rates of fu-
sion and good clinical outcomes with the use of recombi-
nant human bone morphogenetic protein—2 (thBMP-2) as
an adjunct for spinal fusion,>? thereby avoiding the need
to use ICBG. RhBMP-2 was approved by the US FDA in
2002, but only for use in a cage placed between the L4
and Sl spinal levels for anterior lumbar interbody fusion
(ALIF). However, with promising results from the ap-
proved treatment use, off-label uses of rhBMP-2 for spinal
fusion rapidly increased. As hBMP-2 was more common-
ly used, reports of potentially associated adverse events
emerged, including radiculitis, heterotopic bone forma-
tion, bone resorption, cancer-related risk, and retrograde
ejaculation.*

In 2011, a controversial publication by Carragee et al.!’
reported a possible design bias in the initial industry-spon-
sored studies, therefore questioning their validity. This led
to the publication of numerous studies with high levels of
evidence (randomized controlled trials and meta-analyses)
designed to investigate the FDA-approved and off-label
uses of thBMP-2."""15 These studies tried to apply stricter
methodologies and had more qualifed conclusions than
the frst industry-sponsored studies.'

Although multiple studies have assessed the applica-
tion of thBMP-2 for fusion in the setting of degenera-
tive diseases treated with 1- or 2-level fusion, few have
addressed its application to adult spinal deformity (ASD)
surgery. ASD patients represent a unique patient popula-
tion with a reported incidence of pseudarthrosis reaching
30% in the context of long fusion surgery.'® Lack of bony
fusion in ASD can lead to instrumentation failure and the
need for extensive revision surgery.”” Thus, off-label use
of thBMP-2 in the setting of ASD surgery has become
increasingly popular and has demonstrated promising re-
sults, despite its continued high associated cost.'®

The perceptions and reporting of the safety and eff-
cacy of thBMP-2 have evolved over time, and, even to the
present, the decision of whether to use thBMP-2 for ASD
patients, who arguably stand to beneft the most, remains
unsettled. Against this backdrop, it is interesting to evalu-
ate how ASD surgeons have adapted their practices over
time. This study aimed to assess applications and dosing
of thBMP-2 for ASD surgery in a large, prospectively
collected series of patients from a group of experienced
spinal deformity surgeons, and to highlight how these ap-
plications have changed over the past 10 years.

Methods

Patient Population

This study was performed as a retrospective review of
a multicenter database of surgical ASD patients collected
through the International Spine Study Group. Institutional
review board approval was obtained at each site prior to
study initiation. Seventeen participating sites located in

ﬁ CHIEVING a solid bony fusion is one of the primary
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the US contributed patients to the data set. Patient inclu-
sion criteria for database entry were 1) age older than 18
years; and 2) at least one of the following radiographic
fndings of ASD: coronal Cobb angle greater than 20°,
sagittal vertical axis (SVA) greater than 5 cm, pelvic tilt
(PT) greater than 25°, and thoracic kyphosis greater than
60°. Database exclusion criteria were spinal deformities
due to neuromuscular, posttraumatic, neoplastic, rheuma-
tological, and/or infectious disorders. The present study
focused only on patients treated operatively for ASD for
whom data regarding the use of thBMP-2 were available.

Data Collection

Demographic data included age, sex, BMI, smoking
status, comorbidities, and history of previous spine sur-
gery. Patient-reported outcomes were assessed with the
Oswestry Disability Index (ODI). Surgical characteristics
included the number of levels fused, approach (posterior
fusion only, posterior fusion combined with transforam-
inal lumbar interbody fusion [TLIF]/posterior lumbar
interbody fusion [PLIF], or posterior fusion combined
with ALIF/lateral lumbar interbody fusion [LLIF]), use
of three-column osteotomy (3CO), operative time, and
estimated blood loss (EBL). Full-length free-standing
radiographs were obtained at baseline and immediate
follow-up, and the Scoliosis Research Society (SRS)—
Schwab classifcation was determined."® Data collected for
rhBMP-2 included whether or not it was used, the location
of use (all fusion points, posterior, TLIF/PLIF, and ALIF/
LLIF), and dose (total, per level, and per location). Finally,
complications and revision surgery data were collected.

Statistical Analysis

A descriptive analysis of the entire cohort was frst per-
formed for demographic data, radiographic measures, sur-
gical parameters, and the use of hBMP-2 by approach. Pa-
tients who received hBMP-2 (BMP) were compared with
those treated without hBMP-2 (no-BMP). Comparisons
of demographics, ODI score, preoperative SRS-Schwab
classifcation, and surgical parameters between BMP and
no-BMP patients were performed using the chi-square test
or Student t-test as appropriate.

For assessment of rhBMP-2 use over time, 3 periods
were created: 2008-2011, 2012-2015, and 2016—2018. Us-
ing one-way ANOVA, these time periods were compared
in terms of patient demographics, ODI score, preoperative
SRS-Schwab classifcation, surgical parameters, incidence
of thBMP-2 use, and dose of thBMP-2. Finally, a subanal-
ysis of patients with a 2-year follow-up was conducted.
Patients who underwent surgery in the 2008-2011 period
were propensity-matched to those who underwent surgery
in the 2012-2015 period based on preoperative pelvic inci-
dence minus lumbar lordosis (PI-LL) and maximum coro-
nal Cobb angle. Outcomes of these two periods were com-
pared in terms of demographics, radiographic and surgical
parameters, thBMP-2 use, and postoperative complica-
tions. Patients were diagnosed with a pseudarthrosis when
at least one of the following events led to a revision sur-
gery: rod breakage, screw breakage, radiographic signs of
pseudarthrosis, or dislodgment of screw/rod.



Results
Global Analysis

From the database review, 1180 patients met inclusion
criteria, with a mean + SD age of 60 + 14 years, a mean
BMI of 279 + 6.2 kg/m?, and a majority (73.3%) of fe-
male patients. The overall incidence of thBMP-2 use was
73.9%, with a mean total dose per patient of 23.6 + 16.6 mg
and a mean dose per vertebral level of 3.1 + 3.3 mg/level
(Table 1). The analysis by approach revealed that 72.9%
of patients with a posterior fusion received thBMP-2 with
a mean dose of 2.9 + 2.7 mg/level, 78.5% of patients with
a combined fusion with TLIF/PLIF received thBMP-2
with a mean interbody dose of 4.8 + 2.5 mg/level and a
mean posterior dose of 3.4 + 3.1 mg/level, and 71.5% of
patients with a combined fusion with ALIF/LLIF received
rhBMP-2 with a mean interbody dose of 4.0 + 2.7 mg/level
and a mean posterior dose of 2.8 + 2.5 mg/level.

BMP Versus No-BMP Patients

BMP patients were older (61.1 + 13.1 years vs 579 +
17.5 years, p < 0.001), had a higher BMI (28.1 + 6.3 kg/m?
vs 272 £ 59 kg/m?, p = 0.037), and had more comorbidi-
ties (Charlson Comorbidity Index [CCI] 1.9 + 1.7 vs 1.4
1.6, p < 0.001). No differences were observed between the
BMP and no-BMP patient groups regarding a history of
cancer (12.7% vs 10.7%, p = 0.203), and no patient devel-
oped new malignancy after surgery during the follow-up.

No differences were observed in the rate of previous
spine fusion or in pre- or postoperative ODI scores. Radio-
graphically, BMP patients trended toward having worse
preoperative sagittal alignment, with 67.9% and 61.9% of
the BMP and no-BMP patients, respectively, having an
SRS-Schwab PT modifer greater than 0 (p = 0.026). No
differences were observed in preoperative coronal align-
ment or postoperative alignment (coronal and sagittal)
between the groups. BMP patients had a greater sagittal
correction (API-LL: 15.3° + 18.6° vs 12° + 19.4°,p =0.010;
and AT1 pelvic angle: =7.8 £ 10.8 vs =6 + 10.8, p = 0.011).

Analysis of surgical parameters revealed that BMP pa-
tients had a longer operative time (445.7 + 182.2 minutes
vs 3904 + 192.6 minutes, p < 0.001), a greater EBL (1700
+ 1485 ml vs 1382 + 1300 ml, p = 0.001), a lower rate
of 3COs (0.1 £0.3 vs 0.2 + 04 p = 0.012), and a higher
number of vertebral levels fused (8.9 4.6 vs 7.9 +4.8,p =
0.003). All results are reported in Table 2.

RhBMP-2 Use Over Time

The overall rate of thBMP-2 use increased from 62.5%
to 79.0% between the frst two periods (2008-2011 and
2012-2015) and then stabilized at 79.0% to 77.0% be-
tween the last two periods (2012-2015 and 2016-2018).
The stratifcation by parameters of interest (age, smoking
status, cancer history, primary/revision surgery, fusion ap-
proach, and use of 3CO) revealed an overall increase in
rhBMP-2 use between the frst two periods, except for pa-
tients younger than 50 years of age (no change). Between
the last two periods, the analysis showed that only younger
patients, smokers, patients who received a 3CO, and pa-
tients who underwent revision sustained an increased
rate of thBMP-2 use. In contrast, the rate of rhBMP-2
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TABLE 1. Global cohort description

Value
No. of patients 1180
Mean age, yrs 60.2+ 144
Mean BMI, kg/m? 279+6.2
Smoker 5.6%
HRQOL & comorbidities
Mean ODI score 440+18
Mean CCl score 34+16
Preop SRS-Schwab classification
Main type 42% of type N
PT modifier >0 66.3%
SVA modifier >0 61.8%
PI-LL modifier >0 65.0%
Surgery parameters
Revision 30.3%
Mean no. of levels fused 8.6+47
Posterior only 36.3%
Posterior combined w/ TLIF/PLIF 25.2%
Posterior combined w/ ALIF/LLIF 32.7%
Other approaches 57%
rhBMP-2 parameters
rhBMP-2 use 73.90%
Mean total rhBMP-2 dose, mg 23.6+16.6
Mean total segmental rhBMP-2 dose, mg/level 31+33
Mean posterior-only dose, mg/level 2927
Mean posterior & TLIF/PLIF dose, mg/level 4825
Mean posterior & ALIF/LLIF dose, mg/level 4027

HRQOL = health-related quality of life.
Mean values are presented as the mean + SD.

use signifcantly decreased for older patients, nonsmok-
ers, patients with a history of cancer, primary surgery pa-
tients, and patients without a 3CO. Finally, an increase in
rhBMP-2 use between the frst two periods was observed
for each surgical approach but subsequently increased
only for the posterior approach (Fig. 1).

RhBMP-2 Dose Over Time by Approach

The total thBMP-2 dose per patient decreased over the
3 time periods (26.6 mg vs 24.8 mg vs 20.7 mg, p < 0.001).
After stratifcation by location of use, the dose per level
was stable for posterior use (3.1 mg vs 2.9 mg vs 3.2 mg, p
= 0.416), but decreased for TLIF/PLIF use (5.6 mg vs 5.3
mg vs 3.0 mg, p < 0.001) and for ALIF/LLIF use (4.1 mg
vs 5.5 mg vs 3.4 mg, p < 0.001) (Fig. 2).

Propensity-Matched Cohort Analysis

After matching by preoperative alignment, 215 patients
were included in each of the frst 2 periods (2008-2011
and 2012-2015) (Fig. 3). No differences were observed in
age (56.6 + 15.4 years vs 59.1 + 14.3 years, p = 0.082), pre-
operative spinal alignment, or surgical parameters.

An increase of hBMP-2 use was observed between the
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TABLE 2. Comparison of BMP and no-BMP patient groups

BMP No-BMP

No. of patients 872 (73.9%) 308 (26.1%) —
Mean age, yrs 61.1+ 131 579+ 175 <0.001
Mean BMI, kg/m? 281+6.3 272+59 0.037
Smoker 6% 5.5% 0.883
HRQOL & comorbidities

Mean ODI score 455+0.6 444 +£19.3 0.385

Mean CCl score 19+17 14+£16 <0.001
Preop SRS-Schwab classification

Main type 40% type N 47% type N 0.128

PT modifier >0 67.9% 61.9% 0.026

PI-LL modifier >0 66.6% 60.6% 0.161

SVA modifier >0 63.2% 57.9% 0.248
Surgical parameters

Revision (vs primary) 30.70% 29.20% 0.665

Mean op time, mins 4457 +182.2 390.4 +192.6 <0.001

Mean EBL, ml 1699.8 + 1485.5 1382.4 £ 1299.3 0.001

Mean no. of 3COs per patient 01+£0.3 02+04 0.012

Mean no. of fused vertebral levels 89146 79148 0.003
Surgery type

Posterior fusion only 35.80% 37.70%

Posterior fusion & TLIF/PLIF 26.70% 20.80% 0.402

Posterior fusion & ALIF/LLIF 31.70% 35.70%

Mean values are presented as the mean + SD. Boldface type indicates statistical significance.

2008-2011 and 2012-2015 periods (66.0% vs 80.5%, p
= 0.001). Patients in the former period experienced a sig-
nifcantly higher rate of revision surgery before 2 years
(21.4% vs 13.0%, p = 0.029) and a signifcantly higher rate
of complications leading to a revision surgery. There was
a trend toward a lower rate of pseudarthrosis for patients
in the 20122015 period (7% vs 4.2%, p = 0.283), but this
difference did not reach statistical signifcance (Table 3).
Finally, no patient in these frst two periods developed new
cancer within the 2 years following surgery.

Discussion

This study provides an assessment of the pattern of
rhBMP-2 use by experienced ASD surgeons practicing at
17 sites throughout the US over the past decade. Overall,
these deformity surgeons used thBMP-2 in 74% of the
ASD patients who underwent surgery between 2008 and
2018, which is a higher rate than currently reported in the
literature. For example, De la Garza Ramos et al. reported
a rate of thBMP-2 use of 39.7% in ASD surgery based on
data from the Nationwide Inpatient Database.?® The dif-
fering rates of thBMP-2 use may be due, at least in part,
to the different time intervals assessed (2002—-2011 for the
study from De la Garza Ramos et al. vs 2008-2018 for the
current study).

By comparing BMP and no-BMP patients, we were
able to identify factors associated with the choice to use
rhBMP-2. Bess et al. previously assessed a subset of the
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current patients, those from the years 2008-2012,>' and
noted that thBMP-2 use in ASD was associated with high-
er CCI scores. With the analysis of a larger cohort that
includes the years 2008-2018, the present study provides
additional baseline factors associated with rhBMP-2 use
in ASD, including older age, higher BMI, and worse pre-
operative spinal alignment. In addition, patients for whom
rhBMP-2 was used had longer operative times, higher
EBL, and a greater number of levels fused, and ultimately
had a greater magnitude of deformity correction. Of note,
many of these factors have been previously described as
risk factors of pseudarthrosis.?

The reasons for the changes over time in rhBMP-2 use
observed in the present study are unclear. Although the
high cost of thBMP-2 may be a critical factor in decid-
ing whether or not to use it, costs have remained relatively
constant, since there has only very recently been a poten-
tial window for the development of a generic version. It
is possible that the evolving perceptions and reporting of
safety and effcacy of rhBMP-2 have impacted its appli-
cation. When looking at the overall use of thBMP-2 in
the present study, an increase was observed between the
2008-2011 period and the 20122015 period, from 62.5%
to 79%. This increased use could refect higher confdence
in thBMP-2 use within the ASD surgeon community. A
few years after the initial promising results from industry-
sponsored studies that showed high rates of fusion with
minimal associated complications in the feld of degenera-
tive disc disease,>*-?¢ the Frst results of application for an
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FIG. 1. RhBMP-2 uses across time periods: 2008-2011, 2012-2015, and 2016-2018. Post = posterior.
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FIG. 2. RhBMP-2 doses across time periods: 2008-2011, 2012-2015, and 2016-2018.
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FIG. 3. 2008-2011 patients versus 2012-2015 patients. Distribution according to preoperative PI-LL and preoperative maximum
Cobb angle after propensity matching.

TABLE 3. Complications of the 2008-2011 and 2012-2015
patients in the propensity-matched cohort (n =215 in each

group)

No. of Patients (%)

ASD population were published with very promising out-
comes. In 2008, Mulconrey et al. published a prospective
study showing a 100% fusion rate with posterior use of
rhBMP-2.% In 2009, Maeda et al. reported a signifcantly
lower rate of pseudarthrosis when rhBMP-2 was used ver-
sus ICBG (4.3% vs 28%).** However, it was around this
time that the frst studies with warnings about rhBMP-2

2008-2011 2012-2015 were published. In June 2008, the FDA issued a public
, health notifcation informing of life-threatening complica-
No. of pat|ent§ 52(24.2) 34 (15.8) tions with rhBMP-2 use inganterior cervical %iscecriomy
Pseudarthrosis 15(7) 9(4.2) and fusion.” A year later, the frst meta-analysis with fun-
Implant 14 (6.5) 10 (4.7) nel plots reporting possible bias in initial industry-spon-
Loose/dislocation 2 1 sored studies was published,*? and Carragee et al. reported
Prominent implant 2 2 arisk of adverse events associated with thBMP-2 10 to 50
Rod breakage 9 7 times the original estimates that were reportelgl in the in-
Screw medial breach 1 0 du_stry—sponsore;d peer—rev1e_wed pul?llca}tlons. Thus,.de-
, . spite the potentially concerning publications and warnings
Radiographic 18(84) 14(6.5) that emerged during that time, and the papers questioning
Adjacent-segment disease 0 1 the validity of the original industry-sponsored studies, the
Malalignment 3 3 potential benefts continued to favor rhBMP-2 use among
DJK/PJK 11 10 the enrolling deformity surgeons in the present study.
Pseudarthrosis 4 1 Analysis of the last two timc? .peri_ods., 2012-2015 and
Surgical site infection 628 52.3) 20162018, dem'onstrat.ed a stabilization in the Qverall use
: of thBMP-2. It is possible that the ever-increasing down-
Neurological 837 2(0.9) ward pressures on healthcare cost may have constrained
Motor deficit 3 0 the growth in rhBMP-2 use, despite growing evidence of
Radiculopathy 4 1 its effectiveness in the feld of ASD.?"-*-35 This stabiliza-
Spinal cord injury 1 1 tion_of use could a}so be rela?ed to concerns about the po-
Wound (09) 0(0) t;ntlal 1ncrea§ed risk of mallgngncy as the FDA applica-
Miscellaneous 4(19) 3(14) tion fqr Amphfy (Amplify Surgical, Inc.), a posterolateral
. graft implant with a dose of 40 mg/level of hBMP-2, was
Bowel perforation 1 0 rejected in 2011 for this specifc reason.s* In 2013, the
Dural tear 0 1 frst two meta-analyses performed using data that were
Retained sponge 0 1 issued from the Yale University Open Data Access proj-
Pleural effusion 1 0 ect reported a possibly higher risk of cancer in patients
Cholecysti treated with thBMP-2 and the possibility that this risk
ystis 2 0
Other 0 1 could be dose-dependent (10 of the 17 cancer cases were

in the highest-dose arm of the trial)."!'> Although a recent

DJK = distal junctional kyphosis; PJK = proximal junctional kyphosis.

study focused on high-dose rhBMP-2 use in spinal defor-
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mity patients strongly disfavored an association between
cancer risk and rhBMP-2,% it is possible that a combina-
tion of negative literature and cost-containment pressures
may explain the plateau in thBMP-2 use. The decrease
in use for TLIF/PLIF compared with an increase in use
for posterior-only fusion could be explained in the same
fashion due to concerns raised in the literature regarding
rhBMP-2 use in TLIF/PLIF, with reports of radiculitis and
heterotopic bone formation with potential for compression
of neural structures.’® Thankfully, the present study was
reassuring, with no cases of malignancy and a lower rate of
complications leading to revision surgery in patients in the
2012-2015 period compared with matched patients in the
2008-2011 period, despite the increased use of rhBMP-2.

With regard to thBMP-2 dose, we reported lower val-
ues in the present study than those used in initial trials in
the setting of degenerative disc disease; this included both
posterior dose per level (3 mg vs 12—40 mg) and interbody
dose per level (4 mg vs 4.2-12 mg).!! The overall dose of
rhBMP-2 decreased over time, and the average dose per
level fused converged to 3 mg/level. Multiple factors could
account for this decline, including attempts to reduce cost,
increased surgeon experience favoring acceptable fusion
rates with lower doses, and concerns for potential associ-
ated complications.

Finally, surgeons increasingly used thBMP-2 between
the last two time periods for only younger patients, smok-
ers, patients who received a 3CO, and patients who un-
derwent revision surgery. This was probably an attempt to
only use thBMP-2 for patients with the most positive ben-
eft-risk balance as shown in the meta-analysis published
by Laurie et al. in 2016."3

Study Limitations

The primary limitation of this study relates to its retro-
spective design. Although data were collected prospective-
ly, the considerations of individual surgeons when decid-
ing whether or not to use thBMP-2 at the time of surgery
were not documented. In addition, the potential impacts
of hBMP-2 use on clinical outcomes or fusion rates were
not evaluated, as these were beyond the focus of the pres-
ent study.

Conclusions

In this large multicenter series of surgically treated
ASD patients, rhBMP-2 was most commonly used in
older patients with greater comorbidities and worse sagit-
tal alignment. Over the past decade, the use of BMP in-
creased signifcantly for more severe adult deformities and
for posterior-only fusions, but the dose decreased signif-
cantly over the same time. In order to have the most posi-
tive beneft-risk balance, future studies should investigate
the characteristics of ASD patients who beneft the most
from thBMP-2 use.
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