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A Computed Tomography Analysis of the Success 
of Spinal Fusion Using Ultra-Low Dose (0.7 
mg per Facet) of Recombinant Human Bone 
Morphogenetic Protein 2 in Multilevel Adult 

Degenerative Spinal Deformity Surgery
Gabriel Liu, Jun Hao Tan, Changwei Yang, John Ruiz, Hee-Kit Wong

University Spine Centre, Department of Orthopaedic Surgery, National University Hospital, National University Health System, Singapore

Study Design: Retrospective cohort study.
Purpose: To report on spinal fusion assessment using computed tomography (CT) after adult spinal deformity (ASD) surgery using 
ultra-low dose recombinant human bone morphogenetic protein 2 (RhBMP-2).
Overview of Literature: The reported dose of RhBMP-2 needed for successful spinal posterolateral fusion in ASD ranges from 10 to 
20 mg per spinal level. This study reports the use of ultra-low dose of RhBMP-2 (0.07 mg per facet) to achieve spinal fusion in multi-
level ASD surgery.
Methods: Consecutive patients who underwent ASD surgery using ultra-low dose RhBMP-2 were recruited. Routine postoperative 
CT analysis for spinal fusion was performed by two spine surgeons. Inter-observer agreement was calculated for facet fusion (FF) and 
interbody fusion (IBF) at 6 and 12 months after the procedure.
Results: Six consecutive ASD patients with a mean age of 62 years (28–72 years) were examined. Each patient received a total dose 
of 12 mg with an average dose of 0.69±0.2 mg (0.42–1 mg) per single FF and 1.38±0.44 mg (0.85–2 mg) for IBF. Total 131 FF and 15 IBF 
were examined in the study, with 88 FFs and nine IBFs being analyzed specifically at 6 months after the surgery. FF and IBF reported 
by surgeons A and B at 6 months were 97.7% vs. 91.9% FF, respectively (κ=0.95) and 100% vs. 100% IBF, respectively (κ=1). Two 
patients underwent longitudinal follow-up CT at 12 months, and the FF rates reported by surgeons A and B were 100% vs. 95.8%, 
respectively (κ=0.96). Five out of nine facet (56%) non-unions were identified at the cross-links. The remaining four facet pseudar-
throsis were noted at 1–2 spinal levels caudal to the cross-links. At the final clinical follow-up, there was no rod breakage, deformity 
progression, neurological deficit, or symptom recurrence. The Oswestry Disability Index improved by an average of 32.8±6.3, while 
the mental component summary of the 36-item Short-Form Health Survey improved by an average of 4.7±2.1, and physical component 
summary improved by an average of 10.5±2.1.
Conclusions: To our knowledge, this is the first study to report a CT that defined 92%–98% FF and 100% IBF using the lowest re-
ported dose of RhBMP-2 in multilevel ASD surgery. The use of ultra-low dose RhBMP-2 reduces the RhBMP-2 related complications 
and healthcare costs.
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Introduction

Degenerative lumbar scoliosis is observed commonly [1-
4]. We previously reported a 9.1% prevalence of adult 
degenerative lumbar scoliosis among a study population 
of >7,000 Asian subjects [5]. Management of these pain-
ful, symptomatic adult spinal deformities (ASDs) requires 
major spinal reconstruction with multilevel spinal decom-
pression and fusion surgery [6].

One of the unfavorable surgical complications of mul-
tilevel fusion surgery is pseudarthrosis. Pseudarthrosis is 
defined as failure of solid spinal fusion one-year after the 
procedure, and the reported rate of pseudarthrosis ranges 
from 1% to 57% [7-9]. Bone morphogenic proteins (BMPs) 
were first discovered by Urist [10] in 1965 and were first 
cloned in 1988 by Wozney et al. [11]. Recombinant hu-
man bone morphogenetic protein 2 (RhBMP-2) has dem-
onstrated the ability to stimulate bone formation and en-
hance, even replace, autogenous bone graft to reduce the 
rates of pseudarthrosis and achieving spinal fusion [12-
15].

However, the use of RhBMP-2 involves certain complica-
tions. In 2008, the Food and Drug Administration released 
a public health notification to alert practitioners regard-
ing the risk of soft tissue swelling and airway compromise 
related to the placement of BMPs in the anterior cervical 
spine; 38 incidences were reported during a 4-year period 
[1,16]. Others have reported complications, such as hetero-
topic ossification, radiculitis, seroma formation, osteolysis, 
and even cancer formation, following the use of RhBMP-2 
[16-20]. It is noteworthy that RhBMP-2-related compli-
cations appear to be dose dependent [17,21,22]. Studies 
recommended the use of high-dose RhBMP-2 to achieve 
posterolateral fusion, and the required dosage ranges from 
12 to 20 mg per spinal level [12,13].

To the best of our knowledge, few studies have exam-
ined the minimal dosage required for successful spinal fu-
sion in ASD. Our study aimed to report the success rates 
of fusion using computed tomography (CT) analysis for 
spinal facet and interbody fusion (IBF) after ASD surgery 
using ultra-low dose RhBMP-2.

Materials and Methods

This retrospective study included six consecutive ASD 
patients who had spinal reconstruction surgery using 
ultra-low dose RhBMP-2 in a National University Hospi-

tal, Singapore. Indications for surgery were degenerative 
lumbar scoliosis with symptoms of pain and neurogenic 
claudication. Patients with previous lumbar surgery or a 
malignancy were excluded. The patients’ clinical, surgical, 
and radiological data were collected for analyses.

IRB approval was given by the National Healthcare 
Group (Reference 2015/00576). As this was a retrospec-
tive study, informed consent was waived.  

The prepared RhBMP-2 (Infuse; Medtronic, Memphis, 
TN, USA) was first evenly soaked onto the absorbable col-
lagen sponge matrix provided by the vendor. The matrix 
was then cut into identical strips to ensure the desired low 

Fig. 1. Recombinant human bone morphogenetic protein 2 injected 
into absorbable collagen sponge matrix.

Fig. 2. Cutting into strips.
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dose of RhBMP-2 in each strip (Figs. 1, 2).
For facet fusion (FF), 1 matrix containing 4.2 mg (small 

kit, Infuse; Medtronic) RhBMP-2 can be cut into six iden-
tical strips, each containing 0.7 mg of RhBMP-2. Thereaf-
ter, each RhBMP-2 strip was inserted into the decorticated 
facet and covered with local decorticated bone chips. The 
remaining local bone graft was then placed underneath 
the rod over the decorticated lamina to complete the pos-
terolateral fusion.

For the IBF, total 1.38 mg RhBMP-2 was split into two 
collagen strips, each containing 0.69 mg RhBMP-2. After 
discectomy and endplate decortication, one strip of 0.69 
mg RhBMP-2 was applied into the disc space and covered 
by sentinel local bone graft. This was followed by inter-
body polyetheretherketone cage insertion that was then 
filled with the second collagen strip of 0.69 mg RhBMP-2 
and local bone graft.

Postoperatively, CT analysis was performed to assess the 
spinal fusion. The CT images were examined by two spine 
surgeons (A and B). Segmental spinal fusion was defined 
as the presence of complete continuous bony trabeculae 
across two joint surfaces (Figs. 3, 4). Facet and IBFs were 
analyzed at 6 and 12 months after the procedure.

Data are presented as mean values and ranges. The 
inter-observer values were calculated and represented by 
the kappa value. Statistical analyses were performed using 
IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA).

Results

Six consecutive ASD patients were recruited in the study 
from 2011–2012. The study population included five 
women and one man, with an average age of 62 years 
(range, 28 to 72 years) (Tables 1, 2).

The average spinal fusion levels operated on per patient 
was 11 spinal segments (range, 8 to 15). The preoperative 
scoliosis Cobb’s angle was 25° (range, 15° to 43°), and the 
C7 plumbline was negative 8.4 cm (range, -12 to 16 cm). 
The mean operative time was 536 minutes (range, 373 to 
704 minutes), and the intra-operative blood loss was 975 
mL (range, 500 to 1,800 mL). Each patient received a total 
dose of 12 mg (1 large Infuse kit, Medtronic), with an av-
erage dose of 0.69±0.2 mg (rang, 0.42 to 1 mg) per single 
FF and 1.38±0.44 mg (range, 0.85 to 2 mg) for IBF. Local 
bone grafts were used for all patients.

All six patients, with 88 facets and nine IBFs were ana-

Fig. 3. Computed tomography analysis showing successful facet 
fusion.

Fig. 4. Computed tomography analysis showing interbody fusion.

Table 1. Demographics and clinical details

Variable Mean (range)

Age (yr)    62 (28 to 72)

Preoperative Cobb’s angle (°)    25 (15 to 43)

C7 sagittal plumbline (cm)   -8.4 (-12 to 16)

Average spinal fusion levels 11 (8 to 15)

Mean operative time (min)     536 (373 to 704)

Intra-operative blood loss (mL)       975 (500 to 1,800)
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lyzed specifically at 6 months after the procedure. Further, 
two patients underwent additional longitudinal follow-up 
CT scans at 12 months, with 43 facets and six IBFs.

At 6 months after the surgery, FF reported by surgeon 
A was 97.7%, while that reported by surgeon B was 91.9% 
(κ=0.95). IBF fusion reported by surgeon A was 100%, 
while that by surgeon B was 100% (κ=1) (Table 3). At 1 
year after the procedure, the FF reported by surgeons A 
and B was 100% versus 95.8% (κ=0.96). Nine facets were 
identified to have fusion failure. Five out of nine (56%) 
facet non-unions were identified at the cross-links. The 
remaining four facets were located inferior to the cross-
links, either 1 level distally (two facets) or 2 levels distally 
(two facets).

The follow-up duration ranged from 64 to 89 months. 
At the final postoperative clinical follow-up, all patients 
reported a baseline lower back Visual Analog Scale (VAS) 
score of 0 (one patient reported occasional mild lower 
back pain), and lower limb VAS score of 0.

The clinical outcome scores at the final follow-up were 
compared to the clinical outcome scores at presentation, 
and the improvement was calculated. The Oswestry Dis-
ability Index (ODI) improved by an average of 32.8±6.3. 
The mental component summary of the 36-item Short-
Form Health Survey improved by 4.7±2.1, and the physi-
cal component summary (PCS) improved by 10.5±2.1 at 
the final follow-up (Table 4).

In a study by Copay et al. [23], the minimum clinically 
important difference (MCID) for patients who underwent 
lumbar spine surgery was 12.8 for ODI and 4.9 for PCS. 
The improvement observed in both the PCS and ODI out-
comes scores for the present patients exceeded the MCID.

One patient developed a 4-cm wound dehiscence from 
a small seroma formation at 2 weeks after the procedure. 
This was managed conservatively. There were no cases of 
heterotopic ossification, radiculitis, or osteolysis. No rod 
breakage, implant failure, or worsening of the spinal de-
formity was noted. No patient required revision surgery at 
final follow-up.

Discussion

While the routine use of RhBMP-2 in single level spinal 
surgery is controversial, its use in ASD is generally accept-
ed [18,22,24,25]. Despite the high success rates in fusion 
with RhBMP-2, using large doses of RhBMP-2 involves 
complications [1,16,17,19,20].Ta
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The drive in searching for the lowest optimal dose of 
RhBMP-2 to secure spinal fusion in ASD surgeries is not 
unfounded. In a systematic review, Chrastil et al. [16] re-
ported post-surgical heterotopic ossification rates ranging 
from 0%–75%, osteolysis rates ranging from 0%–100%, 
and radiculitis rates ranging from 0%–100%. RhBMP-2 
related complications are dose-dependent [17,21,22]. 
Devine et al. [17] reported, in a systematic review on five 
peer-reviewed studies and two Food and Drug Adminis-
tration safety summaries, that the cancer risk may be dose 
dependent. Crandall et al. [22] also reported fewer com-
plications with 4 mg RhBMP-2 per disc, with lesser com-
plications of heterotopic ossification as compared to that 
in patients who underwent fusion at 6–8 mg RhBMP-2 
per disc. This is similar to our findings wherein a low dos-
age of RhBMP-2 corresponded to low complication rates. 
With the use of 0.69 mg RhBMP-2 for each facet, only one 
patient demonstrated a possible RhBMP-2-related seroma 
formation with wound dehiscence that was treated suc-
cessfully with conservative treatment. At an average final 
follow-up of 35 months, no patient had heterotopic os-
sification, osteolysis, radiculitis, implant failure, deformity 
progression, or required revision surgery.

Failure to achieve spinal fusion can cause pain, neuro-
logical complications, and progressive decompensation in 
the sagittal or the coronal plane of the corrected deformity; 
this in turn leads to poorer postoperative ODI and Scolio-

sis Research Society 24 outcome scores [24-26]. Despite 
the successful use of RhBMP-2 in increasing the spinal 
fusion rates, few studies have reported on the lowest dos-
age of RhBMP-2 required for achieving spinal fusion [12-
15]. The reported fusion rate with RhBMP-2 ranges from 
78% to 100% [16]. Crandall et al. [27] reported 99.3% solid 
arthrodesis in 872 discs (98.4%), in patients undergoing 
transforaminal lumbar IBF. In a comparison of RhBMP-2 
with autogenous iliac crest bone graft in ASD surgeries, 
Kim et al. [26] reported a higher rate of spinal fusion (93.5% 
versus 71.9%) and a lower rate of pseudoarthrosis (6.4% 
versus 28.1%). Maeda et al. [28] conducted a 2-year follow-
up to demonstrate that ASD patients in the RhBMP-2 
group had a lower pseudarthrosis rate (4.3%) as compared 
to patients who underwent ASD surgery with iliac crest 
bone graft (28.1%) in long fusions to the sacrum surgery. 
They reported the use of an average of 10.0 mg per spinal 
level for posterior and 11.7 mg per spinal level for anterior 
surgery [28]. Similarly, Mulconrey et al. [29] reported a 
successful dorsal spinal fusion rate of 95% with the use of 
10 mg per spinal level of RhBMP-2 in ASD surgery.

In the current study, we used an ultra-low dosage of Rh-
BMP-2, with an average 0.69±0.2 mg per facet joint and 
1.38±0.44 mg for IBF and achieved an average of 95% for 
FF and 100% for IBF at 6 months after the ASD surgery. 
Our successful fusion rate may reflect the importance of 
the FF technique and the possible use of this ultra-low 

Table 3. Radiological outcome in the study subjects

Variable Surgeon A Surgeon B κ value

Facet fusion 6 mo postoperatively 97.7 91.9 0.95

Interbody fusion 6 mo postoperatively 100.0 100.0 1

Facet fusion 12 mo postoperatively 100.0 95.8 0.96

Table 4. Patient’s clinical outcome scores

Patient no. ODI 
(preop)

ODI 
(final follow-up)

Preop SF 36 
(MCS)

Preop SF36 
(PCS)

Postop SF36 
(MCS)

Postop SF36 
(PCS)

1 51 12 39.8 24.5 45.7 36.1

2 48 14 39.1 25.3 43.8 38.1

3 47 13 41.9 26.7 43.6 36.4

4 39 NA 37.5 28.2 NA NA

5 41 17 41.9 31.1 35.6 39.1

6 52 NA 36.8 29.1 NA NA

ODI, Oswestry Disability Index; Preop, preoperative; SF36, 36-item Short-Form Health Survey; MCS, mental component summary; PCS, physical 
component summary; Postop, postoperative; NA, not applicable.
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dose of RhBMP-2 in ASD surgery.
In this study, the success of spinal fusion was confirmed 

with CT scan assessment that has superior diagnostic 
power than radiography-based investigations performed 
in previous trials [30]. In addition, two individual spinal 
surgeons independently assessed the CT scan images to 
reduce the intra-observer errors. Fusion was defined only 
if continuous bony trabeculae were observed across two 
joint surfaces. These ensured reliable and accurate fu-
sion assessment results from our analysis. A good inter-
observer kappa value of 0.95 for FF and 1.00 for IBF was 
obtained in the CT analysis.

It is noteworthy that five out of nine facets (56%) that 
demonstrated fusion failure were found at the cross-link 
areas, and the remaining four of the nine facets pseudar-
throsis were within 1–2 levels caudal to the cross-links. 
The postulation of fusion failure around the cross-link 
region may be related to the disturbance in the local bone 
graft distribution in the facet joint during cross-link appli-
cation or the presence of the bulky hardware, leading to a 
false sense of security in achieving successful spinal fusion 
in the region. Based on the present findings, extra care 
and more bone grafting is recommended to be performed 
in the facet joints and the posterolateral area of the spine 
where the cross-links are applied and in up to 2 levels dis-
tal to the cross-links.

One of the limitations of our study is the small sample 
size. However, in these six ASD patients, total 88 facets 
and nine IBFs were analyzed specifically at 6 months after 
the procedure, with two patients undergoing additional 
longitudinal follow-up CT scans at 12 months, with 43 
facets and six IBFs.

In all six patients, 88 facets and nine IBFs were analyzed 
specifically at 6 months after the procedure. Further, two 
patients underwent additional longitudinal follow-up CT 
scans at 12 months, with an additional 43 facets and six 
IBFs being analyzed. These robust examinations further 
increase the validity of our findings.

Conclusions

To the best of our knowledge, this is the first study to 
report a CT scan-defined 92%–98% FF and 100% IBF at 
6 months after the procedure, using the lowest reported 
dose of 0.7 mg RhBMP-2 per facet in multilevel ASD sur-
gery. The use of this ultra-low dose RhBMP-2 may result 
in fewer postoperative complications and reduce the cost 

of expensive ASD surgeries compared to previously re-
ported methods.
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