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Prospective Evaluation of Radiculitis following Bone
Morphogenetic Protein-2 Use for Transforaminal
Interbody Arthrodesis in Spine Surgery

Arjun S. Sebastian, Nathan R. Wanderman, Bradford L. Currier, Mark A. Pichelmann,
Vickie M. Treder, Jeremy L. Fogelson, Michelle J. Clarke, Ahmad N. Nassr

Department of Orthopedic Surgery, Mayo Clinic, Rochester, MN, USA

Study Design: Prospective observational cohort study.

Purpose: This study aims to evaluate the safety and efficacy of bone morphogenetic protein-2 (BMP-2) in transforaminal lumbar in-
terbody fusion (TLIF) with regard to postoperative radiculitis.

Overview of Literature: Bone morphogenetic protein (BMP) is being used increasingly as an alternative to iliac crest autograft in
spinal arthrodesis. Recently, the use of BMP in TLIF has been examined, but concerns exist that the placement of BMP close to the
nerve roots may cause postoperative radiculitis. Furthermare, prospective studies regarding the use of BMP in TLIF are lacking.
Methods: This prospective study included 77 patients. The use of BMP-2 was determined individually, and demographic and opera-
tive characteristics were recorded. Leg pain was assessed using the Visual Analog Scale (VAS) for pain and the Sciatica Bothersome
Index (SBI) with several secondary outcome measures. The outcome data were collected at each follow-up visit.

Results: Among the 77 patients, 29 were administered with BMP. Postoperative leg pain significantly improved according to VAS leg
and SBI scores for the entire cohort, and no clinically significant differences were observed between the BMP and control groups.
The VAS back, Oswestry Disability Index, and Short-Form 36 scores also significantly improved. A significantly increased 6-month fu-
sion rate was noted in the BMP group (82.8% vs. 55.3%), but no significant differences in fusion rate were observed at the 12- and
24-month follow-up. Heterotopic ossification was observed in seven patients: six patients and one patient in the BMP and control
groups, respectively (20.7% vs. 2.1%). However, no clinical effect was observed.

Conclusions: In this prospective observational trial, the use of BMP in TLIF did not lead to significant postoperative radiculitis, as
measured by VAS leg and SBI scores. Back pain and other functional outcome scores also improved, and no differences existed be-
tween the BMP and control groups. The careful use of BMP in TLIF appears to be both safe and effective.
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Introduction (BMPs) are osteoinductive and are increasingly used
as alternatives to iliac crest bone grafting for spinal ar-
Recombinant human bone morphogenetic proteins throdesis. Although several different BMPs have been
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identified, only bone morphogenetic protein-2 (BMP-
2) is approved by the Food and Drug Administration for
use in anterior lumbar interbody fusion (ALIF) [1]. The
physician-directed use of BMP-2 in other interbody fu-
sions, including posterior lumbar interbody fusion (PLIF)
and transforaminal lumbar interbody fusion (TLIF), has
been described [2,3]. Regardless of the technique, the use
of BMP-2 in ALIF, PLIF, and TLIF have shown high fu-
sion rates of >90% [4]. Given the increasing use of BMP-2
for other clinically directed indications, the need to define
BMP-2-related complications is becoming increasingly
important.

Previous studies have shown that lumbar interbody
arthrodesis can be performed safely and effectively by us-
ing TLIF, which affords a posterior-only technique with-
out extensive dural retraction [5-7]. With the increasing
popularity of the TLIF approach, surgeons have begun
using BMP-2 as an alternative to bone graft in interbody
implants [3,8-10]. Previous studies have shown improved
fusion rates with the use of BMP-2 compared with local
bone graft in TLIF [10,11]. Furthermore, the use of BMP-
2 avoids the need to obtain an iliac crest bone graft, which
can be associated with donor-site morbidity [4]. Despite
these advantages, postoperative complications, including
seroma formation, vertebral osteolysis, and postoperative
radiculitis, have been reported after BMP-2 use in TLIF,
thus prompting some researchers to caution against its
use [3,8,12,13]. Postoperative radiculitis rates as high as
16.7% have been reported in the literature [12]. This has
been hypothesized to stem from an inflammatory reaction
caused by the BMP-2 in close proximity to nerve roots
[14]. Furthermore, other studies have shown increased
heterotopic ossification after BMP use and bony extension
into the spinal canal or foramina, which could possibly
cause nerve root irritation [11,15-17]. However, previous
studies that examined this effect have been limited to ret-
rospective case series.

This prospective observational study aimed to evaluate
the safety and efficacy of BMP-2 use via a TLIF approach
and to examine the incidence of postoperative radiculitis.

Materials and Methods

The prospective observational study was conducted at
a Mayo Clinic, Rochester, MN after being approved by
the Institutional Review Board (Identification no., 08-
00802). Part of the approval was contingent on a detailed

informed consent of each patient enrolled in the study
regarding the risks, benefits, and alternatives to study
participation. The Visual Analog Scale (VAS) and Sciatica
Bothersome Index (SBI) scores were used to compare out-
comes in patients undergoing TLIF with BMP compared
with those in patients undergoing other bone grafting
techniques only. The secondary outcomes included radio-
graphic results, fusion rates, and other clinical outcome
scores following TLIE, including VAS back, Oswestry Dis-
ability Index (ODI), and Short-Form 36 (SF-36) scores.

1. Patients

The inclusion criteria for this study were patients between
18 and 75 years with lumbar degenerative conditions (e.g.,
degenerative disk diseases and spondylolisthesis) who
presented with significant leg complaints after >6 weeks
of unsuccessful conservative treatment. Patients who were
considered good candidates for TLIF were offered enroll-
ment. The exclusion criteria included interbody fusions
performed at levels other than between L1 and S1, TLIFs
performed at more than three levels, history of previous
fusion attempt of the involved levels, morbid obesity (body
mass index >40 kg/m’), or surgery performed for nonde-
generative indications. Informed consent was obtained
from all study subjects.

2. Surgery

The patients enrolled in the study underwent TLIF with
either BMP-2 and bone graft or bone grafting only. The
choice of BMP-2 use was determined individually by the
surgeon and patient with relevant patient-specific factors
tavoring the use of BMP-2, including poor bone quality,
desire to avoid donor-site morbidity associated with iliac
crest bone harvesting, and insurance coverage of BMP-2.
All patients underwent standard posterior lumbar instru-
mented arthrodesis with bilateral pedicle screw fixation.
Surgeons performed the surgery with their choice of in-
strumentation and TLIF cage. Minimal access approaches
were used in 12 cases. The BMP-2 product used was Infuse
(Medtronic, Minneapolis, MN, USA). Individual BMP-
2-soaked collagen sponges were inserted into TLIF cages,
and the remaining sponges were placed posteriorly over
the exposed transverse processes. The size of the Infuse kit
was primarily determined intraoperatively on the basis of
the number of levels to be fused. BMP-2 dosages ranged
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from 0.04 to 0.11 mg/kg with a mean of 0.06 mg/kg.
3. Clinical outcomes

The standard follow-up was performed at 6 weeks, 3
months, 6 months, 1 year, and 2 years. VAS leg, VAS back,
SBI, ODI, and SF-36 scores were collected at each follow-up
visit. Furthermore, postoperative radiculitis was carefully
evaluated by the surgeon at follow-up. Any new symptoms
or objective findings of radiculitis were recorded.

4. Radiographic evaluation

Fusion was assessed using radiographs and computed
tomographic scans at 6 months, 1 year, and 2 years ac-
cording to the preference of the surgeon. This was defined
as bridging bone between adjacent vertebral bodies either
through or around the implant, <5° of angular motion,
and <3 mm of translation. Imaging was also assessed
for subsidence, which is defined as cage settling >3 mm.
Heterotopic ossification was also assessed on imaging for
either canal or foraminal encroachment.

Table 1. Patient demographic data

Demographic data

Bone morphogenetic protein group
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5. Statistical analysis

The mean for continuous outcomes and frequency (%) for
categorical outcomes were assessed. The two-group com-
parisons were assessed between baseline outcomes and
each follow-up period with two-sample #-test and Fisher’s
exact test for continuous and categorical variables, respec-
tively. Analysis was used to assess the changes in outcomes
over time. Statistical significance was considered for
p<0.05. All analyses were performed using JMP software
for Windows ver. 9.0.1 (SAS Institute Inc., Cary, NC, USA).

Results

1. Surgery

From May 2009 to September 2013, 77 patients were en-
rolled in the study. BMP and bone grafting were used in
29 and 48 patients, respectively. Although the patients in
the control group were 6 years older on average than the
patients in the BMP group (Table 1), sex, diabetes, and
tobacco use were not significantly different between the
groups. The control and BMP groups used 29 (60.4%) and
1 (3.5%) allograft spacer, respectively. Blood loss and use

Control group

No. of patients 29

Age (yr) 53.5
Sex (male:female) 11:18
Diabetes 4(13.8)

Tobacco use

10(34.5)

48

53.0 0.062

14:34 0.460
3(6.25) 0.415

16 (33.3) 0.640

Values are presented as number or number (%).

Table 2. Operative data

Surgical data

Bone morphogenetic protein group

Control group

Revision surgery 5(17.2)
No. of levels
1 25(86.2)
2 3(10.3)
3 1(3.5)
Allograft spacer 1(3.5)
Blood loss (mL) 608.6
lliac crest autograft 2(6.9)

15(31.3) 0.194
0.358
44(91.7)
4(8.3)
0
29(60.4) <0.001
1,035.2 0.042
20(41.7) 0.001

Values are presented as number (%) or number.
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Table 3. Leg pain (Visual Analog Scale leg)

Bone morphogenetic protein group (n=29)

Control group (n=48)

e No. of patients Mean+SD p-value  No. of patients ~ Mean+SD p-value
Preop 29 6.2+2.2 48 49+2.7

6 wk 27 2.5+2.8 0.289 34 1.842.3

Improvement from preop -3.9 <0.001? 3.2 <0.001?
3 mo 21 1.1£1.4 0.303 37 1.5£2.0

Improvement from preop -4.9 <0.001? -32 <0.001%
6 mo 23 1.6+2.2 0.898 38 1.542.1

Improvement from preop -4.8 <0.001? 37 <0.001”
12 mo 18 1.442.1 0.645 32 1.742.2

Improvement from preop -4.9 <0.001° -3.1 <0.001?
24 mo 12 0.71.0 0.049° 21 2.0+28

Improvement from preop -4.8 <0.0017 -2.8 <0.001?
SD, standard deviation; Preop, preoperative.
“Significantly different.

of iliac crest autograft were significantly higher in the con- 74 6.2 —m— Control
trol group at 1,035.2 versus 608.6 mL and 41.7% versus 6 ——BMP
6.9%, respectively (Table 2). o 5
3

2. Clinical outcomes Eu} 47

No unanticipated BMP-related adverse events were iden- 2

tified by the surgeons during the study, including no clini- 14

cal documentation of postoperative radiculitis. 0 | | | |

3. Leg pain outcomes

Leg pain was not significantly different preoperatively as
measured by VAS leg scores (Table 3, Fig. 1). Both groups
showed significant improvements in leg pain postopera-
tively compared with the preoperative scores (3.9 and 3.2
for the BMP and control groups at 6 weeks, respectively;
p<0.001). The magnitude of improvement was not signifi-
cantly different between the two groups (p=0.289). The im-
provement in postoperative leg pain was significantly main-
tained during follow-up for both groups up to 2 years (Fig. 1).

4. Sciatica Bothersome Index

SBI scores demonstrated a similar relationship to VAS leg
scores for both groups (Table 4, Fig. 2). The SBI scores
between the BMP and control groups were not signifi-
cantly different preoperatively. At 6 weeks follow-up, a

T T
Baseline 6wk 3mo 6mo 1yr 2yr
Period
Fig. 1. VAS leg scores of the BMP group versus the control group at
baseline and follow-up. VAS, Visual Analog Scale; BMP. bone morpho-
genetic protein.

significant improvement was noted in SBI scores (-2.12
and —1.86 for the BMP and control groups, respectively;
p<0.001). The magnitude of improvement was not signifi-
cantly different between the two groups (p=0.804). The
improvement in SBI scores were significantly maintained
during the follow-up period for both groups up to 2 years.

5. Back pain outcomes

The preoperative back pain measured by VAS scores
was not significantly different between the BMP and
control groups (Table 5, Fig. 3). At 6 weeks, a significant
improvement of —2.6 and —2.9 in back scores was noted
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Table 4. Sciatic Bothersome Index Scores

Bone morphogenetic protein group (n=29)

Asian Spine ] 2019;13(4):544-555

Control group (n=48)

Period
No. of patients ~ Mean+SD p-value No. of patients  Mean+SD p-value
Preop 29 4.6+1.1 48 42412
6 wk 27 25+1.3 0.804" 34 2.4+16
Improvement from preop -2.12 <0.001” -1.86 <0.001"
3mo 21 2.0+1.2 0.404” 37 2315
Improvement from preop 2.8 <0.001" -1.9 <0.001"
6 mo 23 1.8+1.1 0.208” 40 2217
Improvement from preop 28 <0.001" 2.1 <0.001"
12 mo 18 1.8+1.2 0.300” 32 22418
Improvement from preop 27 <0.001" 19 <0.001"
24 mo 12 1.8+1.4 0.358 20 2417
Improvement from preop 23 <0.001" 2.0 <0.001"
SD, standard deviation; Preop, preoperative.
“Not significantly different. "Significantly different.
6 74 —— Control
—— Control
5| 46 ——BMP 6 - 5.3 ——BMP
. 5
@ 4+ R
3 g 44
— 3 - ;
% S 34
2 @
< 2
14 14 :
1.8 1.8 1.8 11
0 T 0 I | | |

T T T T T
Baseline 6wk 3mo 6mo 1yr 2yr
Period
Fig. 2. SBI scores of the BMP group versus the control group at base-
line and follow-up. SBI, Sciatica Bothersome Index; BMP, bone mor-
phogenetic protein.

for the BMP and control groups, respectively (p<0.001).
No significant differences were noted in the magnitude
of improvement between the two groups (p=0.214). The
improvement in VAS back scores were significantly main-
tained over the 2-year follow-up period.

6. Oswestry Disability Index outcomes

ODI scores were used to assess functional pain postop-
eratively (Table 6, Fig. 4). At all follow-up intervals, both
groups had significant improvements in ODI scores. No
significant differences were found between the groups
with respect to improvement at 6 weeks, 3 months, 6
months, 1 year, and 2 years (p=0.638, 0.128, 0.174, 0.085,

I I
Baseline 6wk 3mo 6mo  Tyr  2yr
Period
Fig. 3. VAS back scores of the BMP group versus the control group at
baseline and follow-up. VAS, Visual Analog Scale; BMP. bone morpho-
genetic protein.

and 0.125, respectively).
7. Short-Form 36 outcomes

SE-36 outcomes were broken down into physical compo-
nent scores (PCSs) and mental component scores (MCSs)
to assess general health. Significant improvements in both
PCS and MCS were noted in the BMP and control groups
out to 2 years, with no significant differences between the
groups at 2 years (Tables 7, 8 and Figs. 5, 6).

8. Radiographic outcomes

At 6 months, the fusion rate in the BMP group was signif-
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Table 5. Back pain (Visual Analog Scale back)

Bone morphogenetic protein group (n=29)

Period
No. of patients Mean+SD

Preop 29 5.3+2.6
6 wk 27 3.0£24
Improvement from preop -2.6

3 mo 21 1.6+1.6
Improvement from preop -3.3

6 mo 23 1.8+2.1
Improvement from preop -33
12 mo 18 1.8+2.4
Improvement from preop -32
24 mo 12 1.242.2
Improvement from preop 29

Control group (n=48)

p-value No. of patients  Mean+SD p-value
48 5.3+2.7
0214 34 2.3+2.2
<0.001? 29 <0.001?
0.436 37 2.0+2.3
<0.001? -3.0 <0.001?
0.259 39 24222
<0.001? 28 <0.001?
0.603 32 2.242.1
<0.001° -3.1 <0.001?
0.067 21 2.8+2.7
<0.0017 2.2 <0.0017

SD, standard deviation; Preop, preoperative.
“Significantly different.

Table 6. Oswestry Low Back Pain Disability scores

Bone morphogenetic protein group (n=29)

No. of patients MeanxSD
Preop 29 60.8+16.3
6 wk 27 48.6+20.5
Improvement from preop -13.5
3 mos 20 37.4£15.6
Improvement from preop -22.3
6 mos 22 36.0£12.6
Improvement from preop 222
12 mos 19 32.7£11.9
Improvement from preop -25.9
24 mos 12 33.0£16.3
Improvement from preop -20

Control group (n=48)

p-value No. of patients Mean+SD p-value
48 62.8+14.1
0.638 34 50.9+16.3
<0.001" -13.1 <0.001"
0.128" 38 4414157
<0.001" -17.0 <0.001"
0.1747 39 4144177
<0.001" 217 <0.001"
0.085” 32 40.1+17.8
<0.001" 221 <0.001"
0.125 21 42.4+16.3
<0.001" -21.0 <0.001”

SD, standard deviation; Preop, preoperative.
INot significantly different. "Significantly different.

icantly higher than that in the control group (82.8% ver-
sus 55.3%, p=0.024). No significant difference was found
between the BMP and control groups at the 1-year follow-
up (100% versus 86.8%, p=0.147) and 2-year follow-up
(100% versus 90.9%, p=0.466) (Table 9, Fig. 7). Figs. 8
and 9 show successful fusions in non-BMP and BMP pa-
tients, respectively. Heterotopic ossification was seen in
six patients in the BMP group (20.7%) compared with one
patient in the control group (2.1%, p=0.013). None of the

patients with heterotopic ossification had any resulting
clinical symptoms, including symptoms of recurrent leg
pain. Cage subsidence was observed in three patients in
the control group (6.3%) without any noted postoperative
symptoms (Table 10).

9. Additional surgery

Four patients underwent reoperation (two patients each
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707 627 —i— Control in the BMP and control groups). In the BMP group, one

60 50.9 ——B\WP patient underwent reoperation for a misplaced screw 1
50 908 441 M4 a4 day postoperatively, and one patient underwent revision

g 40 1 486 : 424 decompression at 8 months. Revision decompression was
Z 30 374 % performed following an L4-L5 TLIF for bilateral lower
o 20- 327 330 extremity pain. The patient continued to experience re-
04 sidual symptoms in the right lower extremity secondary

to a right-sided L5-S1 lateral recess stenosis that was not

0 Baseline 6wk  3mo  6mo 1Iyr 2|yr addressed at the index surgery. No heterotopic ossification
Period was found on preoperative CT or was identified during

Fig. 4. ODI scores of the BMP group versus the control group at base- revision surgery. The patient had immediate relief of these

line and follow-up. BMP, bone morphogenetic protein. ODI, Oswestry

Disability Index symptoms following L5-S1 lateral recess decompression.

Table 7. Short-Form 36 physical component scores

S Bone morphogenetic protein group (n=29) Control group (n=48)

= No. of patients  Mean+SD p-value No. of patients Mean+SD p-value
Preop 29 35.8+15.8 48 36.6+15.3
6 wk 27 47.4+20.4 0.833" 34 46.4£14.7
Improvement from preop 114 <0.001" 9.2 <0.001"
3mo 21 62.7+20.9 0.4977 36 58.7+20.7
Improvement from preop 25.1 <0.001" 22.1 <0.001"
6 mo 23 71.7+17.9 0.033” 39 60.3+22.9
Improvement from preop 34.2 <0.001” 244 <0.001"
12 mo 18 74.0+21.4 0.202” 32 65.5+23.0
Improvement from preop 38.1 <0.001” 28.1 <0.001"
24 mo 12 73.0£23.8 0.200° 22 61.4+£25.2
Improvement from preop 30.7 <0.001"” 234 <0.001"

SD, standard deviation; Preop, preoperative.
“Not significantly different. "Significantly different.

Table 8. Short-Form 36 mental component scores

: Bone morphogenetic protein group (n=29) Control group (n=48)
e No. of patients  Mean+SD p-value No. of patients Mean+SD
Preop 29 58.9+18.7 48 56.7+18.1
6 wk 26 64.0+19.4 0.851” 34 65.0+18.8
Improvement from preop 58 0.007” 7.6 0.003"
3mo 21 75.6+15.1 0.156” 38 69.0+20.1
Improvement from preop 13.0 <0.001" 109 <0.001”
6 mo 23 74.9+17.2 0.215% 37 68.7+20.7
Improvement from preop 16.0 <0.001" 13.0 <0.001"
12 mo 17 79.7+16.1 0.126° 32 71.3+21.0
Improvement from preop 199 <0.001" 147 <0.001"
24 mo 1 74.2+22.7 0.808°! 21 72.2+17.8
Improvement from preop 106 <0.001" 20.0 <0.001"

SD, standard deviation; Preop, preoperative.
INot significantly different. "Significantly different.
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90
80
70
60
50
40

307 557
20 —— Control

10 ——BMP

0 T T T T T T
Baseline 6wk 3mo  6mo 1yr 2yr

Period
Fig. 5. SF-36 PCS of the BMP group versus the control group at base-
line and follow-up. SF-36, Short-Form 36; PCS, physical component
scores; BMP, bone morphogenetic protein.

SF-36 PCS scores

Table 9. Fusion rates

Bone morphogenetic protein group (n=29)

Period (mo)

No. of patients No. (%)

90 A
80 -
70 ~
60 ~
50 ~
40 +

30 —— SF-36 MCS control
20 4 —— SF-36 MCS BMP

10 A
0 T T T T T T
Baseline 6wk 3mo  6mo 1yr 2yr
Period
Fig. 6. SF-36 MCS of the BMP group versus the control group at base-

line and follow-up. SF-36, Short-Form 36; MCS, mental component
scores; BMP. bone morphogenetic protein.

SF-36 MCS

Control group (n=48)

p-value No. of patients

6 29
12 23
24 10

24/29(82.8)
23/23(100.0)
10/10(100.0)

0.0247 47
0.1477 38
0.466" 22

26/47 (55.3)
33/38 (86.8)
20/22 (90.9)

“Not significantly different.

100 100

100 828
90 a)

80+
70
60
50
40
30
20
10

0_

Fusion rate (%)

6 12 24

Period (mo)
EBMP M Control
Fig. 7. Fusion rates of the BMP group versus the control group at 6,
12, and 24 months. BMP, bone morphogenetic protein. ®Indicates a
significant difference.

In the control group, one patient underwent reoperation
for screw pullout 2 months postoperatively, and one patient
underwent hematoma evacuation 6 days postoperatively.

Discussion

The use of BMP-2 in TLIF has several potential advan-

Fig. 8. Sagittal computed tomography of a 46-year-old patient show-
ing solid fusion across L4-L5 transforaminal lumbar interbody fusion
not utilizing bone morphogenetic protein at 1 year postoperatively.

tages. BMP-2 allows for high interbody fusion rates while
avoiding the increased morbidity associated with iliac
crest autograft [18-20]. Previous studies have shown that
>50% of patients with iliac crest autograft may complain
of donor-site pain as long as 6 months postoperatively [4].
Given that efforts should be exerted to improve patient
outcomes following spinal fusion, establishing the safety
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and efficacy of BMP use is important [2].

In a series of 48 patients who underwent single-level
TLIF with BMP-2, Rihn et al. [12] reported a 16.7% in-
cident of transient radiculitis. Although this value is the
highest incidence reported in the literature, Owens et al.
[3] studied a larger series of patients undergoing TLIF
with BMP-2 and found a 6.4% rate of new or worsened
radiculopathy, 2.5% which were attributed to foraminal
seroma formation secondary to BMP-2 use. However,
postoperative radiculitis can occur following TLIF with-
out BMP-2. In a series of 100 consecutive patients who
underwent TLIF without BMP, Potter et al. [21] reported
a 7% rate of transient radiculopathy, thus suggesting that
technical factors, such as nerve root retraction and injury
during disk preparation and cage insertion, may play a
role in instigating radiculopathy. Additional techniques
may reduce or eliminate the incidence of BMP-2. For in-

Fig. 9. Sagittal computed tomography of a 66-year-old patient show-
ing solid fusion across L4-L5 transforaminal lumbar interbody fusion
utilizing bone morphogenetic protein at 1 year postoperatively.

Table 10. Postoperative complications

Asian Spine ] 2019;13(4):544-555

stance, some have suggested that BMP-2 may have an in-
flammatory effect when nerve roots are directly exposed,
and Rihn et al. [22] found a reduction in postoperative
radiculitis from 20.4% to 5.4% with the use of a hydrogel
sealant. This finding suggests that radiculitis rates may
be further reduced with TLIF techniques that minimize
exposure and neural elements. Other authors have shown
that no BMP-2-related neurologic complications occurred
when structural allografts were used to close off the disc
space, thereby preventing BMP-2 contact with the neural
elements [8].

Despite a sample size that is commensurate with prior
studies, we did not observe any instances of BMP-related
postoperative radiculitis. The measurements of VAS leg
and SBI scores showed a significant improvement in both
groups, with no differences in the magnitude of scores be-
tween the groups. These findings were consistent with the
prospective study by Haid et al. [10], who examined the
outcomes after BMP use in PLIF and found a significant
improvement in VAS leg scores for both the BMP and
control groups.

The use of BMP-2 in our study led to heterotopic os-
sification at 20.7%. This is consistent with the prospective
analysis by Joseph and Rampersaud [11], who examined
heterotopic ossification following minimal access PLIF
and TLIF with and without BMP. In their study, the het-
erotopic ossification rate was 20.8% and 8.3% in the BMP
and control groups, respectively. The rate of extradiscal
heterotopic ossification can be as high as 75% following
BMP use in lumbar interbody fusions [10]. However,
other studies have shown that heterotopic bone formation
did not occur following BMP-2 use in TLIF, thus sug-
gesting that certain technical factors may play a role in
the rate [4,8,23]. The clinical outcomes for patients with
heterotopic ossification vary in the literature. Haid et al.
[10] and Joseph and Rampersaud [11] found that no clini-
cal sequelae were associated with heterotopic ossification,
and this result was consistent with our study. However,

Complication Bone morphogenetic protein group (n=29) Control group (n=48)
Cage removals 0 0

Subsidence 0 3(6.3)
Reoperation 2(6.9) 2(4.2)
Heterotopic ossification 6(20.7) 1(2.1)

Values are presented as number (%).
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other authors have reported complications that are related
to postoperative neuroforaminal heterotopic ossification
[15,24]. Singh et al. [24] reported a 1.7% rate of postop-
erative radiculopathy following BMP-2 use in 573 mini-
mally invasive TLIF procedures. Furthermore, all cases of
postoperative radiculopathy demonstrated neuroforami-
nal bony overgrowth that required reoperation.

Vertebral osteolysis and cage subsidence have been de-
scribed as potential complications following BMP-2 use in
interbody fusions [3]. Osteolysis rates vary widely in the
literature from 0.5% to 82% in some series [3,25-27]. Os-
teolysis or cage subsidence was not observed in our BMP-
2 treated group. Although the cause of vertebral osteolysis
is unclear, in vivo studies have shown increased osteoclas-
tic activity with high concentrations of BMP-2 in a cancel-
lous bone environment [28]. Therefore, technical factors,
such as BMP-2 dosing or endplate violations, may play a
role in the development of osteolysis and subsidence.

The patients in both the BMP and control groups in
our study had reduced preoperative back pain, which was
consistent with previous studies examining interbody fu-
sions [5,29], and a concordant improvement in ODI and
SE-36 scores. Similar to the study of Burkus et al. [1], who
examined BMP-2 use in ALIF, improvements in clinical
and functional outcomes were not significantly different
between the BMP and control groups.

Although short-term fusion rates were higher in the
BMP group at 6 months (82.8% versus 55.3%, p=0.024),
no significant differences between the groups were ob-
served at 1- and 2-year follow-up. These findings were
consistent with those of Joseph and Rampersaud [11] with
regard to the short-term fusion rates following BMP-2 use
in TLIE They found a significantly higher fusion rate with
BMP-2 use at 6 months (91.3% versus 50%). This finding
suggests that although the osteoinductive properties of
BMP-2 greatly accelerate the fusion process, techniques
with bone grafting alone may eventually achieve similar
fusion rates. These high fusion rates at long-term follow-
up are consistent with previous studies on ALIF, PLIF,
and TLIF that showed fusion rates of 290% regardless of
adjunctive technique [4,8,10,11,19,30]. Despite similar
long-term fusion rates, blood loss was significantly higher
in the non-BMP group possibly because nearly half of
patients received iliac crest autograft. As others have sug-
gested, blood loss morbidity associated with iliac crest
autograft harvest makes BMP-2 an attractive alternative in
TLIF [4].

Our study has some limitations. Despite the prospec-
tive nature of this study, it was neither randomized nor
blinded, thus possibly introducing some selection and
observational bias. Although our sample size was similar
to previous studies, it may still have been underpowered
to fully avoid a type II error. Furthermore, the instances
of transient radiculitis occurring between the time of
discharge and the first postoperative visit at 6 weeks may
have been missed given the study design.

Conclusions

In conclusion, the use of BMP-2 in TLIF in our series
did not lead to significant postoperative radiculitis as
measured by VAS leg and SBI scores. BMP-2 use was as-
sociated with significantly increased rates of heterotopic
ossification. However, this did not affect the clinical out-
comes. Furthermore, we observed a statistically significant
improvement in fusion rates with the use of BMP-2 at 6
months, although the fusion rates after 1 year was not dif-
terent. The careful use of BMP-2 in TLIF seemed to be a
safe and effective alternative to conventional bone grafting
techniques.
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