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Abstract The use of bone morphogenetic protein-2

(rhBMP-2) in spinal fusion has increased dramatically

since an FDA approval for its use in anterior lumbar fusion

with the LT cage. There are several reports of its use in

transforaminal lumbar interbody fusion, posterolateral

fusion, and anterior cervical fusion. Reports on adverse

effects of rhBMP-2 when used in spinal fusion are scarce in

literature. An Institutional Review Board approved retro-

spective study was conducted in patients undergoing

anterior spinal fusion and instrumentation following disk-

ectomy at a single center. Forty-six consecutive patients

were included. Twenty-two patients treated with rhBMP-2

and PEEK cages were compared to 24 in whom allograft

spacers and demineralized bone matrix was used. Patients

filled out Cervical Oswestry Scores, VAS for arm pain,

neck pain, and had radiographs preoperatively as well at

every follow up visit. Radiographic examination following

surgery revealed end plate resorption in all patients in

whom rhBMP-2 was used. This was followed by a period

of new bone formation commencing at 6 weeks. In con-

trast, allograft patients showed a progressive blurring of

end plate-allograft junction. Dysphagia was a common

complication and it was significantly more frequent and

more severe in patients in whom rhBMP-2 was used. Post

operative swelling anterior to the vertebral body on lateral

cervical spine X-ray was significantly larger in the rhBMP-

2 group when measured from 1 to 6 weeks after which it

was similar. These effects are possibly due to an early

inflammatory response to rhBMP-2 and were observed to

be dose related. With the parameters we used, there was no

significant difference in the clinical outcome of patients in

the two groups at 2 years. The cost of implants in patients

treated with rhBMP-2 and PEEK spacers was more than

three times the cost of allograft spacers and demineralized

bone matrix in 1, 2, and 3-level cases. Despite providing

consistently good fusion rates, we have abandoned using

rhBMP-2 and PEEK cages for anterior cervical fusion, due

to the side effects, high cost, and the availability of a

suitable alternative.
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Introduction

Cervical disc disorders such as radiculopathy, stenosis with

myelopathy, foraminal stenosis, disc herniation, and

degenerative disc disease are commonly treated by anterior

cervical discectomy and fusion surgery [2, 19, 23]. Fusion

after discectomy is performed in order to limit motion,

maintain disc height, foraminal height, and anatomic cer-

vical lordosis at the intervertebral segment. The autograft

techinique has historically been the most common proce-

dure since its introduction in the 1950s by Cloward, Smith,

and Robinson [2, 23]. Patients that choose an autograft

have a 90–95% successful fusion rate [23]. Complications

of autograft harvest include graft site pain, infection,
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fracture, bleeding, and damage to the lateral femoral

cutaneous nerve [23]. The use of allograft bone for cervical

interbody fusion has become commonplace in areas where

it is readily available, controlled by standard procurement,

sterilization, and storage [1]. Once accepted by the body it

is slowly transformed into new living bone and incorpo-

rated as a functional unit [19]. This technique eliminates

the need for a second operative site and reduces the risk of

infection [19].

Bone morphogenetic proteins (BMP) are osteoinductive

proteins included in the superfamily of transforming

growth factor-beta (TGF-b) [7, 8]. Bone morphogenetic

proteins were identified several decades ago by Marshall

Urist at UCLA, following evidence of bone growth in

decalcified animal bone matrix [20]. Since then, BMP ex-

tracted and purified from cadaver bones has been used to

accomplish bone formation [21, 22]. The earliest reports of

the clinical use of human BMP extracted from demineral-

ized bone were in segmental bone defects and nonunions

[9, 10]. Human BMP extracted from allografts is of limited

quantites. Bone morphogenetic proteins have been pro-

duced through recombinant methods to obtain unlimitied

quantities [17, 21]. Through the use of recombinant genetic

technology, a set of proteins, designated rhBMP-1 through

rhBMP-9, have been produced. One of these recombinant

proteins, rhBMP-2, was found to promote new bone and

cartilage growth [8]. In 2002 the Food and Drug Agency in

the United States approved the use of rhBMP-2 for anterior

fusion when placed in an LT cage after an FDA trial which

showed efficacy and safety (Medtronic Sofamor Danek). In

the last 5 years researchers have published significant

findings on rhBMP-2 compared to other bone graft alter-

natives for fusion. Studies indicate that patients that re-

ceived rhBMP-2 obtained solid fusions without major

adverse events [2–6, 12, 13, 15]. With such optimistic re-

sults in anterior lumbar interbody fusion, the use of

rhBMP-2 has been expanded by surgeon preference to

other spine fusion techniques. Several articles have focused

on the use of rhBMP-2 in cervical fusion [2, 3], trans-

foraminal lumbar interbody fusion (TLIF) [12], or pos-

terolateral fusion [4]. When used for interbody fusion

rhBMP-2 must be placed with a structural spacer to

maintain disc height. It has been used with titanium cages,

allograft bone dowels, and recently reported polyether-

etherketone (PEEK) cages. PEEK is a nonresorbable

semicrystalline aromatic polymer that is used to create a

structural spacer [3] and is utilized in multiple implants.

The purpose of this study is to evaluate the clinical and

radiographic outcomes and cost differential in patients

undergoing anterior cervical discectomy fusion and

instrumentation (ACDFI) with rhBMP-2 (INFUSE, Med-

tronic Sofamor Danek, USA) and PEEK cages with our

standard treatment of allograft spacers (MTF Synthes

Spine, USA) and demineralized bone matrix.

Materials and methods

Study design

An IRB approved retrospective study was performed on 46

consecutive patients undergoing primary elective anterior

cervical discectomy and fusion between February 2002 and

August 2004. The first 12 patients had cervical fusions

using allograft interbody spacers (MTF Synthes Spine)

with demineralized bone matrix supplemented with an

anterior locking plate (CSLP-Synthes Spine, USA). The

next 22 patients had cervical fusions using rhBMP-2 with a

PEEK cage supplemented with an anterior locking plate

(Zephyr plate Medtronic Sofamor Danek, USA). The last

12 patients had cervical fusions with the allograft spacers,

demineralized bone matrix and plate fixation. We included

only primary patients scheduled for anterior cervical disc-

ectomy and fusion with either radiculopathy or myelopathy

with a cause amenable in our hands to ACDFI. Patients

with revisions, trauma, tumors, or better served by pos-

terior surgery or combined surgery were excluded. This

study thus included 46 patients who underwent primary

elective anterior cervical discectomy and fusion. Twenty

two consecutive patients with PEEK spacers and rhBMP-2

compared to 24 patients with allograft spacers and

demineralized bone matrix all supplemented with an

anterior locking plate.

Patient data

Allograft group

The indication for surgery in the allograft group was cer-

vical disc disease and radiculopathy in 20 patients and

cervical disc disease causing stenosis with radicular or

myelopathic findings in four patients. There were 10 male

and 14 female patients with an average age of 48 years

(range 30–69). There were 11 single-level fusions, 10 two-

level fusions, and 3 patients with three-level fusions (24

patients 40 levels). The mean follow up was 28.03 months

(range 16–42).

RhBMP-2 group

The indication for surgery in the rhBMP group was cer-

vical disc disease with radiculopathy in 19 patients, and

stenosis with myelopathic or radicular findings in 3 pa-

tients. There were 7 males and 15 female patients in the
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rhBMP-2 group with average age of 50 years (range 29–

70). There were 8 one-level fusions, 9 two-level fusions

and 4 patients with three-level fusions (22 patients 38

levels). The mean follow up was 23.6 months (range 19–

26).

Anterior cervical diskectomy was performed using the

standard anterior exposure. Levels were identified with

C-arm guidance, self retaining retractors and a Caspar

Vertebral distracter were used to aid in the diskectomy.

Osteophytectomy was performed where required for neural

decompression. The endplates were curreted to remove

cartilage but were not violated with a high speed drill.

Standard sizers were used with both implants and the

appropriate allograft spacer or PEEK cage with rhBMP-2

were impacted into place. The rhBMP-2 sponges were

prepared following the recomended technique and a dosage

of 1 mg of InFUSETM was used per level of fusion.

Anterior locking plates were placed and the wound closed

with a 1/8 inch hemovac drain in all cases. There was no

bone graft harvesting in any case. Post operative care in-

cluded a removable soft collar for comfort in all cases.

Patients were followed clinically at immediate post-op,

2, 6 weeks, 3, 6 months, 1 year and at latest follow up.

Their Cervical Oswestry Scores, Arm and Neck VAS for

pain, and a pain diagram were recorded. Standard digital

radiographs were performed preoperatively and at every

follow up appointment (stored on the electronic public

acess computer system EPACS). Patients were questioned

about dysphagia, hoarse voice and any other difficulties at

every visit. Dysphagia was classified as mild (some dis-

comfort), moderate (difficulty swallowing liquid, solids, or

pills) and severe (inability to swallow fluids or solids, and

requiring prolonged hospitalization).

Radiographs were assessed by three independant

observers and one musculokeletal radiologist. They were

assessed for prevertebral swelling, bone formation, subsi-

dence and likelihood of fusion.

Soft tissue swelling was measured at C3 and at C6 as a

digital line measurement from the front of the cervical

spine to the edge of the soft tissue shadow. This mea-

surement was standardized by the size of the plate.

Soft tissue swelling (mm)�Measured plate size

Original plate size

¼ mm of swelling.

This ratio was then compared to the original post op film.

To determine the accuracy of measurement we compared

the size of the plate on ten different X-rays and found a

variation of <10%. As there was no plate on the preoper-

ative film we took the standard measurement from the

digital radiograph realizing that there could be a 10% error

in measurement. However, with numbers of 200–500%

increase in swelling the possibility of a 10% error appeared

to be insignificant. The above measurements were done by

using the Hospital Picture Archive and Communications

System (PACS) (Stentor, S.F., CA, USA). The pixel res-

olution of the CR images was 0.12 mm, making this the

limiting accuracy in the measurements.

Bone formation was classified as no new bone, visible

new bone, possible fusion and probable fusion for the

rhBMP-2 group (Fig. 1). For the allograft group arthrodesis

was assessed at the graft endplate junction and classified as

not united, possibly united and probably united. CT scans

were performed in any individual at 12 months if there was

a concern of non union.

A series of two-way repeated-measures analyses of

variance (Sigma Stat 2.03, SPSS, Chicago, IL, USA) were

performed, looking at the effect of treatment (allograft vs.

bmp) and time since surgery (pre-op, and 0.5, 1.5, 3, 6, 12,

and 24 months postoperative) on the output variables (a)

arm pain score, (b) neck pain score, and (c) Oswestry score.

All output parameters were considered as continuous

variables. Where appropriate (main effect alpha = 0.05,

interaction alpha = 0.10), a Fisher least-squares difference

post-hoc test was performed, with alpha = 0.05.

Measurements of swelling anterior to the vertebral

bodies were compared for the data points of pre-operative,

and all post-operative visits between the two groups. A

paired sample t test was performed to generate a two tailed

P value with significance set at <0.05.

To compare the incidence of dysphagia and hoarse voice

as a complication, the fisher exact test was used. Each data

Fig. 1 X-ray classification

of rhBMP-2 fusion
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point on the post-operative follow up visits were compared.

A two tailed P was generated with significance set at <0.05.

We did not statistically compare the severity of dysphagia

between the two groups.

Results

Outcome measures

Neck pain

Neck pain scores were reviewed for 46 rhBMP-2 and

allograft spacer patients pre-operatively and at 2, 6 weeks,

3, 6 months, 1 year and their latest follow up after surgery.

A Visual Analogue scale was used and pain levels calcu-

lated as a percentage. Patients that received rhBMP-2 had

average pain scores of 7.1, 4.8, 5.1, 4.8, 4.8, 3.9, and 2.6,

respectively. Allograft patients had average pain scores of

8.5, 5.0, 4.2, 4.3, 4.2, 3.6, and 2.6, respectively (Fig. 2).

There was no significant difference in pain scores between

the rhBMP-2 and allograft spacer patients. There was sig-

nificant improvement from pre-operative scores in both

groups. There was no difference in pain scores between the

rhBMP-2 and allograft spacer patients.

Arm pain

Arm pain scores were reviewed for 46 rhBMP-2 and

allograft spacer patients pre-operatively and at 2, 6 weeks,

3, 6 months, 1 year and the latest follow up post opera-

tively. Again, pain scores ranked from one to ten, with ten

being the most painful. Patients who received rhBMP-2

had average pain scores of 5.0, 3.6, 3.6, 3.1, 2.9, 2.4, and

1.3, respectively. Allograft spacer patients had average

pain scores of 7.1, 3.8, 3.2, 4.0, 2.5, 2.4, and 1.8, respec-

tively (Fig. 3). There was also no significant difference in

pain scores between the rhBMP-2 and allograft spacer

patients. There was improvement in both groups from their

pre-operative scores.

Oswestry scores

Patients with rhBMP-2 had scores of 53.3, 56.9, 46.8, 45.1,

45.3, 39.2, and 28.8 respectively. Allograft spacer patients

had scores of 60.4, 58.8, 54, 50.9, 39.3, 32.8, and 27.1

respectively. Again, there was no significant difference in

Oswestry scores between the rhBMP-2 and allograft spacer

patients (Fig. 4). There was improvement in both groups

from their preoperative scores

Radiographic outcomes

Arthrodesis and end plate erosion

In the allograft group 23/24 patients achieved a diagnosis

of probable fusion at latest follow up (39/40 levels). One

patient with a 2 level fusion was diagnosed with a non-

union at 1 of 4 fusion surfaces on repeat exploration at

12 months, as she had ongoing neck pain and a nonunion

was suspected. All patients in the rhBMP-2 group achieved

a diagnosis of probable fusion at their latest follow up (38

levels). Interesting characteristics during the progression of

fusion were noted in the group with rhBMP-2 and PEEK

cages. We observed that there was end plate resorption in

100% of the levels where rhBMP-2 was used (Fig. 5). This

phenomenon was first noted at 1.5 months post operatively,

and lasted until 6 months. By 12 months all of the 38

levels were diagnosed as having a probable fusion (Fig. 6).
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Fig. 2 Preoperative and follow up neck pain scores
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Distension anterior to the vertebral bodies

Lateral digital radiographs were measured for distension

anterior to the vertebral bodies at several time points. These

points included, a pre and immediate post-operative

assessment, as also at 2 and 6 weeks and 3, 6, 12, and

24 months following surgery. Both groups had similar

preoperative values at C3 (5.0 ± 1.7 mm rhBMP-2 vs.

5.0 ± 1.5 mm allograft). All patients had distension of the

soft tissue anterior to the cervical vertebrae during their post

operative period (Fig. 7). When measured at C3 there was a

significant difference in the swelling between the allograft

and rhBMP-2 groups. These were altered immediate post-

operatively (15.7 ± 7.8 mm rhBMP-2 vs. 10.0 ± 3.9 mm

allograft P = 0.001, and at 2 weeks (11.8 ± 3.7 mm

rhBMP-2 vs. 8.3 ± 3.0 mm allograft P = 0.01), and

6 weeks following surgery (8.0 ± 3.1 rhBMP-2 vs.

5.9 ± 3.1 mm allograft P = 0.03) after which both groups

returned to near pre-operative values (Fig. 8). There was no

significant difference in the swelling when measured at the

C6 level. This increase in the soft tissue space anterior to the

vertebrae was associated with difficulty in swallowing and

led to one reoperation during the first post-operative week

in the earliest cases. A wound infection was suspected and

the patient was re-explored. However, there was no evi-

dence of infection at surgery. Edematous tissue was seen,

cultures of which were reported sterile. In hospital moni-

toring led to subsidence of symptoms.

Complications

Dysphagia

Thirty-eight patients were evaluated for dysphagia (20

rhBMP-2 and 18 allograft). Eighty-five percent of rhBMP-

2 patients and 56% of allograft patients reported difficulty

with swallowing during the post-operative period (Fig. 9).

There were statistically significant more patients with

dysphagia in the rhBMP-2 group at 2 weeks (rhBMP-2 17/

20, allograft 7/18 fisher exact test P = 0.0092) and 6 weeks

after surgery (rhBMP-2 13/20, allograft 4/18 fisher exact

test P = 0.0189).

The number of levels of surgery affected the incidence

of dysphagia. In single-level cases at 2 weeks it was 71%

in patients with rhBMP-2 and only 13% in the allograft

group (P = 0.069, fisher exact test). In 2 and 3-level cases

there was statistically significant less dysphagia in the

allograft group at 6 weeks (allograft 40% to rhBMP-2 92%

P = 0.023 fisher exact test) with 2 and 12 weeks also

showing a similar trend, but not reaching statistical sig-

nificance with our limited number of patients. At 2 year

follow up 21% of patients still complained of mild dys-

phagia (rhBMP-2 = 20% and allograft = 22%) (Fig. 8).

Hoarseness of voice

There was no significant difference between rhBMP-2 and

allograft spacer patients with respect to hoarseness of voice
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after surgery (fisher exact test). Sixty percent of rhBMP-2

patients and 62% of allograft spacer patients experienced

post-operative voice hoarseness. One-level cases com-

plained of hoarseness, nearly equally in allograft (46%) and

rhBMP-2 (50%) group of patients. Two and three-level

cases were also nearly similar (allograft 58% and rhBMP-2

69%) but the length of symptoms was considerably longer

averaging 4 weeks until the symptom subsided in both

groups with 2 or 3-levels. Overall 5 patients (3 allograft

and 2 rhBMP-2) still complained of hoarseness at their last

follow up. Two of these patients were 3-level fusions and

three were 2-level fusions.

Other complications and re-operations

Three patients had re-operations during the follow up

period. Wound exploration was performed in one case in

the rhBMP-2 group as infection was suspected in the early

post-operative period. Only edematous tissue was found

and the patient improved steadily. One patient in the

allograft group had a repeat surgery for a nonunion at

12 months. This was confirmed at surgery and treated with

plate removal, a posterior fusion and instrumentation with

relief of symptoms at 6 months. Finally, a third patient was

operated at a lower level after having a PEEK cage with

rhBMP-2 which was healed at 15 months. One patient in

the rhBMP-2 group continues to complain of neck pain in

her upper cervical spine but refuses any repeat surgery and

her radiographs appear to show probable fusion.

Length of hospitalization

On an average, rhBMP-2 patients remained in the hospital

0.66 days longer than allograft spacer patients. Patients

with rhBMP-2 had a hospital stay ranging from one to nine

days with an average stay of 2.95 days. This was affected

by prolonged stay of three patients in the rhBMP-2 group

with dysphagia which we described as severe. Allograft
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Fig. 7 Post operative swelling anterior to the vertebral bodies
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spacer patients had a hospital stay range from 1 to 6 days,

with an average stay of 2.3 days.

Cost of implants at surgery

The average cost of implants using rhBMP-2 and allograft

spacers were reviewed. Costs included cervical PEEK cages,

rhBMP-2 (small), anterior cervical plate, allograft spacers,

demineralized bone matrix, and cervical plates. The cost for

surgical implants using rhBMP-2 with PEEK cages and an

anterior cervical plate was $8,097 for one-level surgery,

$11,862 for 2-level surgeries, and $15,588 for 3-level sur-

geries. The cost of surgical implants using machined allograft

spacers, demineralized bone matrix and an anterior cervical

plate was: $2,096 for 1-level surgery, $3,026 for 2-level

surgeries, and $3,956 for 3-level surgeries. Although we did

not track the operative time of surgery for each group, we did

not expect any differences as neither procedure involves any

extra bone graft harvesting or preparation of the implants by

the surgeon. In the use of rhBMP-2 there is a nominal 3–

5 min period that the circulating and operative nurse are

involved during the preparation of the sponges.

Discussion

Recombinant human bone morphogenetic protein-2 is an

osteoinductive protein significant for consistent new bone

formation [23]. Through the use of rhBMP-2 in animal and

a few human studies, it has been concluded that rhBMP-2

achieves successful fusion rates and better quality (stiff-

ness) or quantity of bone mass with little disadvantage with

its use [2, 4, 6, 14–17, 23]. Several papers have reported its

use to achieve solid cervical fusions without major com-

plications [2, 4, 6, 11–13, 15]. However, a recent study has

documented the adverse effects following the use of

rhBMP-2 with higher doses [18].

Interesting characteristics during the progression of fu-

sion were noted in the group with rhBMP-2 and PEEK

cages. We observed that there was end plate resorption in

100% of the levels where rhBMP-2 was used. This phe-

nomenon was first noted at 1.5 months following surgery,

and lasted until 6 months. This was a remarkable finding

and was often mistaken as infection at the intervertebral

level by the radiologist. End plate resorption was not seen

in any of the allograft patients where a simple and pro-

dysphagia allograft

0%

10%

20%
30%

40%

50%

60%
70%

80%

90%

100%

IPO 0.5 1.5 3 6 12 24

IPO 0.5 1.5 3 6 12 24

months post op
p

er
ce

n
ta

g
e 

o
f 

p
at

ie
n

ts
p

er
ce

n
ta

g
e 

o
f 

p
at

ie
n

ts

IPO Immediate 
       Post-op 

dysphagia rhBMP2

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

post op months

normal

mild

moderate

severe

IPO Immediate 
       Post-op 

normal

mild

moderate

severe

(a)

(b)

Fig. 9 a Dysphagia in patients

with allograft. b Dysphagia in

patients with rhBMP-2 and

PEEK cages

Eur Spine J (2007) 16:1257–1265 1263

123



gressive blurring of the end plate allograft junction occurs.

In patients with rhBMP-2 there was a progressive appear-

ance of radiographic density at the intervertebral space that

was felt to be the formation of new bone, seen from

6 weeks to 12 months after surgery (Fig. 1). By 12 months

all of the 38 levels were diagnosed as having a probable

fusion. From observing this consistent phenomenon it is

our view that there is likely an early local inflammatory

response to rhBMP-2 which is manifest as edema anterior

to the vertebral bodies. This may be in conjunction with an

early osteoclastic response manifest as resorption of end-

plates. It is followed by a progressive formation of a

radiographic density which likely represents the formation

of bone and is consistent with animal studies. Previous

studies in animals may have missed this progression due to

lack of serial radiographs early on in the fusion process.

Also prior studies done with the titanium LT cage or

allograft would certainly mask the early phenomenon of

endplate resorption due to the titanium or hard bone con-

tacting the endplate. Additionally studies without radio-

graphs in the first 2 weeks may miss many of the findings

described. We did not use CT scans to determine fusion in

our patients unless we suspected a problem. This certainly

would have been a more accurate marker of fusion but due

to cost restraints it was not performed routinely. For this

reason we called our end points probable fusion when

clinical markers remained good and radiographs displayed

the progressive formation of a density in the rhBMP-2

group. It is our view that this represented the formation of

bone (Fig. 3). We used radiographic blurring of the end-

plates to diagnose a probable fusion in the allograft group.

Patients that did not show persistent improvement in out-

come scores were further evaluated with imaging studies.

One patient in our study was diagnosed with a non union

and had a reoperation.

Dysphagia is a common occurrence after anterior cer-

vical disk surgery and is often persistent [18]. Patients that

received rhBMP-2 had more difficulty swallowing after

surgery. They also suffered this complication more severly

and for a longer period of time. Three patients required

prolonged hospitalization and one patient required a feed-

ing tube for 6 weeks post operatively. This was accompa-

nied by soft tissue distension anterior to the vertebral

bodies noted on post-operative radiographs. It was signif-

icantly greater than that seen in the allograft patients. It is

suggested that these effects are likely due to an early

inflammatory local response to the rhBMP-2 as this was

not nearly as evident in the allograft group. In the one

patient re-explored for distension anterior to the vertebral

bodies only edematous local tissue was seen. We observed

this phenomenon to be dose related. Severe dysphagia was

not observed in single-level cases with rhBMP-2 although

they did have more difficulty swallowing than the allograft

patients. The 2 and 3-level patients had more difficulty than

the single-level patients treated with rhBMP-2 and statis-

tically significant more difficulty than the 2 and 3-level

cases with allograft.

With the limited number of patients in this study we

observed that the two groups were fairly similar in age,

gender, and pathology. The patients were not stratified or

selected but were consecutive patients that were limited by

their diagnosis. Pre-operatively there were subtle differ-

ences in neck pain, arm pain and Oswestry scores between

the two groups. In the long term follow up differences in the

scores persisted but they were not statistically significant.

The cost for implants in patients treated with rhBMP-2

was higher and since the final outcomes of the two groups

were similar an increased expense cannot be justified. The

length of hospital stay in the rhBMP-2 group was slightly

longer due to the complication of dysphagia adding further

expense to this procedure. If nonunions were considerably

more likely in the allograft group there might be some

justification in the use of rhBMP-2. However, our one

nonunion (96% fusion rate) with the use of allograft is in

keeping with the literature. In our current practice we have

abandonned the use of rhBMP-2 in cervical fusions due to

the associated dysphagia, high cost of implants and the

availability of a good alternative. In the future, we may

reconsider this option if a smaller dose of rhBMP-2 leads to

fusion with the same efficacy and lesser side effects. It may

also be an option if it is available considerably cheaper, or

if the safety of allograft procurement becomes suspect.

The limitations of this study include the fact that it is

retrospective with a limited follow up period (23.6 and

28 months) and includes only 46 patients. A larger study

may be able to show some subtle differences in outcome

scores and other less prevalent complications. Addition-

ally, using radiographs and clinical outcomes as the end-

point for a diagnosis of fusion is not optimal. Hence, the

endpoint in this study is listed as probable fusion in both

groups and not fusion itself. Although we do not suspect

nonunions to present late after 2 years, it still remains a

possibility and long term results are desirable.

Conclusion

The use of rhBMP-2 with PEEK cages and an anterior

cervical plate in the dosage which we used, led to consis-

tent fusion in the cervical spine. Early radiographic find-

ings included end plate erosion and marked soft tissue

swelling anterior to the vertebral bodies which was sig-

nificantly greater than in the allograft cases. The radio-

graphic events in the process of fusion led to probable

fusion at 1 year in 100% of rhBMP-2 cases. However, due

to significantly increased incidence of dysphagia, higher
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cost, and good success with a cheaper alternative, we

currently do not use PEEK cages and rhBMP-2 in anterior

cervical spine fusion.
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