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Abstract
Backgroud

The use of rhBMP-2 in anterior cervical discectomy and fusion (ACDF) is still “off-label” therapy because
of higher incidence of potential complications such as adverse swelling, dysphagia, and airway
compromise. The purpose of this study is to investigate whether the low dose rhBMP-2 (0.5 mg/level)
decreases the incidence and severity of local complications in ACDF.

Methods

173 consecutively patients from June 2015 to March 2016 at seven participating centers in the China
were enrolled. All the patients had primary one- or two-level ACDF with either rhBMP-2(BMP, n=110) or
iliac-crest bone autograft (IGB, n=63) were analyzed. Patients in both groups had compared preoperative
pain and disability. The follow up timing was postoperative third days, postoperative-1, 3, 6 and 12
months. 

Results

Patient demographics have no signi�cantly difference between the BMP group and IGB group pre-
operation (P>0.05). No signi�cant difference in overall dysphagia incidence between the two groups (p >
0.05). There was signi�cant difference of PSTS at C3 level between two groups at all interval time
(P<0.01). There was signi�cant difference of PSTS at C6 level at postoperative third days (P<0.01) and 3
months (0.010.05). No pseudarthrosis in both Groups. No signi�cant difference in VAS scores, JOA and
NDI .scores between two groups (P>0.05).

Conclusion

The adverse events associated with low dose rhBMP-2 for one- and two-level ACDF are rare. We
recommend placing the rhBMP-2 carrier in the center of cage, and bilateral coverage of the carrier with
excised local osteophytes.

1. Background
Bone morphogenetic proteins (BMPs) are one of the most well-known growth factors which have the
ability to induce the formation of bone and cartilage. In 1988, Wozney et al [1] cloned the human BMP
gene sequence and expressed recombinant human bone morphogenetic protein–2 (rhBMP–2) by gene
recombination technology. rhBMP–2 can induce: the differentiation of mesenchymal stem cells into
chondrocytes and bone cells; participate in the process of bone and cartilage development and
reconstruction; and accelerate the repair of bone defects and the occurrence of bone fusion[1, 2]. In 2002,
the United States Food and Drug Administration (FDA) approved recombinant human bone
morphogenetic protein for use in single-level anterior lumbar interbody fusion procedures. A large number
of studies have shown that rhBMP–2 has a strong osteogenic ability and can increase spinal fusion
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rates[3, 4]. Therefore, it is widely used “off-label” to eliminate the traditional need for harvesting of the
iliac crest autograft. Unfortunately, clinical studies have found that the application of rhBMP–2 to
anterior cervical discectomy and fusion (ACDF) can cause severe prevertebral soft tissue swelling,
dysphagia, and even airway obstruction[5–7]. In 2008, the FDA issued a warning that the use of rhBMP in
anterior cervical surgery may lead to life-threatening complications. However, the immediate and long-
term morbidity associated with iliac crest harvest as autogenous bone grafts in ACDF is well-recognized.
Using allograft bone has shown greater nonunion rates, delayed unions, and higher rates of graft
subsidence[8–10]. At this time, the bene�ts and risks of using rhBMP–2 in ACDF is still controversial. The
aim of this study was to compare the e�cacy and complications between rhBMP–2 and iliac crest bone
graft as well as to investigate whether the low dose rhBMP–2 (0.5 mg/level) decreases the incidence and
severity of local complications when used in one- or two-level ACDF.

2. Methods

2.1 Study Design
The study was designed as a multicenter, prospective and controlled study, to optimize the carrier, dosage
and implantation method of rhBMP–2 for anterior cervical fusion. The protocol was approved by the
committee on the ethics of our University. All patients fully understand the bene�ts and risks of clinical
trials and sign informed consent documents. This study included 173 patients who underwent one- or
two-level ACDF procedures from June 2015 to March 2016 at seven participating centers in China. The
inclusion criteria were adult patients (18–75 years old) whose primary diagnosis was as follows: cervical
spondylotic myelopathy (CSM), cervical spondylosis radiculopathy (CSR), central cord syndrome (CCS).
The exclusion criteria were: infection, tumor, allergy, heart failure, hepatic or renal dysfunction, pregnancy
and lactation women. Figure 1 gives �owchart of patient selections. Hospital records were reviewed,
demographic data on the patients were recorded, including age, sex, smoking status, primary diagnosis,
fusion level, operation time and segment, duration of symptoms, estimated blood loss, length of stay, and
complications.

Each center randomly assigned patients to the rhBMP–2 graft group (BMP) or iliac crest bone graft group
(IBG) according to their own share. Operations were performed by a single spine surgeon who was
experienced in performing ACDF procedures in each participating spine centers. The implantation used
for ACDF included two types: PEEK cage plus anterior cervical plate; or a new stand-alone, zero pro�le
anchored spacers PEEK cage (ROI-C, LDR, Troyes, France). In the BMP group, 0.5mg rhBMP–2 (Huadong
Medicine Co. Ltd, Hangzhou China) was administered per level in the center of a PEEK cage in ACDF
procedure, and peripheral of the carrier were packed with bone shavings and any resected anterior
osteophytes obtained from decompression. The carrier material of rhBMP–2 was medicinal gelatin,
injection grade lecithin and hydroxyapatite. (Figure 2) In IBG group, the PEEK cage was �lled with
autograft cancellous bone. All patient in both groups were also administered intravenous1.0g of
Methylprednisolone injection intraoperatively and given another 80mg dose as well as 20% mannitol for
72 hours postoperatively. Then, patients were discharged home.
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The clinical outcome and complications of the BMP and IBG groups were compared at the time of follow-
ups. The postoperative follow-ups were: the third day postoperative, 1-month, 3-month, 6-month and 12-
month postoperative follow-ups. The neck disability index (NDI) scores questionnaire and Japanese
Orthopedic Association (JOA scores questionnaire were used to evaluate the clinical outcomes for both
groups. The incidence of postoperative dysphagia was recorded using a modi�ed version of the
Dysphagia Scoring System[11–14].

2.2 Radiological Analysis
Standing lateral radiography was used to measure prevertebral soft tissue swelling (PSTS). This lateral
radiography obtained the anterior and posterior diameters of the anterior soft tissue for C3 (for the
pharyngeal airway) and C6 (for the laryngeal airway). Picture Archiving and Communication System
(PACS, Siemens Magic Software, Germany) was used to measure the distance from the anterior cortex in
the mid-section of each vertebral body horizontally to the spot where the shadow of the airway can be
seen [15]. (Figure 3)

Fusion results were evaluated using �exion–extension radiographs obtained at 3, 6 and 12 months after
surgery. Axial CT scans of the cervical spine with sagittal and coronal CT reconstructions were obtained
at 3 months to con�rm fusion. In cases where fusion was uncertain at 3 months, another CT scan was
obtained at 6 months or at 12 months if fusion was still not solid. Solid intervertebral fusion was
considered on the basis of the following criteria[16–18]: (1) a continuous bone bridge is seen between the
intervertebral bodies in X-ray; (2) no movement of the fusion segment on the flexion-extension lateral X-
ray. (3) 3D-reconstruction CT scans showed the presence of bridging bone and/or the lack of
radiolucency at the graft-vertebral junction in both the coronal and sagittal planes.

2.3 Statistical Analysis
Statistical analysis was performed using SPSS (version 22.0, Chicago, IL, USA). Continuous variables
were expressed as mean ± standard deviation. Comparisons were made between the two groups using a
two-sample t test for continuous variables. A paired t test was used to compare the change from baseline
to the different follow-up time values for each group separately. Differences of categorical data were
analyzed by using chi-square and Fisher exact tests. Tests were considered signi�cant if P<0.05.

3. Results

3.1 Preoperative and Postoperative NDI Scores and JOA
Scores
Patients in both the BMP group and IBG group had comparable preoperative clinical data. (Table 1) All
patients had a successful ACDF procedure. The surgical data is listed in Table 2. There was no statistical
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difference for the duration of the operation for two-level ACDF between two groups (P>0.05), while the
duration of the operation for one-level ACDF showed a statistical difference (P<0.05). No difference was
seen between groups for estimated blood loss (EBL) in one- and two-level ACDF (P>0.05). There was
statistically signi�cant difference regarding hospital stay between two groups (P = 0.000). BMP group
had a longer hospital stay days than IBG group.

NDI scores and JOA scores were recorded preoperatively and at every follow-up. There were no
statistically signi�cant differences for postoperative NDI scores and JOA scores between the BMP group
and IBG group (P>0.05). However, the postoperative JOA scores and NDI scores in both groups had
signi�cant differences from the preoperative scores, respectively (P<0.01). (Table 3) All patients in both
groups had a solid fusion at the 3-month follow-up according to dynamic lateral X-ray and CT scans.

3.2 PSTS diameters and Dysphagia identi�cations

PSTS diameters were compared between the two groups at different time intervals. In the IBG group, the
PSTS at C3 level was 3.9±1.4mm preoperatively and increased to 12.6±4.5mm postoperatively on the
third day; the difference was statistically signi�cant (P<0.01). The PSTS signi�cantly decreased at the 1-
month follow-up (5.7±1.9mm, P<0.01) and continued to decrease at 3-, 6-, and 12-month. The PSTS at C6
level signi�cantly increased postoperatively, from 15.3±2.2mm preoperative to 17.1±3.1mm on the third
day postoperative (P<0.01)and decreased gradually at the follow-up time intervals. In the BMP group, the
PSTS at C3 level was 4.1±1.4mm preoperatively and increased to 16.9±6.3mm postoperatively; the
difference was statistically signi�cant (P<0.001). The PSTS signi�cantly decreased at 1-month follow-up
(7.7±4.2mm, P<0.01) and continued to decrease at 3-, 6-, and 12-month. The PSTS at C6 level
signi�cantly increased postoperatively, from 15.6±2.6mm preoperative to 20.7±3.7mm postoperative
(P<0.01) and decreased gradually at 1-, 3-, 6- and 12-month follow-ups time intervals. (Table 4)

The diameter of PSTS was compared between the two groups at each time interval. Both C3 and C6 level
PSTS diameters had no statistically differences at preoperative time intervals (p>0.05). There was a
statistically signi�cant difference regarding C3 level PSTS between BMP and IBG group at each
postoperative time intervals (P<0.01). PSTS at C3 level was more severe in the BMP group than in the IBG
group. PSTS at C6 level had a statistically signi�cant difference between the two groups at postoperative
third day (P<0.01) and postoperative 3-month (0.01<P<0.05), while no statistically differences were seen
at postoperative 1-, 6- and 12-month (P>0.05).

In the BMP group, 2 patients (both 2-level ACDF) had a mild dysphagia, 1 patient (2-level ACDF) had a
moderate dysphagia. The total dysphagia rate was 2.7%. In the IBG group, 1 patient had a mild
dysphagia (2-level ACDF). The total dysphagia rate was 1.6%. The symptoms gradually disappeared
within 2 weeks, no additional treatment required. There was no statistical difference between the two
groups for dysphagia rate (P = 0.759). (Table 5).

No hematoma/seroma and infection occurred in both groups. In the BMP group, except one severe
dysphagia case, another patient had one anchoring clip loosening of the ROI-C implantation. The patient
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was placed under observation because there were no clinical symptoms. In the IBG group, one patient
had a lateral femoral cutaneous nerve injury which recovered 6 months postoperatively. No
pseudarthrosis were noticed in both groups.

4. Discussion

4.1 Brief review of former studies reveals issues in the �eld
to be solved
Although using iliac crest bone grafts (autograft) in ACDF have an excellent clinical outcome, there have
been several studies indicating pain ranging from approximately 2% to 40% in IBG donor-site[19, 20].
Other complications including hematoma, sensory abnormalities, infection and fracture[21]. Additionally,
using allograft bone has shown greater nonunion rates which could lead to additional surgery [9].

Stark et al [22] systematically reviewed 22 published articles about using a bone graft substitute in one-
or two-level ACDF. The results indicated all studies using BMP showed 100% fusion rate, though
dysphagia was signi�cantly greater. Frenekel et al [23]reported patients had no complication in rhBMP–2
low dosage (< 0.5 mg/level), but reported 12.5% (1 patient) in middle dose (0.5–1.1 mg/level) and 50% (4
patients) in high dose (1.4–2.1 mg/level), showing the increasing dose-dependent complication rate.

Since the FDA released the warning, the proportion of using BMP in ACDF has signi�cantly decreased
[24]. However, the number of patients using BMP remained relatively stable [25]. The main concern is
prevertebral soft tissue swelling and dysphagia which could cause airway compromise. Lu et al [26]
reported the use of rhBMP–2 for two-level ACDF signi�cantly increases the severity of dysphagia but did
not affect the overall incidence of dysphagia. However, no statistically signi�cant difference for the
incidence or severity of dysphagia was found between patients undergoing three or four level ACDF
treated with PEEK/rhBMP–2 and those treated with only allograft. Another study reported that high-dose
rhBMP–2 (2.1 mg/level) is used in each fusion segment of cervical anterior fusion surgery, and 23.2% of
patients experience hematoma, extensive pre-neck edema, dysphagia or other neck complications [27]. In
a retrospective cohort study of anterior cervical fusion surgery [23], the authors indicated that the
complications of using BMP appeared to be dose-related and of low incidence when the usage of BMP is
equal to or less than 1.1 mg/level. Tumialán et al [28] retrospectively reviewed 200 patients who
underwent a single- or multilevel ACDF. The results showed the incidence of symptomatic dysphagia may
be decreased with a lower dose of rhBMP–2. In single- and 2-level fusions, in which the total dose of
rhBMP–2 was 0.7–1.05 mg and 1.4–2.10 mg, respectively, the resulting incidence of dysphagia was 1
and 3.2%, respectively.

How to reduce the incidence and severity of prevertebral soft tissue swelling (PSTS) and dysphagia are
the most concerning question when rhBMP–2 is used in anterior cervical spine surgery. Perri et al [29]
reported a 54-year-old male patient who had neck swelling and di�culty swallowing after ACDF using
rhBMP–2; however, there was no mention of the dose of rhBMP–2 used. In addition, the patient had a
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notably signi�cant immunode�ciency virus. They used a bioresorbable PLa cage which potentially could
lead to adverse tissue reactions in spinal and other orthopedic surgeries. In addition to these potential
factors, they also concluded that the dose and delivery/carrier of rhBMP–2 were related to adverse soft
tissue in�ammation. Edwards et al [30] prospectively investigated whether the local administration of
depomedrol decreases the severity of dysphagia after ACDF using BMP. The results showed depomedrol
decreased dysphagia incidences and magnitude at all time intervals, with signi�cant statistical
differences on postoperative days 4, 7, 14,and 28 (P < 0.05). Schroeder et al [31] conducted a retrospective
radiological study in patients who undergoing 2- or 3-level primary ACDF without BMP; they found a
steroid-soaked gelatin sponge signi�cantly reduced postoperative soft tissue swelling. Song et al [32]
used methylprednisolone intravenously (250 mg per 6 hours, only for 24 hours) after multilevel ACDF
surgery in a prospective study.

There were no complications associated with methylprednisolone. However, the usage of steroids in
patients undergoing ACDF remains controversial [33].

There were limitations in this study. First, implantation of ACDF procedure is not standard. Although
polyetheretherketone (PEEK) cages were used in all patients, some patients had anterior cervical plates
while others did not. Second, since multilevel ACDF is one of reasons for dysphagia [34], we did not
analyze rhBMP–2 usage in more than two levels ACDF. Third, we did not compare the cost of using
rhBMP–2 graft with harvesting iliac crest bone graft and allograft bone graft.

4.2 Summary of current study provides promising results
and solutions
Current study set a low dose of rhBMP–2 (0.5 mg/level) for ACDF (one- or two-level), which showed
excellent clinical outcomes and a 100% solid fusion rate based on dynamic X-ray and CT scans at the 3-
month follow-up; and no pseudarthrosis occurrences. We used excised local osteophytes obtained from
the decompression to cover the rhBMP–2 carrier bilaterally as an autograft and to mitigate the speed of
release of rhBMP–2. The results showed that there were no additional surgeries and intubation related to
use of rhBMP–2. The severity of dysphagia and PSTS were signi�cantly diminished without any adverse
effects. In our study, we used methylprednisolone intravenously to diminish PSTS and dysphagia
perioperatively. The total dysphagia rate in the BMP group was 2.7% (3 in 110 patients). The
complications due to of rhBMP–2 was rare and no severe adverse event lasted. Although the stay of
hospital days was longer in BMP group than IBG group, the clinical outcome (NDI and JOA score) has no
statistically difference. The main reason of prolonged hospitalization was to anti-swelling therapy and to
require a diet to sustain adequate nutrition. The carrier of the rhBMP–2 was hydroxyapatite (HA),
injectable lecithin and collagen sponge. It was different with INFUSE (Medtronic Sofamor-Danek,
Memphis, TN) which used absorbable collagen sponge (ACS) as the carrier. The complex carrier has
several advantages, such as, adsorption and sustained release of rhBMP–2, providing cell growth matrix,
biocompatibility, no immune reaction and certain bone conductivity. It provides excellent physiological
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support for the deposition and regeneration of new bone and can form a direct bony bond with the bone
tissue.

5. Conclusions
In conclusion, the clinical outcome of low dose rhBMP–2 (0.5 mg/level) for one- and two-level ACDF is
excellent. It can reach 100% solid fusion at 3 months which is comparable with iliac crest bone graft,
while avoiding autograft donor-site complications. The adverse events associated with rhBMP–2, such
as severe soft tissue swelling, dysphagia, hematoma/seroma and excess bone formation are rare. We
recommend placing the rhBMP–2 carrier in the center of cage, and bilateral coverage of the carrier with
excised local osteophytes to decrease the speed of release of rhBMP–2.
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Figures
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Figure 1

Flowchart showing process of patient selections.

Figure 2

a. rhBMP-2 applied to an absorbable collagen sponge composited with hydroxyapatite and injectable
lecithin. Each carrier contains 0.25mg rhBMP-2. b. During the ACDF procedure, the rhBMP-2 carriers were
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placed in the center of cage, the excised local osteophytes obtained from the decompression covered the
carriers bilaterally.

Figure 3

a. Pre-operative lateral X-ray. b. Post-operative third day, PSTS was measured at C3 and C6 level. c. Post-
operative 3 months, X-ray showed a continuous bone bridge between the intervertebral bodies. d. Pre-
operative MRI. e and f. Post-operative 3 months, CT showed solid fusion as well as no excess bone
formation.


